
Cardiovascular 
Diseases and 
Depression

Bernhard T. Baune
Phillip J. Tully   
Editors

Treatment and Prevention 
in Psychocardiology

123



  Cardiovascular Diseases and Depression 



 



       Bernhard   T.   Baune     •      Phillip   J.   Tully     
 Editors 

  Cardiovascular Diseases 
and Depression 
  Treatment and Prevention 
in Psychocardiology                    



 Editors 
   Bernhard   T.   Baune    
  Discipline of Psychiatry, 
School of Medicine 
 University of Adelaide 
  Adelaide  
 Australia   

   Phillip   J.   Tully    
  The Freemason’s Foundation Centre for 
Men’s Health, Discipline of Medicine, 
 School of Medicine, 
University of Adelaide 
  Adelaide, SA   
 Australia   

      ISBN 978-3-319-32478-4      ISBN 978-3-319-32480-7 (eBook) 
 DOI 10.1007/978-3-319-32480-7  

 Library of Congress Control Number: 2016947729 

 © Springer International Publishing Switzerland   2016 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

   This Springer imprint is published by Springer Nature  
 The registered company is Springer International Publishing AG Switzerland 



v

                   Contents 

    1      Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1   
    Bernhard   T.   Baune     and     Phillip   J.   Tully    

     2      Epidemiology of Cardiovascular Disease and Depression  . . . . . . . . . . .   5   
    Tracy   Air    ,     Phillip   J.   Tully    ,     Shaun   Sweeney    , and     John   Beltrame    

     3      The Risk Relationship Between Depression 
and CVD During Ageing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   23   
    Simone   Reppermund     and     Ruby   S.  M.   Tsang    

     4      Mechanisms Linking Depression to Cardiovascular Disease: 
What Do Epidemiological Studies Tell Us?  . . . . . . . . . . . . . . . . . . . . . .   37   
    Brenda   W.  J.  H.   Penninx    

     5      Anxiety and the Effects on Cardiovascular Disease  . . . . . . . . . . . . . . .   53   
    Phillip   J.   Tully     and     Bernhard   T.   Baune    

     6      A Clinical Cardiology Perspective of Psychocardiology . . . . . . . . . . . .   71   
    John   F.   Beltrame     and     Rosanna     Tavella    

     7      The Validity of Vascular Depression as a Diagnostic Construct . . . . . .   81   
    Lauren   Taylor    ,     Adith   Mohan    , and     Perminder   S.   Sachdev    

     8      Mental Stress-Induced Myocardial Ischemia . . . . . . . . . . . . . . . . . . . .   105   
    Viola   Vaccarino    

     9      Neuropsychological Impairment of Patients with Depression  . . . . . .   123   
    Thomas   Beblo    

     10      Neuroimaging of Risk Factors of Depression 
and Cardiovascular Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   145   
    Nils   Opel    ,     Udo   Dannlowski    , and     Ronny   Redlich    

     11      Heart Rate Variability, Affective Disorders and Health . . . . . . . . . . .   167   
    A.  H.   Kemp    

     12      Arterial Stiffness in the Depression and Cardiovascular 
Comorbidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   187   
    Evelyn Smith and Joel Singer        



vi

     13      Depression and Markers of Arteriosclerosis: Cross-Sectional 
Analyses of the Baseline Examination of the BiDirect 
Cohort Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   195   
    Maren   Nagel     and     Hans-Werner   Hense    

     14      Metabolic-Inflammation Aspects of Depression 
and Cardiovascular Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   211   
    Joshua   D.   Rosenblat    ,     Ron   Kakar    , and     Roger   S.   McIntyre    

     15      Genetic Overlap Between Depression and Cardiometabolic 
Disorders  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   235   
    Azmeraw   T.   Amare    ,     Klaus   Oliver   Schubert    , and     Bernhard   T.   Baune    

     16      Emotional Word Processing in Cardiovascular Disease, 
Depression, and Depression Subtypes . . . . . . . . . . . . . . . . . . . . . . . . . .   257   
    Henning     Teismann    ,     Britta    Radenz, Johanna Kissler      , 
and     Klaus     Berger    

     17      Nutrition and Depression: Current Evidence on the Association 
of Dietary Patterns with Depression and Its Subtypes  . . . . . . . . . . . .   279   
    Corinna   Rahe     and     Klaus   Berger    

     18      Cardiometabolic Risk and Monitoring in Psychiatric Disorders . . . .   305   
    Katherine   Samaras    

     19      Monitoring for Metabolic Dysfunction and Cardiovascular 
Disease in Bipolar Disorder: A Shared Illness 
Process Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   333   
    Tim   Outhred    ,     Claire   McAulay    ,     Danielle   Gessler    , and     Gin   S.   Malhi    

     20      Assessment and Psychological Interventions for Depression 
Comorbid with Cardiovascular Disease . . . . . . . . . . . . . . . . . . . . . . . .   351   
    Evelyn   Smith     and     Ian   Kneebone    

     21      Moving Beyond Mood: Is it Time to Recommend Cognitive 
Training for Depression in Older Adults?  . . . . . . . . . . . . . . . . . . . . . .   365   
    Sharon   L.   Naismith     and     Loren   Mowszowski    

     22      The Internet and Mobile Technology: A Platform for Behavior 
Change and Intervention in Depression and CVDs . . . . . . . . . . . . . . .   395   
    Harald   Baumeister    ,     Yannik   Terhorst    , and     Jiaxi   Lin    

     23      Pharmacological Treatment and Prevention of Cardiovascular 
Diseases and Depression Comorbidity: Understanding 
Epidemiological, Clinical Trial Evidence, and the Biological 
Underpinnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   411   
    Harris   A.   Eyre    ,     Malcolm   Forbes    ,     Helen   Lavretsky    , 
and     Bernhard   T.   Baune    

Contents



vii

     24      Anti-inflammatory Agents for the Treatment of Depression 
in the Light of Comorbid Cardiovascular Disease . . . . . . . . . . . . . . . .   445   
    Ole   Köhler     and     Christiane   Gasse    

     25      The Use of Complementary Alternative and Integrative 
Medicine (CAIM) for Treatment and Prevention of Late- Life 
Depression and Cardiovascular Disease . . . . . . . . . . . . . . . . . . . . . . . .   467    
    Taya   Varteresian     and     Helen   Lavretsky    

     26      An Integrative Psychosomatic Approach to the Treatment 
of Patients with Cardiovascular Diseases: Concepts 
and Experiences of a Dedicated Psychocardiology Ward 
at the University of Göttingen Medical Center  . . . . . . . . . . . . . . . . . .   493   
    Marvin   Olewinski    ,     Anne-Maria   Paschke    ,     Anahit   Mohebbi    , 
    Christoph   Herrmann-Lingen    , and     Christina   Kleiber    

     27      Prevention of CVD in Depression  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   509   
    Kate   Margaret   Scott    

     28      Screening for Depression in Coronary Heart Disease: 
Detection of Early Disease States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   519   
    Malcolm   P.   Forbes     and     Harris   A.   Eyre      

Contents



1© Springer International Publishing Switzerland 2016
B.T. Baune, P.J. Tully (eds.), Cardiovascular Diseases and Depression, 
DOI 10.1007/978-3-319-32480-7_1

        B.  T.   Baune      (*) 
  Department of Psychiatry, North Terrace ,  School of Medicine, University of Adelaide , 
  Adelaide   5005 ,  Australia   
 e-mail: bernhard.baune@adelaide.edu.au   

    P.  J.   Tully    
  School of Medicine, Discipline of Medicine ,  The University of Adelaide , 
  Adelaide   5005 ,  Australia    

  1      Introduction                     

     Bernhard     T.     Baune      and     Phillip   J.     Tully   

    Content 

  References   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

     The association between cardiovascular diseases (CVDs) and depression has long 
been recognized. Reports as early as 1937 suggested that institutionalized psychiat-
ric patients had an eight times higher mortality rate than the general population and 
“diseases of the heart” accounting for almost 40 % of these deaths (Malzberg  1937 ). 

 In the following decades, the comorbidity of depression and CVDs has been 
rigorously investigated in many cross-sectional and longitudinal studies pointing to 
an important clinical and societal burden. Current literature suggests that the rela-
tionship between CVD and depression is bidirectional. Numerous clinical and epi-
demiological studies investigating the association between depression and 
cardiovascular disease have suggested that depression increases the risk of subse-
quent CVD 1.5-fold on average (Grippo and Johnson  2002 ; Thombs et al.  2006 ; 
Lippi et al.  2009 ; Nicholson et al.  2006 ) and that patients with coronary artery dis-
ease and depression have a two- to threefold increased risk of future nonfatal and 
fatal cardiac events compared to those cardiac patients without depression (Goldston 
and Baillie  2008 ; Kooy et al.  2007 ; Rudisch and Charles  2003 ; Frasure-Smith and 
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Lesperance  2010 ). Moreover, depression has been found to be an independent pre-
dictor of a poorer health outcome after an ischemic event (Nicholson et al.  2006 ; 
Barth et al.  2004 ; Meijer et al.  2011 ). 

 While the etiology and pathophysiology of the relationship between depression 
and CVD have been heavily related to various biological mechanisms relating to the 
hypothalamic-pituitary-adrenal (HPA) axis, pro-infl ammatory cytokines, increased 
sympathetic tone, platelet dysfunction, changes in arterial vessel elasticity, and 
endothelial function, other reports support important contributions of clinical char-
acteristics of depression (e.g., severity of depression, number of episodes, duration 
of depression, depression subtype) and sociodemographic factors (marital status, 
education, and income) to the bidirectional relationship between depression and 
cardiovascular disease. Whether screening for and treatment of depression are 
effective in reducing the clinical comorbidity and in improving health outcomes in 
affected patients, e.g., by using antidepressants, psychotherapy, or anti- 
infl ammatories, became of increasing interest in recent years. 

 In this most comprehensive book on the topic of cardiovascular disease and 
depression, expert authors from around the world focus on novel aspects of the 
clinical and biological etiology and pathophysiology of the comorbidity by extend-
ing into new frontiers such as the role of anxiety, neuropsychological and cognitive 
impairment, emotion processing, and stress and into the underlying neurobiology of 
the cardiovascular disease and depression comorbidity. To extend the more estab-
lished knowledge on biological mechanisms of the cardiovascular and depression 
comorbidity as reviewed here, the book will go beyond in order to review neuroim-
aging fi ndings, metabolic-infl ammation aspects, and the possibility of a genetic 
overlap between the two conditions. The second main focus of the book is on the 
topics of treatment and prevention. State-of-the art psychological (e.g., behavioral 
activation, cognitive training, mobile-app technologies) and pharmacological (e.g., 
antidepressants, anti-infl ammatory agents) as well as complementary alternative 
and integrative medicine approaches carry promise to improve the short-term and 
long-term outcomes of this comorbid condition. Finally, the critical topics of screen-
ing and prevention will be given extensive consideration. 

 The broad concept and the comprehensive topics of this book make it a unique 
reference for the interested student, clinician, and researcher across medical, psy-
chological, public and allied health, and complementary medicine disciplines to 
better understand the foundations and to clinically improve the conditions of people 
with cardiovascular and depression comorbidity.    

   References 
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   Abstract 
   Depression is common in cardiac patients, with 20 % of patients meeting the 
criteria for major depressive disorder or experiencing depressive symptoms. The 
relationship between cardiovascular diseases is likely to be bidirectional: people 
with depression are more likely to develop cardiovascular disease, while patients 
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with cardiovascular disease and co-morbid depression have worse cardiac out-
comes than those who are not depressed. The infl uence is not only restricted to 
cardiovascular outcomes; however, the impact upon psychosocial outcomes such 
as quality of life and social participation can be just as deleterious. This relation-
ship can also be moderated by socio-demographic and psychosocial risk factors, 
including gender, age, previous history of depression, social isolation and func-
tional impairment. This chapter will focus on the epidemiology and relationship 
between depression and cardiovascular disease, the effects on psychiatric and 
cardiac outcomes and the known risk factors.  

2.1       Introduction 

 Cardiovascular disease (CVD) and depression are signifi cant public health con-
cerns. Both have signifi cant impact with respect to key health system indicators, 
such as service utilisation and medical costs (Baumeister et al.  2015 ). More impor-
tantly, they also have a profound impact on the quality of life of affl icted 
individuals. 

2.1.1     Cardiovascular Disease 

 CVD is a collective term for diseases of the heart and blood vessels. The term can 
refer to a group of disorders, such as coronary heart disease, heart failure, periph-
eral vascular disease and stroke. CVD is the leading cause of death worldwide, 
causing more than 17 million deaths per year in 2013, up from 12 million in 1990 
(Naghavi et al.  2015 ). CVD can also result in severe disability. One measure of 
overall disease burden, disability-adjusted life years (DALYs), combines both 
mortality and morbidity into a single measurement. Results from the Global 
Burden of Disease Study report that between 2005 and 2013, DALYs for CVD 
increased by 6.7 % (Murray et al.  2015 ). The 2010 Global Burden of Disease 
Survey estimated that depression accounted for 8.2 % of global years lived with 
disability (YLD) and 2.5 % of global DALYs (Ferrari et al.  2013 ). By 2013, isch-
emic heart disease and cerebrovascular disease were two of the fi ve leading causes 
of disease burden (Murray et al.  2015 ).  

2.1.2     Depression 

 Depression (also known as major depressive disorder (MDD), clinical depression 
or unipolar depression) is a common psychiatric disorder, characterised by a per-
sistent low mood that is accompanied by anhedonia, fatigability and low self-
esteem. It has been linked to diminished quality of life, medical morbidity and 
mortality.   

T. Air et al.
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2.2     Depression and Cardiovascular Disease 
as Co-morbidities: Cause and Effect? 

 Depression commonly affl icts patients with CVD and contributes to poor cardiovascular 
and psychosocial outcomes. Two major fi ndings have emerged from the literature: 
fi rstly, that depression is associated with an increased risk of development of CVD and 
other vascular disorders such as vascular dementia. Secondly, depression predicts 
increased morbidity and mortality in patients with CVD, including those with HF, in 
individuals following MI or who have undergone coronary artery bypass graft (CABG) 
surgery. Despite this, depression remains underdiagnosed and undertreated in cardiac 
populations, even with the availability of safe and effective treatments. The effects of 
CVD and depression are widespread and harmful, impacting quality of life (Djarv et al. 
 2012 ; O’Neil et al.  2013 ), health service utilisation (Egede  2007 ), medical costs (Sullivan 
et al.  2002 ) and day-to-day functioning (Dickson et al.  2012 ; Mensah and Brown  2007 ). 

2.2.1     Prevalence of Depression in Cardiovascular Disease Patients 

 Globally, the lifetime prevalence of depression varies widely, ranging from 1.0 % in the 
Czech Republic to 17 % in the United States according to the DSM-IV criteria, while the 
12-month prevalence can range between 0.3 % (Czech Republic) and 10 % (United 
States) (Kessler and Bromet  2013 ). Prevalence estimates of depression in the general 
population also vary by sex with estimates between 5–9 % for females and 2–3 % among 
males (American Psychiatric Association  2000 ). Compare these prevalence estimates to 
those in cardiovascular populations, and it is clear that the latter chronic disease popula-
tion are disproportionately affected. Specifi cally, the prevalence of major depression is 
most widely documented in coronary heart disease with strikingly similar prevalence 
rates across CVD subtypes. Thombs et al. showed a 20 % prevalence in persons with a 
recent myocardial infarction (Thombs et al.  2006 ). Other estimates in acute CVD popula-
tions are very similar. Between 15 and 20 % major depression prevalence is reported in 
coronary artery bypass graft (CABG) surgery patients though estimates tend to increase 
when dysthymia is taken into account (Tully and Baker  2012 ). Also approximately 20 % 
depression prevalence is evident in heart failure patients (Rutledge et al.  2006 ). Persons 
receiving implantable cardioverter defi brillator are an exception, and depression esti-
mates vary considerably 11−26 % and may be less reliable since fewer studies have 
adopted structured clinical interviews to diagnose depression (Magyar-Russell et al. 
 2011 ). Putting these collective fi ndings in a clinical context, it can be reliably expected 
that at least one in fi ve persons with CVD will meet the criteria for major depression.  

2.2.2     Prevalence of Cardiovascular Disease in Depressed Patients 

 People with severe mental illness, including depression, have an increased risk of 
physical illness, especially CVD. For example, Carter et al. ( 2014 ) reported that, in 
a study of 74,734 psychiatric patients admitted to hospital in the Greater Manchester 
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region between 2001 and 2012, 9.63 % were diagnosed with ischemic heart disease, 
6.63 % were diagnosed with atrial fi brillation, 4.6 % had heart failure and 2.31 % 
reported having an MI. Not surprisingly, similar prevalence rates have been found 
in samples with major depression. Results from the Medical Outcomes Study (Wells 
et al.  1989a ), in a sample of 11,242 outpatients who either had been diagnosed with 
depression or reported depressive symptoms, found that 5 % also had current CAD 
while 4 % currently reported having angina. Other studies have reported a preva-
lence of 12 % and 5 % of CAD and CHF, respectively, in depressed patients (Lyness 
et al.  1993 ), while Diminić-Lisica and colleagues ( 2010 ) reported 10.85 % of their 
depressed sample also had cardiovascular disease. In US adults who reported a 
diagnosis of depression during their lifetime, the age-standardised prevalence of 
myocardial infarction, angina and stroke was around 30 %, compared to around 
15 % for those who did not (Zhao et al.  2009 ).  

2.2.3     Depression as a CVD Risk Factor 

 The role of depression in the development of CVD has been examined in numerous 
studies. In the Baltimore cohort of the Epidemiologic Catchment Area (ECA) Study, 
patients with a history of dysphoria or depression had 4.5 times the risk of having 
experienced an acute MI at follow-up when compared to nondepressed patients 
(Pratt et al.  1996 ). Rugulies ( 2002 ) determined that the risk of developing CVD was 
approximately 60 % higher in depressed patients, while Wulsin and Singal ( 2003 ) 
reported that MDD was a better predictor for the development of CVD in initially 
healthy people (Relative risk = 2.69; CI: 1.63–4.43) than depressive symptoms 
(Relative risk 1.49; CI 1.16–1.92). Furthermore, Rafanelli et al. ( 2010 ) reported that 
patients with dysthymia had a signifi cantly higher risk of developing a cardiac event 
than patients without dysthymia, while depression has also been found to increase 
the risk of CVD by 1.5–3 times in otherwise physically healthy individuals (Lett 
et al.  2004 ; Xian et al.  2010 ). 

 Several population-based studies have also linked MDD in children and young 
adults to increased risk of premature CVD. A Taiwanese national health insurance 
study investigated the association of MDD (and other psychiatric disorders) with risk 
of CVD involving more than one million participants of all age groups including 
young adults (Huang et al.  2009 ). The relative risk for CVD among patients less than 
20 years old was 2.19 for MDD. Although the prevalence of CVD increased with 
increasing age, the excessive relative risk for CVD among patients with MDD was 
greatest among those 20 years old or younger. These results have also been supported 
by data from meta-analyses. The largest published meta-analysis to date (21 studies 
 N  = 124 5,098 participants) indicated that depression was consistently predictive of 
incident cardiac events in individuals free of CVD (Nicholson et al.  2006 ), though 
smoking and exercise were infrequently adjusted for. 

 Given that depression is associated with major cardiac risk factors, this relation-
ship should be no surprise. For example, numerous cross-sectional and longitudinal 
studies have found a signifi cant relationship between MDD and smoking (Bakhshaie 
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et al.  2015 ; Boden et al.  2010 ; Grant et al.  2004 ; Hughes et al.  1986 ; Kinnunen et al. 
 2006 ; Lasser et al.  2000 ). Hypertension is also more prevalent in depressed patients 
(Adamis and Ball  2000 ; Kahl et al.  2012 ; Nakagawara et al.  1987 ; Wells et al. 
 1989b ,  1991 ), and MDD has also been associated with reduced physical activity 
(Aihara et al.  2011 ; Biddle and Asare  2011 ; Gallegos-Carrillo et al.  2013 ; Lampinen 
et al.  2000 ; Overdorf et al.  2016 ).  

2.2.4     Risk Factors for Depression in CVD Patients 

 Determinants of health associated with the development of depression in CVD 
patients have been identifi ed and aid the recognition of people at high risk of depres-
sion. Numerous predictors of depression in physically healthy cohorts can also be a 
predictor of the development of depression in patients with CVD. These include 
female gender, age, previous history of depression, social isolation and functional 
impairment.  

2.2.5     Gender 

 In recent years researchers have made considerable effort to investigate gender dif-
ferences in CVD. This research recognises the need to improve our understanding 
of heart disease in women. As in the general population, depression has also been 
associated with similar increases in cardiovascular risks in both genders with estab-
lished CVD (Barefoot et al.  1996 ). Women with CVD are more likely to experience 
depression when compared to men (Wiklund et al.  1993 ; Frasure-Smith et al.  1995 ; 
Balog et al.  2003 ; Vaccarino et al.  2003 ). It has been contended that this partly 
explains why women face higher mortality rates after MI (Mallik et al.  2006 ). 
Smolderen et al. ( 2015 ) established a much higher prevalence of prior depression 
and concurrent depressive symptoms among young women with acute MI than 
among young men. Even after adjusting for numerous socio-demographic, clinical 
and disease severity characteristics, young women with an acute MI had 60 % 
greater odds of having signifi cant depressive symptoms compared with young men. 

 Numerous studies have found women report more severe and persistent depres-
sive symptoms compared with men (Stern et al.  1977 ; Drory et al.  2003 ) with prog-
nosis found to be poorer (Carney et al.  1991 ; Greenland et al.  1991 ). Additionally, 
gender differences in depressive symptoms are greatest among younger female 
patients (Mallik et al.  2006 ; Uuskula  1996 ). In the prospective Community Mental 
Health Epidemiology Study of Washington County, depression increased cardiovas-
cular risk in women younger than 40 years more than sixfold, while no association 
was found among men (Wyman et al.  2012 ). 

 Even when baseline differences in history of hypertension, congestive heart fail-
ure and diabetes are adjusted for, the gender differences in mortality for women 
persist in some studies (Greenland et al.  1991 ). This suggests that the reason for these 
differences may not be entirely due to co-morbidity. Similarly, research by Vaccarino 
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et al. ( 1999 ) suggests that depressed women with acute MI may experience an 
increased risk for adverse outcomes even after adjustment for prognostic variables. 

 Even though the presence and severity of depressive symptoms following a car-
diac event seem to have similar risk factors to depression as in the general popula-
tion, it should be noted that gender is not always a predictor of depression in these 
studies. For example, Doyle et al.’s ( 2015 ) recent study utilising Cox regression 
analyses for all-cause mortality demonstrated that the interaction between sex and 
depression was statistically signifi cant (HR for interaction = 1.12, 95 % CI = 1.05–
1.19,  p  < 0.001). This may signify that the association between depression and mor-
tality was stronger for men than for women. The HR associated with depression was 
12 % higher in men compared with women (men: HR = 1.38, 95 % CI 1.30–1.47; 
women: HR = 1.22, 95 % CI 1.14–1.31). Bjerkeset et al. ( 2005 ) reported that men 
and women differed in their long-term outcome after MI. Women showed a higher 
risk for depression in the fi rst 2 years subsequent to an MI, whereas, in men, the risk 
for depression increased after 2 years post-MI. This could suggest a difference 
between the genders in the aetiology for depression in CVD patients.  

2.2.6     Age 

 Studies have found that younger patients are more likely to have depression in the 
context of CVD. For example, in ACS, age has been identifi ed as a risk factor for 
the development of depression (Lesperance et al.  1996 ; Dickens et al.  2004 ; Schrader 
et al.  2004 ; van Melle et al.  2006 ). In a prospective study of 648 patients at 14 
Veterans Affairs (VA) hospitals, Ho and colleagues ( 2005 ) established that follow-
ing cardiac valve surgery, depressed patients were signifi cantly more likely to be 
younger. In a recent study by Shah et al. ( 2014 ), women less than 55 years of age 
emerged as the group with the highest risks associated with depressive symptoms. 
Of additional concern (Baumeister et al.  2015 ), this group also had the highest bur-
den of depression as well, with 27 % exhibiting at least moderate depressive symp-
toms or higher. Additionally, in the Heart and Soul Study, Whooley and colleagues 
( 2007 ) found that depressed patients with coronary heart disease were signifi cantly 
more likely to be younger. Hamo and colleagues ( 2015 ) found that in patients with 
heart failure with preserved ejection fraction and who were also depressed were 
more likely to be younger than those without depression. Andrikopoulos et al. 
( 2007 ) reported that the risk ratio in women for in-hospital death was exaggerated 
among younger patients, aged less than 55 years (RR = 3.84, 95 % CI 1.07–13.74). 

 However, like gender, not all studies have found age to be a signifi cant risk factor in 
the development of depression in CVD patients. Doyle and colleagues ( 2015 ) deter-
mined that age did not have an effect on the prevalence of depression. Given that sex 
differences between depression and cardiac prognosis may be dependent on postmeno-
pausal status (Vaccarino et al.  2013 ,  2014 ), Doyle and colleagues also scrutinised their 
data to determine if there was a sex-by-age interaction effect in the infl uence of depres-
sion on mortality. The interaction was found to not be signifi cant (HR = 1.00, 95 % CI 
0.99–1.01). Supporting this, Krannich et al. ( 2007 ) did not fi nd a signifi cant relation-
ship between age and the change in depression pre- and post- CABG surgery.  
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2.2.7     Prior History 

 The chronicity of depressive symptoms may be especially relevant considering the 
onset and progression of CVD during the life course. Smolderen et al. ( 2015 ) found 
that at the time of their acute MI, women with a history of clinical depression were 
particularly vulnerable to experiencing depressive symptoms when compared with 
men with a history of depression. Approximately 25 % of women with a history of 
depression reported current depressive symptoms versus 10 % of men with a history 
of depression. Lesperance and colleagues’ ( 1996 ) landmark paper investigated the 
impact of prior depressive history on 222 acute MI patients. Compared with those 
without a history of depression, patients with a previous history of depression were 
more likely to become depressed at some time during the year post discharge. When 
the data were examined on the basis of whether the depression was a recurrent epi-
sode or a fi rst depression, they determined that patients with a recurrent depression 
were at signifi cantly increased risk of 18-month mortality (40.0 %) when compared 
with patients who were depressed for the fi rst time in their lives during their index 
admission. 

 Leung and colleagues ( 2012 ) performed a systematic review and examined the 
timing of the onset of depression relative to the onset of the CVD. They established 
that when compared to people who reported never experiencing depression, the 
risks of poor outcomes (all-cause mortality, cardiac mortality or cardiac morbidity) 
were increased. This increase was evident in both individuals whose fi rst episode of 
depression started after the onset of CHD (RR = 2.11) and among those whose 
depression was a recurrence of a previous episode of depression (RR = 1.59). Carney 
and colleagues ( 1999 ), in a sample of medically stable patients with coronary artery 
disease (CAD), found that a higher proportion of depressed subjects experienced a 
prior history of depression than those who were not depressed.  

2.2.8     Functional Impairment 

 The relationship between depression and functional impairment has been well 
established in community samples. Depression has been shown to be a strong pre-
dictor of diffi culties in performing activities of daily living (ADLs) in community- 
dwelling adults (Mehta et al.  2002 ; Covinsky et al.  2010 ). Thus, it is no surprise that 
similar associations are evident in cardiac populations, specifi cally HF. For exam-
ple, in a group of outpatients attending a community heart failure chronic disease 
management programme, Haworth et al. ( 2005 ) established that greater functional 
impairment as measured by the New York Heart Association (NYHA) classifi cation 
could predict depression. Sin ( 2012 ) reported that high classifi cation on the NYHA 
at baseline also signifi cantly predicted depression at 6 months. She concluded that 
people with functional impairment may have slower recovery resulting in less 
improvement in depression scores at 6 months. Gottlieb and colleagues ( 2004 ) also 
reported a relationship between major depression and functional impairment as 
measured by NYHA class and also on the physical functioning subscale of a quality 
of life scale. Several other studies have also employed the NYHA classifi cation as a 
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measure of functional impairment and have found similar results. For example, in a 
sample of 839 symptomatic HF patients free of depression at baseline, Lossnitzer 
et al. ( 2013 ) found that NYHA class again was a strong predictor of incident depres-
sion. Additionally, Freedland et al. ( 2003 ) also reported the relationship between 
MDD and functional impairment. 

 Similar fi ndings have also been reported in MI populations. Depression follow-
ing an acute MI has also been shown to correlate with decreased overall functional 
status (Griego  1993 ). de Jonge et al. ( 2006 ) reported that patients with post-MI 
depression demonstrated signifi cantly poorer health status on all indicators at 
12 months as well as a fourfold increased risk of disability following the MI com-
pared with patients without a post-MI depression. 

 A possible explanation for these fi ndings could be that increased functional dis-
ability may result in reduced activity and social contact. This allows for more time 
for patients to ruminate about their health conditions and may lead to increased 
feelings of alienation, helplessness and loneliness (Haworth et al.  2005 ).  

2.2.9     Social Isolation/Participation 

 An extensive literature has examined the relationship between depression and per-
ceived social support in CVD populations (Krishnan et al.  1998 ; Bosworth et al. 
 2000 ; Horsten et al.  2000 ; Brummett et al.  2001 ; Raynor et al.  2002 ; Bucholz et al. 
 2014 ). Prospective studies have provided evidence that low perceived social support 
can place CVD populations at risk for the development or worsening of MDD 
(Bucholz et al.  2014 ; Holahan et al.  1997 ; Barefoot et al.  2000 ; Frasure-Smith et al. 
 2000 ; Welin et al.  2000 ). Research has suggested that it is critical to consider the 
combined effect of depression and social support in predicting CVD prognosis. For 
example, social support in conjunction with depression has been associated as a 
predictor. Horsten et al. ( 2000 ) reported that CVD patients with high depression 
scores and who also lacked social support were at the greatest risk for subsequent 
cardiac events and death. Furthermore, Frasure-Smith and colleagues ( 2000 ) found 
that depressed patients with low perceived social support were at the greatest risk 
for mortality during the fi rst year following an acute MI. Patients with greater levels 
of perceived social supports were not at increased risk compared to nondepressed 
patients given that high perceived social support appeared to buffer the effects of 
depression on 1-year mortality.  

2.2.10     Impact of Depression on CVD Patients 

 Depression also predicts cardiac morbidity among patients with established 
CVD. Depression is a particularly signifi cant risk factor for CVD morbidity fol-
lowing acute MI (Tully and Baker  2012 ; Frasure-Smith et al.  1995 ; Leung et al. 
 2012 ; van Melle et al.  2004 ; Freedland and Carney  2013 ). Depressed patients with 
CVD are at greater risk for readmission or nonfatal cardiac events than 
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nondepressed patients (Barefoot et al.  1996 ; Carney et al.  1988 ; Connerney et al. 
 2001 ; Tully et al.  2008 ). Additionally, depression has been shown to predict 
declines in health status and is associated with worse cardiovascular-specifi c mor-
bidity. In a study of 460 outpatients with a history of HF and left ventricular ejec-
tion fraction, depression was found to be the strongest predictor of decline in 
health status over a 6-week follow-up period (Rumsfeld et al.  2003 ). Similarly, 
Vaccarino and colleagues ( 2001 ) also found a graded relationship between the 
severity of depressive symptoms and a combined end point of functional decline 
among HF patients. 

 Numerous studies have demonstrated that the presence of depression predicts 
all-cause and cardiac mortality following hospitalisation for cardiovascular 
events (Frasure-Smith et al.  1993 ; Denollet and Brutsaert  1998 ; Irvine et al. 
 1999 ; Romanelli et al.  2002 ; Wheeler et al.  2012 ). For example, Frasure-Smith 
and colleagues ( 1993 ) assessed outcomes following an acute MI in depressed 
and nondepressed patients. In patients with MDD, the 6-month mortality rate 
after an MI was 17 %, compared with 3 % among nondepressed patients 
(HR = 3.44, 95 % CI 2.25–4.63). Similar fi ndings have been reported in larger 
cohorts of acute coronary syndrome (ACS) patients (Frasure-Smith et al.  1999 ; 
Lesperance et al.  2000 ), as well as in other ischemic heart disease patient cohorts 
(Barth et al.  2004 ; Parashar et al.  2006 ). Depression has also been associated 
with an increased risk of heart failure readmission and death among HF patients 
(Jiang et al.  2001 ; Sherwood et al.  2011 ). It has also been associated with and 
increased risk of mortality among patients with prior stoke (Williams et al.  2004 ; 
Pan et al.  2011 ). 

 Meta-analyses have also found similar results. Barth and colleagues ( 2004 ) 
reported that depressed patients with histories of cardiovascular events were 1.7 
times as likely to die within 2 years of initial assessment when compared to nonde-
pressed patients in broad range of CVD conditions (including MI and CABG). In 
their evaluation of MI patients, van Melle and colleagues ( 2004 ) found that post-MI 
depression was associated with a 2- to 2.5-fold increase in risk of cardiac or all- 
cause mortality. Finally, in their study of 16,889 MI patients, Meijer and colleagues 
( 2011 ) reported that post-MI depression was associated with an increased risk of 
all-cause mortality (OR = 2.25; 95 % CI 1.73–2.93) and cardiac mortality (OR = 2.71; 
95 % CI, 1.68–4.36). 

 Furthermore, a dose-response relationship has been observed between the sever-
ity of depression and cardiovascular outcomes. Using data from the Framingham 
Heart Study, Wulsin and colleagues ( 2005 ) also reported a dose-response relation-
ship between severity of depressive symptoms and all-cause mortality. When com-
pared with scores from the lowest tertile of the Center for Epidemiologic Studies 
Depression Scale (CES-D), the risk of death in the second and third tertiles were 
33 % and 88 % higher, respectively. Of course not all fi ndings suggest a positive 
association (Parashar et al.  2006 ; Strik et al.  2003 ; Drago et al.  2007 ; Thombs et al. 
 2008 ). Nicholson et al. showed most studies insuffi ciently adjusted for confounding 
variables. For example, left ventricular ejection fraction reduced the purported 
depression-CVD morbidity link by 65 % (Nicholson et al.  2006 ).  
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2.2.11     Impact of CVD on Depressed Patients 

 The relationship between antecedent depression and subsequent cardiovascular 
morbidity was investigated in the 1930s, when Malzberg ( 1937 ) reported a higher 
incidence of CVD-related death when compared to control groups. He found the 
death rates due to cardiac disease were approximately eight times higher in involu-
tional melancholia (depression beginning in midlife or later) than in the general 
population. In the decades following, numerous studies have observed similar 
results. For example, Dreyfuss and colleagues ( 1969 ) reported the rate of MI was 
about six times higher among inpatients with depression than among all other inpa-
tients. Prospective studies such as the National Health Examination Follow-Up 
Study (Anda et al.  1993 ) found that self-reported depressed mood was associated 
with a signifi cantly increased risk of fatal ischemic heart disease. In another pro-
spective cohort, Penninx and colleagues ( 1998 ) reported that newly depressed older 
men were approximately twice as likely to have a fatal CVD event than those who 
were never depressed. Surtees and colleagues ( 2008 ) found that participants diag-
nosed with MDD in the year preceding baseline assessment were 2.7 times more 
likely to die from IHD in participants free of established heart disease. The severity 
of depression symptoms has also been found to be an independent risk factor for 
CVD mortality in prospective cohorts free of CHD at baseline (Ahto et al.  2007 ; 
Brown et al.  2011 ; Whang et al.  2009 ).   

    Conclusion 
 It is important to acknowledge that the association between MDD and CVD is 
complex and likely bidirectional (Teismann et al.  2014 ). It should also be consid-
ered that the aetiology of depression may differ in certain subgroups within the 
CVD population (Baune et al.  2012 ) and that traditional classifi cations of depres-
sion such as melancholia or dysthymia may not be applicable; however, further 
research is needed to ascertain this. 

 Given that CVD and depression are among the leading causes of death, dis-
ability and disease burden in the developed world, there is the potential for sig-
nifi cant harm in ignoring the relationship between the two. The presence of 
co-morbid CVD and depression not only has the potential to change the progno-
sis of both clinical and psychosocial outcomes, but it can impact the pathways 
and responses to treatment.     
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     Late-life depression is one of the most common psychiatric disorders in older adults 
with a prevalence of 2–10 % in people aged 65 and above. Depression in old age has 
been associated with functional impairment and many adverse health effects. While 
there are overlapping symptoms and outcomes of depression throughout the life 
span, there is evidence for distinct medical, clinical, cognitive, neuroimaging, neu-
ropathological, infl ammatory and genetic features for geriatric depression in com-
parison with depression in young age (see Naismith et al.  2012 ). Older people with 
major depression have an increased risk of developing dementia, in particular 

mailto:s.reppermund@unsw.edu.au


24

Alzheimer’s disease and vascular dementia. There is strong evidence for cardiovas-
cular risk factors being an underlying link between depression and dementia. A 
recent systematic review and meta-analysis showed that late-life depression is asso-
ciated with a signifi cant risk of all-cause dementia, Alzheimer’s disease and vascu-
lar dementia. However, the risk to develop vascular dementia was signifi cantly 
higher than for Alzheimer’s disease (Diniz et al.  2013 ). Studies suggest that recur-
rent depression with an onset in midlife may refl ect a long-term process of cerebro-
vascular changes that may be aetiologically related to the development of vascular 
dementia (Barnes et al.  2012 ). 

 The World Health Organization estimates that cardiovascular disease and depres-
sion are currently the two most common causes of disability in high-income coun-
tries (WHO  2008 ). The two disorders result in decreased quality of life and in an 
increase in disability, medical costs and service utilisation. Given the current and 
projected growth of the elderly population, a better understanding of the link 
between late-life depression and cardiovascular disease (CVD) is important, espe-
cially for possible treatment and prevention strategies. 

 The following chapter gives an overview of cardiovascular risk factors and their 
possible relationship with late-life depression. 

3.1     Cardiovascular Risk Factors 

 Cardiovascular risk factors that have been associated with late-life depression 
include hypertension, diabetes, hypercholesterolemia, heart disease, obesity and 
smoking (Naismith et al.  2012 ). Unhealthy lifestyle choices such as smoking, alco-
hol abuse and inattention to hypertension and other medical conditions may contrib-
ute to the development of depression (Vaillant et al.  1996 ) and represent one possible 
explanation for the link between depression, CVD and vascular dementia. 
Depression is further associated with reduced physical activity which in turn is 
associated with poorer cardiovascular health. 

 Meta-analyses revealed that depressed patients have a 1.5- to 2-fold increased 
risk to develop coronary artery disease, even after controlling for other major risk 
factors for coronary artery disease. A large case-control study with more than 
11,000 cases and 13,000 controls from 52 countries showed a 1.5-fold increased 
risk for myocardial infarction in cases with depression (Rosengren et al.  2004 ). 
These fi ndings were consistent in men and women and in different ethnic groups.  

3.2     Bidirectional Relationship 

 Current research fi ndings from epidemiological as well as from clinical studies sug-
gest a bidirectional relationship between CVD and depression, i.e. each condition is 
associated with an elevated risk of developing the other. 

 Prior depression has been shown to be related to an increased risk of myocar-
dial infarction and stroke (Barefoot and Schroll  1996 ; Ferketich et al.  2000 ; 
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Liebetrau et al.  2008 ). In a Danish cohort study, depression was associated with 
an elevated risk for myocardial infarction and early mortality during a 27-year 
follow-up even after controlling for traditional risk factors like smoking. Similar 
results were found in a large US cohort study with more than 7,000 participants 
by Ferketich et al. ( 2000 ). Depression was associated with an increased risk of 
coronary heart disease and with increased coronary heart disease-related mortal-
ity in men. In a population sample of elderly adults in Sweden, depression at 
baseline was linked to fi rst-ever stroke during a 3-year follow-up (Liebetrau et al. 
 2008 ). The authors describe several possible explanations for the relationship 
between depression and stroke, e.g. increased stress during depression, lower 
drug compliance and changes in the vascular system that might increase the risk 
of stroke like myocardial arrhythmia, increased platelet activation and increased 
insulin resistance. 

 On the other hand, vascular disease may also promote the development of depres-
sion, e.g. white matter lesions can predate and predict the occurrence of late-life 
depression (Teodorczuk et al.  2007 ; Reppermund et al.  2014 ). In a European multi-
centre study with older adults, the severity of white matter changes predicted the 
development of depressive symptoms 1 year later (Teodorczuk et al.  2007 ). In 
another recent study with community-dwelling elderly participants, reduced white 
matter integrity was associated with an increase in depressive symptoms 2 years 
later (Reppermund et al.  2014 ). 

 The bidirectional relationship between CVD and late-life depression has impor-
tant clinical implications. Elderly patients with depressive symptoms should be 
thoroughly assessed for possible vascular disease and be treated accordingly so that 
this ‘secondary prevention’ will improve their long-term outcome and prognosis. A 
more thorough control of vascular risk factors may help in the prevention of late-life 
depression.  

3.3     Underlying Mechanisms for the Link 
Between Depression and CVD 

 Prior depression may be linked to subsequent CVD through unhealthy lifestyle 
choices like smoking, physical inactivity and non-compliance with treatment but 
also through biological processes like dysregulation of the hypothalamic-pituitary- 
adrenal (HPA) axis and resulting elevated cortisol levels and infl ammatory cyto-
kines (Byers and Yaffe  2011 ). High cortisol levels are very common in major 
depression, and they have been associated with higher levels of circulating choles-
terol, hypertension, severity of coronary atherosclerosis (Thomas et al.  2004 ) and 
poor verbal memory function (Reppermund et al.  2007 ). Elevated levels of infl am-
matory markers (e.g. interleukin 6 and interleukin 8) are associated with late-life 
depression (Baune et al.  2012a ), and interleukin 8 is highly expressed in the brains 
of patients with Alzheimer’s disease (Alsadany et al.  2013 ), suggesting that it might 
be specifi c for long-term changes in neurodegenerative and neuropsychological 
alterations in the brain (Baune et al.  2012a ). 
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 A number of studies have reported associations between arterial stiffness and 
depression (see Baune et al.  2012b  for review). Findings suggest that acute depres-
sion may lead to increased arterial stiffness that is related to CVD and mortality. 

 Another biological mechanism that links depression to CVD is a shared genetic 
risk factor. In particular, the apolipoprotein E4 allele (APOE 4), which is one of the 
most robust risk factor genes for Alzheimer’s disease, has been associated with 
coronary disease as well as with late-life depression (Baldwin and O’Brien  2002 ; 
McCarron et al.  1999 ). In a recent 9-year prospective study, the presence of APOE 
4 predicted future depression in a population-based sample of older adults, even 
after excluding individuals who developed dementia later on (Skoog et al.  2015 ). 

 In patients with established coronary heart disease, depression is associated with 
increased cardiac mortality and morbidity. Depressed patients with coronary heart dis-
ease have a lower heart rate variability compared to nondepressed patients with coro-
nary heart disease and are, therefore, at a greater risk of ventricular fi brillation (Carney 
et al.  1995 ). Potential explanations for these associations are altered autonomic tone, 
poor adherence and a link with other cardiac risk factors. Some antidepressants (in 
particular tricyclics and monoamine oxidase inhibitors) may have cardiotoxic side 
effects, but this accounts only for a very limited number of morbidity and mortality 
cases in depressed patients as the relationship between depression and cardiovascular 
disease was observed before antidepressants were developed (Carney et al.  2002 ). 

 A recent review on the relationship between depression and CVD highlights the 
importance to look at different diagnostic subtypes of depression as the association 
between CVD and depression seems to vary in its strength by subtype (Baune et al. 
 2012b ).  

3.4     Vascular Depression 

 As early as the beginning of the twentieth century, there have already been suggestions 
that depression with fi rst onset in late life may be secondary to arteriosclerosis (see Post 
 1962  for a review). Early clinical studies generally reported high comorbidity between 
vascular risk factors, vascular disease and depression; later silent stroke studies as well 
as leukoencephalopathy studies highlighted cerebrovascular changes as a possible 
cause for a subtype of depression commonly observed among the elderly, which 
Alexopoulos and colleagues ( 1997 ) coined  vascular depression . The vascular depres-
sion hypothesis postulates that cerebrovascular disease confers vulnerability to, trig-
gers and maintains a subtype of depression in older adults (Alexopoulos et al.  1997 ). 

 While there is still no consensus on the defi nition of vascular depression to date, 
it is generally recognised that vascular depression is characterised by a combination 
of some of the following features (Alexopoulos et al.  1997 ; Krishnan et al.  1997 ; 
Hickie et al.  1995 ,  1997 ; Steffens and Krishnan  1998 ):

•    Evidence of vascular disease or vascular risk factors  
•   Late depression onset or change in the course of depression following develop-

ment of vascular disease in those with history of early-onset depression  
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•   Neuropsychological impairment including executive dysfunction  
•   Subcortical neuroimaging abnormalities  
•   Reduced depressive ideation  
•   Psychomotor retardation  
•   Apathy or anhedonia  
•   Functional disability  
•   Poorer response to antidepressant treatment  
•   Absence of family history of mood disorders    

 Over the years, researchers have tried to further refi ne the notion of vascular depres-
sion by incorporating fi ndings from more recent research. Krishnan et al. ( 2004 ) pro-
posed a ‘subcortical ischaemic depression’ syndrome, which is defi ned by MRI evidence 
of confl uent deep white matter or subcortical grey matter hyperintensities. In contrast, 
Alexopoulos et al. ( 2002 ) tried to refi ne the notion based on clinical presentation instead 
and defi ned a ‘depression-executive dysfunction syndrome’ with features of reduced 
fl uency, impaired visual naming, psychomotor retardation, loss of interest in activities 
and paranoid symptomatology. However, in clinical practice, the same set of criteria 
used to diagnose major depression is often applied to both younger and older adults, for 
example, the  Diagnostic and Statistical Manual of Mental Disorders  (DSM-5; American 
Psychiatric Association  2013 ), without taking into account effects that biopsychosocial 
factors in ageing may have on the course and presentation of depression. 

 McDougall and Brayne ( 2007 ) conducted a systematic review of studies that 
compared symptom profi les of depressed individuals with and without comorbid 
vascular conditions and found that results have been largely inconsistent. While 
apathy, lassitude as well as psychomotor change have commonly been reported in 
these studies, it is unknown whether these behavioural changes are due to depres-
sion per se or due to the comorbid vascular conditions.  

3.5     White Matter Abnormalities 

 One of the best replicated fi ndings in neuroimaging studies of late-life depression is 
the presence of white matter hyperintensities (WMH), also termed leukoaraiosis or 
leukoencephalopathy in the earlier literature, which are increased signal intensities 
apparent on T2-weighted fl uid-attenuated inversion recovery (FLAIR) magnetic 
resonance imaging (MRI). These cerebral WM lesions start developing at a rela-
tively young age and both the prevalence and severity are thought to increase with 
age; community-based cohort studies report around 90 % of older individuals have 
at least some WM lesions (de Leeuw et al.  2001 ; Liao et al.  1997 ; Söderlund et al. 
 2003 ). WMH have been found to be associated with a range of poor outcomes, 
including physical disability and poorer motor function in community-dwelling 
older adults (Sachdev et al.  2005 ), as well as a more chronic course of the disorder 
(Heiden et al.  2005 ; Hickie et al.  1997 ; O’Brien et al.  1996 ) as well as poorer 
response to treatment (Hickie et al.  1995 ; Taylor et al.  2003 ) in those with 
depression. 
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 WM lesions can be classifi ed by their location in the brain, with periventricular 
hyperintensities (PVH) located adjacent to the lateral ventricles and deep WMHs 
(DWMH) located in the subcortical regions, or they can be categorised by severity 
using visual rating methods such as the Fazekas scale (Fazekas et al.  1987 ), the 
Scheltens scale (Scheltens et al.  1993 ) or Virchow-Robin spaces. DWMH have con-
sistently been reported to be more common and/or more severe in late-life depres-
sion (O’Brien et al.  1998 ; Thomas et al.  2004 ), but increased and/or more severe 
PVH was also found in a number of studies (Coffey et al.  1990 ; de Groot et al.  2000 ; 
Herrmann et al.  2008 ). The exact mechanism linking these WMH with late-life 
depression is unclear, but the dominant view suggests cerebrovascular disease may 
contribute to a ‘disconnection syndrome’ through disruptions in fronto-striato- 
limbic circuits, which likely underlie both mood and cognitive symptoms observed 
in late-life depression. 

 Most studies suggest WMH are non-specifi c and refl ect a heterogeneous assort-
ment of pathologies. Vascular factors were found to differentially infl uence the 
development of DWMH and PVH – while the majority of DWMH were associated 
with small vessel ischaemia, only larger PVH were found to be ischaemic in nature. 
Other PVH generally refl ect ependymal loss, subependymal demyelination, con-
trasting degrees of myelination in adjacent fi bre tracts and astrocytic gliosis (Thomas 
et al.  2002 ,  2003 ; van Swieten et al.  1991 ). Besides vascular factors, age appears to 
be the other biggest predictor of total burden of WMH (O’Brien et al.  1996 ). 

 Several studies have investigated the specifi c anatomic localisation and laterali-
sation of WMH in late-life depression, and lesions disrupting frontal-subcortical 
projections or the dorsolateral prefrontal circuit have been implicated. Sheline and 
colleagues ( 2008 ) compared WMH burden in individuals with late-life depression 
to controls matched for vascular risk factors and found increased WMH in the white 
matter tracts within the dorsolateral prefrontal circuit. Similarly, a neuropathologi-
cal study by Thomas and colleagues ( 2002 ) revealed WMH that are ischaemic in 
nature were more likely to be found in the dorsolateral prefrontal cortex. More 
severe WMHs have also been observed in regions including the frontal deep white 
matter and the putamen in the elderly depressed (Greenwald et al.  1998 ). While 
most studies have examined lesion locations only in terms of general brain regions, 
MacFall et al. ( 2001 ) attempted to more precisely study the localisation of these 
lesions using statistical parametric mapping analyses and identifi ed an increase in 
lesion density in the medial orbital prefrontal white matter in the elderly depressed 
individuals. 

 Few studies have also reported a left lateralisation of WMH in the elderly 
depressed (Greenwald et al.  1998 ; Tupler et al.  2002 ), which is in line with the post- 
stroke depression literature that found an over-representation of left anterior lesions, 
particularly those proximal to the frontal pole (e.g. Robinson et al.  1983 ). However, 
it is yet unclear what role lesion laterality plays in the vascular depression paradigm. 
Further research is required to determine whether or how the strategic location of 
lesions and the total lesion load interact and contribute to the development of depres-
sive symptoms. It is also possible that different lesion locations are associated with 
different subtypes of depression, for instance, the post-stroke depression study by 
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Hama and colleagues reported associations between left frontal lesions and  affective  
depression and between bilateral basal ganglia lesions and  apathetic  depression 
(Hama et al.  2007 ). 

 Diffusion tensor imaging (DTI) can be used to assess the microstructural integ-
rity of white matter fi bre tracts, through the quantifi cation of the magnitude (mean 
diffusivity, MD) and directionality (fractional anisotropy, FA) of diffusion of water 
in brain tissues. Reductions in FA have been commonly observed in the frontal and 
temporal lobes of individuals with late-life depression (Bae et al.  2006 ; Nobuhara 
et al.  2006 ; Taylor et al.  2004 ; Yang et al.  2007 ), with one study suggesting FA val-
ues are inversely related to depression severity (Nobuhara et al.  2006 ) but another 
reporting no association (Bae et al.  2006 ). More recent studies utilising the tract- 
based spatial statistics technique have demonstrated similar fi ndings (Colloby et al. 
 2011 ; Reppermund et al.  2014 ). Higher FA values in both the bilateral superior 
frontal gyri and the bilateral anterior cingulate cortices were also found to be associ-
ated with failure to remit in a sample of older adults with DSM-IV major depressive 
disorder without psychosis (Taylor et al.  2008 ). The pathophysiology underlying 
these microstructural white matter changes is still largely unknown, as FA values 
did not appear to be associated with risk factors of late-life depression, such as age, 
sex, vascular risk factors or hyperintense lesions (Bae et al.  2006 ; Yang et al.  2007 ).  

3.6     Neuropathology 

 While neuropathological studies of major depression in younger adults have 
reported reduced glial cell counts (particularly oligodentrocytes), reduced neuronal 
size or synaptic proteins (e.g. Cotter et al.  2001 ; Rajkowska  2000 ; Uranova et al. 
 2004 ), only a handful of neuropathological studies have been conducted in late-life 
depression, and fi ndings are somewhat inconsistent. The pioneering study by 
Thomas and colleagues ( 2001 ) reported greater frequency of atheromatous disease 
in individuals with late-life depression, particularly in the cerebral and aortic arter-
ies; however, there was no evidence for increased clinical vascular risk factors or 
global microvascular disease. Their follow-up studies investigated vascular damage 
in the dorsolateral prefrontal cortex, anterior cingulate cortex and the occipital cor-
tex. Once again, increased intercellular adhesion molecule-1 (ICAM-1), a marker of 
ischaemia-induced infl ammation, was observed in both grey and white matter of the 
dorsolateral prefrontal cortex (Thomas et al.  2000 ,  2002b ,  2003 ), but fi ndings per-
taining to vascular cell adhesion molecule-1 expression were inconsistent and there 
was no evidence of increase microvascular disease in late-life depression (Thomas 
et al.  2003 ). More recent studies by Tsopelas et al. ( 2011 ) and Xekardaki et al. 
( 2012 ) reported no association between cerebrovascular pathology (e.g. haemor-
rhage, large infarcts >10 mm, lacunes or small vessel disease) and late-life depres-
sion, even within the subgroup of individuals meeting criteria for vascular depression 
(Xekardaki et al.  2012 ). Other types of pathology such as Alzheimer’s disease 
pathology, Lewy bodies and reduced glial and oligodendrocytic density have also 
been reported in selected studies (e.g. Sweet et al.  2004 ; Tsopelas et al.  2011 ), but 
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results were inconsistent. This may be dependent on the characteristics of individu-
als included in the sample (for instance, some studies included individuals with 
cognitive impairment and/or dementia) as well as brain regions examined. These 
fi ndings suggest that not all vascular disease or risk factors may be relevant in the 
development of late-life depression; for instance, small vessel and microvascular 
diseases in particular do not appear to be major determinants of late-life 
depression.  

3.7     The Relationship Between Late-Life Depression, CVD 
and Dementia 

 Depression and dementia frequently co-occur in older individuals; however, the 
nature of their relationship is complex and poorly understood. To date, there is no 
consensus as to whether depression represents a risk factor, a prodrome or a conse-
quence of dementia. The prevalence of depression in Alzheimer’s disease reported 
in the literature varies greatly due to differences in defi nitions and assessment meth-
ods used as well as the populations sampled, but it generally clusters around 
20–25 % for major depression and up to 50 % for all depressive syndromes (Lyketsos 
and Olin  2002 ; Starkstein et al.  2005 ). There is also evidence to suggest that depres-
sion is more prevalent (Ballard et al.  2000 ; Newman  1999 ) as well as more severe 
(Sultzer et al.  1993 ) in individuals with vascular dementia. On the other hand, late- 
life depression is often accompanied by signifi cant cognitive impairment, particu-
larly executive dysfunction. While other neuropsychological defi cits may be present 
as well, some studies suggest these are mediated by defi cits in processing speed and 
working memory (Nebes et al.  2000 ; Sheline et al.  2006 ). Two independent meta- 
analyses reported that a history of depression confers around double the risk for 
subsequent dementia (Jorm  2001 ; Ownby et al.  2006 ). Findings from large cohort 
studies were also in support of this notion that depression is associated with an 
increased risk of dementia (Byers et al.  2012 ; Saczynski et al.  2010 ). 

 While much of the attention has focused on examining the relationship between 
late-life or late-onset depression and dementia, several studies in the past decade 
have investigated whether early-onset depression is associated with later develop-
ment of dementia, and the results suggest that early-onset depression is also associ-
ated with an increased risk of dementia (see Byers and Yaffe  2011  for a review). In 
one particular study that studied both mid- and late-life depressive symptoms, 
Barnes et al. ( 2012 ) found that late-life depression alone and late-life depression in 
combination with midlife depression were associated with an elevated risk of 
Alzheimer’s disease and vascular dementia at the 6-year follow-up. They concluded 
that recurrent depression over the life course is likely an aetiologic risk factor of 
vascular dementia, whereas late-onset depression refl ects early manifestations of 
Alzheimer’s disease. Moreover, there appears to be a dose-response relationship 
between cumulative depression burden (as measured in terms of depressive symp-
tom severity, number of prior major depressive episodes or lifetime duration of 
depression) and later dementia (Kessing and Andersen  2004 ; Speck et al.  1995 ). 
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 The two proposed primary pathways linking depression and dementia are grounded 
in the glucocorticoid cascade hypothesis (Sapolsky et al.  1986 ) and the vascular 
depression hypothesis (Alexopoulos et al.  1997 ). According to the glucocorticoid cas-
cade hypothesis, the HPA axis is activated and glucocorticoid secretion is increased in 
response to stressors; however, prolonged hypersecretion of glucocorticoids leads to 
hippocampal damage, which in turn disrupts the hippocampus’ negative feedback to 
the HPA axis and results in further hippocampal damage. Hippocampal atrophy has 
been shown to be an early marker of Alzheimer’s disease, with previous studies 
reporting such changes predicted subsequent conversion to Alzheimer’s disease in 
individuals with mild cognitive impairment (Apostolova et al.  2006 ; Jack et al.  1999 ). 
Since reduced hippocampal volumes have also been commonly observed in individu-
als with recurrent depression, the glucocorticoid- hippocampus link may be a common 
pathway involved in the development of both depression and dementia. On the other 
hand, ischaemic brain lesions have been consistently reported to be associated with 
depression in older adults (Herrmann et al.  2008 ), which if severe enough, can lead to 
substantial cognitive impairment. It is important to note that the processes involved in 
these pathways are not necessarily mutually exclusive or sequential, and other factors 
such as pro-infl ammatory cytokines, amyloid plaques, neurofi brillary tangles and 
neurotrophic factors may contribute to the pathogenesis; in fact, it is most likely 
the synergistic effect of a range of these processes that results in the development 
of depression or dementia (Byers and Yaffe  2011 ). Figure  3.1  provides a 
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  Fig. 3.1    Proposed predominant pathways linking depression to the onset of dementia. The path-
ways linking depression and dementia are likely to be multifactorial and probably not sequential. 
Mechanisms that underlie the association between depression and dementia include vascular dis-
ease, pro-infl ammatory changes and hippocampal atrophy (Reprinted by permission from 
Macmillan Publishers Ltd: Byers and Yaffe ( 2011 ), copyright 2011)       
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simplifi ed overview of different mechanisms and pathways that may link depression 
and dementia.

       Conclusions 

 Even though the link between late-life depression and cardiovascular disease is 
not yet fully understood, accumulating evidence suggests that cardiovascular risk 
factors and depression have a bidirectional relationship. Proposed mechanisms 
include unhealthy lifestyle choices, a dysfunction of the HPA axis, pro-infl amma-
tory cytokines, arterial stiffness and genetic risk factors. More research is needed 
to investigate the mechanisms that link cardiovascular risk factors and depression 
to develop adequate treatment and prevention strategies. An early control of car-
diovascular risk factors may help prevent the development of late-life depression 
and vice versa; early detection and treatment of depressive symptoms may help 
prevent CVD later in life. Late-life depression is frequently accompanied by 
white matter hyperintensities, and further longitudinal studies are required to 
assess the contribution of white matter hyperintensities to the development of 
depression. There is growing evidence for depression as a risk factor for dementia 
and for cardiovascular risk factors being an underlying link between depression 
and dementia; hence, early treatment of cardiovascular risk factors and depression 
may be important primary prevention strategies of dementia.     
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   Abstract 
   The burden of disease for depression goes beyond functioning and quality of life 
and extends to somatic health. Depression has shown to subsequently increase 
the risk of cardiovascular morbidity and mortality. These somatic consequences 
can be partly explained by mediating mechanisms such as unhealthy lifestyle 
(smoking, excessive alcohol use, physical inactivity, unhealthy diet) or unfavor-
able pathophysiological disturbances (metabolic, immuno-infl ammatory, auto-
nomic, and HPA-axis dysregulations). This chapter presents epidemiological 
evidence for the existence of these plausible underlying mechanisms that link 
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depression to cardiovascular disease. However, alternative explanations for an 
increased cardiovascular risk in depressed persons are also discussed, namely, 
the confounding hypothesis, iatrogenic effects, or noncausal “third factors.”  

4.1        Somatic Consequences of Depression 

 The impact of depression on health extends beyond mental health. Over the last 
20 years, many studies illustrated the adverse impact of depression on somatic 
health as well. As described previously, the evidence is convincing that depres-
sion increases the subsequent risk of cardiovascular disease development. 
Cardiovascular disease refers to those conditions that affect the heart and blood 
vessels, including among others coronary heart disease, cerebrovascular disease, 
and peripheral artery disease. Meta-analyses integrating longitudinal evidence 
concluded that depression results in an at least 80 % increased risk of cardiovas-
cular disease onset (Nicholson et al.  2006 ; van der Kooy et al.  2007 ). In line with 
a dose-response association, the cardiovascular morbidity risk is higher among 
persons with major depressive disorder than among those with subthreshold 
depressive symptoms, but the risk is also signifi cantly increased in the latter 
group. This epidemiological evidence also extends to subclinical cardiovascular 
processes. Depressed persons are also at increased risk for peripheral atheroscle-
rosis as indicated through, e.g., coronary or aortic calcifi cation, impaired endothe-
lial function, and increased arterial stiffness (Seldenrijk et al.  2010 ,  2011 ; Hamer 
et al.  2010 ). 

 This chapter will mainly focus on evidence that considers depression to be an 
etiological risk factor for cardiovascular disease. However, it is good to note that 
this is only a small part of the complex interaction between depression and cardio-
vascular disease. First, beyond increasing the risk of cardiovascular disease onset, 
depression also increases the risk of cardiovascular mortality when cardiovascular 
disease has already emerged (Doyle et al.  2015 ). So, there is extensive evidence that 
depression contributes not only to the onset but also to the progression of cardiovas-
cular disease. Several of the underlying mechanisms discussed in this chapter are 
not specifi c for explaining why depression is an etiological risk factor but may also 
explain why depression is a prognostic risk factor among patients with clinically 
overt cardiovascular disease. Second, although I focus mainly on the mechanisms 
through which depression can increase subsequent cardiovascular risk, it is clear 
that a bidirectional link exists. Cardiovascular disease itself can – either through 
direct physical consequences or through indirect biological, bodily, or psychosocial 
changes – also increase the risk of developing depressive symptoms and disorders. 

 Furthermore, it is good to realize that the impact of depression on somatic health 
is not restricted to cardiovascular disease alone. There are various meta-analyses 
that have shown similar evidences when integrating results from longitudinal stud-
ies among initially somatic disease-free subjects. Depression also increases the 
onset risk of overall mortality (relative risk (RR) = 1.81), diabetes (RR = 1.60), 
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hypertension (RR = 1.42), stroke (RR = 1.34), obesity (RR = 1.58), Alzheimer’s dis-
ease (RR = 1.66), and to a lesser extent even cancer (RR = 1.29) (Penninx et al. 
 2013 ). To even provide a larger picture, the increased cardiovascular risk associated 
with depression is not specifi c for depression either. For various other psychiatric 
conditions, similar observations have been described. In a large-scale population- 
based study incorporating data from over 50,000 subjects across the world, also 
panic disorder, specifi c phobia, post-traumatic stress disorder, and alcohol use dis-
orders were found to predict subsequent heart disease onset (Scott et al.  2013 ). For 
nonspecifi c anxiety disorder, a recent meta-analysis summarizing a total of 37 
papers including 1,565,699 persons also indicated a 50 % increased risk of cardio-
vascular disease onset (Batelaan et al.  2016 ). 

 The fact that depression is not only associated with the onset of cardiovascular 
disease but also that of various other somatic conditions combined with the fact that 
this association extends to other psychiatric conditions as well already illustrates 
that it is not likely that underlying mechanisms are very disease specifi c. In the 
paragraphs below, I will describe which underlying mechanisms may likely contrib-
ute to the increased cardiovascular risk in depressed individuals. For this purpose I 
will mainly focus on results provided by large-scale epidemiological studies.  

4.2     The “Confounding Hypothesis” as Mechanism Linking 
Depression to Cardiovascular Health 

 Subjects with depression are usually older, more often female, and have a lower 
socioeconomic status, and their general health is worse than that of their non- 
depressed peers. This leads to the hypothesis that age, sex, sociodemographics, 
and baseline health conditions rather than depression per se might be responsible 
for the differential subsequent cardiovascular health patterns between depressed 
and non- depressed subjects. This “confounding hypothesis” (see Table  4.1 ) is 
likely to contribute to fi nding worse cardiovascular outcomes among the depressed. 
Generally, most longitudinal population studies that examined the risk of cardio-
vascular events in depressed persons have found that the risk associated with 
depression declined with 20–30 % after considering these sociodemographic and 
baseline health conditions (Nicholson et al.  2006 ; van der Kooy et al.  2007 ). 
However, after adjustment for these potential confounding variables in statistical 
analyses, the cardiovascular risk in depressed persons remained signifi cantly 
increased compared to that of non- depressed persons illustrating that the link does 
not seem to be completely due to simply confounding. Of course, it can be that in 
some cases depression may be a prodrome of not yet discovered and diagnosed 
(and therefore not measurable) subclinical or medical conditions that affect sub-
sequent cardiovascular disease onset. However, it is unlikely that this completely 
explains the increased cardiovascular risk as results are rather consistent across 
studies, not restricted to older samples only (in which other health conditions may 
be present), and have also been found for major depressive disorders with an early 
age of onset.

4 Mechanisms Linking Depression to Cardiovascular Disease
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4.3        Unhealthy Lifestyle as Mechanism Linking Depression 
to Cardiovascular Health 

 Increased behavioral risk profi les in depressed persons may explain their higher 
risk for adverse health consequences. Behavioral risk factors appear to cluster in 
the same individuals. Increased smoking and alcohol consumption are well docu-
mented in depression. Depressed persons not only smoke more often, they are 
found to be less likely to quit smoking and might inhale more deeply and smoke 
more of the cigarette than non-depressed smokers (Anda et al.  1990 ). In addition, 
the food intake of depressed persons has shown to be less adequate, healthy, and 
nutritious than that of non-depressed persons. It has been shown that depressed 
persons have a higher 24-h caloric intake than non-depressed persons (Sanhueza 
et al.  2013 ). On the other hand, certain vitamin defi ciencies, such as vitamin D, 
B12, and folate defi ciencies, are more prevalent in depressed older persons 
(Penninx et al.  2000 ; Milaneschi et al.  2014 ), which illustrates that certain depressed 
persons may not get adequate nutrition. Depressed persons also engage less in 
physical activities such as walking, gardening, and vigorous exercise activities 
such as sports. So, physical inactivity is common among depressed persons 

     Table 4.1    Summary of proposed mechanisms linking depression to increased cardiovascular risk   

  Causal mediating mechanisms  

 Unhealthy lifestyle  Smoking 

 Excessive alcohol use 

 Physical inactivity 

 Unhealthy diet 

 Worse medical care  Inadequate medical attention 

 Lower (e.g., somatic) treatment compliance 

 Pathophysiology  Metabolic dysregulations 

 Immuno-infl ammatory dysregulations 

 Autonomic dysregulations 

 HPA-axis dysregulations 

  Noncausal mechanisms  

 Confounding  Depression picks up or is a prodrome of not yet discovered or 
measured (sub)clinical conditions 

 Iatrogenic effects  Pharmacological effect of, e.g., antidepressants increase cardiovascular 
risk 

 “Third underlying 
factors a”  

 Childhood stressors 

 Personality 

 Genetic pleiotropy 

  However, alternative explanations for an increased cardiovascular risk in depressed persons are 
also discussed, namely, the confounding hypothesis, iatrogenic effects, or noncausal “third 
factors” 
  a Factors that infl uence both cardiovascular risk and depression risk but rather independently from 
each other  
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(Stephens  1988 ), partly because their attitudes toward exercise and exercise self-
effi cacy may be more negative. These unhealthy lifestyles can contribute to the fact 
that depressed individuals are more at risk for adverse health outcomes, since these 
constitute the most important risk factors for the onset of cardiovascular disease. 
This is especially an important observation, since, e.g., the level of physical activ-
ity is potentially modifi able through an exercise regimen. There are several clinical 
trials that – although not consistent across all trials – illustrate that when depressed 
persons are randomized to an exercise intervention, their depressed mood signifi -
cantly improves (Rosenbaum et al.  2014 ). Other lifestyle changing programs, such 
as nutritional interventions or smoking cessation, may also be relevant in depressed 
persons and may positively impact not just on mental health but also on cardiovas-
cular health (Ward et al.  2015 ). 

 Finally, depressed mood has shown to impede recovery processes by discourag-
ing persons from obtaining adequate medical attention and rehabilitation and fol-
lowing treatment regimens. It has been described that depressed persons are 
generally at least twice less compliant in taking medications or following up on 
certain lifestyle regimens provided by health-care professionals (DiMatteo et al. 
 2000 ). This lower compliance and poorer self-care with general health regimens 
could in part be due to lack of a supportive social network which has more often 
been observed in depressed than in non-depressed persons (Penninx et al.  1998 ). 
One study indeed confi rmed that depressed cardiac patients received lower quality 
of care than their non-depressed peers and that this contributed to their higher mor-
tality risk (Druss et al.  2001 ). 

 Meta-analyses on cardiovascular consequences of depression have reported 
pooled effect sizes for adjusted associations which considered potential mediating 
variables such as lifestyle indicators. This is possible as many – but not all – of the 
conducted longitudinal studies associating depression to incident cardiovascular 
morbidity have adjusted for lifestyle differences. These lifestyle-adjusted pooled 
effect sizes are only slightly lower than unadjusted ones, suggesting that the 
increased morbidity risks are not simply due to lifestyle differences (Nicholson 
et al.  2006 ; van der Kooy et al.  2007 ). However, considering the fact that, e.g., 
nutritional and physical activity patterns are not easy to assess in detail in large-
scale observational studies, residual impact of these behavioral factors may still 
exist.  

4.4     Biological Dysregulation Linking Depression 
to Cardiovascular Health 

 In addition to the above provided explanations, depression-related biological dys-
regulations that also constitute risk factors for somatic illnesses could further con-
tribute to the observed depression and cardiovascular disease link. The next section 
describes evidence for biological dysregulations examined in this context. I focused 
on the most commonly examined biological dysregulations in this respect, namely, 
metabolic, immuno-infl ammatory, autonomic, and HPA-axis dysregulations. 

4 Mechanisms Linking Depression to Cardiovascular Disease
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4.4.1     Metabolic Dysregulation 

 Often clinical metabolic dysregulations are assessed in the context of the metabolic 
syndrome: a clustering of general metabolic risk factors including abdominal obe-
sity, increased blood glucose (hyperglycemia), elevated blood pressure, increased 
triglycerides, and decreased high-density lipoprotein (HDL) cholesterol. Metabolic 
dysregulations are well-established risk factors for the development of various 
somatic conditions, especially cardiovascular disease and diabetes (Mottillo et al. 
 2010 ). Pan et al. ( 2012 ) systematically reviewed 29 cross-sectional studies and 
found depression and the metabolic syndrome to be modestly associated (unad-
justed odds = 1.42; adjusted odds = 1.34). Some reviewed prospective studies con-
fi rmed a bidirectional association with depression predicting the onset of metabolic 
syndrome, which in turn predicted depression onset over time. However, the meta-
bolic syndrome is a heterogeneous concept: pathophysiological mechanisms of 
elevated blood pressure, dyslipidemia, and hyperglycemia are not necessarily simi-
lar. Consequently, various studies have tested consistency of associations with 
depression across different metabolic syndrome components. The most consistent 
evidence seems to exist between depression and obesity-related components 
(abdominal obesity, low HDL cholesterol, hypertriglyceridemia), whereas associa-
tions between depression with hyperglycemia and hypertension are less often con-
fi rmed (Pan et al.  2012 ). Also when evidence from longitudinal studies was pooled, 
consistent associations were only confi rmed for the obesity-related components. 
The association between depression and metabolic dysregulations seems to follow 
a dose-response association as larger dysregulations were found with increasing 
level of depression severity (Van Reedt Dortland et al.  2010 ). Two longitudinal 
studies among depressed patients found that a combination of multiple metabolic 
dysregulations contributed to sustained chronicity of depression (Vogelzangs et al. 
 2011 ,  2014 ). Taken together, literature suggests that abdominal obesity and lipid 
disturbances are the driving force behind the relationship between depression and 
metabolic syndrome. Once both are present, abdominal obesity might give rise to 
multiple metabolic dysregulations, which in turn might be responsible for remain-
ing in a depressed state. 

 Indeed, depression is a heterogeneous condition with multiple, diverging symp-
toms defi ning the concept. Metabolic dysregulations have found to be more specifi -
cally present in “atypical depression,” a subtype present in 20–30 % of all depressed 
cases and marked by hypersomnia and fatigue, increased appetite and weight gain, 
mood reactivity, and interpersonal rejection sensitivity (Penninx et al.  2013 ). Two 
studies directly comparing atypical versus melancholic depressed persons both con-
fi rmed that metabolic syndrome were more present in atypical than in melancholic 
depression (Seppälä et al.  2012 ; Lamers et al.  2010 ). Also when examining longitu-
dinal associations with abdominal obesity-related outcomes in a large-scale popula-
tion sample, it was mainly atypical depression that was found to be predictive 
(Lasserre et al.  2014 ). 

 How could metabolic dysregulations in depression arise? White adipose tissue, 
especially in the abdominal area, is an active endocrine organ producing 
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infl ammatory cytokines and hormones (e.g., leptin) and, therefore, a major con-
tributor to pathogenic immune-metabolic responses both in the central nervous sys-
tem and brain and in the rest of the body. For instance, leptin has shown to affect 
hippocampal and cortical structure through its actions on neurogenesis, axon 
growth, synaptogenesis, and dendritic morphology regulation (Paz-Filho et al. 
 2010 ). Another possible mechanism linking metabolic dysregulation and depres-
sion may be represented by cerebrovascular damage associated with metabolic syn-
drome, which according to the so-called “vascular depression” hypothesis predispose 
to depression especially in late life (Alexopoulos  2006 ). Finally, other depression- 
related biological dysregulations discussed below may constitute shared underlying 
pathways to metabolic alterations.  

4.4.2     Immuno-Inflammatory Dysregulation 

 A consistent body of evidence indicates that depression is associated with dysregu-
lated infl ammation, an immune response that derives from activation of the innate 
immune system. The infl ammatory mediator network is represented by a bewilder-
ing array of molecules, the most prominent of which are pro-infl ammatory cyto-
kines (e.g., interleukin (IL)-6 and TNF-α) produced within innate immune cells in 
response to immunologic challenge. Other cytokines, known as anti-infl ammatory, 
oppose this response by attenuating the production of pro-infl ammatory cytokine 
(e.g., IL-10) or by antagonizing their action at the receptor level (e.g., IL-1RA). The 
actions of pro-infl ammatory cytokines on peripheral cellular targets such as hepato-
cytes lead to the synthesis of acute phase proteins (e.g., C-reactive protein (CRP)) 
responsible for the systemic infl ammatory response. Chronic, low-grade systemic 
elevations of these molecules are considered abnormal and have shown to increase 
the onset of cardiovascular morbidity and mortality (Cesari et al.  2003 ; Kaptoge 
et al.  2010 ). There is a strong interconnection between metabolic abnormalities and 
infl ammation illustrated by the facts that abdominal fat tissue produces cytokines, 
and these subsequently increase metabolic syndrome development (Visser et al. 
 1999 ). 

 Three recent meta-analyses reported signifi cantly higher levels of the infl amma-
tory markers TNF-α, sIL-2R, IL-6, and IL-1RA in drug-naïve depressed subjects 
compared to controls (Dowlati et al.  2010 ; Liu et al.  2012 ; Howren et al.  2009 ). 
Overall, effect sizes were modest (ranging from a Cohen’s d of 0.15–0.35) with 
slightly stronger effect sizes for studies using clinical diagnoses of depression 
instead of symptom reports (Penninx et al.  2013 ). Although systemic infl ammation 
has been found for both melancholic and atypical depressed subjects, it appears to 
be more strongly present in atypical depression (Lamers et al.  2013 ; Penninx et al. 
 2013 ). An essential role was found for body mass index (BMI) as a covariate: stud-
ies adjusting for BMI found much lower effect sizes, likely due to the fact that adi-
pose tissue is an important source of cytokines. However, even after adjustment for 
BMI, elevated infl ammation levels in the depressed were observed, indicating that 
immune and metabolic dysregulations are partly complementary. 
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 Most meta-analyzed studies were cross-sectional which makes it hard to draw 
any causal inferences. However, several lines of research indicate that the link 
between infl ammation and depression is likely bidirectional. It has been demon-
strated that immunotherapy with IFN-α can precipitate depression (Bonaccorso 
et al.  2002 ). In turn, cytokines produced peripherally can access the brain – either 
directly crossing the blood-brain barrier through saturable active transport systems 
or indirectly via microglia activation – which can result in decreased neurogenesis 
also in emotion-regulating brain structures (Shelton and Miller  2010 ). Cytokines 
also catalyze the synthesis of kynurenine from tryptophan, which may result in 
reduced synthesis of serotonin and increased synthesis of tryptophan catabolites, 
which could all perturb neurotransmission and result in hippocampal neuron dam-
age (Sublette and Postolache  2012 ). Finally, depression may facilitate weight gain – 
partly as a result of sedentary behavior and unhealthy dietary choice – which in turn 
promotes infl ammation that ultimately may reinforce depression, creating a delete-
rious vicious cycle for physical and mental health.  

4.4.3     Autonomic Dysregulation 

 Acute stress results into immediate activation of sympathetic nerves and reduction of 
parasympathetic nerves in order to prepare the body for a fi ght and fl ight response. A 
direct measurement method for autonomic tone is assessing noradrenaline spillover 
to plasma. Unfortunately, such invasive spillover studies are not implementable in 
large psychiatric cohorts, restricting our insights into generalizability of results and 
the role of potential confounding factors. That is why researchers have used noninva-
sive, but more indirect, indicators of autonomic tone obtained from electrical and 
impedance cardiography assessments. A noninvasive method for autonomic dysreg-
ulation assessment is heart rate variability (HRV), particularly in the respiratory fre-
quency range, as an indicator of cardiac vagal control. HRV refl ects an individual’s 
capacity for parasympathetic inhibition of autonomic arousal and is an important 
predictor for cardiovascular disease and mortality (Dekker et al.  2000 ; Tsuji et al. 
 1996 ). Autonomic dysregulation is involved in cardiovascular somatic symptoms 
such as tachycardia, blood pressure liability, and tendencies toward hypertension and 
predicts the onset of metabolic dysregulations over time (Licht et al.  2013 ). 

 Depression is hypothesized to involve an autonomic nervous system that is in a 
relative state of more sympathetic and less parasympathetic activation. According to 
the polyvagal theory, this is partly due to the fact that impairments of low vagal tone 
are associated with reduced social engagement and a less fl exible behavioral 
response to environmental changes (Porges  2001 ). Rottenberg ( 2007 ) summarized 
13 studies including 312 depressed patients and 374 controls and found indeed a 
signifi cantly reduced HRV in depression (Cohen’s  d  = 0.33). Four years later, Kemp 
et al. ( 2010 ) repeated a meta-analysis in which only power-domain analyses were 
allowed to measure HRV, and all included subjects were free of cardiovascular dis-
ease. Meta-analyzing results of 14 studies (302 patients, 424 controls) yielded again 
a modest but signifi cant pooled effect size indicating a lower HRV among the 
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depressed. Contrary to these results were studies by Licht et al. ( 2008 ) and Kemp 
et al. ( 2014 ) with a sample size that was by far larger than the total number of par-
ticipants in the meta-analyses and could adjust for lifestyle. In these studies, more 
than 1,000 major depressive disorder patients without antidepressants did not con-
sistently show differences in HRV as compared to control subjects, and in a 2-year 
follow-up, depression state (changes) was not associated with HRV (Licht et al. 
 2010 ). On the contrary, in both large-scale studies (Licht et al.  2008 ; Kemp et al. 
 2014 ), signifi cantly lower HRV was found among antidepressant users, especially 
those using tricyclic antidepressants and serotonergic-noradrenergic reuptake inhib-
itors. This led to the authors’ conclusion that it is not depressed state but use of 
antidepressants that changes autonomic tone. The TCA effect on HRV – likely 
through direct anticholinergic effects – was confi rmed in a meta-analysis (Kemp 
et al.  2010 ). So, it remains rather unclear whether depression itself is associated 
with a reduced vagal tone. Of note is that studies included in these meta-analyses 
measured autonomic tone during resting condition. Depression could be more 
strongly associated with reduced parasympathetic tone when persons are exposed to 
stress conditions.  

4.4.4     Hypothalamic-Pituitary-Adrenal (HPA) Axis Dysregulation 

 Hyperactivity of the HPA-axis in depression has been considered one of the most 
reliable fi ndings in biological psychiatry. Chronic stress is perceived by the cortex 
of the brain and transmitted to the hypothalamus, where corticotropin-releasing hor-
mone is released onto pituitary receptors, ultimately resulting in release of cortisol 
into the blood. To assess HPA-axis activity, salivary measures are increasingly used 
to refl ect the active unbound form of cortisol. The cortisol awakening response 
assesses the natural response of the HPA-axis to awakening; evening cortisol levels 
refl ect basal activity. In a meta-analysis by Knorr et al. ( 2010 ) summarizing 20 case- 
control studies including 1,354 depressed patients and 1,052 controls, salivary cor-
tisol levels were on average 2.58 nmol/l increased in the morning and 0.27 nmol/l in 
the evening for depressed patients. In an even larger meta-analysis by Stetler and 
Miller ( 2011 ), evidence for higher cortisol levels across various bodily fl uids 
(plasma, urine, saliva) was summarized. Again, this evidence illustrated that 
depressed individuals displayed increased cortisol levels ( d  = 0.60), although the 
effect size was considerably less – and rather modest – when only high method-
ological quality studies were included ( d  = 0.33). Vreeburg and colleagues ( 2009 ) 
showed that these fi ndings were consistent among 701 current as well as among 579 
remitted depressed cases, suggesting that HPA-axis hyperactivity represents a vul-
nerability rather than a state indicator. In line with this, HPA-axis hyperactivity has 
also been observed among non-affected offspring of depressed patients, suggesting 
that it may partly refl ect a genetic vulnerability marker or endophenotype of depres-
sion (Vreeburg et al.  2010 ). 

 HPA-axis dysregulation appears to be more prevalent especially in persons with 
melancholic depression, characterized by a disturbance in affect marked by 
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anhedonia and nonreactive mood, by psychomotor disturbance, and by vegetative 
and cognitive symptoms of insomnia, loss of appetite and weight, diurnal mood 
variation, and impaired concentration. When summarizing several studies directly 
that compared cortisol levels across melancholic and atypical depression, we 
showed that in fact, cortisol levels among individuals with atypical depression may 
not be reliably higher than cortisol levels among healthy non-depressed persons 
(Lamers et al.  2013 ; Penninx et al.  2013 ). In line with this, a sub-analysis in Stetler 
and Miller’s meta-analysis ( 2011 ) described that the effect size of the cortisol-
depression association is higher when more melancholic depressed cases were 
included in studies and lower when more atypical depressed cases were included. 
Melancholic features were associated with 54 % larger effect sizes compared with 
depression without melancholic features. 

 Some studies have used a dexamethasone test to evaluate the sensitivity of the hypo-
thalamus to feedback signals for the shutdown of CRH release, but results are more 
inconsistent. Nelson and Davis ( 1997 ) summarized that dexamethasone suppression 
studies found that the normal cortisol-suppression response is absent in about half of 
the patients with very severe symptoms (e.g., those hospitalized or those with psychotic 
symptoms). However, the non-suppression rate in outpatients with major depression 
was found to be much lower and not differential between 1,280 depressed outpatients 
and 308 controls (Vreeburg et al.  2009 ). So, the indicated larger non-suppression of the 
HPA-axis in depression is likely restricted to only the most severe (psychotic) cases. 

 Several mechanisms may underlie the relationship between HPA-axis dysregula-
tion and depression. Depression research has focused mainly on the role of mineral 
corticoid and glucocorticoid receptors, acting as transcriptional regulators of corti-
sol effects on the initiation and termination of the stress response. Alterations of this 
regulating network, defi ned glucocorticoid resistance, may determine a chronic 
activation of the stress response resulting in atrophy of hippocampal cells, reduced 
neurogenesis, and synaptic plasticity and altered monoaminergic signaling, all of 
which may lead to a depressive state (De Kloet et al.  2005 ). Other factors such as 
early-life epigenetic programming of glucocorticoid genes and infl ammatory pro-
cesses may also be involved in the dysregulation of HPA-axis responsiveness in 
depressed subjects (Silverman and Sternberg  2012 ). 

 HPA-axis dysregulation has also been implicated in the onset and progression of 
cardiovascular disease, although evidence for this is not extensive. In two longitudi-
nal observational studies, higher morning cortisol levels and a fl atter slop in cortisol 
levels across the day were found to increase the risk of subsequent cardiovascular 
mortality in nonclinical populations (Vogelzangs et al.  2010 ; Kumari et al.  2011 ).   

4.5     Iatrogenic Effects Linking Depression 
to Cardiovascular Risk 

 To what extent can antidepressant utilization contribute to an increased cardiovascular 
risk among depressed individuals? A few observational large-scale studies have 
reported increased cardiovascular risks among persons using antidepressants (Whang 
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et al.  2009 ; Hamer et al.  2011 ). It is an easy step to then point at the antidepressants as 
driving the increased cardiovascular risk. However, this type of fi nding cannot simply 
be interpreted as evidence for cardiovascular-induced risks through pathophysiologi-
cal effects of antidepressants themselves mainly because such fi ndings are heavily 
biased through “confounding by indication.” In observational studies, subjects using 
antidepressants are likely to be different in many ways from subjects not using antide-
pressants: they are likely the most severe and chronic depression cases, or they may 
have other (mental or physical) reasons to be treated with antidepressants. Even if 
observational analyses adjust for presence and severity of depression, confounding by 
indication may still be present, and therefore one should be cautious with research 
interpretations of observational studies regarding effects of medications. 

 As described above, there is more and more consistent evidence that antidepres-
sant medications, especially the tricyclic antidepressants and the serotonergic- 
noradrenergic reuptake inhibitors, may increase cardiac vagal tone (Licht et al. 
 2008 ,  2010 ; Kemp et al.  2014 ). However, whether this in the end may truly contrib-
ute to an increased subsequent cardiovascular disease risk remains unknown. 
Autonomic tone differences were generally completely diminished when antide-
pressant medication use was stopped (Licht et al.  2010 ), and it could simply be that 
detrimental effects of depressed mood status itself may be larger than that of antide-
pressants. In addition, experimental intervention results, however, do indicate that 
several antidepressants may in fact contribute to reduction of other specifi c patho-
physiological disturbances such as infl ammation and cortisol levels (Hannestad 
et al.  2011 ; Hinkelmann et al.  2012 ). In all, it is diffi cult to use epidemiological 
observational data to draw defi nitive conclusions of the presence of iatrogenic 
effects of antidepressants, and whether these truly contribute to cardiovascular dis-
ease risks. In order to formally test this, one would require a very large, long-term 
experimental trial, which is diffi cult, if not impossible, to conduct.  

4.6     Other Noncausal Factors Linking Depression 
to Cardiovascular Risk 

 Alternative explanations for the link between depression and increased cardiovascu-
lar morbidity development could be “third underlying factors” that increase the risk 
of depression as well as the risk of cardiovascular disease but rather independently 
from each other (see Table  4.1 ). Several examples for such noncausal mechanisms 
exist. First, childhood maltreatment including emotional, physical, or sexual abuse 
has shown to be a very strong risk factor for the later onset of depression (Teicher 
and Samson  2013 ). However, childhood maltreatment has also found to be associ-
ated with both subclinical cardiovascular processes and an increased cardiovascular 
event risk, partly independent from depression (Bomhof-Roordink et al.  2015 ; 
Sumner et al.  2015 ). Consequently, if the same at-risk persons share increased risks 
for two conditions, associations would become apparent, but this does not have to 
refl ect a causal, temporal association between the two conditions. Second, personal-
ity traits such as neuroticism, introversion, and type D personality have shown to be 
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linked to both the development of depression and cardiovascular events and could 
therefore constitute such a “third factor” that indirectly links both outcomes (Grande 
et al.  2012 ; Jokela et al.  2014 ). 

 Finally, an often ignored “third factor” is genetic vulnerability. If two conditions 
share similar genetic risk variants, persons with those high-risk genes could develop 
both conditions. The phenomenon of shared genetic effects is called genetic pleiotropy 
(de Geus  2006 ). This is an area that has not received a lot of research attention yet. 
However, it is not hard to imagine that the phenomenon of genetic pleiotropy may 
occur. Utilizing twin data, de Moor et al. ( 2008 ) and Bartels et al. ( 2012 ) illustrated that 
the link between reduced exercise behavior and mood symptoms is for a large extent 
due to shared genetic risks. Also for several of the biological mechanisms described 
above, for instance, infl ammation or metabolic dysregulations, strong genetic infl u-
ences have been described. These genetic infl uences may make persons vulnerable for 
biological dysregulations, which could then result in both depression as well as cardio-
vascular disease and in (longitudinal) relationships between both outcomes.  

    Conclusions 

 This review summarized longitudinal evidence indicating that depression 
increased the onset risk of cardiovascular disease onset. As summarized in 
Table  4.1 , epidemiological evidence indicates that underlying mechanisms likely 
involve unhealthy lifestyles as well as a multitude of biological dysregulations 
that are more prevalent among depressed persons as compared to their non-
depressed peers. To what extent each of these mediating mechanisms contribute 
to the observed increased cardiovascular risk among the depressed remains to be 
determined as hardly any studies have examined and quantifi ed the mediating 
mechanisms in the link between depression and cardiovascular disease in a com-
prehensive manner. In addition, using an epidemiological observational study 
design for this has its limitations since the confounding hypothesis and the infl u-
ence of noncausal “third factors” are hard to exclude. Nevertheless, considering 
the consistency of fi ndings over multiple studies, there is convincing evidence 
that unhealthy lifestyles and various biological dysregulations interplay in rein-
forcing the vicious cycle through which depression and cardiovascular disease 
reinforce each other.     
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Abstract
Anxiety disorders have been implicated with the development and progression 

of cardiovascular diseases (CVD) for more than 100 years; however, empirical 

research and intervention efforts have largely been overshadowed by a focus on 

depression in recent times. This chapter focuses on anxiety disorders’ prevalence 

in CVDs. The associations between anxiety disorder subtypes with major clini-

cal outcomes pertinent to cardiovascular function are also described. An emerg-

ing literature indicates that anxiety disorders increase the risk for development of 

CVD and major cardiovascular complications in persons already with CVD.  
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The risk for cardiovascular events is independent from depression. Anxiety dis-

orders therefore hold relevance for uncovering discrete mechanisms of cardio-

pathogenesis, novel therapeutic strategies, and initiating clinical interventions in 

the population at risk of developing heart disease or those already diagnosed 

with cardiovascular diseases.

5.1  Introduction

Anxiety disorders are a heterogeneous category in the prevailing Diagnostic and 
Statistical Manual of Mental Disorders (Craske et al. 2009). In the broadest sense, 

anxiety disorders described herein focus on panic disorder, generalized anxiety 

disorder (GAD), social phobia, and specific phobia, but might also refer to agora-

phobia, obsessive-compulsive disorder (OCD), and anxiety due to a general medi-

cal condition. Such distinction between subtypes is imperative in order to identify 

potentially unique cardiovascular pathogenic pathways that might be leveled out 

on a group level (Baune et al. 2012). For example, each disorder is characterized 

by varying physiological symptoms (palpitations, dyspnea, restlessness, and ten-

sion), behavioral patterns (avoidance, safety behaviors, compulsions), and cogni-

tive profiles (worry, thought suppression, catastrophizing, obsessions). Clearly 

given such breadth in anxiety phenotypes, there is also a widespread scope in 

potential correlates of cardiovascular functioning (Thayer et al. 1996; Kawachi 

et al. 1995). Along these lines, both the American (Lichtman et al. 2014) and 

German Heart Association (Ladwig et al. 2014) recommended that further 

research must strive to identify the independent contribution of anxiety disorders 

to CVD prognosis. Extending further, the recognition and treatment of anxiety 

disorder subtypes is therefore integral to expanding efforts to improve psychoso-

cial function in heart disease populations.

Anxiety symptoms have been implicated in arterial hypertension, coronary 

heart disease (CHD), and open heart surgery outcomes for more than 100 years 

(Miles and Cobb 1951; Fish 1964; Weiss et al. 1957). Despite the inextricable 

relevance of anxiety to cardiovascular function and CVDs, surprisingly, the etio-

logical and prognostic links between anxiety disorders and CHD is only begin-

ning to emerge. Recent empirical advances point to the strong likelihood that 

anxiety disorders are a risk factor for the development of CVDs (Garfield et al. 

2014; Seldenrijk et al. 2015; Scott et al. 2013; Nabi et al. 2010; Janszky et al. 

2010; Tully et al. 2015c). Likewise, anxiety disorders confer a prognostic risk for 

subsequent major adverse coronary events (MACE, e.g., myocardial infarction 

[MI], left ventricular failure, coronary revascularization procedure, stroke) in per-

sons with established CVDs (Tully et al. 2014a). In this chapter the epidemiologi-

cal evidence relating to different anxiety disorders and CVDs is described while 

closely examining anxiety disorders’ association with clinical outcomes pertinent 

to cardiovascular function.
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5.2  Epidemiological Studies Reporting Anxiety Disorders 
in Cardiovascular Disease Populations

The prevalence of anxiety disorders and clinically relevant anxiety symptoms ranges 

from 15 to 40 % in patients with CHD (Sardinha et al. 2013; Liang et al. 2013; 

Bunevicius et al. 2013; Bankier et al. 2008; Tully and Cosh 2013), 10–60 % in coro-

nary revascularization patients undergoing coronary artery bypass graft (CABG) or 

percutaneous coronary intervention (Rymaszewska et al. 2003; Tully and Baker 

2012; Tully et al. 2010; Williams et al. 2013; Dao et al. 2012; McKenzie et al. 2010; 

Damen et al. 2011), up to 30 % in heart failure (Sherbourne et al. 1996; Haworth 

et al. 2005; Cully et al. 2009; Pudlo et al. 2009; Tully et al. 2014b), 8–63 % in 

implantable cardioverter defibrillator therapy (Magyar-Russell et al. 2011), and 

12–17 % in arterial hypertension (Wiltink et al. 2011; Carroll et al. 2010). Overall, 

these studies indicate that the prevalence of anxiety in patients with CVD is higher 

than that typically found in general population epidemiological surveys (Wittchen 

et al. 2011; Baxter et al. 2014). In fact several large epidemiological surveys have 

corroborated high comorbidity between anxiety disorders and CVDs in Taiwan 

(Chen and Lin 2011), the United States of America (Goodwin et al. 2009), Australia 

(Teesson et al. 2011), the Netherlands (Vogelzangs et al. 2010), Germany (Tully and 

Baune 2014), and most recently the World Mental Health Survey (Scott et al. 2013). 

However, in these epidemiological surveys, CVD is typically ascertained by patient 

self-report only and unfortunately not confirmed by an independent medical exam-

iner. This methodology, though pragmatic for large epidemiological surveys, is 

problematic given that anxiety disorder patients display a tendency to misreport 

medical illnesses (Burch 1991; Schwarz et al. 2015).

To overcome these limitations, our recent meta-analysis pooled together studies 

utilizing structured psychiatric interview in persons with CHD verified by a health 

professional (e.g., 50 % stenosis in one or more coronary arteries, coronary revascu-

larization, documented MI by serum assays) (Tully et al. 2014a). In the meta- 

analysis of 40 studies, the point prevalence of any anxiety disorder was 15.5 %. 

Thus, anxiety disorders appear to be at least as common as unipolar depression 

disorder in the population with acute coronary syndrome (ACS) (Thombs et al. 

2013; Di Benedetto et al. 2006; Carney and Freedland 2009; Marchesi et al. 2014) 

and CABG surgery (Tully and Baker 2012; Rafanelli et al. 2006; Dao et al. 2011; 

Mitchell et al. 2005). In fact, anxiety disorders were comorbid with depression dis-

orders in 49 % of cases suggesting strong intraindividual comorbidity in CHD 

patients, parallel to what is known in psychiatric and community samples (Dilsaver 

et al. 2006; Simon et al. 2003; Watson 2009). Identifying depression-anxiety comor-

bidity is perhaps especially important in CVDs. Recent evidence indicates that ACS 

patients with an anxiety disorder are more likely to have insufficiently treated 

depression and, in turn, be at higher risk for subsequent MI (Scherrer et al. 2012).

It is essential to also describe anxiety disorder subtypes in CVDs. It appears that 

GAD is the most common anxiety disorder in CHD (8 %) parallel to reports from heart 

failure populations (Tully and Cosh 2013; Haworth et al. 2005; Cully et al. 2009).  
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The prevalence of anxiety disorder subtypes in descending prevalence from our sys-

tematic review were panic disorder (7 %), social phobia (5 %), simple phobia (4 %), 

agoraphobia (4 %), and obsessive-compulsive disorder (2 %) (see Table 5.1 for further 

data regarding the pooled prevalence estimates) (Tully et al. 2014a).

It should be pointed out that anxiety disorder prevalence fluctuates based on the 

inpatient and outpatient setting, the sample age, gender, and whether the examiner 

was blinded to CHD status (Tully et al. 2014a). Thus, it appears that making an anxi-

ety disorder diagnosis in CVDs is not straightforward, corresponding to case- 

diagnostic findings evaluating the confounds of somatic depression symptoms 

(Angermann et al. 2011). Of course, the pitfalls of somatic symptoms confounding a 

psychiatric diagnosis in chronic diseases are well known (Katon et al. 2007). Indeed, 

the clinical presentation of CVDs and anxiety frequently overlaps in the acute set-

ting, especially atypical chest pain, dyspnea, palpitations, and arrhythmias (Tully 

et al. 2011a, 2014a; Barsky et al. 1994, 1996; Fleet et al. 1997, 1998). This substan-

tial symptom overlap is illustrated quite clearly in the case of panic disorder which is 

described in Table 5.2 (Tully et al. 2015a). In light of this significant somatic overlap, 

it is hardly surprising that the nexus between panic disorder and CHD remains the 

most tenuous among all of the anxiety disorders (Fleet et al. 2000; Katerndahl 2008; 

Katon et al. 1988). Yet it is important to point out that depression also shares signifi-

cant somatic overlap with the symptoms commonly experienced in CHD and heart 

failure (Smolderen et al. 2009) and that cognitive depression symptoms appear to 

have lower prognostic predictive value (de Jonge et al. 2006) (see Table 5.1).

Table 5.1 The prevalence of anxiety disorder subtypes in the population with verified coronary 

heart disease

Type of anxiety disorder

Studies 

N

Pooled 

prevalence 

in CHD 95 % CI Sources of heterogeneity

Comorbid anxiety and 

depression disorders

12 49.06 34.28–64.01 –

Any anxiety disorder 13 15.52 10.34–22.64 Outpatients, rater 

qualification

Generalized anxiety 

disorder

7.97 5.42–11.57 Pre DSM-IV, sex

Panic disorder 29 6.81 4.09–11.14 Pre DSM-IV, rater blinding, 

rater qualification, sex

Agoraphobia 17 3.62 1.78–7.21 Pre DSM-IV, sex

Social phobia 10 4.62 2.31–9.02 Rater qualification, sex

Specific phobia 11 4.21 2.23–8.15 Rater qualification, sex

Obsessive-compulsive 

disorder

6 1.80 1.23–2.65 –

Sources of heterogeneity between prevalence estimates were identified by meta-regression

CHD coronary heart disease, CI confidence interval, DSM-IV Diagnostic and Statistical Manual of 
Mental Disorders-IV
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5.3  Panic Disorder and the Development of Cardiovascular 
Diseases

The etiological and prognostic effects of panic disorder are controversial and 

debated among scholars (Fleet et al. 2000; Katerndahl 2008). Recent evidence how-

ever reveals a plethora of biobehavioral mechanisms of cardiopathogenesis. 

Table 5.2 Characteristic symptoms of a panic attack and cardiovascular disease

Number Panic disorder symptom Relevance to cardiovascular disease

1 Palpitations, pounding heart, or accelerated 

heart rate

Common in ACS, arrhythmia

2 Sweating Common in ACS, arrhythmia, HF

3 Trembling or shaking

4 Sensations of shortness of breath or 

smothering

Common in ACS, arrhythmia, HF

5 Feelings of choking Uncommon

6 Chest pain or discomfort Common in ACS, arrhythmia, HF

7 Nausea or abdominal distress Common in ACS

8 Feeling dizzy, unsteady, light-headed, or faint Common in ACS, arrhythmia, HF

9 Chills or heat sensations Uncommon

10 Paresthesias (numbness or tingling 

sensations)

Common in ACS, arrhythmia, HF

11 Derealization (feelings of unreality) or 

depersonalization (being detached from 

oneself)

Uncommon

12 Fear of losing control or “going crazy” Uncommon

13 Fear of dying Common in ACS

Panic disorder/panic attack symptoms adapted from the Diagnostic and Statistical Manual of 
Mental Disorders Fifth Edition
Additional qualifiers:

A. A panic attack is an abrupt surge of intense fear or intense discomfort that reaches a peak within 

minutes and during which time four (or more) of the above symptoms occur

B. At least one of the attacks has been followed by 1 month (or more) of one or both of the 

following:

1. Persistent concern or worry about additional panic attacks or their consequences (e.g., losing 

control, having a heart attack, “going crazy”)

2. A significant maladaptive change in behavior related to the attacks (e.g., behaviors designed to 

avoid having panic attacks, such as avoidance of exercise or unfamiliar situations)

A. The disturbance is not attributable to the physiological effects of a substance (e.g., a drug of abuse, 

a medication) or another medical condition (e.g., hyperthyroidism, cardiopulmonary disorders)

B. The disturbance is not better explained by another mental disorder (e.g., the panic attacks do not 

occur only in response to feared social situations, as in social anxiety disorder; in response to circum-

scribed phobic objects or situations, as in specific phobia; in response to obsessions, as in obsessive-

compulsive disorder; in response to reminders of traumatic events, as in post-traumatic stress 

disorder; or in response to separation from attachment figures, as in separation anxiety disorder)

ACS acute coronary syndromes including unstable angina and myocardial infarction, HF heart 

failure and cardiomyopathy

5 Anxiety and the Effects on Cardiovascular Disease
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Behavioral factors that may lead to CVD include a preponderance to smoking 

(Isensee et al. 2003), alcohol use (Hoertel et al. 2013), and avoidance of exercise 

attributed to fear of bodily symptoms (Muotri and Bernik 2014). Likewise, clinical 

factors evident in cardiovascular monitoring studies include myocardial ischemia 

during panic attack (Fleet et al. 2005, 2014), diminished heart rate variability (HRV) 

(Yeragani et al. 1993), change in the QT-interval (Sullivan et al. 2004; Yeragani 

et al. 2002; Pohl and Yeragani 2001), coronary slow-flow (Vural et al. 2009), micro-

vascular angina (Roy-Byrne et al. 1989), and arterial stiffness (Cicek et al. 2012). 

Thus, there appears to be strong biological plausibility for panic disorder potentiat-

ing cardiopathogenesis and aggravating existing coronary disease. Supporting this 

assertion, Goodwin et al. (2009) showed that CVDs were more strongly associated 

with panic disorder (adj odds ratio [OR] 1.29) by comparison to unipolar depression 

(adjOR 1.22) or dysthymia (nonsignificant) in cross-sectional analysis. Reports of 

others corroborate close links between panic disorder and CVD (Chen and Lin 

2011; Chen et al. 2009; Walters et al. 2008; Muller-Tasch et al. 2008; Gomez- 

Caminero et al. 2005; Tully 2015). Strong evidence was recently provided in a 

meta-analysis of 1,131,612 persons and 58,111 cardiac events showing that panic 

disorder significantly increased the risk for subsequent CHD (Tully et al. 2015c). 

Panic disorder increased the risk for subsequent CHD by 47 %, increased risk for 

MACE by 40 %, and MI by 36 %. Surprisingly, stronger risk estimates were evident 

after excluding depression (64 % CHD risk) than after depression adjustment (38 % 

CHD risk). However, unfortunately, reverse causality cannot be ruled out, and it was 

possible that panic represented an as yet undiagnosed cardiac condition (Fig. 5.1).

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

Covariate Events(n) Analysis(n) ADJHR (95 % CI) I 2

Depression excluded 57,331 446,540 1.64 (1.45–1.85) 73

Depression adjusted 40,346 507,362 1.38 (1.03–1.87) 98

Comorbid depression 6,205 100,253 1.79 (0.85–3.76) 99

Out-patients 44,758 699,752 1.50 (1.22–1.85) 95

In-patients 13,353 431,860 1.39 (1.17–1.65) 68

Panic only 55,015 1,003,773 1.42 (1.16–1.74) 95

Anxiety Neurosis 3,096 127,839 1.58 (1.39–1.79) 0

Panic disorders 54,910 951,805 1.46 (1.21–1.77) 95

Panic symptoms 1,307 130,486 1.45 (1.02–2.07) 49

Prospective 3,212 179,974 1.54 (1.12–2.11) 48

Retrospective 54,899 951,638 1.44 (1.18–1.76) 96

Fig. 5.1 Forest plot of adjusted hazard ratios (aHR) for incident coronary heart disease (CHD) by 

psychiatric-level panic disorder (PD) study characteristics. aHR with 95 % confidence intervals 

(CI) that exceed 1 (vertical line) indicate an increased CHD risk for persons with PD (Republished 

with permission from Cambridge Press. Original citation Tully et al. (2015c))
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5.4  Anxiety Disorders and Adverse Clinical Outcomes

The prognostic association between anxiety disorder subtypes and CVD is only 

beginning to emerge. There is an accumulating body of evidence to suggest that 

anxiety disorders exacerbate existing CVDs; however, these findings are most com-

monly reported for GAD and panic disorder. In the following paragraphs, we 

describe recent findings indicating that anxiety disorders predict MACE in these 

patients (summary provided in Table 5.3).

The largest body of prognostic evidence relates to GAD. Frasure-Smith and 

Lespérance (2008) first reported the incident MACE risk attributable to GAD in a 

prospective cohort of 804 ACS outpatients. Participants underwent a baseline 

interview with the SCID to determine affective disorder diagnoses, and interview-

ers were blinded to self-reported depression and anxiety symptoms. A total of 115 

MACEs occurred over 2 years. The authors found that GAD increased the risk of 

MACE twofold. These initial findings were later confirmed in the Heart and Soul 

longitudinal cohort study of 1,015 stable CHD outpatients by Martens et al. 

(2010). The authors evaluated the association between GAD and incident MACE 

with mean 5.6-year follow-up. GAD was associated with a 74 % risk of 

MACE. Together, these (Frasure-Smith and Lespérance 2008; Martens et al. 

2010) and more recent confirmations (Goodwin et al. 2009; Tully et al. 2011b; 

2013; Roest et al. 2012) indicate GAD is a risk factor for adverse CVD prognosis. 

Plausible mechanisms of cardiopathogenesis identified in GAD patients include 

disturbance in heart rate variability, hypertension, lower ω−3 fatty acid levels, 

tobacco smoking, sedentary activity levels, and lower adherence to medications 

(Bankier et al. 2008; Martens et al. 2010; Tully et al. 2013; Barger and Sydeman 

2005; Parker et al. 2011).

Other studies reporting anxiety disorders on a group level confirm that anxiety 

disorders are associated with adverse prognosis (Goodwin et al. 2009; Dao et al. 

2012; Abrams et al. 2009). Thus, it appears that by comparison to depression, 

relatively limited attention has been focused on anxiety disorder subtypes which 

might uncover discrete patterns of association. Rather, studies tend to favor the 

more heterogeneous any anxiety disorder category. It is likely however that a 

mixture of these analytical methods would be most informative. As an example, 

Selendrijk et al. (2015) evaluated incident CVDs (MI, CABG, percutaneous coro-

nary intervention) at 6-year follow-up in the Netherlands Study of Anxiety and 

Depression. A total of 2,451 community-dwelling individuals underwent struc-

tured Composite International Diagnostic Interview (Wittchen 1994) and were 

free from CVD at baseline. The authors showed that the collective group of any 

anxiety disorders was not associated with incident CVD, nor were the subtypes of 

agoraphobia, GAD, and social phobia. Yet in contrast, panic disorder significantly 

increased incident CVD risk (adjhazard ratio [HR] 2.12; 95 % confidence interval 

[CI] 1.27–3.55) (Seldenrijk et al. 2015). These findings serve to underscore the 

importance of delineating anxiety subtypes in relation to CVD that might be 

missed on a group level and bolster evidence implicating panic disorder in 

cardiopathogenesis.
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5.5  Does Anxiety and Depression Disorder Comorbidity 
Affect Cardiovascular Prognosis?

Explicating the independent and conjoint effects of anxiety and depression disorders 

upon CVD outcomes is an important empirical pursuit to better understand putative 

risk factors and inform psychosocial interventions. Concurrent and lifetime comor-

bidity between anxiety and depression is common (Fava et al. 2014), and some stud-

ies have reported that comorbid anxiety and depression disorder is associated with a 

higher CHD risk than either disorder in isolation (Gomez-Caminero et al. 2005).

In a retrospective cohort design, Scherrer and colleagues (2010) evaluated 

355,999 individuals free from CHD at baseline in the Veteran Administration data-

base. For over 7 years of follow-up, 12,304 incident MIs occurred. They stratified 

analysis by anxiety disorder subtype and depression comorbidity. It was found that 

panic disorder and anxiety disorder unspecified, each conferred a higher risk for 

incident MI irrespective of depression comorbidity (adjHRs range 1.11–1.43). 

Curiously, in the absence of depression, OCD was associated with a lower risk for 

MI (adjHR 0.32; 95 % CI 0.12–0.84). Taking further the issue of anxiety comorbidity 

in a nationally representative German cohort, we recently evaluated whether comor-

bid depression and anxiety disorders mediated the more commonly accepted asso-

ciation between depression and CVD (Tully and Baune 2014). We found that 

comorbid phobia and depression was significantly associated with cerebrovascular 

disease (adjOR 1.61; 95 % CI 1.04–2.50). Surprisingly, unique associations between 

depression alone and CVDs were not evident. By contrast, isolated panic disorder 

was associated with cerebrovascular disease, peripheral vascular disease, and the 

combined CVD end point (OR range 2.28–2.97).

A remaining pivotal task to moving this area forward is firmly establishing the inde-

pendent and additive cardiopathogenic effects of anxiety and depression disorders. 

Although many studies have assessed the prognostic impact of comorbid depression 

and anxiety symptoms, largely disparate findings have been reported (Meyer et al. 

2014; Linke et al. 2009; Frasure-Smith et al. 2002; Wang et al. 2013; van Dijk et al. in 

press; Kornerup et al. 2011; Huffman et al. 2008; Pedersen et al. 2006; Kubzansky 

et al. 2006; Watkins et al. 2006) suggesting this question remains to be answered.

5.6  Clinical Treatment of the Anxiety Disorders in CVDs

In relation to CHD, anxiety disorder subtypes have been rendered somewhat in 

obscurity when compared to depression which remains at the forefront of recent 

intervention efforts (Tully et al. 2014a; Huffman et al. 2014). In this context, how-

ever, it is important to emphasize that antidepressant and psychotherapy interven-

tions have not led to a significant reduction in MACE as might be anticipated 

(Baumeister et al. 2011; Sheps et al. 2003). These findings point to the necessity to 

revise and expand our intervention efforts to incorporate anxiety. In doing so, inter-

ventions may align more closely to cardiovascular patients’ clinical needs and open 

up opportunities for novel therapeutics.
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The frontline treatments for anxiety disorders in CVDs include CVD risk factor 

management (Pogosova et al. 2015), exercise (Asmundson et al. 2013), cognitive- 

behavioral therapy (Roy-Byrne et al. 2008; Merswolken et al. 2011), serotonergic 

reuptake inhibitors (Lesperance et al. 2007; Glassman et al. 2002), and benzodiaze-

pines (Mendels et al. 1986; Freeman et al. 1986), though recent data with respect to the 

latter is lacking. The use of internet-based interventions is still emerging (Norlund et al. 

2015) but initial findings with chronic diseases show promise (Charova et al. 2015). 

Several studies encourage the use of combined intervention strategies (Tully et al. 

2015b) delivered by multiple cooperating health professionals given the heterogeneity 

in physical and mental health needs that would be evident across different anxiety dis-

order subtypes and CVDs. Collaborative care, for example, has emerged as a particu-

larly promising package of interventions involving coordinated care by multiple health 

professionals (Katon et al. 2010). Two recent RCTs conducted in primary care popula-

tions encouragingly point to the feasibility of collaborative care in populations with 

substantial cardiovascular comorbidity (Huffman et al. 2014; Roy-Byrne et al. 2010).

Recently several authors have noted that treatment of anxiety disorders co- 

occurring with depression, and anxiety disorder treatment in its own right, is a pos-

sible step toward improving existing mental health care among CHD populations 

(Lichtman et al. 2014; Tully et al. 2014a; Rollman and Huffman 2013). Remaining 

challenges to initiating anxiety disorder interventions in CHD populations include 

the lower priority by comparison to depression interventions (Frasure-Smith and 

Lespérance 2008) and the relative paucity of prognostic evidence.

 Conclusion
A contemporary body of work indicates that anxiety disorders are highly prevalent 

and associated with adverse prognosis, including an increased risk of MACE across 

CVD patient groups. Discrete mechanisms of cardiopathogenesis for GAD and 

panic disorder serve to make these the primary candidates to direct future clinical 

interventions. However, limited empirical attention has been paid to other anxiety 

subtypes. Unfortunately, shifting diagnostic boundaries over time (e.g., neurasthe-

nia revised into multiple psychosomatic disorders (Taylor 2001); anxiety neurosis 

delineated into panic disorder and GAD (Noyes et al. 1978); the exclusion of OCD 

and post-traumatic stress disorder from anxiety disorders (American Psychiatric 

Association 2013)), combined with very limited etiological and prognostic data, 

precludes a definitive assessment of all anxiety disorder subtypes. Yet, perhaps, a 

more general conclusion can be reached as it appears that emotional disorders in 

general increase CVD risk. Along these lines, emotional disorders including anxi-

ety should be elevated to the level of clinical priority afforded to depression.
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6.1         Contemporary Medical Practice 

 The human body is organised into a number of bodily systems that each serve a key 
function. Since diseases tend to predominantly affl ict one of these physiological- 
based systems, the practice of medicine has evolved into the management of diseased- 
based systems. Consequently, cardiac disease is primarily under the care of 
cardiologists and psychological disorders under psychiatrists. This specialty-based 
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approach has given clinicians the opportunity to focus their skills on one system and 
therefore more thoroughly address and treat the disease process. 

 However, this approach is limited since the body systems are highly integrated so 
that the disease process and/or its treatment may impact on other systems. 
Accordingly, there is a risk that the patient may not receive optimal medical care 
because of the specialty clinician’s inattention to other systems. The purpose of this 
chapter is to address these cross-specialty issues particularly focussing upon when 
the psychiatrist should consider cardiological issues in their patients and vice versa. 

 The interaction between psychiatry and cardiology involves consideration of three 
areas. Firstly, the patient who has a past history of concurrent disease may infl uence 
the problem at hand. Secondly, the pathophysiology for the clinical presentation may 
interact with the other system. Finally, the treatment of one condition may impact on 
the alternate system. These will be systematically discussed in the following text.  

6.2     Cardiological Issues in the Psychiatry Patient 

6.2.1     Premorbid Cardiac Conditions 

 The prevalence of cardiovascular disease within both developed and developing 
countries is high, particularly with advancing age. As outlined previously, depres-
sion is also prevalent within the community so that it is common for the two to occur 
in unison. Thus, it is important to consider this possibility when the psychiatrist is 
managing the depressed patient. 

 The impact of premorbid cardiac disease on the depressed patient warrants close 
consideration. Firstly, the cardiac disease may be a precipitant or aggravating factor 
for an episode of depression, especially when the patient has experienced a life- 
threatening cardiac event. Secondly, the underlying pathophysiology may have a 
common link between the cardiac and psychological disorder. For example, infl am-
mation plays an important role in the pathogenesis of acute coronary syndromes as 
it does in depression; therefore, it is not surprising that the two frequently coexist. 
Thirdly, the physical disability resulting from the cardiac disease may limit the effi -
cacy of some therapies required for the psychiatric disease. For example, end-stage 
cardiac failure with its associated dyspnoea at rest may make it diffi cult for patients 
to focus on psychotherapy for the treatment of their depression.  

6.2.2     Cardiac Considerations in Psychological Disorders 

 In some patients it may be diffi cult to delineate if the presenting symptoms are 
attributable to psychological or cardiological dysfunction. Panic attacks are a good 
example where the recurrent presentations with chest pain may be a manifestation 
of psychological stress with no cardiac abnormalities or alternatively an occult car-
diac disorder that has been misdiagnosed as being of psychological origin in a 
patient with an anxious predisposition. 
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 The general approach in psychiatry is to exclude organic causes for the  presenting 
symptoms and evaluate the underlying psychopathology. If a patient with ‘sus-
pected panic attacks’ is referred to a cardiologist for exclusion of a cardiac cause for 
the recurrent episodes of chest pain, an exercise stress test and possibly even a coro-
nary angiogram may be undertaken. If these were normal, it is possible that the 
cardiologist may conclude that the patient does not have signifi cant coronary artery 
disease and discharge the patient form their care. However, it is possible that these 
symptoms may arise from coronary vasomotor disorders such as vasospastic angina 
or microvascular dysfunction (Di Fiore and Beltrame  2013 ). 

 Vasospastic angina is a cardiac condition attributable to coronary artery spasm 
with the hallmark manifestation of recurrent episodes of chest pain at rest, promptly 
responsive to sublingual nitrates (Beltrame et al.  2015 ). Associated features include 
episodes of nocturnal chest pain and episodes precipitated by hyperventilation 
(Beltrame et al.  2015 ). If an ECG is performed during a spontaneous episode of 
chest pain, the diagnosis may be readily confi rmed with the documentation of isch-
aemic ECG changes such as transient ST elevation (Beltrame et al.  2015 ). However, 
frequently an ECG is not obtained during the episode of chest pain so that cardiac 
investigations including exercise testing and angiography are performed. In patients 
with vasospastic angina, these are frequently normal and do not preclude the diag-
nosis. Defi nitive testing requires provocative spasm testing, which is undertaken in 
specialised centres and involves the administration of spasm-inducing stimuli dur-
ing invasive coronary angiography. The importance of diagnosing vasospastic 
angina is evident from its associated risk of cardiac events (including sudden death) 
and the fact that effective therapies are readily available to prevent these events. 

 Case reports have detailed patients thought to have panic disorder but subse-
quently shown to have a coronary disorder (Mansour et al.  1998 ). Whilst vasospas-
tic angina is an important treatable cause for recurrent chest pain with a normal 
angiogram, other possible causes include coronary microvascular disorders 
(Mansour et al.  1998 ) and takotsubo cardiomyopathy (Neil et al.  2012 ). Thus, the 
psychiatrist must entertain the possibility that the patient’s symptoms may arise 
from an organic cause. This should be particularly considered if the clinical presen-
tation is not consistent with a panic disorder. 

 The clinical similarities between panic disorder and coronary syndromes may account 
for the increased events reported in patients with panic disorder (Tully et al.  2015 ). In a 
meta-analysis of 12 studies involving over a million patients with panic disorder, the 
hazard ratio of these patients experiencing a major adverse cardiac event (cardiac death 
or non-fatal myocardial infarction) was 1.40 (95 % confi dence intervals 1.16–1.69). 
Although cause cannot be attributed in this association, especially considering the data 
heterogeneity, the possibility remains that some patients may have had an organic cardiac 
cause for their chest pain symptoms rather than the ascribed panic disorder diagnosis. 

 For the above reasons, the psychiatrist must be constantly vigilant for organic 
causes of chest pain in patients who have been diagnosed with mental disorders and 
not merely attribute them to a psychiatric disorder such as panic disorder, 
 hypochondriasis or a conversion reaction. In particular, they should be aware that 
exclusion of  structural coronary artery disease  by coronary angiography does not 
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exclude  functional coronary disorders  such as coronary artery spasm and microvas-
cular dysfunction, which require specifi c evaluation by provocative spasm testing 
and coronary blood fl ow assessment. Thus, if the psychiatrist is concerned that the 
clinical presentation is not consistent with a psychiatric disorder, these differential 
diagnoses should be considered and referred for further cardiac assessment.  

6.2.3     Cardiac Effects of Antidepressant Therapies 

 Many treatments initiated by psychiatrists have potential cardiac effects that need to 
be considered, especially in patients with premorbid cardiac conditions. 
Antidepressant medications may produce a prolong QT syndrome, orthostatic 
hypotension or unusual class-specifi c cardiovascular adverse effects (Table  6.1 ) 
(Teply et al.  2015 ; Ramamurthy et al.  2013  ). The tricyclic antidepressants have been 
available for many years, and their use for the treatment of depression should 
 generally be avoided in patients with signifi cant cardiac disease considering their 
potential adverse effects and the availability of newer agents.

  Prolongation of the QT interval predisposes patients to the life-threatening malignant 
arrhythmia and torsades de pointes (a specifi c form of ventricular tachycardia) and may 
account for the increased sudden death in patients prescribed with antidepressant 
 medications (Honkola et al.  2012 ; Leonard et al.  2011 ). An antidepressant may  precipitate 
this arrhythmia especially if there are other predisposing conditions such as (1) co-admin-
istration of other QT prolongation medications (e.g. sotalol, amiodarone,  fl uconazole, 

    Table 6.1    Adverse cardiac effects of antidepressant medications   

 Antidepressant class  Cardiac effects 

 Tricyclic antidepressants (TCAD) 
   Amitriptyline, desipramine, doxepin, imipramine, 

nortriptyline, clomipramine, maprotiline, 
trimipramine, protriptyline 

 Orthostatic hypotension 
 QT prolongation 

 Atypical antidepressants 
  Bupropion, mirtazapine, trazodone 

 QT prolongation 

 Monoamine oxidase inhibitor 
   Phenelzine, selegiline, tranylcypromine, 

moclobemide 

 Hypertensive crisis 
 Peripheral oedema (moclobemide) 
 Orthostatic hypotension 

 Selective serotonin reuptake inhibitors (SSRIs) 
   Fluoxetine, fl uvoxamine, escitalopram, paroxetine, 

citalopram, sertraline 

 QT prolongation (citalopram) 
 Serotonin syndrome 
 Orthostatic hypotension 

 Serotonin-norepinephrine reuptake inhibitors (SNRIs) 
   Desvenlafaxine, duloxetine, venlafaxine, 

milnacipran, levomilnacipran 

 QT prolongation (venlafaxine) 

 ‘Natural’ antidepressants 
  St John’s wort, 5-hydroxytryptophan, fi sh oil 

 Serotonin syndrome (St John’s wort, 
5-hydroxytryptophan) 
 Drug interactions (St John’s wort) 
 Bleeding (fi sh oils) 
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azithromycin, roxithromycin, trimethoprim-sulphamethoxazole,  domperidone), (2) pre-
disposing metabolic conditions (e.g. hypokalaemia, hypomagnesaemia, hypocalcaemia) 
or (3) associated cardiac disorders (congenital long QT syndrome, recent myocardial 
infarction, cardiomyopathy). The tricyclic antidepressants are well  recognised for their 
QT prolongation effects, but clinicians should also be aware of this effect with some of 
the newer agents especially high-dose citalopram (Castro et al.  2013 ), escitalopram, 
fl uoxetine, venlafaxine, bupropion, trazodone and mirtazapine. 

 Orthostatic hypotension is a less often recognised problem with many of the 
antidepressants but nonetheless a signifi cant issue particularly in elderly patients 
and those with cardiac disease. Thus, the introduction of antidepressants associated 
with this effect (Table  6.1 ) may result in falls or syncope, producing signifi cant 
morbidity and even mortality. Elderly patients with cardiac disease are of particular 
concern since many cardiac medications also lower blood pressure. 

 Several studies have implicated tricyclic antidepressants in the development of 
ischaemic heart disease (Cohen et al.  2000 ; Hamer et al.  2011 ; Hippisley-Cox 
et al.  2001 ). This may further account for the increased mortality reported in 
patients prescribed these medications. However, further prospectively randomised 
trials are required to confi rm this relationship. 

 Several classes of antidepressants have unique adverse effects that have cardiovas-
cular manifestations, which may inadvertently be ascribed to cardiac disease. Hence, a 
hypertensive crisis precipitated by tyramine consumption in a patient prescribed with 
monoamine oxidase inhibitors may induce an acute coronary syndrome or acute pul-
monary oedema in a patient with underlying cardiac disease. The serotonin syndrome 
associated with the selective serotonin reuptake inhibitors (potentially aggravated with 
concomitant use of St John’s wort or 5-hydroxytryptophan) may also be confused with 
a cardiac problem with its associated tachycardia and hypertension. Moclobemide use 
is associated with peripheral oedema, which may be misinterpreted as heart failure. 

 Given the above concerns with antidepressant medications, the questions arises 
as to which can be safely used in cardiac patients. From an evidence base perspec-
tive, the most extensively studied antidepressant in cardiac patients is sertraline 
(O’Connor et al.  2010 ; Xiong et al.  2012 ), which had an excellent safety profi le in 
the SADHART study (Glassman et al.  2002 ).   

6.3     Psychiatric Issues in the Cardiology Patient 

 Traditionally, psychiatry has embodied a holistic approach in assessing and 
 managing patients, not only considering the psychological disorder but also medical 
conditions, psychosocial issues and patient global functioning. In contrast, cardiol-
ogy has traditionally adopted a ‘disease-specifi c’ philosophy in the management of 
cardiac patients, with a focus merely on structural aspects of the disease. Fortunately 
the later approach is changing with the infl uence of cardiac outcomes research, 
where the focus is shifting from merely ‘disease outcomes’ to also incorporating 
‘patient-reported outcomes’ and the concept of health status. 

 As illustrated in Fig.  6.1 , the treatment of coronary artery disease could be 
focussed exclusively on the disease process by undertaking coronary angiography 
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and tests evaluating myocardial ischaemia. However, health status should also be 
evaluated where the angina symptoms the patient experiences with the resulting 
impact on physical capacity, associated emotional concerns and social impairment 
should also be considered (Rumsfeld  2002 ). Moreover, quality of life, with the 
patient’s health expectations being relative to their actual impairment, should also 
be considered especially since depression is a major determinant of this factor 
(Xiong et al.  2012 ). This approach is more consistent with the psychiatric approach 
and will result in closer links between psychiatrists and cardiologists, thus resulting 
in better patient care.

6.3.1       Premorbid Psychological Conditions 

 Considering the high prevalence of depression within the community and its associa-
tion with cardiovascular disease, it is not surprising that many patients will be affl icted 
by both disorders (Hare et al.  2014 ). Furthermore, since depression is associated with 
an increased risk of rehospitalisation and mortality in patients with cardiovascular 
disease (Jiang et al.  2001 ), the cardiologist should actively promote the treatment of 
this risk factor, much the same as they would treat blood pressure, lipids and glycae-
mic levels in affected patients. Indeed psychological factors such as depression double 
the risk of experiencing a myocardial infarction (Yusuf et al.  2004 ). 

 The importance of premorbid health status is exemplifi ed by a recent study 
evaluating potential factors contributing to the two- to threefold higher in-hospi-
tal mortality in young women (<55 years) who experience a myocardial infarct, 
compared with their male counterparts (Dreyer et al.  2015 ). This study demon-
strated that compared to men, these young women had poorer premorbid physi-
cal and mental quality of life parameters, as well as experiencing more angina 
and physical limitation from their disease (Dreyer et al.  2015 ). Whether treat-
ment of these mental and psychosocial factors results in an improved prognosis 
requires further evaluation. 

 In addition to depression, patients with premorbid psychoses require close atten-
tion considering their increased risk of cardiovascular disease. Moreover, many of 
the antipsychotic medications have adverse cardiovascular effects including 
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clozapine- associated myocarditis/cardiomyopathy (Alawami et al.  2014 ), ortho-
static hypotension and QT prolongation, as well as producing unfavourable effects 
on cardiovascular risk factors such as cholesterol, glucose and weight.  

6.3.2     Psychological Considerations in Cardiac Disorders 

 Several cardiac disorders may be precipitated or adversely affected by psychologi-
cal stress. Examples include stress cardiomyopathy and coronary microvascular 
disorders. 

 Stress cardiomyopathy (also referred to as takotsubo cardiomyopathy or apical 
ballooning syndrome) has attracted particular interest in the cardiology literature 
(Akashi et al.  2015 ) and exemplifi es the nexus between heart and mind. This condi-
tion typically occurs in postmenopausal women who experience an acute emotional 
stress (e.g. watching their house on fi re) precipitating an episode of chest pain that 
mimics an acute myocardial infarct (including ECG changes and small rise in tropo-
nin). However, subsequent angiography reveals no occluded blood vessels and left 
ventriculography classically reveals akinesis and ballooning of cardiac apex but 
maintained a vigorous contraction of the cardiac base. This intriguing syndrome is 
attributed to excessive adrenergic discharge although the precise mechanism involved 
remains elusive (Neil et al.  2012 ). Further investigation of this syndrome should 
provide further insights on how mental stress can impact on cardiac function. 

 Coronary microvascular disorders, such as syndrome X, microvascular angina, 
microvascular spasm and the coronary slow fl ow phenomenon, are clinically charac-
terised as patients with recurrent chest pain mimicking angina but in the absence of 
obstructive coronary artery disease on angiography (Di Fiore and Beltrame  2013 ). 
These conditions are diffi cult to assess so that symptoms are attributed to psychoso-
matic manifestations rather than cardiac dysfunction. Moreover, the delay and ambi-
guity in making the diagnosis frequently promotes anxiety in the patient as to the 
nature of their illness so that the encounter with the medical process may produce 
depression per se. Yet another layer of complexity in these conditions is the demon-
stration of altered pain perception in some affected patients and whether the syn-
dromes represent a defective pain pathway (Cannon et al.  1994 ). Accordingly, 
considerable research is still required to understand these elusive disorders and mul-
tidisciplinary assessment will be of benefi t to the patient.  

6.3.3     Psychological Effects of Cardiac Therapies 

 The nature of cardiac disorders may produce far-reaching psychological effects, 
which can be exacerbated by suboptimal cardiac management, especially if a holis-
tic approach is not adopted. This can be further complicated by some of cardiac 
therapies instituted including drugs and devices. 

 Several cardiac medications have been implicated as depression-inducing medi-
cations; however, the evidence base for these assertions is not substantiated in the 
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literature. Beta-blockers can cause fatigue and erectile dysfunction but have not 
been shown to precipitate depression. In a prospectively conducted study, van Melle 
et al. ( 2006 ) demonstrated a similar prevalence of depression in post-infarct patients 
independent whether or not they were prescribed beta-blockers. Similarly, statins 
have also been implicated in depression but two systematic analyses of the literature 
have refuted this assertion (Macedo et al.  2014 ; Parsaik et al.  2014 ). 

 The evolution of cardiac devices has improved cardiac outcomes but also created 
novel scenarios that impact on patient psyche. For example, the implantable cardiac 
defi brillator (ICD) can terminate life-threatening arrhythmias and save lives in high- 
risk patients. These patients are often those with heart failure, and although the 
‘electrical issues’ can be managed with the ICD, the ‘pump failure’ continues to 
progress with depression ensuing given the inevitable outcome. Thus not surpris-
ingly, there is a high prevalence of anxiety and depression in patients with ICDs 
(Bilge et al.  2006 ). Other issues that these devices may cause are inappropriate 
shocks and recurrent multiple shocks for ‘electrical storms’ (i.e. incessant malig-
nant arrhythmias resulting in multiple shocks). Both of these may lead to post- 
traumatic stress disorder, anxiety and depressed mood in affected individuals and 
warrant consultation with psychological therapy.   

6.4     The Future of Psychocardiology 

 The above discussion outlines the important interface between cardiac and psycho-
logical issues in patient management, particularly in relation to depression. In the 
future, it will be important to integrate management strategies between these clini-
cal disciplines with the use of multidisciplinary clinics in patient assessment. The 
evolution of this fi eld may even entice young clinicians to train in both psychiatry 
and cardiology and thus develop the discipline of psychocardiology.     
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   Abstract 
   The ‘vascular depression’ (VaD) construct initially proposed a relationship between 
late-life depression (LLD) and vascular disease and stimulated signifi cant investiga-
tion into this nature of this relationship. The construct became synonymous with an 
aetiological proposition that vascular disease or risk factors are central in the patho-
genesis of LLD. Validity of the VaD construct warrants consideration. This chapter 
reviews strategies that have been used to demonstrate an aetiological relationship 
between vascular disease and depression and considers the evidence for this asso-
ciation from various perspectives including (i) clinical features and the specifi city of 
a VaD clinical phenotype, (ii) neuroimaging fi ndings, (iii) proposed mechanisms for 
the aetiological role of vascular disease in depression, (iv) prognostic implications 
with a focus on treatment response and (v) shared pathomechanisms underlying 
both depression and vascular pathology. Our review suggests that the evidence in 
support of a causal relationship between depression and vascular disease, and thus 
the validity of the VaD construct, is not consistent. Whilst strong associations exist, 
the agnostic ascription of vascular disease as  causative  in LLD is potentially mis-
leading, particularly in light of emerging evidence for diverse and interrelated 
pathomechanisms.  

7.1       Introduction 

 The ‘vascular depression’ (VaD) construct was proposed nearly two decades ago 
(Alexopoulos et al.  1997a ; Krishnan and McDonald  1995 ), broadly defi ned as a 
depressive disorder with late-life onset or an alteration in the nature of an earlier 
onset depressive disorder, in the presence of vascular disease or vascular risk  factors. 
Signifi cant interest in the relationship between vascular disease and depression has 
ensued. As such, the validity of the VaD construct warrants closer examination. In 
this chapter, strategies that have been used to demonstrate an aetiological relation-
ship between vascular disease and depression will be reviewed and evidence for this 
association considered from various perspectives, including (i) clinical features and 
the specifi city of a VaD clinical phenotype, (ii) neuroimaging fi ndings, (iii)  proposed 
mechanisms for the aetiological role of vascular disease in depression, (iv) prognos-
tic implications with a focus on treatment response and (v) shared pathomecha-
nisms underlying both depression and vascular pathology. 

 Evaluation of the VaD construct necessitates differentiation between risk fac-
tors for vascular disease and the presence of vascular disease itself, as the puta-
tive ‘vascular’ risk factors could arguably infl uence depression through 
mechanisms other than vascular disease. The spectrum of severity, anatomical 
location of cerebrovascular disease and the techniques used to evaluate it merit 
attention. The fi eld has evolved such that hypotheses regarding the nature of the 
relationship and potential causative mechanisms have been refi ned. This chapter 
aims to synthesise the literature and draw conclusions as to the validity of the 
VaD construct.  
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7.2     The VaD Hypothesis: Concept and Evolution 

 The VaD construct (Alexopoulos et al.  1997a ) hypothesised that cerebrovascular 
disease may predispose, precipitate or perpetuate some depressive syndromes and 
was suggested by the contemporaneous fi ndings of several authors (Krishnan and 
McDonald  1995 ; Krishnan  1993 ). Epidemiologic, neuroimaging and clinical data 
underpinned the hypothesis. High prevalence rates of coronary disease (Carney 
et al.  1987 ), stroke (Robinson et al.  1984a ; Lipsey et al.  1986 ) and risk factors for 
vascular disease (Rabkin et al.  1983 ) in late-life depression (LLD) have been 
observed, as have the frequent occurrence of white matter hyperintensities in LLD 
(Coffey et al.  1990 ; Krishnan et al.  1988 ; Figiel et al.  1991 ) and infrequent family 
history of mood disorder in post-stroke depression (Fujikawa et al.  1994 ). Vascular 
disease-mediated disruption of frontal-subcortical pathways central in mood regula-
tion was the proposed mechanism (Alexopoulos et al.  2002a ; Lyness et al.  1998 ; 
Krishnan et al.  1997 ). Alexopoulos et al. ( 1997b ) outlined a ‘threshold’ concept, 
with the accumulation of vascular lesions to a level suffi cient to either disrupt neu-
ronal circuits critical for mood regulation  or  confer suffi cient vulnerability to the 
development of depression in conjunction with non-biological factors. A clinical 
phenotype distinguishable from ‘non-vascular depression’ was proposed 
(Alexopoulos et al.  1997a ). Despite the breadth of the VaD hypothesis, it became 
synonymous with an  aetiological  proposition, a hybrid of nominalist (Krishnan 
 2005 ) and essentialist approaches to taxonomy. The proposed cardinal features 
were (1) depression onset after the age of 65 years, or a change in the course of 
depression (increased frequency or duration), and (2) clinical and/or laboratory evi-
dence of vascular disease or vascular risk factors (Alexopoulos et al.  1997a ). 
‘Secondary features’, deemed suggestive of a VaD phenotype, were (i) dysexecutive 
syndrome, (ii) psychomotor retardation, (iii) limited depressive ideation, (iv) lim-
ited insight, (v) disability (disproportionate to the depression severity) and (vi) 
absent family history of mood disorder (Alexopoulos et al.  1997a ) (see Table  7.1 ). 
Krishnan and colleagues ( 2004 ) proposed that VaD be defi ned by the presence of 
characteristic MRI white matter hyperintensities (WMHs). Efforts to characterise 
the specifi c pattern of cognitive dysfunction in LLD gave rise to the related and 
poorly defi ned offspring of the original VaD construct, subcortical ischaemic 
depression (SID) (Krishnan et al.  2004 ) and depression-executive dysfunction syn-
drome (DED) (Kelly and Alexopoulos  2009 ).

   The concept of VaD thus evolved to be a ‘diagnostic subtype’ defi ned primarily 
by executive dysfunction and demonstrable MRI white matter lesions. The VaD 
construct has been limited by poor clinical sensitivity and specifi city. Small vessel 
disease (SVD) is associated with a range of neuropsychiatric presentations includ-
ing cognitive impairment (Sachdev et al.  2004 ), psychosis (Breitner et al.  1990 ) and 
bipolar disorder (McDonald et al.  1999 ). Additionally, the VaD construct agnosti-
cally ascribed cerebrovascular disease as causative in all individuals with co- 
occurring cerebrovascular disease and depression. Concurrently, methodological 
limitations in detecting cerebrovascular disease, specifi cally SVD, created the chal-
lenge of the construct not being suffi ciently inclusive (Kelly and Alexopoulos 
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 2009 ). For the purposes of this review, the presence of cerebrovascular disease is 
predominantly identifi ed by neuroimaging, specifi cally MRI, rather than by neuro-
pathology. This is appropriate given the methodological limitations that arise with 
attempts to correlate post-mortem neuropathology (e.g. lacunar infarcts, micro-
bleeds and non-infarct white matter ischaemic changes) with pre-mortem psychiat-
ric disorder (Sachdev and Reutens  2014 ). Substantive methodological fl aws also 
arise when a clinical history of vascular risk factors is used as a proxy for cerebral 
small vessel disease as the two cannot be neatly equated (Sheline et al.  2008 ), and 
this is therefore cautioned against when considering the literature. 

 As outlined by Sachdev and Reutens ( 2014 ), technical evolution in neuroimag-
ing modalities has added complexity to operational research defi nitions of VaD and 
to the interpretation of MRI abnormalities as they relate to the VaD construct. Much 
of the focus has been on white matter lesions (WMLs), identifi ed as  leukoaraiosis  
or hypodensity on CT or T1-weighted images or white matter hyperintensities 
(WMHs) on T2-weighted MRI, in particular using fl uid-attenuated inversion recov-
ery (FLAIR) sequences. Ascribing signifi cance to WMHs, however, has been com-
plicated by reportedly high prevalence and lack of aetiological specifi city. WMHs 
have been described in almost one-half of healthy 40-year-olds (Wen et al.  2009 ) 
and the majority of 60- to 64-year-old individuals (Wen and Sachdev  2004 ). Data 
from the Rotterdam Study of a large representative community sample aged between 
60 and 90 years demonstrated periventricular or subcortical WMHs in 95 % 
(Almeida  2008 ). In addition to ischaemia, WMHs may refl ect such diverse aetiolo-
gies as infl ammation, demyelination, oedema, developmental abnormality or degen-
eration (Ovbiagele and Salver  2006 ). Impaired cerebral vasomotor reactivity and 
autoregulatory dysfunction (Taylor et al.  2013a ) have also been cited as potential 
contributory factors in WMH development. There is consensus, however, that inci-
dental WMHs (especially  deep  white matter hyperintensities and large 

   Table 7.1    Proposed vascular depression criteria   

 Proposed cardinal 
features 

 1.  Depression onset after age 65 years  or  change in nature of 
depression of earlier onset, with more frequent or persistent episodes 

 2.  Clinical and/or laboratory evidence of vascular disease  or  risk 
factors 

 For example, history of CVA, TIA, myocardial infarction, IHD, 
history of hypertension, hyperlipidaemia, neurologic signs or carotid 
bruit, radiological evidence of white matter hyperintensities in 
perforating artery territory, cerebral infarct or carotid stenosis 

 Proposed secondary 
vascular depression 
features, i.e. distinctive 
clinical phenotype 

 (i)  Cognitive impairment characterised by but not limited to 
executive dysfunction 

 (ii) Psychomotor retardation 

 (iii) Minimal or absent depressive ideation (e.g. guilt) 

 (iv) Poor insight 

 (v) Disability 

 (vi) Negative family history of mood disorders 

  Modifi ed from Kelly and Alexopoulos ( 2009 )  
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periventricular hyperintensities (Thomas  2013 )) in older individuals most likely 
refl ect ischaemic change (Pantoni and Garcia  1997 ), thereby supporting their use as 
an (imperfect) proxy for cerebral SVD. FLAIR enables differentiation of WMHs 
from dilated perivascular (Virchow-Robin) spaces and detailed characterisation of 
lacunar infarcts. T2*-weighted MRI utilising gradient-echo sequencing allows the 
application of susceptibility-weighted imaging (SWI) which is highly sensitive for 
identifying cerebral microbleeds (Chavhan et al.  2009 ). Diffusion tensor imaging 
(DTI) has recently enabled more sensitive interrogation of white matter integrity 
than is possible on T2-weighted imaging (Nucifora et al.  2007 ) and furthered evalu-
ation of the frontal-subcortical disconnection hypothesis. Blood oxygen level-
dependent (BOLD) functional MRI, magnetic resonance spectroscopy (MRS) and 
perfusion MRI (pMRI) have been less prominent in the VaD literature.  

7.3     Strategies to Evaluate Validity of the VaD Construct 

 Broad strategies that have been applied to investigate the nature of the relationship 
between cerebrovascular disease and depression and therefore have utility in evalu-
ating validity of the VaD construct will be considered below. 

7.3.1     Prevalence Estimates and Epidemiological Data 

 High rates of co-occurrence of cerebral SVD and depression have been established 
bidirectionally (Thomas et al.  2004 ), and there is strong evidence that the relation-
ship is a reciprocal one (Valkanova and Ebmeier  2013 ). Cerebral SVD is frequent in 
older depressed individuals and depression frequent in those with cerebral SVD. This 
has been particularly evident in the stroke (Salaycik et al.  2007 ; Jonas and Mussolino 
 2000 ) and myocardial infarct (Ford et al.  1998 ; Pratt et al.  1996 ) literature, with 
two- to threefold incidence (of cerebral SVD) reported in individuals with a history 
of depression. Depression is common in the heritable disorder cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy 
(CADASIL) (Valenti et al.  2008 ), which is characterised by extensive cerebral 
SVD. A compelling epidemiological argument is that older individuals with depres-
sion are more likely to have subcortical lesions compared with nondepressed con-
trol subjects (Taylor et al.  2003a ). Additionally, those with later onset depression, 
when compared with earlier onset depression, have greater frequency of subcortical 
WMHs (up to fi vefold), including when age is considered as a covariate in analysis 
(Krishnan et al.  1997 ; Lavretsky et al.  1998 ). Community-based studies have also 
demonstrated an association between depressive symptoms and subcortical WMHs 
(Jorm et al.  2005 ; Steffens et al.  2002 ). Epidemiological data, however, has shown 
that an exponential increase in cardiovascular disease prevalence with age is  not  
paralleled by a similar increase in depression prevalence (Almeida  2008 ). 

 A potential confounding factor accounting for both increased WMHs and 
depression is the infl uence of chronic illness. An early study found the 
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relationship between WMHs and depression was no longer signifi cant after 
adjustment for poor physical health (Stewart and Hirani  2010 ). Subsequent 
authors similarly concluded that the strength of association between vascular dis-
ease and depression was signifi cantly attenuated by controlling for chronic dis-
ease (Jorm et al.  2005 ; Lyness et al.  2000 ; Sanders et al.  2006 ; Stewart and Hirani 
 2010 ). A prospective cohort study by Kivimaki et al. ( 2012 ) further supported the 
chronic illness hypothesis, fi nding equivalent risk of depressive symptoms in vas-
cular and non-vascular conditions. Baune and colleagues ( 2012 ) evaluated the 
effect of clinical characteristics of depression, including depression severity, and 
sociodemographic factors on the association between depression and cardiovas-
cular disease. Reviewing longitudinal evidence, they concluded that  further stud-
ies were required but that these variables required integration into future models 
of the relationship. 

 Risk factors for vascular disease, including hypertension, diabetes and elevated 
homocysteine (Khan et al.  2007 ) have been independently associated with depres-
sion in some studies. 

 Developing unifying hypotheses of the depression/vascular disease relationship 
incorporating these risk factors however remains challenging given the complexity 
of these associations. To illustrate this, the association between depressive symp-
toms and type 2 diabetes (T2D) and consideration of shared pathophysiological 
processes were recently considered by Doyle and colleagues ( 2014 ). Epidemiological 
data was found to support a bidirectional relationship between T2D and depressive 
symptoms, the strength of association between depressed mood and risk of incident 
diabetes being reported as particularly robust. The authors (Doyle et al.  2014 ) high-
lighted emerging evidence of reduced neuroplasticity as a common biological fea-
ture of both depression and T2D. Both depression and T2D appear signifi cantly 
correlated with reduced neuroplasticity, with proposed mechanisms including 
infl ammation, poor glycaemic control, HPA dysregulation and endothelial dysfunc-
tion (Doyle et al.  2014 ). Hippocampal and prefrontal cortex volume reduction and 
neurocognitive defi cits in patients with T2D align with those reported in the depres-
sion literature (Doyle et al.  2014 ). Alijore et al.’s ( 2010 ) fi nding of greater volumet-
ric defi cits in samples with T2D  and  MDD compared with  nondepressed  T2D 
suggests a synergistic effect, although the direction of any association with reduced 
neuroplasticity remains unclear. On analysing the association between depression 
and traditional cardiovascular risk factors, a recent meta-analysis (Valkanova and 
Ebmeier  2013 ) found no signifi cant correlation between depression and hyperten-
sion, dyslipidaemia or Framingham stroke risk score and a weak association with 
smoking. Robust association was evident however between depression and the dis-
ease states diabetes, stroke and cardiovascular disease and between depression and 
Risk Factor Composite Scores (RFCS). It is unclear as to why an association with 
the composite risk score was evident; however, the authors highlight that the use of 
 peripheral  vascular disease and vascular  risk factors  as evidence of  cerebro vascular 
disease complicates interpretation of the epidemiological data and recommends the 
inclusion of neuroimaging data in future epidemiologic studies to address this 
(Valkanova and Ebmeier  2013 ). 
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 Whilst useful, high prevalence rates of vascular disease in depression and vice 
versa are insuffi cient to establish a  causal  association. Critique of the association 
supported by epidemiological data requires consideration of (1) a potential con-
founding factor common to both SVD and depression, (2) a common pathophysio-
logical process underlying both the SVD and depression and (3) complex relationships 
between covariates, of which there are a multitude given the complexity and hetero-
geneity of both depression and small vessel disease. Epidemiological evidence that 
certain individual risk factors, including hypertension, do not share an independent 
association with depression is helpful in consideration of pathophysiologic models.  

7.3.2     Temporal Association 

 The likelihood of an aetiological relationship between a factor of known association 
(vascular disease) and outcome (depression) is increased if occurrence of the latter 
is clearly  temporally  related to the former. Temporality has been clearly established 
in relation to depression and acute, focal vascular events, as in post-stroke depres-
sion (Robinson and Spalletta  2010 ; Wade et al.  1987 ; Whyte and Mulsant  2003 ). 
Embedded within the Rotterdam Study was the fi rst large (over 5,000 participants) 
longitudinal prospective study to consider incident depression following a TIA 
(Luijendijk et al.  2011 ). Confi rming the fi ndings of an earlier cross-sectional study, 
Luijendijk and colleagues concluded that TIA was independently associated with a 
near threefold increased risk of incident DSM-IV major depressive disorder 
(Luijendijk et al.  2011 ). The risk of developing depression was positively correlated 
with the  number  of TIAs, suggestive of a dose-response effect; however, the mean 
time to onset of depression was a considerable 3.8 years, suggesting the infl uence of 
other signifi cant variables affects temporal onset of depression in addition to TIA 
occurrence. The relationship between stroke, TIA and depression is complicated by 
the likelihood of cerebral SVD preceding the symptomatic neurological event. 
Thus, controlling for baseline cerebral SVD would be ideal in future studies to distil 
TIA association effect and SVD association effect. 

 Examination of the temporal relationship between cerebral SVD and depression is 
limited by methodological problems. Typically, WMHs cannot be dated with the same 
accuracy as stroke lesions (Robinson  2005 ), except in symptomatic lacunar infarction. 
A recent meta-analysis (Egeto et al.  2014 ) considered the association between lacunar 
infarcts and depression. No statistically signifi cant association was found between 
volume or location of lacunes and depression. The authors commented that the small 
number of studies, heterogeneity in comparison groups within and between studies, 
posed signifi cant problems, recommending the separation of deep WMH and lacunar 
stroke patients, larger sample sizes and healthy controls in future studies. Given the 
paucity of robust data regarding the temporal relationship between symptomatic lacu-
nar infarct and depression, it is not possible to reliably extrapolate any temporal cor-
relation between the two. Thus, whilst tight temporal fi t is a useful and robust indicator 
of aetiological association, methodological and data limitations prevent determination 
of temporality between WMHs and incident depression in the current literature.  
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7.3.3     Is There a Distinct ‘VaD’ Clinical Phenotype? 

 Late-life depression (LLD) is a broad term encompassing heterogenous syndromes 
of unipolar depression that occur in older adults (typically defi ned as 65 years and 
older (Vu and Aizenstein  2013 )). The LLD group is often differentiated by those 
with ‘late-onset’ LLD, confusingly, often identifi ed in the literature as onset over 
the age of 50 (Vu and Aizenstein  2013 ) as distinct from ‘earlier onset’ LLD, which 
is characterised by recurring depressive episodes in later life. The concept of VaD is 
as a proposed  subtype  of LLD. Conceptual and methodological problems with ‘late- 
onset’ LLD as a criterion for VaD have been reported by several authors (Alexopoulos 
 2005 ; Krishnan et al.  2004 ; Sneed  2011 ) and mirror the problems encountered in 
attempting to delineate differing profi les of ‘early-onset’ and ‘late-onset’ LLD more 
broadly. In reviewing this literature, the most consistent distinction is that of ‘early- 
onset’ LLD with presence of a positive family history (Brodaty et al.  2001 ; Devanand 
et al.  2004 ; Baldwin and Tomenson  1995 ), but this is not reported by other studies, 
(Hickie et al.  2001 ; Greenwald and Kramer-Ginsberg  1988 ; Janssen et al.  2006 ). No 
consistent phenomenological or clinical characteristics reliably distinguish late- 
onset from early-onset LLD. Clinical phenomena observed with greater frequency 
in late-onset LLD have included increased loss of interest and fewer guilty cogni-
tions (Krishnan et al.  1995 ), frequent hypochondriasis and greater severity of guilty 
cognitions (Brodaty et al.  2005 ), increased anhedonia (Rapp et al.  2005 ) and more 
lassitude (Corruble et al.  2008 ; McDougall and Brayne  2007 ). Lower rates of family 
history of mood or other psychiatric disorder have been reported in those with SVD 
and depression (Taylor et al.  2003b ; Simpson et al.  1997 ). 

 ‘Subcortical ischaemic depression’ (SID) and the ‘depression-executive dys-
function syndrome’ (DED) are constructs related closely to VaD. The DED syn-
drome (Alexopoulos  2001 ) was proposed as a syndromal characterisation of the 
frontal-executive dysfunction that has been frequently noted in LLD (Sexton et al. 
 2011 ), clinically manifesting as planning, sequencing, organising and abstraction 
defi cits. In characterising the neuropsychological profi le in LLD subjects, one group 
(Sexton et al.  2011 ) reported core neuropsychological defi cits to be in information 
processing speed and executive dysfunction, which mediate performance in multi-
ple other cognitive domains including memory retrieval. The neural circuitry of 
these cognitive functions localise to a series of parallel prefrontal pathways that 
project from the frontal lobe to ventral striatum, then globus pallidus and substantia 
nigra, through the thalamus and back to the frontal lobe. Aberrant dorsolateral cir-
cuit function is implicated in executive dysfunction, the anterior cingulate circuit in 
apathy and the orbitofrontal circuit in mood lability and disinhibition (Taylor et al. 
 2006 ). The DED and SID proposals hypothesised that vascular lesions were patho-
genic in frontal-subcortical circuit dysfunction. Thus it would follow that the clini-
cal phenotype would have some correlation with lesion location (insofar as 
determining which circuit is impacted) and severity. Kohler and colleagues ( 2010 ) 
investigated the association between WMHs and cognition. They found severity of 
WMHs to be correlated with executive dysfunction and episodic memory in 
depressed, but not nondepressed, patients. This pattern of defi cits, however, is by no 
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means specifi c to LLD and occurs in a wide range of neurocognitive disorders 
including bipolar disorder (McDonald et al.  1999 ) and psychosis (Breitner 
et al.  1990 ; Tonkonogy and Geller  1999 ). The specifi city of symptoms conveyed by 
the DED and SID constructs is poor, and the validity of specifi c VaD, SID and DED 
clinical phenotypes remains controversial (Baldwin  2005 ).  

7.3.4     Longitudinal Course, Prognostic Implications 
and Treatment Response 

 Longitudinal studies are more likely to establish an aetiological relationship if cere-
bral small vessel disease and depression can be demonstrated to covary over time. As 
summarised by Thomas ( 2013 ), prospective studies have investigated the role of 
WMH burden and reported predictive validity of incident depressive symptoms (at 1 
and 3 years (Krishnan et al.  2006 ; Teodorczuk et al.  2010 )), deterioration in depres-
sive symptoms (at 4 years (Steffens et al.  2002 )) and emergent major depressive epi-
sodes at 3 and 4 years (Kohler et al.  2010 ). Meta-analytic analysis found that effect 
sizes for increases in WMH burden ranged from 0.39 to 0.9 (Herrmann et al.  2008 ). 
However, data regarding incident depression is confl icting. Ikram and colleagues 
( 2010 ) found no association between neuroimaging data and incident depression, pro-
posing that WMH burden may be associated with persistence rather than incidence of 
depression. If the difference in response to treatment and/or long-term outcome is 
demonstrated in individuals with cerebral SVD in comparison to those without, it is 
likely that the SVD plays at least a partial aetiological role in the pathogenesis of 
depression. The fi ndings of WMH burden effect on acute antidepressant treatment 
response have been discrepant and are diffi cult to reconcile (Thomas  2013 ). 

 Whilst there have been frequent fi ndings of greater overall WMH burden being 
associated with poorer response to maintenance antidepressant therapy (Hickie 
et al.  1995 ; Taylor et al.  2003a ; Simpson et al.  1997 ), typically studies have consid-
ered static cross-sectional WMH burden rather than rate of change or  progression , 
and few have combined total  severity  of WMH with  location  in investigating treat-
ment response. 

 Taylor and colleagues ( 2003b ) reported a positive association between WMH 
volume and clinical outcome, concluding that subjects with DSM-IV major depres-
sive disorder who sustained remission over a 2-year follow-up had lower total 
WMH volume than those who did not sustain remission, including when baseline 
depression severity was controlled for. They calculated a 7 % increased risk of poor 
outcome with every 1 % increase of WMH volume (Taylor et al.  2003b ). 

 Godin and colleagues ( 2008 ) replicated this fi nding in a 4-year longitudinal 
study, reporting positive correlation reported between lifetime major depression and 
WMH volume and between WMH progression and lifetime major depression. 
Notably, however, the PROSPER study (Verslius et al.  2006 ) found no association 
between progression of cerebral WMLs and incident depression, with the authors 
concluding that clearly delineated treatment and control groups are necessary in 
future longitudinal studies in order to address this question. 
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 Longitudinal studies investigating treatment and prognostic effects of WMHs 
have found an association between WMHs and increased treatment resistance 
(Simpson et al.  1998 ), lower remission rates at 2 years (Taylor et al.  2003b ) and 
less favourable chronic course (Taylor et al.  2013a ). A meta-analytic review found 
executive dysfunction to correlate with poorer acute antidepressant response, lower 
remission and higher relapse rates (McLennan and Mathias  2010 ). Executive dys-
function in LLD was reported by one group to have predictive validity for antide-
pressant response (Taylor et al.  2013a ). In addition to poorer response to 
antidepressants (Taylor et al.  2003a ) and poorer response to ECT, an increased 
likelihood of developing delirium has been reported in those with subcortical 
WMLs (Steffens et al.  2001 ; Coffey et al.  1988 ; Figiel et al.  1990 ). There is litera-
ture, however, that supports the antidepressant effi cacy of ECT in patients with 
evidence of SVD (Figiel et al.  1990 ). The VaD construct has utility in informing 
intervention research, with interventions targeting vascular disease variables being 
shown to have antidepressant utility. Detailed review of this evidence is beyond the 
scope of this chapter; however, to illustrate, nimodipine has been shown to posi-
tively augment antidepressant treatment response in subjects with ‘VaD’ (Taragano 
et al.  2001 ). 

 Whilst the association between WMHs and greater cognitive dysfunction is con-
sistent (Carvalho et al.  2014 ), the relationship is unlikely to be one of linear causa-
tion. Depressive states are associated with hypothalamic-pituitary-adrenal (HPA) 
hyperactivity resulting in chronic glucocorticoid exposure, which is demonstrably 
neurotoxic, associated with hippocampal atrophy (Bae et al.  2006 ; Zou et al.  2008 ) 
and increased dementia risk (Vu and Aizenstein  2013 ). Kohler and colleagues 
( 2010 ) assessed executive dysfunction and episodic memory whilst controlling for 
cortisol levels and brain atrophy and found these to be positively correlated in 
depressed individuals. Diniz et al. ( 2013 ) examined the incident risk of all-cause, 
Alzheimer’s and vascular dementia in LLD with the inclusion of only community- 
based prospective cohort studies in a recent meta-analysis. In subgroup analysis 
with risk measures adjusted for confounders, including sociodemographic, cogni-
tive and biological indicators, a signifi cant pooled risk of 2.02 was found for vascu-
lar dementia, 1.55 for Alzheimer’s dementia and 1.59 for all-cause dementia. Whilst 
only fi ve studies were included in the vascular dementia analysis, the fi ndings 
remained signifi cant with differentially elevated vascular, compared with 
Alzheimer’s dementia risk.  

7.3.5     Anatomical Specificity 

 The presence of fi t between anatomical site of pathology and clinical presentation is 
another consideration in the evaluation of an aetiological relationship between vas-
cular disease and depression. Indeed, the VaD hypothesis has been credited with 
promoting the investigation of mechanisms by which vascular disease infl uences 
brain circuitry (Taylor et al.  2013a ). The approach, however, of correlating anatomi-
cal site of pathology and clinical phenotype remains problematic with regard to 
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psychiatric disorder given that dysfunction of neuronal circuits rather than discrete 
neuronal regions is understood to give rise to psychiatric symptomatology. 
Knowledge regarding constituents of these circuits as they relate to depressive 
symptoms currently remains an area of active study with emerging methods allow-
ing the study of brain function in vivo as never before. Prominent examples include 
functional neuroimaging data regarding constituent circuitry that have emerged 
from deep brain stimulation (DBS) studies (Seminowicz et al.  2004 ). The applica-
tion of novel technologies including CLARITY (Deisseroth and Schnitzer  2013 ) 
and optogenetics (Steinberg et al.  2015 ) is ongoing in animal models. 

 Given that the location of stroke was long viewed as the determinant of post- 
stroke depression (PSD), we briefl y review this literature in considering anatomical 
lesion location. Initially the postulated PSD mechanism was interruption of ascend-
ing brainstem and midbrain projections by acute ischaemia with resultant reduction 
in bioavailability of the biogenic amine serotonin, noradrenalin and dopamine 
(Loubinoux et al.  2012 ). Early MRI studies reported an increased risk of PSD in 
left-sided frontal lesions, compared with left hemisphere posterior lesions or right 
hemisphere lesions (Robinson et al.  1984b ) and numerous MRI studies ensued. The 
positive correlation between left prefrontal-subcortical lesion location, volume size 
and PSD was supported in several reviews, including by Vataja and colleagues 
( 2004 ), but was subsequently challenged. Bhogal and collaborators ( 2004 ) cited 
methodological fl aws including small sample sizes and inconsistent ischaemic 
lesion characterisation and PSD defi nitions, as undermining the left-sided associa-
tion. In addition, sample source was identifi ed as a determinant of lesion associa-
tion; hospital-based and population-based studies found signifi cant association 
between PSD and left hemisphere lesions whilst community-based samples found 
association with right hemisphere lesions. Thus, following a period of controversial 
association, lesion lateralisation was not consistently borne out as being predictive 
of PSD. Brodaty and colleagues ( 2007 ) postulated  cumulative burden  of micro- and 
macrovascular lesions as being more predictive of PSD than lesion location or lat-
eralisation, an assertion supported by some studies that found the burden of deep 
WMHs and cerebral microbleeds as predictive of PSD in a ‘dose-dependent’ man-
ner (Tang et al.  2011a ,  b ; Xiong et al.  2011 ). 

 In cerebral SVD, the diffuse nature of WMHs poses signifi cant challenges to 
meaningful correlation between site of pathology and clinical presentation. SVD- 
mediated damage to frontal-subcortical circuits implicated in mood regulation and 
cognition (Dieguez et al.  2004 ) has been a prevailing model given the prevalence 
of subcortical lesions in LLD. Contrasting with the aforementioned evidence, sev-
eral studies have reported a correlation between strategic location of WMHs, par-
ticularly frontal lobe lesions, and the development of depression (Greenwald et al. 
 1998 ; MacFall et al.  2006 ,  2001 ). Compared with control subjects, elderly 
depressed subjects were found by Taylor et al. to have prefrontal bilateral frontal 
WMHs (Taylor et al.  2003a ), in addition to parietotemporal regions, noted in both 
depressed and controls. Poorer prognosis was reported where WMLs were located 
in the frontal lobes, basal ganglia and pons (Franklin et al.  2012 ). The neuroimag-
ing literature has evolved to plausibly localise WMLs to neuronal tracts putatively 
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involved in depression and cognitive function (Vu and Aizenstein  2013 ), albeit in 
the context of incomplete models of the relevant neuronal circuitry. WMLs were 
reported to converge on the uncinate fasciculus, inferior longitudinal fasciculus, 
superior longitudinal fasciculus and cingulum such that location correlated with 
depression severity (Taylor et al.  2013b ). The superior longitudinal fasciculus and 
uncinate fasciculus have demonstrated particular signifi cance as sites of WMLs in 
LLD subjects with more severe executive defi cits on neuropsychological assess-
ment (Mettenburg et al.  2012 ). 

 DTI studies have demonstrated correlation between fractional anisotropy as a 
marker of white matter damage and depressive symptoms in SVD (Brookes et al. 
 2014 ). In applying DTI in a whole-brain study, Sexton and colleagues ( 2012 ) found 
fractional anisotropy reductions (indicative of impaired white matter integrity) in 
frontal-subcortical and limbic tracts, with particular signal in the uncinate fascicu-
lus in depressed subjects. In reviewing this data, Vu and Aizenstein ( 2013 ) con-
cluded that  location  and  severity  of WMLs were of equal salience in relation to 
cognitive impairment in LLD. DTI studies have also demonstrated correlation 
between impaired white matter integrity in the presence of WMLs with depression 
severity, treatment response and prognosis and found poorer treatment response in 
association with frontal white matter tract disruption (Alexopoulos et al.  2002b ). 

 Increasing evidence, particularly from DTI studies, supports anatomical specifi c-
ity of WMLs as correlating with depressive features. Overall, this data remains 
limited, given incomplete modalities of clinically interrogating the structure and 
function of cerebral white matter tracts in vivo in humans.  

7.3.6     Neuropathological Studies 

 Post-mortem biopsies in patients with a history of depressive symptoms have dem-
onstrated cellular alterations including hippocampal atrophy and changes in neuro-
nal and glial cell size, shape and density (Stockmeier et al.  2004 ). Whilst review of 
all neuropathological studies is beyond the aims of the authors, a large neuropathol-
ogy autopsy series reported by Tsopelas and colleagues ( 2011 ) (including 153 com-
munity participants, 36 with a history of LLD) supported initial work by Thomas 
and colleagues ( 2001 ,  2002 ,  2003 ) and found hippocampal volume loss in non- 
demented depressed post-mortem subjects. No association was found between neu-
ropathological correlates of dementia (neuritic plaques, neurofi brillary tangles, 
Lewy bodies) and depression in the presence of hippocampal volume loss. This 
fi nding supported hippocampal grey matter changes as being independent of a 
pathogenic dementia process. A notable limitation of this study was the exclusion 
of autopsy subjects with prior history of dementia. These fi ndings could be inter-
preted as being supportive of depression as a neurotoxic state, explored below in the 
context of the glucocorticoid hypothesis. Cellular morphometric studies of depres-
sion have reported discrepant fi ndings in younger/middle-aged and late-life cohorts 
(Khundakar and Thomas  2014 ). In the former, reduction in glial populations in 
cortical regions has been consistently reported, whereas in the latter, layer-specifi c 
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pyramidal neuron pathology in cortical regions has been reported, suggesting differ-
ent pathophysiological mechanisms, with the possibility that vascular factors may 
be more relevant to late-life depression (Thomas et al.  2003 ).   

7.4     Potential Common Processes Underpinning Depression 
and Vascular Pathology 

 There has been substantive interest in potential common processes that underpin 
both depression and vascular pathology. Such processes include immune dysfunc-
tion and infl ammation, oxidative stress, HPA axis dysfunction and genetic variation. 
Ageing-related changes in the immune, endocrine and neurological systems have all 
been implicated in LLD (Taylor et al.  2013a ). Increasing evidence is emerging of 
complex and intertwined pathophysiological processes occurring across the infl am-
matory, immune and neuroendocrine systems as potentially underpinning both 
depression and vascular pathology. The roles of oxidative stress and genetic poly-
morphisms have also seen increasing investigation as potentially underlying both 
depression and SVD (Wright et al.  2014 ). Brief consideration of this evidence is 
relevant in evaluating validity of the VaD construct, as signifi cant developments 
have occurred since the original model was proposed. 

7.4.1     Inflammation 

 Aberrant infl ammatory processes, and specifi cally the role of pro-infl ammatory 
cytokines (Alexopoulos and Morimoto  2011 ), are emerging as an area of interest in 
LLD. This interest parallels the more developed adult depression literature, which 
has outlined complex and as yet unresolved relationships between cytokines (Raison 
et al.  2005 ), monoamine neurotransmitter regulation (Harrison et al.  2009 ), 
 glucocorticoid receptors (Pace et al.  2007 ) and neurotrophic function (Koo and 
Duman  2008 ). The ‘infl ammatory hypothesis’ proposes that pro-infl ammatory 
 cytokines are central to the association between depression and cerebrovascular 
disease- mediated ischaemic injury, with both precipitating and maintaining roles 
(Wright et al.  2014 ). Li and colleagues ( 2014 ) considered the infl ammatory 
 hypothesis in the context of post-stroke depression, and arguably these principles 
can be applied to the vascular depression construct. There is substantive evidence 
that ischaemic neuronal injury triggers a pro-infl ammatory cytokine cascade with 
downstream effects on neurotransmitter metabolism, neuroendocrine function 
 (particularly HPA regulation) and neuroplasticity. These effects are highly 
 biologically relevant with regard to models of depression. Administration of the 
pro-infl ammatory cytokine interferon-α (IFN-α) has been reported to induce depres-
sive symptoms including depressed mood and cognitive dysfunction (Dantzer et al. 
 2011 ). IL-1 and TNF- α  have been demonstrated to increase serotonin, norepineph-
rine and dopamine metabolism in hypothalamic nuclei and limbic sites (Anisman 
and Hayley  2012 ). In addition, serotonergic tone is altered by pro-infl ammatory 
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cytokines via enhanced expression of the gene encoding for a tryptophan-degrading 
enzyme (indoleamine 2,3-dioxygenase, IDO). Downstream effects of the increase 
in IDO-mediated conversion of tryptophan to kynurenine include reduced serotonin 
concentrations in paralimbic regions and increased production of neurotoxic trypto-
phan catabolites (TRYCATs) (quinolinic acid, 3-hyrdroxykynurenine, kynurenic 
acid). Several groups have implicated reduced tryptophan and TRYCATs in the 
pathogenesis of depression (Maes et al.  2011 ; Dantzer et al.  2011 ). Pro-infl ammatory 
cytokines have a reciprocal role in models of depression and vascular disease. They 
are both  triggered by  ischaemic cell damage and  contribute to  vascular disease. To 
illustrate this, IL-18, a marker of cardiovascular disease, has been implicated in 
atherosclerotic plaque development. 

 Glucocorticoids (GCs) signifi cantly infl uence CNS neuronal function and are rec-
ognised as being active in neurodegenerative processes, including hippocampal neu-
ronal degeneration. Increasing evidence suggests that GCs exact a greater effect in 
the context of excitotoxic or metabolic neuronal insult, including ischaemic injury. 
This is highly relevant to hypotheses of the interrelationship between depression, 
vascular disease, ischaemia and neuronal degeneration. Whilst the mechanisms of 
GC actions are yet to be fully elucidated, their role in glutamatergic tone, NMDA-
receptor signalling and neuronal plasticity has been described (Franklin et al.  2012 ). 
Furthermore, experimental and clinical evidence has demonstrated that GC elevation 
may result in an increase in pro-infl ammatory cytokines (Dantzer et al.  2011 ), thus 
establishing a critical link between the infl ammatory and glucocorticoid pathways. 
The reciprocal relationship has also been described, with IL-1, IL-6 and TNF- a  
reported to directly stimulate HPA activity (Turnbull and Rivier  1999 ). 

 The glucocorticoid hypothesis as relevant to the VaD construct proposes that the 
state of LLD itself may be inherently neurotoxic and increase dementia risk via 
HPA chronic activity and chronic glucocorticoid exposure (Vu and Aizenstein 
 2013 ). Specifi cally, reduced hippocampal neuroplasticity has been proposed 
(Pittenger and Duman  2008 ) and supported by meta-analysis of MRI studies in 
LLD, which found the hippocampus to be one of the areas most associated with 
grey matter volume loss (Vu and Aizenstein  2013 ). In a comparison of hippocampal 
volume loss, greater volume loss was found in late-onset LLD compared with early- 
onset LLD (Hickie et al.  2005 ), potentially differentially supporting the GC hypoth-
esis in the late-onset LLD group from the early-onset LLD group. Together with the 
aforementioned post-mortem neuropathological study by Tsopelas and colleagues 
( 2011 ), which found hippocampal grey matter changes in LLD independent of neu-
ropathological correlates of dementia, this evidence provides indirect support for 
the GC hypothesis.  

7.4.2     Oxidative Stress 

 Oxidative stress and neuroinfl ammation have been pathophysiologically linked, 
via neurovascular dysfunction and altered blood-brain barrier hyperpermeability, 
with neurological disorders including Alzheimer’s disease, epilepsy, multiple 
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sclerosis, traumatic brain injury and stroke. Given the high rates of depression in 
these neurological disorders and the fact that depression is an independent risk fac-
tor for morbidity and mortality in disorders characterised by vascular endothelial 
dysfunction (Serlin et al.  2011 ) (including cerebrovascular disease), the role of 
oxidative stress in depression has been actively pursued. Meta-analytic data sup-
port a robust and bidirectional relationship between medical disorders character-
ised by endothelial dysfunction and major depressive disorder (MDD) (Valkanova 
and Ebmeier  2013 ). An evidence base has emerged that implicates oxidative stress 
in the neurobiology of depression. Specifi cally, experimental and clinical evidence 
increasingly supports the role of oxidative stress, endothelial nitric oxide synthase 
(eNOS) uncoupling and lowered levels of endothelial nitric oxide (NO) in the 
pathogenesis of peripheral vascular endothelial dysfunction that has been associ-
ated with depression (Najjar et al.  2013 ). Najjar and colleagues (2013) proposed 
putative mechanisms of oxidative stress and neuroinfl ammation in major depres-
sion mediated via neurovascular unit dysfunction with blood-brain barrier hyper-
permeability. These mechanisms have already stimulated investigation of novel 
treatment targets (Scapagnini et al.  2012 ) for the effects of oxidative stress in vas-
cular endothelial dysfunction as relevant to depression and other ‘core’ neurologi-
cal disorders.  

7.4.3     Genetics 

 Genetic polymorphisms that increase vascular risk with LLD (Taylor et al.  2013a ) 
represent another exponentially expanding area of interest. The most widely cited 
are genetic variations associated with the renin-angiotensin system (RAS) (Kondo 
et al.  2007 ). RAS polymorphisms may have effects on hypothalamic-pituitary- 
adrenal (HPA) axis function (Annerbrink et al.  2010 ), monoamine neurotransmitter 
modulation (Baghai et al.  2002 ) and frontotemporal brain structure (Taylor et al. 
 2012 ), in addition to vascular effects mediated via blood pressure regulation and 
fl uid homeostasis. Associations have been reported between RAS AGTR1 variants 
and severity of WMH progression and antidepressant response. The possibility of 
earlier life depression resulting in epigenetic modifi cations of genes implicated in 
vascular homeostasis (Zill et al.  2012 ) and pro-infl ammatory activity (Miller et al. 
 2009 ; Surtees et al.  2008 ) has also been raised. Further studies are required to clar-
ify the potential role of genetic polymorphisms and epigenetics in the VaD 
territory.   

    Conclusion 
 The concept of vascular depression as it was proposed initially implied an aetio-
logical relationship between cerebrovascular disease and major depression and 
later became synonymous with an aetiological proposition. Our review suggests 
that the evidence in support of the VaD construct is not consistent. The support-
ive and nonsupportive evidence is summarised in Table  7.2 . Epidemiological 
data demonstrating a bidirectional association between vascular disease and 
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depression is robust, but this alone is insuffi cient to establish a causal relation-
ship. A close temporal fi t between diffuse cerebral SVD and incident depression 
is diffi cult to establish given methodological limitations, and there is limited 
evidence for a discrete VaD clinical phenotype. Evidence for heterogenous and 
interconnected pathomechanisms involving genetic, neurotransmitter, immune, 
oxidative and infl ammatory systems (Najjar et al.  2013 ) support new explanatory 
models of the association between depression and vascular disease whilst also 
opening the doors for the future development of novel therapeutic targets and 
interventions. In light of the evidence that has emerged since its initial proposal, 

   Table 7.2    Summary table evaluating supportive and equivocal/nonsupportive evidence for valid-
ity of the ‘vascular depression’ hypothesis   

 Supportive evidence  Equivocal and nonsupportive evidence 

 Subcortical ischaemic depression affects 
clinical presentation, long-term outcomes 
and response to antidepressant therapy, 
arguing that it is a valid diagnostic entity 
worth further study (Taylor et al.  2006 ) 

 The exponential increase age-related CVD 
prevalence is not paralleled by an exponential 
increase in depression prevalence in 
epidemiological studies 

 There is an increased frequency of 
subcortical WMHs in older people with 
depression compared with nondepression 
age-matched control subjects (Taylor et al. 
 2003a ) 

 Delineation of a specifi c clinical phenotype of 
vascular depression has not been possible. Whilst 
vascular depression is reported as more 
frequently associated with psychomotor 
retardation, executive dysfunction, anhedonia, 
reduced motivation and fatigue, these fi ndings 
have not been consistently replicated 

 Subcortical WMHs are more frequent in 
late-onset LLD when compared to 
early-onset LLD even following 
adjustment for age (Krishnan et al.  1997 ; 
Lavretsky et al.  1998 ) 

 The mechanism by which SVD directly results in 
depression has not been clarifi ed; current 
mechanistic hypotheses propose that immune and 
other non-vascular systems are of equal import to 
vascular disease. These systems are complex and 
integrated and do not function in isolation 

 Prospective studies have reported WMH 
burden to have predictive validity in 
relation to deterioration in depressive 
symptoms/long-term course (Steffens et al. 
 2002 ) and emergent depressive episodes 
(Godin et al.  2008 ) 

 A threshold model whereby vulnerability to 
depression is conferred by WMLs and 
precipitated by other biological and non-
biological triggers is plausible 

 A meta-analytic review found depressive-
executive dysfunction to correlate with 
poor antidepressant response, lower 
remission and higher relapse rates 
(McLennan and Mathias  2010 ) 

 No correlation has been demonstrated between 
manipulation of WMH lesion progression and 
depression outcomes (Taylor et al.  2006 ); thus, 
strictly WMHs cannot be defi ned as causal in 
relation to depression 

 Strategic location of WMHs has been 
reported to infl uence severity of depression 

 There is an absence of evidence (from secondary 
analysis of RCTs) that modifi cation or treatment 
of vascular risk factors, including hypertension, 
hyperlipidaemia and hyperhomocystinaemia, 
reduces the incidence of depression or reduces 
the severity of existing depressive symptoms 
(Almeida  2008 ) 

L. Taylor et al.



97

as a diagnostic construct, ‘vascular depression’ is arguably now somewhat mis-
leading in its agnostic ascription of vascular disease as  causative  of depression. 
Utility is however purpose dependent, and the construct has contributed signifi -
cantly to lines of research that have enabled the complexity of the association to 
begin to be disentangled. It is hoped that further development of such lines of 
research will deliver future novel therapeutic targets.
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   Abstract 
   Acute psychological stress induced in the laboratory can provoke myocardial 
ischemia in a substantial proportion of cardiac patients. This phenomenon, 
known as mental stress-induced myocardial ischemia (MSIMI), represents a 
“proof-of-concept” of the adverse effects of acute psychological stress on the 
heart in susceptible individuals. MSIMI clearly demonstrates that ischemic 
responses can be induced by relatively mild behavioral challenges similar to 
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those that might be encountered in everyday life and not merely by extreme emo-
tional stress. MSIMI has considerable prognostic signifi cance, since it is linked 
to about twofold increased risk of cardiac events and mortality. Despite this, 
MSIMI remains relatively understudied and underappreciated. Some subgroups 
of patients, such as women and individuals with depression, appear to be espe-
cially vulnerable to MSIMI for reasons that are not yet clear; whether MSIMI 
plays a role in the adverse outcomes associated with depression needs further 
study. MSIMI is clearly distinct from ischemia induced by conventional stress 
testing, such as exercise or pharmacological stress testing. It is typically without 
pain, generally not related to severity of coronary artery disease, and occurs at 
lower levels of oxygen demand. Stress-induced vascular changes, particularly 
increases in systemic vascular resistance, coronary artery vasomotion, and 
microvascular function, may all contribute to this pattern of ischemia. While 
evidence of effective interventions for MSIMI is still limited, emerging data sug-
gest that selective serotonin reuptake inhibitors and perhaps angiotensin- 
converting enzyme inhibitors might be benefi cial in patients with MSIMI, as 
well as behavioral interventions for stress reduction.  

8.1        Psychological Stress and Coronary Heart Disease 

 There is growing evidence that psychological stress can increase the risk of coro-
nary heart disease (CHD) or accelerate its natural course. Psychological stress can 
affect CHD risk factors such as hypertension and hyperinsulinemia, can promote 
progression of atherosclerosis, and can impair prognosis, recovery, and quality of 
life of patients who have survived an acute coronary syndrome such as a myocardial 
infarction (Steptoe and Kivimaki  2013 ). In a large international case-control study, 
stress was associated with a greater than twofold increase in the risk for myocardial 
infarction (Rosengren et al.  2004 ). 

 Acute stress, in particular, has been implicated in heart disease for more than a 
century and has been investigated using a number of approaches, from epidemio-
logical research to mechanistic studies, animal models, psychophysiological experi-
ments, and clinical investigations. From human studies there is evidence that bouts 
of anger, acute bereavement, intense fear, and extreme excitement can trigger an 
acute myocardial infarction or sudden cardiac death in susceptible individuals 
(Bhattacharyya and Steptoe  2007 ; Mostofsky et al.  2012 ,  2013 ; Steptoe and 
Kivimaki  2013 ). In addition, animal models, particularly nonhuman primates, have 
provided direct experimental evidence of the adverse cardiovascular effects of psy-
chological stress (Kaplan et al.  2009 ; Shively et al.  2009 ). 

 The autonomic nervous system is thought to be the mediator of such effects 
through its complex actions on cardiovascular hemodynamics, cardiac conduction, 
endothelial function, metabolism, immunity, coagulation, and infl ammation. In 
terms of acute stress, a sudden increase in sympathetic nervous system activation 
and/or acute vagal withdrawal may cause a rise in cardiac oxygen demands or acute 
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coronary vasoconstriction predisposing to myocardial ischemia and left ventricular 
dysfunction in susceptible individuals. Severe stress, accompanied by exaggerated 
sympathetic nervous system stimulation, can also induce myocardial stunning with 
severe, reversible left ventricular dysfunction (Wittstein et al.  2005 ). Furthermore, 
stress-induced autonomic changes can affect myocardial electrical stability increas-
ing the risk for cardiac arrhythmias (Lampert et al.  2002 ; Lane et al.  2005 ). 

 Acute physiological responses to a laboratory stressor predict cardiovascular 
risk status in longitudinal studies, suggesting that repeated exposure to acute 
stressors in everyday life can affect cardiovascular health and the risk for acute 
coronary syndromes in a cumulative fashion (Chida and Steptoe  2010 ; Treiber 
et al.  2003 ). Thus, several pathophysiological processes underlie the link between 
stress and an acute coronary event. Indeed, the current paradigm for the etiology of 
acute coronary syndromes is that of a “perfect storm,” i.e., the joint presence of 
many co-occurring pathophysiologic processes, in conjunction with environmental 
exposures, such as stressful situations, that confer vulnerability to a clinical event 
(Arbab-Zadeh et al.  2012 ).  

8.2     Mental Stress Testing and Cardiovascular Reactivity 

 Despite the available evidence from animal models and human observational stud-
ies, the demonstration of a causal link between stress and CHD in humans has been 
diffi cult to prove conclusively, due to variations in the defi nitions of stress, diffi cul-
ties in accurately measuring stressful exposures, and the complexities of determin-
ing cause and effect when dealing with naturally occurring stressful events. A useful 
method of assessing the infl uence of stress and emotion on cardiac function is to 
measure transient cardiovascular responses to a standardized psychological stress 
challenge in the laboratory, also known as “mental stress test,” by using techniques 
such as mental arithmetic, public speeches, or anger recall. This methodology has 
the advantage of experimental manipulation allowing the control of possible con-
founding factors and thus direct investigation of causal factors and mechanisms. 
Despite these advantages, this technique could have limited translational signifi -
cance since it is based on eliciting short-term responses to an acute stressor artifi -
cially administered in the laboratory. However, results of longitudinal studies have 
provided face validity to a possible link between mental stress-induced cardiovascu-
lar responses and future cardiovascular events. A recent systematic review con-
cluded that greater cardiovascular reactivity to mental stress (mostly defi ned as 
acute changes in blood pressure and heart rate with stress) and poor recovery from 
stress (defi ned as sustained cardiovascular activation above baseline levels during 
the post-task period) are associated longitudinally with poor cardiovascular risk 
status, with the most consistent associations being with incident hypertension and 
increases in systolic and diastolic blood pressure (Chida and Steptoe  2010 ). 
Neuroendocrine responses to mental stress, including changes in cortisol (Hamer 
et al.  2012 ; Hamer and Steptoe  2012 ) and catecholamines (Flaa et al.  2008 ), have 
also been related to future hypertension and other cardiovascular end points. 
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 Mental stress may affect the electrical properties of the heart; a mental stress task 
in CHD patients with defi brillators was associated with an increase in T-wave alter-
nans (a marker of myocardial electrical instability) and other measures of abnormal 
cardiac repolarization that have been related to arrhythmogenesis and sudden cardiac 
death (Kop et al.  2004 ; Lampert et al.  2009 ). Mental stress is also associated with a 
decrease in heart rate variability (Hamer and Steptoe  2007 ), a measure of the beat-to-
beat changes in heart rate in response to various stimuli, which is an accepted nonin-
vasive measure of overall cardiac autonomic function. Reduced heart rate variability 
predicts coronary heart disease in population studies, as well as mortality, particularly 
sudden death, following an acute myocardial infarction (Thayer and Lane  2007 ).  

8.3     Mental Stress-Induced Myocardial Ischemia 

 Within the mental stress-testing paradigm, one aspect that has drawn particular 
attention is myocardial ischemia induced by mental stress, defi ned as an imbalance 
between myocardial oxygen demand and supply. In clinical medicine, this imbal-
ance is traditionally thought to occur when there is an increase in demand due to 
physical exertion which cannot be met by an increase in myocardial blood fl ow 
because of an obstructive coronary stenosis. Yet this imbalance may also occur dur-
ing psychological stress and can be captured through a mental stress test, a phenom-
enon called mental stress-induced myocardial ischemia (MSIMI). The approach of 
using mental stress to test for inducible myocardial ischemia mirrors conventional 
exercise or pharmacological stress testing in clinical cardiovascular medicine, 
except that the stimulus employed is psychological rather than physical (Holmes 
et al.  2006 ; Strike and Steptoe  2003 ). 

 MSIMI has been assessed with a variety of techniques, including stress-induced 
regional or global parameters of left ventricular dysfunction (drops in ejection frac-
tion or new wall motion abnormalities) using radionuclide ventriculography or 
echocardiography, electrocardiographic changes, or, more recently, stress-induced 
perfusion abnormalities or reductions in blood fl ow using myocardial perfusion 
imaging (Strike and Steptoe  2003 ). The latter is considered the gold standard for 
ischemia detection, although echocardiographic assessments remain popular due to 
low cost and lack of radiation exposure. In general, however, there is limited cor-
respondence between indicators of regional/global left ventricular dysfunction and 
myocardial perfusion, and these may be measuring different processes (Arrighi 
et al.  2003 ; Krantz and Burg  2014 ). 

 A range of different stressful stimuli have also been used for mental stress test-
ing, mostly including public speaking, anger recall, mental arithmetic, or a combi-
nation of these. Overall, this literature indicates that MSIMI can be induced in 20 % 
to over 60 % of CHD patients, depending on study enrollment criteria and assess-
ment methods (Strike and Steptoe  2003 ; Wei et al.  2014 ). MSIMI is typically pain-
less and occurs at lower levels of oxygen demand than ischemia due to physical 
exertion (Burg et al.  1993 ; Deanfi eld et al.  1984 ; Gottdiener et al.  1994 ; Modena 
et al.  1989 ; Rozanski et al.  1988 ). In addition, MSIMI is generally not related to the 
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severity of coronary artery disease (Blumenthal et al.  1995 ; Gottdiener et al.  1994 ; 
Jain et al.  1998 ; Krantz et al.  1991 ; Ramadan et al.  2013 ), suggesting that it is not 
simply a refl ection of coronary disease severity, but an indicator of susceptibility to 
psychological factors (Strike and Steptoe  2003 ). Patients may develop ischemia 
with mental stress but not with exercise or pharmacological stress (Jain et al.  1998 ; 
Ramachandruni et al.  2006 ; Ramadan et al.  2013 ; Stone et al.  1999 ), and only about 
10–20 % of patients will be positive to both (Jiang et al.  2013 ; Ramadan et al.  2013 ). 

 Mental stress-induced (but not exercise-induced) myocardial ischemia correlates 
with ischemia measured in daily life ambulatory monitoring (Blumenthal et al. 
 1995 ; Stone et al.  1999 ). In addition, despite being usually silent when induced in 
the laboratory, MSIMI is associated with self-reported angina symptoms in every-
day life (Pimple et al.  2015 ). A recent study also found that propensity toward 
MSIMI in patients with CHD was related to an integrated measure of resting myo-
cardial velocities measured with Doppler echocardiography, as an indicator of sub-
clinical left ventricular dysfunction (Ersboll et al.  2014 ). This fi nding suggests that 
a more chronic form of asymptomatic ischemia could be present in these patients, 
extending the data mentioned above linking MSIMI to “silent” ambulatory ischemia 
and angina symptoms in daily life. As a whole, these data suggest that mental stress 
testing could provide a means for the identifi cation of patients vulnerable to myo-
cardial ischemia or chest pain syndromes due to emotional stress in everyday life.  

8.4     Prognostic Implications 

 All the results published to date have indicated that MSIMI is a predictor of poor 
prognosis. Several patient series followed from 1 to 5 years have found substantial 
increases, between 70 % and threefold, in cardiovascular events, revascularization 
procedures, and death comparing CHD patients with MSIMI with those without, 
independent of coronary disease severity and CHD risk factors (Burg et al.  1993 ; 
Jain et al.  1995 ; Jiang et al.  1996 ; Krantz et al.  1999 ; Sheps et al.  2002 ). For exam-
ple, in the Psychophysiological Investigations of Myocardial Ischemia (PIMI) study 
of 196 patients with CHD, the all-cause mortality rates were 16.2 % in mental 
stress-positive and 6.6 % in mental stress-negative patients, a difference that 
remained signifi cant after adjusting for age, history of myocardial infarction and 
diabetes, baseline ejection fraction, hypertension, and duration of exercise tolerance 
tests. Similarly, in the study by Jiang et al. ( n  = 126), patients with MSIMI had a 
2.8-fold increased risk for a cardiac event during a 5-year follow-up, while there 
was no signifi cant increase in risk with exercise-induced ischemia (Jiang et al. 
 1996 ). Although the numbers of patients followed longitudinally are small, a recent 
meta-analysis pooled these data (Wei et al.  2014 ). The pooled fi ve prospective stud-
ies included a total of 555 patients with CHD (85 % male) and 117 events with a 
range of follow-up from 35 days to 8.8 years. In the pooled analysis, MSIMI was 
associated with a twofold increased risk of a combined end point of cardiac events 
or total mortality (relative risk 2.2, 95 % confi dence interval 1.6–3.1). No heteroge-
neity was detected, since the effect estimate was similar across the studies (Fig.  8.1 ).
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   Thus, although larger prospective studies, including more diverse patient popula-
tions, are clearly needed, current evidence suggests that myocardial ischemic 
responses to standardized mental stress are clinically signifi cant, may be an index of 
ambulatory ischemia occurring in everyday life, and carry a prognostic signifi cance 
similar to exercise-induced ischemia.  

8.5     Potential Mechanisms 

 The mechanisms behind MSIMI are not entirely clear. As mentioned above, MSIMI 
is not related to severity of obstructive coronary artery disease (Blumenthal et al. 
 1995 ; Gottdiener et al.  1994 ; Jain et al.  1998 ; Krantz et al.  1991 ; Ramadan et al. 
 2013 ), which is an important difference as compared with myocardial ischemia 
induced by conventional methods such as exercise stress testing. 

8.5.1     Hemodynamic Workload 

 MSIMI may be the result of heightened hemodynamic workload during psychologi-
cal stress in susceptible individuals, such as a rapid increase in blood pressure and 
heart rate. It is clear, however, that myocardial ischemia in response to mental stress 
occurs at a lower rate-pressure product than exercise-induced ischemia in the same 
patients, although stress-induced increases in blood pressure and heart rate tended 
to be larger in patients who developed MSIMI than those who did not in some stud-
ies (Goldberg et al.  1996 ; L’Abbate et al.  1991 ; Miller et al.  1993 ; Rozanski et al. 
 1988 ; Schiffer et al.  1980 ). Thus, other factors besides increased hemodynamic load 
with stress must be implicated in MSIMI.  
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8.5.2     Increased Peripheral Vascular Resistance 

 The PIMI study clearly demonstrated that CHD patients who develop MSIMI have 
increase in systemic vascular resistance, and the drop in left ventricular ejection 
fraction (an indicator of myocardial ischemia) during mental stress was inversely 
correlated with the changes in systemic vascular resistance (Goldberg et al.  1996 ). 
These fi ndings, which have been replicated in other studies (Jain et al.  1998 ; 
Ramadan et al.  2013 ), suggest that MSIMI is secondary to an increase in afterload 
caused by peripheral vasoconstriction. By contrast, systemic vascular resistance is 
decreased by exercise (Goldberg et al.  1996 ; Jain et al.  1998 ). Even among healthy 
volunteers, left ventricular ejection fraction reductions with mental stress were neg-
atively correlated with systemic vascular resistance (Becker et al.  1996 ). Thus, both 
in people with and without CHD, MSIMI is associated with increases in systemic 
vascular resistance and afterload. These effects may be secondary to centrally medi-
ated neurogenic peripheral vasoconstriction. Indeed, plasma catecholamines 
increase rapidly with mental stress (Becker et al.  1996 ; Goldberg et al.  1996 ) and 
correlate with hemodynamic changes (Goldberg et al.  1996 ). Others have found that 
the rise in plasma catecholamines correlate with decreases in ejection fraction dur-
ing mental stress (Kuroda et al.  2000 ). However, elevation in catecholamines tends 
to be lower with mental stress than with exercise stress, and their relationship with 
MSIMI is not entirely consistent across studies (Goldberg et al.  1996 ). 

 Recent investigations have directly measured peripheral arterial tone in relation 
with MSIMI using a peripheral arterial tonometry (PAT) device (Burg et al.  2009 ; 
Hassan et al.  2009 ; Ramadan et al.  2013 ). This device measures changes in digital 
microvascular tone with stress as the ratio of pulse wave amplitude during mental 
stress compared with baseline (pre-stress). In these studies, the peripheral arterial 
tonometry ratio during mental stress was consistently lower in patients who devel-
oped MSIMI compared with those who did not develop MSIMI, therefore confi rm-
ing that MSIMI is associated with peripheral vasoconstriction.  

8.5.3     Abnormal Coronary Artery Function 

 In addition to increasing myocardial ischemia risk by affecting afterload, peripheral 
vasoconstriction may be a correlate of abnormal vasomotion in the coronary terri-
tory, which may induce ischemia through coronary vasoconstriction or a slow-fl ow 
phenomenon. Indeed, mental stress has been associated with paradoxical vasocon-
striction or reduced blood fl ow in coronary vessels (Kop et al.  2001 ). However, 
reported responses are highly variable, varying from constriction to dilation (Dakak 
et al.  1995 ; Kop et al.  2001 ; L’Abbate et al.  1991 ; Lacy et al.  1995 ; Yeung et al. 
 1991 ). Coronary artery responses to mental stress correlate with the response to an 
infusion of acetylcholine, suggesting that coronary endothelial dysfunction plays a 
role (Yeung et al.  1991 ). That endothelial function is implicated is also shown by the 
fi nding that, peripherally, even a brief period of mental stress induces prolonged 
endothelial dysfunction in the brachial artery (Ghiadoni et al.  2000 ). 
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 Although vasoconstriction in the epicardial coronary arteries as a result of men-
tal stress may reduce myocardial blood fl ow and thus result in myocardial ischemia, 
the degree of constriction of epicardial coronary arteries may not be suffi cient to 
explain the decrease in coronary fl ow during mental stress. It has been proposed that 
vasomotor abnormalities in the coronary microvasculature also play a role, second-
ary to stress-induced sympathetic nervous system activation via adrenergic recep-
tors in the vascular system (Arrighi et al.  2000 ; Dakak et al.  1995 ; Kop et al.  2001 ). 
Abnormalities in coronary microvascular fl ow can be reversed by α-adrenergic 
blockade via intracoronary administration of phentolamine, suggesting that the 
sympathetic nervous system plays a role (Dakak et al.  1995 ).  

8.5.4     Confluence of Mechanisms 

 The current mechanistic model for MSIMI suggests a complex etiology resulting 
from a confl uence of factors, including coronary vasomotor abnormalities (inade-
quate dilation and/or constriction) and microvascular dysfunction in the setting of 
augmented oxygen demands. The latter may include stress-induced increase in 
blood pressure and heart rate and stress-induced increase in afterload due to periph-
eral vasoconstriction. CHD risk factors might contribute through oxidative stress 
and infl ammation, although most studies have not found an association between 
MSIMI and unfavorable CHD risk factor profi le (Jiang et al.  2013 ; Ramadan et al. 
 2013 ). Although few data are available, it is possible that dysregulation of the auto-
nomic nervous system and of the hypothalamic-pituitary-adrenal axis may predis-
pose to MSIMI, especially in subjects with early life traumas or with chronic or 
repeated daily stressors, depression, and other psychosocial risk factors. While the 
exact biochemical pathways are not known, a recent metabolomic analysis from the 
REMIT (Responses of Mental Stress-Induced Myocardial Ischemia to Escitalopram 
Treatment) trial has implicated several compounds, including kynurenine, uric acid, 
tyrosine, and methionine (Boyle et al.  2015 ). Increased hypercoagulability may also 
play a role, as heightened mental stress-induced platelet aggregation responses to 
collagen, epinephrine, and serotonin have been described during mental stress in 
patients who developed MSIMI compared with those who did not develop MSIMI 
(Jiang et al.  2015 ).   

8.6     Sex Differences 

 Unfortunately, most studies of MSIMI were carried out predominantly in men, and 
if women were included, the sample was often too small to allow comparisons by 
sex (Strike and Steptoe  2003 ; Wei et al.  2014 ). In addition, the study populations 
mostly included patients with broad coronary disease diagnoses and few patients 
with a previous myocardial infarction, a subgroup where women face higher risks. 
Recent studies where more women were included, however, suggest that MSIMI is 
more common in women than in men. In a sample of patients with stable coronary 
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artery disease, Jiang et al. reported that there was a higher prevalence of MSIMI, 
assessed by echocardiography, in women than in men (Jiang et al.  2013 ; Samad 
et al.  2014 ). In a study of young patients with a recent myocardial infarction 
designed to specifi cally address sex differences in MSIMI, women up to age 
50 years had twice the rate of MSIMI compared with age-matched men, a difference 
that was not observed among older patients (Vaccarino et al.  2014 ). Myocardial 
ischemia was assessed with myocardial perfusion imaging, and results were not 
explained by traditional cardiovascular risk factors, severity of coronary artery dis-
ease, or even behavioral and psychosocial factors. 

 It is unclear why MSIMI is more common in women, especially young women. 
This fi nding is not due to greater hemodynamic responses to stress in female 
patients, since hemodynamic changes with mental stress are similar in women and 
men (Becker et al.  1996 ; Steptoe et al.  1996 ; Vaccarino et al.  2014 ). A possible 
mechanism is the higher burden of psychosocial risk factors in women, especially 
young women, including depression, early life adversities, and low socioeconomic 
resources (Mallik et al.  2006 ; Samad et al.  2014 ; Vaccarino et al.  1999 ,  2014 ). 
Furthermore, vasomotor tone could play a role, since women are thought to be more 
susceptible to abnormal vasomotor reactivity and microvascular dysfunction in the 
coronary bed than men, mechanisms that are thought to play a role in MSIMI 
(Pepine et al.  2010 ; von Mering et al.  2004 ; Wong et al.  2002 ).  

8.7     Depression and Other Psychological Correlates 

 There is increasing evidence that MSIMI is associated with certain psychological 
traits. Emotional reactivity in everyday life (exhibiting substantial variations of 
 self- reported tension levels) (Carels et al.  1999 ), as well as anxiety and depres-
sion, has been correlated with myocardial ischemia during mental stress but, in 
general, not with exercise (Boyle et al.  2013 ; Burg et al.  2014 ; Carels et al.  1999 ; 
Wei et al.  2014 ). Aggressive responding, hostile affect, and trait and state anger 
also occur more often in patients with ischemic responses during mental stress 
(Burg et al.  1993 ; Pimple et al.  2015 ). 

 The link between depression and MSIMI is emerging as especially signifi cant in 
recent studies. An analysis of the REMIT trial, including more than 300 predomi-
nantly older white men with CHD, showed that depressive symptom severity, based 
on the Beck Depression Inventory-II (BDI-II), predicted the occurrence of MSIMI 
defi ned primarily by measures of left ventricular dysfunction and wall motion abnor-
malities using echocardiography (Boyle et al.  2013 ). Similarly, in a smaller but more 
diverse sample of young patients enriched with women and minorities, who were all 
hospitalized for an acute myocardial infarction in the previous 6 months, depressive 
symptoms measured with the BDI-II were associated with severity of MSIMI assessed 
with myocardial perfusion imaging (Wei et al.  2014 ). Patients underwent single-pho-
ton emission computed tomography (SPECT) scans at rest, after mental stress (speech 
task), and after exercise or pharmacological stress. There was a signifi cant positive 
and graded association between depressive symptom severity and a summed 
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difference score quantifying myocardial ischemia with mental stress. After adjust-
ment for demographic and lifestyle factors, disease severity, and medications, each 
1-point increase in BDI-II score was associated with 0.14 points higher SDS; in con-
trast, depressive symptoms were not associated with ischemia induced by conven-
tional methods (exercise or pharmacological stress) (Fig.  8.2 ). Furthermore, when 
somatic and cognitive depressive symptoms were examined separately, both somatic 
[beta = 0.17; 95 % CI, 0.04, 0.30;  P  = 0.01] and cognitive symptoms [beta = 0.31; 95 % 
CI, 0.07, 0.56;  P  = 0.01] were signifi cantly associated with MSIMI. A clear dose-
response association between depressive symptoms and MSIMI is illustrated when 
the BDI-II total score is categorized into quintiles (Fig.  8.3 ).

    Results were consistent in a third recent study of 146 patients with stable CHD, 
who underwent SPECT myocardial perfusion imaging at rest and during mental 
stress using mental arithmetic (Burg et al.  2014 ). A BDI score in the depressed 
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range was associated with an almost threefold greater odds of new or worsening 
impairment in myocardial perfusion comparing baseline to mental stress (odds ratio 
= 2.9; 95 % CI, 1.3–6.6;  P  = 0.01), which remained signifi cant in models controlling 
for CHD risk factors and medications. Based on these consistent fi ndings, depressed 
patients with CHD appear to be susceptible to MSIMI. It is therefore possible that 
at least part of the increased risk of cardiac event recurrence and mortality associ-
ated with depression may be attributable to MSIMI or the co-occurrence of MSIMI 
with other adverse pathophysiological processes associated with depression.  

8.8     Treatment of MSIMI 

 Emerging evidence suggests that MSIMI is amenable to intervention with behavioral 
and medication approaches. Blumenthal et al. found that 31 male patients with estab-
lished CHD and ambulatory or mental stress-induced myocardial ischemia, who 
were randomly assigned to 4 months of stress management training (1.5-h weekly 
class on stress management), tended to have a lower number of events over a 5-year 
follow-up than 26 patients randomized to exercise training (aerobic exercise three 
times per week), and medical costs were also lower (Blumenthal et al.  2002 ). This 
study, however, did not specifi cally measure the effects of treatment on MSIMI. The 
recent REMIT trial demonstrated that antidepressant treatment may be helpful in 
MSIMI. Among 127 patients with stable CHD and baseline MSIMI, 6 weeks of 
treatment with escitalopram, a selective serotonin reuptake inhibitor, compared with 
placebo, resulted in a lower rate of MSIMI (odds ratio of absence of MSIMI, 2.62 
[95 % CI, 1.06–6.44]), while there was no statistically signifi cant impact of treatment 
on exercise-induced ischemia (Jiang et al.  2013 ). The effects of escitalopram on 
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MSIMI were not due to changes in depression, trait anxiety, or perceived stress, for 
which there were no differences between groups. However, the treatment resulted in 
benefi cial physiological responses, including a reduction in markers of platelet activ-
ity and improvements in hemodynamic responses to mental stress (heart rate and 
rate-pressure product). These encouraging results need replication in larger trials. 

 Future studies should consider more therapeutic approaches and whether the 
reduction in MSIMI translates into better cardiovascular outcomes in larger and 
more diverse patient populations. Certain cardiovascular medications, especially 
angiotensin-converting enzyme (ACE) inhibitors, may also be potentially useful. In 
a recent retrospective analysis of 218 patients with stable CHD, those using ACEI 
therapy displayed less than half the risk of MSIMI (assessed with SPECT myocar-
dial perfusion imaging) but not with physical stress (Ramadan et al.  2013 ). This 
possible benefi cial effect of ACEIs on MSIMI may be due to the well-established 
role of angiotensin II in the physiological response to stress, as well as its effects on 
endothelial function, and warrant further study (Saavedra et al.  2011 ).  

8.9     Conclusions and Clinical Implications 

 MSIMI is a prevalent phenomenon in CHD patients, but may also occur in the pre-
clinical phases of CHD and potentially play a role in triggering acute coronary syn-
dromes. While larger studies are needed in more representative populations, available 
evidence thus far identifi es MSIMI as a distinct phenomenon from ischemia induced 
by conventional stress testing, with unique pathophysiological mechanisms. Although 
few prospective studies have been conducted, all point to MSIMI as a signifi cant inde-
pendent predictor of subsequent cardiac events and mortality, with approximately a 
doubling of risk. There is substantial variability in the ischemic responses to mental 
stress; young women and depressed patients appear especially vulnerable to 
MSIMI. Thus, MSIMI may potentially help explain the increased risk for adverse 
outcomes in these subgroups and inform effective interventions. However, MSIMI 
has essentially been ignored by much of recent clinical research, and its applicability 
to cardiac care has not been assessed. Thus, currently it remains premature to advo-
cate mental stress testing as part of the routine clinical workup of patients with sus-
pected or established CHD. Until more data are gathered regarding its clinical 
applicability, mental stress testing remains a powerful means of investigation of the 
role of psychological stress in CHD and an effective method for elucidation of patho-
physiological mechanisms linking emotional stress to cardiovascular risk.     
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   Abstract 
   Neuropsychological impairment is one of the most common and persistent 
symptoms of depressive disorders. Studies indicate impairment in the domains 
of executive functions, attention, and memory. However, a defi nite profi le of 
these impairments has yet not been identifi ed possibly due to the fact that the 
neuropsychological performance is infl uenced by several clinical and demo-
graphic factors, e.g., depression subtype, rumination, and age. Depression also 
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further deteriorates cognitive performance of brain-damaged patients. 
Impairments improve with remission of the disorder but do often not reverse 
completely. In addition, they have an important clinical impact and are posi-
tively related to suicidality, poor treatment response, and reduced everyday 
functioning. Therefore, effective treatment is needed. First results raised hope 
that neuropsychological impairment in depression is successfully treatable 
with neuropsychological therapy, training of mindfulness, specifi c antidepres-
sants, and new neurobiological treatments such as transcranial magnet 
stimulation.  

9.1        Introduction 

 Neuropsychological impairment is one of the most common and persistent symp-
toms of depressive disorders. Conradi et al. ( 2011 ) demonstrated that neuropsy-
chological impairment is present in more than 90 % of patients with major 
depressive disorder (MDD). In their study sample, up to 66 % of the patients still 
suffered from neuropsychological impairment in a 3-year course of MDD. In 
addition, in 44 % of the fi nally remitted patients, neuropsychological impairment 
remained present. According to the  Diagnostics and Statistical Manual of Mental 
Disorders ,  Fifth Edition  (DSM-5 American Psychiatric Association  2013 ) and 
the  International Classifi cation of Diseases  (ICD-10 WHO  1991 ), neuropsycho-
logical symptoms of MDD are characterized by reduced abilities to concentrate 
and impaired decision- making processes. Neuropsychological research has con-
fi rmed impairment in MDD patients predominantly in the domains of attention, 
memory, and executive functioning. Depression also further deteriorates cogni-
tive performance of brain- damaged patients such as patients with cerebrovascu-
lar disease. 

 Historically, researches attempted to characterize the profi le of neuropsycho-
logical impairment in depression more precisely in order to differentiate depres-
sion from dementia and in order to make conclusions about specifi c 
neurobiological dysfunctions (Keefe  1995 ). These aims are still relevant but 
somewhat pushed into the background for different reasons. First, research 
could not establish a neuropsychological profi le highly specifi c for depression 
making differential diagnosis on the basis of test results challenging. In addi-
tion, modern imaging methods give increasingly precise insights into the neuro-
biology of depression and, thus, reduce the hereof relevance of neuropsychological 
test results. More recently, researchers focus on factors that infl uence neuropsy-
chological performance in depression. There is also hope that the discovery of 
endophenotypes may enable researchers to describe neuropsychological defi cits 
in depression more precisely and specifi cally. In addition, clinicians and 
researches increasingly emphasize the clinical implications of neuropsychologi-
cal defi cits and the need for effective treatment strategies. First results raised 
hope that cognitive defi cits in affective disorders are successfully treatable.  
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9.2     Magnitude, Profile, and Course of Neuropsychological 
Impairment 

9.2.1     Magnitude of Neuropsychological Impairment 

 Estimations of the degree of neuropsychological impairment in depression indicate 
a statistically moderate magnitude. In a meta-analysis by Christensen et al. ( 1997 ), 
a defi cit in neuropsychological function of, on average, −0.63 standard deviations 
below that of healthy controls has been reported in patients with depression. This 
outcome is in line with studies from our group (Beblo et al.  1999 ,  2010 ; Lahr et al. 
 2007 ). Gualtieri and Morgan ( 2008 ) reported that patients with mood disorders, on 
average, may exhibit mild to moderate neuropsychological impairment. However, 
they report that 21 % of patients with unipolar depression and 30 % of patients with 
bipolar disorder demonstrate severe and clinically relevant impairment (defi ned as 
test performance at least two standard deviations below normative values in at least 
two cognitive domains). Similar results were only found in 4 % of healthy 
controls. 

 We found that self-reports indicate much stronger neuropsychological impair-
ment than neuropsychological tests (Lahr et al.  2007 ). One possible explanation of 
this fi nding relates to the essential difference between the requirements of neuro-
psychological test settings and the demands of everyday life. That is, the presenta-
tion of a well-circumscribed task in the highly structured context of a 
neuropsychological examination where all disturbing and distracting infl uences are 
excluded and where the subject’s performance is continuously monitored by the 
examiner may enable the patient to perform almost normally. By contrast, tasks of 
everyday life are much less structured and frequently more complex than psycho-
metric tests. They have often to be self-organized and self-paced and are susceptible 
to various kinds of external disturbances and distractions. Also, rumination might 
be triggered more likely in everyday life because everyday life is often character-
ized by situations that are related to the depressive disorder, e.g., dysfunctional fam-
ily patterns. This is highly relevant because rumination is a major symptom of 
MDD, and rumination is known to impair cognitive performance of MDD patients 
(Beblo et al.  2011 ). However, the discrepancy between subjective cognitive com-
plaints and neuropsychological test performance may also be explained by the 
patients’ negatively biased self-perception and the often questioned validity of 
self-ratings.  

9.2.2      Profile of Neuropsychological Impairment 

 A huge number of studies have investigated neuropsychological performance in 
depressed patients. Studies covering different neuropsychological domains docu-
ment neuropsychological impairment in depressed patients primarily in the areas of 
attention, executive function, and memory (Beblo and Lautenbacher  2006 ). With 
respect to the profi le of these dysfunctions, many original studies came to 
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confl icting results, and researches came to diverging evaluations in reviews. It is to 
conclude that a neuropsychological profi le specifi c for depression has yet not been 
established (Beblo et al.  2011 ; Drevets et al.  2008 ; Murphy et al.  2003 ; Porter et al. 
 2007 ). 

 In the domain of attention, impairments of selective attention, divided attention, 
and vigilance have been reported. It is still a matter of debate whether depressed 
patients show cognitive slowing. Christensen et al. ( 1997 ) concluded from their 
meta-analysis that depressed patients show impaired performance on timed tasks. 
However, it remains unclear whether this impairment is due to a slowing of cogni-
tive processing or slowing of motor skills or, alternatively, has to be regarded as a 
consequence of increased rumination. It has also been suggested that patients with 
MDD primarily show defi cits in “effortful tasks” (Porter et al.  2007 ). As compared 
to automatic processing, effortful processing requires increased attentional and 
executive resources (Hasher and Zacks  1979 ). However, results have been 
controversial. 

 An additional domain of impaired cognitive function in depression is related to 
explicit memory function and learning. There have been several attempts to inter-
pret learning defi cits as a result of impaired attention or impaired effortful process-
ing; however, learning defi cits probably go beyond attention dysfunction. Depressed 
patients also exhibit a decreased specifi city of autobiographical memories and 
report rather general autobiographical memories (so-called overgeneralized auto-
biographical memories (Williams and Scott  1988 )). These impairments seem to pre-
dict a more severe course of depression with longer and more frequent depressive 
episodes (Kircanski et al.  2012 ). Reduced autobiographical specifi city seems to be 
related to reduced goal specifi city; thus, reduced specifi city is not only related to the 
representation of the past but also to the representation of the future (Belcher and 
Kangas  2014 ). It was shown that overgeneralized memory might be caused by exec-
utive dysfunctions, in particular defi cits in cognitive control and inhibition 
(Kircanski et al.  2012 ). With respect to implicit memory and short-term memory, it 
remains unclear whether they are typically impaired in depression. 

 Recently it has been speculated that depressive patients may show the most 
severe impairment with respect to executive functions (Ros et al.  2013 ; Snyder 
 2013 ). However, many different subfunctions seem to be affected. With regard to 
more basic executive functions, fl uency, fl exibility, inhibition, and working memory 
(cognitive control) are impaired. With respect to word fl uency, research shows that 
category naming (e.g., animals) is more heavily affected than letter fl uency (e.g., 
words beginning with the letter “S” (Henry and Crawford  2005 )). Several studies 
have also reported defi cits in complex executive functions such as planning, 
decision- making, problem-solving, and conceptualization (Beblo and Lautenbacher 
 2006 ). Possibly, more basic impairments such as reduced fl exibility contribute to 
these more complex dysfunctions (Cella et al.  2010 ; Shamay-Tsoory et al.  2009 ). 

 In addition to the reduced abilities in attention, memory, and executive function, 
some studies have also shown visuospatial defi cits in depression. However, several 
researchers have suggested that these fi ndings are less defi nite (Austin et al.  1992 ; 
Pálsson et al.  2000 ). Neuropsychological syndromes such as aphasia, apraxia, or 
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agnosia have not been reported for depressed patients without comorbid neurologi-
cal disorders.  

9.2.3     Course of Neuropsychological Impairment 

 The reversibility of neuropsychological impairment among patients has been inves-
tigated in patients with euthymia and prospective studies. During the course of an 
acute episode of depression, it has been reported that cognitive defi cits improve 
with remission of the disorder, most likely among patients with early life major 
depression (Maeshima et al.  2013 ) and early onset (Delaloye et al.  2010 ). However, 
in many cases neuropsychological defi cits do not reverse completely and are, there-
fore, not only regarded as a state but also as a trait marker of the affective disorder. 
A defi nite profi le of residual neuropsychological defi cits has not been identifi ed. 

 Several reasons have been discussed for persistent cognitive defi cits. On the one 
hand, it has been suggested that neuropsychological defi cits form part of residual 
symptoms of depression or part of a sub-threshold depression. This interpretation is 
in line with fi ndings that demonstrate structural changes of the brain in depressed 
patients, especially in those with late-onset depression (Marano et al.  2015 ). It was 
also shown that patients with late-life depression show worse cognitive performance 
(Korten et al.  2014 ; Mackin et al.  2014 ). On the other hand but not necessarily in 
confl ict with these fi ndings, some studies indicate that neuropsychological impair-
ments may sum up over the course of the disorder. That is neuropsychological 
impairment may be particularly serious not only in patients with late-onset depres-
sion but also in those who suffer from many depressive episodes during lifetime. 
Gorwood et al. ( 2008 ) showed in a large sample of 8,229 MDD patients that memory 
performance diminished by 2–3 % per previous episode of depression (calculated up 
to four episodes). Hasselbalch et al. ( 2013 ) found associations between the cumula-
tive duration and number of depressive episodes and neuropsychological perfor-
mance. Gorwood et al. ( 2008 ) conclude from their fi ndings that neurotoxic effects of 
stress hormones (e.g., cortisol) on the hippocampus coming from stress and depres-
sion might be responsible for diminished neuropsychological performance which is 
exacerbated with increasing numbers of depressive episodes. This interpretation is 
supported by studies which have established an association between duration of the 
mood disorder/numbers of episodes and the degree of hippocampal damage 
(Mckinnon et al.  2009 ). These results and conclusions are also in agreement with the 
“kindling hypothesis” (Post  1992 ). This hypothesis suggests that depressive episodes 
become progressively independent of external triggers due to neurobiological 
changes as a consequence of repeated previous stressors and repeated previous epi-
sodes. However, these fi ndings could also be interpreted in a way that a longer his-
tory of depression indicates a more severe type of depression with more prominent 
cognitive defi cits and more pronounced neurobiological abnormalities. It is also pos-
sible that not depression itself but associated factors such as comorbid substance 
abuse may lead to neurotoxic effects and to a progressive decline of neuropsycho-
logical functioning in the course of the disorder (Delaloye et al.  2010 ).   
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9.3     Related Clinical and Demographic Factors 

 Some authors (e.g., Beblo and Herrmann ( 2000 ); Porter et al. ( 2007 )) have sug-
gested a more differentiated view on the relationship between depression and neu-
ropsychological impairment by defi ning demographic and clinical factors that 
infl uence this relationship (Table  9.1 ).

9.3.1       Subtypes of Mood Disorders and Endophenotypes 

 It is not surprising that more severe mood disorders are associated with more severe 
neuropsychological defi cits. For example, patients with MDD have more severe 
neuropsychological defi cits compared to those with dysthymia (persistent depres-
sive disorder) (Pálsson et al.  2000 ) and those with minor depression (Mesholam- 
Gately et al.  2012 ) but less defi cits compared to bipolar patients (Burt et al.  2000 ). 
The results of other studies emphasize that differences between MDD and bipolar 
patients are also related to the neuropsychological profi le (Taylor Tavares et al. 
 2007 ). MDD patients that additionally fulfi ll diagnoses of MDD subtypes with 
additional psychopathological symptoms (e.g., melancholic or psychotic subtype) 

   Table 9.1    Infl uencing factors for the neuropsychological performance of patients with affective 
disorders   

 Variables  Neuropsychological relevance 

 DSM subtypes  Defi cits: 

 Bipolar > unipolar 

 Bipolar I > bipolar II 

 Major depression > dysthymia 

 Melancholia > no melancholia 

 Psychotic symptoms > no psychotic symptoms 

 Endophenotypes  Possibly relevant 

 Severity/diurnal swings  More defi cits in the morning, rather low associations 
between defi cits, and severity within a certain 
subtype of the disorder 

 Processing bias  Favors processing of negative information 

 Experience of failure  Worse impact than for healthy subjects 

 Rumination  More defi cits with rumination 

 Sleep disturbances  Negative impact 

 Suicidal tendencies  More (executive) defi cits with suicidal tendencies 

 Psychiatric comorbidity  With additional alcohol abuse or anxiety > without 

 Attention-defi cit hyperactivity disorder, possibly 
relevant borderline personality disorder; cannabis 
use, possibly irrelevant 

 Age and onset  More defi cits with increasing age and late onset 

 Motivation, education, gender, appetite/
weight loss, traumatization, personality 

 Possibly relevant 

T. Beblo



129

also show poorer neuropsychological functioning (Fleming et al.  2004 ; Michopoulos 
et al.  2008 ). Withall et al. ( 2010 ) found for patients with melancholic compared to 
patients with non-melancholic subtypes of MDD not only poorer performance but 
also a longer time for neuropsychological recovery. Quinn et al. ( 2012 ) stated that 
differences between melancholia and non-melancholia go beyond a simple varia-
tion on severity and include differences of the defi cit profi le. With respect to bipo-
lar patients, patients with bipolar disorder Type I demonstrated stronger 
neuropsychological impairment compared to patients with bipolar disorder Type II 
(Hsiao et al.  2009 ; Torrent et al.  2006 ). 

 Hasler and colleagues ( 2004 ) regard mood disorders as aggregation of various 
psychopathological and biological clusters. These clusters (“endophenotypes”) are 
genetically and phenomenologically more homogenous and might act as a promis-
ing basis for the formulation of etiologically based subtypes of mood disorders with 
distinct neuropsychological profi les. Along these lines, Drysdale et al. ( 2013 ) sug-
gested defi cits in verbal learning and semantic verbal fl uency in bipolar and MDD 
patients who carry a certain risk haplotype on chromosome 4.  

9.3.2     Depression Severity and Diurnal Swings 

 Specifi er of depressive disorders that requires additional psychopathological symp-
toms (e.g., with psychotic symptoms) represents a more severe subtype of the disorder 
and is related to a more severe impairment of cognitive functions as described above. 
In addition, some types of depression, such as melancholic subtype of MDD, are 
characterized by diurnal swings, with symptoms of depression reportedly worse in the 
morning compared to the evening. Research investigating neuropsychological func-
tion in these patients demonstrates neuropsychological profi les that refl ect this diurnal 
pattern of depressive symptoms with poorer neuropsychological performance in the 
mornings compared to the evenings (Moffoot et al.  1994 ; Porterfi eld et al.  1997 ). 

 By contrast, many studies failed to fi nd a correlation between current symptom 
severity within a certain diagnostic category and neuropsychological test perfor-
mance (for review, see Beblo and Lautenbacher  2006 ; Beblo et al.  2011 ). Sarapas 
et al. ( 2012 ) found neuropsychological test performance to be associated with past 
average depression severity but not current depression severity indicating that more 
severe symptoms may have a damaging effect on cognitive functioning long term 
but not immediately.  

9.3.3     Specific Depressive Symptoms 

 The observation that some subtypes of depression are related to the neuropsycho-
logical performance whereas depression severity in general is not, is in agreement 
with the fi nding that neuropsychological performance is particularly related to some 
symptoms. Several psychological symptoms, sleep disturbances, suicidality and 
appetite appear to be especially relevant. 
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9.3.3.1     Cognitive-Emotional Factors 
  Motivation     Patients with depression very often report diminished drive and moti-
vation which sometimes leads to the assumption that cognitive defi cits observed in 
patients with depression are due to reduced motivation. Contrary to this assumption, 
it has been observed that patients with depression are well motivated during neuro-
psychological testing. Moreover, patients put themselves under pressure and wish to 
meet the expectations of the neuropsychologist during neuropsychological testing. 
In agreement with these contradicting observations, research came to confl icting 
results (Benitez et al.  2011 ; Richards and Ruff  1989 ; Scheurich et al.  2008 ). 
However, motivational defi cits seem to be more relevant for cognitive function for 
day-to-day tasks rather than in an artifi cial neuropsychological testing environment 
(Lahr et al.  2007 ). More research is clearly needed to estimate the impact of motiva-
tion on cognitive performance in depressed patients.  

  Biased Processing     Cognitive models of depression such as the model of Beck 
( 1967 ) suggest that depressed patients show biased processing of emotional infor-
mation favoring negative contents. Except for evidence from cognitive and clinical 
psychology, these assumptions were also confi rmed by neuropsychological research. 
Everaert et al. ( 2012 ) pointed out that this bias occurs on different stages of infor-
mation processing. 

 With respect to attention and working memory, Gotlib and Joormann ( 2010 ) 
infer from current studies that an attentional bias for negative information may pri-
marily be evident in later stages of attentional processing. In particular, depressed 
patients show a reduced executive control with defi cits to disengage from negative 
stimuli and to inhibit the elaborating and processing of negative information 
(Kircanski et al.  2012 ; Yoon et al.  2014 ). Apart from attentional bias toward nega-
tive information, Leppanen ( 2006 ) summarized evidence for an attentional bias 
away from positive emotional stimuli. 

 As memory performance depends on attention, it is not surprising that depressed 
patients also exhibit a memory bias for emotionally negative stimuli. Indeed, Koster 
et al. ( 2010 ) found that dysphoric subjects showed an attention bias for negative 
words, with the attention bias for negative words predicting free recall of negative 
words. This bias is more evident for explicit as compared to implicit memory and 
may only occur with deeper processing – similar to the domain of attention 
(Kircanski et al.  2012 ). However, Ellwart et al. ( 2003 ) speculated that results may 
depend on the severity of depression with severely impaired patients also demon-
strating a bias for implicit processing because these patients may activate depression- 
related information automatically.  

  Rumination     Rumination is a repetitive pattern of thoughts focusing on dysphoric 
symptoms, their causes, and consequences. A study of Beckwé et al. ( 2014 ) indi-
cated that rumination might be induced by the diminished executive control for the 
processing of negative information as described above. Rumination maintains and 
deteriorates low mood in nonclinical samples and is related to the onset, severity, 
and chronicity of depression (Donaldson and Lam  2004 ). Apart from its destructive 
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potential for emotional processing, rumination also affects cognitive processing in 
general by attracting attention (Donaldson and Lam  2004 ; Young et al.  2012 ). 
Indeed, several studies confi rm that rumination has a negative impact on the speci-
fi city of the autobiographic memory (Crane et al.  2007 ), inhibition (Philippot and 
Brutoux  2008 ), cognitive fl exibility (Watkins and Brown  2002 ), problem-solving 
(Donaldson and Lam  2004 ), and working memory (Joormann and Gotlib  2008 ).  

  Processing of Positive and Negative Feedback     Roiser and Sahakian ( 2013 ) sum-
marize fi ndings indicating that depressive patients are hypersensitive to negative 
feedback and hyposensitive to positive feedback. MDD patients are more likely 
than healthy subjects to fail in neuropsychological tasks if they have been told or 
have experienced to fail in the precedent task. This effect may primarily be relevant 
for response accuracy (Elliott et al.  1996 ). It has been speculated that perceived 
failure triggers “ruminative” and negative thoughts about failure which interfere 
with task performance or, alternatively, impair motivation (Beats et al.  1996 ). 
However, Elliott et al. ( 1997 ) demonstrated that depressed patients’ performance 
did not decreased following failure but it did not improve. By contrast, healthy sub-
jects were able to improve their performance after having failed. Results of a recent 
study by Douglas et al. ( 2009 ) indicated that depressed patients may improve their 
performance after failure as well – but to a lesser extent than healthy participants. 
Furthermore, depressed patients’ reaction to failure may depend on the accuracy of 
feedback: In a study of Murphy et al. ( 2003 ), patients with depression showed nor-
mal performance when negative feedback is accurate and informative but an 
impaired performance when reinforcement contingencies are misleading or 
ambiguous.  

  Integrating Models     In their neuropsychological model of depression, Roiser and 
Sahakian ( 2013 ) summarize some of the abovementioned fi ndings and postulate a 
close relationship between cognitive defi cits on “standard neuropsychological” 
tests where emotional stimuli are emotionally neutral (“cold” cognition) and emo-
tionally relevant cognition (“hot” cognition). From their perspective, “hot” cogni-
tion defi cits such as the biased processing for negative stimuli and a deviated 
response to failure constitute a source for “cold” cognition defi cits. In addition, 
Roiser and Sahakian also propose the reverse relationship between “hot” and “cold” 
cognition with cognitive control (“cold” cognition) being a powerful ability to regu-
late hot cognition processing. 

 Figure  9.1  shows our model of “depression-associated cognitive defi cits” 
(“DECODE”) which summarizes several relations between neuropsychological 
defi cits (“cold cognition”), emotional cognition, and emotion-related neuropsy-
chological performance. According to Beck ( 1967 ,  1999 ), depressive patients 
show a fundamental negatively biased view about themselves, so-called negative 
schemas. These schemas lead to modifi ed reactions with respect to emotional rel-
evant information as described above, e.g., a diminished executive control of nega-
tive information (arrow 1). The fundamental, negative schemas may also imply 
that depressive patients are more sensitive to negative feedback and less sensitive 
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to positive feedback (arrow 2). This is also relevant for the patients’ motivation as 
motivation depends on the expectation of reward. Negative and stressful events in 
general and negative feedback in particular are known to trigger rumination 
(arrow 3). Rumination is harder to control for those patients who show a dimin-
ished executive control of negative thoughts (arrow 4). Finally, rumination (and, 
maybe, reduced motivation, arrow 5) has a negative impact on autobiographical 
memory (“overgeneralized memory,” arrow 6) and neuropsychological perfor-
mance in general (even if only neutral stimuli are involved, arrow 7). In addition, 
overgeneralized memory may also be a more direct consequence of diminished 
executive control (arrow 8) as described above (Sect.  9.2.2 ). Finally, in accordance 
with Roiser and Sahakian, reverse causal relations can be assumed as well, that is, 
“cold cognition” (e.g., executive functions) infl uences the emotional neuropsycho-
logical performance (arrow 9).

9.3.3.2         Other Depression Symptoms 
 It has long been known that (a) depression is associated with poor sleep and that (b) 
poor sleep impairs cognitive functioning (Yaffe et al.  2014 ). Therefore, it is obvious 
that sleep is a relevant factor to explain neuropsychological impairment in depres-
sion. In fact, recent studies with bipolar patients support this conclusion (Merikanto 
et al.  2012 ; Volkert et al.  2015 ). Some studies found an association between suicid-
ality and impaired executive function in unipolar depressed patients (Dombrovski 
et al.  2008 ; Westheide et al.  2008 ). Keilp et al. ( 2013 ) suggest that a reduced fl exible 
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  Fig. 9.1    Model of depression-associated cognitive defi cits (“DECODE”)       
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control of attention may hinder suicidal patients to redirect thinking from hopeless-
ness and suicidal thoughts. Keilp et al. also point at overlapping neuronal networks 
of executive functions and emotion regulation (dorsal and lateral prefrontal cortex, 
dorsal cingulated). Similarly, Richard-Devantoy et al. ( 2012 ) assumed that defi cits 
of cognitive inhibition lead to an increased risk of suicide. Recent studies with 
depressed patients also suggest a positive association between cognitive functioning 
on the one side and weight and appetite on the other (Merikanto et al.  2012 ; Potter 
et al.  2015 ).   

9.3.4     Demographic Factors 

9.3.4.1     Age and Onset 
 Neuropsychological defi cits associated with depression are observed in all age 
groups. On the basis of a comprehensive analysis of studies in this fi eld, Baune et al. 
( 2014 ) summarized that neuropsychological impairment is already evident in 
younger adults and adolescents. 

 However, the (already above mentioned) fi nding that neuropsychological impair-
ment sums up over time may explain why neuropsychological impairment seems to 
be more severe in old patients as compared to young patients (Beblo et al.  2011 ). 
Alternatively, more prominent neuropsychological defi cits in older patients may also 
result from a still undetected dementia of some study patients who are regarded as 
solely depressed (Gualtieri and Morgan  2008 ). In fact, the risk of developing a senile 
dementia of the Alzheimer’s type is increased in patients with depression. Several 
factors may contribute to this increased risk. On the one hand, depressive disorders 
can be regarded as an early symptom of Alzheimer’s disease. On the other hand, neu-
robiological changes related to depressive disorders may not only lead to a decrease 
of neuropsychological performance but may also increase the risk of Alzheimer’s 
disease. Neuro endocrinological research has shown changes of the hypothalamic-
pituitary- adrenal axis (HPA axis) in depressed patients as being associated with neu-
rotoxic effects, especially in the hippocampus (Paizanis et al.  2007 ), predisposing to 
the development of Alzheimer’s disease (Sotiropoulos et al.  2008 ). Furthermore, 
physical and mental activity is protective against Alzheimer’s disease, most likely 
through the effect of an enhanced neuronal reserve based on increased neurogenesis 
(Mirochnic et al.  2009 ). This neuroprotective factor might not take effect in depres-
sion due to psychomotor-retardation. In order to explain the fi nding of more severe 
neuropsychological defi cits in elder depressed patients, it has also been speculated 
that geriatric depression presents a distinct type of affective disorders especially for 
patients with late-onset depression. Known risk factors for affective disorders such as 
personality abnormalities, a family history of psychiatric illness, and dysfunctional 
past maternal relationships were found to be less relevant in late-onset MDD (Brodaty 
et al.  2001 ), whereas organic factors such as cerebrovascular disease (see Sect.  9.4 ) 
and associated structural brain abnormalities are more prominent and may cause 
more severe neuropsychological defi cits (Laks and Engelhardt  2010 ). 
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 However, it is unclear whether young and older depressed patients can be reli-
ably distinguished by their neuropsychological profi les. For example, Porter et al. 
( 2007 ) suggested a relatively stronger impairment of executive function in elderly 
patients. By contrast, Thomas et al. ( 2009 ) reported primarily memory defi cits in 
older MDD patients.  

9.3.4.2     Education and Gender 
 Education and gender have also shown to be associated with neuropsychological 
functioning in patients with depression (Barrett et al.  2008 ). Depressed patients 
with lower levels of education tend to perform disproportionately worse in neu-
ropsychological testing compared to education-matched control subjects (Avila 
et al.  2009 ). It has been speculated that patients with higher levels of education 
are in a better position to compensate for depression-associated neuropsycho-
logical dysfunction. The relation between gender and neuropsychological per-
formance may be moderated by personality traits. Van Den Heuvel et al. ( 1996 ) 
found in elderly women that depression was related to cognitive dysfunction 
primarily in women with a weak internal locus of control. In men, the associa-
tion between depression and cognitive dysfunction was moderated by 
neuroticism.    

9.4      Poststroke Depression and Vascular Depression 

 Depressive disorders and vascular diseases are closely related. With respect to 
cerebrovascular disease, about one third of patients with stroke develop a “post-
stroke depression” (PSD; Flaster et al.  2013 ; Robinson et al.  1984 ). Depression 
further deteriorates the cognitive performance of stroke patients (Robinson and 
Spalletta  2010 ). However, the relationship between depression and neuropsycho-
logical impairment in stroke patients is complex. First, causal relations are still a 
matter of debate. Given the fi ndings in psychiatric patients with depression, it 
seems to be plausible that depression also worsens the cognitive performance of 
stroke patients. However, some fi ndings indicate a reverse relationship, that is, neu-
ropsychological impairment may increase the patients’ risk to develop a PSD 
(Andersen et al.  1995 ). Second, the relationship between depression and neuropsy-
chological impairment is infl uenced by other factors and might be particularly 
close for patients with left hemispheric stroke within the fi rst year after stroke 
(Gabaldon et al.  2007 ; Hadidi et al.  2009 ). 

 Older patients with depression often show multifocal cerebrovascular lesions 
typically located in the white matter. This type of depression was referred to as 
“vascular depression” (Alexopoulos et al.  1997 ) and is related to increased neu-
ropsychological impairment (Newberg et al.  2006 ). The appearance of depres-
sive mood and neuropsychological impairment depends on the extent and 
location of the lesions (Mettenburg et al.  2012 ; Newberg et al.  2006 ). However, 
as with PSD the causal relations are not fully understood. Generally, both depres-
sion and neuropsychological impairment were regarded as consequences of 
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cerebrovascular lesions, in particular of disrupted fronto-striatal pathways 
(Newberg et al.  2006 ). This interpretation is in agreement with neurobiological 
circuit models of depression (e.g., Drevets et al. ( 2008 )). However, it is also pos-
sible that symptoms of depression such as rumination lead to a decreased cogni-
tive performance (e.g., via an increase of rumination) or, alternatively, 
neurocognitive impairment leads to depression when patients become aware of 
cognitive constraints in their everyday life. This discussion is further compli-
cated by the fact that some authors suggested the solely occurrence of executive 
dysfunctions to be suffi cient for the diagnosis of vascular depression irrespective 
of the evidence of cerebrovascular lesions (Steffens and Krishnan  1998 ). From 
this point of view, the fi nding of an increased neuropsychological impairment in 
patients with vascular depression is circular.  

9.5     Clinical Implications and Treatment 

9.5.1     Clinical Implications 

 Neuropsychological defi cits of depressed patients have important clinical implica-
tions. As already mentioned above, several studies indicate that these dysfunctions 
weaken the ability to adaptively regulate emotions and stress and, thus, fi nally inten-
sify suicidal tendencies (Keilp et al.  2013 ; Richard-Devantoy et al.  2012 ). 
Neuropsychological impairment also has a negative impact on treatment adherence 
and treatment success (Martinez-Aran et al.  2009 ; Papakostas  2014 ). In addition, 
neuropsychological impairment of depressed patients has been associated with a 
reduced level of psychosocial and occupational functioning which even remained 
when statistical analyses controlled for further depressive symptoms. The associa-
tion between neuropsychological dysfunction and psychosocial impairment has 
also been found among depressed patients in remission with persistent neuropsy-
chological impairment (Baune et al.  2010 ) and even appears to be more prominent 
in patients with mood disorders than in patients with schizophrenia (Brissos et al. 
 2008 ). Given these implications, neuropsychological defi cits of depressed patients 
lead to a vicious cycle (Fig.  9.2 ): Depression-associated neuropsychological impair-
ment leads to a reduced level of psychosocial and occupational functioning. 
Experiences of failure in social and occupational life in its turn strengthen depres-
sion. The fatal logic of this vicious cycle gets further infl amed by the fact that treat-
ment response is reduced in depressed patients with cognitive impairment.

   These clinical implications strongly underscore the importance of the diagnosis 
and treatment of the patients’ neuropsychological defi cits. Sometimes it has been 
argued that depressive patients are overcharged by neuropsychological testing. 
While this might be true for some extremely affected patients in the very acute 
phase of the disorder, generally, neuropsychological testing is well tolerated (Beblo 
et al.  2005 ). With respect to therapy, it might be speculated that standard antidepres-
sant therapy is suffi cient to treat depression-related neuropsychological dysfunc-
tion. However, research shows that this assumption is only partially true as cognitive 
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defi cits only partially improve with clinical recovery. Therefore, an additional treat-
ment is indicated for those patients with depression who show persistent neuropsy-
chological impairment.  

9.5.2     Treatment of Neuropsychological Impairment 

 At least, three different strategies have been evaluated so far. First, neuropsycho-
logical approaches that had been originally developed for brain-damaged patients 
(and, partially, for patients with schizophrenia) and that have been – more or less – 
adopted for patients with affective disorders. Studies indicate that patients profi t 
from individual (Preiss et al.  2013 ) and group approaches (Naismith et al.  2010 ). 
Improvement has been documented for several cognitive domains such as memory 
and learning, attention, psychomotor speed, and executive function (Elgamal et al. 
 2007 ; Naismith et al.  2010 ; Trebo et al.  2007 ). While Trebo et al. ( 2007 ) also found 
improvements in mood and cognitive symptoms, improvements were restricted to 
neuropsychological functions in the Elgamal and Naismith studies (Elgamal et al. 
 2007 ; Naismith et al.  2010 ). Recently, some authors stress the need of therapies that 
are more specifi ed for the needs of patients with affective disorders (Bowie et al. 
 2013 ; Martinez-Aran et al.  2011 ). In a multicenter trial with 183 patients, effects of 
a novel functional remediation training were analyzed (Torrent et al.  2013 ). 
Functional remediation integrates psychoeducation about neuropsychological 
impairment and training strategies for attention, memory, and executive functions 
on the base of real-life situations. In addition, social skills and stress management 
were also trained. With respect to their primary outcome, global psychosocial 

  Fig. 9.2    Vicious cycle of neuropsychological impairment in depression       
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functioning, functional remediation exceeded effects of treatment as usual but not 
of an active control condition (psychoeducation). Deckersbach et al. ( 2010 ) devel-
oped a cognitive remediation therapy to treat residual depressive symptoms. The 
training focused on (1) mood management; (2) organization, planning, and time 
management; and (3) attention and memory. In their study, patients showed improve-
ments in depressive symptoms, occupational and psychosocial functioning, and in 
executive functions. Improvements in executive functions accounted for the 
improvements in occupational functioning. This fi nding underlines the importance 
of neuropsychological performance for daily functions. 

 A second treatment approach focuses on the training of mindfulness. Historically, 
mindfulness is a central element of Buddhist meditation and implies to pay attention 
on purpose, in the present moment, and nonjudgementally to the own experience of 
the present moment (Kabat-Zinn  1990 ). In the last 30 years, the training of mindful-
ness has become increasingly popular for the treatment of patients with physical 
and mental disorders. In addition, the effects of mindfulness-based therapies have 
been extensively evaluated. Besides benefi cial effects on well-being, it also became 
evident that mindfulness might improve cognitive functioning (Chiesa et al.  2011 ). 
Some studies indicate that also depressed patients may neuropsychologically profi t 
from mindfulness-based therapies (Deckersbach et al.  2012 ; Ives-Deliperi et al. 
 2013 ). Positive effects on neuropsychological functioning by training of mindful-
ness may be moderated by different mechanisms. Since mindfulness is closely 
related to attention, training mindfulness may improve attention in particular and 
neuropsychological functions in general. In addition, cognitive defi cits of patients 
with affective disorders are related to rumination (see above). In a sample of patients 
with lifetime mood disorders, mindfulness-based stress reduction (MBSR; Kabat- 
Zinn  1990 ) reduced rumination even after controlling for reductions in affective 
symptoms and dysfunctional beliefs (Ramel et al.  2004 ). 

 Third, several biological approaches for the treatment of depression improve 
cognitive functioning. Antidepressants modify neurotransmitter systems and cogni-
tive performance. Tricyclic antidepressants (TCAs) inhibit the neurotransmitter 
acetylcholine and thereby may induce severe cognitive side effects, potentially lead-
ing to a delirium, particularly among elderly patients with depression. On the con-
trary, selective serotonin reuptake inhibitors (SSRIs) have either no or very mild 
anticholinergic effects. Consequently, most studies have shown that SSRIs have a 
substantially greater positive effect on cognitive function compared to TCAs (Peretti 
et al.  2000 ). Possibly, serotonin-norepinephrine reuptake inhibitors (SNRIs) and 
multimodal-acting antidepressants may have even greater positive effects (Herrera- 
Guzman et al.  2009 ; Pehrson et al.  2015 ). There is also some evidence that augmen-
tation therapy may be useful approach if cognitive defi cits persist after monotherapy 
(Keefe et al.  2014 ). Positive effects on cognition were also reported from relatively 
new neurobiological techniques such as repetitive transcranial magnetic stimulation 
(rTMS; e.g., Brunoni and Vanderhasselt ( 2014 )), transcranial direct cranial stimula-
tion (tDCS; e.g., Wolkenstein and Plewnia ( 2013 )), or neurofeedback training 
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(Escolano et al.  2014 ). However, more research is necessary to specify these results, 
e.g., how to apply rTMS in order to have the best results (Nadeau et al.  2014 ).   

    Conclusions 
 Depression is related to neuropsychological impairment and further deteriorates 
cognitive performance of brain-damaged patients. However, the magnitude of 
these depression-related impairments is still a matter of debate as self-reports 
indicate much more severe defi cits than neuropsychological test outcomes. 
Future research needs to clarify whether this discrepancy is primarily due to 
depressive patients’ negatively biased self-perception or, alternatively, due to dif-
ferences between everyday life (relevant for self-reports) and a standardized neu-
ropsychological test setting (relevant for the application of tests). With respect to 
the profi le of neuropsychological impairment, research demonstrated shortcom-
ings in the domains of attention, executive functions, and declarative memory. 
As many factors infl uence the cognitive performance of depressed patients, it is 
not surprising that the neuropsychological profi le has not been characterized 
more precisely. For example, more severe subtypes of depressive disorders and 
the presence of some depressive symptoms such as rumination or sleep distur-
bances are related to a generally lower cognitive performance and different neu-
ropsychological profi le. These fi ndings indicate that the search for “the 
neuropsychological profi le of depression” is not very promising. Instead, 
researches should try to specify the relationship between features of the depres-
sive disorder on the one hand and characteristics of the neuropsychological 
impairment on the other. 

 Neuropsychological impairment of depressed patients has important clinical 
implications. It is related to a diminished level of social and occupational func-
tioning as well as to reduced compliance and treatment success. Some studies 
even indicate an increased suicidality in those patients who are particularly 
affected by neuropsychological impairments. Because neuropsychological 
impairment often persists after psycho- and antidepressant therapy, an effective 
neuropsychological treatment is needed. Researchers suggested that neuropsy-
chological therapies that had been originally developed for brain-damaged 
patients are also helpful for depressed patients. In the last years, it also became 
evident that the training of mindfulness (that always implies the training of atten-
tion) improves cognitive functioning. Because mindfulness training also reduces 
other symptoms of depressive disorders that are related to the cognitive perfor-
mance (e.g., sleep disturbances or rumination), it might be particularly effective 
for depressed patients. In addition, research has shown that some biological 
treatment approaches such as the use of specifi c antidepressants, repetitive tran-
scranial magnetic stimulation, transcranial direct cranial stimulation, or neuro-
feedback training have positive effects on cognitive performance. Future research 
has to compare the effectiveness of these different treatment approaches for 
depressed patients. Furthermore, it is still unclear to what extent the combination 
of these approaches is of additional value.     
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   Abstract 
   Major depressive disorder (MDD) and cardiovascular disease (CVD) have 
been evidenced to be interconnected by a bidirectional link since MDD 
increases the risk of developing CVD and vice versa. However, the biological 
underpinnings of this relationship are poorly understood up to now. Thus, neu-
roimaging of shared risk factors of both disorders might shed more light on 
possible neurobiological implications and help to gain a broader understanding 
of the mechanisms behind this important clinical connection. Recent neuroim-
aging studies suggest a predominant involvement of alterations in neural net-
works of emotion regulation and reward processing in CVD, MDD, and their 
common risk factors. Moreover, there is evidence that functional and structural 
brain changes are closely related to infl ammatory processes in the development 
of CVD and MDD. Since these alterations in brain structure and function are 
yet apparent in subjects at high risk but before the onset of clinically manifest 
disease and given the observed reversibility of these neural aberrations, neuro-
imaging fi ndings point to the crucial role of preventive measures in the therapy 
of both disorders. Especially, therapeutic interventions at an early stage in 
high-risk populations should be reevaluated in the prevention of both disor-
ders. Future research should focus on the close link between infl ammatory and 
neural processes to provide the neurobiological basis for integrated treatment 
options for CVD and MDD.  

10.1       Introduction 

 The bidirectional link between major depressive disorder (MDD) and cardiovascu-
lar disease (CVD) has been evidenced by numerous epidemiological studies (Baune 
et al.  2012 ; Charlson et al.  2011 ; Elderon and Whooley  2013 ; Thombs et al.  2006 ). 
The elevated prevalence of CVD in MDD populations and vice versa of MDD in 
CVD populations strongly suggests a common pathophysiological background of 
both conditions. However, the understanding of the biological implications underly-
ing this shared risk constellation remains vague. 

 Neuroimaging studies might provide new insights into the etiological processes 
of this conspicuous connection. A large number of neuroimaging studies have 
searched to identify neurobiological markers associated with risk factors of CVD 
and MDD to provide the basis for enhanced preventive measures and adjusted treat-
ment options. Thus, it might be helpful to primarily defi ne which specifi c problems 
might indeed reasonably be assigned to neuroimaging research in this matter. Due 
to the genuine capabilities of describing alterations in brain structure and function 
in specifi c brain regions in patients, healthy subjects, and risk groups, it appears that 
foremost three main questions should be addressed by neuroimaging research:

    1.    Functional MRI: Is it possible to detect specifi c neural networks involved in the 
development of both CVD and MDD pointing to shared cognitive patterns?   
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   2.    Structural MRI: Is it possible to confi ne a chronology in the development of 
certain risk constellations referring to preexisting traits or state-dependent cere-
bral changes?   

   3.    Treatment: In which way might neuroimaging research be able to enhance future 
preventive and therapeutic measures in MDD and CVD treatment?     

 The broad fi eld of CVD risk factors includes a wide range of metabolic, endocri-
nological, social, and psychological conditions of which some have recently been 
connected also to affective disorders. Common risk constellations of both disorders 
foremost comprise stress, obesity, and lower socioeconomic status (Cohen et al. 
 2007 ; Luppino et al.  2010 ; Rozanski et al.  1999 ). In neuroimaging research, envi-
ronmental stress and obesity are the most frequently investigated risk conditions for 
both CVD and MDD and thus might illustrate chances, potential consequences, and 
limitations of neuroimaging research in the evaluation of the biological underpin-
nings of CVD and MDD risk factors. 

 While the role of obesity as a risk factor of CVD might suffi ciently be explained by 
its contribution to the pathogenesis of atherosclerosis, little is known about the mecha-
nisms which might lead to an increased risk for affective disorders in obese subjects. 

 Obesity is one of the most frequently observed somatic comorbidities of MDD 
(de Wit et al.  2010 ) with an elevated prevalence not only among subjects suffering 
from MDD but also in high-risk populations before the onset of disease (Danese and 
Tan  2014 ). Moreover, it has been shown that obesity increases the risk of depression 
and vice versa pointing to a reciprocal link between depression and obesity (Luppino 
et al.  2010 ). The clinical importance of this frequent comorbidity was underlined by 
studies indicating that nutritional counseling and physical activity are accompanied 
by both weight loss and improvement of depressive symptoms in obese adolescents 
(Melnyk et al.  2013 ) and that obese and overweight MDD patients suffer from 
poorer treatment outcome (Kloiber et al.  2007 ). Given the mutual negative impact 
of these disorders, especially the poorer treatment outcome of obese MDD patients, 
further elucidation of common biological factors could be of great clinical use. 
A potential neurobiological connection between obesity and MDD might highlight 
the relevance of preventive measures against obesity and provide the basis for 
adjusted strategies in MDD treatment. 

 In contrast to obesity as a measurable somatic condition, the experience of envi-
ronmental stress is primarily thought of as affecting psychological or mental states. 
However, as it is the case for obesity, chronic stress exerts multiple adverse effects 
leading to an increased risk for both somatic and psychiatric disorders (Cohen et al. 
 2007 ; Gilbert et al.  2009 ; Nanni et al.  2012 ; Rozanski et al.  1999 ; Steptoe and 
Kivimäki  2012 ). The stress-induced dysregulation of the hypothalamic–pituitary–
adrenal axis (HPA axis) and resulting elevated levels of glucocorticoids are known 
to interfere with neuroplasticity, neural signaling, and diverse immunologic pro-
cesses (Montoya et al.  2014 ; Wang et al.  2010 ). The adverse infl uence of stressful 
experiences seems to be dramatically increased during early life which is why child-
hood trauma might serve as a useful example to demonstrate the detrimental impact 
of environmental stress on brain structure and function (Heim et al.  2008 ).  
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10.2     Functional MRI 

 In the search for shared pathophysiological factors in the development of CVD and 
MDD, it appears reasonable to primarily focus on conditions that have been evi-
denced to increase the risk for both disorders. Among these shared risk factors espe-
cially stress and obesity have been shown to be decisive in the onset of both disorders 
by a large number of epidemiological studies (Luppino et al.  2010 ; Rozanski et al. 
 1999 ; Steptoe and Kivimäki  2012 ). Functional neuroimaging has been shown to be 
a valuable tool in the detection of neural alterations that might be linked to these 
conditions. Compared to structural imaging, functional studies benefi t from the pos-
sibility of customized paradigms allowing insights into specifi c neural processing 
and therefore constitute an effective method in the elucidation of dysfunctional cog-
nitive patterns that might contribute to an increased risk for both CVD and MDD. 

10.2.1     Major Depression 

 In MDD, an extensive number of fMRI studies demonstrated defi cits in different 
stages of emotion processing which are associated with neural aberrations. Clinical 
features of MDD like anhedonia and the predominant tendency to classify emo-
tional stimuli as negative, sad, or adverse have been shown to be strongly associated 
with hyperreactivity in limbic brain regions, especially with a predominant activa-
tion of the amygdala (Sheline et al.  2001 ; Siegle et al.  2007 ; Stuhrmann et al.  2012 ). 
Besides this excess of bottom-up signaling, aberrant activation of prefrontal cortical 
areas has frequently been evidenced in MDD and is thought to play an important 
role in altered emotion regulation and control in depressed patients (Phillips et al. 
 2003a ; Rive et al.  2013 ). More precisely, over-recruitment of the anterior cingulate 
cortex (ACC) and dorsolateral prefrontal cortex (DLPFC) during behavioral and 
cognitive control has been shown to be a core feature of major depressive disorder 
and might be interpreted as a compensation mechanism in a dysfunctional neural 
system (Frodl et al.  2009 ; Rive et al.  2013 ). 

 As another considerable aspect, dysfunctional neural processing of the reward 
system has frequently been linked to MDD (Zhang et al.  2013 ). Depressed patients 
were shown to exhibit altered neural response during reward processing in the 
nucleus accumbens, the VTA, and the cingulate cortex which suggests a major con-
tribution of dysfunctional reward processing in the development of depressive dis-
order (Knutson et al.  2008 ; Kumar et al.  2008 ; Redlich et al.  2015 ).  

10.2.2     Cardiovascular Disease 

 At present, the number of fMRI studies which directly investigated neural altera-
tions in CVD is still limited. The few studies available indicate that vascular disease 
is associated with functional changes in hippocampal, frontal, and parietal cortical 
areas during executive control and memory processing much resembling 

N. Opel et al.



149

neurobiological insights from dementia research and aging (Braskie et al.  2010 ; 
Chuang et al.  2014 ; Hayes et al.  2014 ). 

 One of the few fMRI studies which aimed to investigate emotion processing in 
CVD revealed greater amygdala activation and greater functional connectivity 
between the amygdala and the ACC during processing of angry and fearful faces to 
be associated with preclinical atherosclerosis (Gianaros et al.  2009 ). Most interest-
ingly, a recent study of the same neuroimaging unit successfully demonstrated that 
greater activation of the ACC is also evident during cognitive regulation of emotion 
in CVD which underlines the importance of altered regulatory processing as a com-
mon feature of both CVD and MDD (Gianaros et al.  2014 ). However, the lack of 
evidence, e.g., in terms of meta-analysis of altered processing in different neural 
networks in CVD, makes it diffi cult to draw fi rm conclusions up to now.  

10.2.3     Obesity 

 The rising amount of fMRI research on obesity, as a risk factor for and comorbid 
condition of both CVD and MDD, has allowed new insights into the neural under-
pinnings of the link between vascular and affective disorders. 

 Alterations in emotion regulation and reward processing are assumed to be 
among the decisive features in the development of eating disorders as well as of 
affective disorders, and a wealth of functional MRI studies has focused to shed 
more light on the neural mechanisms behind these adverse psychological conditions 
(Bonato and Boland  1983 ; García-García et al.  2014 ; Guerrieri et al.  2007 ). 

 Enhanced neural responsiveness to food-related reward constitutes one of the 
most consistent fi ndings in fMRI research on obesity (Burger and Berner  2014 ; 
Dimitropoulos et al.  2012 ; Gearhardt et al.  2011 ). In a longitudinal study by Burger 
and Stice ( 2014 ), future weight gain could even be predicted by enhanced striatal 
responsivity during food-related reward learning (Burger and Stice  2014 ). 
Interestingly, obese individuals exhibit enhanced neural activation in areas of criti-
cal relevance for reward processing like the orbitofrontal cortex (OFC), the stria-
tum, the insula, and the anterior cingulate cortex not only when confronted with 
food-related reward but also during a common monetary reward paradigm (Opel 
et al.  2015a ). This fi nding suggests that adverse patterns of neural processing during 
reward experiences in obesity are apparent beyond the subject area food and thus 
might point to generalized dysfunctions in reward processing in obese individuals. 
Findings of associations between abnormal neural activation in reward brain regions 
and social decision-making in obese adolescents affi rm this notion of broader dys-
functions in reward processing in obesity (Verdejo-García et al.  2014 ). The possibil-
ity of a generalized reward defi ciency in obesity might be an important contribution 
in the ongoing discussion on overlapping neurobiological traits of obesity and affec-
tive disorders given the evidence for altered reward processing as an important fac-
tor in the development of MDD (Blum et al.  2014 ; García-García et al.  2014 ). 

 Regarding possible molecular underpinnings of dysfunctional reward process-
ing, recent studies have pointed to the critical role of the dopaminergic system: 
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Genetic variation in the dopaminergic system was shown to infl uence striatal 
responsiveness to reward (Dannlowski et al.  2013 ; Forbes et al.  2009 ), and dys-
functions in dopamine pathways were demonstrated to interfere in the develop-
ment of severe obesity and affective disorders and might constitute an essential 
link between these conditions (Blum et al.  2014 ; Opel et al.  2015b ; Wang et al. 
 2009 ). Moreover, since D2 receptor availability was evidenced to be signifi cantly 
decreased in obese subjects and since decreased striatal D2 receptor availability 
has been demonstrated to be positively correlated with prefrontal metabolism 
(Volkow et al.  2008 ; Wang et al.  2001 ), fi ndings of prefrontal and striatal hyperre-
activity might actually refl ect blunted reward responsiveness in obesity as pro-
posed by Carnell et al. ( 2012 ). 

 Given the pivotal role of reward defi ciency in affective disorders, these fi nd-
ings might shed more light on possible neurobiological underpinnings which 
underlie the high-prevalent comorbidity of obesity and psychiatric disorders 
(de Wit et al.  2010 ). 

 Besides overactivation in the reward system, there is also evidence for hypoacti-
vation in regulatory pathways during executive functions and impulse control in 
obesity. Batterink et al. ( 2010 ) found body mass index (BMI) scores to be nega-
tively correlated with inhibitory control in terms of decreased medial prefrontal 
activation in response to food in obese individuals, and in a study by Kishinevsky 
et al. ( 2012 ), executive function in the prefrontal cortex during a delay discounting 
trial could predict subsequent weight gain in obese subjects (Kishinevsky et al. 
 2012 ). The critical role of medial prefrontal areas in obesity also fi nds support in 
results of previous fMRI studies reporting altered neural activation during impulse 
control and decision-making to predominantly emerge in similar brain areas 
(Batterink et al.  2010 ; Delgado-Rico et al.  2013 ).  

10.2.4     Stress 

 Chronic stress is one of the best described major risk factors of CVD and MDD 
(Cohen et al.  2007 ; Gilbert et al.  2009 ; Nanni et al.  2012 ; Rozanski et al.  1999 ; 
Steptoe and Kivimäki  2012 ). Neuroimaging studies revealed that stress exerts 
multiple adverse effects on the central nervous system which are thought to 
contribute to the onset of somatic and psychiatric disorders. In this regard, 
increased activity of the amygdala represents one of the most consistent fMRI 
fi ndings in subjects exposed to elevated levels of stress especially during early 
life in terms of childhood trauma (Dannlowski et al.  2012 ; Grant et al.  2011 , 
 2014 ; Williams et al.  2006 ). Moreover, stress-related amygdala hyperreactivity 
seems to be associated with reduced coupling between the ventromedial pre-
frontal cortex and the amygdala pointing to reduced fear extinction and dys-
functional gating of adverse emotions in subjects affected by childhood trauma 
(Birn et al.  2014 ). 

 Most interestingly, a recent study by Muscatell et al. evidenced greater amygdala 
reactivity to appear even after brief periods of induced stress and that this limbic 
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overactivation results in an increased infl ammatory response (Muscatell et al.  2015 ). 
This fi nding is supported by the fact that hyperactivity of the amygdala is known to 
increase infl ammatory processes through its projections to the hypothalamus and to 
the brainstem (Eisenberger and Cole  2012 ; Irwin and Cole  2011 ). Apparently this 
connection between the neural and the immune system is highly suspicious to medi-
ate the adverse somatic effects of chronic stress and thus might be an important 
pathophysiological element to explain the link between psychological factors and 
vascular disease. 

 As another important aspect, early-life stress has also been associated with dys-
functions in the reward system (Dillon et al.  2009 ; Goff et al.  2013 ). Given recent 
fi ndings by Montoya et al., stress-related dysfunctions in the reward system are 
likely to arise from cortisol-induced downregulation of neural activity in reward 
circuits (Montoya et al.  2014 ).  

10.2.5     Summary of fMRI Findings 

 To summarize, fMRI research provides evidence for alterations in overlapping neu-
ral systems in CVD, MDD, and their shared risk factors. Neural networks involved 
in emotion regulation and reward processing seem to contribute to the development 
of both disorders and thus should be key targets in future studies investigating the 
bidirectional link between CVD and MDD. 

 Regarding the infl uence of environmental stress, the existing literature on fMRI 
fi ndings suggests that stress might primarily contribute to the development of MDD 
and CVD by an imbalance of limbic hyperreactivity and lacking inhibitory bottom- 
down control by prefrontal brain areas. The occurrence of dysfunctions in identical 
brain areas like the ACC and prefrontal brain areas in subjects at an increased risk 
but without acute disorder might point to the relevance of aberrant emotion regula-
tion and control as a predisposing feature of CVD and MDD. Given the fact that 
uncontrolled limbic hyperreactivity is thought to induce infl ammatory processes, 
normalization of signaling in this neural circuit might represent a considerable tar-
get for future therapeutic options. 

 In the case of obesity, present research indicates that dysfunctions in reward- 
related brain circuits might be the connecting element in the pathophysiology of 
obesity and MDD. 

 The observation of generalized dysfunctions in reward-related brain circuits 
like the ventral striatum and medial prefrontal brain areas in obesity, chronic 
stress, and MDD underlines the importance of further investigation of possible 
clinical and neurobiological overlaps between somatic and psychopathological 
conditions. Since a core function of reward is to induce a subjective feeling of 
pleasure and positive emotion, altered responsiveness to reward and thus rein-
forcing stimuli might contribute to the generation and maintenance of depressive 
symptoms, which could refl ect the higher prevalence of depression in obese par-
ticipants compared to normal-weight participants (Carey et al.  2014 ; Luppino 
et al.  2010 ).   
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10.3     Structural MRI 

 Besides abnormalities in brain function, cardiovascular disease, depression, and 
obesity were shown to be associated with alterations in brain structure. While our 
knowledge about structural changes in patients with depression and obesity is 
reasonably well marked, data regarding the link between CVD and structural 
brain changes are still rare. Interestingly, it already appears that CVD and depres-
sion are associated with changes in brain areas that are also strongly associated 
with obesity and stress resilience. However, the question remains whether these 
common neuronal changes represent a predisposition to or a consequence of the 
diseases. To pursue this question, structural neuroimaging fi ndings in both CVD 
and depression are fi rst presented separately and then subsequently embedded 
into the context of the discussion regarding the determination of state- and trait-
dependent brain changes. 

10.3.1     Major Depression 

 Structural neuroimaging techniques have been widely used to investigate brain 
alterations in major depressive disorder (MDD). A wealth of structural imaging 
fi ndings elucidated the role of specifi c brain areas in the etiopathology of affective 
disorders (Phillips et al.  2003a ,  b ). Particularly, structural alterations in limbic and 
prefrontal cortical regions involved in emotion regulation were frequently found 
to be associated with MDD (Arnone et al.  2012 ; Cusi et al.  2012 ). Meta-analyses 
of structural MRI studies repeatedly have shown volume reductions in the hip-
pocampus in MDD patients (Campbell et al.  2004 ; Hamilton et al.  2008 ; McKinnon 
et al.  2009 ). Additionally, alterations in prefrontal regions were also associated 
with MDD, particularly the ACC and medial frontal regions, including the OFC 
(Bora et al.  2012 ; Du et al.  2012 ; Lai  2013 ). More recently, studies have also 
shown moderate gray matter volume reductions in striatal areas (putamen and 
caudate nucleus) in patients with MDD compared to healthy controls, alterations 
which are also strongly associated with obesity (Koolschijn et al.  2009 ; Opel et al. 
 2015b ; Redlich et al.  2014 ). There is evidence that these structural alterations are 
linked to clinical characteristics and course of disease, and that they are, at least 
partly, reversible (Abbott et al.  2014 ; Dukart et al.  2014 ; Hamilton et al.  2008 ; 
McKinnon et al.  2009 ).  

10.3.2     Obesity 

 A rising amount of studies has focused on structural changes which are associated 
with obesity and body mass index (BMI). Neuroimaging studies revealed associa-
tions between reduced gray and white matter, as well as loss of global brain vol-
ume and BMI (Mueller et al.  2012 ; Ward et al.  2005 ). More specifi cally, reductions 
of gray matter in medial orbital parts of the prefrontal cortex, striatal areas, and 
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the hippocampus were frequently shown in obesity (Marqués-Iturria et al.  2013 ; 
Mueller et al.  2012 ; Raji et al.  2010 ; Walther et al.  2010 ). Importantly, most of the 
studies which have recently established a link between brain volume and obesity 
have used cross-sectional designs. Thus, evidence of associations between 
changes in BMI over time and changes in brain structure is very limited. However, 
the present fi ndings indicate that higher BMI is associated with greater decline in 
temporal, occipital (Bobb et al.  2014 ), and striatal gray matter volumes (Driscoll 
et al.  2012 ). Obviously, the neurostructural alterations reported in obese subjects 
closely resemble results in depressed patients but only few studies have investi-
gated neurostructural correlates of both depression and obesity within the same 
study. A tensor-based morphometry study by Cole et al. indicated that BMI and 
depression might be associated with comparable changes in brain structure (Cole 
et al.  2013 ). Moreover, a recent study by Opel et al. ( 2015a ,  b ) sought to clarify to 
which extent BMI is associated with aberrations in clinical appearance in MDD 
patients to shed light on potential neurobiological connections between obesity 
and MDD. Here, a higher BMI was associated with a highly comparable pattern 
of gray matter reductions in the medial prefrontal cortex, the OFC, the caudate 
nucleus, and the thalamus in MDD patients and healthy controls alike. Moreover, 
in MDD patients, BMI was associated with a more chronic course of disease, and 
both BMI and chronicity of disorder were related to similar morphometric anoma-
lies in medial prefrontal areas (Opel et al.  2015b ). The authors stated that a pos-
sible explanation could be dopaminergic striato-cortical pathway dysfunctions in 
both MDD and obesity which is suggested to be associated with the dysfunctions 
in reward processing, impulsivity, and regulation of eating behaviors (see also 
above) (Opel et al.  2015b ).  

10.3.3     Cardiovascular Disease 

 While cardiovascular dysfunction and progressive loss of cognitive brain func-
tioning are prominent features of an aging population, surprisingly few studies 
have addressed the link between heart and brain. However, preliminary studies 
gave fi rst insight into the link between CVD and related neurostructural brain 
changes, which are similar to those observed in aging and depression (Hayes 
et al.  2014 ). Structural changes in morphology of the aging brain have been 
independently linked to hypertension, diabetes, and hyperlipidemia (de Toledo 
Ferraz Alves et al.  2010 ). In stable coronary artery disease patients, cardiovas-
cular disease is associated with brain atrophy in large parts of the frontal cortex, 
as well as hippocampal, parietal, and temporal areas (Anazodo et al.  2013 ). In 
heart failure patients, similar regional tissue changes in hippocampal and frontal 
cortex were found (Pan et al.  2013 ) as well as impaired axonal integrity includ-
ing the basal forebrain, hypothalamic and limbic projections through the medial 
forebrain bundle (Kumar et al.  2011 ). A study by Woo et al. ( 2009 ) also indi-
cated injured brain areas in patients with heart failure, refl ected by reduced gray 
matter volumes and isolated white matter infarcts in areas that control 
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autonomic, analgesic, emotional, and cognitive functions, including frontal 
areas, hippocampus, striatal, and cingulate areas (Woo et al.  2009 ). Older indi-
viduals with higher estimated risk of coronary artery disease tend to have 
decreased brain volume and cerebral blood fl ow (Anazodo et al.  2013 ; de Toledo 
Ferraz Alves et al.  2010 ). Even in older adults with no clinical diagnosis of 
cardiovascular disease, decline in cardiac function is associated with brain atro-
phy (Jefferson  2010 ) and white matter hyperintensities (Jefferson et al.  2007 ). 
Finally, it has also been shown that cardiovascular stiffness including end-sys-
tolic stiffness, central arterial augmentation pressure, and aortic stiffness are 
independently and negatively associated with gray matter volumes in healthy 
subjects (Katulska et al.  2014 ).  

10.3.4     State or Trait 

 In summary, it can be stated that depression, CVD, and obesity go hand in hand with 
changes in neural structure, particularly in the hippocampal formation, prefrontal 
cortex, and striatal areas. These neuroanatomically overlapping fi ndings appear to 
parallel the high comorbidity rates that are observed between these disorders. 
Moreover, it is strongly assumed that there is a bidirectional relationship between 
depression and CVD, as well as strong associations between depression and obesity 
(Baune et al.  2012 ; Lippi et al.  2009 ; Luppino et al.  2010 ; Pan et al.  2012 ). The 
questions remain as to whether, and to what extent, structural brain changes repre-
sent effects of current disease or long-term consequences of preexisting risk factors, 
like chronic stress or adversity in earlier life. 

 There is some evidence that differences in gray matter volume represent a vari-
able state, while the disease is active. A large number of studies have delivered 
results that support the interpretation of cerebral volume reductions as a conse-
quence of MDD. Firstly, neuroimaging studies show hippocampal volume loss to be 
linked to clinical characteristics and indicate progression of hippocampal volume 
loss in the course of disease (McKinnon et al.  2009 ; Sheline et al.  2003 ). For exam-
ple, hippocampal and amygdala volume losses seem to cumulate with the number 
of episodes and the duration of illness, which might be explained either by repeated 
neurotoxic stress or by higher relapse rates in patients showing hippocampal atro-
phy (Lee et al.  2011 ; Stratmann et al.  2014 ). Patients who remitted during a 3-year 
period had less volume decline in the hippocampus, the ACC, and the prefrontal 
cortex compared to non-remitted patients (Frodl et al.  2008a ). 

 Secondly, gray matter alterations seem to be at least partly reversible. In MDD, 
studies show that antidepressant treatment facilitates neurogenesis in the hippocam-
pus in both nonhuman primates and rodents. In humans, a meta-analysis by Hamilton 
et al. ( 2008 ) reported a reliable decrease in amygdala volume in non-medicated 
patients with MDD, while a signifi cantly increased amygdala volume relative to HC 
was found in medicated depressed patients (Hamilton et al.  2008 ). Moreover, recent 
studies investigating the effects of electroconvulsive therapy (ECT) in depressed 
patients have shown strong neuroplasticity effects within the hippocampus, 
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amygdala, and subgenual cingulate gyrus, refl ected by an increase in gray matter 
volumes after ECT in patients with MDD (Abbott et al.  2014 ; Dukart et al.  2014 ; 
Tendolkar et al.  2013 ). It is suggested that these effects could be mediated by an 
increased production of brain-derived neurotrophic factor (BDNF), which could 
promote neurogenesis and protect against volume loss in the amygdala, hippocam-
pal, and striatal areas (Hamilton et al.  2008 ; Khaspekov et al.  2004 ; Mohapel et al. 
 2005 ). These increases in volume during treatment might constitute a surrogate 
parameter of neuroplasticity taking place during therapy (Abbott et al.  2014 ; Arnone 
et al.  2013 ; Dukart et al.  2014 ; Schermuly et al.  2011 ; Tendolkar et al.  2013 ). In 
CVD, a recent review revealed a consistent positive relationship between cardiore-
spiratory fi tness and brain volume in cortical regions, including anterior cingulate, 
lateral prefrontal, and lateral parietal cortex (Hayes et al.  2013 ). Although there are 
few studies with regard to exercise trainings and neuroimaging markers reported to 
date, there is consistency that the physiological integrity of brain structures might 
be maintained by aerobic training (Hayes et al.  2014 ). Poor physical and cardiore-
spiratory fi tness is further associated with reduced structural integrity of the brain in 
heart failure and morphological brain changes, including white matter lesions 
(Hayes et al.  2014 ; Sen et al.  2012 ). The reversibility of therapy-induced structural 
changes suggests that structural alterations are caused by the disease. This conclu-
sion is further supported by studies showing associations between severity of dis-
ease and the extent of structural changes. 

 However, a variety of fi ndings (and facts) indicate that some structural changes 
might be apparent before the onset of diseases. First, hippocampal size is known to 
be highly heritable, and several reports on the infl uence of genetic variations on 
shape alterations in the hippocampus support the hypothesis that hippocampal vol-
ume reductions are a predisposing trait of MDD (Frodl et al.  2008b ,  2010 ; Stein 
et al.  2012 ). Second, healthy individuals at familial risk of depression (i.e., with a 
positive family history for MDD) also show morphometric anomalies, even if they 
do not have any history of depression or CVD (Amico et al.  2011 ; Chen et al.  2010 ). 
In the case of obesity, the little available data also suggest that healthy individuals 
at risk for weight gain show structural differences in brain regions and that brain 
structure predicts the risk for obesity (Smucny et al.  2012 ). A study by Yau et al. 
( 2014 ) showed that adolescents with uncomplicated obesity already exhibit subtle 
neurostructural alterations that exist before the onset of clinically signifi cant obesity 
(Yau et al.  2014 ). This notion is further supported by fi ndings that overall brain 
volume is associated with future BMI (Yokum et al.  2012 ). However, further meta-
bolic dysregulation, such as marked fasting hyperinsulinemia or fasting hyperglyce-
mia, might be necessary to cause serious structural damage (Yau et al.  2014 ). 

 Third, recent data suggests that volume loss in gray matter might appropri-
ately be characterized as a function of early-life stress rather than depression. 
Structural alterations are reported only in those depressed patients who have 
experienced maltreatment, but not in those who do not have any history of 
adversity (Opel et al.  2014 ). This fi nding is further supported by studies report-
ing that even healthy adults who have experienced maltreatment during child-
hood show reduced hippocampal gray matter volumes (Dannlowski et al.  2012 ). 
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These observations lead to the assumption that neurostructural alterations might 
already be present before the onset of disease and that early-life adversity and 
chronic stress appear to be a crucial mechanism for brain atrophic alterations. 
Chronic stress leads to, inter alia, neuroinfl ammation and HPA axis hyperactiv-
ity, both of which are not only strongly associated with MDD and CVD (Baune 
et al.  2012 ; Dantzer et al.  2010 ; Lamers et al.  2013 ; Miller et al.  2009 ) but also 
with obesity (Lucassen and Cizza  2012 ; Vicennati et al.  2014 ). It has been pos-
tulated that obesity may be considered as a maladaptation to stress, thus indi-
rectly leading to hyperactivation of the HPA axis and higher-than-normal 
cortisol levels (Lucassen and Cizza  2012 ). In addition to CVD, depression is 
also signifi cantly associated with several major cardiovascular risk factors, 
including obesity and diabetes (Skala et al.  2006 ). A systemic immune activa-
tion and HPA axis hyperactivity are suggestive of the biological mechanism 
which links CVD and depression (Baune et al.  2012 ). Excessive stress exposure 
like childhood maltreatment leads to a chronic HPA axis hyperactivity, which 
might trigger neurotoxic effects of cortisol and possibly neuroinfl ammation, 
which in turn might cause damage to brain structure and function (Frodl and 
O’Keane  2013 ). Remarkably, recent evidence suggests that smaller hippocam-
pal volumes indeed partially control the effect of early-life adversity on the 
development of MDD during longitudinal follow-up (Rao et al.  2010 ). 
Accordingly, hippocampal aberrations could be hypothesized to act as a con-
necting element in the development of severe psychopathology in maltreated 
individuals (Opel et al.  2014 ). Taken together, one might speculate that changes 
in hippocampal structure during brain development may have effects on HPA 
axis functioning later in life, resulting in alterations of cortisol feedback regula-
tion and, thus, higher cortisol levels, which could exert negative effects on brain 
structure and functioning, eventually leading to higher vulnerability to diseases 
like depression or CVD (Frodl and O’Keane  2013 ). 

 This summary suggests that brain structural alterations might be characterized 
as a function of both a preexisting trait risk factor and a state of disease. A poten-
tial mechanism might be preferably mediated by stress, although the underpin-
nings of these associations are likely to be of much greater complexity. 
Nevertheless, it appears exigent to investigate the structural impact of both early-
life stress and current disease status in longitudinal studies, in patients diagnosed 
with CVD, depression, obesity, or any combination of the three, carefully screened 
for comorbidities.   

10.4     Treatment 

 The overall conclusion of neuroimaging research indicates that CVD, depression, 
and obesity are associated with neuroanatomically similar functional and structural 
aberrations. The underlying mechanisms are poorly understood, but it is likely that 
stress is one of the most decisive mediators. Stress-associated changes, such as a 
hyperactive HPA axis and neuroinfl ammation, might lead to brain changes, which 
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in turn may mediate and facilitate the onset of comorbid diseases. This leads to 
several implications for the therapy of CVD and depression. 

 Firstly, an enhancement of general stress resilience, including actively coping 
with stress, optimism, cognitive reappraisal, positive reframing, and increasing 
social support, is desirable, since studies suggest that brain volume loss is acquired 
by stressful life experiences, and might therefore constitute a trait-like risk factor. 
Increased stress resilience might mitigate these effects, to the extent of prevention 
before onset. It has been shown that resilience is mediated by adaptive changes in 
several neural circuits that involve numerous neurobiological and molecular path-
ways. These changes shape the functioning of neural circuits that regulate reward, 
fear, and processing of emotion, which are thought to mediate successful coping 
with stress (Feder et al.  2009 ). 

 Secondly, extensive multidisciplinary screening and treatment appears exigent. 
Several studies have shown that brain volume alterations are at least partly revers-
ible. In MDD, volume increase in affected brain areas has been shown during ECT 
and antidepressant treatment (Abbott et al.  2014 ; Arnone et al.  2013 ; Dukart et al. 
 2014 ; Schermuly et al.  2011 ; Tendolkar et al.  2013 ). 

 Also it has been shown that normalization of aberrant amygdala function can be 
achieved by the use of antidepressant medication in MDD (Sheline et al.  2001 ). 
Since amygdala hyperactivation is thought to contribute to the maintenance of 
infl ammatory processes, recovery of physiological limbic signaling via therapeutic 
intervention should be evaluated in the prevention of vascular and psychiatric disor-
ders (Eisenberger and Cole  2012 ; Muscatell et al.  2015 ). 

 In CVD, brain structure and functioning consistently benefi t from aerobic train-
ing, and disease-related effects typically appear to be reversible through moderate 
aerobic programs (Anazodo et al.  2013 ; Hayes et al.  2014 ). Moreover, physical 
activity per se has been repeatedly associated with generally improved cognitive 
function and reversal of cortical decline (Anazodo et al.  2013 ; Colcombe et al. 
 2006 ; Erickson et al.  2009 ,  2011 ). 

 The overall coordination of health-care providers is fundamental for patients 
with combined medical and mental health diagnoses. In particular, patients with 
CVD who have a comorbid depression should be carefully monitored for adherence 
to their medical care and for drug effi cacy with respect to their cardiovascular and 
mental health (Lippi et al.  2009 ). Furthermore, the importance of measures address-
ing BMI normalization and prevention of weight gain during in-patient treatment 
should be reconsidered, since obesity constitutes a common risk factor for both 
depression and CVD. In addition to standard clinical practices, the positive benefi ts 
of maintaining a healthy lifestyle and dietary modifi cation are indicated (e.g., to 
improve glycemic control, triglycerides, and protein intake and to lower insulin 
levels) (Brand-Miller et al.  2009 ; Lippi et al.  2009 ). Finally, aerobic training and 
exercises should be urgently considered, for both reducing cardiovascular risk and 
countering depression (Singh et al.  2005 ) by maintaining physiological neuronal 
function and structure and stress resilience. In the future, neuroimaging might serve 
as valuable tool in the detection of high-risk subjects before the onset of clinically 
manifest disorder and thus contribute to the allocation of intensifi ed preventive 
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measures. Moreover, given the reversibility of neural alterations, the use of struc-
tural and functional MRI during therapeutic progress might be an important 
approach to gain a better understanding of the neurobiological effects of different 
therapeutic strategies.  

    Conclusion 

 Neuroimaging research has evidenced the involvement of alterations in overlap-
ping neural systems in CVD, MDD, and their common risk factors. Neural net-
works of emotion regulation and reward processing seem to be among the 
primarily affected brain circuits in the development of both disorders. Since 
alterations in brain structure and function are apparent in subjects at high risk but 
before the onset of clinically manifest disease and given the reversibility of these 
neural aberrations, neuroimaging fi ndings point to the crucial role of therapeutic 
intervention in high- risk populations at an early stage in the prevention of both 
disorders. Future research should aim to confi ne the relationship between infl am-
matory and neural processes which might provide the neurobiological basis for 
integrated treatment options for CVD and MDD.     
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   Abstract 
   Resting-state heart rate variability (HRV) may have important functional 
 signifi cance for social approach behaviour, emotion regulation and psychologi-
cal fl exibility in the face of stressors. It may also refl ect the functioning of 
important physiological processes including vagal regulation over a variety of 
allostatic systems and multisystemic adaptations to maintain homeostasis. 
Research on the effects of the affective disorders on HRV therefore has impor-
tant implications for the health and wellbeing of patients. Studies have demon-
strated that HRV is reduced in otherwise healthy patients with these disorders, 
especially major depression and generalised anxiety disorder, and that the 
behavioural features of these disorders (e.g. smoking, physical inactivity) do 
not fully explain the observed HRV reductions. Vagal impairment may underpin 
many of the observed symptoms in affective disorders including fl attened affect, 
attenuated facial expressions and lack of emotional prosody. It may also con-
tribute to a pathophysiological ‘wear and tear’ effect on the body leading to 
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increased morbidity and mortality. Health behaviours such as a healthy diet, 
physical exercise and even meditation may have an important role to play in 
appropriate psychiatric care of patients with affective disorders because these 
interventions facilitate increases in HRV, which refl ect enhanced vagal function 
that may lead to subsequent improvements in mental and physical health. 
Further study is needed to determine whether simple health behaviours are able 
to ameliorate the reductions in HRV associated with use of antidepressant medi-
cations. Research is also needed on possible moderators and mediators of vagal 
impairment, and its improvement, in the affective disorders.  

11.1       Introduction 

 Heart rate variability (or HRV) – a non-invasive marker of health and wellbeing – 
refl ects activity in the vagus nerve, the primary nerve in the parasympathetic ner-
vous system. While mental and physical health are generally investigated 
independently, research has demonstrated robust bidirectional relationships between 
the two, highlighting the implications of one for the other. For instance, a meta- 
review on 20 different mental disorders in over 1.7 million patients reported that all 
mental disorders have an increased risk of all-cause mortality, relative to the general 
population. Strikingly, all disorders were associated with substantial reductions in 
life expectancy (7–24 years), an effect similar to or greater than that for heavy 
smoking (8–10 years) (Chesney et al.  2014 ). Together with colleagues, I recently 
demonstrated that comorbid MDD and anxiety disorders ( n  = 434) are associated 
with a threefold increase in coronary heart disease (CHD), while MDD alone 
( n  = 170) was associated with a twofold increase (Kemp et al.  2015b ). Studies have 
also demonstrated that positive psychological wellbeing is associated with reduced 
mortality in healthy individuals in studies with follow-ups of up to 10 years (Chida 
and Steptoe  2008 ) (see also Steptoe et al. ( 2015 )). A meta-analysis (Chida and 
Steptoe  2008 ) on 35 studies in initially healthy populations revealed that wellbeing 
is associated with reduced all-cause mortality (19 % reduction in hazard ratio) and 
cardiovascular mortality (29 % reduction). Together, these studies highlight a robust 
relationship between mental and physical health. It is possible that HRV provides a 
candidate marker for the mechanism that links mental and physical health (see 
Kemp and Quintana ( 2013 ) for a recent review). 

 HRV indexes the beat-to-beat variability in heart rate measured by the electrocar-
diogram, and although different measures may refl ect distinct physiological mecha-
nisms, all measures predominantly refl ect vagal nerve activity (Reyes Del Paso 
et al.  2013 ). I now turn my attention to the varied psychological and physiological 
functions indexed by HRV. This discussion helps to highlight the implications of 
alterations in vagal function and provides an important foundation for interpreting 
the fi ndings of studies on HRV in affective disorders, discussed in the following 
section. Finally, I provide some recommendations for future studies in this exciting 
area of research.  

A.H. Kemp
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11.2     The Vagus: Psychological and Physiological 
Associations 

 The vagus has been described as the most important nerve in the human body 
(Tracey  2007 ). Vagal function may underpin a variety of important psychological 
and physiological functions including emotion recognition (Quintana et al.  2012 ) 
and its regulation (Smith et al.  2011 ), cognitive fl exibility (Verkuil et al.  2010 ), 
control over infl ammatory processes (Wang et al.  2003 ), regulation of the 
hypothalamic- pituitary-adrenal (HPA) axis (Porges  2011 ), glucose metabolism 
(Pocai et al.  2005 ; Wang et al.  2008 ) and neurotrophic processes (Follesa et al. 
 2007 ). Vagal function is also understood to play an important role in the communi-
cation of changes in the gastrointestinal tract to the central nervous system (Bravo 
et al.  2011 ). While phasic decreases in vagal activity are normal responses to envi-
ronmental challenge or stress (Hanson et al.  2013 ; Kemp et al.  2014b ), phasic 
increases facilitate emotion regulation (Geisler et al.  2010 ; Smith et al.  2011 ) and 
social engagement (Kok and Fredrickson  2010 ; Kemp et al.  2012b ; Geisler et al. 
 2013 ). A properly functioning vagus nerve may underpin psychophysiological fl ex-
ibility (Thayer et al.  2009 ), psychological wellbeing (Kok and Fredrickson  2010 ; 
Kok et al.  2013 ), cardiovascular health (Hillebrand et al.  2013 ) and even survival in 
critical illness including cancer (Giese-Davis et al.  2015 ) and trauma (Riordan et al. 
 2009 ). By contrast, its impairment is associated with psychophysiological rigidity 
(Thayer et al.  2009 ), dysregulation of a variety of allostatic systems (Thayer and 
Sternberg  2006 ), increased morbidity and risk for mortality (Thayer et al.  2010 ; 
Kemp and Quintana  2013 ). Vagal dysfunction may also manifest as fl attened affect, 
poor eye gaze, attenuated facial expressions, lack of prosody and hyperacusis 
(Porges  2011 ), core symptoms of the affective disorders (Fig.  11.1 ).

   There is now considerable evidence demonstrating that the affective disorders 
are associated with a chronic low-grade infl ammatory response (see Berk et al. 
( 2013 ) for review) increasing risk for a host of disorders and disease associated with 
ageing (see Kiecolt-Glaser et al. ( 2002 ) for review). The vagus is known to play an 
important regulatory role over these infl ammatory processes, a neural mechanism 
known as the cholinergic anti-infl ammatory refl ex (Tracey  2002 ,  2007 ; Huston and 
Tracey  2010 ; Tracey and Pavlov  2012 ). This refl ex is a neural mechanism regulated 
by the vagus nerve that controls metabolic homeostasis and innate immune 
responses. It is involved in the detection of cytokines and pathogen-derived prod-
ucts by the afferent (sensory) vagus nerve and the regulation and control of cytokine 
release by the efferent (motor) vagus nerve. Regulation of infl ammatory processes 
is achieved through the binding of acetylcholine to nAChRα7 expressed on macro-
phages in the periphery and microglia in the brain (Cheyuo et al.  2011 ). Reduced 
vagal function leads to elevated systemic infl ammation (Pavlov and Tracey  2012 ), 
triggering hepatic synthesis of C-reactive protein (Jarczok et al.  2014 ), increasing 
risk for cardiovascular disease morbidity and mortality (Casas et al.  2008 ). 

 More broadly, the vagus is considered to play a key regulatory role in a variety of 
allostatic systems including infl ammatory processes, the hypothalamic-pituitary-
adrenal axis and glucose metabolism (Thayer and Sternberg  2006 ). Allostasis is a 
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term that describes the multisystemic adaptations to maintain homeostasis, allowing 
the body to cope with environmental challenges (McEwen  1998 ). The affective dis-
orders are characterised by patterns of pathophysiology associated with a ‘wear and 
tear’ effect on the human body or ‘allostatic load’ (McEwen  1998 ). Preserved vagal 
function is therefore critical to antagonising these pathologic processes (Cheyuo 
et al.  2011 ) and may underpin many of the benefi ts of simple health interventions 
such as dietary improvements and physical activity, which include better regulation 
of pro- infl ammatory conditions and induction of growth factor cascades (Cotman 
et al.  2007 ; Gomez-Pinilla  2008a ,  b ). 

 This extensive set of observations and associated theoretical foundations highlight 
the broad utility of HRV measurement leading to sustained research interest in HRV 
by researchers from multiple disciplines. I now turn my attention to the fi ndings 
reported by studies that have investigated the impact of affective disorders on HRV.  

11.3     Affective Disorders and HRV 

 The study of HRV in affective disorders has captured the attention of researchers for 
more than two decades. In one of the fi rst studies on this topic (Carney et al.  1988 ), 
depressed patients with coronary artery disease were found to have a higher heart 
rate relative to nondepressed patients with coronary artery disease, independent of 
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  Fig. 11.1    A simplifi ed 
model for the associations 
between vagal function, 
the affective disorders and 
health. A properly 
functioning vagus nerve 
underpins 
psychophysiological 
fl exibility to environmental 
challenge, homeostatic 
regulation over a variety of 
allostatic systems, 
resilience, wellbeing and 
longevity. By contrast, its 
impairment leads to 
psychophysiological 
rigidity, allostatic load, 
affective disorders, 
physical disease and 
mortality. The model 
explicitly acknowledges 
the bidirectional 
associations between the 
affective disorders 
(resilience) and physical 
disease (wellbeing)       
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age, smoking and beta-blocker medication. Depressed patients also had reduced 
heart rate variability, although this association fell short of statistical signifi cance. 
The HRV measure reported in this study was the standard deviation of the mean R-R 
intervals over consecutive 5-min intervals, extracted from 24-h ambulatory ECG 
recordings. The standard deviation of normal-to-normal R-R intervals (SDNN) is a 
commonly reported, time-domain measure, refl ecting all of the cyclic components 
responsible for variability. SDNN is often reported in studies on long-term HRV 
recordings and has been demonstrated to be a robust predictor of adverse cardiovas-
cular events and mortality (Hillebrand et al.  2013 ; Huikuri and Stein  2013 ). 

 Reliable and valid measures of heart rate and its variability may also be obtained 
from shorter recordings under standardised and controlled conditions (Task Force 
of the European Society of Cardiology the North American Society of Pacing 
Electrophysiology  1996 ). An early study (Thayer et al.  1996 ) on patients with gen-
eralised anxiety disorder (GAD) reported that patients display lower high-frequency 
heart rate variability (HF-HRV), relative to non-anxious control participants, con-
cluding that GAD and its cardinal feature – worry – may be associated with reduced 
vagal activity. This study was based on HRV measures extracted from short-term 
ECG recordings (3.5 min). Short-term recordings may also predict coronary heart 
disease and mortality (Dekker et al.  2000 ; Carnethon et al.  2002 ). The most com-
monly reported measures of HRV reported from short-term recordings include the 
root mean square of successive differences (RMSSD) and HF-HRV, which are time- 
and frequency-domain measures, respectively. While the two are highly correlated, 
the former is less affected by changes in breathing frequency (Penttilä et al.  2001 ; 
Saboul et al.  2013 ), highlighting the utility of RMSSD during ambulatory record-
ings and research on patients with high levels of anxiety in particular (e.g. Wilhelm 
et al.  2001 ) (see also Carnevali et al. ( 2013 )). 

 Recent research has concentrated on whether HRV is reduced in the mood and 
anxiety disorders or, instead, whether these reductions are driven by medications 
that are prescribed for these conditions (Kemp et al.  2011a ,  b ; Licht et al.  2011a ,  b ; 
Kemp  2011 ,  2012 ; Brunoni et al.  2012 ). Contradictory fi ndings have been reported 
in the literature, the reasons for which may include small, heterogeneous and medi-
cated samples. Meta-analysis is an important quantitative technique that allows 
objective conclusions to be drawn from individual studies, which may be affected 
by low study power. Meta-analysis overcomes this limitation by drawing conclu-
sions on the basis of summary statistics calculated from multiple individual studies 
and allows for the heterogeneity of contributing studies to be systematically exam-
ined. Our recent meta-analyses on resting-state HRV in major depressive disorder 
(MDD) (Kemp et al.  2010 ) and anxiety disorders (Chalmers et al.  2014 ) were an 
explicit attempt to draw objective conclusions from a contradictory body of previ-
ously published studies. 

 Our fi rst meta-analysis ( N  = 1080) on patients with MDD (Kemp et al.  2010 ) was 
conducted to determine whether unmedicated depressed patients display HRV 
reductions across time-, frequency- and non-linear domains. We also focused on 
otherwise healthy patients with depression because cardiovascular disease may 
have led to overestimations of the association between depression and resting-state 
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HRV. An earlier study (Licht et al.  2008 ) based on the large Netherlands Study of 
Depression and Anxiety (NESDA) cohort ( N  = 2373) had concluded that while low-
ered HRV was observed in depression, this fi nding was mainly driven by the effect 
of antidepressants. Our meta-analysis (Kemp et al.  2010 ) indicated that HRV was 
lower in unmedicated depressed patients ( n  = 673), relative to healthy controls 
( n  = 407), with effect sizes ranging from small (based on time- and frequency- 
domain HRV measures) to large (non-linear measures). Depression severity was 
also observed to correlate negatively with HRV ( r  = −0.35,  p  < 0.001). We specu-
lated that somatic symptoms, commonly observed in patients with severe depres-
sion, might have contributed to this fi nding. We recently supported this possibility 
in a study on patients with melancholia (Kemp et al.  2014c ), a subtype of depression 
characterised by somatic symptoms, cognitive impairment and reduced responsive-
ness to the environment. (This more recent study is discussed further below.) In our 
earlier meta-analysis (Kemp et al.  2010 ), we also reported that tricyclic antidepres-
sants – but not other classes of antidepressants – were associated with substantial 
HRV reductions, fi ndings associated with a large effect size. While our meta- 
analysis confi rmed the well-known adverse effects of tricyclic antidepressants 
(Glassman et al.  1993 ), our fi ndings in unmedicated patients also demonstrated that 
antidepressant medications do not necessarily drive the HRV fi ndings that have 
been observed in samples with affective disorders, an argument that has now been 
made by several groups of researchers (e.g. Licht et al.  2009 ; O’Regan et al.  2014 ). 

 Our more recent meta-analysis on anxiety disorders ( N  = 4380) (Chalmers et al. 
 2014 ) was also conducted because prior studies had reported inconsistent fi ndings, 
again, highlighting the need for objective meta-analysis. An earlier study on the 
anxiety disorders, also on the NESDA cohort ( N  = 2095), had concluded that the 
effects of antidepressant medications drove lowered HRV in these patients. By con-
trast, our more recent meta-analysis (Chalmers et al.  2014 ) on anxiety disorders 
( n  = 2086) observed that lower HRV is observed in patients with anxiety disorders 
(based on HF-HRV and time-domain measures) and that these fi ndings were associ-
ated with a small-to-moderate effect size. Critically, medication use and medical 
comorbidity did not impact on these fi ndings. Inspection of specifi c anxiety disor-
ders also indicated that patients with panic disorder ( n  = 447), post-traumatic stress 
disorder ( n  = 192), generalised anxiety disorder ( n  = 68) and social anxiety disorder 
( n  = 90) all displayed moderate reductions in HF-HRV, relative to controls. Patients 
with specifi c phobias ( n  = 61) displayed reductions in time-domain measures of 
HRV, although these fi ndings were associated with a small effect size. Only 
obsessive- compulsive disorder was not associated with signifi cant reductions in 
HRV, null fi ndings that could have been due to a relatively small sample size ( n  = 40). 
Unfortunately, no meta-analysis could be conducted on specifi c treatments for anxi-
ety disorders due to the small number of studies investigating this issue, highlight-
ing the need for further research in this area. 

 It is important to point out here that MDD and anxiety are frequently comorbid 
conditions: MDD has high comorbidities with the whole range of anxiety disorders 
(Goldberg and Fawcett  2012 ). Correlations range from 0.62 for generalised anxiety 
disorder, 0.52 for agoraphobia and social phobia, 0.48 for panic disorder to 0.42 for 
obsessive-compulsive disorder (Goldberg and Fawcett  2012 ). The close relationship 
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between MDD and generalised anxiety disorder in particular is thought to relate to 
shared symptoms – especially negative affect – and genetic risk factors (Goldberg 
and Fawcett  2012 ). My colleagues and I have now published multiple studies in 
independent samples (Kemp et al.  2012a ,  2014a ) demonstrating that GAD patients 
may display the most robust reductions in HRV. Lowered HRV in GAD patients 
may relate to their inability to disengage from threat detection, even in the absence 
of any real threat (Thayer and Lane  2000 ; Kemp et al.  2012a ), a behavioural char-
acteristic that may be underpinned by prolonged prefrontal inactivity, disinhibition 
of the central nucleus of the amygdala and activation of medullary cardioaccelera-
tory circuits (Thayer et al.  2009 ; Kemp et al.  2012a ). 

 In the largest independent cohort to date ( N  = 15,105), we reported (Kemp et al. 
 2014a ) that the use of antidepressant medications was associated with substantial 
decreases in HRV, while only GAD was observed to display robust, albeit small, 
reductions in vagal activity after controlling for multiple confounding variables, 
including medication use. This study employed propensity score matching proce-
dures, a technique that involves estimating the difference between groups after 
accounting for covariates that predict group membership. This propensity score 
technique has several advantages over traditional analytical techniques such as anal-
ysis of covariance (ANCOVA) and multiple regression analysis including reduced 
bias by accounting for the effects of covariates without reference to the outcome 
variable (HRV) and the opportunity to analyse data with some of the advantages of 
a randomised controlled design (McCaffrey et al.  2013 ). This technique is particu-
larly helpful when researchers have access to a large sample of participants and seek 
answers to research questions that have previously led researchers to draw contra-
dictory conclusions. Although participants with comorbid depression and anxiety 
disorders were not found to display lowered HRV, many of the factors adversely 
affecting HRV had already been controlled using propensity score weighting and 
matching techniques (Kemp et al.  2014a ). We concluded, therefore, that compre-
hensive cardiovascular risk reduction strategies are still needed in such patients to 
minimise subsequent morbidity and mortality in these patients (Nemeroff and 
Goldschmidt-Clermont  2012 ). 

 Studies have also examined HRV in the bipolar spectrum disorders (BSDs) (see 
Outhred et al. ( 2014 ) for review), a cluster of disorders characterised by extreme 
changes in mood involving depression and (hypo)mania (Malhi et al.  2012 ). HRV 
appears to be decreased in both the manic (Henry et al.  2010 ; Chang et al.  2014 ) and 
depressive phases (Lee et al.  2012 ; Chang et al.  2015 ) of the illness, although con-
tradictory fi ndings have again been reported, with other studies reporting that mania 
is associated with higher, not lower HRV (Gruber et al.  2008 ,  2011 ). For instance, a 
study on young adults categorised into high relative to low mania risk groups dis-
played elevated positive emotion and tonic vagal function at rest and during presen-
tation of positive, negative and neutral fi lms (Gruber et al.  2008 ). While this study 
was conducted on a non-patient population, a more recent study by the same authors 
reported that patients with bipolar disorder ( n  = 23) display smaller decreases in 
RSA – as determined by the peak-valley method – during emotion-eliciting fi lms, 
compared to non-clinical controls ( n  = 24) (Gruber et al.  2011 ). Critically, this study 
further reported that ‘BD participants exhibited greater increases in RSA [during 
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fi lm stimuli] from already higher RSA levels’ collected during a resting baseline 
period relative to controls. These contradictory fi ndings in BD highlight the impor-
tance of continued work in this area. 

 Research has also begun to compare HRV across multiple psychiatric disorders. In 
this regard, a study (Moon et al.  2013 ) compared resting-state measures of HRV col-
lected from patients with schizophrenia, bipolar disorder, post-traumatic disorder and 
MDD. This study observed robust decreases in patients with bipolar disorder across a 
variety of HRV measures. Signifi cant reductions in high-frequency HRV (HF-HRV) 
were also observed in schizophrenia, post-traumatic stress disorder and MDD relative 
to controls. However the authors (Moon et al.  2013 ) did not fi nd any differences across 
the disorders. More recent work (Alvares et al.  2016 ) suggests that the most pro-
nounced HRV reductions may be observed in physically healthy patients with psy-
chotic disorders. A major limitation of this study was that patient groups were being 
treated with a variety of medications, which as discussed above, may impact on HRV 
(Kemp et al.  2010 ,  2014a ; Licht et al.  2010 ). Another limitation of this study (Moon 
et al.  2013 ) was that groups differed on age, a major confounding variable (Voss et al. 
 2012 ,  2015 ), which again makes it diffi cult to draw robust conclusions. 

 Recently, other researchers reported that HRV may help to distinguish bipolar II 
depression from unipolar major depressive disorder (Chang et al.  2015 ). Patients 
with bipolar were reported to display lower mean R-R intervals, variance (total 
HRV), low-frequency (LF)-HRV and high-frequency (HF-)HRV but higher LF/HF 
ratio compared to those with major depression. In comparison with controls, the 
authors reported that bipolar patients display cardiac sympathetic excitation – based 
on a larger LF/HF ratio – in combination with reciprocal vagal impairment, while 
patients with unipolar depression display only vagal impairment. These authors 
concluded that the additional fi ndings for the LF/HF ratio – which the authors 
argued to refl ect sympathetic nervous system activity – may be used to aid differen-
tial diagnosis of bipolar depression. This conclusion, however, is incorrect for at 
least two reasons (see discussion in Kemp ( 2015 )). Firstly, this conclusion assumes 
that LF component of HRV is an index of sympathetic cardiac control and that the 
LF/HF ratio refl ects an index of autonomic balance, yet HRV – especially that dur-
ing the resting state – predominantly refl ects activity in the parasympathetic nervous 
system rather than the sympathetic nervous system (Reyes Del Paso et al.  2013 ) (see 
also Goldstein et al. ( 2011 )). Secondly, this study did not take into consideration the 
heterogeneity of major depression. For instance, we have reported that patients with 
melancholic depression – but not those with non-melancholic depression – display 
HRV decreases relative to controls (Kemp et al.  2014c ), fi ndings associated with a 
moderate effect size. While the large group of unipolar depressed patients in Chang’s 
study was comprised of 130 patients with melancholic features, they did not com-
pare patients with melancholia to those with bipolar. 

 In addition to generally lowered HRV in patients with affective disorders, studies 
have also observed HRV reductions during their remission (Kemp et al.  2010 ; 
Chang et al.  2013 ; Brunoni et al.  2013 ; Braeken et al.  2013 ). These fi ndings suggest 
that vagal impairment may actually persist despite successful treatment, perhaps 
providing a psychophysiological mechanism for the observation that asymptomatic 
individuals are more vulnerable to future episodes, a phenomenon known as 
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‘kindling’ (Post  1992 ). We recently demonstrated that unmedicated women ( n  = 22) 
with a history of – but not current – anxiety disorders display decreases in HRV 
(Braeken et al.  2013 ). These fi ndings indicate that patients with prior affective dis-
orders may still display lowered HRV, even in unmedicated individuals. Strikingly, 
we also observed that the 2–4-month-old offspring of these pregnant women with a 
past history affective disorders also display low HRV relative to children from the 
women without such history. Furthermore, these HRV decreases at 2–4 months of 
age also predicted fearful behaviour at 9–10 months of age, pointing to possible 
underlying mechanisms of future psychopathology. In another recent study, we 
argued that HRV reductions may refl ect a trait marker of MDD ( n  = 93 following 
treatment) (Brunoni et al.  2013 ). This study demonstrated that HRV did not change 
following treatment with either a non-pharmacological (transcranial direct current 
stimulation) or pharmacological (sertraline) intervention, nor was HRV observed to 
increase with clinical response to either treatment. Another study, however, on 
unmedicated individuals with a diagnosis of MDD earlier in life ( n  = 470) (Chang 
et al.  2013 ) observed that autonomic dysregulation was observed only in those 
remitted patients with a history of suicidal ideation ( n  = 237), while HRV otherwise 
appeared to resolve in individuals with fully remitted MDD. 

 In summary, studies have shown that the affective disorders generally display 
impairment in vagal function indicated by HRV reductions (see Table  11.1  for sum-
mary of key, recent studies). It should be noted that while decreases in HRV are gener-
ally indicative of autonomic dysfunction (Thayer et al.  2010 ), higher values may also 
refl ect an unhealthy, highly irregular heart rate pattern in cardiac patients (Huikuri and 
Stein  2013 ). However, it is unlikely that this fi nding is relevant to patients with affec-
tive disorders for several reasons. Firstly, reduced HRV is observed in  otherwise 
healthy  patients with affective disorders (e.g. Kemp et al.  2010 ,  2012a ). Secondly, 
these concerns relate more to older individuals who are increasingly likely to display 
abnormal cardiac rhythms. As HRV reductions are observed in otherwise healthy 
patients with affective disorders, these changes may refl ect an early, upstream, marker 
of dysfunction that subsequently leads to an infl ammatory cascade increasing risk for 
morbidity and mortality (Tracey  2002 ,  2007 ; Thayer and Sternberg  2010 ; Huston and 
Tracey  2010 ; Tracey and Pavlov  2012 ; Kemp and Quintana  2013 ). It is suggested 
therefore that lower HRV may provide an early marker of ill health in otherwise 
healthy patients with affective disorders that precedes established risk factors for med-
ical illness. Further study is needed to determine whether particular disorders display 
greater reductions than others (recent evidence suggests that otherwise healthy 
patients with psychotic disorders may display the greatest reductions, Alvares et al. 
 2016 ), in addition to research on the various pathways through which these reductions 
may contribute to physical ill health. I now turn our attention to some of the method-
ological considerations facing researchers using HRV in their research activities.

11.3.1       Future Directions 

 The extant research on the impact of affective disorders on HRV has largely focused on 
whether or not there is an effect, rather than when, or how an effect appears. This focus 
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   Table 11.1    Brief summary of major recent fi ndings from studies on HRV in affective disorders 1, 2    

 Finding  Comment  Reference 

 HRV is reduced in otherwise 
healthy patients with major 
depressive disorder (MDD) 
( n  = 673) relative to healthy 
controls ( n  = 407). Tricyclic 
medications (TCAs) 
decreased HRV ( n  = 32), 
although serotonin reuptake 
inhibitors ( n  = 92) had no 
signifi cant impact on HRV, 
despite patient response to 
treatment 

 These fi ndings were obtained from meta-
analysis on a body of previously reported 
contradictory fi ndings ( N  = 1080). For MDD, 
small effect sizes were observed for time- and 
frequency- domain measures, while a large 
effect size was observed for non-linear domain 
measures. For TCAs, a large effect size was 
observed. This study was the fi rst to 
conclusively demonstrate that HRV is reduced 
in MDD in otherwise healthy patients and that 
these effects are not due to medication 

 Kemp et al. 
( 2010 ) 

 HRV was reduced in MDD 
( n  = 73) relative to controls 
( n  = 94), and patients with 
comorbid generalised anxiety 
disorder (GAD) ( n  = 24) 
displayed the most robust 
reductions 

 This study ( N  = 167) focused on the impact of 
anxiety comorbidity in patients with MDD. All 
patients were unmedicated and otherwise 
healthy, yet HRV reductions were still 
observed, providing important evidence that 
medications alone are not the only reason for 
driving HRV reductions, as has been argued 
now by several research groups 

 Kemp et al. 
( 2012a ) 

 HRV is reduced in patients 
with generalised anxiety 
disorder (GAD) only 
( n  = 1183). HRV is also 
reduced in users of 
antidepressants. Findings 
were greatest for users of 
tricyclic antidepressants 
( n  = 84) and the serotonin and 
noradrenaline reuptake 
inhibitors ( n  = 52), followed 
by other antidepressants 
( n  = 75) and the selective 
serotonin reuptake inhibitors 
( n  = 356) 

 These fi ndings were obtained from the largest 
cohort study conducted to date ( N  = 15,105) on 
the impact of common mental disorders and 
antidepressants. This study also used an 
underused analytical technique known as 
propensity score analysis, which has 
advantages over traditional regression- based 
techniques to control for confounding 
variables. This study demonstrated that while 
the effects of antidepressant treatments are the 
most robust, patients with generalised anxiety 
disorder display signifi cant, albeit small, 
reductions in HRV 

 Kemp et al. 
( 2014a ) 

 HRV is reduced in MDD 
patients with melancholia 
( n  = 40) – but not non-
melancholia ( n  = 32) 

 This study ( N  = 166) was conducted to follow 
up on the American Journal of Psychiatry 
(AJP) observation (above) that HRV was not 
reduced in MDD. The fi ndings reported in 
Frontiers in Psychology were based on the 
sample used in the above 2012 PLOS ONE 
study. However, this sample was an 
independent sample to those used for the AJP 
publication. Findings highlight the importance 
of investigating heterogeneity in MDD. The 
HRV reductions observed in melancholia 
relative to controls were associated with 
moderate effect size 

 Kemp et al. 
( 2014b ) 
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Table 11.1 (continued)

 Finding  Comment  Reference 

 HRV is reduced in MDD 
patients ( n  = 120), and these 
fi ndings were not ameliorated 
by either sertraline or 
transcranial direct current 
stimulation (tDCS) 

 This study ( N  = 240) replicated the previously 
reported – albeit contradictory – fi ndings of 
HRV reductions in HRV. This study further 
reported that HRV was still reduced following 
treatment with either sertraline or tDCS in both 
those that responded and did not respond to 
treatment. Based on these fi ndings, it was 
concluded that HRV reductions may refl ect a 
trait marker of MDD and that these reductions 
are not due to antidepressant medications. HRV 
reductions were associated with a small-to-
moderate effect size 

 Brunoni 
et al. ( 2013 ) 

 HRV is reduced in women 
with a past history ( n  = 22) – 
but not current – anxiety 
disorder relative to those 
without a history of 
psychopathology ( n  = 34). 
HRV was also reduced in the 
offspring of women with a 
past anxiety disorder ( n  = 16), 
relative to the offspring of 
women without a history of 
psychopathology ( n  = 28). In 
all children, low HRV at 
2–4 months of age were 
associated with a higher 
chance of fearful behaviour at 
9–10 months 

 Participants in this study consisted of 56 
women during their fi rst trimester and their 
offspring (15 male, 29 female). Women had a 
history of an anxiety disorder ( n  = 22) or no 
psychopathology ( n  = 34). This study is unique 
because it not only demonstrates that past 
anxiety disorder is associated with HRV 
reductions, but that the offspring of the women 
with a past anxiety disorder also displayed 
HRV reductions. Finally, the associations 
between offspring HRV and future fearful 
behaviour have important implications for 
future psychopathology of the offspring 

 Braeken 
et al. ( 2013 ) 

 HRV is reduced in the anxiety 
disorders including those 
diagnosed with panic disorder 
( n  = 447), post-traumatic 
stress disorder ( n  = 192), 
generalised anxiety disorder 
( n  = 68), social anxiety 
disorder ( n  = 90) and specifi c 
phobias ( n  = 61) 

 These fi ndings were obtained from meta-
analysis on a body of previously reported 
contradictory fi ndings ( N  = 4380). Moderate 
effect sizes were observed for patients with 
panic disorder, post-traumatic stress disorder, 
generalised anxiety disorder and social anxiety 
disorder, while a small effect size was observed 
for patients with specifi c phobias. No 
meta-analysis could be conducted on specifi c 
treatments for anxiety disorders due to the 
small number of studies investigating this issue 

 Chalmers 
et al. ( 2014 ) 

   1 Studies contributing to the main conclusions drawn in the book chapter are included in this table 
  2 The studies included in this table focus on major depressive disorder ( MDD ) and the anxiety 
 disorders. While considerable debate has concentrated on whether HRV reductions are driven by 
the disorder versus antidepressant treatment, the most recent studies (summarised in this table) 
demonstrate that HRV is reduced in unmedicated patients with affective disorders. HRV reductions 
appear to be greatest for patients with generalised anxiety disorder ( GAD ), a fi nding that may 
relate to the inability of patients to disengage from threat detection, even in the absence of any real 
threat. These fi ndings have important implications for the health of patients with anxiety disorders 
and especially those with GAD  
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may in part have led to some of the contradictory and discrepant fi ndings reported in 
the literature. For instance, a study involving 22-h ambulatory monitoring 
(Schwerdtfeger and Friedrich-Mai  2009 ) demonstrated that while depression is associ-
ated with reduced time-domain HRV (RMSSD) when participants are alone, social 
interactions (with partner, family or friends) may ameliorate this effect. These fi ndings 
are important as laboratory-based recordings involve social interaction with experi-
menters, which may inadvertently ameliorate differences between depressed partici-
pants and controls. Social connectedness is associated with increased HRV (Kok and 
Fredrickson  2010 ), and Porges’ polyvagal theory (Porges  2011 ) provides a theoretical 
basis for such fi ndings, which may also be apparent in psychiatric populations, particu-
larly depressed individuals. It is possible that further examination of group differences 
under multiple conditions including resting state, stressor and recovery from stressor 
may help to elucidate more robust effects in affective disorders. 

 Researchers also need to give consideration to what might moderate HRV reduc-
tions in order to better clarify the conditions under which effects may or may not be 
observed. It is possible, for instance, that the effect sizes of the disorders are larger 
than have been reported but that the effects have been suppressed by not taking into 
consideration particular moderating factors. In addition to the above example in 
regard to social engagement, certain clinical characteristics and their amelioration 
may also moderate observed fi ndings. For example, specifi c subtypes of depression 
(e.g. melancholia) or symptoms of a depressive episode or the anxiety disorders 
(e.g. somatic symptoms) may have stronger effects on vagal activity. This particular 
issue was examined in a recently published report conducted in our laboratory, with 
fi ndings indicating that patients with melancholia display more robust reductions in 
resting-state HRV, relative to controls, than those patients without melancholic 
symptoms (Kemp et al.  2014c ). 

 Another potential moderator that needs to be investigated in studies on affective 
disorders is the impact of ethnic differences. Recent work has demonstrated large 
ethnicity effects on HRV demonstrating that African Americans have higher HRV 
than individuals with a white European background (Hill et al.  2015 ). These fi nd-
ings are consistent with fi ndings from the National Comorbidity Survey Replication 
indicating that ‘Blacks’ have a lower lifetime risk of mood and anxiety disorders 
and that this lower lifetime risk begins in childhood (i.e. prior to the age of 10) 
(Breslau et al.  2006 ). Curiously, however, African Americans also have higher mor-
tality rates from coronary heart disease and stroke (Keenan and Shaw  2011 ), a sur-
prising fi nding considering that increased HRV is usually associated with reduced, 
not increased risk for cardiovascular disease, a phenomenon the authors (Hill et al. 
 2015 ) labelled as a cardiovascular ‘conundrum’. These fi ndings highlight a need for 
further research to better understand the moderating and mediating mechanisms 
underpinning not only decreases in HRV in psychiatric disorders, but also in the 
downstream causal pathways that lead to increased morbidity and mortality. 

 In regard to the causal pathways from psychiatric illness to morbidity and mor-
tality, researchers still need to determine what might be major mediators of down-
stream adverse effects (i.e. physical disease and mortality) in otherwise healthy 
patients with psychiatric illness. Research methodologists argue that ‘we better 
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understand some phenomenon when we can answer not only whether X affects Y, 
but also how X exerts its effect on Y, and when X affects Y and when it does not…’ 
(Hayes  2013 ). In this regard, ‘the how question relates to the underlying psycho-
logical, cognitive, or biological process that causally links X to Y, whereas the 
“when” question pertains to the boundary conditions of the causal association…’ 
(Hayes  2013 ). Researchers need to move beyond questions like ‘is there an effect?’ 
to questions such as ‘when do effects appear?’ (moderation), ‘how do effects arise?’ 
(mediation) and ‘how strong are these effects?’ (effect size) (Cumming  2012 ; Hayes 
 2013 ). In doing so, researchers will gain better understanding of the causal path-
ways involved and clarify whether, how and when these effects (HRV reductions) 
lead to morbidity and mortality. Longitudinal studies also play an important role in 
fi nding the right answers to these questions. 

 Another important question relates to the effects of different types of treatment – 
particularly non-pharmacological treatments – on HRV and how to ameliorate the 
adverse effects of antidepressant medications (Licht et al.  2010 ; Kemp et al.  2014a ). 
Even the most commonly prescribed class of antidepressants, the selective serotonin 
reuptake inhibitors (SSRIs), appear to have adverse effects on HRV (Licht et al. 
 2010 ) (but see Kemp et al. ( 2011b )). These considerations have important implica-
tions for future research on HRV in psychiatry and psychology, raising the question 
as to whether or not regular physical activity – a health behaviour with powerful 
benefi cial effects on the autonomic nervous system – is able to increase HRV in par-
ticipants using antidepressant medications. Given that antidepressant drugs alone do 
not seem to protect patients from cardiovascular disease (CVD) (Whang et al.  2009 ; 
Hamer et al.  2011 ; Kemp et al.  2015a ), longitudinal studies are needed to evaluate 
the impact of exercise in patients receiving long-term antidepressant treatment. 

 In summary, while researchers have generated a signifi cant body of research on 
which our understanding of the relationship between HRV and affective disorders 
has improved, much research examining causal pathways linking HRV, psychiatric 
disorders and cardiovascular risk remains to be done.   

    Conclusions 

 Previous studies investigating the association between affective disorders and 
HRV have largely been correlational in nature. Therefore, it remains unclear 
whether psychiatric disorders adversely affect HRV or whether reductions in 
HRV precede the manifestation of the disorder. It is proposed here that the rela-
tionship between mood and HRV is a bidirectional one. Higher baseline levels of 
HRV are associated with increased positive emotions and social connectedness 
over a 9-week period (Kok and Fredrickson  2010 ). Importantly, this study also 
showed that increases in positive emotions and connectedness predicted increases 
in HRV, independent of baseline levels. The authors concluded that results sup-
ported ‘an upward spiral relationship of reciprocal causality’ whereby HRV and 
psychological wellbeing reciprocally and prospectively predict each other. This 
reciprocal relationship may also apply to the affective disorders such that HRV 
and intense negative emotions reciprocally and prospectively predict each other 
in a ‘downward’ spiral relationship. 
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 The vagus nerve clearly plays an important role in the affective disorders. 
Through its interconnections with other cranial nerves, it underpins a host of 
symptoms such as fl attened facial affect and lack of prosody (Porges  2011 ). A 
poorly functioning cholinergic anti-infl ammatory refl ex (Tracey  2002 ) – under-
pinned by the vagus – contributes to the chronic low-grade infl ammation charac-
teristic of depression and other psychiatric disorders (Berk et al.  2013 ) 
subsequently contributing to physical ill health over the longer term. As the 
vagus nerve plays a critical role in the regulation of infl ammatory processes 
(Tracey  2002 ) and other allostatic systems (Thayer and Sternberg  2006 ), vagal 
function – indexed by HRV – is an important factor underpinning individual dif-
ferences in morbidity and mortality from a host of conditions and disorders.     
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Abstract
Arterial stiffness is a process of vascular ageing, and it is a consequence of arte-

riosclerosis. In this chapter we describe how arterial stiffness is measured, and 

we evaluate the evidence on how arterial stiffness independently exacerbates 

both cardiovascular disease and depression and in turn how depression predicts 

arterial stiffness. The association between arterial stiffness and cardiovascular 

disease is well established, and so is the association between arterial stiffness and 

depression. Arterial stiffness may be one of several vascular processes that medi-

ate the hypothesised bidirectional relationship between depression and cardio-

vascular disease. The importance of assessing arterial stiffness as a measure of 

cardiovascular disease, especially if it is comorbid with depression, is 

discussed.
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Arterial stiffness is a process of vascular ageing, caused by structural and cellular 

change within vessel walls (Nichols et al. 2011). With age, haemodynamic factors 

such as repetitive cyclic stress and extrinsic factors such as hormone, salt and glu-

cose levels combine to damage the tunica media of blood vessels, causing the frag-

mentation of elastin and a decline in the elastin/collagen ratio (Nichols et al. 2011). 

This lessens the elasticity of large arteries and decreases their ability to stretch dur-

ing systole to absorb the pulsatile energy from each heartbeat. In turn, increased 

systolic pressure and higher flow pulsations are transmitted down the vascular tree 

into the microvasculature of end organs (Zieman et al. 2005; O’Rourke and 

Hashimoto 2007).

12.1  How to Measure Arterial Stiffness?

While there are many methods by which to measure arterial stiffness, carotid- 

femoral pulse wave velocity (CF-PWV) is seen to be the most clinically relevant. 

This is due to its quantification of pulse waves in the aortic and aorto-iliac pathways 

which are responsible for the majority of the pathophysiological effects of arterial 

stiffness (Laurent et al. 2006). CF-PWV is measured by placing subjects in a supine 

position with three ECG monitoring electrodes placed on their chest to allow ECG 

synchronisation. A high-fidelity tonometer is then placed sequentially over the right 

carotid and femoral pulses and gently pressed down until a steady waveform is 

achieved. Using ECG synchronisation and the formula C-F-PWV = ∆D/∆t, 
CF-PWV in m/s is calculated. Distance between recording sites (∆D) is measured 

via the surface distance, and time (∆t) is measured between the feet of the two 

waveforms.

Some limitations associated with PWV measurement have been noted. The fem-

oral pressure waveform may be difficult to record accurately in patients with meta-

bolic syndrome, obesity, diabetes and peripheral artery disease. Further, in the 

presence of aortic, iliac or proximal femoral stenosis, the pressure wave may be 

attenuated and delayed (Van Bortel al. 2002).

Another accepted measure of arterial stiffening is central augmentation index, 

which is the ratio of augmentation pressure to pulse pressure. However central aug-

mentation index has been criticised as an ineffective measure of arterial stiffness 

among older adults (Fantin et al. 2007).

12.2  Arterial Stiffness and Cardiovascular Disease

The association between arterial stiffness and cardiovascular disease is well estab-

lished, with arterial stiffness shown to be an independent predictor of coronary dis-

ease and stroke (Mattace-Raso et al. 2006) and predictive of cardiovascular and total 

mortality (Lacolley et al. 2008). Additionally, adding PWV to the standard array of 

cardiovascular risk factors measured by clinicians improves the prediction of car-

diovascular disease (Mitchell et al. 2010). A meta-analysis of 17 longitudinal 
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studies that evaluated PWV and followed over 15,000 individuals for an average of 

7.7 years found that the predicted risk of total and cardiovascular mortality was 

twice as high among individuals with high PWV compared to those with low PWV 

(Vlachopoulos et al. 2010). The predictive power of PWV was even greater for 

individuals with high cardiovascular risk factors at baseline (Vlachopoulos et al. 

2010). The prognostic importance of CF-PWV in cardiovascular disease is probably 

attributed to the adverse haemodynamic effects of aortic stiffening with increased 

systolic load and decreased myocardial perfusion pressure (Cecelja and Chowienczyk 

2012), in combination with higher levels of inflammation in arterial stiffness 

(Pasceri et al. 2000; Willerson and Ridker 2004).

12.3  Arterial Stiffness and Depression

Depression has repeatedly been found to be associated with arterial stiffness when 

measured by PWV (Tiemeier et al. 2003; Seldenrijk et al. 2011; Poongothai et al. 

2015). Persistent depression has also been linked to significantly greater increases in 

PWV velocity over a 3-year period, compared to nondepressed individuals (Satoh et al. 

2015). Increased arterial stiffness as measured by higher PWV has been found to be 

associated with more severe depressive symptoms (Dietz and Matthews 2011) and a 

greater likelihood of diagnosed depression, even after controlling for atherosclerosis 

(Tiemeier 2003).

Decreased arterial stiffness has also been found to be associated with timely and 

effective antidepressant treatment among highly depressed women (Oulis et al. 

2010). Women presenting with a current severe major depressive episode experi-

enced higher PWV compared to healthy controls before antidepressant treatment. 

However, this difference decreased over the course of treatment, and arterial stiff-

ness became comparable across groups at treatment completion. Moreover, full 

responders exhibited significantly greater vascular improvement than partial 

responders, and the magnitude of their arterial stiffness amelioration was strongly 

associated with the magnitude of their clinical improvement (Oulis et al. 2010). The 

interaction between antidepressant drug therapy and arterial stiffness is less clear 

among older adults. In a sample of adults aged 70 years or older with newly diag-

nosed depression, duloxetine but not escitalopram significantly increased PWV 

after 12 months of treatment. The drug-specific effect remained after controlling for 

cardiovascular risk factors (Scuteri et al. 2013).

Arterial stiffness may also be more strongly associated with particular subtypes 

of depression. One study found arterial stiffness to be associated with prolonged 

depression, but not episodic depression (Satoh et al. 2015). Further research utilis-

ing standardised operational definitions and measurements of depression is needed 

to elucidate this point. Past studies examining depression and arterial stiffness have 

defined depression in a multitude of ways, with some utilising categorical DSM 

definitions of depressive disorders such as dysthymia and major depressive disor-

der, and others looking rather at depressive symptoms on a linear scale as defined by 

various depression measures.
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Arterial stiffness has also been shown to be associated with other psychopatholo-

gies that share clinical features with depression. Depressive and anxiety disorders 

are highly overlapping, heterogeneous conditions that both have been associated 

with an increased risk of cardiovascular disease. Investigations of the relationship 

between arterial stiffness and both depression and anxiety have found mixed results. 

In one study, both depressed and anxious subjects experienced increased arterial 

stiffness as measured by central augmentation index. Subjects with lifetime comor-

bidity or higher severity or duration of depressive or anxiety symptoms showed an 

increased augmentation index, a manifestation of early wave reflection because of 

arterial stiffness (Seldenrijk et al. 2011). In contrast, another study investigating the 

relationship between arterial stiffness and depression and anxiety sensitivity found 

that increased arterial stiffness was associated with greater fearfulness and anxiety 

sensitivity only. No relationship between depression sensitivity and arterial stiffness 

was found (Seldenrijk et al. 2013). However, this study measured arterial stiffness 

by the heart rate-normalised central augmentation index and carotid M-mode ultra-

sound, both less than recommended measures.

Depressive symptoms are also common among individuals diagnosed with bipo-

lar disorder. Among a sample of bipolar adults, participants over the age of 32 had 

greater arterial stiffness than would be expected based on age-based population 

norms. Younger individuals with bipolar did not differ significantly from the norm 

based on arterial stiffness (Sohdi et al. 2012).

Further, several other studies have found arterial stiffness to be associated with 

other psychosocial factors associated with depression. For example, increased arte-

rial stiffness was associated with experiences of childhood trauma, recently experi-

enced stressful events, general negative life events and job stress (Bomhof-Roordink 

et al. 2015). Arterial stiffness was also associated with anxious attachment in ado-

lescents (Midei and Matthews 2009).

It may indeed be that arterial stiffness is not associated with depression itself but 

rather other psychosocial stressors or traits that are themselves often highly corre-

lated with depression. Hence, more research is necessary to determine if arterial 

stiffness is only associated with certain subtypes or features of depression before 

clarity regarding the mechanisms underlying the association between depression 

and arterial stiffness can be obtained.

In any case, the mechanism underlying the association between arterial stiffness 

and depression remains speculative (Tiemeier 2003; Paranthaman et al. 2010; Dietz 

and Matthews 2011; Seldenrijk et al. 2011; Satoh et al. 2015). It is possible that 

arterial stiffness impacts on depression via changes in brain structure. In fact, the 

effect of arterial stiffness on the brain is well established. Structurally, arterial stiff-

ness has been associated with white matter hyperintensities, cerebral lacunar infarc-

tion and cortical brain atrophy (Bateman et al. 2008; Henry-Feugeas et al. 2009; 

Nichols et al. 2011). It is hypothesised that increased flow pulsations through the 

carotid and vertebral arteries extend deep into the microvasculature of the brain 

leading to vascular rupture and subsequent micro-haemorrhages, endothelial denu-

dation and thrombotic obstruction (O’Rourke 2007; Henskens et al. 2008). Damage 

to cerebral microvessels is then followed by oedema, haemorrhage and finally 
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inflammation as part of the reparative process, all of which lead to structural change 

(Henry-Feugeas 2009; Nichols et al. 2011). Functionally speaking, arterial stiffness 

has also been repeatedly shown to be associated with decreased levels of cognitive 

function and dementia (Singer et al. 2014).

12.4  How Depression May Predict Arterial Stiffness

While the exact mechanism underlying the relationship between depression and 

arterial stiffness remains unclear, associations have been found between depression 

and several physiological processes that have the potential to increase arterial stiff-

ness such as inflammation and cortisol secretion. In particular, depression has been 

shown to increase inflammatory markers such as C-reactive protein. Inflammation 

may lead to endothelial dysfunction by limiting the bioavailability of nitric oxide 

through the inhibition of nitric oxide synthase (Venugopal et al. 2002; Brydon et al. 

2009; Hansel et al. 2010; Satoh et al. 2015). This in turn leads to increased vascular 

tone and arterial stiffening.

Depression may also lead to arterial stiffness via its effect on neuroendocrine 

function. Depression has been shown to be associated with hypothalamic-pituitary- 

adrenal axis hyperactivity, characterised by increased secretion of cortisol from the 

adrenal gland (Midei and Matthews 2009; Baune et al. 2012). Cortisol causes 

increased sympathetic activity, which increases resting systolic blood pressure and 

heart rate, both of which are known risk factors for arterial stiffness (Lehmann et al. 

1993; Sutton-Tyrrell et al. 2005). Cortisol is also known to cause abdominal fat 

accumulation, resulting in visceral obesity which itself has been shown to be a pre-

dictor of both arterial stiffness and cardiovascular disease (Midei and Matthews 

2009; Gottsater et al. 2015). Depression can also be associated with poor diet and 

lack of physical activity, both of which can lead to abdominal obesity, hyperglycae-

mia, dyslipidaemia and chronic inflammation, which are all predictors of arterial 

stiffness (Gottsater et al. 2015; Park and Lakatta 2012).

The neuroimaging findings of neurological small vessel disease associated with 

arterial stiffness have also been shown to be associated with unipolar depression in 

the elderly (Herrmann et al. 2008; Fujishima et al. 2014; van Uden et al. 2015) and 

bipolar depression in paediatric subjects (Serafini et al. 2014).

12.5  Arterial Stiffness, Cardiovascular Disease 
and Depression

Arterial stiffness is one of several vascular processes that have been proposed to 

mediate the hypothesised bidirectional relationship between depression and cardio-

vascular disease (Baune et al. 2012). The relationships between arterial stiffness, 

cardiovascular disease and depression seem to be interactive. In other words, it 

seems that they exacerbate each other. Again it is speculated that arterial stiffness 

may be one of the mediators of depression leading to cardiovascular disease, with 
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prolonged depression being shown to significantly accelerate arterial stiffening 

(Satoh et al. 2015). From a clinical standpoint, treatment modalities that reduce 

arterial stiffness may have a role in either prevention or treatment of depression and 

cardiovascular disease. Proposed pharmacological approaches to reducing arterial 

stiffness include traditional antihypertensives such as beta-blockers and calcium 

channel blockers, as well as novel agents designed to target advanced glycation end 

products and prevent them from binding with arterial collagen and causing stiffen-

ing (McEniery 2006). However, before the efficacy of any of these modalities can 

be investigated, further research is required in order to gain a greater clarity regard-

ing the role of arterial stiffness in mediating the bidirectional relationship between 

cardiovascular disease and depression.

 Conclusion

As described in a previous chapter, depression can exacerbate cardiovascular 

disease, and cardiovascular disease can exacerbate depression. Arterial stiffness 

is associated with both depression and cardiovascular disease and may mediate 

the bidirectional relationship of these constructs. Higher arterial stiffness exacer-

bates cardiovascular diseases. We speculate that arterial stiffness also impacts on 

the brain and exacerbates depression, and depression may lead to arterial stiff-

ness via its effect on neuroendocrine function. Reducing arterial stiffness could 

impact both depression and cardiovascular disease, and treatment strategies 

could focus on this in the future.
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   Abstract 
   The prospective BiDirect study was set up to uncover the potential bidirectional 
links between depression and arteriosclerosis, with a focus on markers of early 
and subclinical arteriosclerosis. 

 The BiDirect cohort is composed of three different samples: a subsample of 
patients with clinically manifest depression, a cohort of patients after an acute 
cardiovascular event, and a reference group that was drawn from the general 
population. All study participants underwent interviews, anthropometric mea-
surements, and measurements of blood pressure, ankle-brachial index (ABI), 
pulse wave velocity (PWV), augmentation index, body impedance, and carotid 
intima-media thickness (IMT). Composite, unweighted scores were created as 
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summary measures to assess the burden of subclinical arteriosclerosis in the dif-
ferent subsamples. The BiDirect baseline examination lasted from May 2010 to 
June 2013. Cross-sectional analyses of the baseline examination revealed signifi -
cantly increased measures for body and fat mass, but lower levels of blood pres-
sure in the depressive cohort. Single indicators of subclinical arteriosclerosis 
(ankle-brachial index (ABI), pulse wave velocity (PWV), intima-media thick-
ness (IMT), and carotid plaque) as well as an unweighted composite score of 
these markers showed no differences between the depression and the reference 
cohort at baseline. However, when the presence of adverse lifestyle factors, such 
as smoking and overweight, was additionally taken into consideration, the 
depressive cohort showed a raised propensity to arteriosclerosis, especially 
among those younger than 50 years. Expectedly, the cohort with clinically mani-
fest cardiovascular disease showed consistently the highest values and scores of 
arteriosclerosis.  

13.1       Background of the BiDirect Study 

 Cardiovascular diseases as well as depression are among the most frequent and 
most impairing diseases worldwide. Both are common causes for the frequent 
contacts with ambulatory and hospital services and for long-term utilization of 
health care (Mathers and Loncar  2006 ). The scope of cardiovascular disease 
encompasses a variety of arteriosclerotic diseases of the heart and the entire vas-
cular system that occur as the sequel of pathophysiologic changes in the arterial 
vessel walls. The arteriosclerotic alterations develop over a lifetime and are 
accelerated by certain lifestyles and in the presence of concomitant risk factors. 
The frequently observed concurrent increase of infl ammatory markers in the 
blood seems to suggest that chronic infl ammatory processes are centrally 
involved in these processes (Libby  2012 ; Libby et al.  2011 ). Considering the 
frequency of cardiovascular diseases in the population, ischemic heart disease 
and cerebrovascular disease are among the leading causes of death in the world 
(Mathers and Loncar  2006 ). In Germany, chronic ischemic heart disease and 
acute myocardial infarction were the two most common causes of death in 2012 
(Deutscher  2013 ). 

 Clinically manifest depression is characterized by symptoms, such as feel-
ings of sadness or emptiness, reduced interest in formerly enjoyed activities, 
sleep disturbances, loss of energy, weight changes, diffi culties concentrating or 
making decisions, and in suicidal thoughts or intentions (Diagnostic and statisti-
cal manual of mental disorders  2000 ). Therefore, depression has severe conse-
quences for a patient, because it is a highly impairing disease, frequently causing 
repeated periods of health professionals’ support, assistance in everyday life, 
and possibly also limitations in pursuing a professional career. Psychiatric con-
ditions, predominantly unipolar depression, are the most important causes of 
disability in high-income countries as well as in middle- and low-income 
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countries (Mathers and Loncar  2006 ). The prevalence of current depressive 
symptoms in German adults aged 18–79 years is as high as 8.1 %, and the life-
time prevalence of a diagnosed depression is as high as 11.6 %; it is also known 
that women have a considerably higher lifetime prevalence than men (Busch 
et al.  2013 ). 

 The relationship between depression and arteriosclerosis has been investigated in 
the past. Most of the studies supported the hypothesis that the two diseases are 
related, but various aspects and mechanisms of the association still remain unex-
plained (Nicholson et al.  2006 ). Etiological studies examined whether people who 
suffer from depression had a higher risk of developing cardiovascular disease. 
Reviews and meta-analyses supported the hypothesis that depression or depressive 
symptoms increased the risk of coronary heart disease (Nicholson et al.  2006 ; 
Rugulies  2002 ; Wulsin and Singal  2003 ; Wulsin et al.  2005 ; Van den Oord et al. 
 2013 ; Van der Kooy et al.  2007 ). If survived, myocardial infarction and stroke often 
result in severe changes in the personal life of a patient, mostly due to a lack of 
autonomy in everyday life or the inability to pursue a former profession, which in 
turn leads to a need for social support, both in personal as well as in fi nancial terms. 
Prognostic studies confi rmed that patients after a myocardial infarction had a higher 
prevalence of depression than the general population. Most of these studies also 
examined if patients had a different clinical outcome depending on whether they 
developed a post-myocardial depression or not. Meta-analyses addressing this ques-
tion found an increased risk of cardiac or all-cause mortality for patients who devel-
oped depression after the coronary event (Nicholson et al.  2006 ; Meijer et al.  2011 ; 
Barth et al.  2004 ). Thus, the association between the two diseases seems to work in 
both directions. 

 The proposed mechanisms of the association include biological, psychophysi-
ological, and behavioral explanations (Barth et al.  2004 ; De Jonge et al.  2010 ; 
Gehi et al.  2010 ; Grippo and Johnson  2009 ). Among the behavioral explanations, 
physical inactivity and fatigue with resulting elevated classical cardiac risk fac-
tors as well as an elevated percentage of smokers among patients with depression 
have been emphasized (Rugulies  2002 ). Given the spectrum of symptoms in 
patients with depression, differential effects of these proposed mechanisms in 
patients with different subtypes of depression are likely. In addition, whether the 
proposed factors act directly, indirectly (i.e., by increasing classical risk factors), 
or by using a common pathway remains to be further explained and investigated 
(Barth et al.  2004 ). 

 The BiDirect study was designed to uncover links between depression and 
arteriosclerosis in a longitudinal and bidirectional manner. Three different 
cohorts were sampled from well-defi ned populations involving one cohort of 
patients with clinically diagnosed depression, one cohort of patients with clini-
cally manifest coronary heart disease, and a reference sample from the general 
population. We compared, in a cross-sectional perspective, the baseline charac-
teristics in the three cohorts with a specifi c focus on indicators of subclinical 
arteriosclerosis that represent early vascular alterations that have not yet resulted 
in a clinical manifestation.  
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13.2     Methods 

13.2.1     The Sample of the BiDirect Study 

 The BiDirect study is a prospective cohort study. In total, the data of 2.181 individu-
als, aged 35–65 years, who participated in the baseline examinations between May 
2010 and June 2013, were included for the present report. The sample of patients 
with depression was recruited in six psychiatric and psychosomatic hospitals and 
departments in the city of Münster and its vicinity and in two psychiatric practices 
in Münster; however, outpatients were included only if they had been hospitalized 
due to depression within the 12 months prior to inclusion in the study. Eligibility 
criteria were current hospital admittance or ambulatory treatment due to acute 
depression and ability to understand German language. Excluded were patients 
admitted under the regulation of compulsory admission using the Mental Health 
Act. Patients with dementia, drug and/or alcohol addiction, and eating disorders 
were also excluded. The subsample of patients with coronary heart disease was 
recruited in four cardiology and rehabilitation departments and institutions of 
Münster and in regional centers. Eligibility criteria were acute myocardial infarc-
tion, acute coronary syndrome, or treatment of cardiac disease due to myocardial 
infarction during the previous 3 months. Excluded were patients with heart diseases 
other than myocardial infarction or acute coronary syndrome. The participants in 
this cohort were asked for study consent during the acute hospitalization period; 
they were then contacted 2–6 months later for an appointment in the study center. 
The reference group consisted of a random sample of residents drawn from the resi-
dents’ registration offi ce of the city of Münster. All participants had to be able to 
tolerate an approximately 3.5-h examination (Teismann et al.  2014 ).  

13.2.2     Interview and Assessment of Risk Factor Levels 
and Burden of Subclinical Arteriosclerosis 

 The baseline examination consisted of an interview and self-administered question-
naire, anthropometric and medical measurements including the assessment of sub-
clinical arteriosclerosis, psychiatric interviews and diagnostic tools for the 
assessment of cognitive functioning, and an MRI of the brain. Also blood samples 
were drawn from participants for future research. The methods of psychiatric inter-
views, the diagnostic tools for the assessment of cognitive functioning, the MRI, 
and the blood samples are not the topic of the present analysis and have been 
described elsewhere (Teismann et al.  2014 ). 

 The computer-assisted personal interview was performed by trained study nurses 
obtaining information about sociodemographic factors, medical history, medica-
tion, diagnoses, health-care utilization, and risk factors. Participants of the reference 
group and the cardiovascular cohort underwent a shortened, computer-based ver-
sion of the Mini International Neuropsychiatric Interview, German Version 5.0.0. 
Only if there were signs for depression in this interview, a shortened version of the 
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Hamilton Questionnaire and of the Inventory of Depressive Symptomatology was 
administered by a psychologist. Participants of the depression cohort underwent 
both interviews conducted by psychologists. 

 The participant’s height and weight as well as hip and waist circumferences were 
measured in a standardized fashion. We estimated body fat and lean body mass using 
the Bioelectrical Impedance Analyzer, BIA 2000-S, and the software Nutri Plus. 

 Systolic and diastolic blood pressure (BP), ankle-brachial index (ABI), pulse 
wave velocity (PWV), and augmentation index (AIX) were determined by using the 
Vascular Explorer of the Enverdis Company (Jena, Germany). Blood pressure was 
measured once in supine position on both arms after at least 5 min of rest, and the 
mean values from both arms were used for the analyses. The ankle-brachial index 
was calculated as the ratio of the systolic blood pressure of the ankle and the bra-
chial systolic blood pressure. Systolic BP was determined with the Vascular Explorer 
using occlusion pressures on arms and legs detected by plethysmographic sensors 
on fi ngers and toes. 

 Pulse wave velocity and augmentation index were used as parameters of arterial 
stiffness and markers of subclinical arteriosclerosis. Measurements were performed 
with the Vascular Explorer, with the plethysmographic sensors attached to fi ngers 
and toes recording the participant’s pressure curves. The augmentation index was 
calculated as another parameter of vascular stiffness refl ecting the central aortic 
augmentation, that is, the difference between the maximum of the retrograde pulse 
wave (P2) and the pressure maximum of the anterograde pulse (P1), divided by P1; 
P1 and P2 are discernible components of the recorded pressure curve. 

 The carotid intima-media thickness (IMT) was determined by ultrasound as a 
surrogate marker of arteriosclerotic changes of the vascular system. It was mea-
sured by trained study nurses with a Siemens ACUSON X 300 ultrasound device, a 
high resolution B-mode system operating at a frequency of 10 MHz. The IMT was 
measured on both sides in the far walls of the common carotid artery within 1 cm of 
the bulb proximal to the carotid bifurcation. The IMT measurement was carried off- 
line in a semiautomated fashion. A plaque was defi ned as a focal thickening of the 
IMT by more than 50 % of the IMT value surrounding this enlargement.  

13.2.3     Categorization of Interview and Measurement Variables 

 Many of the interview data and the measurements were obtained on a continuous 
scale and were transformed into categories for further analyses. Smokers were 
divided into never smokers, ex-smokers, and current smokers. The body mass index 
(BMI) was used as both a continuous variable and categorized as obesity (BMI 
≥30 kg/m 2 ). The fat mass index (FMI in kg/m 2 ) was pathological for men if ≥8.2 
and for women if ≥11.8 (Schutz et al.  2002 ). The waist circumference was normal 
for women if ≤88 cm and for men if ≤102 cm (Lean et al.  1995 ). Blood pressure 
values were classifi ed as hypertensive, if the systolic mean value of the right and left 
measurement was 140 mmHg or higher and/or the diastolic mean value was 
90 mmHg or higher (Clement et al.  2013 ). Also, the category hypertension was 
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attributed, if a participant was on antihypertensive medication (“actual hyperten-
sion”) as reported in the interview. The ankle-brachial index (ABI) was classifi ed as 
pathological if ABI was <0.9 for men or <0.85 for women on at least one side 
(Huxley et al.  2014 ; Aboyans et al.  2007 ; Smith et al.  2003 ). The pulse wave veloc-
ity (PWV) was classifi ed as pathological in case of values greater or equal to 10 m/s 
(Clement et al.  2013 ). The mean values of the right and left intima-media thickness 
(IMT) were grouped as pathological if values of 0.9 mm and above were measured 
(Clement et al.  2013 ). Plaques were considered as present if a plaque was detected 
on at least one side.  

13.2.4     Statistical Analyses 

 In the descriptive analysis, the continuous data were analyzed mainly as a compari-
son between the cohort of the patients with depression and the reference group; the 
cohort of patients with coronary heart disease served mainly as an “internal calibra-
tion” group to validate the arteriosclerotic markers. We used t-tests for the compari-
son of crude values and linear regression models for covariate-adjusted comparisons. 
Categorical variables were compared using chi-square test statistics and logistic 
regression for multivariable adjusted comparisons. 

 We created two scores that were composed of single markers to obtain summary 
estimates for the different levels of arteriosclerotic burden in the different cohorts: The 
score of subclinical arteriosclerosis (SSA) consisted of four variables that were 
dichotomized, based on the categorizations explained above, as normal (0 points) or 
pathological (1 point): ankle-brachial index, intima-media thickness, plaque in the 
common carotid arteries, and pulse wave velocity. The individual SSA was the 
unweighted sum of the 4-point values and ranged from a minimum of 0 points to a 
maximum of 4 points. In addition, a score of subclinical arteriosclerosis and lifestyle 
(SSA_LS) was created. SSA_LS was created by adding to the SSA data on never 
smoking (yes = 1 point), elevated waist circumference, and raised FMI as measures of 
nutrition and physical activity. A maximum of 7 points was possible for the SSA_LS 
score. As the score distributions were skewed, we compared adjusted geometric mean 
values. They were obtained taking the natural logarithm of the scores, adjusting the 
log scores to age and gender in linear regression models, and fi nally taking the anti-
logarithm of these values. All analyses were carried out with SAS 9.3 for Windows. 

 The BiDirect study was approved by the Ethics Committee of the Medical 
Faculty of the University of Münster.   

13.3     Results 

 There were 997 participants in the depression cohort, and the number of participants 
in the reference group was  N  = 841; the coronary cohort consisted of 343 patients. 
The cohort of patients with depression was signifi cantly younger (mean age 
49.8 ± 7.3 years) than the reference sample (52.8 ± 8.1 years,  p  < 0.001), and the 
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proportion of women (59.4 vs. 50.8 %, resp.,  p  < 0.001) was higher. The group of 
coronary patients was the oldest (54.9 ± 6.6 years) and consisted of 85.7 % male 
patients. To account for these major differences, the following data are reported as 
age-/gender-adjusted values throughout. 

 Table  13.1  contains the adjusted baseline characteristics of the three study 
cohorts. Of note, even after taking the differences in age and gender into account, 
the average BMI and FMI as well as the waist circumferences were signifi cantly 
higher in patients of the depression cohort as compared to the reference group; 
interestingly, the anthropometric values of the depressives were even higher than 
those for the coronary patients. By contrast, blood pressure as well as the pulse 
wave velocity and the augmentation index were all lower in depressive patients as 
compared to the reference. The average ABI and IMT were, however, very similar 
between these groups. Since the systolic and diastolic blood pressure, the PWV, and 
the AIX may be affected by the use of antihypertensive medication, additional 
adjustments were made by taking into account the use of antihypertensive medica-
tion (Table  13.2 ). Despite some differences in the antihypertensive treatment status, 
the results remained largely unaffected.

    The prevalence of current smoking was signifi cantly higher among patients with 
depression than in the reference sample (Table  13.3 ). Surprisingly, the presence of 
carotid plaques was highest in the reference group, while there were no major dif-
ferences with regard to the (low) prevalence of peripheral artery disease.

   To summarize the measurement results, two types of scores were created, one 
indicating the burden of subclinical arteriosclerosis (SSA) and one the burden of 
subclinical arteriosclerosis plus an adverse lifestyle (SSA_LS). Figure  13.1  reveals 
that the burden of subclinical arteriosclerosis, as assessed by the crude SSA in terms 
of the presence of pathological values of IMT and PWV and the presence of PAD or 
carotid plaques, was low in all three cohorts.

   Table 13.1    Mean values of continuous measurement variables, adjusted for age and gender   

 Cohort 

 Depression  Reference   p -value  Coronary 

 BMI [kg/m 2 ]  28.90  26.71  <0.0001  28.19 

 FMI [kg/m 2 ]  9.63  8.20  <0.0001  9.07 

 Waist [cm]  98.07  91.76  <0.0001  95.62 

 Systolic BP [mmHg]  133.0  135.7  <0.0001  129.4 

 Diastolic BP [mmHg]  82.1  84.3  <0.0001  79.5 

 ABI  1.11  1.11   0.3953   1.09 

 PWV [m/s]  7.74  7.93  0.0015  7.68 

 AIX% (75 bpm)  22.28  25.59  <0.0001  30.53 

 IMT [mm]  0.69  0.69   0.9593   0.72 

  BiDirect study, baseline examination 
  BMI  body mass index,  FMI  fat mass index,  BP  blood pressure,  ABI  ankle-brachial index,  PWV  
pulse wave velocity,  AIX% (75 bpm)  augmentation index in percent, calibrated to heart rate of 75 
beat per minute,  IMT  intima-media thickness  
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   Table 13.2    Mean values for blood pressure, adjusted for age, gender, and antihypertensive 
medication   

 Cohort 

 Depression  Reference   p -value  Coronary 

 Proportion taking antihypertensive 
medication 

 30.0 %  25.1 %  94.7 % 

 Systolic BP [mmHg]  133.3  136.5  <0.0001  136.5 

 Diastolic [mmHg] BP  82.2  84.6  <0.0001  78.5 

 PWV [m/s]  7.75  7.95  0.0006  7.61 

 AIX% (75 bpm)  22.36  25.84  <0.0001  29.60 

  BiDirect study, baseline examination 
  PWV  pulse wave velocity,  AIX% (75 bpm)  augmentation index in percent, calibrated to heart rate 
of 75 beat per minute  

   Table 13.3    Prevalence (in percent) of smoking, peripheral artery disease, and plaques   

 Cohort 

 Depression  Reference   p -value  Coronary 

 Ex-smokers  25.6  37.6  <0.001  64.1 

 Current smokers  44.3  21.1  <0.001  17.2 

 PAD  2.6  1.7  0.17  3.5 

 Plaques  2.6  5.6  0.005  4.7 

  BiDirect study, baseline examination 
  PAD  peripheral artery disease  
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  Fig. 13.1    Relative frequencies of unadjusted SSA (score for subclinical arteriosclerosis) in the 
three cohorts. BiDirect study, baseline examination       
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   By contrast, the SSA_LS was more broadly distributed in the study population 
and showed generally a higher prevalence of raised score values among the cohort 
with depression as compared to the reference group (Fig.  13.2 ). While the adjusted 
geometric means of the SSA revealed no statistically signifi cant differences between 
the study cohorts, the adjusted geometric means of the SSA_LS showed highly 
signifi cant differences between the depression cohort and the reference group. As 
expected, the cardiovascular cohort showed consistently the highest score values 
across study groups (Table  13.4 ).

    In a sensitivity analysis, we stratifi ed the adjusted geometric mean scores by age. 
Score values were generally higher in those 50 years and older. Nevertheless, the 
SSA continued to be nonsignifi cant in both strata of age. Likewise, the signifi cant 

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4 5 6

Depression cohort

Reference cohort

CHD cohort

  Fig. 13.2    Relative frequencies of unadjusted SSA_LS (score for subclinical arteriosclerosis plus 
adverse lifestyle) in the three cohorts. BiDirect study, baseline examination       

    Table 13.4    Geometric mean values of SSA and SSA_LS, adjusted for age and sex   

 Cohort 

 Depression  Reference   p -value  Cardiovascular 

 SSA  0.14  0.14  0.18  0.15 

 SSA, <50 years  0.11  0.11  0.60  0.12 

 SSA, ≥50 years  0.15  0.16  0.28  0.17 

 SSA_LS  1.61  0.97  <.0.001  2.36 

 SSA_LS, <50 years  1.49  0.67  <0.001  2.08 

 SSA_LS, ≥50 years  1.61  1.26  0.003  2.64 

  BiDirect study, baseline examination 
  SSA  score for subclinical arteriosclerosis,  SSA_LS  score for subclinical arteriosclerosis plus 

adverse lifestyle  
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differences observed between the depression cohort and the reference group for the 
overall SSA_LS were maintained both in the younger and in the older age groups. 
There was, however, a tendency that the contrast was more pronounced in the young 
(1.49 among those with depression and 0.67 among the referents,  p  < 0.001) than in 
the older (1.61 vs. 1.26, resp.,  p  = 0.003; Table  13.4 ).  

13.4     Discussion 

 This cross-sectional study investigated the baseline distributions of cardiovascular 
risk factors and the prevalence of clinical and subclinical arteriosclerotic alterations 
across three subsamples consisting of depression, of cardiovascular disease, and of 
a reference group who will be followed as part of the prospective BiDirect study 
over the next years. These three cohorts were markedly different in terms of age and 
gender, in that participants from the cardiovascular cohort were considerably older 
than those in the depression cohort and in the reference group. The proportion of 
males was also signifi cantly higher in the cardiovascular cohort. This contrasted 
signifi cantly with the depression cohort, where females were more common, while 
the male-to-female ratio was almost even in the reference cohort. These pronounced 
differences required that all comparisons in this study were adjusted for age and 
gender. We found that adjusted mean values for BMI, FMI, and waist circumference 
were signifi cantly higher in the depression cohort when compared to the reference 
group. Likewise, adverse health behaviors, such as smoking, were more prevalent 
among the depressive cohort. By contrast, the systolic and diastolic blood pressure 
values were lower in the depression cohort even after adjustment for age, gender, 
and antihypertensive medication. In addition, the adjusted PWV and AIX were also 
lower, while indicators of subclinical arteriosclerosis, like IMT and ABI, showed no 
differences with the reference group after multivariate adjustments. In fact, plaques 
in the common carotid artery were even signifi cantly less prevalent. We attempted 
to integrate the results of single independent measurements into unweighted score 
values that were derived by attributing point values to abnormal measurement 
results or risk conditions and by summing up these point values without assigning 
specifi c weights to any of the individual measurements. For the SSA, representing 
mostly subclinical arteriosclerotic changes, the presence of a score value >0 was 
very uncommon at baseline, and only about 20 % of the coronary cohort had a raised 
SSA. When adding aspects of lifestyle and health behavior, this pattern changed. 
The depression group displayed considerably higher scores in the SSA_LS than the 
reference group, possibly indicating that the present adverse conditions harbor the 
prospect of a raised probability of arteriosclerosis in the future. 

 Previous reports mostly examined the association between depression and clini-
cal cardiovascular end points, such as myocardial infarction or cardiac and/or all- 
cause mortality rather than atherosclerotic changes. These studies mostly found that 
patients with depression had an increased risk of nonfatal and fatal cardiovascular 
events (Nicholson et al.  2006 ; Rugulies  2002 ). Similarly, the prognosis of preexist-
ing CHD was also adversely affected (Nicholson et al.  2006 ; Meijer et al.  2011 ). In 
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2014, an American Heart Association Scientifi c Statement on “Depression as a Risk 
Factor for Poor Prognosis among Patients with Acute Coronary Syndrome” came to 
the conclusion that “…the American Heart Association should elevate depression to 
the status of a risk factor for adverse medical outcomes in patients with acute coro-
nary syndrome” (Lichtman et al.  2014 ). 

 However, the mechanisms behind these associations are still not clearly under-
stood and seem to be of a rather complex and potentially bidirectional nature. The 
BiDirect study aimed at elucidating whether earlier stages in the development of 
disease are already identifi able in patients with depressive disorders and – vice 
versa – whether depression occurs more frequently in patients after an acute cardio-
vascular event. As BiDirect is a population-based epidemiological cohort study, the 
diagnostic tools and instruments had to be safe, reliable, noninvasive, and not too 
time-consuming. Therefore, the measurement of blood pressure, ABI, PWV, and 
AIX with plethysmographic methods and the measurement of IMT and the detec-
tion of plaques in the common carotid artery by ultrasonography were used to assess 
early signs of arteriosclerosis. This was complemented with anthropometric mea-
surements such as body weight and height, waist circumference, and body composi-
tion by impedance analysis. 

 BMI and obesity as part of the metabolic syndrome are established risk factor for 
cardiovascular disease ( WHO | 10 facts on obesity ). There have been reports of a 
reciprocal relationship between obesity and depression (Luppino et al.  2010 ). As 
there is an ongoing debate, whether the FMI might be a better predictor of the meta-
bolic syndrome than the BMI and whether abdominal obesity rather than general 
obesity is a better prognostic factor, we included all these parameters in our analy-
ses (Liu et al.  2013 ). We observed that the age- and gender-adjusted means for BMI, 
FMI, and waist circumference were all signifi cantly higher in the depression cohort 
as compared to the reference group. This risk constellation was compounded by the 
higher percentage of current smokers in the depression cohort. These data are in line 
with results of other large population-based studies (Wulsin et al.  2005 ; Niranjan 
et al.  2012 ). 

 Numerous clinical studies have examined the relationship between depression 
and hypertension. In their analysis of the prospective CARDIA study, Davidson 
et al. concluded that participants with depressive symptoms were at high risk of 
developing hypertension (Davidson et al.  2000 ). A recent meta-analysis of nine 
prospective studies with a mean follow-up of 9.6 years found a relative risk of 
RR = 1.45 for participants with depression to develop hypertension (Meng et al. 
 2012 ). Other reports from prospective studies seem to support these associations 
(Nabi et al.  2011 ). By contrast, the prospective MESA study did  not  fi nd an increased 
risk of incident hypertension (RR 1.02) among participants with baseline depressive 
symptoms (Delaney et al.  2010 ), and the Norwegian HUNT Study even showed that 
symptoms of anxiety and depression were associated with a  de crease in blood pres-
sure (Hildrum et al.  2011 ). This was also confi rmed in a recent report about a British 
birth cohort, in which the authors concluded that “a cumulative effect of symptoms 
of anxiety and depression across adulthood results in lower systolic blood pressure 
in late middle age that is not explained by life style factors and antihypertensive 
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treatment” (Tikhonoff et al.  2014 ). The evidence on an association of depression 
and hypertension thus seems surprisingly inconclusive. In the baseline examination 
of BiDirect, the systolic and diastolic blood pressures were clearly lower in the 
depression cohort than in the reference group. Of note, the cardiovascular cohort 
displayed the lowest values indicating the highly prevalent utilization of antihyper-
tensive medication which was far less common in the other two cohorts. Of note, 
however, after additionally controlling for antihypertensive medication, the differ-
ences in systolic and diastolic blood pressure remained. For one thing, this result 
might indicate a truly inverse association of depression and blood pressure for 
which some pathophysiological explanations have been suggested (Hildrum et al. 
 2011 ; Tikhonoff et al.  2014 ). On the other hand, our fi nding may have resulted from 
insuffi cient adjustments, especially with regard to medication. We did not, for 
example, take into account the type and dosage of antidepressive treatment. 
Depending on the active component of the medication, differing effects on blood 
pressure appear conceivable. 

 In recent years, indices of arterial stiffness have been increasingly used to assess 
cardiovascular risk (Laurent et al.  2006 ; Van Bortel et al.  2012 ). The 2013 European 
Society of Hypertension – European Society of Cardiology Guidelines for the 
Management of Hypertension – lists high values of PWV as a marker for target- organ 
damage (Clement et al.  2013 ; Van Bortel et al.  2012 ). By contrast, the prognostic 
validity of the augmentation index AIX has been controversially discussed (Wang 
et al.  2010 ; Izzo and Mitchell  2007 ). Association studies with depression were few 
and often small (Seldenrijk et al.  2011 ; Dietz and Matthews  2011 ). Our analysis 
revealed lower unadjusted values of PWV and AIX in the depression cohort even after 
adjustment for antihypertensive medication, age, and gender. Since, in particular, the 
impact of different antihypertensive medications on measures of arterial stiffness may 
be diverse (Baulmann et al.  2010 ; Ong et al.  2011 ), residual confounding may have 
arisen from non-differential adjustments for antihypertensive drugs as a group. 

 The ABI is a noninvasive tool to assess peripheral artery disease (PAD) of the 
lower extremity. It has been shown that the ABI is an indicator of atherosclerosis at 
other vascular sites and can serve as a prognostic marker for cardiovascular events 
and functional impairment, even in the absence of symptoms of PAD (Aboyans 
et al.  2012 ). Previous cross-sectional and longitudinal studies on the association of 
depression and ABI did not fi nd a clear association between low ABI/PAD and 
depression (Tiemeier et al.  2004 ; Newson et al.  2010 ). Likewise, our cross-sectional 
analyses did not demonstrate a clear association between depression and adjusted 
ABI and PAD. Of note, the numbers of prevalent PAD cases were very low in our 
study, which may have limited the statistical power to fi nd such an association. 

 The IMT is a surrogate marker of subclinical arteriosclerosis (Van den Oord 
et al.  2013 ; Lorenz et al.  2007 ). Some previous studies that examined the associa-
tion between depression and IMT reported no association (Ohira et al.  2012 ; 
Elovainio et al.  2005 ; Rice et al.  2009 ), while others found positive associations 
(Stewart et al.  2007 ). In this study, there was no signifi cant association between 
depression and age- and gender-adjusted IMT. 

 In order to integrate these singular observations into measures of arteriosclerotic 
burden and risk, scores were created that should help to summarize the manifold 

M. Nagel and H.-W. Hense



207

results in a more structured manner. These scores are intended as a tool that facili-
tates comparisons of the burden of arteriosclerosis at the beginning of the prospec-
tive follow-up and of the changes in this burden over time in the different cohorts. 
The scores presented here are unweighted, thus attributing the same weight to each 
single item. The study by Newson et al. examined whether a composite score, cre-
ated from four extra-coronary measures, increased the risk of incident depression or 
depressive symptoms (Newson et al.  2010 ). To our knowledge, no other studies 
used such an approach. In our cross-sectional analysis of the BiDirect baseline data, 
the adjusted geometric mean SSA – representing the sum of dichotomized subclini-
cal measurements of ABI, IMT, PWV, and plaques – was very similar in the depres-
sion and in the reference group. Sensitivity analyses, stratifying the results by age 
under and over 50 years, did not change this fi nding. Thus, at the outset of the pro-
spective BiDirect study, there was no clear difference between patients with depres-
sion and their referent counterparts with regard to the burden of subclinical 
arteriosclerosis. By contrast, the SSA_LS which additionally took into account mat-
ters of health behavior and lifestyle including smoking, body circumference, and 
body composition showed signifi cantly higher scores in the depression group, irre-
spective of age. This seems to indicate that, while the burden of prevalent arterio-
sclerotic changes is still similar, patients with depression carry a higher risk of 
future incident arteriosclerotic events based on the pattern of their individual risk 
constellations. In perspective, it appears meaningful to utilize information of the 
SSA_LS as a predictor variable in prospective cohort analyses, while the SSA may 
be used to assess incident changes of subclinical disease in addition to incident 
clinical manifestations.  

13.5     Limitations and Strengths 

 The most important limitation of this analysis is its cross-sectional design preclud-
ing any causal inferences. Also, alternative or optional methods of quantifying arte-
riosclerosis are conceivable, such as aortic calcifi cation via X-ray or coronary 
calcifi cation via electron-beam computed tomographic scan, which were not per-
formed in BiDirect but in other studies such as the Rotterdam Study (Newson et al. 
 2010 ). However, the inclusion of X-ray-based examinations was dismissed to avoid 
inappropriate radiation exposure in the study groups, and the measurement of aortic 
calcifi cation was not feasible in our study setting. Clearly, a strength of the study is 
its size, the well-characterized groups of patients and comparison groups, the stan-
dardized and reliable measurement of risk factors and markers of arteriosclerosis, 
and – in due time – the availability of longitudinal data.  

    Conclusion 

 In conclusion, we did not fi nd a higher arteriosclerotic burden within the depres-
sion in comparison to the reference group. Residual confounding cannot be ruled 
out as a possible explanation. Considering lifestyle factors and anthropometric 
measurements, there was defi nitive evidence for a raised cardiovascular risk 
within the depressive cohort.     
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   Abstract 
   Major depressive disorder (MDD) and cardiovascular disease (CVD) are preva-
lent and chronic diseases with high rates of morbidity and mortality. A bidirec-
tional interaction appears to exist between MDD and CVD as epidemiological 
studies have revealed a strong association. Given the poor prognosis of patients 
with comorbid CVD and MDD, there is great need for an improved understand-
ing of the mechanisms subserving their interaction. The objective of the current 
chapter is to explore metabolic-infl ammatory aspects of the interaction between 
MDD and CVD. Infl ammation and metabolic dysfunction have been proposed 
as key substrates with converging pathways of pathogenesis subserving the 
interaction between CVD and MDD. Metabolic dysfunction may induce infl am-
mation through the release of infl ammatory cytokines from visceral adipose 
tissue, producing a chronic, low-grade infl ammatory state. Infl ammation may 
also induce metabolic dysfunction through activation of the hypothalamic-pitu-
itary-adrenal (HPA) axis and increasing insulin resistance. Infl ammation and 
metabolic dysfunction independently and synergistically contribute to the etiol-
ogy and pathophysiology of both CVD and MDD. For CVD, the metabolic-
infl ammatory pathway is a key player in atherosclerotic plaque formation and 
propagation. For MDD, infl ammation and metabolic dysfunction induce mono-
amine alterations, microglial activation, impaired neuroplasticity, and impaired 
brain connectivity ultimately leading to mood and cognitive dysfunction. A fur-
ther understanding of metabolic-infl ammatory aspects may therefore lead to 
improved preventative and therapeutic strategies for comorbid CVD and 
MDD. Repurposing of anti- infl ammatory and antidiabetic agents may be used 
in the future in the treatment of MDD; however, currently there is insuffi cient 
evidence for routine use.  

14.1        Introduction 

 Major depressive disorder (MDD) and cardiovascular disease (CVD) are prevalent 
and chronic diseases with high rates of morbidity and mortality (Kessler et al.  2003 , 
 2006 ; Go et al.  2013 ). For decades, investigators have attempted to understand the 
underlying pathophysiology of both of these diseases independently. Epidemiological 
observations showing an association between CVD and MDD have alerted investi-
gators to the potential existence of shared etiological and pathophysiological sub-
strates between MDD and CVD (Fenton and Stover  2006 ). 

 Metabolic and infl ammatory dysfunction have emerged as key processes 
underlying the etiology and pathophysiology of disease onset and progression of 
both MDD and CVD (Fenton and Stover  2006 ; Rosenblat et al.  2014 ; Mansur 
et al.  2014 ,  2015 ; Gans  2006 ; Ghattas et al.  2013 ; Libby et al.  2009 ). Moreover, 
metabolic and infl ammatory dysfunction has become increasingly recognized to 
be two sides of the same coin, as the two processes are intimately connected 
(Mathieu et al.  2008 ,  2010 ). 
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 The objective of the current chapter is therefore to summarize the bidirectional 
interaction between infl ammation and metabolic dysfunction as it relates to CVD 
and MDD. A discussion of therapeutic implications and proposed future direction 
of research will subsequently ensue. The current topic is highly relevant and timely 
with the worldwide increasing rates of obesity, diabetes, CVD, and MDD (Andrade 
et al.  2003 ; Kessler et al.  2003 ,  2006 ; Danaei et al.  2009 ) requiring an improved 
understanding of the pathophysiology of these disorders that may lead to improved 
therapeutic and preventative strategies.  

14.2     Co-prevalence of Cardiovascular Disease 
and Depression 

 An increased prevalence of MDD in CVD patients has been repeatedly shown by 
observational studies; a diagnosis of MDD is present in approximately one in fi ve 
patients with CVD, as compared to approximately one in ten in the general popula-
tion (Thombs et al.  2006 ; Elderon and Whooley  2013 ). Moreover, the interaction 
appears to be bidirectional as MDD has been associated with poorer outcomes for 
coronary heart disease (CHD) even after controlling for traditional CVD risk factors 
(Thombs et al.  2006 ; Elderon and Whooley  2013 ). Indeed, MDD or the presence of 
depressive symptoms has been associated with increased CHD in healthy individu-
als as well as increased secondary events in CHD patients (Barth et al.  2004 ). 

 The INTERHEART study evaluating modifi able risk factors for myocardial 
infarction (MI) in over 25,000 individuals from 52 different countries found psy-
chosocial factors, including MDD and depressive symptoms, to be signifi cant risk 
factors similar to or greater than several traditional risk factors such as diabetes, 
obesity, smoking and hypertension (Yusuf et al.  2004 ). Taking into consideration 
this reproducible fi nding, the 2010 Global Burden of Disease Study offi cially recog-
nized MDD as a risk factor of CHD (Charlson et al.  2011 ). 

 In addition to being associated with increased risk and poorer outcomes in CHD 
patients, MDD has also been associated with poorer outcomes for heart failure, 
peripheral arterial disease, and stroke patients (Pan et al.  2011 ; Rutledge et al.  2006 ; 
Grenon et al.  2012 ). Taken together, several large epidemiological studies have 
shown a strong and bidirectional interaction between MDD and CVD (Thombs 
et al.  2006 ; Elderon and Whooley  2013 ). Investigations to understand the mecha-
nisms subserving this interaction have been, and continue to be, an active area of 
research for psychiatrist and cardiologist alike. The metabolic-infl ammatory path-
way has been of increasing interest in this area of study.  

14.3     Metabolic Dysfunction Promotes Inflammation 

 Visceral adiposity (e.g., central obesity), a key feature of metabolic dysfunction, is 
a signifi cant and independent risk factor for both MDD and CVD (Mansur et al. 
 2014 ,  2015 ; Mathieu et al.  2008 ,  2010 ). Visceral adipose tissue is fundamentally 
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different from subcutaneous adipose tissue. As such, visceral adiposity is often 
regarded as harmful ectopic adipose tissue and a source of chronic low-grade 
infl ammation, increasing the production of pro-infl ammatory cytokines including 
IL-6, TNF-α, and C-reactive protein (CRP) (Mathieu et al.  2008 ,  2010 ). Subcutaneous 
adipose tissue serves as a “metabolic sink” to prevent accumulation of visceral adi-
pose tissue; however, under certain genetic (e.g., polygenic risk factors for central 
obesity) and environmental (e.g., sedentary lifestyle and poor diet) condition, high 
volumes of dysfunctional visceral adipose tissue may accumulate (Mathieu et al. 
 2008 ,  2010 ). 

 Perturbation of adipocyte development and maturation is central to the formation 
of dysfunctional, pro-infl ammatory visceral adipocytes (Unger  2005 ). In normal 
physiologic conditions, pre-adipocytes will differentiate into mature adipocytes and 
aid in homeostasis (Spalding et al.  2008 ). Conversely, in the context of chronic posi-
tive energy balance (e.g., greater caloric intake then expenditure), adipocytes 
undergo hypertrophy and have increased triglyceride stores (Unger  2005 ; Spalding 
et al.  2008 ). The lypolytic rate is therefore increased leading to increased produc-
tion of leptin (pro-infl ammatory) and decreased production of adiponectin (anti- 
infl ammatory), thereby signaling the release of infl ammatory cytokines (Unger 
 2005 ; Spalding et al.  2008 ). Further, adipocyte hypertrophy promotes macrophage 
infi ltration of adipose tissue (Spalding et al.  2008 ). The resultant cross talk between 
macrophages and adipocytes promotes further release of pro-infl ammatory cyto-
kines and adipokines (Mathieu et al.  2010 ). Increased density of macrophages in 
adipose tissue is also associated with insulin resistance. Mechanistically, the resul-
tant increase in TNF-α production decreases the systemic production of GLUT-4, 
PPAR-γ, and adiponectin, thereby decreasing insulin sensitivity and glucose uptake. 

 Hypertrophied adipocytes also produce higher levels of free fatty acids (FFAs) 
that potently activate Toll-like receptor-4 (TLR-4), leading to increased TNF-α pro-
duction through the NF-κβ pathway (Nguyen et al.  2007 ). Toll-like receptors are 
responsible for the recognition of both pathogenic antigens and endogenous anti-
gens, thus serving as a potential pathway to promote infl ammation with the pres-
ence of endogenous antigens of interest. Therefore, the increased production of 
FFAs by hypertrophied adipocytes may chronically activate TLR-4, producing 
increased levels of TNF-α (Nguyen et al.  2007 ). Increased levels of TNF-α further 
activate lipolysis leading to a feed-forward loop with the increased production of 
FFAs (Nguyen et al.  2007 ; Unger  2005 ; Spalding et al.  2008 ). TNF-α also increases 
the production of IL-6 and macrophage chemoattractant protein-1 (MCP-1), a 
potent chemokine that signals further recruitment of macrophages into the adipose 
tissue, further perpetuating the pro-infl ammatory cascade (Lyngso et al.  2002 ). As 
well, the increased production of IL-6 produced in visceral adipose tissue travels 
directly to the liver via the portal system, promoting the hepatic production of CRP 
(Abeywardena et al.  2009 ). 

 Taken together, visceral adipose tissue, through a variety of feed-forward path-
ways, induces and maintains a chronic, systemic low-grade infl ammatory state. 
Visceral adipocytes are hyperlipolytic, thereby increasing the production of pro- 
infl ammatory cytokines (IL-6, TNF-α, and CRP) and adipokines. A chronic positive 
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energy balance promotes the dysfunctional development of visceral hypertrophied 
adipocytes that recruit macrophages, which synergistically increase the production 
of pro-infl ammatory signals (Mathieu et al.  2010 ).  

14.4     Inflammation Promotes Metabolic Dysfunction 

 The interaction between infl ammation and metabolic dysfunction appears to be 
bidirectional in nature (Mathieu et al.  2010 ). As discussed, metabolic dysfunction 
appears to be a potent activator of the infl ammatory system as accumulation of 
visceral adipose tissue induces the production of TNF-α, IL-6, and 
CRP. Furthermore, infl ammation may promote dysfunctional metabolic pathways, 
most notably through derangement of the hypothalamic-pituitary-adrenal (HPA) 
axis (Beishuizen and Thijs  2003 ; Grinevich et al.  2001 ; Silverman et al.  2004 ; 
Turnbull and Rivier  1999 ). 

 Pro-infl ammatory cytokines, such as IL-1, IL-6, TNF-α, and interferon (IFN), 
activate the HPA axis, increasing levels of corticotrophin releasing hormone (CRH), 
adrenocorticotropic hormone (ACTH), and cortisol as part of the generalized stress 
response induced by infl ammation (Beishuizen and Thijs  2003 ; Grinevich et al. 
 2001 ; Silverman et al.  2004 ; Turnbull and Rivier  1999 ; Brydon et al.  2009 ; McQuade 
and Young  2000 ; Murphy  1991 ; Pace and Miller  2009 ; Reichenberg et al.  2001 ). 
This process normally serves as an important physiologic negative feedback loop 
during an acute infl ammatory event, such as during an acute infection (Abbas et al. 
 2012 ). Conversely, chronic infl ammation, as seen in infl ammatory disorders (e.g., 
autoimmune disease, CVD, central obesity, etc.), may lead to the pathologic con-
tinuous activation of the HPA axis; the chronic production of infl ammatory cyto-
kines may thus lead to the chronic production of elevated levels of glucocorticoids 
(Miller et al.  2007 ,  2009 ,  2013 ). 

 Additionally, infl ammatory cytokines decrease the synthesis, translocation, and 
binding of glucocorticoid receptors (Pace and Miller  2009 ). This decrease in gluco-
corticoid receptors has two important downstream effects: (1) cortisol has a 
decreased ability to inhibit CRH production by the hypothalamus, thereby allowing 
for continued HPA over-activity, and (2) the systemic anti-infl ammatory effects of 
cortisol are blunted (Pace and Miller  2009 ; Raison and Miller  2003 ; Grinevich et al. 
 2001 ). Therefore, in the case of a chronic infl ammatory state, the HPA axis is con-
tinually overactive leading to chronic hypercortisolemia. Hypercortisolemia is a 
potent trigger of metabolic dysfunction, leading to obesity, hypercholesterolemia, 
hyperglycemia, and insulin resistance (Kahn and Joslin  2005 ). 

 Infl ammation may induce metabolic dysfunction through several other pathways 
(e.g., in addition to HPA dysregulation). Notably, infl ammatory cytokines may 
directly induce insulin resistance via decreasing the production of GLUT-4, PPAR-γ, 
and adiponectin, thereby decreasing insulin sensitivity and glucose uptake (Mathieu 
et al.  2010 ). Infl ammation may also induce metabolic dysfunction through the over- 
activation (hyperthyroidism) or destruction (hypothyroidism) of the thyroid gland 
(Boutzios and Kaltsas  2000 ). 
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 Taken together, a clear bidirectional interaction exists between metabolic dys-
function and infl ammation (Boutzios and Kaltsas  2000 ; Mathieu et al.  2010 ). 
Metabolic dysfunction leading to central obesity and insulin resistance promotes a 
feed-forward loop of FFA production, cytokine production, and macrophage recruit-
ment leading to a chronic low-grade infl ammatory state. Chronic infl ammation 
(caused by metabolic dysfunction or other causes of chronic infl ammation) pro-
motes metabolic dysfunction through the production of cytokines and over- 
activation of the HPA axis leading to chronic hypercortisolemia, a potent cause of 
obesity, hyperglycemia, and insulin resistance. The role of microRNA is likely also 
important in the converging pathways of metabolic dysfunction and infl ammation; 
however, further research is required to understand microRNA-mediated mecha-
nisms (Olivieri et al.  2013 ).  

14.5     The Inflammatory-Metabolic Pathway Promotes CVD 

 The effect of infl ammation and metabolic dysfunction on CVD has been well estab-
lished for many years and has been extensively reviewed elsewhere (Libby et al. 
 2009 ; Mathieu et al.  2008 ,  2010 ; Van Gaal et al.  2006 ; Matsuzawa  2006 ; Poirier 
et al.  2006 ). Therefore, the evidence and pathways for CVD secondary to metabolic 
and infl ammatory dysfunction will only be briefl y discussed. 

 Metabolic dysfunction has been shown to directly affect several traditional risk 
factors of CVD including cholesterol profi les, blood glucose levels, and blood 
pressure. Vascular dysfunction is therefore induced in coronary, cerebral, and 
peripheral arteries through the formation and propagation of atherosclerotic 
plaques in the presence of these risk factors (Libby et al.  2009 ; Van Gaal et al. 
 2006 ; Wang et al.  2014 ). 

 Infl ammation has also been shown to be a key substrate in atherosclerotic plaque 
formation and propagation. Innate immunity plays a role through the action of 
monocytes and macrophages. Essential to this process is the release of chemokines 
that attract monocytes into the arterial intima. Subsequently, monocytes mature into 
macrophages and multiply, promoting the release of infl ammatory cytokines and 
the formation of atherosclerotic plaques (Libby et al.  2009 ). 

 Adaptive immunity also plays a pivotal role in plaque formation. Dendritic cells 
populate atherosclerotic plaques and surrounding lymph nodes, presenting antigens 
to T cells promoting an infl ammatory response and propagation of the plaque. NKT 
cells may also be activated by lipid antigens presented by CD1 molecules on antigen 
presenting cells leading to further release of infl ammatory cytokines (Libby et al. 
 2009 ; Tupin et al.  2004 ). 

 The improved understanding of infl ammation as a mediator of CVD has also 
proven to be clinically benefi cial (Libby et al.  2009 ; Van Gaal et al.  2006 ). Indeed, 
measurement of CRP as a marker of infl ammation has proven to be a strong predic-
tor of prognosis and guide of therapeutic choices. As shown by the PROVE-IT 
(TIMI-22) trial, CRP less than 2 mg/L along with cholesterol profi le was predictive 
of statin treatment benefi t (Ridker et al.  2005 ). Further, the JUPITER trial showed 
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signifi cant benefi ts to statin therapy for patients previously classifi ed as “low risk” 
(e.g., Framingham Risk Score less than 10 %) with CRP greater than 2 mg/dL 
(Ridker et al.  2009 ). Of note, the benefi t for this group of “infl amed” patients (e.g., 
patients with hsCRP >2) was so large that the trial was stopped prematurely as a 
44 % reduction in vascular events was observed, making withholding of statin ther-
apy from the placebo group unethical. 

 Taken together, infl ammation and metabolic dysfunction both independently and 
synergistically promote CVD through several pathways. They are both also predic-
tive of prognosis and treatment response (Libby et al.  2009 ; Van Gaal et al.  2006 ; 
Wang et al.  2014 ).  

14.6     Inflammation Promotes Mood Dysfunction 

 Infl ammatory dysregulation has been increasingly recognized as a mechanism sub-
serving the etiology and pathophysiology of MDD and several other psychiatric and 
neuropsychiatric disorders (Rosenblat et al.  2014 ; McNamara and Lotrich  2012 ). 
Infl ammation was fi rst recognized as a potential pathogenic factor in mental illness 
by Julius Wagner-Jauregg of the University of Vienna in 1887, affording him the 
opportunity to be the only psychiatrist to ever win a Nobel Prize in 1927 (Raju 
 1998 ). The study of infl ammation (or “fever” as previously described) and MDD 
was largely abandoned for decades with the advent of monoaminergic antidepres-
sants, which provided the satisfactory serotonin hypothesis, thus blunting the inves-
tigation of other potential pathogenic pathways (Lopez-Munoz and Alamo  2009 ). 
The role of infl ammation in mood symptoms was revisited with the observation that 
the psychological and psychomotor symptomatology of acutely medically ill 
patients was similar to that of MDD patients (e.g., sick patients had lethargy, 
decreased motivation, decreased socializing, depressed mood, anxiety, loss of appe-
tite, sleep disturbances, hyperalgesia, reduction in self-care, and impaired concen-
tration and attention) a phenomenon later referred to as “sickness behavior” 
(Kent et al.  1992 ; Hart  1988 ). 

 “Sickness behavior” has also been observed in chronic medical illness, most 
notably infl ammatory disorders (Rosenblat et al.  2014 ). Further, MDD has been 
associated with elevated rates of infl ammatory medical comorbidities and vice versa 
(Rosenblat et al.  2014 ; McNamara and Lotrich  2012 ; Miller et al.  2009 ). Autoimmune 
diseases serve as a prototypic group of disorders known to induce a pro- infl ammatory 
state and thus would be expected to be associated with MDD via the infl ammatory- 
mood pathway. Indeed, several autoimmune disorders including psoriasis, rheuma-
toid arthritis (RA), infl ammatory bowel disease (IBD), and systemic lupus 
erythematosus (SLE) have been strongly associated with MDD with increased fre-
quency of mood episode during infl ammatory fl are-ups (Weigle and McBane  2013 ; 
Covic et al.  2012 ; Frol et al.  2013 ; Liu et al.  2012b ; Mok et al.  2012 ; Nicassio et al. 
 2012 ; Sato et al.  2013 ; Palagini et al.  2013 ; Graff et al.  2009 ; Walker et al.  2011 ). Of 
note, even more benign infl ammatory conditions such as asthma and allergies have 
been shown to have an elevated prevalence of MDD (Ahmedani et al.  2013 ; 
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Loerbroks et al.  2012 ; Nathan  2007 ; Peltzer and Phaswana-Mafuya  2013 ; Sharma 
et al.  2013 ; Wilczynska-Kwiatek et al.  2009 ). 

 As previously discussed, CVD, obesity and diabetes have also been recognized 
as infl ammatory disorders (Soczynska et al.  2011 ; McElroy and Keck  2012 ; 
McElroy et al.  2004 ; Morriss and Mohammed  2005 ). Indeed, elevated rates of these 
conditions as well are found in the MDD population and vice versa indicative of a 
potential bidirectional interaction (Mansur et al.  2014 ; McIntyre et al.  2013 ; 
Soczynska et al.  2011 ). Taken together, the association between MDD and infl am-
matory comorbidities suggests a potential bidirectional interaction between MDD 
and infl ammatory dysregulation; however, this observation alone does not prove 
causation or aid in understanding the directionality of the interaction. In support of 
a causative interaction, however, are preliminary reports showing the ability of anti- 
infl ammatory treatment of autoimmune disorders to decrease symptomatology in 
this group (Krishnan et al.  2007 ; Tyring et al.  2006 ). For example, anti- infl ammatory 
treatments (specifi cally anti-TNF-alpha agents) of psoriasis have been shown to 
decrease depression scores independent of psoriasis severity (Krishnan et al.  2007 ; 
Tyring et al.  2006 ). 

 To further establish causation, rather than simply an observed association, pre-
clinical and clinical studies have assessed mood symptoms in response to an induced 
infl ammatory state. In preclinical models, numerous studies have induced an infl am-
matory state by administering lipopolysaccharide (LPS) and/or IL-1 (Dunn et al. 
 2005 ). These animal studies have reproducibly demonstrated the induction of 
depressive symptomatology, including lethargy, anorexia, decreased interest in 
exploring, decreased sexual activity, and increased sleep (reviewed by Dunn et al. 
 2005 ). 

 Clinically, in the treatment of hepatitis C, IFN is often used to boost the immune 
system to aid in the defense against the viral infection (Liang and Ghany  2013 ). 
After initiation of IFN therapy, 25–80 % (depending on the dose) of individuals 
developed a MDE (Alavi et al.  2012 ; Birerdinc et al.  2012 ; Raison et al.  2005 ; 
Udina et al.  2012 ). Cancer patients have also been observed to develop depressive 
symptoms after administration of immune boosting therapies including IFN and 
IL-2 (Capuron et al.  2000 ,  2001 ,  2002 ,  2003 ,  2004 ; Eller et al.  2009 ). 

 In healthy individuals, infl ammation has also been induced through administra-
tion of LPS, vaccinations, endotoxins, IFN, and IL-2. Reproducibly, symptoms of 
decreased mood, anxiety, appetite changes, and impaired memory and attention in 
the absence of fever or physical symptoms have been demonstrated in healthy vol-
unteers (Reichenberg et al.  2001 ; Wright et al.  2005 ; Brydon et al.  2009 ; Strike et al. 
 2004 ; Grigoleit et al.  2011 ). A dose response has also been demonstrated with LPS 
revealing that an increase in LPS dose (and subsequent measured increase in serum 
infl ammatory cytokines) was associated with increased depressive symptomatology 
(Grigoleit et al.  2011 ). 

 The interaction between MDD and infl ammatory dysfunction has been further 
established by studies investigating the profi le of infl ammatory cytokine levels both 
peripherally (in blood serum) and centrally (in cerebral spinal fl uid (CSF)). Elevated 
levels of pro-infl ammatory cytokines including but not limited to prostaglandin E2 
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(PGE2), CRP, TNF-α, IL-1β, IL-2, IL-6, and MCP-1 have been repeatedly shown 
peripherally and centrally in MDD (Danner et al.  2003 ; Dowlati et al.  2010 ; Felger 
and Lotrich  2013 ; Miller et al.  2013 ; Ford and Erlinger  2004 ; Kling et al.  2007 ; Kop 
et al.  2002 ; Lanquillon et al.  2000 ; Lieb et al.  1983 ; Linnoila et al.  1983 ; Zorrilla 
et al.  2001 ; Young et al.  2014 ). In a recent meta-analysis, 29 studies were identifi ed 
evaluating cytokine levels in MDD (Liu et al.  2012a ). The most signifi cantly ele-
vated cytokines in MDD serum, when compared to healthy controls, were IL-6, 
TNF-α, and soluble interleukin-2 receptors (sIL-2R) (Liu et al.  2012a ). 

 Another question of debate has been whether cytokine levels are chronically 
elevated in MDD or only during acute mood episode. The debate has continued as 
some investigators have suggested that pro-infl ammatory cytokines are only present 
during major depressive episodes (MDE) while others have shown continued eleva-
tion during periods of remission (Young et al.  2014 ; Miller et al.  2009 ). Of note, in 
a meta-analysis evaluating cytokine levels after antidepressant treatments, resolu-
tion of depressive symptoms was associated with reduced levels of IL-1β and pos-
sibly IL-6; however, TNF-α remained elevated (Hannestad et al.  2011 ). 

 Further analysis of cytokine studies has also revealed that it is likely a subpopu-
lation of MDD that has elevation of infl ammatory cytokines, suggesting that infl am-
mation is likely a pathogenic factor only in a subset of MDD cases (Miller et al. 
 2009 ; Raison and Miller  2013 ; Raison et al.  2013 ). This important observation has 
immense implications for the use of cytokines as biomarkers in future studies and 
treatment interventions. Indeed, Raison et al. ( 2013 ) found anti-TNF-α therapy to 
only have antidepressant effects for a subgroup of patients with an elevated CRP 
indicative of an infl ammatory state (Raison et al.  2013 ). Therefore, future studies of 
anti-infl ammatory agents for antidepressant use may require the use of infl amma-
tory biomarkers to allow for valid results including only the treatment group of 
interest (e.g., a subgroup of “infl ammatory depression”). 

 Infl ammatory cytokines have also been found to be key signaling molecules in the 
infl ammatory-mood pathway, rather than only serving as “innocent bystanders” of 
infl ammation (Young et al.  2014 ; Miller et al.  2009 ,  2013 ). Indeed, cytokines play an 
active role in the pathogenic mechanism by which infl ammation may interact with 
mood alteration, inducing and propagating neuroinfl ammation and promoting the 
signaling cascade subserving the infl ammatory-mood pathway to be described in 
turn (Boutzios and Kaltsas  2000 ; Dantzer et al.  2008 ; Dowlati et al.  2010 ). 

 Pro-infl ammatory cytokines including, but not limited to TNF-α, IL-2, IL-6, and 
IFN have been shown to directly alter monoamine levels, serving as a potential 
mechanism for mood alteration. Specifi cally, IL-2 and IFN directly increase the 
enzymatic activity of indolamine 2,3-dioxygenase (IDO) that in turn catalyzes the 
breakdown of tryptophan-to-tryptophan catabolites (TRYCATs), namely, kynuren-
ine, kynurenic acid, and quinolinic acid (Dunn et al.  2005 ; Rosenblat et al.  2014 ). 
This reaction may lead to mood symptoms through two separate pathways: (1) 
through depletion of tryptophan, production of serotonin is decreased, a well- 
established feature of MDD pathophysiology (Arango et al.  2002 ; Barton et al. 
 2008 ; Rosa-Neto et al.  2004 ; Vaswani et al.  2003 ) and (2) TRYCATs also have 
direct and independent depressogenic and anxiogenic effects (Maes et al.  2011 ). 
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 Pro-infl ammatory cytokines IL-6 and TNF-α modulate monoamine levels 
through a separate pathway by increasing the breakdown of serotonin to 
5- hydroxyindoleacetic acid (5-HIAA) (Wang and Dunn  1998 ; Zhang et al.  2001 ). 
Taken together, pro-infl ammatory cytokines may induce mood symptoms by pro-
moting the depletion of tryptophan, the breakdown of serotonin, and the production 
of TRYCATs. 

 Pro-infl ammatory cytokines TNF-α and IL-1β also activate microglial cells cen-
trally, the macrophages of the central nervous system (Harry and Kraft  2012 ; Kraft 
and Harry  2011 ). Activated macrophages also release TNF-α to increase neuroin-
fl ammation and activate other macrophages locally (Frick et al.  2013 ). Under physi-
ologic conditions, microglia play an essential role in neuroplasticity and synaptic 
pruning (Kraft and Harry  2011 ). Activated microglia facilitate destruction of unused 
synapses to allow for increased capacity of synapses and circuits more frequently 
used, leading to increased functional connectivity of key brain circuitry (Harry and 
Kraft  2012 ). However, when microglia become pathologically overactive, microglia 
may lead to oxidative and nitrosative stress, over-pruning, and induction of neuronal 
damage. The net effect of microglial over-activation would therefore be neurode-
generation, aberrant neuronal apoptosis, and impaired neuroplasticity leading to 
dysfunctional neural circuits resulting in impaired function at the level of cognition, 
mood, and behavior (Frick et al.  2013 ; Ekdahl  2012 ; Harry and Kraft  2012 ; 
Rosenblat et al.  2014 ). The over-activation of microglia may also prevent neurogen-
esis and new synapse formation, thus further limiting neuroplasticity and the ability 
for the brain to adapt effectively. 

 Of note, current evidence suggests that while microglia may play an important 
role in the pathogenesis of MDD, idiopathic microglia activation does not appear to 
be the fi rst step in the cascade (Frick et al.  2013 ). The over-activation of microglia 
and resultant downward spiral may be initiated from increased levels of pro- 
infl ammatory cytokines peripherally which may traverse the blood-brain barrier 
(BBB) and over-activate microglia inappropriately. Once activated, the microglia 
may release more cytokines and further activate other microglia in a feed-forward 
loop in the absence of adequate anti-infl ammatory signaling (Stertz et al.  2013 ; 
Frick et al.  2013 ). 

 Given that the microglia hypothesis suggests that overactive microglia impact 
the structure and function of brain regions subserving affective symptoms, several 
imaging studies have been conducted with the hypothesis that infl ammation would 
be associated with decreased volume and functional connectivity in key brain 
regions. Indeed, several investigators have found infl ammation to be associated with 
structural and functional brain changes, such as lateral ventricular enlargement, 
alterations in subgenual cingulate activity, and decreased mesolimbic connectivity, 
all of which have also been implicated in the pathogenesis of mood disorders 
(Harrison et al.  2009 ; Kempton et al.  2011 ; Miller et al.  2013 ). 

 Recently, the strongest evidence for aberrant microglial activation in MDD was 
reported by Setiawan et al. ( 2015 ) showing increased microglial activation in the 
anterior cingulate cortex (ACC), prefrontal cortex (PFC), and insula in patients with 
a current MDE compared to healthy controls. This study was the fi rst to use positron 
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emission tomography (PET) imaging to show increased translocator protein density 
measured by distribution volume (TSPO VT), a marker of activated microglia, in 
MDD (Setiawan et al.  2015 ). Prior to this study, there was often question of the 
validity of correlating peripheral serum or even central CSF cytokine levels to pre-
sumed microglial activation in key brain regions. Identifying over-activation of 
microglia in the ACC, PFC, and insula, key brain regions for mood and cognition, 
certainly adds validity to the microglial hypothesis of mood disorders. While this 
study was a preliminary report (MDD patients  n  = 20, healthy controls  n  = 20) 
requiring replication, the results greatly add to the assumptions often made when 
describing the infl ammatory-mood hypothesis. 

 Another infl ammatory pathway to consider is the HPA axis. As previously dis-
cussed, pro-infl ammatory cytokines potently increase HPA activity. Therefore, con-
tinued production of infl ammatory cytokines may lead to continued production of 
cortisol, a potent mood-altering steroid implicated in the production of “sickness 
behavior” (Murphy  1991 ). Cortisol may also alter monoamine levels through increas-
ing hepatic tryptophan 2,3-dioxygenase (TDO) activity, thereby increasing the 
breakdown of tryptophan to TRYCATs (Hoes and Sijben  1981 ; Maes et al.  2011 ).  

14.7     Metabolic Dysfunction Promotes Mood Dysfunction 

 Metabolic dysfunction has a bidirectional interaction with MDD; a strong correla-
tion between insulin resistance, obesity, and MDD has been well established (Kan 
et al.  2013 ; Kaidanovich-Beilin et al.  2012 ; Barnard et al.  2006 ). Epidemiological 
data is particularly strong for showing an association between MDD and type II 
diabetes mellitus (T2DM) (Kan et al.  2013 ; Kaidanovich-Beilin et al.  2012 ; Barnard 
et al.  2006 ). Indeed, the risk of developing MDD is increased after the onset of 
T2DM or impaired glucose tolerance (IGT) (Knol et al.  2006 ; Mezuk et al.  2008 ). 
Moreover, the presence of MDEs increases the risk of developing T2DM later in life 
(Knol et al.  2006 ; Mezuk et al.  2008 ). Comorbid MDD is also associated with an 
early onset of T2DM (e.g., on average 5 years earlier), worse prognosis, poor gly-
cemic control, and lower adherence to medical and lifestyle management plans 
(Kan et al.  2013 ; Lustman et al.  2000 ; de Groot et al.  2001 ). 

 Several mechanisms have been investigated which may subserve this interaction 
(Kaidanovich-Beilin et al.  2012 ). As discussed, metabolic dysfunction may directly 
induce, and be induced by, infl ammatory dysfunction. Therefore, metabolic dys-
function may induce mood symptoms through the previously described 
infl ammatory- mood pathway. Other etiological and pathophysiological factors of 
interest are the effects of shared psychosocial risk factors, the presence of microan-
giopathic changes, and the development of CNS insulin resistance converging on 
the common pathway of impaired neuroplasticity leading to depressive symptom-
atology (Kaidanovich-Beilin et al.  2012 ). 

 Epidemiological studies provide evidence for low socioeconomic status (SES), 
early childhood adversity, medical comorbidities, addiction, and psychiatric comor-
bidities as being common risk factors for obesity, T2DM, and MDD (Zhou et al. 
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 2010 ; Dallman et al.  2003 ; Teegarden and Bale  2007 ; Anderson et al.  2001 ; Everson 
et al.  2002 ; Talbot and Nouwen  2000 ). Therefore, one potential explanation for the 
observed association may be common psychosocial etiologic factors (Kaidanovich- 
Beilin et al.  2012 ). Indeed, certain life circumstances may predispose individuals to 
the development of obesity, insulin resistance, and MDD. While these psychosocial 
risk factors may certainly account for part of the observed association, controlling 
for these factors reveals that they do not account for the entire observed effect (de 
Groot et al.  2001 ; Kan et al.  2013 ; Lustman et al.  2000 ; Mezuk et al.  2008 ; 
Vancampfort et al.  2013 ). Biological metabolic-neuronal mechanisms, particularly 
the effect of CNS insulin resistance, metabolic infl ammation, and the effect of 
microangiopathic changes, may certainly play an independent and synergistic role 
in the etiology and pathophysiology of comorbid MDD, obesity, and insulin resis-
tance (Kaidanovich-Beilin et al.  2012 ). 

 Diabetes is strongly associated with both microvascular (nephropathy, neuropa-
thy, retinopathy) and macrovascular (stroke, myocardial infarction) complications 
(Kahn and Joslin  2005 ). Diabetes and MDD are also associated with microangio-
pathic changes in the brain, independent of large vessel disease (Bourdel-Marchasson 
et al.  2010 ; Nelson et al.  2009 ). Microangiopathic changes may induce depressive 
symptoms through multiple mechanisms. Decreased blood fl ow to key brain regions 
subserving mood and cognition (e.g., the amygdala, hippocampus, anterior cingu-
late cortex, and prefrontal cortex) may directly impair neuronal function in these 
regions leading to affective and cognitive dysfunction, key features of MDD 
(Bourdel-Marchasson et al.  2010 ; Nelson et al.  2009 ; Direk et al.  2012 ). 
Microangiopathic changes also increase infl ammation and thus may induce depres-
sive symptoms through the previously described mechanisms (Li et al.  2014 ). 
Therefore, microangiopathic changes may be one mechanism facilitating the inter-
action between metabolic dysfunction, CVD, and MDD. 

 The effects of insulin in the brain have also been of great interest. With the discov-
ery of insulin receptors in numerous brain regions, the previous understanding that 
insulin had no effect on the brain has now been abolished (Banks et al.  2012 ; Bingham 
et al.  2002 ; Craft and Watson  2004 ). Insulin receptors have been identifi ed in the 
hypothalamus, cerebral cortex, olfactory bulb, substantia nigra, basal ganglia, hip-
pocampus, and amygdala (Banks et al.  2012 ). To enter the central nervous system 
(CNS), insulin produced in the pancreas is transported across the BBB via a satura-
ble, receptor-mediated process (Woods et al.  2003 ). Once in the CNS, insulin acts as 
a trophic factor, facilitating glucose uptake in specifi c regions as well as promoting 
neurogenesis and neuroplasticity (McIntyre et al.  2008 ; Banks et al.  2012 ). 

 Type 2 diabetes mellitus is characterized by hyperglycemia, insulin resistance 
with compensatory hyperinsulinemia, and subsequent pancreatic decompensation 
causing a relative hypoinsulinemia in later stages (Kahn and Joslin  2005 ). Chronic 
hyperinsulinemia may downregulate the transport of insulin across the BBB (Woods 
et al.  2003 ). Consequentially, CNS insulin levels may be decreased. As previously 
discussed, CNS insulin is an important trophic factor promoting neuroplasticity in 
key brain regions. Therefore, in the setting of T2DM, CNS insulin level may be 
decreased secondary to BBB receptor downregulation. 
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 While the majority of glucose uptake in the brain is insulin independent, certain 
regions also have insulin dependent glucose uptake (McNay et al.  2010 ; McNay and 
Recknagel  2011 ; Henneberg and Hoyer  1994 ; Hoyer et al.  1996 ; Bingham et al. 
 2002 ). In the presence of insulin resistance and decreased CNS insulin, there may 
be decreased uptake in these regions. Notably, in the context of MDD, Glut4 recep-
tors in the hippocampus, amygdala, and prefrontal cortex may have decreased glu-
cose uptake secondary to insulin resistance and thus impaired function in these 
regions (Reagan  2005 ). Indeed, in animal models of insulin resistance, decreased 
glucose uptake in the hippocampus has been observed (Winocur and Greenwood 
 2005 ; Winocur et al.  2005 ). 

 In addition to facilitating the uptake of glucose, CNS insulin serves as a direct 
trophic factor via the phosphoinositide-3 kinase (PI3) pathways, promoting the pro-
duction and release of several growth factors including brain-derived neurotrophic 
factor (BDNF) and vascular endothelial growth factor (VEGF) (Rodgers and 
Theibert  2002 ; Scheid and Woodgett  2003 ), thereby promoting neuronal survival, 
synaptogenesis, and dendritic arborization (McIntyre et al.  2008 ). Similarly, long- 
term potentiation cascades, important for learning, memory, and adaptability, are 
promoted by insulin (Skeberdis et al.  2001 ; van der Heide et al.  2005 ). 

 In summary, insulin acts as a growth factor and mediator of glucose uptake in key 
brain regions subserving affective and cognitive functioning. In the setting of insu-
lin resistance and decreased CNS insulin levels, decreased glucose uptake and 
decreased growth factor signaling ultimately lead to impaired neurogenesis and 
neuroplasticity, a key pathophysiological mechanisms of MDD (Kaidanovich- 
Beilin et al.  2012 ).  

14.8     Therapeutic and Preventative Implications 

 Understanding the metabolic-infl ammatory pathways subserving the pathophysiol-
ogy of MDD and CVD may provide insight into novel therapeutic and preventative 
strategies. Several strategies are simple and may be readily implemented, while 
others are more theoretical, requiring more research before reaching clinical 
application. 

 Improved screening practice is one simple intervention. Given the high co- 
prevalence of MDD and CVD, screening for MDD in the CVD population and vice 
versa are merited and, in the presence of signs of metabolic and/or infl ammatory 
dysfunction, provide even greater merit for improved screening in such patients. 
Improved screening may result in early detection and treatment and thus improved 
outcomes for both CVD and MDD. 

 From a cardiovascular health perspective, exercise and a healthy diet have long 
been emphasized (Topp et al.  2004 ). Applying the same vigor to encouraging MDD 
patients to pursue physical activity may greatly improve outcomes as exercise has 
been repeatedly shown to have a positive effect on mood and cognition in MDD 
(Baldwin  2010 ; Beavers et al.  2010 ; Carek et al.  2011 ; Conn  2010a ,  b ; Cooney et al. 
 2013 ; Fenton and Stover  2006 ). Similarly, with metabolic dysfunction and T2DM 
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in specifi c, lifestyle modifi cation has long been a part of fi rst-line therapy with clear 
effects on cognition and mood (Nolan et al.  2011 ; Fiocco et al.  2013 ; Anderson- 
Hanley et al.  2012 ). Therefore, lifestyle modifi cation should be emphasized from a 
mental health perspective, rather than only for its cardiovascular benefi ts. 

 Novel treatments targeting the metabolic-infl ammatory pathway may yield 
improved MDD and CVD outcomes in the future; however, further research is still 
required in this area prior to making clinical recommendations. Repurposing of 
antidiabetic and anti-infl ammatory agents in the treatment of MDD has been of 
particular interest (Rosenblat et al.  2014 ; Mansur et al.  2015 ; McIntyre et al.  2007 , 
 2008 ,  2013 ; McIntyre  2014 ). 

 Several antidiabetic agents have become of interest as novel treatments of MDD 
(Kaidanovich-Beilin et al.  2012 ; McIntyre et al.  2007 ,  2008 ,  2013 ). Increasing insu-
lin sensitivity centrally may allow for increased effects of insulin on the brain, 
increasing glucose uptake, neurogenesis and neuroplasticity through the previously 
described mechanisms. As previously discussed, CNS insulin plays a key role in 
brain function. Therefore, intranasal insulin is currently being investigated in MDD 
for its affect on mood and cognition (clinicaltrials.gov – NCT00570050, trial com-
pleted, results pending). The antidiabetic agents thiazolidinediones (TZDs) and 
incretins have also been of interest; however, further studies are required (Seaquist 
et al.  2013 ; McIntyre et al.  2007 ,  2013 ). 

 Anti-infl ammatory agents have also become of great interest in the novel treat-
ment of MDD. In a recent meta-analysis, Kohler et al. ( 2014 ) identifi ed 14 trials 
assessing the effi cacy of anti-infl ammatory agents on MDD. They found that anti- 
infl ammatory agents decreased depressive symptoms while not increasing the risk 
of adverse events. Included in the analysis were cytokine inhibitors and NSAIDS. Of 
the agents assessed, celecoxib had the greatest effect (Kohler et al.  2014 ). Of note, 
excluded from the meta-analysis were omega-3 polyunsaturated fatty acids (O-3 
PUFAs). In a separate meta-analysis of nineteen clinical trials, O-3 PUFAs were 
shown to have a signifi cant anti-infl ammatory and anti-depressive effect and were 
extremely well tolerated when used adjunctively to standard therapy for MDD 
(McNamara and Strawn  2013 ; Su et al.  2013 ; Grosso et al.  2014 ). 

 Taken together, several novel treatments targeting the metabolic-infl ammatory 
pathway are currently being investigated in the treatment of MDD. Future research 
is still needed in this area prior to the routine clinical usage of these novel agents. 
Currently, simple strategies that may have great benefi t include improved screening 
and increased physical activity in CVD and MDD patients.  

    Conclusion 

 Metabolic and infl ammatory dysfunctions are two intimately connected pro-
cesses with convergent pathways. The metabolic-infl ammatory pathway is a key 
substrate subserving the well-established association between CVD and 
MDD. The metabolic- infl ammatory pathways potently increase CVD risk 
through a variety of mechanisms. Similarly, metabolic and infl ammatory dys-
function independently and synergistically increases risk of developing and per-
petuating MDD. Given the currently high and ever-increasing prevalence, 
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morbidity, and mortality of CVD and MDD, understanding their pathophysiol-
ogy is highly relevant. 

 Further understanding the metabolic-infl ammatory-mood pathway may pro-
vide insight to future treatments and preventative strategies for comorbid CVD 
and MDD. Improved screening and increased physical activity are two methods 
that may be implemented as preventative strategies. Anti-infl ammatory and anti-
diabetic medications may be repurposed as novel treatments of MDD and CVD 
through targeting the metabolic-infl ammatory pathway; however, further 
research is still needed to elucidate effi cacy and tolerability in this patient popu-
lation prior to clinical recommendation.     
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   Abstract 

   Depression and major cardiometabolic disorders (in this chapter, cardiometa-
bolic disorders refer to the cardiovascular diseases, metabolic disorders, and 
associated risk factors) are highly heritable, i.e., they are caused by a combina-
tion of genetic and environmental factors. Moreover, there are genetic co- 
heritabilities (genetic correlations) in these disorders suggesting the infl uence of 
common genes and shared biological pathways between them. Several candidate 
gene studies performed so far have identifi ed risk-associated genes for depres-
sion, cardiovascular, and/or metabolic diseases. Besides, meta-analysis of 
genome-wide association (meta-GWA) studies reported a number of single 
nucleotide polymorphisms (SNPs) and candidate genes for the cardiometabolic 
disorders. Compared to the cardiometabolic disorders, the meta-GWA studies of 
depression have had limited success due to the heterogeneity of the disorder and 
lack of statistical power (sample size) to detect the associations. The fi rst suc-
cessfully replicated meta-GWA study for depression was published in July 2015. 
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 In this chapter, we present an appraisal and analysis of pleiotropic genes (plei-
otropy occurs when a genetic region infl uences more than two phenotypes, dis-
orders in this case)  and shared biological pathways underlying the association of 
depression and the cardiometabolic diseases. These genes are shared between 
depression and (a) metabolic disorders (type 2 diabetes), (b) cardiovascular dis-
orders (coronary artery diseases, hypertension), and (c) associated risk factors 
(blood pressure, obesity (body mass index), plasma lipid levels (high-density 
lipoprotein, low-density lipoprotein, triglycerides, total cholesterol), insulin and 
glucose-related traits (fasting glucose, fasting insulin, fasting proinsulin, insulin 
resistance-HOMA-IR, beta-cell function-HOMA-β, and glycated hemoglobin 
A1C- HbA1C). 

 Generally speaking, pleiotropic genes and shared biological mechanisms could 
explain part of the comorbidity between depression and cardiometabolic disorders. 
Genetic polymorphisms within the genes:  MTHFR ,  CACNA1D ,  CACNB2 ,  GNAS , 
 ADRB1 ,  NCAN ,  REST ,  FTO ,  POMC ,  BDNF ,  CREB ,  ITIH4 ,  LEP ,  GSK3B , 
 SLC18A1 ,  TLR4 ,  APOE ,  CRY2 ,  HTR1A ,  ADRA2A ,  MTNR1B , and  IGF1  are associ-
ated with both depression and cardiometabolic disorders. These genes belong to 
biologically relevant signaling pathways that are potentiality important in the rela-
tionship between depression and cardiometabolic diseases. The pathways include: 
 corticotrophin -  releasing hormone signaling ,  AMPK signaling ,  cAMP - mediated 
and G -p rotein- coupled receptor signaling ,  axonal guidance signaling , and  sero-
tonin and dopamine receptor signaling . A better understanding of these genes and 
related pathways will enhance knowledge as to why patients suffer from multiple 
diseases at a time and how multi-morbidities infl uence pharmacological treatment 
response.  

15.1        Introduction 

15.1.1     The Comorbidity of Depression and Cardiometabolic 
Diseases 

 In the last century, improvements in public health, nutrition, education, living con-
ditions, and medicine have led to an increase in life expectancy. However, unhealthy 
lifestyle and population aging have increased the prevalence of chronic long-term 
disorders such as cardiovascular and metabolic diseases and psychiatric disorders. 
Major depressive disorder (MDD), coronary artery diseases, type 2 diabetes, and 
hypertension are the major sources of disability, morbidity, and mortality (Murray 
et al.  2015 ; Whiteford et al.  2013 ). 

 Currently, the co-occurrence (comorbidity) of depression with cardiometabolic 
diseases is a burden facing the health-care systems worldwide (Barnett et al.  2012 ; 
Murray et al.  2015 ; Whiteford et al.  2013 ). It is also a challenge for psychosomatic 
medicine, as the relationship of the diseases is not clearly understood. Several clini-
cal and epidemiological studies that investigated the relationship between 
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depression and cardiometabolic disorders concluded that the epidemiological rela-
tionship is reciprocal in that depression may lead to cardiometabolic disease or it 
may result from cardiometabolic disorders (Chauvet-Gélinier et al.  2013 ; Plante 
 2005 ). The prevalence of MDD among patients with cardiometabolic diseases is 
high, with a complex multidirectional relationship between them (Barnett et al. 
 2012 ; Golden et al.  2008 ; Huffman et al.  2013 ) (Fig.  15.1 ). For instance, 20–40 % 
of patients with cardiovascular diseases meet the criteria for major depression 
(Celano and Huffman  2011 ; Huffman et al.  2013 ), and the risk of developing MDD 
among cardiometabolic disease patients is also substantial: 15–25 % in type 2 dia-
betes (Mezuk et al.  2008 ; Nouwen et al.  2010 ), 17–27 % in coronary artery disease 
(Rudisch and Nemeroff  2003 ), and 21.7–32.3 % in hypertension (Li et al.  2015 ). 
Conversely, depressed individuals have 37–60 % increased risk of developing type 
2 diabetes (Knol et al.  2006 ; Mezuk et al.  2008 ) and 30–64 % risk for coronary 
artery diseases (Gan et al.  2014 ; Rugulies  2002 ) compared to nondepressed indi-
viduals. One explanation for this association could be the presence of pleiotropic 
(common) genes and shared biological pathways that function as a hub encoding for 
proteins that connect the disorders; additionally, a gene-environment interaction 
that affects multiple phenotypes may exist. Possible common biological mecha-
nisms underlying depression and cardiometabolic disease comorbidity have been 
proposed, including altered circadian rhythms (Zelinski et al.  2014 ), abnormal 
hypothalamic-pituitary-adrenal axis (HPA axis) function (Rosmond and Björntorp 
 2000 ), imbalanced neurotransmitters (Szczepanska-Sadowska et al.  2010 ), and 
infl ammation (Kemp et al.  2010 ). However, further genetic and molecular studies 
are urgently required to fully understand the underlying mechanisms linking these 
disorders.

15.1.2        Common Genes Shared Between Depression 
and Cardiometabolic Disorders 

15.1.2.1     Twin Studies 
 Depression and cardiometabolic disorders are heritable and they are caused by a 
combination of genetic and environmental factors. Genetic factors contribute to 
31–42 % in MDD (Sullivan et al.  2000 ), 30–60 % in coronary artery diseases 
(Marenberg et al.  1994 ), 26–69 % in type 2 diabetes (Almgren et al.  2011 ; Poulsen 
et al.  1999 ), 24–37 % in blood pressure (hypertension) (Van Rijn et al.  2007 ), 
35–48 % in heart rate variability (Kupper et al.  2004 ), 40–70 % in obesity (body 
mass index) (Willyard  2014 ), and 58–66 % in the level of serum lipids (Knoblauch 
et al.  1997 ). Moreover, there are fairly high genetic co-heritabilities (genetic corre-
lations) between depression and the different cardiometabolic disorders suggesting 
the infl uence of pleiotropic genes and shared biological pathways within them. For 
instance, the genetic correlation of depression with hypertension is estimated to be 
19 %, and between depression and heart disease is about 42 % (Scherrer et al.  2003 ). 
The genetic correlation between depressive symptoms and plasma lipid levels 
ranges from 10 % to 31 %(Lopez-Leon et al.  2010 ), and 12 % of the genetic 

15 Genetic Overlap Between Depression and Cardiometabolic Disorders



238

P
sy

ch
ia

tr
ic

 m
o

rb
id

it
y

M
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er

C
ar

d
io

-m
et

ab
o

lic
 d

is
ea

se
s

C
or

on
ar

y 
ar

te
ry

 d
is

ea
se

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 d

ia
be

te
s

m
el

lit
us

P
ro

xi
m

al
 r

is
k 

fa
ct

o
rs

C
ar

di
o-

m
et

ab
ol

ic
 r

is
k

fa
ct

or
s(

ob
es

ity
, l

ip
id

le
ve

ls
, b

lo
od

 p
re

ss
ur

e,
gl

uc
os

e 
an

d 
in

su
lin

im
ba

la
nc

e/
re

si
st

an
ce

)

S
tr

es
s

D
is

ta
l f

ac
to

rs

S
oc

io
-e

co
no

m
ic

 a
nd

en
vi

ro
nm

en
ta

l f
ac

to
rs

N
ut

rit
io

na
l f

ac
to

rs
C

ul
tu

ra
l f

ac
to

rs
be

ha
vi

or
al

 fa
ct

or
s

G
en

e 
lo

cu
s

P
le

io
tr

op
y

  Fi
g

. 1
5

.1
  

  Sh
ow

s 
th

e 
co

m
or

bi
di

ty
 b

et
w

ee
n 

m
aj

or
 d

ep
re

ss
iv

e 
an

d 
ca

rd
io

m
et

ab
ol

ic
 d

is
or

de
rs

. I
t a

ls
o 

de
m

on
st

ra
te

s 
ho

w
 a

 g
en

et
ic

 lo
cu

s 
(p

le
io

tr
op

ic
 re

gi
on

) c
ou

ld
 

af
fe

ct
 th

e 
di

ff
er

en
t d

is
ea

se
 c

on
di

tio
ns

 s
im

ul
ta

ne
ou

sl
y       

 

A.T. Amare et al.



239

component for depression is shared with obesity (Afari et al.  2010 ). Su et al. ( 2010 ) 
also found a signifi cant inverse genetic correlation of 21–24 % between depressive 
symptoms and heart rate variability (Su et al.  2010 ). Two main genetic research 
approaches have been applied to investigate the specifi c genetic components related 
to depression and the cardiometabolic disorders: candidate gene studies and 
genome-wide association studies (GWAS).  

15.1.2.2     Candidate Gene and Genome-Wide Association Studies 
 In the last decade, a substantial amount of univariate (single disease) meta-analyses 
of genome-wide association (meta-GWA) and candidate gene studies has been pub-
lished. Indeed, the meta-GWA and candidate gene studies have successfully identi-
fi ed a considerable list of candidate genes for major depressive disorder 
(CONVERGE Consortium  2015 ; Flint and Kendler  2014 ; Lohoff  2010 ), coronary 
artery diseases (Nikpay et al.  2015 ), type 2 diabetes (Dupuis et al.  2010 ; Gaulton 
et al.  2015 ; Ng et al.  2014 ), hypertension (Lu et al.  2015 ), obesity (Locke et al. 
 2015 ), plasma lipid level (Willer et al.  2013 ), insulin- and glucose-related traits 
(Dupuis et al.  2010 ; Hwang et al.  2015 ; Manning et al.  2012 ; Scott et al.  2012 ; 
Soranzo et al.  2010 ), and blood pressure (Lu et al.  2015 ; Ehret et al.  2011 ). Although 
the studies were entirely focused on a single phenotype approach (single disease), 
genes appear to infl uence multiple disorders simultaneously. A genetic pathway 
involving these genes might actually function as a hub to link depression and the 
cardiometabolic diseases or vice versa. 

 Since the formal introduction of the term “pleiotropy” by the German geneti-
cist Ludwig Plate in 1910 (Stearns  2010 ), pleiotropic genes have been investi-
gated. For instance, a recent analysis of SNPs and genes from the NHGRI GWAS 
catalogue (Welter et al.  2014 ) has showed as 16.9 % genes and 4.6 % SNPs have 
pleiotropic effects on complex diseases (Sivakumaran et al.  2011 ). In this chapter 
of the book, we provide a brief overview of the pleiotropic genes obtained through 
a systematic literature review of genome-wide association and candidate gene 
studies in PubMed (MEDLINE database) and from the National Human Genome 
Research Institute (NHGRI) GWAS catalogue (Welter et al.  2014 ). We also 
explored the shared biological pathways that link depression and cardiometabolic 
disorders. 

 Understanding of the common genetic pathways of depression and cardiometa-
bolic diseases may provide new insights and novel ways for the diagnosis and treat-
ment of both diseases. The list of pleiotropic genes shared between depression and 
cardiometabolic disorders is provided in Table  15.1 . We named these candidate 
genes, the cardiometabolic-depressive disorder (CMD) genes. The genes are 
 MTHFR ,  CACNA1D ,  CACNB2 ,  GNAS ,  ADRB1 ,  NCAN ,  REST ,  FTO ,  POMC , 
 BDNF ,  CREB ,  ITIH4 ,  LEP ,  GSK3B ,  SLC18A1 ,  TLR4 ,  APOE ,  CRY2 ,  HTR1A , 
 ADRA2A ,  MTNR1B , and  IGF1  (Table  15.1 , Fig.  15.2 ). The genes belong to biologi-
cal pathways important in the hypothesis of both cardiometabolic diseases and 
mood disorders. We analyzed and visualized the functional relationship between the 
genes associated with coronary artery disease, hypertension, type 2 diabetes, major 
depressive disorder, and bipolar disorder through the use of QIAGEN’s Ingenuity® 
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                Table 15.1    Pleiotropic genes shared between depression and the cardiometabolic disorders   

 Pleiotropic 
genes 

 Polymorphisms associated with 

 Cardiometabolic disorders  Depression (description) 

  MTHFR   Blood pressure 
(Newton-Cheh et al.  2009 ; 
Wain et al.  2011 ) 

  MTHFR  C677T was associated with depression 
(Kelly et al.  2004 ; Lewis et al.  2006 ; Wu et al. 
 2013 ). The interaction between the  MTHFR  gene 
polymorphism and childhood trauma increased the 
risk for depressive disorder (Lok et al.  2013 ) 

  CACNA1D   Blood pressure and 
hypertension (Lu et al. 
 2015 ) 

 Calcium channel genes ( CACNA1B ,  CACNA1C , 
 CACNA1D , and  CACNG2 ) contribute to psychiatric 
disorders including MDD (Smoller  2013 ) 

  GNAS   Blood pressure and 
hypertension (Ehret et al. 
 2011 ; Wain et al.  2011 ) 

 SNPs in the  GNAS  gene infl uence antidepressant 
treatment response (Klenke and Siffert  2011 ) 

  ADRB1   Blood pressure (Wain 
et al.  2011 ) 

 Gly389 polymorphism of the beta(1)-adrenergic 
receptor gene might lead to better response to 
antidepressants in patients with major depression 
(Zill et al.  2003 ) 

  CACNB2   Blood pressure and 
cardiovascular disease risk 
(Levy et al.  2009 ; Ehret et 
al.  2011 ; Wain et al.  2011 ) 

 Polymorphisms in the  CACNB2  gene were 
implicated in MDD (Smoller  2013 ) 

  REST   Coronary artery disease 
(Nikpay et al.  2015 ) 

 Reduced expression of the  REST  gene in MDD 
patients at depressive state (Otsuki et al.  2010 ) and 
sex-specifi c alteration in the expression of the  REST  
gene was revealed in the brain of women with 
MDD (Goswami et al.  2010 ) 

  LEP   Type 2 diabetes 
(Hara et al.  2014 ) 

 Polymorphisms in the leptin gene, decreased leptin 
gene expression, and leptin defi ciency in serum 
were suggested as risk factors for resistance to 
antidepressant therapy in depressed patients 
(Kloiber et al.  2013 ). A signifi cant reduction of the 
mRNA expression was found in the brain of 
suicidal patients (Eikelis et al.  2006 ) 

  POMC   Obesity (BMI) 
(Berndt et al.  2013 ; 
Speliotes et al.  2010 ) 

 Genetic variants in the  POMC  gene were involved 
in treatment response to selective serotonin 
reuptake inhibitors (SSRIs), escitalopram or 
mirtazapine, in MDD patients (Chang et al.  2015 ) 

  ITIH4   Obesity (BMI) 
(Wen et al.  2014 ) 

 A candidate gene study has confi rmed the 
association of genetic variants in the  ITIH3  and 
 ITIH4  genes and suicidal attempt (Finseth et al. 
 2014 ). The ITIH4 protein level was upregulated 
during depressive state (Schmidt et al.  2011 ) 

  FTO   Obesity (BMI) 
(Berndt et al.  2013 ; 
Locke et al.  2015 ) 

 The  FTO  gene variants were associated with 
depression (Samaan et al.  2013 ). Also, they were 
involved in the mechanism underlying the 
association between mood disorders and obesity 
(Rivera et al.  2011 ) 

 Type 2 diabetes 
(Mahajan et al.  2014 ) 

 Plasma lipid level 
(Willer et al.  2013 ) 
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Table 15.1 (continued)

 Pleiotropic 
genes 

 Polymorphisms associated with 

 Cardiometabolic disorders  Depression (description) 

  CREB1   Obesity (BMI) 
(Locke et al.  2015 ) 

 Variations in the  CREB1  gene were associated with 
sex-specifi c MDD risk (women) (Zubenko et al. 
 2003 ) and antidepressant treatment resistance in 
MDD patients (Serretti et al.  2011 ). Genetic 
variation in the  CREB1  gene and its interaction with 
 BDNF  variants predicted response to the SSRIs 
(paroxetine) (Murphy et al.  2013 ) 

  BDNF   Obesity (BMI) 
(Locke et al.  2015 ; 
Speliotes et al.  2010 ) 

 The Val66Met polymorphism in the  BDNF  gene 
was associated with depressive disorder (Herbert 
et al.  2012 ; Yang et al.  2010 ; Zhang et al.  2010 ) and 
suicidal behavior in depressed patients 
(Sarchiapone et al.  2008 ). It was also associated 
with SSRI (escitalopram) response in depressed 
patients (El-Hage et al.  2014 ). Moreover, a 
signifi cantly decreased expression of the  BDNF  
gene was observed in the lymphocytes and platelets 
of depressed patients (Pandey et al.  2010 ). 
Treatment-responsive depressive patients have also 
shown decreased mRNA levels of the  BDNF  gene 
(Hong et al.  2014 ) 

  TLR4   Obesity (BMI) 
(Locke et al.  2015 ) 

 The mRNA levels of the  TLR3  and  TLR4  genes 
were increased in depressed suicidal patients 
(Pandey et al.  2014 ).  TLR4  gene expression was 
related to severity of major depression 
(Hung et al.  2014 ) 

  NCAN   Plasma lipid level 
(Willer et al.  2008 ) 

 The  NCAN  genotype is associated with limbic gray 
matter alterations in depressed subjects 
(Dannlowski et al.  2015 ) 

  GSK3B   Plasma lipid level 
(Willer et al.  2013 ) 

 Higher  GSK3B  gene activity was observed in MDD 
patients with severe depressive episode (Diniz et al. 
 2011 ). Polymorphisms in this gene were implicated 
in MDD (Saus et al.  2010 ). The  GSK3B  gene is a 
target gene for several mood stabilizers including 
lithium (Iwahashi et al.  2014 ; Mitjans et al.  2015 ) 

  APOE   Genetic variation at the  APOE  gene contributed to 
depressive symptoms (Yen et al.  2007 ) 

  SLC18A1   Plasma lipid level 
(Ko et al.  2014 ; 
Kooner et al.  2008 ) 

 Variations in the  SLC18A1  gene showed a 
suggestive association with MDD (Shyn et al. 
 2011 ). Lithium ions modulate the expression of 
 SLC18A1  gene in rats brain (Cordeiro et al.  2002 ) 

  ADRA2A   Fasting glucose and 
type 2 diabetes 
(Dupuis et al.  2010 ) 

  ADRA2A  gene polymorphisms were associated with 
sex-specifi c MDD (Haefner et al.  2008 ), predicted 
antidepressant treatment outcome in MDD (Kato 
et al.  2015 ), and modifi ed the effect of 
antidepressants (better improvement) (Wakeno et al. 
 2008 ). However, they increased suicidal ideation 
during antidepressant treatment (Perroud et al. 
 2009 ) 

(continued)
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Variant Analysis™ software (  www.qiagen.com/ingenuity    ) from QIAGEN Redwood 
City (Fig.  15.2 ). This analysis implicates the following top canonical (molecular) 
pathways as potentially shared mechanisms of depression and cardiometabolic dis-
orders pathophysiology: corticotrophin-releasing hormone signaling ( BDNF , 
 CREB1 ,  GNAS ,  POMC ), AMPK signaling ( ADRA2A ,  ADRB1 ,  CREB1 , GNAS , 
 LEP ), cAMP-mediated and G-protein-coupled receptor signaling ( ADRA2A , 
 ADRB1 ,  CREB1 ,  GNAS ,  HTR1A ), axonal guidance signaling ( BDNF ,  GNAS , 
 GSK3B ,  IGF1 ); serotonin and dopamine receptor signaling ( GNAS ,  HTR1A , 
 SLC18A1 ), and cardiac hypertrophy signaling ( ADRA2A ,  ADRB1 ,  CACNA1D , 
 CREB1 ,  GNAS ,  GSK3B ,  IGF1 ).

    The following section gives a brief overview of the top molecular pathways and 
the overrepresented CMD genes within them.  

15.1.2.3     Shared Biological Pathway and Gene Network 

   Corticotrophin-Releasing Hormone (CRH) Signaling 
 The CRH-signaling pathway comprises the corticotrophin-releasing hormone, CRH 
receptors (CRHR1, CRHR2), and other CRH-related peptides. The CRH signaling 
is the principal regulator of the hypothalamic-pituitary-adrenal (HPA) axis, which is 
well-known to control the body’s adaptation to stress. Genes that stimulate the CRH 
pathway can increase the risk of developing both depression and cardiometabolic 

Table 15.1 (continued)

 Pleiotropic 
genes 

 Polymorphisms associated with 

 Cardiometabolic disorders  Depression (description) 

  CRY2   Glucose-/insulin-related 
traits (Dupuis et al.  2010 ; 
Manning et al.  2012 ) 

 Polymorphisms in the  CRY2  gene were signifi cantly 
associated with  MDD (Lavebratt et al.  2010 ; Soria 
et al.  2010 ) 

  MTNR1B   Plasma glucose level 
(Bouatia-Naji et al.  2009 ; 
Chambers et al.  2009 ; 
Dupuis et al.  2010 ), 
type 2 diabetes 
(Voight et al.  2010 ) 

 The signifi cance of the  MTNR1B  gene 
polymorphism was reported for recurrent MDD. A 
SNP within this gene increased mRNA level in 
MDD patients (Gałecka et al.  2011 ) 

  IGF1   Fasting insulin, fasting 
glucose, glucose 
homeostasis (Dupuis et al. 
 2010 ; Manning et al. 
 2012 ) 

 Elevated levels of IGF-I were signifi cantly 
associated with MDD and antidepressant treatment 
response (Kopczak et al.  2015 ). A long-term 
defi ciency of IGF-1 in adult mice induced 
depressive behavior (Mitschelen et al.  2011 ) 

  HTR1A   Fasting insulin and insulin 
resistance (Zheng et al. 
 2013 ) 

 Genetic variants in the  HTR1A  gene were related to  
MDD (Kishi et al.  2013 ) and with antidepressant 
treatment response in MDD (Baune et al.  2008 ; 
Kato et al.  2009 ; Lemonde et al.  2004 ; Suzuki et al. 
 2004 ). A signifi cant decrease in  HTR1A  mRNA 
levels in the brain of patients with MDD was found 
(López-Figueroa et al.  2004 ) 

   BMI  body mass index,  SNP  single nucleotide polymorphism,  MDD  major depressive disorder  
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diseases through their infl uence on the immune system (infl ammation), sleep 
homeostasis, and the HPA axis. 

 Among the CMD genes, brain-derived neurotrophic factor ( BDNF ), cAMP- 
responsive element binding protein 1 ( CREB1 ), GNAS complex locus ( GNAS ), and 
proopiomelanocortin ( POMC ) genes are involved into the corticotropin-releasing 
hormone signaling pathway (Fig.  15.2 ). 

   BDNF  gene     The brain-derived neurotrophic factor ( BDNF ) gene, one of the most 
studied genes for depression, encodes the brain-derived neurotrophic factor that 
promotes the survival of nerve cells by regulating their growth, differentiation, and 
maintenance (Jeanneteau et al.  2012 ). The BDNF protein is active at the connec-
tions between nerve cells (synapses), in which cell-to-cell communication takes 
place. It might be possible that the  BDNF  gene alters the risk of depression and 
cardiometabolic disorders as it regulates both neuronal functions and somatic func-
tions such as eating, drinking, and body weight. 

 Polymorphisms in the  BDNF  gene were associated with obesity (Locke et al. 
 2015 ), depressive disorder (Zhang et al.  2010 ; Zou et al.  2010 ), suicidal behavior in 
depressed patients (Sarchiapone et al.  2008 ), and treatment response to SSRIs 
(El-Hage et al.  2014 ). A decreased expression of the  BDNF  gene was shown in 
depressed patients (Pandey et al.  2010 ) and patients who were responsive to antide-
pressants (Hong et al.  2014 ) (Table  15.1 ).  

   CREB1  gene     It encodes a transcription factor that binds to the cAMP-responsive ele-
ment and induces transcription of genes in response to hormonal stimulation of the 
cAMP pathway. Polymorphisms in the  CREB1  gene were implicated in obesity (Locke 
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  Fig. 15.2    Shows a network of genes, as indicated by the  dashed lines , shared between cardio-
metabolic diseases/risk factors and mood disorders, highlighting CMD genes that were related to 
bipolar disorder ( orange ) and depression ( red ). Implicated signaling pathways and overrepre-
sented CMD genes are shown in the right and left side of the fi gure.  AMPK  5′ adenosine 
monophosphate- activated protein kinase,  cAMP  cyclic adenosine 3′,5′-monophosphate       
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et al.  2015 ), major depression (Liu et al.  2010 ), treatment resistance in MDD (Serretti 
et al.  2011 ), antidepressant treatment response in geriatric population (Murphy et al. 
 2013 ), sex-specifi c (women) mood disorders (Maher et al.  2010 ; Zubenko et al.  2003 ), 
and suicide in mood disorder patients (Antypa et al.  2015 ) (Table  15.1 ).  

   GNAS  gene     It encodes the stimulatory alpha subunit of the guanine nucleotide- 
binding protein (G protein) complex. The G protein made with the subunit produced 
from the  GNAS  gene helps to stimulate the activity of adenylate cyclase enzyme, an 
enzyme involved in controlling the production of hormones that help to regulate the 
activity of endocrine glands such as the thyroid, pituitary gland, ovaries and testes 
(gonads), and adrenal glands. Genetic variants in the  GNAS  gene were associated 
with blood pressure and hypertension (Ehret et al.  2011 ) and may infl uence antide-
pressant treatment response (Klenke and Siffert  2011 ) (Table  15.1 ).  

   POMC  gene     The other important CMD gene in the CRH pathway is the  POMC  
gene that encodes the proopiomelanocortin (POMC). The POMC is primarily pro-
duced in the pituitary gland. It is then cut (cleaved) into as many as ten biologically 
active peptides involved in  normal steroidogenesis, pain control, energy homeosta-
sis, and immune modulation. The adrenocorticotropin (ACTH), β-lipotropin 
(β-LPH), β-endorphin, and three similar peptides called alpha-, beta-, and gamma- 
melanocyte- stimulating hormones (α, β, and γ-MSH) are all cleaved from the 
POMC protein. These proteins bind to other proteins in the body to trigger signaling 
pathways that control vital functions. For example, the binding of:

    (a)    ACTH to melanocortin 2 receptor (MC2R) stimulates the production and 
release of cortisol hormone that helps to regulate blood sugar levels, protects 
the body from the effect of  stress, and suppresses infl ammation.   

   (b)    β-endorphin to opioid receptors in the brain stimulates signaling for pain relief.   
   (c)    β-MSH or α-MSH peptide to the melanocortin 4 receptor (MC4R) helps to 

regulate weight and the body energy balance.   
   (d)    γ-MSH to melanocortin 3 receptor (MC3R) and signaling stimulated by this 

interaction regulate the amount of sodium in the body.    

  Altogether, these interactions have a signifi cant role in the cardiovascular and meta-
bolic system and the well-functioning of our brain. Polymorphisms in the  POMC  
gene were associated with obesity (BMI) (Berndt et al.  2013 ; Speliotes et al.  2010 ) 
and treatment response to antidepressants in patients with MDD (Chang et al.  2015 ) 
(Table  15.1 ).   

    Adenosine Monophosphate-Activated Protein Kinase (AMPK) 
Signaling Pathways 
 The AMPK pathway inhibits or induces ATP-consuming pathways that generate 
ATP as needed. It promotes glucose uptake and it is activated by stimuli like infl am-
mation, metabolic poisoning, exercise, hypoxia, ischemia, heat shock, and neuronal 
necrosis. The CMD genes in the AMPK pathway were the adrenoceptor alpha-2A 
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( ADRA2A ), adrenoceptor beta 1( ADRB1 ), leptin ( LEP ), cAMP-responsive element 
binding protein 1( CREB1 ), and GNAS complex locus ( GNAS ) genes. 

   ADRA2A  gene     It encodes the alpha-2-adrenergic receptors, which has a crucial 
role in the regulation of neurotransmitter release from sympathetic nerves and 
adrenergic neurons in the central nervous system. The receptors are required for 
normal presynaptic control of neurotransmitter release from sympathetic nerves in 
the heart and from central noradrenergic neuronsa (Pruitt et al.  2012 ). Genetic vari-
ants in the  ADRA2A  gene were associated with fasting glucose and type 2 diabetes 
(Dupuis et al.  2010 ), MDD (Haefner et al.  2008 ), antidepressant treatment response 
in major MDD (Kato et al.  2015 ), and increase suicidal ideation during antidepres-
sant treatment (Perroud et al.  2009 ). The  ADRA2A  gene is highly expressed in the 
rats’ brain with lithium treatment (Cuffí et al.  2010 ) (Table  15.1 ).  

   ADRB1  gene     It encodes the adrenergic beta 1 receptor that mediates the physiolog-
ical effects of the epinephrine hormone and the neurotransmitter norepinephrine 
(Pruitt et al.  2012 ). Polymorphisms in the  ADRB1  gene were associated with blood 
pressure (Wain et al.  2011 ) and better and faster response to antidepressant treat-
ment in MDD patients (Zill et al.  2003 ) (Table  15.1 ).  

   LEP  gene     It encodes a protein secreted by adipocytes and later acts through the 
leptin receptor. The protein regulates body weight and maintains the constancy of 
the adipose mass. It is also involved in several endocrine functions, the regulation of 
immune and infl ammatory responses, angiogenesis, and wound healing (Pruitt et al. 
 2012 ). Mutations in the leptin gene could cause type 2 diabetes (Hara et al.  2014 ). 
Leptin gene mRNA expression in the brain was signifi cantly reduced in MDD and 
suicidal patients (Eikelis et al.  2006 ). Decreased leptin gene expression and leptin 
defi ciency in serum were risk factors for resistance to antidepressant therapy in 
depressed patients (Kloiber et al.  2013 ) (Table  15.1 ).   

    Axonal Guidance Signaling 
 This pathway is related to neuronal connections formed by the extension of axons, 
which migrate to reach their synaptic targets. The brain-derived neurotrophic factor 
( BDNF ), GNAS complex locus ( GNAS ), glycogen synthase kinase 3 beta ( GSK3B ), 
and insulin-like growth factor 1( IGF1 ) are among the CMD genes involved in this 
pathway (Fig.  15.2 ). 

   GSK3B  gene     It encodes the serine-threonine kinase protein that is involved in 
energy metabolism, neuronal cell development, and body pattern formation (Pruitt 
et al.  2012 ). Genetic variants in the  GSK3B  gene were implicated for the lipid level 
(plasma high-density lipoprotein) (Willer et al.  2013 ) and in unipolar depression 
(Saus et al.  2010 ), and higher  GSK3B  activity was observed in patients with severe 
depressive episode (Diniz et al.  2011 ). The  GSK3B  is a target gene for several mood 
stabilizers (Iwahashi et al.  2014 ; Mitjans et al.  2015 ) (Table  15.1 ).  
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   IGF1  gene     It encodes the insulin-like growth factor protein, which is structurally 
and functionally related to insulin (Pruitt et al.  2012 ). Defects in this gene were 
associated with plasma level of glycemic traits: fasting insulin, fasting glucose, and 
glucose homeostasis (Dupuis et al.  2010 ). The  IGF1  gene is highly expressed in the 
brain (Fernandez and Torres-Alemán  2012 ). Elevated levels of IGF-I are signifi -
cantly associated with major depression and antidepressant treatment response 
(Kopczak et al.  2015 ). A long-term defi ciency of circulating IGF-1 in adult mice 
induced depressive behaviors suggesting the association between low brain levels of 
IGF-1 and increased risk for depression (Mitschelen et al.  2011 ) (Table  15.1 ).   

    Serotonin and Dopamine Receptor Signaling 
 Serotonin signaling is an important modulator of several physiological processes 
including the  regulation of appetite, mood, sleep, body temperature, and metabo-
lism. Serotonin functions via receptors known as the  5-hydroxytryptamine (5-HT) 
receptors and it is released at the synapse of the presynaptic neuron where it binds 
to its receptor on the postsynaptic neuron (Raote et al.  2007 ). Monoamine oxidase 
catalyzes the oxidative deamination of serotonin (5-HT) to 5-hydroxyindoleacetic 
acid, which is translocated to cerebrospinal fl uid. 

 Dopamine is a neurotransmitter that serves as a chemical messenger in the ner-
vous system. Its signaling plays important roles in brain processes, emotion, posi-
tive reinforcement, motivation and movement, and in the periphery as a modulator 
of renal, cardiovascular, and the endocrine systems. It is then enzymatically 
degraded by catechol-O-methyl transferase (COMT) and monoamine oxidase 
(MAO) to homovanillic acid which enters the cerebrospinal fl uid. 

 The solute carrier family 18 (vesicular monoamine transporter), member 1 
( SLC18A1 ), 5-hydroxytryptamine (serotonin) receptor 1A ( HTR1A ),  GNAS , and the 
calcium voltage-gated channel subunit alpha-1D ( CACNA1D ) genes are involved in 
the serotonin and dopamine receptor signaling pathways (Fig.  15.2 ). 

   SLC18A1  gene     This gene encodes for the vesicular monoamine transporter that 
transports for monoamines and acetylcholine. The appropriate function of this pro-
tein is essential to the proper activity of the monoaminergic systems that are involved 
in several human neuropsychiatric disorders (Peter et al.  1993 ; Pruitt et al.  2012 ). 
Variations in the  SLC18A1  gene were associated with plasma lipid level (Willer 
et al.  2013 ) and a suggestive association was reported for MDD (Shyn et al.  2011 ). 
Lithium ions modulate the expression of  SLC18A1  gene in the rats’ brain (Cordeiro 
et al.  2002 ) (Table  15.1 ).  

   HTR1A  gene     It encodes a receptor for 5-hydroxytryptamine (serotonin), and it 
belongs to the 5-hydroxytryptamine receptor subfamily (Pruitt et al.  2012 ). 
Dysregulation of the serotonergic neurotransmission has been suggested to contrib-
ute for the pathogenesis of MDD and it is implicated in the action of SSRIs. Functional 
genetic variants in the  HTR1A  gene were associated fasting insulin and insulin resis-
tance (Zheng et al.  2013 ), depressive disorder, and treatment response in major 
depression (Baune et al.  2008 ; Kato et al.  2009 ; Lemonde et al.  2004 ; Suzuki et al. 
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 2004 ). Postsynaptic 5-HT1A receptor binding is reduced in women with postpartum 
depression (Moses-Kolko et al.  2008 ). The interaction between polymorphisms of 
the  HTR1A  gene with negative life stressors accounts for current major depressive 
episodes and depressive symptoms (Kim et al.  2011a ). A signifi cant decrease in 
 HTR1A  mRNA levels in the brain of MDD patients was also found (López-Figueroa 
et al.  2004 ) (Table  15.1 ).  

   CACNA1D  gene     It encodes the alpha-1D subunit of the calcium channels. Voltage- 
dependent calcium channel proteins mediate the entry of calcium ions into excitable 
cells and are also involved in a variety of calcium-dependent processes, including 
hormone or neurotransmitter release and gene expression. Calcium channels are 
multi-subunit complexes composed of alpha-1, beta, alpha-2, delta, and gamma 
subunits. The calcium channels activity is directed by the pore-forming alpha-1 sub-
unit, while the others function as auxiliary subunits (Pruitt et al.  2012 ). 
Polymorphisms of this gene were associated with blood pressure and hypertension 
(Lu et al.  2015 ). Genetic variants in the calcium channel genes ( CACNA1B , 
 CACNA1C ,  CACNA1D , and  CACNG2 ) contribute to psychiatric disorders includ-
ing MDD (Smoller  2013 ).   

    Cardiac Hypertrophy Signaling 
 The  ADRA2A ,  ADRB1 ,  CACNA1D ,  CREB1 ,  GNAS ,  GSK3B , and  IGF1  were the 
CMD genes that encode the components of the cardiac hypertrophy signaling path-
way (Fig.  15.2 ).  

    Other Genes 
 Other CMD genes that play a signifi cant role in the pathophysiology of both cardio-
metabolic diseases and depression were the  MTHFR ,  REST ,  CACNB2 ,  NCAN , 
 ITIH4 ,  TLR4 ,  CRY2 ,  MTNR1B ,  FTO  and  APOE  genes. Single nucleotide polymor-
phisms of these genes were reported for blood pressure-  MTHFR  (Newton-Cheh 
et al.  2009 ; Wain et al.  2011 ),  CACNB2  (Ehret et al.  2011 ),  ADRB1  (Wain et al. 
 2011 ), coronary artery diseases-  REST  (Nikpay et al.  2015 ; Ehret et al.  2011 ), lipid 
levels-  APOE  (Kim et al.  2011b ; Willer et al.  2013 ),  FTO  (Willer et al.  2013 ),  NCAN  
(Willer et al.  2008 ), obesity-  FTO  (Locke et al.  2015 ),  ITIH4  (Locke et al.  2015 ; 
Wen et al.  2014 ),  TLR4  (Locke et al.  2015 ), type 2 diabetes-  FTO  (Mahajan et al. 
 2014 ),  MTNR1B  (Voight et al.  2010 )), glucose- or insulin-related traits-  CRY2  
(Dupuis et al.  2010 ; Manning et al.  2012 ),  MTNR1B  (Bouatia-Naji et al.  2009 ; 
Dupuis et al.  2010 ), and also with depression-  MTHFR  (Kelly et al.  2004 ; Lewis 
et al.  2006 ; Wu et al.  2013 ),  CACNB2 ,  CRY2  (Soria et al.  2010 ),  FTO  (Samaan et al. 
 2013 ),  TLR4  (Liu et al.  2014 ), and  MTNR1B  (Gałecka et al.  2011 ) genes. An inter-
action of the  MTHFR  gene variant with childhood adversities increased the risk of 
depression (Lok et al.  2013 ). Gene expression analysis studies also found a signifi -
cant reduction in the expression of  REST  gene (Otsuki et al.  2010 )  and an overex-
pression of the  TLR4  gene (Pandey et al.  2014 ) in MDD patients. The  CRY2  locus 
increases vulnerability for depression through the mechanisms of action that involve 
dysregulation of  CRY2  gene expression (Lavebratt et al.  2010 ). Gałecka et al. ( 2011 ) 
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reported the signifi cance of the melatonin receptor gene expression in recurrent 
MDD (Gałecka et al.  2011 ). The  NCAN  genotype is associated with limbic gray 
matter alterations in depressed subjects (Dannlowski et al.  2015 ). A candidate gene 
study confi rmed the association of genetic variants in the  ITIH3  and  ITIH4  genes 
and suicidal behavior (Finseth et al.  2014 ). The ITIH4 protein level was upregulated 
during depressive state (Schmidt et al.  2011 ) (Table  15.1 , Fig.  15.2 ).     

15.2     Implications for the Treatment and Prevention of 
Comorbid Depression and Cardiometabolic Disorders 

 Knowledge of genetic risk variants and associated molecular pathways that are 
shared between MDD and cardiometabolic disorders could have several important 
implications for future research and clinical practice. It is expected that increasing 
sample size and consequently increasing power will identify many more of these 
variants in the near future. 

 Firstly, the identifi cation of shared molecular pathways, implicated in disease 
susceptibility, supports a growing evidence base for cross-diagnostic treatment 
paradigms. For example, there is now some preliminary evidence for the role of 
aspirin, statins, and insulin-sensitizing agents such as pioglitazone in the preven-
tion or treatment augmentation of MDD, although such effects may be restricted to 
certain patient groups (Eyre and Baune  2015 ; Glaus et al.  2015 ; Hu et al.  2015 ; 
Kohler et al.  2014 ; Parsaik et al.  2014 ; Pasco et al.  2010 ; Williams et al.  2016 ). 
Similarly, shared molecular pathways could help to explain recent fi ndings of 
reduced cardiovascular mortality (Acharya et al.  2013 ) or improved diabetic con-
trol (Brieler et al.  2016 ) in MDD patients treated with SSRIs. Secondly, further 
exploration of overlapping molecular pathophysiology has the potential to unveil 
novel targets for drug development and may give clues for the repurposing of other 
existing medications. 

 Thirdly, cardiometabolic disorders are thought to increase the risk of poor 
response to standard treatments in MDD (Woo et al.  2016 ) and bipolar disorder 
(Calkin et al.  2015 ). Genetic profi ling for cardiometabolic vulnerability may iden-
tify poor treatment responders at an early stage, thereby reducing the costs of inef-
fective exposure to medicines for the individual and for society. Early identifi cation 
of at-risk individuals would also guide practitioner’s treatment recommendations, 
which may involve alternative somatic (e.g., electroconvulsive therapy, repetitive 
transcranial magnetic stimulation, ketamine) or specifi c psychological therapies as 
fi rst- or second-line treatments. 

 Fourthly, studying the mechanisms of pleiotropic genes and shared pathways of 
depression and somatic disorders could help untangle the clinical and genetic het-
erogeneity that characterizes these illnesses. It is possible that a “cardiometabolic” 
endophenotype exists among mood disorder patients that may be identifi able, for 
example, through the development of specifi c polygenic risk scores (PGRS) 
(Samaan et al.  2015 ; Wray et al.  2014 ) or associated blood protein biomarkers. 
Working toward personalized care that allows for precise diagnostic, treatment, and 
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prevention strategies, research could then focus on genetically stratifi ed patient 
cohorts instead of the very diverse patient pool currently diagnosed with MDD. There 
is a growing consensus that such stratifi cation approaches have the potential to sub-
stantially improve the quality of mental health research and mental health care over 
the coming decades (Schumann et al.  2014 ).  

15.3     Summary and Conclusion 

 Altogether, earlier genetic studies suggest the involvement of pleiotropic genes in the 
comorbidity between depression and cardiometabolic diseases. While our appraisal 
provides some insight into common mechanisms and the role of pleiotropic genes, 
in-depth understanding of how these genes (and possibly others) mediate the associa-
tion between depression and cardiometabolic diseases requires future comprehensive 
cross-disorder research in large-scale genetic studies. This will enable us to better 
understand why patients suffer from multiple diseases at a time and how multi-mor-
bidities infl uence pharmacological treatment response to diseases.     
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   Abstract 
   In the recent past, evaluation and processing of emotional content have received 
much attention in clinical psychology and (cognitive) neuroscience. For instance, 
using experimental designs and stimuli such as emotional pictures or words, it 
has been consistently shown that patients with depression are characterized by 
intensifi ed evaluation and elaboration of particularly unpleasant, high-arousing 
information. However, although population-based research has uncovered the 
close, bidirectional link between depression and cardiopathy, emotional content 
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evaluation and processing investigations did not yet focus on cardiovascular 
 disease (CVD) or coronary heart disease. Moreover, measures of emotional con-
tent evaluation or processing have not yet been included into large, observational 
psychocardiologic investigations. 

 In this chapter, we present analyses of  valence  (i.e., unpleasant to neutral to 
pleasant) and  arousal  (i.e., calm to exciting) ratings of words, which were part of 
the baseline core examination program of the BiDirect Study, a large prospective 
observational study designed to investigate the relationship between depression 
and (subclinical) arteriosclerosis. The BiDirect Study integrates three cohorts of 
adults between 35 and 65 years (depression patients vs. CVD patients vs. control 
subjects); here, the data of 2,165 BiDirect subjects were included. 

 The valence and arousal rating analysis showed that (i) patients with depres-
sion rated in particular the high-arousing unpleasant words to be more unpleas-
ant and more arousing compared to CVD patients or control subjects. Moreover, 
there were indications:

    1.    For (ii) reduced valence ratings and increased arousal ratings in women com-
pared to men (particularly for high-arousing unpleasant words)   

   2.    For (iii) increased valence ratings in the oldest compared to younger participants   
   3.    For (iv) the amplifi ed processing of positive information in older CVD patients   
   4.    For (v) the amplifi ed processing of positive and neutral information in female 

CVD patients   
   5.    For (vi) an association between health state that was assessed as good and 

reduced arousal by unpleasant material in patients with a severe disease (i.e., 
depression or CVD)     

 Even after taking several limitations into account, the present fi ndings basi-
cally confi rm robust results from previous experimental investigations (e.g., 
showing an equivalent of the well-established processing bias for negative infor-
mation in depression patients). Furthermore, there are fi rst hints for novel results, 
which may indicate that our efforts of moving beyond laboratory affective sci-
ence toward  emotional epidemiology  may uncover effects that were otherwise 
not very likely to be detected. A future challenge will be to thoroughly explore 
the potential of emotional content evaluation and processing data with regard to 
quality of life or disease risk prediction in the context of psychocardiology.  

16.1       Introduction 

 What emotions are and which brain structures are involved in their development and 
processing are questions that have been asked since long. In the recent past, the fi eld 
of affective science has quickly grown (DeSteno et al.  2013 ), and more and more 
scientists from different disciplines such as psychology, (cognitive) neuroscience, 
electrophysiology, or neuroimaging joined in, leading to considerable knowledge 
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gain regarding the nature, structure, functions, experience, and regulation of emo-
tions (Barrett et al.  2007 ). 

 Certain emotion theories have postulated the existence of a set of discrete, basic 
emotions (i.e., sadness (help seeking), fear (avoiding), anger (fi ghting), disgust 
(rejecting), enjoyment (playing), and surprise (orienting) (Levenson  2011 )). Other 
models emphasized the dimensional structure of emotions (Rubin and Talarico 
 2009 ). Dimensional models of emotions are nowadays an accepted concept (Citron 
 2012 ), and research has shown that humans are able to reliably distinguish the 
 valence  (i.e., pleasant vs. unpleasant) and the  arousal  (i.e., calming vs. exciting) 
associated with core affective states (Lang et al.  1997 ). In the tradition of Osgood 
et al. ( 1975 ) and Lang ( 1979 ), it has become common practice to routinely measure 
these two key affective dimensions of subjective experience and to use them as a 
common metric to evaluate the emotional content of stimuli. The evaluation is often 
conducted using numerical rating scales, which allow the quick assessment of a 
large number of stimuli. The typical fi nding is that highly arousing stimuli (e.g., the 
words  torture  or  love ) are rated as being either highly pleasant or highly unpleasant, 
while low-arousing stimuli (e.g.,  building  or  normal ) usually receive rather neutral 
valence ratings, resulting in a U-shaped valence by arousal plot (Kissler et al.  2006 ). 

 Regarding stimulus material that is suitable for experimental investigations of 
emotions, it has been argued that words (which are completely symbolic and whose 
meaning and emotional signifi cance are acquired by learning) may be rather hetero-
geneous and thus less potent emotional stimuli as compared to pictorial or facial 
stimuli (Lifshitz  1966 ; Vanderploeg et al.  1987 ). The latter evoke responses that are 
at least partly based on biological preparedness (Ohman and Mineka  2001 ). More 
specifi cally, it is reasonable to assume that visually presented words are less arous-
ing than corresponding, potentially complex and colored pictures or even photo-
graphs. Hence, emotion research has mainly focused on the processing of 
nonlinguistic stimuli (Kissler et al.  2007 ). However, a considerable number of elec-
trophysiological studies (Kissler et al.  2007 ) demonstrated amplifi ed cortical 
responses during the processing of words with an emotional load, and studies 
directly comparing the effects of words versus pictorial material showed similar 
arousal effects for both stimulus classes at late (Hinojosa et al.  2009 ) and even early 
(Schacht and Sommer  2009 ) processing stages. Responses evoked by words may 
not be as pronounced as responses recorded during the processing of emotional 
pictures or faces, but they are reliably observable (Kissler et al.  2006 ). Thus, words 
have been demonstrated to constitute an eligible means to investigate emotional 
processing. 

 Emotions matter for health, and effects of emotion on health and well-being can 
be both direct and indirect (Levenson  2011 ). In the shorter terms, emotion experi-
ence is directly associated with adaptive physiological alterations, e.g., regarding 
cardiac functioning, blood pressure, immune response, or HPA axis. In the longer 
term, depending on the nature, frequency, and time course of the emotional state, 
initially adaptive physiologic responses can lead to maladaptive outcomes if not 
adequately regulated. Effects of emotion on health can also manifest indirectly, 
e.g., via shaping thoughts, decisions, and behaviors (DeSteno et al.  2013 ). 
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 Both negative and positive emotions matter for health. Negative emotions 
(e.g., anxiety or depression) are associated with subjective experience of negative 
valence (“unhappiness”) and may infl uence the development of infectious disease 
(Cohen et al.  1993 ), declines in lung function (Kubzansky et al.  2006 ), diabetes 
(Mezuk et al.  2008 ), arthritis (Karakus and Patton  2011 ), and cancer (Kroenke et al. 
 2005 ). The strongest evidence available showed that negative emotions infl uenced 
the development of cardiovascular disease (CVD) (Roest et al.  2010 ). On the other 
hand, positive emotions (e.g., enjoyment) are associated with subjective experience 
of positive valence (“happiness”) and likely have a protective effect on health 
(Cohen and Pressman  2006 ). Again, the strongest available evidence showed an 
association with CVD, with studies generally indicating that positive affect reduced 
the risk of developing CVD (Boehm and Kubzansky  2012 ). 

 Many recent cognitive and affective science studies recruited samples of patients 
with affective disorders such as anxiety or depression to investigate the  evaluation 
or processing of emotional content . Among other results, these studies yielded con-
clusive evidence demonstrating that depression is characterized by the intensifi ed 
elaboration of negatively toned information, by diffi culties in withdrawing attention 
from negative material (“rumination” (Zetsche et al.  2012 )), and by defi cits in cog-
nitive control during the processing of negative information (Joormann and 
D’Avanzato  2010 ; Gotlib and Joormann  2010 ). Depression-related specifi cs in 
emotional content evaluation and processing become manifest particularly in the 
form of (explicit) memory bias (Gotlib and Joormann  2010 ; Sumner  2012 ). For 
instance, during verbal memory tasks, patients with depression typically remember 
more negative than positive words, while the opposite holds true for nondepressed 
individuals (Denny and Hunt  1992 ; Matt et al.  1992 ; Dalgleish and Watts  1990 ; 
Blaney  1986 ). Furthermore, depressed but not anxious patients exhibited an 
enhanced recognition of negative compared to positive facial expressions (Gilboa- 
Schechtman et al.  2002 ). 

 There is a large and ever-growing body of psychocardiologic studies yielding 
evidence for the relationship between emotional distress (i.e., anxiety, depression) 
and heart disease. For instance, depression following myocardial infarction was a 
signifi cant predictor of mortality (Frasure-Smith et al.  1993 ; Lesperance et al.  1996 ; 
Schleifer et al.  1989 ), and patients with heart disease reported an overall poorer 
quality of life (Stewart et al.  1989 ; Sirois and Burg  2003 ). Interestingly however, 
according to our literature research there seem to be merely very few studies 
(Constans et al.  1999 ; Ginting et al.  2013 ) that were specifi cally designed to inves-
tigate evaluation or processing of emotional content in CVD patients. Using an 
emotional Stroop paradigm (Williams et al.  1996 ), one study (Ginting et al.  2013 ) 
demonstrated that coronary heart disease (CHD) patients exhibited a specifi c atten-
tional bias toward CHD-related threatening words. 

 Noteworthy, emotion processing or affective science has not yet received much 
attention in the fi eld of population-based research. Furthermore, to our knowledge 
observational studies or even epidemiologic cohort studies with larger sample sizes 
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investigating emotional content evaluation or processing in depression or CVD are 
scarce if at all existing. The available studies investigating emotional content 
 evaluation or processing were usually small, aimed at homogeneous disease phe-
notypes, and adopted experimental designs under highly controlled laboratory 
conditions. 

 For this chapter, we initially explored data regarding the evaluation of emotion-
ally charged written words. The data were collected as part of the baseline assess-
ment of the BiDirect Study (Teismann et al.  2014 ), a cohort study designed to 
investigate the bidirectional relationship between depression and (subclinical) arte-
riosclerosis. The BiDirect Study includes three large cohorts: (i) patients with 
depression, (ii) patients with CVD, and (iii) community-dwelling control subjects. 
Here, in addition to contrasting the cohorts, patients with two different subtypes of 
depression (melancholic vs. atypical depression) were compared with regard to 
affective word evaluation. The results are discussed including (i) options to ade-
quately model the data and (ii) the potential that considering the evaluation and 
processing of emotional content may have for the prediction of disease risk or qual-
ity of life in the context of psychocardiology.  

16.2     Emotional Word Processing in the BiDirect Study 

16.2.1     Background 

 Psychocardiologic research has shown that depression and CVD are related, and 
ample evidence indicated that the link is bidirectional (Hare et al.  2013 ). For 
instance, depression appears to be a risk for CVD onset (Davidson et al.  2005 ) and 
a predictor of poorer CVD outcome (Baune et al.  2012 ). In turn, many CVD patients 
develop subsequent depression (Carney and Freedland  2003 ), and patients with 
CVD plus depression have an increased risk for further cardiovascular events com-
pared to CVD patients without depression (Baune et al.  2012 ). 

 Studies addressing the bidirectional depression-CVD association mainly focused 
on potentially shared biological mechanisms, which may underlie a partly joint 
causal relationship. However, in addition to biological processes, there could also 
be other pathways that might lead from one disease to the other. For instance, cer-
tain lifestyle behaviors typically characterizing patients with depression (e.g., 
smoking, physical inactivity, poor diet) may increase the risk to experience future 
cardiovascular events. The other way around, certain cognitions may typically char-
acterize CVD patients (e.g., prevailing thoughts regarding burdens such as heart 
symptoms, losses such as quality of life or independence, or threats such as further 
cardiac events), leading to an increased risk to develop subsequent depression 
(Teismann et al.  2014 ). Another possibility, which so far has received little atten-
tion, is that certain styles regarding the evaluation or processing of emotional con-
tent may be relevant in this context.  
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16.2.2     Rationale and Design of the BiDirect Study 

 The BiDirect Study (Teismann et al.  2014 ; Wersching and Berger  2012 ) is a pro-
spective epidemiologic study, which was designed to investigate the bidirectional 
relationship between depression and (subclinical) arteriosclerosis. The BiDirect 
Study integrates three cohorts of adults who were aged 35–65 years at the time point 
of recruitment: (i) patients with depression, (ii) patients with CVD due to arterio-
sclerosis, and (iii) community-dwelling control subjects randomly drawn from the 
registry of the city of Münster, North Rhine-Westphalia, Germany. In total, 2,165 
BiDirect participants (989 patients with depression, 340 patients with CVD, and 
836 control subjects) were included in the present analyses.  

16.2.3     Methods 

16.2.3.1     Evaluation of Emotional Word Content 
 Besides markers of depressive symptoms, (subclinical) arteriosclerosis, cognitive 
functioning, or lifestyle, which are rather commonly used in epidemiologic investi-
gations of issues relevant to psychocardiology, the BiDirect Study core examination 
program included measures of the evaluation of emotional content. Specifi cally, 
subjective ratings of 12 written German nouns were inquired from the participants. 
A nine-point rating scale (1 = “very unpleasant” … 5 = “neutral” … 9 = “very pleas-
ant”) quantifi ed the perceived  valence  for each presented word. Another nine-point 
rating scale was used to assess the perceived  arousal  (1 = “not arousing” … 9 = “very 
arousing”) for each individual noun. 

 The nouns used here are a subset of the  buzzwords  that were introduced by 
Kissler et al. ( 2007 ). These nouns had been pre-categorized into high-arousing 
pleasant words, low-arousing neutral words, or high-arousing unpleasant words. 
Each of these three categories was represented by four nouns (Fig.  16.1 ). Before 
using the nouns in the BiDirect Study, we conducted a pretest in a convenience 
sample of 52 participants (64 %, females; 48 %, <40 years; 44 %, between 40 and 
60 years; 8 %, >60 years) in order to evaluate whether the valence and arousal 
categorizations could be reproduced in a sample of older subjects that was more 
representative of the BiDirect Study participants. The results of the pretest indi-
cated that the valence and arousal scores were suffi ciently similar to those reported 
by Kissler et al. ( 2007 ). Noteworthy, the 12 nouns were comparable regarding 
concreteness, word length (in letters), and word frequency (per million), the latter 
based on counts for written German according to the CELEX database (Baayen 
et al.  1995 ).

16.2.3.2        Determination of Depression Subtype 
 During BiDirect-Baseline, symptom-based determination of depression subtypes 
was conducted using selected modules of the MINI International Neuropsychiatric 
Interview (German version 5.0.0) (Ackenheil and Stotz-Ingenlath  1999 ), selected 
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Inventory of Depressive Symptomatology (Rush et al.  1986 ) items, and the 17 items 
version of the Hamilton Depression Rating Scale (HAM-D) (Hamilton  1960 ). In 
short, for the purpose of the BiDirect Study, patients who met either all (“certain” 
subtypes) or all but one (“probable” subtypes) DSM-IV diagnostic criteria for 
depression with either atypical or melancholic features were assigned the particular 
diagnoses. Patients who did not meet these criteria were classifi ed as undifferenti-
ated; patients who met the criteria for atypical and melancholic depression at the 
same time were classifi ed as mixed (Teismann et al.  2014 ). From the patients 
included in the present analyses, 82 had atypical depression, and 576 had melan-
cholic depression.  

16.2.3.3     Assessment of Perceived Health State 
 Perceived health state was quantifi ed using the “thermometer” (a visual analogue 
scale ranging from 0 = “worst imaginable health state” to 100 = “best imaginable 
health state”) from the EQ-5D-3L (Rabin and De Charro  2001 ), a questionnaire 
which measures perceived health-related quality of life. For analysis, perceived 
health state ratings were categorized into quartiles.  

Arousal

V
al

en
ce

1. Folie (foil)
2. Text (text)
3. Objekt (object)
4. Agentur (agency)

1. Lachen (laughter)
2. Hobby (hobby)
3. Ferien (holidays)
4. Genuss (enjoyment)

1. Schande (shame)
2. Hass (hate)
3. Leiche (corpse)
4. Neid (envy)

Pleasant

Neutral

Unpleasant

Low High

  Fig. 16.1    Mapping of the 12 nouns to arousal-valence space. In each case four nouns represented 
the categories (i) high-arousing unpleasant, (ii) low-arousing neutral, and (iii) high-arousing 
pleasant       
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16.2.3.4     Analysis Strategy 
 For the purpose of this chapter, we analyzed both the valence and arousal ratings 
given for the pleasant, neutral, and unpleasant words. First, we compared the mean 
valence and arousal ratings between sexes, age categories, cohorts, and depression 
subtypes. Second, we stratifi ed the mean valence and arousal ratings (i) by cohort 
and sex and (ii) by cohort and age. And third, we associated the mean valence and 
arousal ratings per cohort with a measure of perceived health state, the “thermom-
eter” from the EQ-5D-3L questionnaire (Rabin and De Charro  2001 ) (thereby 
adjusting for effects of both sex and age). Noteworthy, due to low number ( N  = 82), 
we refrained from further stratifying patients with atypical depression due to age 
and sex; in lieu thereof, we contrasted the patients with melancholic depression 
( N  = 576) with the whole cohort of (non-differentiated) depression patients ( N  = 989).   

16.2.4     Results 

16.2.4.1     Comparison of Mean Valence and Arousal Ratings 
Between Sexes and Between Age Categories 

 Table  16.1  shows mean valence and arousal ratings for the three different word cat-
egories (unpleasant vs. neutral vs. pleasant) split by sex (male vs. female) or age 
category (35–44 years vs. 45–54 years vs. 55–65 years), respectively. Regarding 
sex, across word categories women rated the words to be less pleasant compared to 
men. This tendency was most pronounced in case of words which had been pre- 
categorized as unpleasant. Women rated the words also to be more arousing com-
pared to men. This tendency was also most pronounced in case of words which had 
been pre-categorized as unpleasant. Regarding age, across word categories the old-
est participants rated the words to be more pleasant compared to younger partici-
pants. This effect was most pronounced in case of words which had been 
pre-categorized as neutral. Moreover, the youngest patients rated the words to be 
less arousing compared to older patients. This effect was also most pronounced in 
case of words which had been pre-categorized as neutral.

16.2.4.2        Comparison of Mean Valence and Arousal Ratings 
Between Cohorts and Between Depression Subtypes 

 Table  16.2  shows mean valence and arousal ratings for the three different word 
categories (unpleasant vs. neutral vs. pleasant) split by cohort (depression vs. CVD 
vs. control) or depression subtype (atypical vs. melancholic depression), respec-
tively. Regarding cohort, across word categories patients with depression rated the 
words to be less pleasant compared to CVD patients and control subjects. This 
tendency was most pronounced in case of words which had been pre-categorized 
as unpleasant. Moreover, across word categories patients with depression rated the 
words to be more arousing compared to CVD patients and control subjects. This 
tendency was also most pronounced in case of words which had been pre-catego-
rized as unpleasant. Interestingly, there was one noticeable deviation from the 
overall pattern: CVD patients rated words which had been pre-categorized as 
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pleasant to be distinctly more arousing compared to patients with depression and 
control subjects. Regarding depression subtype, across word categories there was 
no difference in valence ratings between patients with atypical compared to patients 
with melancholic depression. However, patients with melancholic depression rated 
the words to be more arousing compared to patients with atypical depression. This 
tendency was most pronounced in case of words which had been pre-categorized 
as unpleasant.

16.2.4.3        Stratification of Mean Valence and Arousal Ratings 
by Sex and Cohort 

 Figure  16.2  displays mean valence and arousal ratings for the three different word 
categories (unpleasant vs. neutral vs. pleasant) stratifi ed by sex (male vs. female) 
and cohort (non-differentiated depression vs. melancholic depression vs. CVD vs. 
control). There were striking effects of sex: unlike male CVD patients, female CVD 
patients gave increased arousal ratings for neutral and pleasant words relative to 
depression patients and control subjects.

16.2.4.4        Stratification of Mean Valence and Arousal Ratings 
by Age Category and Cohort 

 Figure  16.3  displays mean valence and arousal ratings for the three different word 
categories (unpleasant vs. neutral vs. pleasant) stratifi ed by age category (35–44 
vs. 45–54 vs. 55–65 years) and cohort (non-differentiated depression vs. melan-
cholic depression vs. CVD vs. control). Basically, striking effects of age were not 
visible. Effects of age appeared rather in the arousal compared to the valence 
dimension. Interestingly, the increased arousal ratings of CVD patients for pleas-
ant words relative to depression patients and control subjects were not visible in 
the youngest age stratum. And moreover, the youngest CVD patients tended to 
give lower arousal ratings for unpleasant and neutral words than older CVD 
patients.

16.2.4.5        Associations Between Mean Valence and Arousal Ratings 
and Perceived Health State 

 The exploration of the associations between the mean valence ratings, the mean 
arousal ratings, and the perceived health state (Fig.  16.4 ) uncovered interesting 
effects. Across cohorts, (i) deviations were rather found for emotionally charged 
compared to neutral words; (ii) deviations were more likely to be found for those 
subjects who perceived their health status as being comparably good as compared to 
subjects who perceived it as comparably bad; and (iii) deviations tended to represent 
relatively reduced arousal and relatively increased pleasantness. In case of the 
patient cohorts, effects were visible for both the unpleasant and the pleasant words; 
in the control subjects, effects appeared for the pleasant words only. Effects were 
most pronounced and most restricted to the arousal dimension in case of the CVD 
patients. In case of melancholic depression, effects seem to represent a slightly 
more pronounced pattern of the effects observed for the whole cohort of (non- 
differentiated) depression patients.

16 Emotional Word Processing in Cardiovascular Disease



268

0

1

2

3

4

5

6

7

8

9

10
Men

� Non-differentiated depression (n = 401)
� Melancholic depression (n = 238)
� CVD (n = 292)
� Control (n = 411)

V a l e n c e A r o u s a l
Unpleasant UnpleasantPleasant PleasantNeutral Neutral

0

1

2

3

4

5

6

7

8

9

10
Women

� Non-differentiated depression (n = 588)
� Melancholic depression (n = 338)
� CVD (n = 48)
� Control (n = 425)

V a l e n c e A r o u s a l

Unpleasant UnpleasantPleasant PleasantNeutral Neutral

a

b

  Fig. 16.2    ( a ,  b ) Mean valence and arousal ratings stratifi ed by sex, emotion dimension, word cat-
egory, and cohort. Patients with melancholic depression constitute a subgroup of the whole cohort 
of depression patients (= “non-differentiated depression”).  Error bars  denote standard deviations       
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  Fig. 16.3    ( a – c ) Mean valence and arousal ratings stratifi ed by age category, emotion dimension, word 
category, and cohort. Patients with melancholic depression constitute a subgroup of the whole cohort of 
depression patients (= “non-differentiated depression”).  Error bars  denote standard deviations         
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16.2.5         Discussion 

 The main result of our initial data analysis conducted for the purpose of this chapter 
generally fi ts to a robust fi nding from previous experimental investigations: patients 
with depression rated the words (in particular words pre-categorized as high- 
arousing unpleasant) to be distinctly less pleasant and more arousing compared to 
CVD patients or control subjects. We interpret this fi nding as an equivalent of the 
well-established processing bias for negative information in depression patients (for 
review, see Gotlib and Joormann ( 2010 )), which typically manifests clinically in the 
form of “ruminations” (Zetsche et al.  2012 ) and which typically reveals itself as 
recall or recognition bias during laboratory experiments (Gotlib and Joormann 
 2010 ; Sumner  2012 ; Denny and Hunt  1992 ; Matt et al.  1992 ; Dalgleish and Watts 
 1990 ; Blaney  1986 ; Gilboa-Schechtman et al.  2002 ). 

 Additionally, we found indications for reduced valence ratings (i.e., “less pleas-
ant”) and increased arousal ratings in women compared to men, again particularly 
for high-arousing unpleasant words. Also this fi nding fi ts to robust results from 
previous investigations, as sex differences in emotional processing have been con-
sistently reported (Gohier et al.  2013 ). For instance, a recent study found that 
women rated particularly high-arousing, unpleasant pictures to be more unpleasant 
and more arousing compared to men (Gomez et al.  2013 ). Moreover, being 
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confronted with aversive content (e.g., fearful or sickened faces), healthy women 
tended to show more intense (Schienle et al.  2005 ; Rohrmann et al.  2009 ) or more 
sensitive (Gohier et al.  2013 ) behavioral responses, greater ERP amplitudes (Lithari 
et al.  2010 ), or superior performance (Burton et al.  2005 ; Collignon et al.  2010 ). 
Here, we demonstrated that such effects are also detectable using unpleasant  word  
stimuli. This is noteworthy, since experience has shown that patient samples tend to 
perceive unpleasant pictorial or facial stimuli to be quite distressing. It has been 
hypothesized that sex differences in emotional processing may contribute to the 
increased susceptibility of women for emotional disorders (Gohier et al.  2013 ). 
Population- based studies have consistently shown that major depression is about 
two times as common in women compared to men (e.g., Kuehner ( 2003 )). 

 Notably, the number of studies dealing with age-related differences in affective 
experience remains to be comparably limited. So far, the focus has been on emo-
tional valence rather than arousal, and the majority of studies dealt with negative 
rather than positive affect (Kessler and Staudinger  2009 ). Available data converge to 
indicate that young adults scored highest in negative affect and that negative affect 
decreased from younger ages to middle age, thereby stabilizing also into older ages 
(Kessler and Staudinger  2009 ). Interestingly, our initial analysis yielded indications 
for increased valence ratings (i.e., “more pleasant”) in the oldest (i.e., 55–65 years) 
compared to younger participants (35–54 years). This result fi ts to the results of 
previous investigations. Noteworthy, our analyses showed that the effects of age on 
valence ratings were evident particularly in case of the low-arousing words. This 
fi nding resembles the results of a recent study by Kensinger ( 2008 ), which found an 
age effect during the recall of non-arousing, but not during the recall of arousing 
words: young adults remembered non-arousing negative words better than non- 
arousing positive ones; the opposite held true for older adults, which demonstrated 
a “positivity effect.” Eventually, we also found reduced arousal ratings in the young-
est (35–44 years) compared to older participants (45–65 years), again most pro-
nounced in case of low-arousing words. 

 Moreover, further results of our initial data analysis indicated that our efforts of 
moving beyond laboratory affective science toward “emotional epidemiology” 
may uncover effects that were otherwise not very likely to be detected. Examples 
are (i) the indications for the amplifi ed processing of positive information in older 
CVD patients (Fig.  16.3 ), (ii) the amplifi ed processing of positive and neutral 
information in female CVD patients (Fig.  16.2 ), or (iii) the association between 
health state that was assessed as good and reduced arousal by unpleasant material 
in patients with a severe disease (i.e., depression or CVD) (Fig.  16.4 ). At fi rst sight, 
obvious explanations for these fi ndings did not suggest themselves. However, it is 
conceivable that the theory behind the so-called  age - related positivity effect  (Reed 
and Carstensen  2012 ) may be extended to include also life-threatening disease. If 
the positivity effect at older ages arose because life was perceived to be fi nite, a 
similar process may be initiated by the experience of a sudden health threat, the 
prototype of which is myocardial infarction, which is usually accompanied by 
fi erce pain and agony. Nevertheless, despite being alluring this line of thought 
apparently remains speculative. 
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 From our point of view, the present results are noteworthy for several reasons. 
First of all, the evaluation and processing of emotional content have so far almost 
exclusively been studied under highly standardized laboratory conditions, including 
among other things (i) recruitment of rather small, homogeneous, and 
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easy-to- manage participant samples, (ii) allocation of enough time and personnel 
resources for careful subject instruction and the gathering of a suffi cient amount of 
data points, and (iii) the use of proper experimental designs to completely control 
the infl uence of potential confounds (e.g., by randomization). Therefore, it is moti-
vating to state that such data can be obtained with suffi cient data quality also in the 
context of an observational, epidemiologic cohort study, which is typically charac-
terized by obstacles such as, e.g., (i) the need to recruit and manage large, heteroge-
neous samples of participants, (ii) restricted time and personnel resources for 
instruction and measurement, and (iii) the necessity to consider and therefore ade-
quately measure many potentially confounding variables. 

 Nonetheless, it has to be emphasized that the fi ndings reported here are prelimi-
nary. First, our results remain to be descriptive at this stage of analysis. Second, it 
should be noted that some of the effects that  popped out  in our initial data analysis 
are based on a comparably low number of subjects. Third, the mean valence and 
arousal ratings were indeed stratifi ed by age and sex, and the valence and arousal – 
perceived health state associations were indeed adjusted for effects of age and sex, 
but it is obvious that several other variables might act as effect moderators or medi-
ators. Besides usual suspects such as age, sex, or education level, for instance, 
certain comorbidities (e.g., hyperthyreosis) or heavy smoking, both of which lead 
to bodily sensations such as accelerated pulse or tachycardia, may be associated 
with higher arousal ratings. The other way around, certain medications that attenu-
ate, for example, central nervous system activity (e.g., antipsychotics) or heavy 
exercising (which may lead to a relatively low resting pulse), may be associated 
with lower arousal ratings. And these or other variables (e.g., severity of depres-
sive/anxiety symptoms, childhood trauma, sleep quality, etc.) may be related to 
valence ratings in a similar vein. 

 Thus, one challenge will be to adequately model the valence and arousal ratings. 
Once the modeling is complete, it will be of great interest for us to thoroughly 
explore the potential of our emotional content evaluation data with regard to impor-
tant psychocardiologic issues. For example, it will be worthwhile to investigate 
whether our emotional content evaluation data would hold additional value, for 
instance, in (i) predicting the quality of life of depression or CVD patients or in (ii) 
predicting the risk for depression patients to suffer myocardial infarction or the risk 
for CVD patients to develop depression. 

 Unfortunately, due to the low number of patients with atypical depression, we 
were not able to scrutinize the potential association between emotional content eval-
uation and depression subtypes. There are hints for a comparatively reduced overall 
sensitivity to the arousal dimension in patients with atypical compared to patients 
with melancholic depression (Table  16.2 ); however, at the current stage of analysis 
(and considering the large difference in number of cases), we prefer to refrain from 
interpreting any depression subtype-related effects. Nonetheless, we would like to 
emphasize that atypical and melancholic subtypes of depression refl ect distinct, 
“antithetic” entities (Gold and Chrousos  2013 ) and that the systematic comparison 
of atypical and melancholic subtypes is essential to consider and further establish 
their differential pathophysiology (Gold  2014 ).  
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16.2.6     Limitations 

 The here briefl y described evaluation of emotional content in the context of the 
BiDirect Study is characterized by certain limitations. First, the nouns that were 
used in the BiDirect Study were insofar nonspecifi c as they did not closely relate 
to topics known to dominate the cognitions of depression patients or CVD patients. 
Depression patients typically ruminate about experienced or anticipated  loss , while 
CVD patients may be preoccupied rather with  threat -related thoughts. It is reason-
able to assume that larger differences between depression and CVD patients 
(and possibly between patients with atypical versus melancholic depression) would 
have emerged in case of more on-topic stimuli. On the other hand, cohort or sub-
type differences in the evaluation of off-topic emotional stimuli would be very 
interesting; we have found here fi rst hints for such effects, and it may be possible 
to better carve them out by means of adequate data modeling. Moreover, we used 
only relatively few words (i.e., four) per category. It is conceivable that the utiliza-
tion of a larger number of stimuli would have led to more precise intraindividual 
mean valence and arousal estimates, which in turn may have facilitated the assess-
ment of effect size or signifi cance. On the other hand, we have the advantage of 
having recruited a large amount of subjects, leading to more precise interindividual 
estimations. 

 Furthermore, the fact that the nouns had been used in a learning and memory 
task prior to being rated with regard to valence and arousal may have reduced 
differences in their evaluation. On the other hand, it is equally possible that 
 differences were amplifi ed. In any case, the fact that the emotional words were 
used in different tasks in parallel opens the possibility to consider the results of 
one task during the analysis of another, and it also opens up the possibility for 
conjoint analyses. 

 The task that we used here was explicit and not performance based. It is conceiv-
able that the results of an implicit, performance-based task such as the emotional 
Stroop paradigm (for review, see Williams et al. ( 1996 )) would be less likely to be 
biased by, e.g., voluntarily controlled responding, response tendencies, or defi cient 
task comprehension. Thus, such a task may be better suited to detect potentially 
subtle emotional content processing differences between cohorts and depression 
subtypes. On the other hand, it appears at least not very likely that participants 
would have voluntarily manipulated their ratings or that the current task was too 
diffi cult to comprehend for a signifi cant number of participants.   

    Conclusion 
 The present chapter describes the initial analyses of emotional content evaluation 
data collected in the context of a large, observational psychocardiologic study. 
From our point of view, this project holds innovative potential, because it estab-
lishes ties between affective science and psychocardiology. Moreover, the initial 
results appear promising, since existing knowledge is corroborated, and as novel 
and interesting starting points emerge.     
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   Abstract 

   Modifi able lifestyle factors, in particular nutrition, may be promising prevention 
and intervention targets not only for physical but also for mental health. The diet- 
depression relationship is very complex and even may be of bidirectional nature. 
Growing evidence suggests a potential role of nutrition in the development, 
course, and treatment of depression, whereas present depressive symptoms may 
also predict the development of an unhealthy lifestyle including poor diet quality. 
While previous research mainly investigated the effects of individual nutrients or 
foods on depression, the recent research focus shifted toward the investigation of 
the overall diet, because dietary patterns may better refl ect the complexity of the 
habitual diet in daily life. In this chapter, we aim to summarize the current evi-
dence on the diet-depression relationship, with major focus on overall diet rather 
than single nutrients. Furthermore, we briefl y discuss potential underlying mech-
anisms and point out the interplay of nutrition and depression with the develop-
ment of somatic comorbidities, in particular cardiovascular disease. A 
shortcoming of previous research on the diet-depression relationship is that most 
studies commonly treated depression as a homogeneous disease entity, although 
it actually is a very heterogeneous illness. In this context, we further want to 
highlight the role of distinct subtypes of depression in regard to the diet- 
depression relationship and refl ect important implications for public health, clin-
ical practice, and future research.  

   Abbreviations 

   CI    Confi dence interval   
  CRP    C-reactive protein   
  CVD    Cardiovascular disease   
  DNA    Deoxyribonucleic acid   
  DSM-IV      Diagnostic and Statistical Manual of Mental Disorders ,  Fourth Edition    
  HPA axis    Hypothalamic-pituitary-adrenal axis   
  HR    Hazard ratio   
  IL-6    Interleukin-6   
  MeDi    Mediterranean diet   
  OR    Odds ratio   
  RCT    Randomized controlled trial   
  ROS    Reactive oxygen species   
  RR    Relative risk   
  SSRI    Selective serotonin reuptake inhibitor   
  TNF-α    Tumor necrosis factor alpha   
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17.1         Introduction 

 Mental health problems in general and depressive disorders in particular are an 
increasing public health challenge all over the world. Unipolar depressive disorders 
(in the following abbreviated as depression) strongly contribute to the global disease 
burden (Ferrari et al.  2013 ) and seriously affect both the individual and the society 
(Lepine and Briley  2011 ). Approaches to reduce the health problem of depression 
have mainly focused on treatment rather than on prevention (Jacka et al.  2012 ). 
However, its high prevalence, limitations in treatment response, as well as its relation 
to the development of other poor health conditions (e.g., cardiovascular diseases 
(CVD), diabetes, or suicidal behavior) highlight the importance of preventive 
approaches (Popa and Ladea  2012 ). Hence, research on potential risk factors and the 
development of effective prevention strategies against depression are urgently needed. 

 Modifi able lifestyle factors may be such risk factors that can be considered as 
possible intervention targets (van Gool et al.  2007 ; Sarris et al.  2015 ). Whereas life-
style factors are established risk factors for common somatic diseases such as CVD 
or cancer, the investigation of the link between lifestyle and mental health is a rather 
new research area (Sanchez-Villegas and Martínez-González  2013 ). Especially 
nutrition may be related not only to physical but also to mental health (Sarris et al. 
 2015 ). As a consequence, a novel discipline named “nutritional psychiatry research” 
is rapidly developing, which aims to comprehensively investigate the relationship 
between nutrition and mental illnesses such as depression (Logan and Jacka  2014 ). 

 In this chapter, we aim to summarize the current evidence on the diet-depression 
relationship, with major focus on overall diet rather than single nutrients. 
Furthermore, we briefl y discuss potential underlying mechanisms and point out the 
interplay of nutrition and depression with the development of somatic comorbidi-
ties, in particular CVD. A shortcoming of previous research on the diet-depression 
relationship is that most studies commonly treated depression as a homogeneous 
disease entity, although it actually is a very heterogeneous illness. In this context, 
we further want to highlight the role of distinct subtypes of depression in regard to 
the diet-depression relationship and refl ect important implications for public health, 
clinical practice, and future research.  

17.2     The Diet-Depression Relationship: Overview 
of the Current Evidence 

 The relationship between diet and depression is complex. Nutrition may be related 
to the development, course, and treatment of depression. Moreover, the diet- 
depression relationship is likely to be of bidirectional nature: On the one side, diet 
may be a risk factor for the onset and course of depression, and, on the other side, 
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depression itself may lead to changes in lifestyle including poor dietary habits 
(Lopresti et al.  2013 ; Jacka et al.  2015 ). 

 Prior research on the diet-depression relationship primarily focused on the effects 
of individual nutrients or foods on depression. In recent years, there has been a shift 
toward a more comprehensive approach that investigates the association of depres-
sion and overall diet considered as dietary patterns or diet quality. This approach 
aims to assess the habitual diet as one overall exposure by analyzing how nutrients 
or foods are consumed in combination (Hu  2002 ; Kant  2004 ). There are different 
approaches to assess the overall diet (Hu  2002 ; Ocké  2013 ). A priori approaches are 
based on the calculation of diet scores or indices and usually assess the diet quality 
and/or the adherence to predefi ned nutritional recommendations (e.g., Mediterranean 
Diet Score, Healthy Eating Index, Diet Quality Index). A posteriori approaches use 
statistical techniques (e.g., factor analysis, principal component analysis, or cluster 
analysis) without a priori hypotheses to derive empirically based dietary patterns 
which are unique to the specifi c study population. A third approach (e.g., reduced 
rank regression) combines a priori and a posteriori methods by using response vari-
ables, such as specifi c biomarkers, which are known intermediate factors for the 
outcome of interest (Hoffmann et al.  2004 ). 

 Overall, the approach of dietary pattern analysis consolidates several method-
ological advantages (Hu  2002 ): Dietary patterns consider that people eat meals 
which include a variety of different nutrients and may better refl ect the complexity 
of the habitual diet. Given that nutrients are likely to interact with each other and 
potentially have synergetic effects, the overall diet may have a larger impact on 
health than single dietary factors. 

 Individual nutrients most frequently examined in relation to depression are 
omega-3 fatty acids and vitamins, in particular B vitamins and folate; foods com-
monly investigated are fruit, vegetables, and fi sh (for detailed information, please 
see, e.g., Murakami and Sasaki  2010 ; Sanhueza et al.  2013 ). The following litera-
ture overview mainly focuses on summarizing the current evidence on the relation-
ship between depression and overall diet instead of individual nutrients. 

17.2.1      Diet in the Prevention of Depression 

 In the last few years, various studies reported that the habitual diet may predict the 
onset of depression or depressive symptoms (Sánchez-Villegas et al.  2009 ; Jacka 
et al.  2010 ; Le Port et al.  2012 ; Akbaraly et al.  2013 ). First systematic reviews and 
meta-analyses have been published recently, which summarize the available litera-
ture on the association between dietary patterns and depression in adults 
(Psaltopoulou et al.  2013 ; Quirk et al.  2013 ; Lai et al.  2014 ; Rahe et al.  2014 ). 
Overall, these reviews concluded that healthy or prudent dietary patterns (with high 
intakes of fruit, vegetables, fi sh, and whole grains and low intakes of processed 
foods) as well as the Mediterranean diet (MeDi) may have protective effects against 
depression, whereas Western dietary patterns (with high intakes of processed foods, 
meat, meat products, refi ned grains, and high-sugar/high-fat foods) may increase 
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the depression risk. Pooled results of two meta-analyses showed similar results: 
One meta-analysis reported a signifi cant association of the MeDi with a reduced 
depression risk (RR = 0.68; 95 % CI, 0.54–0.86) (Psaltopoulou et al.  2013 ). Another 
meta-analysis showed a signifi cant association between healthy dietary patterns and 
lower odds of depression (OR = 0.84; 95 % CI, 0.76–0.92), but closely missed to 
detect a signifi cant positive association of Western dietary patterns with higher odds 
of depression (OR = 1.17; 95 % CI, 0.97–1.68) (Lai et al.  2014 ). 

 The abovementioned reviews and meta-analyses included most of all cross- 
sectional studies. However, studies with cross-sectional design cannot determine 
the temporal sequence of the diet-depression relationship. Several new prospective 
studies have been published recently which are not included in reviews so far. In 
line with previous results, some of these prospective studies also reported associa-
tions between Western dietary patterns and an increased depression risk (Jacka et al. 
 2014a ) as well as prudent dietary patterns and a decreased depression risk (Jacka 
et al.  2014a ; Ruusunen et al.  2014 ). However, other new high-quality prospective 
studies did not support a clear association of dietary patterns with depression (Chan 
et al.  2014 ; Chocano-Bedoya et al.  2013 ). For example, a study of Chocano-Bedoya 
and colleagues, who examined a large sample of more than 50,000 participants from 
the longitudinal Nurses’ Health Study, did not fi nd associations between a prudent 
or a Western dietary pattern and depression (Chocano-Bedoya et al.  2013 ). All in 
all, current studies on the diet-depression relationship are very heterogeneous and 
strongly differ in their methodology, i.e., in terms of psychiatric assessment, dietary 
assessment, statistical analyses, or adjustment for possible confounding variables. 

 The majority of the existent evidence is built on observational studies, which 
include the possibility of (residual) confounding and/or chance fi ndings. Although 
observational studies have supported a relationship between diet and depression, 
research in the form of intervention studies is scarce up to now. A recent systematic 
review aimed to summarize the yet available evidence on randomized controlled 
trials (RCT) investigating the effects of dietary interventions (with whole-diet 
approaches) on depression and anxiety (Opie et al.  2014 ). Depression outcomes in 
the included studies were assessed by several different depression scales, mostly in 
study samples of individuals with present physical but not psychological diseases 
(e.g., diabetes, obesity, or cancer). The authors concluded that there is some promis-
ing evidence from RCTs that dietary interventions may improve depression out-
comes. However, evidence was not consistent, with about half of the included 
studies observing signifi cant improvements in favor of the treatment groups. 

 For example, the PREDIMED (Prevención con Dieta Mediterránea) trial is an 
intervention study on the role of the MeDi in the prevention of CVD (Sánchez- Villegas 
et al.  2013 ). In this context, additional analyses regarding the role of the MeDi on 
depression risk were performed. Participants at high risk for cardiovascular events 
were randomly assigned to one of the following intervention groups: (A) MeDi with 
supplementation of virgin olive oil, (B) MeDi with supplementation of nuts, or (C) 
low-fat diet (= control group). No signifi cant association between the MeDi and inci-
dent depression was found for the overall study sample (A: HR = 0.91; 95 % CI, 0.67–
1.24; B: HR = 0.78; 95 % CI, 0.55–1.10), but the authors reported a signifi cant inverse 
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association for intervention group B (MeDi plus nuts) within one sensitivity analysis 
that was restricted to participants with type 2 diabetes (B: HR = 0.59; 95 % CI, 0.36–
0.98) (Sánchez-Villegas et al.  2013 ). Additional intervention studies are urgently 
needed to further enlighten the diet-depression relationship. 

 Given the fact that depressive disorders often develop early in the life span, even 
in childhood (Kim-Cohen et al.  2003 ; Merikangas et al.  2010 ), the investigation of 
the relationship between diet and mental health in children and adolescents is highly 
relevant. One systematic review summarized the existing evidence on the relation-
ship between dietary patterns and mental health in children and adolescents, focus-
ing on internalizing disorders including low mood, depression, and anxiety (O’Neil 
et al.  2014b ). The authors concluded that the available evidence suggests a consis-
tent association between unhealthy dietary patterns and poorer mental health as well 
as an inverse association between healthy diets and better mental health in children; 
the second association was less consistent than the fi rst one (O’Neil et al.  2014b ). 
These results highlight the potential of dietary interventions targeting mental health 
early in the life span. 

 A very new area of research focuses on even earlier life stages, namely, the peri-
natal period, when the brain is rapidly developing (O’Neil et al.  2014a ). According 
to the Barker hypothesis, the fetus adapts to the intrauterine environment; if the 
unborn child is exposed to an unfavorable environment in utero (e.g., by undernutri-
tion), this “fetal programming” might predispose the child to chronic diseases in 
later life (Barker  1997 ,  2002 ). There are established links between fetal program-
ming and later somatic diseases such as CVD, highlighting the importance of mater-
nal diet during pregnancy for health and disease in offspring (Barker  1997 ,  2002 ; 
Capra et al.  2013 ). By contrast, only few studies applied this hypothesis to mental 
health so far. Two recent studies reported that maternal diet during pregnancy may 
infl uence the risk for mental and behavioral problems in children, suggesting a 
potential role of the maternal diet for externalizing (e.g., aggression, attention defi -
cit) but not for internalizing (e.g., depression, anxiety) problems in childhood (Jacka 
et al.  2013 ; Steenweg-de Graaff et al.  2014 ). Evidence is still limited, but these fi nd-
ings may highlight the impact of maternal diet during pregnancy on fetal develop-
ment and later mental health. The improvement of dietary intake during pregnancy 
may have the potential to be an additional strategy in the primary prevention of 
mental disorders (O’Neil et al.  2014a ).  

17.2.2      Depression and Its Impact on Diet 

 Although a growing body of literature highlights an important role of nutrition in 
the development of depression, there is also evidence for the reverse direction, i.e., 
depression leading to poor dietary habits. It has been reported that depressive symp-
toms or depressive disorders are associated with unhealthy lifestyle behaviors, such 
as smoking, risky alcohol consumption, reduced physical activity, and poorer 
dietary habits (Bonnet et al.  2005 ; Kilian et al.  2006 ). 
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 In terms of dietary intake, studies showed that individuals with depressive symp-
toms are more likely to make unfavorable food choices than non-depressed indi-
viduals. For example, the presence of depressive symptoms was associated with a 
lower consumption of fruit and vegetables (Konttinen et al.  2010 ) and a higher 
consumption of sweet and non-sweet energy-dense foods (i.e., sweets, chocolate, 
salty snacks, and fast food) (Konttinen et al.  2010 ; Crawford et al.  2011 ). 

 Evidence on the association of depression and overall diet (as the outcome of 
interest) is confl icting and mostly limited to cross-sectional studies so far (Quirk 
et al.  2013 ). Whereas some studies failed to detect an association between depres-
sion and overall diet quality (Whitaker et al.  2014 ), others did fi nd signifi cant asso-
ciations linking (Pagoto et al.  2009 ; Appelhans et al.  2012 ; Yu et al.  2014 ). For 
example, Appelhans and colleagues reported that greater depression severity was 
signifi cantly associated with poorer diet quality in obese women with major depres-
sion (Appelhans et al.  2012 ). Moreover, they reported that the observed association 
was mainly driven by higher intakes of sugar, saturated fats, and sodium (Appelhans 
et al.  2012 ). Similarly to the results of adult samples, there is also some evidence on 
a relationship between mental health problems and poor diet in children and adoles-
cents: In their systematic review, O’Neil and colleagues reported that two (out of 
three) identifi ed studies observed a signifi cant inverse association between worse 
mental health and poorer dietary habits in children (O’Neil et al.  2014b ).  

17.2.3     Diet in the Treatment of Depression 

 The impact of nutrition in the treatment of depression is still unclear but remains an 
interesting fi eld of research, since depression has been linked to poor nutritional 
status (Sarris et al.  2009 ). Clinical management of depression generally involves 
pharmacotherapy and psychotherapy as fi rst-line treatments, while it often neglects 
the potential role of lifestyle factors in this context (Berk et al.  2013a ; Sarris et al. 
 2014 ). A large part of depressed patients do not suffi ciently respond to fi rst-line 
treatment approaches such as antidepressant medication (Rush  2007 ; Lee et al. 
 2012 ). Thus, a consideration of additional treatment strategies is desirable, and 
modifi able lifestyle factors such as physical activity or diet may be interesting inter-
vention targets. The call for the consideration of diet and specifi c nutrients in the 
treatment of depression is rising (Rucklidge et al.  2015 ). 

 However, evidence regarding the impact of dietary interventions (in terms of 
whole-diet approaches) on the improvement of mental health outcomes is still limited 
(Opie et al.  2014 ). As already mentioned in Sect.  17.2.1 , a recent systematic review 
examined the effect of whole-diet interventions on depression as well as anxiety and 
concluded that there may be some evidence from RCTs that dietary interventions 
improve depression outcomes (Opie et al.  2014 ). However, the majority of the 
included studies investigated the effects of diet on depressive outcomes in samples of 
non-depressed subjects. Only one included study specifi cally examined the effects of 
healthy lifestyle recommendations (including diet, physical activity, sunlight 
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exposure, and sleep) on participants with a depressive disorder, reporting reduced 
depressive symptoms and a higher rate of remitters after six month in the active group 
(García-Toro et al.  2012 ). Unfortunately, the single effect of the included dietary inter-
vention was not distinguished. Further studies examining the impact of whole- diet 
interventions on patients with clinically diagnosed depression are needed, preferably 
in the form of high-quality RCTs. Some promising studies are currently performed 
(e.g., O’Neil et al.  2013 ). 

 The potential therapeutic effect of specifi c nutrients was examined more extensively 
in the past. In particular, studies on the effects of polyunsaturated fatty acids (e.g., 
omega-3 fatty acids) have received much attention (Appleton et al.  2010 ; Bloch and 
Hannestad  2012 ; Politi et al.  2013 ). Further nutrients examined in this context (either 
as monotherapies or as adjuvant therapies) were folate, B vitamins, magnesium, zinc, 
or specifi c amino acids, for instance (Sarris et al.  2009 ). However, most of this research 
yielded limited or confl icting results. Moreover, it should be considered that these treat-
ment approaches are built on the supplementation of specifi c nutrients and not on the 
habitual dietary intake. Given the complex nature of nutrition with possible nutrient 
interactions, it is conceivable that especially broad- spectrum micronutrient treatments, 
which provide a multitude of essential nutrients rather than single ones, may be prom-
ising as adjunct therapies in the treatment of depression. However, to date there is only 
scarce evidence on the effectiveness of such multi-nutrient approaches in clinical sam-
ples of patients with depressive disorders (Rucklidge and Kaplan  2013 ).   

17.3     Mechanisms Linking Nutrition and Depression 

  Depression has a multifactorial origin (Lopresti et al.  2013 ), involving genetic, psy-
chological, physiological, environmental, and social factors. As summarized in the 
above-outlined literature overview, current evidence emphasizes a potential role of 
nutrition as one important environmental lifestyle factor in the development and 
progression of depression. Since there is a substantial body of evidence on an asso-
ciation between nutrition and depression, we have to better understand the biologi-
cal pathways, which specifi cally explain how nutrition can infl uence mental health 
and vice versa. Although the actual underlying mechanisms are still not suffi ciently 
understood, it is plausible that diet may infl uence mental health and mood, since a 
variety of nutrients (in particular, amino acids, fatty acids, vitamins, and minerals 
(Sarris et al.  2015 )) are essential substances for brain structure, function, and activ-
ity. Therefore, several biological mechanisms linking diet and depression have been 
proposed in the past, including pathways related to neurotransmitter regulation, 
infl ammatory processes, oxidative stress, gut microbiome, mitochondrial distur-
bances, neuroprogression, or stress-response system regulation, for instance. In the 
following sections, the most promising biological pathways (i.e., neurotransmitters, 
infl ammation, oxidative stress, and gut microbiome) will be summarized and dis-
cussed briefl y (see Fig.  17.1 ). For further and more detailed information on potential 
pathways, please see recent reviews (e.g., Lopresti et al.  2013 ; Kaplan et al.  2015 ). 
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Neurotransmitter regulation

Inflammation

Oxidative stress

Gut microbiome

Other suggested mechanisms…

Depressive disorders may be caused by
imbalances in neurotransmitter regulation, e.g.,
of serotonin or dopamin. Neurotransmitter
production and activity in turn are partly
influenced by nutrition.

Depression is associated with inflammatory
processes and elevated levels of inflammatory
markers. Healthy diets and specific nutrients
(e.g., omega-3 fatty acids) can have anti-
inflammatory effects in the human body.

The human brain is vulnerable to harmful
effects of oxidative stress. Depression is
associated with oxidative stress and an
impaired antioxidant system. Diet has central
impact on our antioxidant capacity.

A rather new hypothesis on the link between
diet and depression: The gut microbiome, which
is likely to be influenced by our diet, may have
direct influence on brain function and mental
health via the gut-brain-axis.

This is just a selection of a variety of suggested
mechanisms linking diet and depression. Other
potential pathways involve, e.g., the stress-
response-system, neuroprogression, or
mitochondrial disturbances.  

  Fig. 17.1    An overview of suggested mechanisms linking diet and depression       
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17.3.1      Neurotransmitters 

 One of the oldest hypotheses in terms of potential pathways linking diet and depres-
sion implies that depressive disorders were caused by imbalances in neurotransmit-
ter regulation, especially for serotonin or dopamine (Lopresti et al.  2013 ). After it 
had been observed that depression is associated with low levels of serotonin, the 
serotonin hypothesis was postulated, which is one of the most extensively studied 
pathways related to depression and resulted in the development of specifi c treatment 
strategies by developing antidepressants known as selective serotonin reuptake 
inhibitors (SSRI) (Fakhoury  2015 ). Dietary intake, particularly the intake of carbo-
hydrates and specifi c amino acids, can have important impact on the production and 
activity of neurotransmitters such as serotonin (Lopresti et al.  2013 ). It has been 
proposed that carbohydrate-rich diets are associated with reduced depressive symp-
toms, maybe by promoting the brain levels of the amino acid tryptophan, resulting 
in an increased serotonin synthesis, as tryptophan is a precursor of serotonin 
(Wurtman and Wurtman  1995 ; Benton and Donohoe  1999 ). Since protein-rich diets 
are relatively low in tryptophan compared to other amino acids, the consumption of 
high-protein diets would not have the same effect (Benton and Donohoe  1999 ). 
However, the practical relevance of these observations is unclear, since levels of 
potentially interesting nutrients in the habitual diet are relatively low (Benton and 
Donohoe  1999 ).  

17.3.2     Inflammation 

 Another hypothesis on how diet may infl uence mental health and depression focuses 
on infl ammatory processes (Berk et al.  2013b ). Several studies showed that depres-
sion is associated with infl ammation and elevated levels of infl ammatory markers 
such as C-reactive protein (CRP) or interleukin-6 (IL-6) (Haapakoski et al.  2015 ). 
Infl ammation in turn can be infl uenced by the habitual diet. There is evidence that 
the intake of specifi c nutrients such as fi ber, omega-3 fatty acids, magnesium, carot-
enoids, or fl avonoids may have anti-infl ammatory effects and, thus, are associated 
with decreased levels of infl ammatory biomarkers (Galland  2010 ). A recent meta-
analysis of intervention studies yielded that the adherence to the MeDi is associated 
with a reduction of the infl ammatory markers CRP and IL-6 (Schwingshackl and 
Hoffmann  2014 ). Similarly, a recent systematic review on dietary patterns and 
infl ammation concluded that current evidence supports an inverse association 
between fruit and vegetable-based patterns with infl ammation, while Western diets, 
in particular meat-based diets, were positively associated with infl ammation 
(Barbaresko et al.  2013 ). 

 One recent study of Lucas and colleagues examined the association between an 
“infl ammatory dietary pattern” and depression in women from the Nurses’ Health 
Study ( n  = 43,685) (Lucas et al.  2014 ). This infl ammatory dietary pattern (derived 
by reduced rank regression) was characterized by high intakes of red meat, refi ned 
grains, soft drinks, and margarine as well as low intakes of green and yellow 
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vegetables, olive oil, coffee, and wine, and was associated with the infl ammatory 
biomarkers CRP, IL-6, and tumor necrosis factor alpha (TNF-α). Overall, the 
infl ammatory dietary pattern showed a signifi cant association with an increased risk 
for the development of depression, suggesting that infl ammation may underlie the 
diet-depression relationship.  

17.3.3     Oxidative Stress 

 Next to infl ammation, oxidative stress is considered a key component of depression 
(Maes et al.  2011a ). Infl ammation often goes along with the induction of oxidative 
stress associated with the generation of highly reactive free radicals, so-called reac-
tive oxygen species (ROS). These ROS have several physiological roles, and under 
normal conditions the human metabolism has several defense mechanisms (i.e., anti-
oxidant systems) to keep them balanced. Oxidative stress occurs if impaired defense 
pathways lead to imbalances in favor of increased ROS levels, which in turn cause 
damages in lipids, proteins, or DNA (Maes et al.  2011a ). The brain and its nerve cells 
seem to be especially vulnerable to the harmful effects of oxidative stress. 

 Depression has been shown to be associated with lowered levels of antioxidants 
(e.g., vitamin E) and reduced activity of antioxidant enzymes (e.g., glutathione per-
oxidase) (Maes et al.  2000 ,  2011a ,  2011b ; Cumurcu et al.  2009 ; Prohan et al.  2014 ). 
As a consequence of the impaired antioxidant system, depression seems to be associ-
ated with an impaired protection against ROS and, thus, increased oxidative stress. 
As our diet can deliver a variety of antioxidants, it plays a crucial role and has impor-
tant infl uence on the antioxidant capacity and oxidative stress level in the human 
organism (Lopresti et al.  2013 ). In particular, the MeDi (with its high proportion of 
fruit and vegetables as well as olive oil as the main source of fat) has been shown to 
be associated with an increased antioxidant intake as well as decreased oxidative 
stress levels (Fito et al.  2007 ; Dai et al.  2008 ; Esposito et al.  2011 ).  

17.3.4     Gut Microbiome 

 A rather new suggestion how diet affects mood and mental health focuses on the gut 
microbiome (Dash et al.  2015 ). The human intestine is colonized by around 100 
trillion bacteria building the gut microbiome (Foster and McVey Neufeld  2013 ), 
which has major infl uence on diverse important functions of the human organism, 
i.e., by developing the immune system or by maintaining the intestinal barrier func-
tion (Dash et al.  2015 ; Kaplan et al.  2015 ). Changes in the gut microbiome are sup-
posed to be associated with the increasing incidence of infl ammatory diseases 
(Maslowski and Mackay  2011 ), including CVD, diabetes, or arthritis. For example, 
dysbiosis of the gut microbiota can induce immune responses and infl ammatory 
processes in the human organism, e.g., by harming the intestinal barrier function 
(Kaplan et al.  2015 ). Recently, research on the gut-brain axis has reached much 
attention, confi rming the importance of the gut microbiome for brain function and 
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mental health via endocrine, immune, or neural pathways (Cryan and Dinan  2012 ; 
Foster and McVey Neufeld  2013 ). 

 Throughout the life course, the human gut microbiome is infl uenced by different 
factors such as age, genetics, stress, hygiene, or medication (Maslowski and Mackay 
 2011 ). Moreover and possibly most important, the habitual diet is supposed to have 
considerable infl uence on the composition of the gut microbiome (Moschen et al. 
 2012 ). This discovery offers new opportunities for the prevention and treatment of 
depression, because it indicates that the gut microbiome can be manipulated by diet 
and the intake of special dietary components such as fermented foods, prebiotics, or 
probiotics (Maslowski and Mackay  2011 ; Moschen et al.  2012 ; Selhub et al.  2014 ; 
Dash et al.  2015 ; Kaplan et al.  2015 ). Furthermore, research has highlighted that in 
particular long-term dietary patterns rather than short-term intake might infl uence 
the microbiota composition (Moschen et al.  2012 ). Supportive evidence comes from 
one study reporting signifi cant differences in fecal microbiota between European 
children (consuming a Western diet) and children from rural Africa (consuming a 
traditional plant-based diet rich in fruit, vegetables, and dietary fi ber); higher micro-
biota diversity and less pathogenic bacteria were reported for the African children 
(De Filippo et al.  2010 ). However, although fi rst evidence advocates that the rela-
tionship between diet and depression may be partly mediated by the gut microbi-
ome, further research on how diet is infl uencing microbiota composition toward a 
“healthy gut” is needed.  

17.3.5     Impact of Depressive Symptoms on Dietary Intake 

 The above-outlined mechanisms explain how diet may infl uence the development or 
progression of depression. However, there is also some evidence on how depression 
or depressive symptoms may lead to unfavorable food habits. In this context, sug-
gested mechanisms may involve physiological, psychological, as well as sensory 
pathways (Gibson  2006 ). 

 An interesting factor may be the phenomenon of emotional eating, which means 
to preferably consume energy-dense comfort foods rich in fat and sugar (e.g., 
sweets, salty snacks, or fast food) in response to negative emotions or distress. It has 
been confi rmed in several studies that depressive symptoms are associated with pat-
terns of emotional eating and as a consequence with unhealthy food choices 
(Ouwens et al.  2009 ; Konttinen et al.  2010 ). 

 Moreover, it has been proposed that the excessive consumption of carbohydrate- 
rich foods (called carbohydrate craving) may be a form of self-medication (Moller 
 1992 ; Wurtman and Wurtman  1995 ). These observations may be especially related 
to the subtype of atypical depression (Moller  1992 ). The consumption of snack 
foods such as chocolate, pastries, or chips, which are particularly rich in carbohy-
drates (but also in fat), may have antidepressant-like effects by increasing serotonin 
levels in the brain (please see also Sect.  17.3.1 ) (Wurtman and Wurtman  1995 ). 

C. Rahe and K. Berger



291

However, the hypothesis of antidepressant-like serotonergic effects of chocolate or 
other carbohydrate-rich foods has been discussed controversially, because several 
arguments indicate fl aws in this theoretical hypothesis (Parker et al.  2006 ). 

 As one important underlying physiological explanation, the hypothalamic- 
pituitary- adrenal (HPA) axis has been proposed to play an important role as a link 
between depression, stress, appetite, and eating behavior (Whitaker et al.  2014 ). 
Depression is associated with an increased activity of the HPA axis, indicated by 
higher cortisol levels in depressed subjects compared to healthy controls (Knorr 
et al.  2010 ; Stetler and Miller  2011 ). Cortisol in turn has infl uence on our food 
choices, as there is evidence that cortisol stimulates our appetite regulation and 
predicts an overall increased food intake, particularly of palatable and energy-dense 
foods (George et al.  2010 ). However, underlying biological pathways that link 
depressive symptoms and dietary intake have not been suffi ciently understood. 
Further, there is evidence that specifi c subtypes of depression may have different 
underlying pathophysiological processes and, thus, may be related to specifi c bio-
logical parameters such as the HPA axis differently (Stetler and Miller  2011 ; Lamers 
et al.  2013 ).   

17.4     Rethinking the Diet-Depression Relationship: 
The Role of Distinct Subtypes of Depression 

 In the context of the diet-depression relationship, the role of distinct subtypes of 
depression is an important but unsolved research issue. Prior studies commonly 
treated depression as a homogeneous disease entity. Currently, this view has been 
increasingly criticized, since depression actually is a very heterogeneous illness, 
e.g., in terms of symptom profi les, clinical picture, treatment response, or underly-
ing pathophysiology (Baumeister and Parker  2012 ). Distinct subtypes of depression 
even differ in relation to nutritional aspects, e.g., in relation to appetite, craving, or 
weight management. Thus, the consideration of distinct symptom profi les and sub-
types of depression seems to be promising. 

 A variety of depression subtyping models has been described in the literature, 
such as symptom-based (e.g., melancholic and atypical depression), aetiologically- 
based (e.g., early trauma depression, perinatal depression), or time-of-onset-based 
approaches (e.g., early vs. late onset depression, seasonal affective disorder) 
(Baumeister and Parker  2012 ). Data-driven techniques on specifi c symptom dimen-
sions have proposed further subtypes but did not provide conclusive evidence of 
their existence (van Loo et al.  2012 ). 

 An established subtype classifi cation is based on the  Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition  (DSM-IV) (American Psychiatric 
Association  2000 ), which differentiates subtypes in terms of symptom profi les, e.g., 
into major depression with melancholic features or atypical features. An overview 
of the distinct symptom profi les of melancholic and atypical depression according 
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to DSM-IV is shown in Table  17.1 . As one can see, both subtypes differ in symp-
toms related to dietary aspects: Melancholic depression is characterized by 
decreased appetite and weight loss, whereas atypical depression is characterized by 
increased appetite and weight gain. Although the contrasting symptom profi les sug-
gest that diet and depression could be associated differently in distinct depression 
subtypes, prior research did hardly address this issue when examining the diet-
depression relationship.  

 In the past, literature highlighted that especially the atypical subtype is related to 
emotional eating, craving, and increased consumption of comfort foods (Moller 
 1992 ; Parker and Crawford  2007 ). In particular, symptoms such as irritability and 
rejection sensitivity, a symptom criterion for the atypical depression subtype accord-
ing to DSM-IV, have been shown to be predictors of craving for comfort foods such 
as chocolate (Parker and Crawford  2007 ). 

 One recent study examined associations between overall diet and depression 
while considering distinct depression subtypes (Rahe et al.  2015 ). In this study, no 
differences in diet quality were found between non-depressed control subjects and 
patients with depression if depression was considered as homogeneous disease con-
dition. Interestingly, differences were found after considering different subtypes of 
depression (melancholic, atypical, mixed, and undifferentiated depression). Patients 
with atypical depression reported signifi cantly poorer diet quality than patients with 
melancholic depression. In line with the results mentioned above, these differences 
were mainly explained by higher intakes of comfort foods such as chocolate and cake 
in patients with atypical depression. Furthermore, overall diet quality of patients with 
melancholic depression was signifi cantly better than of the other depression subtypes 
as well as of the non-depressed controls, suggesting that these patients may consume 

   Table 17.1    Melancholic and atypical depression according to DSM-IV (American Psychiatric 
Association 2000)   

 Criteria  Melancholic depression  Atypical depression 

 A criteria  Loss of pleasure in (almost) all 
activities (and/or) 

 Mood reactivity 

 Lack of reactivity to usually 
pleasurable stimuli 

 B criteria   Accompanied by at least three of the 
following symptoms:  

  Accompanied by at least two of 
the following symptoms:  

 Distinct quality of depressed mood  Signifi cant weight gain or 
increased appetite 

 Depression worse in the morning  Hypersomnia 

 Early morning awakening  Leaden paralysis 

 Marked psychomotor retardation or 
agitation 

 Interpersonal rejection sensitivity 

 Signifi cant anorexia or weight loss 

 Excessive or inappropriate guilt 
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less low-quality comfort foods, possibly due to their decreased appetite, which in 
turn may have positive infl uence on their overall diet quality. 

 Another special case of depressive disorders that has been examined in relation 
to overall diet is perinatal depression (also known as maternal depression), covering 
both antenatal depression during pregnancy and postnatal depression in the fi rst 
weeks or months postpartum (Baumeister and Parker  2012 ). During the perinatal 
period, women are at greater risk of experiencing mental health problems, which 
can negatively affect both the women’s and their children’s health (Leung and 
Kaplan  2009 ). Except for the special onset period, no subtype-specifi c symptoms of 
perinatal depression have been defi ned. 

 In the past, it has been proposed that nutrient defi ciencies during pregnancy, a 
phase while nutritional requirements are actually increased in order to ensure mater-
nal metabolic needs as well as adequate child growth, may be related to greater risk 
of maternal depression (Leung and Kaplan  2009 ). Such nutrient defi ciencies are 
known to be relatively common in individuals consuming Western-type diets that 
are low in vitamins and minerals (Leung and Kaplan  2009 ). A recent systematic 
review evaluated the association between overall diet quality during pregnancy and 
maternal depression during the perinatal period (Baskin et al.  2015 ). There is still 
little evidence from only a small number of studies. On the basis of the available 
literature, the authors reported that there is limited evidence for a positive associa-
tion between poor diet and antenatal depression as well as for an inverse association 
between healthy diets and antenatal depression; further, there is confl icting evi-
dence for an association between healthy diets and postnatal depression (Baskin 
et al.  2015 ).   

17.5     Interplay of Nutrition, Depression, 
and Cardiovascular Disease 

 As outlined in the previous sections, nutrition and depression are linked within a 
complex relationship. This relationship appears to be even more complex, if we 
additionally consider its interplay with the development and progression of somatic 
diseases, in particular CVD. 

 Research has shown that individuals with depression are at greater risk of an 
increased overall mortality (Cuijpers et al.  2013 ) as well as of several chronic dis-
eases such as obesity, type 2 diabetes or CVD (Penninx et al.  2013 ). Depression and 
these somatic diseases are highly comorbid and may share biological pathways. 
Moreover, these relationships are also supposed to be of bidirectional nature. A 
considerable body of evidence has pointed out that, on the one hand, patients with 
CVD have an increased risk to develop a depressive episode and, on the other hand, 
patients with depression have an increased risk to experience cardiovascular events 
later on (Hare et al.  2014 ). Currently, this is an extensively investigated research 
topic: For example, the ongoing prospective BiDirect Study was exclusively 
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designed to establish the bidirectional relationship between depression and (sub-
clinical) arteriosclerosis (Teismann et al.  2014 ). 

 The underlying pathways remain unclear, but it has been suggested that there are 
biological as well as behavioral pathways linking depression and CVD (see Fig.  17.2 ) 
(Lett et al.  2004 ; Kuehl et al.  2012 ). As pointed out in Sect.  17.2.2 , patients with 
depression may develop an overall unhealthy lifestyle with risk factor profi les that 
include obesity, poor diet, physical inactivity, and smoking (Bonnet et al.  2005 ; Kilian 
et al.  2006 ). Since the abovementioned lifestyle factors are established CVD risk fac-
tors, this condition may explain (at least to some degree) the increased risk of CVD in 
individuals with depression (Whooley et al.  2008 ; Ye et al.  2013 ; Rutledge et al. 
 2014 ). In terms of nutrition, especially low intakes of dietary fi ber, omega-3 fatty 
acids, and fruit and vegetables have been highlighted as potential meditating factors in 
the relationship between depression and CVD (Rutledge et al.  2014 ; Frasure-Smith 
et al.  2004 ). 

  Fig. 17.2    Pathways linking depression and somatic comorbidities (adapted from Lett et al.  2004 ; 
Kuehl et al.  2012 )       
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 Since distinct subtypes of depression may vary in terms to their lifestyle habits 
and anthropometric characteristics, certain subtypes may be at greater risk of devel-
oping somatic comorbidities. In this context, it has been highlighted that in particu-
lar individuals with atypical depression show unfavorable CVD risk profi les, e.g., in 
terms of poorer anthropometric measures such as higher BMI, fat mass, and waist 
circumference (Lasserre et al.  2014 ), possibly due to physical inactivity (Glaus et al. 
 2013 ) and/or increased appetite and calorie intake. Likewise, in several studies, 
atypical depression was associated with a higher prevalence of the metabolic syn-
drome, an additional important CVD risk factor (Lamers et al.  2010 ,  2013 ; Glaus 
et al.  2013 ). Overall, these fi ndings suggested that in particular patients with atypi-
cal rather than melancholic depression have unfavorable CVD risk profi les and, 
therefore, should get special attention, since this subtype of depression may be a 
strong predictor of later CVD. However, the prevention of subsequent CVD events 
in patients with depression is supposed to be challenging, since patients with depres-
sion show a poor compliance and are less likely to follow recommendations regard-
ing healthy lifestyle modifi cations (Ziegelstein et al.  2000 ).  

17.6     Implications for Public Health, Clinical Practice, 
and Future Research 

 Although there is emerging evidence on a relationship between nutrition and depres-
sion, there are several unsolved research questions and shortcomings of previous 
studies, which should be addressed in future studies. In the following, we want to 
highlight important implications for public health, clinical practice, and future 
research. 

17.6.1     Public Health 

 Because of its high prevalence and its signifi cant contribution to the global disease 
burden, the consideration of depression as a “public health priority” (Ferrari et al. 
 2013 ) is of major importance. Prior efforts to tackle the health problem of depres-
sion have primarily focused on treatment rather than on prevention. A shift toward 
a focus on multidisciplinary preventive approaches on the population level seems 
desirable and necessary (Logan and Jacka  2014 ). Lifestyle factors in general and 
diet in particular should be considered as promising intervention targets, since they 
are generally modifi able and, thus, may offer great potential for prevention. 

 In the last decades, Western societies have undergone behavioral changes toward 
physical inactivity in daily life and unhealthy dietary habits with a high consump-
tion of processed foods rich in saturated fats, added sugar, and sodium (Popkin et al. 
 2012 ; Sarris et al.  2015 ; Logan and Jacka  2014 ). Globalization of the food system 
and changes in regard to food production, transportation, and marketing were con-
tributors to this “nutrition transition” and advanced the development of a food envi-
ronment that ensures a wide availability of relatively inexpensive, palatable, 
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energy-dense, but nutrient-poor foods, whereas traditional diets with a high con-
sumption of fruit, vegetables, legumes, and whole-grain products more and more 
disappear (Popkin et al.  2012 ; Logan and Jacka  2014 ; Jacka et al.  2014b ). Key 
public health targets should include policy actions toward improving food and life-
style environments, including greater funding for programs which target on promot-
ing the implementation of healthier dietary habits back toward traditional dietary 
patterns as well as on reducing existing barriers which hinder people from engaging 
a healthier lifestyle (van Gool et al.  2007 ; Jacka et al.  2012 ,  2014b ; Sarris et al. 
 2015 ). 

 Given that there is emerging evidence on a crucial relationship between diet and 
depression, it is argued to build a shared framework for physical and mental health 
by implementing the common mental disorders (i.e., depression and anxiety) into 
the league of the highly prevalent common non-communicable diseases (Jacka et al. 
 2012 ; O’Neil et al.  2015 ). Although the existing evidence on the diet-depression 
relationship is not entirely consistent and mechanisms are not completely under-
stood, emerging studies conclude that it is “feasible and timely” to develop preven-
tion strategies involving dietary changes on population level (Jacka et al.  2012 ). 
Lessons can be learned from already existing approaches related to other chronic 
diseases (Hayward et al.  2014 ). 

 Since nutrition is related to both mental and physical health, the incorporation of 
nutrition in evidence-based prevention strategies against depression would overlap 
with already existing strategies regarding other non- communicable diseases such as 
CVD, where lifestyle factors are already well- established key contributors. 
Nevertheless, it has to be considered that depression has a multifactorial origin and 
that diet can only be one single factor in a comprehensive prevention strategy. 
However, given its high prevalence and its serious consequences, even small effects 
can be important in the prevention of depression on a population level.  

17.6.2     Clinical Practice 

 Although the call for preventive approaches is rising, the clinical management of 
patients with depressive disorders is also highly relevant. The clinical management 
of depression should more strongly incorporate the monitoring of lifestyle behav-
iors in patients with depression and give guidance to implement an overall healthy 
lifestyle including a healthy diet. Given the fact that unfavorable lifestyle habits are 
established risk factors for the development of common chronic diseases, continu-
ous monitoring of lifestyle and diet behavior should be a common part in the clini-
cal management of patients with depression. Moreover, clinical practice should also 
consider the relevance of distinct depression subtypes, since subtypes may be 
related to lifestyle habits differently and, therefore, may have different risk profi les 
for developing comorbidities. 

 Such “lifestyle medicine” approaches should be included in treatment guidelines 
next to the common fi rst-line treatments. Up to now, the clinical management of 
depression has largely been focused on pharmacological treatment and 
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psychotherapy, but rarely includes the consideration of lifestyle factors including 
diet (Berk et al.  2013a ). Given that antidepressant medications have a limited effi -
cacy and can be accompanied by side effects, alternative treatment strategies for 
mental health problems should be considered (Rucklidge and Kaplan  2013 ). Based 
on the current literature, it is demanded to implement nutritional medicine into psy-
chiatric standard practice (Sarris et al.  2015 ).  

17.6.3     Research 

 Although evidence on the diet-depression relationship arises continuously, there are 
still unsolved research questions as well as methodological shortcomings, which 
should be properly addressed in future research. Firstly, it is relevant to conduct 
methodologically sound studies in the form of RCTs and prospective observational 
studies, which should include large sample sizes, proper assessment methods (for 
both dietary and psychiatric assessment), and thorough control for potential con-
founding factors (if applicable). Moreover, these studies should consider the actual 
direction of the diet-depression relationship. Since it is argued that the link between 
diet and depression may be bidirectional (i.e., poor diet may predict depression and/
or depression may predict poor diet), research must address the issue of reverse 
causality (Jacka et al.  2015 ). 

 Furthermore, it seems important that studies apply appropriate methods for 
depression classifi cation. Prior studies on the diet-depression relationship mainly 
used depression scales in order to assess depressive symptoms as a marker of major 
depression. Only few studies applied more appropriate methods such as the clinical 
interview, which is known to be the gold standard method in depression diagnostic 
(Joiner et al.  2005 ; Stuart et al.  2014 ). 

 In this context, future research should also consider the differentiation of distinct 
depression subtypes (Penninx et al.  2013 ). Up to this point, research fi ndings on the 
diet-depression relationship are not entirely consistent. The variability of existing 
results could be partly explained by the heterogeneity of depression (Penninx et al. 
 2013 ), since distinct depression subtypes may be related to diet differently. To take 
into account subtypes of depression in research may help to prevent blurred results 
and, thus, may improve the understanding of the diet-depression relationship.   

    Conclusions 

 There is emerging evidence of a complex relationship between nutrition and 
depression, suggesting that diet plays a crucial role in the development and pro-
gression of depressive disorders. In turn, depression itself is supposed to be a 
predictor of developing an unhealthy lifestyle and unfavorable cardiovascular 
risk factor profi les including poor diet. Hence, nutrition may be one mediating 
factor in the observed link between depression and CVD. 

 Prior research on the diet-depression relationship has commonly treated depres-
sion as a homogeneous disease entity, although there is evidence that distinct sub-
types of depression vary in terms of their lifestyle habits and anthropometric 
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characteristics. In particular, atypical depression is highlighted to be character-
ized by more unfavorable cardiovascular risk profi les, including obesity, poorer 
diet, and physical inactivity, and may be at greater risk of developing somatic 
comorbidities such as CVD. As a consequence, the consideration of distinct 
depression subtypes may be helpful in order to better understand the link 
between nutrition, depression, and CVD as well as its underlying mechanisms. 

 Further research is needed to enlighten the diet-depression relationship. 
However, research is just the fi rst step and only builds the basis for further impor-
tant approaches regarding treatment and prevention of depression. There is an 
urgent need to push forward both translational medicine approaches and policy 
actions in the fi eld of nutritional psychiatry. Thus, it seems important that research 
results are disseminated to important stakeholders such as clinicians, politicians, 
and the wider public, in order to ensure that important research fi ndings can be 
implemented in clinical practice as well as in public health interventions.     
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   Abstract 
   Severe psychiatric disorders are associated with a mortality gap of 20–30 years, 
attributable to premature cardiac disease and diabetes mellitus. Both are substan-
tially related to obesity and its metabolic complications, which occur following 
the initiation of psychotropic medications, particularly antipsychotics. 

 The risk of incident heart disease in people with severe mental illness is 1.6–
2.2 times higher, with higher risk in men. The excess risk is related to higher 
rates of traditional and modifi able cardiovascular risk factors, including higher 
rates of smoking, diabetes, hyperlipidaemia, hypertension and obesity, with 
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poorer diet and greater sedentariness. This chapter reviews the major studies of 
cardiac disease in people with severe mental illness and discusses their strengths 
and limitations. 

 Diabetes risk is also increased in severe mental illness, related to greater rates 
of obesity, sedentariness and poor diet. Exposure to antidepressant medications 
and antipsychotic medications appears to increase diabetes risk 1.4- to 1.6-fold 
overall, though there is evidence that some medications have a much stronger 
association with incident diabetes. The major studies pertaining to diabetes risk 
in people with severe mental illness are discussed. 

 Strategies for detection of weight gain and metabolic decline are discussed 
and screening algorithms presented. Early detection of change in traditional and 
modifi able cardiometabolic risk factors is essential for early intervention, for the 
preservation of physical health in people with severe mental illness. Lifestyle 
intervention at psychotropic medication initiation prevents weight gain and car-
diometabolic decline. This will translate to abbreviation of the premature cardio-
vascular mortality in people with severe mental illness, as has already occurred 
in the general population.  

18.1        Introduction 

 Severe psychiatric disorders, such depression, schizophrenia and bipolar disease, 
are associated with a substantive burden of premature cardiometabolic diseases, 
including atherothrombotic cardiac disease, diabetes mellitus, hypertension, hyper-
lipidaemia and obesity. These contribute to an excess of premature mortality that 
has been estimated at 20–30 years (Colton and Manderscheid  2006 ; Thornicroft 
 2011 ; Hennekens  2007 ; Brown et al.  2010 ; Saha et al.  2007 ; Brown  1997 ). The 
majority of these deaths are attributable to cardiovascular disease (Colton and 
Manderscheid  2006 ). Of great concern, this mortality gap has widened over the last 
decade (Saha et al.  2007 ; Lawrence et al.  2013 ), despite medical advances in cardio-
vascular management and public health programmes that have benefi ted the major-
ity of the general community. 

 Public health programmes have, for over two to three decades, focused attention 
on different aspects of physical health. These include strategies for smoking preven-
tion, smoking cessation, dietary improvement, cholesterol reduction, increased 
physical activity, lipid and diabetes screening and obesity prevention and interven-
tion. The attention of primary care and general practitioners has focused on cardio-
metabolic risk factor assessment and management, with early intervention for the 
prevention of cardiovascular disease and diabetes. Medical advances in the medical 
and interventional treatment of cardiovascular disease have also reduced morbidity 
and mortality in the general population. Advances in the understanding of diabetes 
development have led to practices of early intervention in prediabetes and earlier 
detection and treatment of diabetes. These standard practices have not been as 
seamlessly shared with people with severe mental illness. 
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 The premature mortality and mortality gap from cardiovascular death in people 
with severe mental illness has been termed a “scandal” and considered by learned 
advocates to “contravene international conventions for the ‘right to health’” 
(Thornicroft  2011 ). Widespread disparities have been reported in health service 
access, service delivery and management in people with severe mental illness, 
shown to contribute substantially to poorer physical health and health outcomes. 
Multiple unmet health needs exist for people with severe mental illness, not only for 
intervention, but also for prevention. 

 International efforts are addressing the factors that promote premature cardio-
metabolic disease in people with SMI. These include mandates for regular physical 
health care, cardiometabolic screening and intervention and prevention programmes. 
Increasingly, the model of unifi ed physical and mental health care of the individual 
with severe mental illness is promoted, developing synergies and collaborations 
across multiple disciplines and allied health specialists. 

 Cardiometabolic screening, early intervention and prevention are steps towards 
redressing the excess burden of cardiometabolic disease in severe mental illness. 
This chapter will provide the reader with a detailed understanding of the cardio-
metabolic risk present in people with severe mental illness. It will examine:

   Section 18.2: Cardiometabolic diseases and obesity in severe mental illness.
    1.1.    Cardiovascular risk factors in mental illness   
   1.2.    The trajectory of cardiovascular risk factors following antipsychotic medi-

cation initiation   
   1.3.     Diabetes mellitus in severe mental illness

    1.3.1    Depression and diabetes mellitus   
   1.3.2    Antidepressant medications and diabetes risk   
   1.3.3    Psychotic illness and diabetes mellitus       

   1.4.    Weight gain, obesity and antipsychotic medications      
  Section 18.3: Screening and early intervention strategies. Algorithms that promote 

early identifi cation of people with increased cardiometabolic risk. Screening 
tools operationalised internationally will be presented.     

18.2     Cardiometabolic Diseases and Obesity in Severe 
Mental Illness 

 In people with the severe mental illnesses of depression, schizophrenia and bipolar 
disease, an excess of cardiovascular disease mortality has been shown repeatedly 
and consistently by a number of epidemiological studies (Colton and Manderscheid 
 2006 ; Saha et al.  2007 ; Brown  1997 ; Surtees et al.  2008 ; Osby et al.  2000 ; Osborn 
et al.  2007 ; Angst et al.  2002 ; Brown et al.  2000 ; Capasso et al.  2008 ; Casey et al. 
 2004 ; Laursen et al.  2009 ; Lawrence et al.  2003 ). A large meta-analysis found the 
standardised mortality rate for cardiovascular disease of 1.79 in people with schizo-
phrenia using data from 37 studies with approximately 23,000 deaths (Saha et al. 
 2007 ). An analysis of mortality in bipolar disease found similar results with a 
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standardised coronary mortality rate of 1.61 after 34–38 years of follow-up (Angst 
et al.  2002 ). Data on people with depression are consistent, with sexual dimorphism 
evident: the standardised coronary mortality rate was 1.7 in women and 2.21 in men 
(Angst et al.  2002 ). A further study reported that myocardial infarction rates were 
4.5-fold higher in men with depression (Pratt et al.  1996 ). 

18.2.1     Cardiovascular Risk Factors in Mental Illness 

 Raised cardiovascular risk in people with depression and severe mental illness are, at 
least in part, driven by factors associated with their mental illness, including sedentari-
ness (McDevitt et al.  2006 ; Lindamer et al.  2008 ; Faulkner and Cohn  2006 ; Brown 
et al.  1999 ; Daumit et al.  2005 ), high rates of smoking (Brown et al.  1999 ; de Leon and 
Diaz  2005 ; Compton et al.  2006  ; Goff et al.  2005 ) and poor diet (Brown et al.  1999 ; 
Casagrande et al.  2011 ). An additional factor is the effect of medications in promoting 
weight gain, with its consequent effects on a deteriorated cardiometabolic profi le. 

 The lifestyle factors promoting a greater risk cardiometabolic risk are important 
to understand. A number are listed in Table  18.1 .

   The lifestyle behaviours manifested by people with severe mental illness include 
sedentariness and lower physical activity, which defi ne risk for a great number of 
chronic diseases as well as physical health outcomes. For example, less than 30 % 
of adults with schizophrenia take part in regular physical activity compared to 62 % 
of those without schizophrenia (Lindamer et al.  2008 ). Further, less than 25 % of 
adults receiving antipsychotic medications meet the recommended 150 min of mod-
erate intensity exercise per week (Faulkner and Cohn  2006 ). Extrinsic factors pro-
moting sedentariness are similar to those shared with the rest of the community, 
such as lack of access to areas for exercise, perceptions of environmental danger and 
low physical activity literacy; however, some factors that are intrinsic to the mental 
illness may contribute, such as paranoia and social phobias, or its treatment (such as 
the sedating effects of some medications).  

18.2.2     The Trajectory of Cardiovascular Risk Factors 
Following Antipsychotic Medication Initiation 

 Lifestyle factors aside, the published literature demonstrates rapid onset of meta-
bolic disturbances induced within as short a period as 12 weeks after initiation of 
antipsychotic medications on blood lipids (Perez-Iglesias et al.  2007 ). Detrimental 
effects are seen on insulin resistance within the fi rst year of treatment (Perez-
Iglesias et al.  2009 ). Increases in insulin resistance are predicted by the gain in 
adiposity following initiation of antipsychotic medications (Haupt et al.  2007 ; 
Newcomer et al.  2009 ). Antipsychotics have also been shown to induce fasting and 
postprandial hyperinsulinaemia within 12 days and prior to any weight gain 
(Teff et al.  2013 ). Importantly, the latter study was conducted in volunteers without 
psychiatric disease, indicating that adverse metabolic effects are independent of 
mental illness. 
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   Table 18.1    Contributors to cardiometabolic risk in people with severe mental illness   

 Factor  Mechanisms 

 Antipsychotic and antidepressant medications  • Increased appetite and lower satiety 

 •  Weight gain and induction of overweight/
obesity 

 • Hypertriglyceridemia 

 • Hyperinsulinaemia 

 • Hyperglycaemia 

 • Sympathetic activation (antidepressants) 

 •  Sedation (antidepressants and 
antipsychotics) 

 Sedentary lifestyle 

  Extrinsic to mental health :  Social exclusion and isolation 

 • Lack of access to areas for physical activity 

 • Perception of lack of safety 

 • Low literacy on physical activity 

  Intrinsic to mental health and its treatment:   • Sedating effects of medication 

 • Impaired and reduced motivation 

 •  Symptoms of psychosis (delusions and 
hallucinations limiting activity) 

 Poor nutrition  • Lower healthy eating literacy 

 • Lower food preparation literacy 

 • Restricted access to fresh food 

 • Restricted access to cooking facilities 

 •  Impaired and reduced motivation (illness or 
medication) 

 • Financial restraint/poverty 

 Smoking continuance  • Disparities in offering of smoking cessation 

 Disparities in health care access: primary care  • Financial restraint/poverty 

 • Challenging waiting room environments 

 • Challenges in engagement, bidirectional 

 • Challenges in treatment: late presentation 

 • Treatment discrimination (see below) 

 Disparities in health care access: 
specialist care 

 • Poverty/fi nancial restraint 

 • Diffi culties in negotiating hospital systems 

 • Challenging waiting room environments 

 • Challenges in engagement, bidirectional 

 • Challenges in treatment: late presentation 

 • Treatment discrimination (see below) 

 Disparities in health care access: prevention 
and early intervention 

 • Poor engagement 

 • Late presentation: lost opportunities 

 • Few specifi c programs 

 • Treatment discrimination (see below) 

 Disparities in receiving benchmark health 
services (Treatment discrimination) 

 • Entrenched clinician attitudes of hopelessness 

 • Non-prescription when indicated 

 •  Fewer treatment-to-target medication 
changes 
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 Higher rates of metabolic syndrome are also observed in a multitude of studies and 
reports (Correll et al.  2006 ,  2008 ; De Hert et al.  2006 ,  2008 ,  2009 ; Vancampfort et al. 
 2013 ; Patel et al.  2009 ; Fleischhacker et al.  2013 ; Meyer et al.  2008 ; Newcomer et al. 
 2004 ; Newcomer  2005 ,  2007 ). A large meta-analysis reported the rates of cardiometa-
bolic abnormalities in people with medication-naïve fi rst-episode psychosis and 
multi-episode psychosis, compared with rates in the general population (Vancampfort 
et al.  2013 ). Data from over 185,000 unique individuals with schizophrenia were ana-
lyzed, with general population control data from nearly 4,000,000 people. Rates of 
hypertension were similar in both fi rst- and multi-episode psychosis (36 % and 41 %, 
respectively) and higher than that observed in the general population, with a calcu-
lated odds ratio of 1.36. Rates of hypertriglyceridaemia in multi-episode psychosis 
were substantially higher than that in fi rst-episode psychosis (39 % compared to 
11 %). The odds ratio for hypertriglyceridaemia in multi- episode psychosis was 2.73 
compared to the general population. Rates of abnormally low HDL-cholesterol in 
fi rst- and multi-episode psychosis were 16 % and 42 %, respectively. The odds ratio 
for abnormally low HDL-cholesterol in multi-episode psychosis was 2.35 compared 
to the general population (Vancampfort et al.  2013 ). These analyses represent a syn-
thesis of data from 136 studies and support the fi ndings from a plethora of studies 
indicating a deteriorated profi le of modifi able cardiovascular risk factors. 

 In addition to the evidence for a more prevalent and early deterioration of traditional 
cardiovascular risk factors, there is also evidence that medication type infl uences cardio-
vascular end points in people with severe mental illness. Second-generation antipsy-
chotic medications appear to load a greater risk on incident hypertension, hyperlipidaemia, 
heart disease and stroke, compared to antidepressant medications (Correll et al.  2015 ). 
In an analysis of health outcomes derived from a health-care claims database, data from 
over 284,000 people aged 18–65 years were examined. Over 31,000 had exposure to 
second-generation antipsychotic medications, and over 253,000 had exposure to antide-
pressant medications. Following adjustment for multiple important covariates, including 
sex, age and mental illness, the hazard ratios for people exposed to antipsychotics com-
pared to antidepressants were 1.16 for hypertension, 117 for coronary artery disease, 
1.34 for hypertensive heart disease and 1.46 for stroke (Correll et al.  2015 ). These data 
suggest that medication type adds a further factor to the determinants of cardiovascular 
and metabolic risk in people with severe mental illness. 

 The documented high rates of cardiometabolic risk factors in people with severe 
mental illness together with the evidence of premature death from cardiovascular 
disease have cemented international efforts for cardiovascular risk factor screening 
and intervention in people with severe mental illness. This will be discussed in 
detail in Sect. 18.3 of this chapter.  

18.2.3     Diabetes Mellitus in Severe Mental Illness 

 Diabetes mellitus (diabetes) is a common condition of elevated glucose level devel-
opment when the pancreas is unable to secrete suffi cient insulin to meet needs. 
Insulin need is determined by an individual’s insulin resistance and dietary intake. 
Insuffi cient insulin secretion can be absolute (ketosis-prone or type 1 diabetes) or 
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relative (non-ketotic or type 2). Table  18.2  shows the international diagnostic cut- 
offs for a diagnosis of diabetes. 

  Type 1 diabetes mellitus is frequently due to autoimmune destruction of the 
insulin- secreting beta cells in the pancreas, but can also be due to pancreatic damage 
(recurrent pancreatitis, cystic fi brosis, trauma or surgery). The onset of type 1 dia-
betes mellitus is often in childhood or youth, but even the autoimmune form can 
occur in late adulthood (latent autoimmune diabetes of adulthood). Type 2 diabetes 
mellitus most frequently occurs in adulthood, has a strong genetic background and 
its time of onset is accelerated by lifestyle factors such as obesity and sedentariness. 
In the context of the global epidemic of obesity, type 2 diabetes mellitus is occurring 
in younger and younger people, even in childhood. Type 2 diabetes is often pre-
ceded by a 5–10-year prodrome of “prediabetes”, which can be detected as impaired 
fasting glucose or impaired glucose tolerance (Table  18.2 ). If prediabetes is detected, 
a number of effi cacious strategies can be undertaken to prevent progression to overt 
diabetes mellitus. Proven interventions that substantially reduce diabetes risk in 
people with prediabetes include modest weight reduction through caloric restriction 
and increased physical activity, with additional benefi t demonstrated with concomi-
tant treatment with the medication metformin (Knowler et al.  2002 ). 

 Diabetes carries an increased risk of macrovascular and microvascular complica-
tions. Both macrovascular and microvascular complications are often present at the 
time of type 2 diabetes diagnosis, indicating that the lipid, glycaemic and infl amma-
tory disturbances present during the prodrome of diabetes adversely affect large and 
small calibre vascular health. The microvascular complications of hyperglycaemia 
include retinopathy, nephropathy and neuropathy. Further, high glucose levels 

     Table 18.2    International criteria for diagnosis of diabetes mellitus and other glucose disorders   

 Fasting glucose a   2 h glucose b   Random glucose  HbA1c 

 Normal  WHO: 
 <6.0 mmol/L 
 ADA: 
 <5.6 mmol/L 

 Diabetes 
mellitus 

 >7.0 mmol/L 
 >126 mg/dL 

 >11.1 mmol/L 
 >200 mg/dL 

 >11.1 mmol/L 
 >200 mg/dL 
 with symptoms c  

 >6.5 % 

 Impaired fasting 
glucose 

 WHO: 
 6.0–6.9 mmol/L 
 ADA: 
 5.6–6.9 mmol/L 
 100–125 mg/dL 

 Impaired 
glucose 
tolerance 

 7.8–11.0 mmol/L 
 140–200 mg/dL 

    a Fasting is defi ned as no caloric intake for at least 8 h 
  b Following a 75 g anhydrous glucose load dissolved in water 
  c Symptoms can includepolyuria, polydipsia or unexplained weight loss 
  HbA1c  glycated haemoglobin 
  ADA  American Diabetes Association 
  WHO  World Health Organisation  
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impair cognition and mental functioning and cause fatigue. Diabetes is also associ-
ated with rates of depression, in a bidirectional relationship that is under intense 
investigation discussed below. 

 Diabetes is a challenging condition that requires daily attention. Diabetes care 
focuses on education for self-care and monitoring, careful eating to manage glucose 
levels and address obesity, medications for glucose control and cardiovascular risk 
reduction and complications screening. In this regard, people suffering from mental 
illness are those most vulnerable to poor outcomes from diabetes including compli-
cations, as capacity for self-care and health-seeking behaviours may be impaired, 
limited or constrained. 

18.2.3.1     Diabetes and Depression 
 Depression frequently accompanies diabetes and vice versa. For example, studies of 
people attending a diabetes outpatient service have reported that about one third 
meet criteria for a subthreshold or a major depressive disorder (Fisher et al.  2008 ; 
Ali et al.  2006 ; Nouwen et al.  2010 ; Pouwer et al.  2010 ). Further, people with 
depression more frequently also have diabetes (Holt et al.  2009 ). This bidirectional 
relationship that has been observed between diabetes and depression has been under 
intense examination to determine whether one promotes the other or whether there 
are shared underlying mechanisms. 

 A number of risk factors are shared between diabetes and depression, including 
smoking, higher caloric intake and sedentariness (Strine et al.  2008 ). Depression is 
also characterised by a number of physiological disturbances which promote insulin 
resistance and diabetes risk. These include altered stress hormone physiology, 
including overactivation of the sympathetic system, the adrenal medulla and the 
hypothalamic-pituitary-adrenal axis, in addition to increased circulating pro- 
infl ammatory cytokines (Golden  2007 ). 

 Synchronous diabetes and depression augur for worse outcomes. An increased 
mortality risk has been reported in people with both diabetes and depression (Katon 
et al.  2005 ). A number of factors appear to contribute to the observed increase in 
mortality risk; these include suboptimal diabetes management and self-care 
(Ciechanowski et al.  2000 ) in addition to greater fi nancial health-care burden (Egede 
et al.  2002 ) contributing to worse sociodemographic determinants of health.  

18.2.3.2     Antidepressant Medications and Diabetes Risk 
 In addition to the shared risk factors between depression and diabetes, antidepressant 
medications are implicated in diabetes risk. Medications currently used to treat 
depression fall into three pharmacological categories: tricyclic antidepressants, sero-
tonin-selective reuptake inhibitors and noradrenaline-selective reuptake inhibitors 
(Table  18.3 ). The data suggest that all pharmacological classes of antidepressant 
medications are associated with weight gain and insulin resistance (Serretti and 
Mandelli  2010 ), which increase diabetes risk. The literature contains a large number 
of cross-sectional studies, case-controlled studies, prospective observational studies 
and subgroup comparisons of randomised intervention studies that support an asso-
ciation between antidepressant medications and diabetes (Andersohn et al.  2009 ; 
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Barnard et al.  2013 ; Kivimaki et al.  2010 ; Pan et al.  2012 ; Pyykkonen et al.  2012 ; 
Raeder et al.  2006 ; Rubin et al.  2008 ,  2010 ). However, these studies do not establish 
causation (Barnard et al.  2013 ). Further, the majority of randomised controlled trials 
of antidepressants have actively excluded people with diabetes. 

  Cross-sectional studies showed an association between antidepressant use and 
elevated 2-h glucose levels, higher blood lipid levels, blood pressure and waist cir-
cumference (Pyykkonen et al.  2012 ) and a 40 % higher rate of diabetes in people 
receiving antidepressant medications (Raeder et al.  2006 ). 

 Considering the data in case-controlled studies, a number of studies have consis-
tently shown that people receiving antidepressant medications have a doubling of 
diabetes risk. The UK General Practice Research Database has provided extremely 
useful data, showing that diabetes risk was increased by about 80 % in the 165,000 
people treated with antidepressants, compared to healthy controls (Andersohn et al. 
 2009 ). An important aspect of this large study was that diabetes ascertainment was 
not by universal screening, but by recorded diabetes diagnosis, abnormal HbA1c or 
antidiabetic medication prescription. As is a common ascertainment limitation in 
many observational studies, universal fasting glucose or HbA1c levels were not 
evaluated. An interesting fi nding of this study was that diabetes risk was similar 
between the pharmacological classes or selective serotonin reuptake inhibitors and 
tricyclic antidepressants, and further, the risk of diabetes appeared to be mitigated 
by shorter duration of antidepressant exposure. 

 A further enlightening study in people with depression sought to determine what 
factors were associated with diabetes development, with careful matching of con-
founders including age, sex, sociodemographic and occupational status (Kivimaki 
et al.  2010 ). The study found that antidepressant use was associated with twofold 
increased risk of incident diabetes in those with milder forms of depression and a 
threefold diabetes risk increase in those with severe depression. In contrast, in peo-
ple with depression who did not receive antidepressant therapy, the risk of incident 
diabetes was only increased by 20 % (Kivimaki et al.  2010 ). 

   Table 18.3    Medications used to management severe mental illness that can impact weight and 
cardiometabolic risk   

 Antipsychotics  Antidepressants  Mood stabilisers 

 First generation  Second generation  Tricyclics  SSRI/NSRI 

 Haloperidol  Aripiprazole  Amitriptyline  Citalopram   Anticonvulsants  

 Chloropromazine  Clozapine  Amoxapine  Escitalopram  Sodium valproate 

 Perphenazine  Risperidone  Doxepin  Fluoxetine  Topiramate 

 Fluphenazine  Quetiapine  Imipramine  Paroxetine  Valproic acid 

 Thioridazine  Olanzapine  Nortriptyline  Sertaline  Lamotrigine 

 Clozapine  Trimipramine  Venlafaxine 

 Amisulpride   Others  

 Ziprasidone  Lithium 
carbonate 

    SSRI  serotonin-selective re-uptake inhibitors 
  NSRI  noradrenaline-selective re-uptake inhibitors  
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 The largest prospective observational study to date is represented by pooled data 
from the Nurses’ Health Study I, Nurses’ Health Study II and the Health Professionals 
Study, with follow-up of in excess of 1.6 million person-years (Pan et al.  2012 ). It 
was found that the incident diabetes risk was almost tripled in women receiving 
antidepressant medications but that risk estimates were reduced after adjusting for 
traditional diabetes risk factors of BMI, lipids and hypertension (Pan et al.  2012 ). 

 Diabetes prevention interventions have also provided interesting data that add to 
the concerns that antidepressant medication increase diabetes risk. The Diabetes 
Prevention Program was a large-scale intervention that randomised people with pre-
diabetes to either intensive lifestyle intervention (dietary change, increased physical 
activity and modest weight loss) with and without metformin, standard lifestyle 
intervention with and without metformin or metformin alone. The Program showed 
that intensive lifestyle intervention reduced the risk of progression of prediabetes to 
overt diabetes by approximately 50 % (Knowler et al.  2002 ). The addition of met-
formin to intensive lifestyle intervention augmented diabetes prevention (Knowler 
et al.  2002 ). The wealth of data collected in the Diabetes Prevention Program has 
since been interrogated to examine whether antidepressant therapy affected incident 
diabetes rates within the randomisation framework (Rubin et al.  2008 ). Only partici-
pants with mild depression were included in the Program. Those taking antidepres-
sant medications and randomised to lifestyle intervention alone (either intensive or 
standard) had incident diabetes rates that were two- to fourfold higher than partici-
pants in the same intervention group who were not receiving antidepressants. 
However, participants taking antidepressant medications who were randomised to 
any metformin-containing intervention arm had similar incident diabetes risk to 
those not taking antidepressants (Rubin et al.  2008 ). These data support that metfor-
min blunts the diabetes risk increase that has been observed with antidepressants 
medications. Further, these data suggest the diabetes risk associated with antide-
pressants is not blunted by lifestyle measures alone. 

 Ten-year follow-up data are also available from the Diabetes Prevention Program, 
with 82 % of the original cohort re-examined. Analyses showed that continuous 
antidepressant medication use was associated with a more than doubling of incident 
diabetes risk in participants on lifestyle intervention alone, with diabetes risk 
reduced by metformin (Rubin et al.  2010 ). These very interesting data cannot be 
extrapolated to people with severe depression, since they were actively excluded 
from the Diabetes Prevention Trial.  

18.2.3.3     Psychotic Illness and Diabetes Mellitus 
 A number of studies have documented people receiving antipsychotic medications 
have a two- to fi vefold higher risk of incident diabetes (Gianfrancesco et al.  2003 ; 
Kessing et al.  2010 ; Lambert et al.  2006 ; Nielsen et al.  2010 ; Ramaswamy et al. 
 2006 ; Smith et al.  2008 ; Yood et al.  2009 ; Bobo et al.  2013 ). In examining the pub-
lished literature, it is important to recall that the standard risk factors for diabetes 
include obesity, family history, sedentariness and an energy dense diet. Thus, any 
risk estimate of diabetes in severe mental illness treated with antipsychotic medica-
tions needs to be considered for covariates included in the analyses. The literature 
on antipsychotic medications and weight gain is reviewed below. 
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 Diabetes diagnosis relies on testing fasting glucose levels, glucose levels following 
an oral glucose load or, more recently, testing of glycated haemoglobin (HbA1c). The 
diagnostic cut-offs used internationally are summarised in Table  18.2 . A challenge in 
interpreting the published literature that describes diabetes risk in severe mental ill-
ness is ascertainment. For example, most studies have not screened all participants, 
relying on self-report or reported use of antidiabetic medications. This may miss peo-
ple with undiagnosed diabetes. Further, most studies testing glucose levels have not 
performed glucose tolerance tests. The use of glycated haemoglobin has only recently 
been promulgated and has the advantage of not relying on fasting. A further challenge 
is the adequacy of the control group, which may in itself have a higher diabetes risk. 

 In examining the literature, generational differences are evident between anti-
psychotic medications, with second-generation antipsychotic medications consis-
tently showing higher risk for diabetes. For example, the risk of diabetes with 
second-generation medications was 1.3, compared to fi rst-generation medications 
(Smith et al.  2008 ). Studies have also identifi ed specifi c antipsychotic medications 
as promoting greater diabetes risk. For example, clozapine has been found to be 
associated with the highest risk for diabetes, with relative risk of diabetes of 1.45 
(compared to the general population) (Kessing et al.  2010 ). Olanzapine and risperi-
done also increase diabetes risk (1.29- and 1.23-fold, respectively) (Kessing et al. 
 2010 ). By contrast, aripiprazole, amisulpride and quetiapine use was associated 
with diabetes risk that was similar to normal population (Kessing et al.  2010 ). 

 Systematic review of 22 RCTs of different APM against placebo suggest no 
particular agent promoted diabetes incidence; however, most trials were of short 
duration. In contrast, post-marketing data from the Federal Drugs Administration 
has demonstrated diabetes-related adverse outcome reporting ratios that are sub-
stantially higher for olanzapine (ORR, 9.6), risperidone (ORR, 3.8), quetiapine 
(ORR, 3.5), clozapine (ORR, 3.1), ziprasidone (ORR, 2.4), aripiprazole (ORR, 2.4) 
and haloperidol (ORR, 2.0) (Baker et al.  2009 ). Post-marketing reporting biases are 
acknowledged, however, along with confounding by preferentially prescribing 
“low-risk” agents to people considered at “high-risk” of diabetes. 

 In this regard, studies of glucose levels following antipsychotic initiation in fi rst- 
episode psychosis are helpful in overcoming the challenges of prescribing biases and 
past medication exposures. A large study of 7,139 people with fi rst-episode psychosis 
from the Danish Psychiatric Central Research Registry reported greater rates of diabetes 
with olanzapine and clozapine, following a mean of 6.6 years (Nielsen et al.  2010 ). 
Diabetes ascertainment was by attendance to a diabetes clinic or initiation of antidia-
betic medication. Controls were registry participants without diabetes. The risk of inci-
dent diabetes within the fi rst year of exposure was 1.41 for olanzapine and 1.6 for 
fi rst-generation antipsychotic medications (periciazine, perphenazine, prochlorperazine 
and zuclopenthixol), compared to registry participants not taking these medications 
(Nielsen et al.  2010 ). The risk of diabetes within 3 months of antipsychotic medication 
initiation was 1.44 for olanzapine and 1.67 for clozapine (Nielsen et al.  2010 ). 

 Further, the literature supports greater risk of diabetes in younger antipsychotic 
medication recipients. For example, the risk of diabetes in youth <24 years of age 
treated with antipsychotic medication is increased 8.9-fold, compared to children 
and youth not receiving these medications (Hammerman et al.  2008 ). A second 
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study of children and youth receiving antipsychotic medications for a range of dis-
orders reported a threefold higher diabetes incidence, compared to age-matched 
controls receiving other psychotropic medications (mostly antidepressant medica-
tions) (Bobo et al.  2013 ). The study included large numbers of children and youth 
treated with antipsychotic medications for nonpsychotic illnesses, including behav-
ioural disorders. This study also found that the onset of diabetes was rapid, within 
12 months of antipsychotic medication initiation (Bobo et al.  2013 ). Importantly, as 
antidepressant medications also associated with increased diabetes risk, estimates 
of the risk of diabetes were likely to be underestimated (Samaras et al.  2014 ). 
Further, ascertainment relied on insurance records of antidiabetic medications. 
Routine glucose screening was not undertaken and symptomatic presentation 
prompted diabetes diagnosis. It is relevant to consider that symptomatic presenta-
tion of diabetes occurs when the renal glucose threshold is surpassed, producing 
polyuria and thirst. In children and youth, the renal threshold is crossed at glucose 
levels exceeding 17–18 mmol/L. Without universal glucose screening, the real inci-
dence of diabetes was likely to have been underestimated due to undiagnosed cases 
(Samaras et al.  2014 ). 

 In summary, the risk of diabetes is increased in people with depression, severe 
mental illness and recipients of antidepressant and antipsychotic medications. The 
elevated risk of premature-onset diabetes in people with depression and severe men-
tal illness requires regular glucose screening. Glucose screening in all recipients of 
psychotropic and antipsychotic medication is now part of international initiatives to 
improve physical health in people with severe mental illness (De Hert et al.  2011a , 
 2012 ; Curtis et al.  2012 ; Pringsheim et al.  2011b ).   

18.2.4     Weight Gain and Antipsychotic Medications 

 A body of epidemiological evidence shows that people with severe mental illness 
have higher risk of obesity, with the risk of obesity (body mass index >30 kg/m 2 ) 
estimated at 2.8–3.5 higher than the general population for schizophrenia (De Hert 
et al.  2011b ) and 1.2–1.5 times higher in bipolar disorder (Maina et al.  2008 ). 

 All antipsychotic medications can cause weight gain. Whilst fi rst- and second- 
generation antipsychotic medications differ for their potential to induce severe 
motor complications, both classes appear to be for capacity to produce weight gain 
and metabolic risk. Rates of obesity in youth receiving antipsychotics are alarming, 
with overweight and obese rates 55 % in males and 42 % in females in a fi rst- episode 
psychosis youth cohort after a median of 8 months of antipsychotic medication 
(Curtis et al.  2011b ). Body mass index was directly related to the length of medica-
tion exposure (Curtis et al.  2011b ). 

 Longitudinal controlled studies that report metabolic outcomes in treatment- 
naïve patients with fi rst-episode psychosis following antipsychotic initiation show 
that substantial weight gain occurs in the majority of patients rapidly. Table  18.4  
shows the weight gain by antipsychotic medication and observation duration in a 
number of prospective observational studies, with the majority of studies 
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performed in antipsychotic-naïve patients. All studies consistently showed weight 
gain over the observation period, which varied from 11 to 104 weeks (Table  18.4 ). 
For example, a study of 272 antipsychotic-naïve youth showed signifi cant weight 
gain over approximately 11 weeks for all four antipsychotic medications studied: 
aripiprazole, olanzapine, quetiapine and risperidone (Correll et al.  2009 ). Weight 
gain ranged from 4.4 kg (3.7–5.2) on aripiprazole to 8.5 kg (7.4–9.7) on olanzap-
ine, signifi cantly higher than the 0.2-kg weight gained in the control group (Correll 
et al.  2009 ). 

  Signifi cant and rapid weight gain was reported in a further study of 400 treatment- 
naïve participants in the 12 weeks after antipsychotic medication initiation: of 3.9 kg 
with risperidone, 3.6 kg with quetiapine and 7.1 kg with olanzapine (Patel et al. 
 2009 ). Another large study of treatment-naïve people with fi rst-episode psychosis 
reported high rates of clinically adverse weight gain (>7 %) from baseline weight by 
12 months: in 86 % of olanzapine recipients, 65 % of quetiapine recipients, 53 % of 
haloperidol recipients and 37 % of all ziprasidone recipients (Kahn et al.  2008 ). 

 A systematic critical appraisal of the published literature of studies in people 
with fi rst-episode psychosis and chronic psychotic disorders showed that the rapid-
ity and degree of weight gain was inversely related with disease chronicity, evaluat-
ing weight observations made in randomised controlled trials (Alvarez-Jimenez 
et al.  2008 ). The weight gain occurring within 12–24 months following medication 
initiation in fi rst-episode psychosis ranged 10.2–15.4 kg with olanzapine, 6.6–8.9 
with risperidone and 4.0–9.7 kg with haloperidol (Alvarez-Jimenez et al.  2008 ). In 
contrast, the weight gain observed with the same medications over 12–18 months 
was substantially less in patients chronically treated with these medications: 2.0–
6.2 kg with olanzapine, 0.4–3.9 kg with risperidone and −0.7 to 0.4 kg with halo-
peridol (Alvarez-Jimenez et al.  2008 ). In considering these data, it is important to 
note that chronic patients started their weight trajectory at a higher weight than 
treatment-naïve patients. The same study showed that clinically signifi cant weight 
gain was found in up to 60 % of treatment-naïve individuals in the fi rst 10–16 weeks 
of treatment, increasing to 60–100 % after 1–2 years of antipsychotic medication 
exposure (Alvarez-Jimenez et al.  2008 ). 

 The European First-Episode Schizophrenia Trial (EUFEST) randomised young 
people with fi rst-episode psychosis to amisulpride, haloperidol, olanzapine, quetiap-
ine or ziprasidone (Fleischhacker et al.  2013 ). A large proportion of participants 
(67 %) had prior but only short-term antipsychotic medication exposure. At 52 weeks, 
the average weight gains observed in increasing order were: ziprasidone 2.5 kg, halo-
peridol 6.4 kg, quetiapine 7.1 kg, amisulpride 7.7 kg and olanzapine 11.2 kg 
(Fleischhacker et al.  2013 ). Of concern, rapid weight gain is also observed in treat-
ment-naïve paediatric populations (Correll et al.  2009 ; Sikich et al.  2008 ). Greater 
metabolic disturbances including weight gain and hyperglycaemia are observed with 
clozapine and olanzapine (Gohlke et al.  2012 ; Rummel-Kluge et al.  2010 ). 

 The effects of obesity on seeding future diseases is well known, particularly 
where its onset is in relative youth – for dyslipidaemia, dysglycaemia and hyperten-
sion (Weiss et al.  2004 ). Early onset obesity predicts adult coronary artery disease. 
The early and adverse effects of these medications on weight, obesity, lipids and 
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Smoking

Current
smoker 

Brief
individual

intervention  

Smoking
cessation
program 

quitnow.info.au

Lifestyle

Poor diet

AND/OR

Sedentary
lifestyle 

Weight 

BMI (kg/m2)
> 25

AND/OR

Weight ↑> 5kg

Waist 

Male≥94 cm*
Female≥80 cm

AND/OR

Waist ↑> 5 cm 

Structured nutritional counseling and modify lifestyle

Blood
pressure 

>140 systolic

AND/OR

>90 diastolic

Fasting blood
glucose 

> 5.6 mmol/L

5.6-6.9: at risk
Consider metformin

>7.0 Diabetes
Endocrine review;

monitor HbA1c
3 monthly  

Fasting
blood lipids 

>6.5 T Chol

(>5.5 T Chol if
diabetic) 

>2.0 Trig

Consider statin

Fibrate for
triglycerides 

No periods
for 3 

months^
acne

hirsutism 

?Normal
prolactin

Consider
metformin
(adequate

contraception
if sexually
active)   

Obesity

Target

Smoking
cessation 

Target

Improve
quality of diet 

Contain
energy intake

Daily exercise

Target

BMI 20–25 and
WC <94 males* 

< 80cm females

Target

Fasting glucose
≤5.5 mmol/L 

If diabetic:
HbA1c <7%

Target

TChol  ≤5.5
mmol/L 

LDL ≤ 4 mmol/L

Trig ≤1.6 mmol/L

Consider antipsychotic switching; review medications and rationalize any polypharmacy

Target

Regular
menstrual

cycle 

Curtis J, Newall H, Samaras K. HETI 2011

Consider
anti-

hypertensive 

Target

< 140/90
mmHg 

(< 130/80 if
diabetic) 

* for south Asians, Chinese, south and central American and Japanese individuals, recommend WC target < 90cm
^ for premenopausal women       

Consider
metformin

Polycystic
ovary

syndrome  

Screen cardiometabolic risk factors using screening 
tool (eg Waterreus, et al 2009, Curtis et al 2009 
SESLHD); examine and investigate 3 monthly on 
all clients on psychotropic medications.

NB additional considerations for those on mood
stabilizers & clozapine not included here and need
to be performed (eg medication plasma levels,
TFT’s UEC’s, ECHO, etc)  

Always involve general practitioner, and, where 
appropriate and possible refer to specialist (eg 
dietitian/ physician/ diabetic clinic/ exercise
physiologist).  

NB: some drugs used in metabolic disease 
treatment are contraindicated in pregnancy (eg 
some antihypertensives and lipid lowering drugs). If
your patient on any metabolic medications is
considering pregnancy, please discuss with their  
GP 

Specific pharmacological interventions:

Consider metformin if:
 •Impaired glucose
 •PCOS
 •Obesity or rapid weight gain

Metformin therapy: start at 500mg x ½ tablet
before breakfast and dinner for two weeks then
increase to 500mg bd. Dose can beincreased to a
maximum of 3 grams daily, though as this is off
label treatment, no adverse effects should be 
tolerated. If side-effects of nausea, abdominal 
cramping, shift to after meal.       

Lipid lowering therapy: (use PBS guidelines)

Statin initiation doses for cholesterol lowering:
simvastatin 10 mg nocte atorvastatin 10mg nocte
pravastatin 10mg nocte rosuvastatin 10 mg nocte  

Fibrate therapy for triglyceride lowering:
gemfibrozil 600 mg bd fenofibrate 145 mg mane  

Anti hypertensive therapy: multiple agents are
available. Liaise with the GP who can monitor. 

Vitamin D:
•<50 nmol/L: replenish stores: cholecalciferol 4,000 
IU per day for one month;  

•Maintenance: 1,000 IU daily. Target >80nmol/L.

Interventions: 

Nutritional counseling:  reduce take away and
junk food, reduce energy intake to prevent weight
gain, stop soft drinks and juices, increase fibre 
intake.  

Physical activity: structured education-lifestyle 
intervention. Advise daily physical activity: eg 30 
minutes of walking. 

If unsuccessful after 3 months in reaching targets,
then consider switching and medication
interventions below  

Switching: consider switching to a more weight 
neutral medication.  Review diagnosis and ensure
ongoing need for all psychotropic medications.  

History: smoking, exercise, diet, FHx (diabetes,
obesity, CVD), gestational diabetes, ethnicity,
Polycystic ovary syndrome  

Then at least 3 monthly

Examination: weight, BMI, waist circumference, BP

Investigations: fasting blood glucose and lipids:
total cholesterol (TChol); LDL, HDL, triglycerides 
(Trig); Vitamin D (twice per year). 

Don’t just SCREEN Æ

INTERVENE

for all patients in the

“red zone”

Authors: Curtis J, Newall H, Samaras K. © HETI 2011

References: Alberti K, Zimmet P, Shaw J. “The metabolic syndrome -a new worldwide definition”. Lancet.2005; 366: 1059-62.Correll, C. U., P. Manu, et al. "Cardiometabolic risk of second-
generation antipsychotic medications during first-time use in children and adolescents".JAMA. 2009;302: 1765-1773. De Hert M, Dekker JM, Wood D, et al. “Cardiovascular disease and 
diabetes in people with severe mental illness position statement from the European Psychiatric Association (EPA), supported by the European Association for the Study of Diabetes (EASD) 
and the European Society of Cardiology (ESC)”. European Psychiatry. 2009; 24: 412-24.Newall H,Myles N,Ward PB,Samaras K,Shiers D,Curtis J. “Efficacy of metformin for prevention of
weight gain in psychiatric populations: a review”.Int Clin Psychopharmacol.2012; 27: 69-75.Newcomer JW, Hennekens CH. “Severe Mental Illness and Risk of Cardiovascular Disease”.
JAMA. 2007; 298: 1794-6. Waterreus AJ, Laugharne JD. “Screening for the metabolic syndrome in patients receiving antipsychotic treatment: a proposed algorithm”. MJA. 2009; 190:185-9.
Wu, R. R., J. P. Zhao, et al. “Lifestyle intervention and metformin for treatment of antipsychotic-induced weight gain: a randomized controlled trial”. JAMA.2008;299:185-193.

For online access to this fact sheet, please visit http://www.heti.nsw.gov.au/cmalgorithm

  Fig. 18.1    Positive cardiometabolic health. An early intervention framework. “Don’t Just Screen, 
Intervene”       
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insulin metabolism are major contributors to the seeding of diseases such as cardio-
vascular disease, diabetes and possibly future cancer.   

18.3     Screening for Cardiometabolic Disease in People 
with Severe Mental Illness 

 The high prevalence of modifi able cardiometabolic risk factors in people with 
severe mental illness is driven by weight gain, but also to lack of screening and 
under-treatment. The key to reducing cardiometabolic complications in people 
with mental illness relies on the prevention or attenuation of weight gain and, 
most importantly, screening and intervention. Numerous authors and national 
bodies have recommended screening for early identifi cation of modifi able car-
diometabolic risk in people with severe mental illness (De Hert et al.  2009 , 
 2011a ,  b ; Curtis et al.  2012 ; Pringsheim et al.  2011a ,  b ; Crawford et al.  2014 ; 
American Diabetes Association, American Psychiatric Association, American 
Association of Clinical Endocrinologists, North American Association for the 
Study of Obesity  2004 ). 

 A review of the published literature demonstrates considerable variation in the 
rates of cardiometabolic screening in people with severe mental illness (Mitchell 
et al.  2012 ; Baller et al.  2015 ). One study examined cardiometabolic screening 
rates that were substantially and consistently below the standard of the American 
Diabetes Association/American Psychiatric Association/American Association of 
Clinical Endocrinologists/North American Association for the Study of Obesity 
(Baller et al.  2015 ). The recommendations of this consensus group are sum-
marised in Table  18.5  (American Diabetes Association, American Psychiatric 
Association, American Association of Clinical Endocrinologists, North American 
Association for the Study of Obesity  2004 ). For example, rates of any glucose 
screening ranged 18–28 % (Morrato et al.  2008 ,  2009 ; Moeller et al.  2011 ; Barnett 
et al.  2010 ) and lipids 6–39 % (Morrato et al.  2008 ; Moeller et al.  2011 ; Barnett 
et al.  2010 ). Health setting appears to infl uence screening rates. For example, high 
screening rates are evident from the (United States of America) Veterans Health 
System (Kilbourne et al.  2011 ). In contrast, extremely low rates of metabolic 
screening have been documented in resource poor settings, where rates for com-
plete screening across weight, blood pressure, glucose and lipids were only 0.6 % 
(Saloojee et al.  2014 ). Screening rates in people with severe mental illness have 
also been found to be substantially lower to that in other high cardiovascular risk 
patients. In a large national audit that compared risk factor screening in over 
422,000 people with severe mental illness and nearly 2.5 million people with dia-
betes, screening rates for obesity, hypertension, blood glucose and lipids were 
75 % in severe mental illness and 97 % in diabetes (Mitchell and Hardy  2013 ). In 
considering these screening rates, it is important to consider that provision of 
screening in these conditions is incentivized by payment in the United Kingdom’s 
primary health-care system. 
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  The introduction of cardiometabolic risk screening guidelines appears to have 
infl uenced screening rates for some factors. For example, the rate of glucose screen-
ing increased by 15 % following the introduction of guidelines; however, there were 
insuffi cient data on other risk factors (Mitchell et al.  2012 ). 

18.3.1     Cardiometabolic Screening Tools and Clinical Algorithms 

 A number of clinical algorithms, essentially workplace tools, are available to guide 
clinicians and mental health-care workers in cardiometabolic screening in people 
with severe mental illness (Curtis et al.  2011a ,  2012 ,  2014 ; Pringsheim et al.  2011b ; 
American Diabetes Association, American Psychiatric Association, American 
Association of Clinical Endocrinologists, North American Association for the 
Study of Obesity  2004 ;  National Institute for Health and Clinical Excellence n.d. ). 
These are summarised in Table  18.5  and serve as trigger points not only for stan-
dardised screening in people with severe mental illness but also for intervention 
with defi ned treatment targets for optimising cardiovascular and diabetes outcomes 
(Curtis et al.  2012 ;  National Institute for Health and Clinical Excellence n.d. ). 
Examples are seen in the Australian tool “Don’t just Screen, Intervene” (Curtis 
et al.  2011a ) (Fig.  18.1 ) and its UK ( National Institute for Health and Clinical 
Excellence n.d. ) and adolescent adaptations (Curtis et al.  2014 ). These practical 
resources can be downloaded from the internet ( National Institute for Health and 
Clinical Excellence n.d. ; Curtis et al.  2011a ,  2014 ). These clinical algorithms con-
tain prompts on screening method and its frequency and thresholds for intervention 
and suggest appropriate interventions and evidence-based treatment targets. The 
adolescent algorithm contains links to national and international databases for age- 
specifi c thresholds for weight, body mass index, blood pressure and blood parame-
ters (Curtis et al.  2014 ).

18.3.2        Successful Interventions for Obesity 
and Cardiometabolic Risk 

 Weight loss interventions applied to the setting of severe mental illness have been 
shown to be effi cacious, just as in the general population. For example, a tailored 
behavioural intervention with weight management counselling and group exercise 
for 18 months signifi cantly reduced weight in obese people with schizophrenia or 
bipolar disorder (Daumit et al.  2013 ). Weight loss was initially slower than that 
observed in such interventions in the general population, but continued steadily over 
the study duration with less plateau than observed in general. Further, the weight loss 
achieved was similar to that observed in the general population. A second study 
compared the effects of a weight loss intervention in obese people with psychotic 
illness against people without psychiatric disease, with greater weight loss success in 
those with psychotic illness (Zhang et al.  2012 ). Other weight loss interventions in 
patients with severe mental illness have been limited to less than 6-month duration 
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(Zhang et al.  2012 ; Cabassa et al.  2010 ; Daumit et al.  2011 ; Faulkner et al.  2007 ; 
McKibbin et al.  2006 ; Verhaeghe et al.  2011 ; Wu et al.  2008b ; Curtis et al.  2015 ). 

 Importantly, a recent study showed that the weight gain that occurs at antipsy-
chotic medication initiation in fi rst-episode psychosis can be prevented by a struc-
tured and individualised lifestyle intervention (Curtis et al.  2015 ). Rises in 
cardiometabolic risk factors were prevented ( Curtis et al. 2015 ). In concert with the 
studies above, it is clear that lifestyle interventions can improve or prevent obesity 
in people with severe mental illness. 

 Further, lifestyle interventions with metformin have demonstrated both weight 
and cardiometabolic benefi ts. A randomised controlled trial of metformin at anti-
psychotic medication initiation showed a 4 kg lesser weight gain in the metformin- 
treated arm, compared to placebo (Wu et al.  2008b ). Metformin plus lifestyle 
intervention appear to have additive benefi ts. In a randomised controlled trial of 
participants with schizophrenia receiving long-term antipsychotic medications, pla-
cebo was associated with 2.4–3.8-kg weight gain over 12 weeks, participants ran-
domised to metformin lost 2.5–3.9 kg, and participants randomised to metformin 
plus lifestyle lost 3.4–5.7 kg (Wu et al.  2008a ). A systematic review of the studies 
of metformin in psychiatric cohorts to manage obesity ad cardiometabolic risk 
found strong evidence of benefi t (Newall et al.  2012 ). 

 Thus, it appears that lifestyle intervention should be implemented in all individu-
als receiving antipsychotic therapy as a standard of care. This is mandated in several 
of the clinical algorithms for cardiometabolic screening ( National Institute for 
Health and Clinical Excellence n.d. ; Curtis et al.  2011a ,  2014 ). Lifestyle interven-
tion at the time of psychotropic medication initiation appears imperative in prevent-
ing cardiometabolic risk in this high-risk group.   

    Conclusion 
 People with severe mental illnesses such as depression and diabetes have shortened 
life expectancy through premature cardiovascular disease and diabetes. There are 
a number of screening and intervention opportunities which will improve access to 
appropriate treatment of modifi able cardiovascular and diabetes risk factors. 

 Appropriate cardiometabolic screening and intervention will start addressing 
the conditions that result in premature loss of life in this population and redress 
the inequalities in physical health care, morbidity and mortality that exist. A 
number of thematically similar cardiometabolic screening algorithms are in use 
internationally and can be used to guide appropriate screening and intervention 
to maintain or improve modifi able cardiometabolic risk factors in people with 
severe mental illness. 

 Engagement of the diverse and specialised skill sets in the different profes-
sions that serve people with severe mental illness, with collaboration between 
and within specialities, education of the wider workforce, enthusiasm and com-
mitment can improve the physical health and outcomes of people with severe 
mental illness – an obligation as a matter of health equity and social justice.     

  Disclosures     No confl icts of interest to declare.  
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   Abstract 
   The alarming rates of physical health comorbidity in bipolar disorder, primarily 
metabolic and cardiovascular illness, place a heavy burden on patient quality of 
life and healthcare. Despite clear advice and the widespread availability for mon-
itoring and intervention, clinicians continue to overlook the physical health of 
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patients with psychiatric disorders and psychological problems. Therefore, the 
associations between these chronic mental illnesses and the role of physical 
health monitoring and intervention strategies warrant evaluation. 

 The aim of this chapter is to review metabolic and cardiovascular disease 
monitoring practices in bipolar disorder. In doing so, the links between bipolar 
disorder, metabolic function, and cardiovascular disease and potential shared ill-
ness processes are examined. On the basis of this, clinical and research recom-
mendations are outlined. With greater understanding of the shared illness 
processes for bipolar disorder and metabolic and cardiovascular dysfunction, 
improvements in the monitoring and treatment of patients with bipolar disorder 
may be developed. By considering a shared illness process approach, bipolar 
disorder-specifi c solutions for more informative monitoring and targeted health-
care options may be implemented into routine psychiatric practice. This will 
facilitate better lifelong management of the psychological and physical health of 
patients with bipolar disorder.  

19.1        Introduction 

 Bipolar disorder is a debilitating psychiatric illness characterised by sustained and 
often extreme mood swings described as episodes of mania and depression. There 
has been an increasing awareness that bipolar disorder also causes considerable 
physical harm, with patients developing metabolic syndrome and cardiovascular 
disease at alarming rates. These medical comorbidities are associated with progres-
sive disease course and premature mortality in patients with bipolar disorder. Due to 
these concerns, clinical practice guidelines (e.g. NICE  2006 ,  2015 ) suggest that 
patients with bipolar disorder be monitored not only for illness progression and 
treatment effi cacy but also across an array of metabolic and cardiovascular param-
eters such as blood pressure, body morphology, and lipid profi le and blood glucose 
concentration (see Table  19.1 ). Research over the last decade has increased under-
standing of the compounding factors that contribute to the metabolic dysfunction 
and cardiovascular disease in bipolar disorder, ranging from treatment side effects 

      Table 19.1    A typical physical health monitoring regimen of clinical practice guidelines depicts 
the frequency at which key parameters are assessed   

 Parameters  Initial assessment 

 Treatment 
commencement 
(every 1–3 months)  Annually 

 Body morphology 

 ◆

  

◆

  

◆

 

 Lifestyle factors 

 Fasting blood glucose 

 Blood lipid profi le 

 Liver, renal, and thyroid 
function 
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to socioeconomic factors (e.g. McElroy et al.  2002 ; NICE  2006 ,  2015 ). Additionally, 
the fi ndings of endocrine dysregulation, the impact of stress on the autonomic ner-
vous system, and sedentary behaviour and overeating are showing increasing over-
lap between bipolar disorder and metabolic and cardiovascular illness processes 
(Bengesser et al.  2015 ; Choi et al.  2013 ; Fagiolini et al.  2008 ; Mansur et al.  2015 ; 
Taylor and MacQueen  2006 ; Wildes et al.  2008 ). These fi ndings suggest that there 
are common mechanisms that may precipitate or at least perpetuate metabolic dys-
function in bipolar disorder. Despite the availability of metabolic and cardiovascular 
disease monitoring and an array of interventions, primary care clinicians continue 
to observe their patients with bipolar disorder decline in physical health. This may 
be due to the paucity of effective long-term management strategies available to cli-
nicians designed for this population, along with the absence of novel pharmacologi-
cal treatments. Therefore, the associations between these patient illnesses, along 
with clinical management strategies, deserve evaluation.

   Considering the various challenges in treating a comorbid population with dis-
tinctly treatment-resistant illnesses (Fagiolini et al.  2005 ; Lakka et al.  2002 ; Murray 
et al.  2010 ), successful management strategies for metabolic health must be imple-
mented early in the disease course in order to curb further disability and mortality 
and perhaps partially ameliorate illness progression (Malik et al.  2004 ; Wong et al. 
 2003 ). Though understanding of the associations between metabolic function, car-
diovascular disease, and bipolar disorder is increasing, fundamental changes to 
monitoring strategy—aside from frequency of and parameters for testing (as 
depicted in Table  19.1 )—are yet to be realised. Incorporating metabolic and cardio-
vascular disease monitoring and intervention as a standard practice in the manage-
ment of bipolar is clearly a clinically benefi cial goal; however, the underlying 
approach deserves evaluation in light of an emerging picture of shared illness pro-
cesses (see Fig.  19.1  for an overview). While practices for monitoring and slowing 
the advancement of each illness are evaluated, an approach that takes shared illness 
processes into account may afford novel and effective strategies that further curb 
comorbidity and illness progression. Hence, the aim of this chapter is to review 
metabolic and cardiovascular disease monitoring in bipolar disorder and how this 
could be better deployed. In doing so, the chapter will aim to illustrate the associa-
tions between bipolar disorder, metabolic function, and cardiovascular disease; the 
endocrine and autonomic nervous system dysregulation as potential shared illness 
processes; the factors that contribute to comorbidities; and how clinical manage-
ment can both exacerbate and curb comorbid disease progression.

19.2        Epidemiology and Monitoring of Metabolic Dysfunction 
and Cardiovascular Disease in Bipolar Disorder 

 Metabolic and cardiovascular health measures are assessed routinely in primary 
care with blood pressure, body morphology, blood glucose and lipid profi le, and 
lifestyle behaviours monitored regularly to provide indications of physical health 
status in the general population. Bipolar disorder signifi cantly compromises general 
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functioning, but behavioural engagement with physical healthcare interventions is 
challenging for both patients and clinicians alike (Berk et al.  2004 ; Byrne et al. 
 2006 ; Fagiolini et al.  2005 ; Murray et al.  2010 ). Hence, despite efforts from both 
parties, patients with bipolar disorder deteriorate in terms of their physical health 
even while maintaining psychological wellbeing. The treatment of bipolar disorder 

Monitoring

Monitoring

Bipolar Disorder

Bipolar Disorder

Intervention

Intervention

Shared illness
Processes and

Progression

Comorbidity
Metabolic

Dysfunction
& 

Cardiovascular
Disease

Metabolic
Dysfunction

& 
Cardiovascular

Disease

  Fig. 19.1    An overview of a shared illness process approach to the understanding and manage-
ment of bipolar disorder and physical health comorbidities – primarily metabolic dysfunction and 
cardiovascular disease. Panel ( a ) routine clinical approach .  Patient illnesses (in  blue ; 1) bipolar 
disorder and (2) metabolic dysfunction and cardiovascular disease ( blue ) have high rates of comor-
bidity. In noting this comorbidity, management ( green ) concerns frequency and parameters for 
monitoring and interventions targeting each illness, typically across different domains of care (e.g. 
primary and secondary care). Panel ( b ) a shared illness processes approach. Shared illness pro-
cesses may explain, at least in part, the comorbidity of (1) bipolar disorder and (2) metabolic 
dysfunction and cardiovascular disease ( blue ) and may underpin progression on both fronts ( red ). 
With greater understanding of these shared illness processes, they could be directly targeted with 
management ( red arrows )—monitoring and intervening at times when the illnesses are exacerbat-
ing or compounding each other (e.g. diet and lifestyle behaviour changes during bipolar disorder 
illness episodes). The aim of this would then be to curb simultaneous progression of both illnesses 
early in its illness course, perhaps an approach lending itself to a more coordinated or integrated 
care (e.g. specialist bipolar disorder services)       

 

T. Outhred et al.



337

with atypical antipsychotics is thought to often lead to metabolic syndrome and 
cardiovascular disease (Cardenas et al.  2008 ; Correll et al.  2006 ,  2008 ; Fagiolini 
et al.  2008 ; Keck and McElroy  2003 ; Lee et al.  2010 ; Nemeroff  2003 ; Yumru et al. 
 2007 ), which are signifi cant causes of premature death in this population (Fagiolini 
et al.  2008 ; Weiner et al.  2011 ). Notably, metabolic syndrome and cardiovascular 
disease appear to have overlapping courses and shared risk factors, with serious or 
fatal cardiovascular events typically following a history of metabolic dysfunction 
and hypertension (Malik et al.  2004 ; Wong et al.  2003 ). Metabolic syndrome is vari-
ably defi ned as a cluster of symptoms—with some adjustment for age and gender. 
Across classifi cations (Alberti and Zimmet  1998 ; Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults  2001 ; Reaven 
 1988 ), the core features of metabolic syndrome are hypertension, obesity, hypergly-
caemia, and dyslipidaemia. Along with hypertension and hypertensive heart dis-
ease, common cardiovascular disease presentations in bipolar disorder are fatal 
cardiac events (e.g. myocardial infarction), stroke, and heart failure (Fiedorowicz 
et al.  2009 ; Goldstein et al.  2009 ; Vancampfort et al.  2013 ). Bipolar disorder can be 
considered to carry additional, perhaps multiplicative illness and healthcare burden. 
However, epidemiological fi ndings suggest that in the wider population, much of 
metabolic syndrome and cardiovascular disease is preventable or can at least be 
effectively managed, through implementation of lifestyle strategies and treatment 
and monitoring in those at high risk (Malik et al.  2004 ; Wong et al.  2003 ). However, 
epidemiological fi ndings of the relationship between bipolar disorder and declining 
physical health paint a disturbing picture. 

19.2.1     Epidemiological Findings 

 Rates of metabolic dysfunction and the development of metabolic syndrome and 
cardiovascular disease in bipolar disorder are well documented (Fiedorowicz et al. 
 2008 ; McIntyre et al.  2010 ; Vancampfort et al.  2013 ). The estimated prevalence of 
metabolic dysfunction in bipolar disorder ranges from 22 to 49 % (Cardenas et al. 
 2008 ; Correll et al.  2008 ; Garcia-Portilla et al.  2008 ; Grover et al.  2012 ; John et al. 
 2009 ). The rate of full metabolic syndrome is estimated to be twofold of that in the 
general population (McIntyre et al.  2010 ), with increased rates in older patients 
(Lee et al.  2010 ; Vancampfort et al.  2013 ), and is associated with poorer illness 
course (McElroy et al.  2015 ) and increased reports of suicide attempt (Fagiolini 
et al.  2005 ). 

 Similarly there is an increased prevalence of cardiovascular disease among 
patients with bipolar disorder (Fiedorowicz et al.  2009 ; Goldstein et al.  2009 ), who 
are at fi ve times greater risk of developing the illness (Vancampfort et al.  2013 ). 
Indeed, health risks associated with metabolic syndrome predict poorer cardiovas-
cular outcomes (Birkenaes et al.  2007 ; Garcia-Portilla et al.  2009 ; Weiner et al. 
 2011 ) and effectively double the risk (Correll et al.  2006 ). Increased cardiovascular 
disease risk has been more commonly detected in older patients with bipolar disor-
der, where younger samples have not shown early risk factors (Murray et al.  2012 ), 
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suggesting that the course of the disease over time perhaps increases cardiovascular 
risk, possibly via arterial stiffness (Sodhi et al.  2012 ). In having examined multipli-
cative risk for bipolar disorder illness course and metabolic dysfunction and cardio-
vascular disease, predictive factors are discussed below.  

19.2.2     Iatrogenic Factors Associated with Metabolic Dysfunction 
and Cardiovascular Disease in Bipolar Disorder 

 Causes for the increased prevalence of both metabolic syndrome and cardiovascular 
disease appear to be multifactorial, and various studies have sought to identify the 
iatrogenic (e.g. Correll et al.  2006 ,  2008 ; Fagiolini et al.  2008 ; Yumru et al.  2007 ) 
and non-iatrogenic causes (e.g. Fiedorowicz et al.  2008 ; McIntyre et al.  2010 ; 
Murray et al.  2009 ,  2012 ). In order to explain the poorer health outcomes seen in 
bipolar disorder, the role of pharmacotherapy treatment has been the focus of recent 
research, which has looked at the obesogenic (weight gain inducing) properties of 
psychoactive medication as well as the differential outcomes of atypical antipsy-
chotics (e.g. clozapine, olanzapine), mood stabilisers (e.g. lithium, sodium valpro-
ate), and drug polytherapy (e.g. Cardenas et al.  2008 ). Common adverse effects of 
frequently prescribed treatments on metabolic and cardiovascular parameters are 
shown in Table  19.2 .

   While the obesogenic properties of psychotropic medication are well reported 
(e.g. Keck and McElroy  2003 ; Nemeroff  2003 ), inconsistent attributions of pharma-
cotherapy treatment to weight gain have raised doubt as to the extent to which 

   Table 19.2    Some of the frequently prescribed medications for bipolar disorder along with com-
mon adverse effects on metabolic and cardiovascular parameters   

 Class  Medications 

 Parameter 

 Body 
morphology 

 Blood 
pressure 

 Fasting 
blood 
glucose 

 Blood 
lipid 
profi le 

 Mood stabilisers  Lithium  ◆ 

 Anticonvulsants  Carbamazepine  ◆ 

 Lamotrigine 

 Valproate 

 Atypical 
antipsychotics 

 Aripiprazole 

 ◆ 

 

◆

  

◆

  

◆

 

 Clozapine 

 Lurasidone a  

 Olanzapine 

 Quetiapine 

 Risperidone 

 Ziprasidone 

  Based on search on MIMS Online and reported frequencies of adverse effects >5 % 

  a From manufacturer’s product information  
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weight gain is wholly iatrogenic and what proportion is attributable to the aetiology 
of the illness (Birkenaes et al.  2007 ; Correll et al.  2008 ). Many studies have pointed 
to the weight gain-inducing properties of psychoactive medication, in particular in 
terms of metabolic and cardiovascular outcomes (Cardenas et al.  2008 ; Correll et al. 
 2006 ,  2008 ; Fagiolini et al.  2008 ; Lee et al.  2010 ; Yumru et al.  2007 ); however, 
there appear to be differential fi ndings depending on the antipsychotic administered 
and whether this occurred in the context of polypharmacy. Atypical antipsychotics, 
known for inducing weight gain, have been the focus of metabolic syndrome 
research in bipolar disorder, with consistent fi ndings of metabolic disturbance in 
those prescribed with these medications for a long term (Cardenas et al.  2008 ; 
Fagiolini et al.  2008 ; Keck and McElroy  2003 ). Second-generation antipsychotic 
use has been associated with weight gain and a higher cardiovascular risk burden, as 
well as an increased risk of metabolic syndrome prevalence, such that 67 % of 
second- generation antipsychotic users met criteria for metabolic syndrome, as com-
pared to 42 % of nonusers (Fiedorowicz et al.  2008 ). Olanzapine and clozapine were 
more likely to lead to metabolic syndrome relative to carbamazepine, which was 
associated with a lower prevalence (Cardenas et al.  2008 ). The seemingly modest 
effects of carbamazepine have been attributed to specifi c pharmacokinetic proper-
ties, which are able to reduce the likelihood of adverse lipid or glucose disturbances 
(Cardenas et al.  2008 ). 

 Differential effects of psychoactive pharmacotherapy with metabolic syndrome 
and cardiovascular illness in bipolar disorder have been investigated in the context 
of polypharmacy. In some instances, metabolic syndrome prevalence was found to 
be signifi cantly less with polypharmacy, for example, when antipsychotics were 
taken in combination with mood stabilisers, as compared to antipsychotics taken 
alone (Kemp et al.  2010 ; Yumru et al.  2007 ). In others, medication polypharmacy 
has appeared to be associated with greater risk (e.g. Correll et al.  2008 ). However, 
some aversive or preventative effects may be due to the agents—with other effects, 
it may be that having an additional agent offers the ability to lower the doses of the 
active (mood stabilising) but aversive (e.g. obesogenic) agent. Therefore, when 
examining polypharmacy, relative or typical changes to dosing should be taken into 
account. 

 Further, when metabolic syndrome prevalence has been assessed between 
patients with schizophrenia and bipolar disorder, weight gain could not be explained 
by psychotropic medication alone (Birkenaes et al.  2007 ; Correll et al.  2008 ). 
Despite the divergent drug treatment received in a study conducted by Birkenaes 
and colleagues ( 2007 ), in particular where bipolar disorder treatment had no known 
metabolic disturbances and schizophrenia patients received atypical antipsychotics 
known to induce weight gain, there was no difference in prevalence of metabolic or 
cardiovascular risk factors. This incongruence was also demonstrated with fi ndings 
of equal prevalence of metabolic syndrome in bipolar disorder and schizophrenia 
patients, in spite of patients with bipolar disorder being signifi cantly more likely 
than patients with schizophrenia to receive mood stabilisers and less likely to receive 
antipsychotics or antipsychotic polypharmacy (Correll et al.  2008 ). This is impor-
tant as these fi ndings suggest that iatrogenic factors cannot wholly explain the 
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association between bipolar disorder and metabolic dysfunction and cardiovascular 
disease (Taylor and MacQueen  2006 ); instead, illness processes that underpin bipo-
lar disorder may in part perpetuate metabolic dysfunction and cardiovascular dis-
ease. In order to test this hypothesis, researchers have called for treatment and 
illness-naïve studies in order to ascertain the extent of this association. In a 
treatment- naïve study, obesity was signifi cantly more prevalent in drug-naïve 
patients with bipolar disorder than in another drug-naïve psychiatric patient group 
(OCD), and the number of depressive episodes was associated with greater preva-
lence of obesity (Maina et al.  2008 ). The authors suggested that the prevalence of 
obesity in bipolar patients might be more infl uenced by the illness itself, or at least 
mediating behavioural diet and lifestyle factors, than by pharmacological treatment. 
Taken together, these fi ndings appear to indicate common illness processes in bipo-
lar disorder and comorbid metabolic dysfunction and associated cardiovascular dis-
ease, where pharmacotherapy treatment cannot wholly account for these 
comorbidities. While it has been suggested that there is a common diathesis, relat-
ing potentially to the hypothalamic–pituitary–adrenal axis (HPA) dysfunction and 
cortical regulation abnormalities in this illness (as discussed in Sect.  19.3 ), the 
degree of this shared pathophysiology is unclear in the absence of treatment and 
illness-naïve research paradigms. In clinical practice, however, monitoring and 
interventions targeted at metabolic dysfunction and cardiovascular disease in bipo-
lar disorder may help to prevent the development of these debilitating and fatal 
comorbidities and curb comorbid disease progression.  

19.2.3     Current State of Metabolic Monitoring in Bipolar Disorder 

 Given the high risk of metabolic dysfunction and cardiovascular disease in bipolar 
disorder, it has been established in clinical practice guidelines (e.g. NICE  2006 , 
 2015 ) that clinicians should routinely perform physical assessment. Clinical prac-
tice guidelines typically institute a frequency- and parameter-based approach to 
monitoring (as depicted in Table  19.1 ). An initial assessment should include height 
and weight, thyroid, liver and renal function tests, blood pressure, full blood count, 
plasma glucose levels, lipid profi le, and smoking status and alcohol use. Cardiology, 
neurology, and radiology referrals are also considered. Clinical practice guidelines 
(e.g. NICE  2006 ) recommend patients to have an annual review of weight, blood 
pressure, lipid levels, plasma glucose levels, and smoking status and alcohol use. 
When initiating and monitoring treatments, clinicians should conduct assessments 
every 1–3 months for metabolic and cardiovascular changes and ensure ECGs are 
performed for at-risk patients (e.g. NICE  2006 ). Though these measures are widely 
instated and easily performed (assuming patient compliance), making decisions 
based on results poses a particular challenge. Currently, clinicians attempt to man-
age, largely modifying lifestyle factors and instituting treatment and monitoring, 
much like they would in the wider population. This is reasonable as metabolic syn-
drome and cardiovascular disease is preventable or at least can be effectively man-
aged in this manner. However, given the particularly high risk that bipolar disorder 
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confers, as well as its inherent high comorbidity and worsening health outcomes 
overtime, perhaps this nonspecifi c approach is insuffi cient. It appears that clinicians 
are at odds with the nature of the disorder, the potential impact of treatment, and the 
underlying illness processes of both the disorder and physical health comorbidities. 
Therefore, we must better interrogate underlying illness processes in order to pro-
ceed, with perhaps a more specifi c solution.   

19.3      Potential Mechanisms and Shared Illness 
Processes in Bipolar Disorder and Metabolic 
and Cardiovascular Health 

 It is thought that good physical and psychological health is essentially founded 
on the optimal basal activity and responsiveness of an HPA axis and autonomic- 
mediated stress system (Chrousos  2009 ). Given that bipolar disorder is one of 
both recurrent acute (episodic) and chronic stress, it is unsurprising that deterio-
ration across these integrated components occurs. Bipolar disorder has been 
characterised as having a progressive clinical course in that presentations tend to 
worsen over time. It has been argued that each acute episode further degrades the 
course of bipolar, with associated impacts on functioning. This progressive 
course is thought to be paralleled by deteriorating neurobiological pathways of 
glucocorticoid elevation, oxidative stress, nitrosative stress, and infl ammation, 
which are associated with diminished function of neurotransmission and neuro-
trophic pathways that underpin behaviour (Berk et al.  2011 ). As bipolar disorder 
is characterised by and known to lead to degradation of forebrain regulatory 
control (Berk et al.  2011 ; Outhred et al.  2014 ), the progressive nature of deterio-
ration of the basal activity and responsiveness of the stress system are manifest. 
In terms of cardiovascular and metabolic function, there are well-characterised 
infl ammatory, oxidative and nitrosative, and endocrine changes that progres-
sively disrupt these functions, underpinned by acute and chronic HPA axis and 
autonomic stress responses. In cross-sectional studies, physical health parame-
ters have shown to deteriorate with worsening bipolar presentation (e.g. Fagiolini 
et al.  2003 ,  2005 ). 

 In order to understand the associations between bipolar disorder, metabolic 
dysfunction, and cardiovascular disease, researchers are attempting to interro-
gate shared illness processes (Chrousos  2009 ). In the context of bipolar disor-
der, the HPA axis and the autonomic nervous system are thought to play roles in 
the precipitation, perpetuation, and progression of clinical presentation and 
endocrine, metabolic, and cardiovascular function. The HPA axis cascade and 
autonomic nervous system are integrated, and the functioning of both is inter-
related (Ahrens et al.  1995 ; Kallner et al.  2000 ). Together, they underpin a 
shared illness process of psychiatric and physical health: the stress response. 
The stress response is an integration of behavioural and physiological response 
within a system of central and peripheral HPA axis and autonomic nervous sys-
tem components (Chrousos  2009 ; Mayer and Fanselow  2003 ). These neural and 
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endocrine components are interconnected, the products of which are the central 
executive; emotion and sleep-wake systems; the growth, reproductive, and thy-
roid hormone axes; and the gastrointestinal, cardiovascular, respiratory, meta-
bolic, and immune systems (Chrousos  2009 ). The HPA axis is a hormone-based 
cascade of positive and negative feedback interactions between three endocrine 
glands: the hypothalamus and the pituitary and adrenal glands. The HPA cas-
cade is activated by stress responses and plays a major role in the longer-term 
impacts of chronic stress, leading to deterioration in metabolic and cardiovascu-
lar function, as well as psychological health. In terms of the autonomic nervous 
system, stress manifests in physiological changes through neural integration of 
stressors and signals to and from the periphery at the brainstem, with control 
mechanisms based in the forebrain (for a review, see Kemp and Quintana  2013 ). 
Parasympathetic signals to the heart, for instance, allow optimal basal activity 
and reactivity and adaptation to stress (see Kemp and Quintana  2013 ). Chronic 
stress is thought to be associated with dysfunction of the autonomic nervous 
system, through disturbed central and peripheral nervous system integration 
pathways, and ongoing damage to the cardiovasculature, through multiple HPA 
axis-mediated pathways including oxidative and nitrosative stress and infl am-
mation (see Kemp and Quintana  2013 ). Indeed, a number of fi ndings in patients 
with bipolar disorder and metabolic and cardiovascular dysfunction point to 
shared illness processes (Mansur et al.  2015 ), in terms of oxidative and nitrosa-
tive markers (e.g. Bengesser et al.  2015 ), infl ammatory markers (e.g. Choi et al. 
 2013 ), and glucocorticoid pathways (see Mansur et al.  2015 ; Taylor and 
MacQueen  2006 ). Glucocorticoid pathways appear to be particularly explana-
tory given that chronically elevated levels, as a result of acute and chronic stress, 
disrupt insulin, leptin, lipoprotein lipase, and autonomic nervous system func-
tion, which each interact and contribute to metabolic and cardiovascular dys-
function and disease (Mansur et al.  2015 ; Taylor and MacQueen  2006 ). 

 It is becoming apparent that the stress responses that occur in bipolar disor-
der lead to further deterioration of the illness and at the same time impact meta-
bolic and cardiovascular health. Deterioration of the stress system is, at least in 
part, a shared illness process of bipolar disorder and metabolic and cardiovascu-
lar diseases, and together they show a progressive course due to the diminishing 
ability for the stress system to respond and adapt. Confounding this notion is 
that the interventions and monitoring practices that are being delivered to treat 
bipolar disorder may, at least in some respects, exacerbate or ameliorate deterio-
ration of components of the stress system, and this should be taken into account. 
Given that physical health deterioration is associated with worsening bipolar 
disorder presentation (Fagiolini et al.  2003 ,  2005 ), shared illness processes 
should be further investigated in longitudinal research, with the aim to identify 
potential interventions. This is critical given the absence of novel pharmaco-
logical options. With greater consideration of shared illness processes for bipo-
lar disorder and metabolic and cardiovascular dysfunction (see Fig.  19.1 ), the 
manner in which bipolar disorder patients are treated and monitored may be 
improved.  
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19.4     Towards Monitoring and Intervention Approaches 
for Shared Illness Processes 

 Despite the frequency at which monitoring and opportunities to intervene occur in 
clinical practice, adverse metabolic and cardiovascular health in patients with bipo-
lar disorder appears to worsen. Current frameworks and guidelines for monitoring 
take a frequency-based approach, with consideration of the optimal frequency at 
which patients should be monitored across an array of parameters (see Fig.  19.1 ). 
This approach is widely recommended as regimens can be easily embedded and 
adopted in practice, and these also apply in the general population. However, this 
approach may not be capturing the key times at which the bipolar illness is severely 
compounding morbidity. Given that shared illness processes of bipolar disorder and 
metabolic and cardiovascular health are becoming more apparent, acute episodes 
may lead to increased deterioration in health over the long term—not just the dura-
tion of the illness. Hence, morbidity may be more apparent when acute bipolar 
episodes coincide with changes to the activation and responsiveness of the stress 
system as well as concurrent changes to lifestyle behaviour. Therefore, monitoring 
patients’ lifestyle behaviour and metabolic and cardiovascular parameters during 
times of acute illness and relative health, not just at regular time intervals, is likely 
to be informative (see Fig.  19.1 ). In doing so, clinicians and patients may have a 
better insight into the specifi c behaviour changes and their impact on metabolic and 
cardiovascular health and thus better target intervention. In terms of monitoring the 
effect of medications and interventions, with changes to psychotropic medication 
and improvement in mood stability, behavioural factors will also differ. Hence, it 
may be more informative to examine changes in lifestyle factors and metabolic and 
cardiovascular parameters together with medication effi cacy and side effect assess-
ments than to simply infer changes at fi xed time points within a frequency-based 
monitoring regime. In doing so, clinicians and patients may have greater insight into 
how metabolic and cardiovascular parameters change with intervention, medica-
tion, and bipolar disorder illness and lifestyle factors. Though further research is 
needed, this approach may be considered given that patients who remain well in the 
longer term report continuous management of lifestyle factors and stressors, in and 
between episodes (Murray et al.  2010 ; Russell and Browne  2005 ). As an episode 
arises, self-management of diet and physical activity may become severely impaired 
in many patients, likely affecting metabolic and cardiovascular parameters. This is 
when patients who remain well report seeking assistance from clinicians and sig-
nifi cant others (Murray et al.  2010 ; Russell and Browne  2005 ). Taken together, it 
appears that current frequency-based metabolic and cardiovascular parameter moni-
toring practices are effective to an extent, but may be improved and better deployed 
when considering the potential for concurrent shared illness processes (see 
Fig.  19.1 ). This should be further investigated as with more informative monitoring, 
treatment, and lifestyle interventions, and other typical management strategies may 
be better targeted. 

 In the wider population, metabolic health is increasingly being treated by multidisci-
plinary teams who attempt to monitor and address the various factors and sequelae 
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associated with this disease, including those within biological, environmental, behav-
ioural, and psychological domains. Cognitive and behavioural approaches have received 
increasing attention, with results demonstrating that small but signifi cant changes are 
achievable. Monitoring is key to this approach, with both clinicians and patients facili-
tating the process. Treatments that target motivation, while incorporating basic nutri-
tional and activity monitoring and goals, and a weight-maintenance phase are 
recommended for bipolar disorder (e.g. NICE  2006 ,  2015 ). The effi cacy of these treat-
ments in depressed populations is promoted; however, most research studies specifi cally 
exclude those with current mood disruption, major psychiatric illnesses, or antipsychotic 
use, which typically encompasses bipolar disorder. This practice, while maintaining 
greater homogeneity within research samples, unfortunately excludes those who are 
perhaps most needing intervention and has prevented understanding about lifestyle-
mediated metabolic disruption and cardiovascular illness in bipolar disorder. Recently, 
research has expanded to assess the impact of lifestyle interventions for patients with 
‘severe mental illness’, which includes schizophrenia and bipolar disorder (Cabassa 
et al.  2010 ; Kelly et al.  2014 ). Arguably, given that weight gain typically increases over 
time, treatments that stop weight gain can make a valuable contribution to patient health 
(Yilmaz et al.  2011 ). Despite a lack of more specifi c investigation, it appears that cogni-
tive- and behavioural-based approaches may be well suited to identifying, monitoring, 
and modifying the illness-related lifestyle behaviours observed in bipolar disorder pre-
sentations. Given promise to improve overall health and perhaps indirectly improve 
bipolar disorder illness processes, these possibilities should be further investigated. 

 The monitoring and treatment of metabolic disruption in bipolar disorder may be 
further complicated by its high comorbidity with eating disorders (e.g. 14.3 %; 
McElroy et al.  2011 ). Binge eating-type disorders and behaviours are particularly 
common in bipolar disorder (McElroy et al.  2011 ) and a key contributing factor to 
obesity (McElroy et al.  2002 ). Eating disorders are also associated with increased 
cardiovascular risk, low levels of treatment seeking, and high suicidality, together 
compounding the existing burden of bipolar disorder. While bingeing does not 
always present as a clinically signifi cant eating disorder in bipolar disorder, sub-
threshold bingeing is still relevant to weight gain and should be regularly assessed 
by clinicians (Castrogiovanni et al.  2009 ; Wildes et al.  2008 ). Eating disorder and 
behaviour may be associated with added guilt and shame, making detection chal-
lenging without targeted assessment and monitoring, and certain antipsychotics 
have been found to increase the risk of bingeing (Theisen et al.  2003 ). Hence, eating 
behaviour disturbances may serve as a hidden obstacle to any treatment aligned to 
improve metabolic and cardiovascular outcomes in bipolar disorder.  

19.5     Recommendations 

19.5.1     Research Recommendations 

 Not surprisingly, the management of metabolic and cardiovascular health in bipolar 
disorder is more diffi cult than in the general population, perhaps due to the 
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compounding effects of shared illness processes. Therefore, further research on 
shared illness processes needs to be conducted; in particular, metabolic and cardio-
vascular parameters should be examined both during acute episodes and periods of 
relative health, and compared over time against key, interacting moderators (e.g. 
illness onset, introduction of treatment, diet and lifestyle changes, mood stability, 
bingeing). This may afford greater insight into the manner in which these factors 
change over the course of illness and in response to treatment. Investigations along 
these lines are likely to facilitate the development of predictive models alongside 
the development of more granular and informative monitoring. Such research is 
necessary to determine the added benefi ts of monitoring for a shared illness process, 
over the simple frequency-based approach currently recommended in clinical prac-
tice guidelines. Translating this into clinical practice, in addition to metabolic and 
cardiovascular measures, monitoring may involve concurrent charting of mood, 
treatment, diet and lifestyle changes, and other relevant moderators (e.g. bingeing). 
Given the technological advancements in smart-wearable technologies and their 
affordable widespread availability, these devices can now be used to monitor mood, 
lifestyle behaviours, and metabolic and cardiovascular health in real-world settings 
over long periods of time. 

 In order to determine the role of shared illness processes, further research moni-
toring the impacts of treatments to manage both bipolar disorder illness and meta-
bolic and cardiovascular health is also needed. In terms of biological treatments, 
promising fi ndings include the administration of statins, given that they may 
improve mental health as well as decrease physical health sequelae for patients with 
major depressive disorder (Redlich et al.  2014 ; Stafford and Berk  2011 ). The reverse 
may also occur, with fi ndings that patients with cardiovascular disease may have 
decreased mental health sequelae with statin administration (Redlich et al.  2014 ). 
With further research along these lines, shared illness processes may be better 
understood, facilitating improvement of clinical management strategies.  

19.5.2     Clinical Recommendations 

 Given the signifi cant overlap between mental ill-health and physical disease, a 
shared illness process approach for understanding the causes of bipolar disorder and 
its associated metabolic and cardiovascular dysfunction is likely to be the most 
benefi cial in clinical settings (see Fig.  19.1 ). Thus, it is important to determine mon-
itoring and management strategies that target this shared illness process. 
Recommendations from clinical practice guidelines advise clinicians to monitor 
general health (as depicted in Table  19.1 ) and consider dietetic and exercise inter-
ventions. However, the challenge for clinicians is how to apply these to patients 
with bipolar disorder, whose changing mental state may have a great bearing on 
lifestyle- and health-related behaviour. The notion that patients who are adequately 
treated as regards their bipolar disorder are better able to maintain their physical 
health is likely to be true, but only to a point. The long-term physical health of 
patients with bipolar disorder is also dependent upon how patients maintain their 
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physical health when they become psychologically unwell (depression or mania), 
and how the medications that they are prescribed impact their illness course and 
health outcomes on both fronts. When monitoring the effects of bipolar disorder 
illness and treatments, physicians may consider monitoring metabolic and cardio-
vascular status in both acute episodes and during periods of relative health against 
potential moderators (e.g. treatment, diet and lifestyle changes, mood stability, 
bingeing). Therefore, monitoring and management strategies may be adapted to 
take into consideration this shared illness processes in order to better inform man-
agement strategies. In terms of biological treatment, statins, for example, may be 
considered alongside mood stabilisers such as lithium, given the potential for both 
to improve mental health and decrease physical health sequelae in the long term. In 
terms of psycho-educational and psychological treatment, equipping patients to 
face inevitable stressors when they become psychologically unwell, and have 
changes to lifestyle routine, will ensure maintenance of better overall health, given 
that this is what patients who remain well are reporting (Murray et al.  2010 ; Russell 
and Browne  2005 ). Given that metabolic and cardiovascular dysfunction in bipolar 
disorder appears to be greater than that of other mood disorders, a shared illness 
approach to monitoring and management of bipolar disorder is likely to be of sig-
nifi cant benefi t. 

 The recent shift towards community care for patients with bipolar disorder, com-
piled with decreasing specialist long-term care—for example, in the form of lithium 
clinics—has cut cost in the short term but will be more costly in the long term. For 
instance, naturalistic studies suggest that patients who regularly engage with lith-
ium clinics have reduced morbidity and mortality from all causes (e.g. Ahrens et al. 
 1995 ; Kallner et al.  2000 ). The likely reason for this is better engagement with 
population-specifi c psycho-educational and dietetic interventions along with fre-
quent systematic monitoring, which together increase the effi cacy of treatment and 
ensure maintenance of good physical health. Alongside monitoring lithium and psy-
chological symptoms, lithium clinics were traditionally also preventing deteriora-
tion in physical health, and so perhaps it is time such clinics are resurrected and 
positioned so as to function in combination with community care, to target the man-
agement of shared illness processes in bipolar disorder. 

 Bipolar disorder-specifi c clinics such as lithium clinics may be well equipped 
to monitor and manage long-term physical health in this population, by integrat-
ing metabolic and cardiovascular parameters with bipolar disorder illness- and 
treatment- related changes. For example, food frequency charts for the home 
(involving the family unit), for monitoring and illustrating size of meal portions 
and proportions of food types on plates (e.g. protein to carbohydrates to vegeta-
bles), are a simple example of cost-effective advice and intervention that can be 
delivered, alongside necessary psycho-education. The latter specifi cally aims to 
enhance insight into the manner in which mood state and changes to medication 
impact desired meal portions, and emphasising and ensuring consistent compari-
son with a pictorial chart promote regulation of meal portion. Simple and easily 
deployed psychological, psycho-educational, and dietetic interventions designed 
for bipolar disorder such as this are needed, and perhaps specialist bipolar 

T. Outhred et al.



347

disorder clinics are best positioned to monitor and deliver them. In doing so, 
bipolar disorder illness may have less of an impact on metabolic and cardiovas-
cular health.   

    Conclusions 

 Bipolar disorder is associated with noticeable physical health morbidity and mor-
tality, involving primarily metabolic dysfunction and cardiovascular disease. 
Pharmacological treatment may be a double-edged sword, where the aim to main-
tain psychological health may be at the cost of physical health. Despite this, clini-
cians still face a losing battle, whereby psychological health wavers when physical 
health deteriorates. Increasingly, there appear to be shared illness processes 
between bipolar disorder and metabolic and cardiovascular health, where each 
condition has an iteratively deleterious and compounding effect. In the near term, 
the amelioration and prevention of metabolic dysfunction and cardiovascular dis-
ease in bipolar disorder pose a great clinical challenge, especially in the context of 
current management. However, improved monitoring, decision-making, and tar-
geted psychological and dietetic intervention will likely better curb physical 
health morbidity and mortality. This should be a focus of clinical research, given 
that fi ndings thus far have been promising and also that there is little in the way of 
novel pharmacological options. Further research on effective monitoring and 
intervention for metabolic and cardiovascular health is required, and management 
targeted at shared illness processes may be more effective in the longer term. To 
this end, bipolar disorder-specifi c clinics (such as lithium clinics) are well posi-
tioned to become part of the solution to deliver better monitoring and improved 
healthcare options for patients with bipolar disorder. In doing so, both psychologi-
cal and physical health of patients with bipolar disorder can be managed more 
effectively with better eventual outcomes in both domains.     
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   Abstract 
   Depression is common in those with cardiovascular disease and is independently 
associated with increased cardiovascular morbidity and mortality. On this 
account identifying and treating depression are of utmost importance in this 
group. In this chapter we consider tools to screen for depression in cardiac 
patients and review the evidence of the effectiveness of psychological interven-
tions for depression in those with cardiovascular disease, including stroke.  
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    There are numerous cardiovascular disease (CVD) risk factors that can be modifi ed 
or managed, including high blood pressure, high cholesterol, smoking, obesity, 
physical inactivity, diabetes, unhealthy diets and harmful use of alcohol (World 
Heart Federation  2015 ). Research has found that 90 % of CVD is preventable by 
modifying these risk factors (Mendis et al.  2011 ; McGill et al.  2008 ). 

 Many people need help with changing behaviours that increase the risk of CVD, 
including stopping smoking, increasing physical activity and eating healthily. There 
is also a psychological component to many of these risk factors. For example, some 
individuals use smoking, alcohol and food to cope with their  emotions  (Holahan 
et al.  2003 ; Konttinen et al.  2010 ), and some people hold  beliefs  that interfere with 
their health (Carpenter  2010 ; Dennis and Goldberg  1996 ; Horne and Weinman 
 1999 ). Individuals may also need support to manage other health problems (e.g. 
diabetes, high blood pressure) and mental illnesses (e.g. anxiety, depression and 
personality disorders). Mental illness can also exacerbate the negative behaviours 
that impact on these risk factors. For example, depression may interfere with engag-
ing in physical activity and may impact on diet (Jacka and Berk  2013 ). 

 Depression after CVD is a predictor of a 1-year cardiac mortality (Kop et al. 
 2010 ), and one study found that even mild symptoms of depression can predict 
mortality, morbidity and poorer clinical outcomes in those with myocardial 
infarction (Lespérance et al.  2007 ). Evidence suggests that around 15–20 % of 
cardiac patients experience clinical depression (Tully and Baker  2012 ) and 
around 31 % of stroke patients experience signifi cant symptoms (Hackett and 
Pickles  2014 ). Depression is a major predictor of poor adherence in patients with 
CVD, be it to drug therapy or lifestyle changes (Kronish et al.  2006 ). Depression 
after stroke appears to infl uence morbidity and mortality (Morris et al.  1993 ) and 
affects functional outcome (Herrmann et al.  1998 ). Consequently, treating depres-
sion in the context of CVD is important. There are many benefi ts associated with 
treating depression, including improved quality of life, improved adherence to 
other therapies and, potentially, improved CVD outcomes (Gulliksson et al. 
 2011 ). Psychological treatment has been found to be better at treating depression 
effectively in the long term compared to antidepressants (Spielmans et al.  2011 ). 

 Psychologists can provide psychological care and support to individuals with 
CVD and comorbid depression, and the evidence for the effectiveness is summarised 
below. Studies on CVD usually include myocardial infarction, a revascularisation 
procedure [coronary artery bypass grafting or percutaneous transluminal coronary 
angioplasty], or having been diagnosed with coronary heart disease. There is also an 
emerging evidence base to support the effectiveness of psychological interventions 
for depression after stroke. Below we review how to screen for depression in cardiac 
and stroke patients and how depression can be managed in these samples. 

20.1     Screening for Depression in Cardiac and Stroke Patients 

 The consensus statement from the National Heart Foundation of Australia 
(NHFA) reported the need for routine screening for depression in all patients 
with cardiovascular disease. Screening should occur at fi rst presentation, 
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2–3 months after the event and then on a yearly basis (Colquhoun et al. 
 2013 ). Similarly, the National Stroke Foundation’s ( 2010 ) Clinical Guidelines 
for Stroke Management have recommended screening for depression with a 
validated instrument, though no time frames are specifi ed. However, after 
screening it is imperative that patients be properly referred and treated and 
that there should be pathways to do this appropriately (Colquhoun et al.  2013 ). 
Some medical professionals have said that the screen-and- treat models of 
depression are insuffi cient without a proper follow-up and referral pathways. It 
is advised that medical practitioners refer a patient with symptoms of depres-
sion to a local psychologist; however, there is no clear research of when to refer 
them. 

 There are many free screening tools for depression in CVD patients available, for 
example:

•     Patie  nt Health Questionnaire-9 and Patient Health Questionnaire-2  (PHQ-9; 
Kroenke et al.  2001 , PHQ-2; Kroenke et al.  2003 ): The PHQ-9 is a self- 
administered tool for assessing depression. The PHQ-2 uses only the fi rst two 
items of PHQ-9 and it is commonly used for screening. It inquires about the 
degree to which an individual has experienced depressed mood and anhedonia 
over the past 2 weeks (Gilbody et al.  2007 ). PHQ-9 scores >10 had a sensitivity 
of 88 % and a specifi city of 88 % for major depression, and it has been shown to 
be a reliable and valid tool (Kroenke et al.  2001 ).  

•    Cardiac Depression Scale  (CDS; Hare and Davis  1996 ): The CDS is a 
26-item inventory to assess depressive symptoms in cardiac patients. 
Respondents answer questions, in an interview, and indicate the appropriate 
number on a Likert scale that expresses the strength of their response to an 
item. There are seven positively worded items (e.g. ‘My concentration is as 
good as it ever was’), which are reverse coded for aggregation and statisti-
cal analysis. A cut-off score of 95 has 97 % sensitivity and 85 % specificity 
for major depression (Hare and Davis  1996 ). Unfortunately, no other evi-
dence regarding the CDS to detect major depression in CVD currently 
exists.  

•    Geriatric Depression Scale – short form  (GDS-sf; Yesavage and Sheikh  1986 ): 
The GDS-sf, a short form of the GDS, is a 15-item inventory used to screen for 
mild to moderate depression symptoms. The reliability and validity of the 
GDS- sf have been demonstrated among the elderly (Marc et al.  2008 ), individu-
als with dementia (Lesher and Berryhill  1994 ) and chronic heart failure outpa-
tients (Haworth et al.  2007 ). A score of more than fi ve suggests that a clinical 
assessment should be undertaken.  

•    Depression Anxiety Stress Scale  (DASS-42; Lovibond and Lovibond  1995 ; 
Kutlubaev and Hackett  2014 ): DASS-42 is a 42-item self-report instrument 
designed to measure the three related negative emotional states of depression, 
anxiety and tension/stress. There is also a short version with 21 items that has 
been found to be reliable and valid (Antony et al.  1998 ; Gloster et al.  2008 ). 
The DASS is the most commonly used screening measure in Australian 
hospitals.    
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 With respect to stroke, a number of self-report instruments have received empiri-
cal support in screening for depression, including the PHQ-9 to detect major depres-
sion and the GDS-sf to identify milder symptoms (Burton and Tyson  2015 ). Due to 
the diversity of the fi ndings in the literature, however, clear recommendations for 
cut-offs on these cannot currently be made. Despite this, as a guide, a cut- off of >9 
on PHQ-9 has been suggested (Williams et al.  2005 ) and on the GDS-sf a cut-off 
slightly lower than for CVD, of >4 (Lee and Park  2008 ). The lack of clear guidance 
on cut-offs on depression screening instruments in stroke (Burton and Tyson  2015 ) 
is less of an issue than it may seem as cut-offs can be set dependent on the purpose 
of screening and the resources available. For instance, lower cut-offs can be used 
where a higher number of false positives can be tolerated in order that true positives 
are not overlooked. A number of other instruments can be used to screen for depres-
sion after stroke:

•     Hospital Anxiety and Depression Scale – Depression subscale (HADS-D;  
Zigmond and Snaith  1983 ): The HADS was developed specifi cally to assess 
mood symptoms in people with physical illness. It consists of 14 items with 
two subscales: anxiety (seven items) and depression (seven items). Patient’s 
scores range 0–3 with reference to each item and their experience in the last 
7 days. The depression subscale has a range of 0–21. As noted above a litera-
ture review failed to give clear guidance on the cut-offs for depression in stroke 
populations; however >8 is commonly used (Kneebone et al.  2010 ). One attrac-
tion of the HADS is that it also includes an anxiety measure; however it has 
been criticised as it can require initial and recurrent costs (Burton and Tyson 
 2015 ).    

 The fact that many with stroke have cognitive and communication problems 
means that some patients are not accessible to screening for depression via self- 
report measures. On this account observational measures and simplifi ed measures 
using visual stimuli have been developed to screen for depression.

•     Stroke Aphasic   Depression Questionnaire Hospital, 10-item version  
(SADQ- H10; Lincoln et al.  2000 ) and the  Stroke Aphasic Depression 
Questionnaire, 10-item version  (SADQ-10; Sutcliffe and Lincoln  1998 ). The 
SADQs are observer rating scales to identify depression in people with com-
munication disorder after stroke. The former is designed for the use in inpa-
tient settings and utilises staff observations; the latter is designed for 
community use, to be completed by carers or someone who knows the patient 
well. The H10 utilises more specifi c categories with respect to screen items, 
e.g. ‘2–4 times a week’, whereas the 10, less specifi c ones such as ‘some-
times’ and ‘rarely’. Research has supported the reliability of these different 
categories (Lincoln et al.  2012 ).  

•    Depression Intensity Scale Circles  (DISCs; Turner-Stokes et al.  2005 ): The 
DISCs consists of six circles of equivalent size displayed vertically. Each circle 
has an increasing proportion of grey shading, from no shading at the bottom of 
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the display to completely shading at the top. The degree of shading indicates the 
level of depression. A further version of the DISCs incorporates a sad and smiley 
face as anchor points. A cut-off of >1 for signifi cant depression is recommended 
for use with this instrument.    

 It should be noted screening instruments in themselves do not diagnose depression. 
Patients who receive a positive screening will need further evaluation and will need to 
be referred for a formal clinical assessment by a psychologist or psychiatrist. 

 A relatively recent development in stroke is the determining of screening proto-
cols to detect mood disorder after stroke (Kneebone et al.  2012 ; Lincoln et al.  2012 ). 
These consist of specifi c information on what instrument to use with which patient 
based on presentation factors such as age, cognitive and communication defi cits. 
Figure  20.1  displays one such protocol developed for screening in an acute setting 
(Galvin et al.  2014 ). Based on whether a severe cognitive or communication disor-
der is present, self-report measures or observational measures are utilised. The pro-
tocol also incorporates a procedure to screen for the presence of suicidal ideas. The 
protocol also includes how to interpret results and the actions required based on 
these. Along with relatively brief training, such protocols support those not trained 
or not practising in mental health (who make up the majority of stroke clinicians) to 
feel confi dent in conducting screens and thus support compliance with guidelines 
(Kneebone et al.  2013 ).

20.2        Psychological Interventions for Depression in Those 
with CVD 

 There are many different types of psychological interventions that have been 
used in CVD patients and individuals at risk of CVD. A recent Cochrane system-
atic review and meta-analysis (Whalley et al.  2014 ) found that psychological 
intervention did result in moderate improvements in depression in those with 
CVD. There were also signifi cantly fewer deaths attributed to cardiac causes 
among treated patients. However, it found no strong evidence that psychological 
intervention reduced all-cause mortality or nonfatal infarction in patients with 
CVD. 

 This review also found that certain styles of psychological treatment for comor-
bid depression and CVD are not always benefi cial. For example, including other 
family members in treatment, allowing the clients to lead the discussion or provid-
ing support were negatively associated with depression outcomes (Whalley et al. 
 2014 ). However, not all psychological interventions are equally effective. A system-
atic review and meta-analysis found that among high-quality trials, only cognitive 
behavioural therapy was effective, but only a small effect was found (Dickens et al. 
 2013 ). We will look closely at cognitive behavioural therapy, a widely accepted 
evidence-based treatment option. There are other interventions that have been inves-
tigated, including problem solving, skills training and relaxation, all showing small 
effect sizes when including both low- and high-quality studies (Dickens et al.  2013 ). 
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For those individuals with CVD and depression who are not ready for change, moti-
vational interviewing (Miller and Rollnick 2009) can be delivered before cognitive 
behavioural therapy. 

All screens to be done 5 or more days after patient admission

Does the patient have a major cognitive or communicative difficulty?

Yes No

Administer the SADQH-10

Scored > 5 or more?

NoYes

NON-DEPRESSED
RANGE 

Feed back results to
patient. Write results in

medical notes
Continue to monitor. 

DEPRESSED RANGE
Feed back results to patient. Write results in medical notes. Refer to psychology. 

Continue to monitor.

Administer the HADS-D

Scored > 8 or more?

Yes No

Administer the sequence of
questions on suicide¹

Were suicidal ideas
apparent?

No Yes

Report to nurse in
charge immediately.
Record in medical

notes. 

NON-DEPRESSED 
RANGE

Feed back results to
patient. Write results in

medical notes. Continue to
monitor.

NoYes

Administer the sequence of
questions on suicide¹ (if it
is meaningful to do so) 

Were suicidal ideas
apparent?

Report to nurse in
charge immediately.
Record in medical

notes. 

  Fig. 20.1    Flow chart for post-stroke depression screening derived from Galvin et al. ( 2014 ). 
 HADS-D  hospital anxiety and depression scale – depression subscale,  SADQ-H10  stroke aphasic 
depression questionnaire hospital, 10-item version       
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20.2.1     Cognitive Behavioural Therapy (CBT) 

 Cognitive behavioural therapy (CBT) is a short-term, individualised, collaborative 
intervention designed at modifying unhelpful thoughts, behaviours and emotions 
that maintain a condition. There is strong evidence that CBT is effective at treating 
depression (Cuijpers et al.  2013 ). Cardiac patients usually have beliefs, emotions 
and behaviours that maintain their depression. CBT can also focus on changing 
health-related behaviours, including alcohol consumption, eating, physical activity, 
smoking and problem-solving ability. 

 Cognitive behavioural therapy has been used to treat depression in older 
patients with elevated CVD risk (Strachowski et al.  2008 ). Fifty seven percent of 
participants were in remission after 16 sessions of individual CBT ( n  = 23), com-
pared to only 4 % of the waitlist control ( n  = 25) (Strachowski et al.  2008 ). In the 
Enhancing Recovery in Coronary Heart Disease (ENRICHD) patients trial, indi-
viduals with myocardial infarction treated with CBT had fewer depressive symp-
toms than those receiving usual care at 6 months posttreatment. However, 
differences in depression did not translate to differences in CVD outcomes 
(Berkman et al.  2003 ). 

 Another study compared traditional care to traditional care plus a CBT program, 
with 20 2-h sessions during 1 year, in persons with recurrent CVD (Gulliksson et al. 
 2011 ). The study included 362 individuals aged 75 years or younger. During a mean 
94 months of follow-up, the intervention group had a 41 % lower rate of fatal and 
nonfatal fi rst recurrent CVD events, 45 % fewer recurrent acute myocardial infarc-
tions and a 28 % lower all-cause mortality (not statistically signifi cant) than the 
control group after adjustment for confounding variables. 

 Cognitive behaviour therapy (CBT) is effi cacious in the acute treatment of 
depression and provides a viable alternative to antidepressant medication. More 
importantly, CBT has an enduring effect that protects against subsequent relapse 
following the end of active treatment, something that cannot be said for medications 
(Driessen and Hollon  2010 ). However, some people may not be ready or be ambiva-
lent towards change; in this case motivational interviewing can be used before 
implementing CBT.  

20.2.2     Motivational Interviewing 

 Motivational interviewing is a person-centred approach that facilitates intrinsic 
motivation and aims at changing people’s perceptions of their behaviour (Miller and 
Rollnick  2009 ). The fi rst stage involves discussing the discrepancy of the patients’ 
beliefs to the patients’ behaviour. This is done in an empathic way and direct con-
frontation is avoided as it may induce resistance. Instead, the individual is encour-
aged to refl ect on their situation and talk about ways they want to change. 
Motivational interviewing enhances self-effi cacy, autonomy and competency by 
setting goals, providing feedback, eliciting change talk and exploring possibilities 
(Miller and Rollnick  2009 ). 
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 A systematic review and meta-analysis showed that motivational interviewing 
had a signifi cant and clinically relevant effect in three out of four studies, for both 
physiological and psychological diseases (Rubak et al.  2005 ). Motivational inter-
viewing has been applied to patients with CVD in order to modify their ill-health 
lifestyle to decrease the risk of CVD occurrence (for a review see Thompson et al. 
 2011 ). For example, one study found that motivational interviewing in cardiac reha-
bilitation patients was effective at reducing depression symptoms; however, surpris-
ingly they were found to have an increase in anxiety level when compared to controls 
(Chair et al.  2012 ). Motivational interviewing was also effective at changing other 
CVD risk factors, including physical activity and cholesterol (Hardcastle et al. 
 2013 ), smoking (Bredie et al.  2011 ; Groeneveld et al.  2011 ), body weight 
(Groeneveld et al.  2010 ) and snack intake (Groeneveld et al.  2011 ), but long-term 
follow-ups are needed. 

 Motivational interviewing has also been integrated into cognitive behavioural 
therapy and applied to individuals with depression (Westra  2004 ; Arkowitz and 
Westra  2004 ). Whether integrating these treatments in the context of CVD and 
comorbid depression would be benefi cial remains to be examined.   

20.3     Psychological Interventions for Stroke 

20.3.1     Prevention of Depression After Stroke 

 Attention to depression in stroke has taken two main approaches, prevention 
and treatment. Preventative approaches take a variety of forms including the 
provision of support groups, befriending, art therapy, music therapy and attend-
ing to the overall experience of patients of what is important to them in their 
rehabilitation ( Kneebone, in press ). Specific psychological therapies have 
some support here including motivational interviewing and problem solving. 
The intention of motivational interviewing in this instance is not to change 
health-related behaviours but to support the management of adversity. It 
involves a therapist countering ambivalence alongside developing optimism 
and confidence to overcome challenges (Miller and Rollnick  2012 ; Watkins 
and French  2009 ). Motivational interviewing after stroke has been demon-
strated to prevent depression and reduce morbidity in a randomised controlled 
trial (Watkins et al.  2007 ). 

 Problem solving is a systematic way of tackling issues that are amenable to 
change. Problem solving is a structured approach which generally involves a num-
ber of stages: problem defi nition, identifying solutions via brainstorming, solution 
evaluation, response selection, developing a plan and then acting upon it 
(Montgomery and Evans  1984 ). Along with motivational interviewing, problem 
solving is considered to have an evidence base for the prevention of depression after 
stroke (Hackett et al.  2008 ). 

 New developments in the prevention of depression after stroke are under eval-
uation, for example, the aphasia action success knowledge (ASK) intervention 
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case series study, designed to prevent depression in people with aphasia and their 
carers after stroke. It is delivered by speech pathologists, and includes the devel-
opment of a stroke narrative, attention to enjoyable activities and accessing social 
support after stroke (Grohn et al.  2013 ; Simmons-Mackie  2013 ). The strategy is 
currently being subject to RCT evaluation (Worrall et al.  2016 ).  

20.3.2     Treatment of Depression After Stroke 

 Until recently there was no real evidence base for psychological intervention for 
depression after stroke. Despite promising case series support for its effi cacy 
(Lincoln et al.  1997 ; Rasquin et al.  2009 ), the only randomised controlled trial of 
cognitive behaviour therapy to date failed to indicate a treatment response (Lincoln 
and Flannaghan  2003 ). In contrast, one behavioural component often used in CBT, 
behavioural activation, has found to be useful in isolation, when tested via ran-
domised controlled trial in those with stroke with signifi cant aphasia (Thomas et al. 
 2013 ). Why CBT has been less successful has been debated in the literature. 
However, the consensus does seem to be that while CBT is one of the most proven 
of therapies in the non-stroke population (Butler et al.  2006 ; Gloaguen et al.  1998 ), 
it requires substantial modifi cation if it is to be successful with people who have had 
a stroke (Broomfi eld et al.  2011 ; Kneebone  2016 ). Such modifi ed treatment is yet to 
be evaluated. 

 A holistic approach to both prevention and treatment of distress after stroke has 
been proposed. This is based on the stepped care model developed for mental health 
in the UK (Davison  2000 ; National Health Service  2014 ), which proposes that each 
person with stroke receives psychosocial care in accordance with the nature and 
severity of symptoms (Gillham and Clark  2011 ). An elaboration on this latter model 
is presented in Fig.  20.2 . Level 1 directs services to all persons with stroke and is 
aimed at general support and prevention, level 2 those with clinically signifi cant 
symptoms of anxiety or depression and level 3 those with more severe symptoms or 
conditions that require specialist care. Level 4 addresses the needs of a small but 
signifi cant group of stroke survivors, those presenting with serious challenging 
behaviours. The elaboration provides indications for how to determine the appropri-
ate level for a particular presentation (Kneebone, in press).

20.4         Clinical Implications 

 Health practitioners working with CVD patients who choose to follow NHFA 
guidelines and screen for depression in cardiac patients should only do this when 
there are appropriate referral pathways in place. Psychological treatment, such as 
cognitive behavioural therapy, does reduce depressive symptoms in individuals with 
CVD and can improve an individual’s quality of life. Research on depression in 
psychological interventions to manage and prevent depression in stroke requires 
further research but shows promise.     
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   Abstract 
   Major depression is often associated with neuropsychological defi cits, most 
commonly in the areas of executive functioning (e.g. set-shifting,  problem- solving, 
decision-making), information processing speed, new learning and memory. 
These cognitive defi cits may be even more pronounced in older adults with 
depression and particularly in those with cardiovascular risk factors, where cog-
nitive impairment is linked with multiple pathophysiologies including white 
matter lesions and alterations in key grey matter brain structures. In this group, 
underlying neurodegenerative pathology is also an important consideration. Of 
concern, cognitive defi cits are predictive of treatment responsiveness and may 
persist despite depressive symptom resolution. However, most traditional treat-
ments for depression (i.e. antidepressants and psychological therapies) do not 
focus on cognition. By contrast, cognitive training is a novel non- pharmacological 
therapy that may be used to directly target cognition and psychosocial function-
ing, by promoting neural plasticity. In this chapter, we review the evidence for 
cognitive training in depression with additional reference to work in healthy 
samples and those with neuropsychiatric and neurodegenerative disease. Studies 
using both computer-based and strategy-based training approaches are discussed. 
To date, there is a lack of well-controlled studies utilising cognitive training for 
people with depression. Nonetheless, 13 studies employing computer-based cog-
nitive training programs reveal promising results, particularly for improving 
memory and mood. Further randomised controlled trials in those with depression 
are now required, to examine the potential magnitude of cognitive improvement 
and to determine which individual, clinical and treatment-related factors may 
infl uence treatment effi cacy.  

   The hallmark symptoms of major depression (MD) are widely recognised to include 
persistent low mood and anhedonia (i.e. loss of pleasure or enjoyment of usual daily 
activities or hobbies). In addition to these core symptoms, persons with depression 
typically present with ‘second-tier’ symptoms such as feelings of guilt, worthless-
ness or suicidal ideation, amotivation, fatigue, appetite changes, weight loss or 
weight gain, altered sleep and circadian rhythms, sexual dysfunction and gener-
alised pain (American Psychiatric Association  2013 ). Importantly, many patients 
also describe diffi culties with aspects of cognition, including reduced concentra-
tion, feeling slowed down, having poor memory or with alterations in higher-level 
thinking skills such as poor decision-making and problem-solving (American 
Psychiatric Association  2013 ). Cognitive defi cits in MD are a signifi cant clinical 
issue, with data showing they are associated with disability (Naismith et al.  2007 ), 
psychosocial functioning (Bosworth et al.  2002 ) and poor functional outcomes 
(Baldwin et al.  2004 ; Baune et al.  2010 ). 

 Using formal neuropsychological tests, cognitive diffi culties in MD are often 
characterised as resembling a ‘fronto-subcortical’ profi le, with defi cits in executive 
functioning, processing speed and memory being most pronounced (Naismith et al. 
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 2003 ; Veiel  1997 ). Indeed, around one fi fth of patients exhibit ‘impairments’ 
(i.e. >2 standard deviation (SD) decline relative to premorbid levels of general cog-
nitive functioning) on at least two cognitive domains (Veiel  1997 ). 

 Executive dysfunction in older people with depression encompasses a wide array 
of functions including defi cits in planning, organisation, sequencing, response inhi-
bition, problem-solving and set-shifting (Herrmann et al.  2007 ; Naismith et al. 
 2003 ; Pisljar et al.  2008 ; Salloway et al.  1996 ). In particular, meta-analytic studies 
have shown that around 15 % of patients with depression perform in the ‘impaired’ 
ranges on tests of set-shifting and response inhibition (Veiel  1997 ). In older people 
with severe depressive disorders, defi cits in the ‘impaired’ (<2 SD relative to nor-
mative samples) range are a prominent fi nding (Naismith et al.  2003 ). In the older 
person, executive defi cits may be particularly severe in those with later ages of onset 
(Naismith et al.  2003 ; Salloway et al.  1996 ), and are of particular concern since they 
tend to be associated with a suboptimal prognosis, treatment resistance and lower 
remission rates (Baldwin et al.  2004 ; Sheline et al.  2010 ; Sneed et al.  2007 ). 
Additionally, such features have been linked to poor psychosocial functioning and 
diffi culties in instrumental activities of daily living (Kiosses et al.  2000 ,  2001 ; 
Lockwood et al.  2000 ; Mackin and Arean  2009 ). 

 Slowed processing speed is a common feature of depression, particularly in later 
life. It has been linked to markers of cerebrovascular disease (Hickie et al.  2001 ) 
and is a key feature of ‘vascular depression’ (see below). Slowed processing speed 
may also be associated with poor treatment response (Hickie et al.  1995 ; Sheline 
et al.  2010 ; Simpson et al.  1997 ; Story et al.  2008 ), thus affi rming the utility of con-
sidering cognitive function when determining treatment responsiveness. Processing 
speed is a prominent feature in severe depressive episodes and particularly melan-
cholic and psychotic subtypes (Jeste et al.  1996 ; Naismith et al.  2003 ). However, 
this domain of cognitive functioning may at least partially improve with symptom 
resolution (McDermott and Ebmeier  2009 ). 

 Whilst older patients with depression typically complain of poor memory, which 
is in turn linked with disability (Naismith et al.  2007 ), formal neuropsychological 
testing reveals average defi cits in the order of around 0.5 standard deviation units 
below normal (Naismith et al.  2006 ; Veiel  1997 ). However, the literature pertaining 
to the pattern of memory defi cits in older people with depression is somewhat het-
erogeneous. This may relate to multiple pathophysiologies underpinning memory 
diffi culties including the effects of cardiovascular disease (CVD), the early neuro-
degenerative changes and the chronic effects of depressive illness on the hippocam-
pus (Naismith et al.  2012 ; Schmaal et al.  2015 ). Memory performance is associated 
with neurochemical markers of neuronal integrity (Jayaweera et al.  2015b ) as well 
as volumetric changes in the hippocampus (Hickie et al.  2005a ,  b ; Jayaweera et al. 
 2015a ). In fact, over short-term follow-up periods, hippocampal volume has been 
linked to persistent memory change (O’Brien et al.  2004 ) as well as progression to 
dementia (Steffens et al.  2011 ). The mechanism by which depression itself may 
cause memory decline is unclear but could at least partially refl ect downregulation 
of the hypothalamic-pituitary-adrenal axis, as well as the associated neurotoxic 
effects of glucocorticoids and reduced expression of brain-derived neurotrophic 
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factor (BDNF) (Duman et al.  2006 ; Dwivedi  2013 ; Molendijk et al.  2014 ). Since 
antidepressants may promote hippocampal neurogenesis and plasticity (Pilar-
Cuéllar et al.  2013 ) and appear to be associated with restored levels of BDNF 
(Castrén and Rantamäki  2010 ), their use may even be neuroprotective against 
changes in hippocampal volume and memory (Duman et al.  2006 ; Elcombe et al. 
 2014a ,  b ; Sheline et al.  2012 ; Tanti and Belzung  2013 ). However, more prospective 
data is required in this area; certainly at a community level, emerging epidemiologi-
cal data does not support the notion that antidepressant use is associated with slower 
rates of cognitive decline (Saczynski et al.  2015 ), though notably these relationships 
may differ markedly in clinical samples. 

 When evaluating memory in older people, the literature suggests that key pheno-
typic features are linked with and may even mediate performance. For instance, 
recent data suggests that sleep-wake disturbance may be relevant to both encoding 
and memory storage defi cits in older people with depression, even after controlling 
for depressive symptom severity (Naismith et al.  2009a ,  b ,  2011a ,  b ). Additionally, 
inpatients tend to perform worse than outpatients (Naismith et al.  2003 ), and perfor-
mance decrements may be particularly pronounced in those with melancholia and/
or concomitant anxiety (Kizilbash et al.  2002 ). When evaluating memory function-
ing in both younger people with depression and those with late-life depression 
(LLD), the various subcomponents of memory require testing and consideration. 
That is, it is necessary to ascertain whether memory diffi culties emerge at the level 
of ‘encoding’, ‘storage’ or ‘retrieval’. Commonly, perceived memory problems are 
actually revealed to be ‘encoding’ problems when formally tested. In other words, 
the ability to absorb new information is affected, rather than the long-term consoli-
dation of memory. This pattern is frequently seen in association with depression. 
Examining memory at this level of detail is crucial when using techniques targeting 
the remediation of memory. 

21.1     Heterogeneity of Cognitive Deficits 

 Despite the prevalence of cognitive dysfunction in older people with depression, it 
still remains unclear in clinical practice, which patients may exhibit cognitive 
impairments and to what extent. In this regard, the heterogeneity of cognitive defi -
cits in MD has received considerable attention, and cognition is likely to vary 
according to a range of phenotypic, genetic, neurobiological and aetiological fea-
tures (Beblo et al.  2011 ; Naismith et al.  2003 ). One strategy to ascertain how cogni-
tive impairment may vary is to characterise neurobiological changes at various 
stages of the lifespan and stages of illness. Baune and colleagues ( 2012 ) reviewed 
seven studies of young people aged 12–25 years. They showed that executive defi -
cits were evident in only three out of seven studies, but working memory and pro-
cessing speed defi cits were consistently notable, being evident in three out of four 
studies. In a recent meta-analysis of 15 studies that examined cognitive defi cits in 
adults (mean age = 39.4 years) with fi rst-episode MD, Lee et al. ( 2012 ) demon-
strated that cognitive defi cits were mild to moderate in nature. The most robust 
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effect-size decrements were found in the areas of psychomotor speed and memory 
and aspects of executive functioning including verbal fl uency and mental fl exibility. 
There were notably many contributors to heterogeneity: in addition to age and edu-
cation, inpatient status, antidepressant use and symptom remission were linked to 
poorer cognition. Importantly, depression severity alone does not appear to mediate 
the extent of cognitive defi cits in MD. Whilst there is certainly a correlation between 
severity and cognition in the domains of executive functioning, memory and pro-
cessing speed (McDermott and Ebmeier  2009 ), effect sizes are small, and much 
variability remains unexplained. As noted above, other phenotypic features that 
have been linked to poorer cognition include bipolar disorder, anxiety, melancholia, 
inpatient status, sleep disturbance, later ages of onset, duration and recurrence of 
major depressive episodes and presence of psychosis (Naismith et al.  2003 ,  2009a ,  b , 
 2011a ,  b ,  2012 ; Zaninotto et al.  2015 ). Additionally, the role of motivation and 
effort has been documented as a key factor to consider (Elliott  1998 ).  

21.2     The Role of Cerebrovascular Disease 

 It is increasingly apparent that when attempting to understand cognition, one must 
also consider other medical and neurobiological features. In particular, co-morbid 
medical burden and concomitant brain changes are likely to underpin at least some 
cognitive defi cits. In this regard, the presence of CVD appears to be pertinent, par-
ticularly for older people. Indeed, a wealth of clinical and epidemiological data 
suggests a bidirectional link between CVD and depression in later life (Schrader 
et al.  2005 ; Thomas et al.  2004 ). In particular, shared medical and lifestyle risk fac-
tors for both conditions include hypertension, diabetes, hypercholesterolaemia, 
heart disease, obesity and smoking. This is particularly relevant as research has 
identifi ed the preponderance of white matter lesions (WMLs), seen as ‘hyperin-
tense’ on T2-weighted magnetic resonance images in those with LLD generally, 
particularly for those with later ages of depression onset (Alexopoulos et al.  1997 ; 
Hickie et al.  1995 ; Krishnan et al.  1997 ; O’Brien et al.  1996 ). 

 Whilst the precise aetiology of WMLs is unclear, it is likely that they predomi-
nantly refl ect underlying cerebrovascular disease including small vessel ischaemic 
change (Greenstein et al.  2010 ; Thomas et al.  2002 ). The strong link between 
WMLs, vascular risk factors (VRFs) and depression has led to the ‘vascular depres-
sion’ hypothesis (Alexopoulos et al.  1997 ; Hickie et al.  1995 ; Krishnan et al.  1992 ; 
Steffens et al.  1998 ). Approaches to characterising ‘vascular depression’ have on 
the one hand emphasised the importance of neuroimaging changes, or ‘MRI-defi ned 
vascular depression’ (Krishnan et al.  2004 ), and on the other, the role of neuropsy-
chological defi cits, including the ‘depression-dysexecutive syndrome’ (Alexopoulos 
et al.  2002 ). In addition to having later ages of onset, those with ‘vascular depres-
sion’ also tend to be older and have treatment resistance, psychomotor change, less 
family history of affective disorder, cognitive impairment and greater progression to 
dementia (Hickie and Scott  1998 ; Sheline et al.  2010 ; Steffens and Krishnan  1998 ; 
Taylor et al.  2013 ). In general, associations between WMLs and executive 
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functioning have been demonstrated on measures of cognitive fl exibility and verbal 
fl uency (Breteler et al.  1994a ,  b ; Kohler et al.  2010 ) as well as in the domains of 
processing speed (O’Brien et al.  2002 ) and memory (Boone et al.  1992 ; Gunning-
Dixon and Raz  2000 ; Lesser et al.  1996 ), though one study has suggested that 
WMLs may impact more heavily on those cognitive tasks involving speed of pro-
cessing than those involving memory (de Groot et al.  2000 ). In terms of linking the 
various cognitive defi cits with specifi c regions of white matter damage, there is a 
lack of consistent evidence with this degree of regional specifi city; however a recent 
systematic review of 14 studies suggested a greater association between periven-
tricular WMLs and the cognitive domains of executive functioning and processing 
speed, compared to subcortical WMLs (Bolandzadeh et al.  2012 ). Some studies 
have shown a relationship between general cognitive impairment and subcortical 
hyperintensity burden (Salloway et al.  1996 ), whilst others have demonstrated this 
relationship with periventricular burden (de Groot et al.  2000 ).  

21.3     Persistent Cognitive Change in Depression 

 Several studies have demonstrated that cognitive defi cits in depression (particularly 
in older people) are not merely refl ective of depressive ‘state’ and tend to persist 
despite adequate symptom resolution (Butters et al.  2000 ; Devanand et al.  2003 ; 
Diniz et al.  2015 ; Jayaweera et al.  2015a ). Persistent cognitive change tends to be 
linked with later ages of onset and greater vascular burden (Barch et al.  2012 ). 
Furthermore, up to 75 % of older persons with a lifetime history of depression meet 
criteria for Mild Cognitive Impairment, a potential prodrome to dementia. Mild 
Cognitive Impairment in such persons is in turn linked to a higher percentage of 
VRFs as well as underlying neuroanatomical changes (Jayaweera et al.  2015a ). 
Indeed, in older persons, changes in processing speed have been linked to volumes 
of the caudate nucleus (Naismith et al.  2002 ), underlying regional cerebral blood 
fl ow changes and to WMLs (Hickie et al.  2005a ,  b ,  2007 ; Jayaweera et al.  2015b ). 
Persistent memory defi cits are linked to decreased size of the hippocampus as well 
as to spectroscopic markers of neuronal integrity (Jayaweera et al.  2015b ). 
Additionally, as mentioned above, data suggests that persistent executive defi cits 
may refl ect permanent changes to white matter integrity linked to underlying cere-
brovascular disease (Boone et al.  1992 ; Breteler et al.  1994a ,  b ; Lesser et al.  1994 , 
 1996 ). In older and elderly adults, early neurodegenerative changes in hippocampal 
and surrounding temporal regions may also contribute to the emergence and persis-
tence of cognitive decline (Naismith et al.  2012 ).  

21.4     Relationship Between Depression and Dementia 

 In recent years, depression has been recognised internationally as a prodromal fea-
ture and independent risk factor for cognitive decline (Alexopoulos  2005 ; Emery 
and Hess  2011 ; Panza et al.  2010 ; Steffens et al.  2007 ). Indeed, two large 
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community- based studies recently demonstrated that increased depressive symp-
toms are associated with increasing risk for dementia (Saczynski et al.  2010 ), par-
ticularly for those with recurrent depression (Dotson et al.  2010 ). Of considerable 
interest, it appears that the risk to dementia in older persons with depression is not 
merely due to the presence of WMLs. This was demonstrated in a recent longitudi-
nal study that followed participants for three years, where depression instead 
appeared to exert an additive or synergistic effect (Verdelho et al.  2013 ). The signifi -
cance of the depression and dementia association has also been demonstrated in a 
recent meta-analysis examining modifi able risk factors for Alzheimer’s disease, 
where it was estimated that one in ten cases of dementia worldwide is attributable to 
depression (Norton et al.  2014 ). Moreover, a recent systematic review (Barnes and 
Yaffe  2011 ) estimated that a 10 % reduction in depression prevalence could poten-
tially result in a worldwide reduction of dementia incidence by approximately 
326,000 cases. Importantly, the combined effect of depression with other modifi able 
risk factors (predominantly including conditions associated with CVD such as dia-
betes, hypertension, obesity, physical inactivity and smoking) has been estimated to 
account for one third of all dementia cases (i.e. around 9.6 million) worldwide 
(Norton et al.  2014 ). This staggering calculation emphasises the important interplay 
between depression and CVD as a risk factor for cognitive decline. Crucially, these 
fi gures also emphasise the need for early intervention for holistic depression, cogni-
tion and lifestyle modifi cation strategies.  

21.5     Summary and Rationale for Targeting Cognition 
as a Specific Feature 

 Overall, it is clear from the extant literature that cognitive dysfunction in depres-
sion is a prominent feature and is likely to be linked to underlying changes in 
fronto- striatal circuitry, as well as in key memory circuits and in particular the 
hippocampus. Clinical and phenotypic features and the presence of underlying 
CVD are key predictors of cognitive change, and in older people, the presence 
of VRFs and WMLs is likely to be linked to persistence of defi cits and progres-
sion to dementia syndromes. Of signifi cance for daily functioning, cognitive 
changes are linked to disability and psychosocial functioning as well as activi-
ties of daily living. Efforts to improve cognition and remediate cognitive defi cits 
are therefore vital, not only to improve daily functioning but to foster neuroplas-
ticity and overall brain integrity. Unfortunately, whilst some antidepressant 
treatments (e.g. sertraline, duloxetine) appear to be linked with a degree of 
memory improvement (Doraiswamy et al.  2003 ; Raskin et al.  2007 ), recent epi-
demiological longitudinal data (with a 6-year follow-up period) suggests that 
global cognitive decline does not differ according to the use of antidepressants 
(Saczynski et al.  2015 ). Further, whilst the alleviation of ‘state’ effects may 
improve cognition to some degree, residual defi cits often remain (Dahabra et al. 
 1998 ; Devanand et al.  2003 ; Portella et al.  2003 ) and suggest that alternative or 
adjunctive treatments specifi cally targeting cognition must be developed and 
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empirically evaluated with respect to cognition, daily functioning and underly-
ing neurobiology. In this regard, there is interest in a range of non- pharmacological 
treatments.  

21.6     Improving Cognitive Functioning with Available 
Treatments for Depression 

 Several non-pharmacological treatments for depression have been widely used clin-
ically, but have not been extensively evaluated with respect to cognitive outcomes. 
Psychological therapies such as cognitive behavioural therapy, problem-solving 
therapy and interpersonal therapy certainly improve mood symptoms (Koenig and 
Butters  2014 ), but benefi ts for cognitive dysfunction are not the focus, and thus, 
cognitive outcomes are largely unknown. It has been suggested that a modifi ed 
approach to problem-solving therapy may be suitable for older adults with LLD and 
executive dysfunction, where the modifi cation involves increased structure and 
directed assistance from the therapist in teaching the problem-solving strategies, as 
well as specifi cally addressing diffi culties with affect regulation, initiation and per-
severation (Alexopoulos et al.  2008 ); however to our knowledge this modifi ed 
approach has not yet been evaluated with respect to cognitive outcomes. 

 Similarly, there is a burgeoning body of literature on the potential neuroplastic 
effects of electroconvulsive therapy (ECT), but research to date has focused on the 
short-term memory defi cits that occur as a side effect immediately following ECT 
rather than cognitive enhancement. Some early research suggested that in older 
depressed adults, those presenting with higher levels of cognitive impairment prior to 
commencing ECT may be most vulnerable to developing persistent memory impair-
ment post-treatment (Sobin et al.  1995 ). This increased vulnerability depending on 
pre-treatment cognitive status was confi rmed by a more recent study investigating 
global cognitive change in association with ECT (Hausner et al.  2011 ); however, this 
study also showed that such cognitive decline had remitted at 6 month post-ECT 
 cessation, across groups of depressed older adults with no cognitive impairment, 
Mild Cognitive Impairment or dementia at baseline. There is less specifi c research on 
ECT effects in those with CVD; however recently a retrospective chart review of 24 
older patients with post-stroke depression indicated that 20/24 experienced a positive 
response to ECT treatment (Romanowicz et al.  2012 ). Additionally, none of the 
patients experienced exacerbation of depressive symptoms or post-stroke neurologi-
cal impairment following ECT, suggesting that it may be a safe and well-tolerated 
treatment option in those with psychiatric symptoms related to CVD. Currently, 
attention is turning to the potential for ECT to enhance or even induce mechanisms 
of neuroplasticity. For example, both animal and some human studies have shown 
increased expression of BDNF following ECT (see review by Bouckaert et al.  2014 ). 
Certainly, further research is required to delineate these potential neuroplastic effects, 
and this research will need to overcome several methodological hurdles (e.g. sample 
heterogeneity; timing of BDNF or imaging samples post-ECT, etc.). However, this 
avenue of enquiry is particularly interesting from a rehabilitation perspective in rela-
tion to the potential for longer-term cognitive benefi ts. 
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 In contrast to ECT, repetitive transcranial magnetic stimulation (rTMS) appears 
to be well tolerated with fewer cognitive side effects in older adults with treatment- 
resistant MD (Koenig and Butters  2014 ), and a recent meta-analysis demonstrated 
promising support for its utility in improving cognitive functioning in adults with 
treatment-resistant MD over the lifespan (Serafi ni et al.  2015 ). Specifi cally, 16/22 
studies reporting cognitive outcomes following rTMS (typically conducted over the 
dorsolateral-prefrontal cortex area) reported cognitive improvements across the 
domains of verbal memory, verbal learning, processing speed, working memory and 
executive functions. Further research is now warranted to clarify whether these 
effects are seen specifi cally in older patients. Similarly, interest has grown in the 
potential cognitive effects of transcranial direct current stimulation (TdCS) in recent 
years. Whilst one review of single-session TdCS in healthy adults did not support 
any reliable effects on any cognitive outcomes (Horvath et al.  2015 ), repeated- 
session TdCS has been shown in some studies to improve cognition in those with 
depression, for example, working memory (irrespective of concurrent improve-
ments in mood) (Fregni et al.  2006 ). Currently, research is being undertaken to 
investigate the potential for TdCS to improve cognition specifi cally in those with 
LLD (Clinical Trial #NCT02212366). 

 Finally, the benefi cial effects of physical exercise for improving cognition as 
well as depressive symptoms are widely recognised in older adults, even in those 
already experiencing mild cognitive decline (Amoyal and Fallon  2012 ; 
Lautenschlager et al.  2008 ). Importantly, cognitive benefi ts in the domains of 
memory and executive functioning have also been shown specifi cally in older 
adults with MD, both acutely (i.e. immediately following 30 min of aerobic exer-
cise (Vasques et al.  2011 )) and in longer term (such as following a structured, 
4-month aerobic exercise program (Khatri et al.  2001 )). Importantly, physical exer-
cise has also been associated with neuroplastic changes in areas such as the hip-
pocampus, further emphasising its capacity to induce perhaps longer-lasting 
cognitive benefi ts (Amoyal and Fallon  2012 ). In light of these fi ndings, currently 
research is focusing on whether physical exercise may be particularly useful in 
conjunction with cognitive training, to enhance cognition in older adults (e.g. the 
randomised controlled ‘Study of Mental Activity and Regular Training (SMART)’ 
trial (see Gates et al.  2011a ,  b )).  

21.7     Cognitive Remediation as a Non-pharmacological 
Therapeutic Technique for Improving 
Neuropsychological Functioning in Depression 

 Given that neuropsychological dysfunction is a concomitant feature of depression, 
which can persist despite symptom resolution, and since this feature is a risk factor 
for dementia (Diniz et al.  2013 ), therapeutic interventions specifi cally targeting 
cognition and underlying neuroplasticity are paramount. In this regard, cognitive 
remediation approaches, although in their infancy, offer promise. In general, cogni-
tive interventions aim to improve cognitive performance and day-to-day functional 
capacity. Techniques and approaches tend to vary based on the intensity of the 
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intervention (see Table  21.1 ), ranging from the more diffusely focused cognitively 
stimulating activities, through targeted cognitive training tasks, to more functionally 
oriented cognitive rehabilitation. Whilst research is still in its infancy, cognitive 
interventions for depression are becoming increasingly popular. Most of the research 
in this area has employed cognitive training (CT) paradigms, incorporating 
computer- based approaches (Koenig and Butters  2014 ) rather than cognitive stimu-
lation or rehabilitation approaches, possibly due to the more specifi c or targeted 
nature of CT.

21.7.1       Cognitive Training as a Therapeutic Technique 

 Cognitive training (CT) refers to targeted programs which remediate cognition by 
providing theoretically driven strategies and skills, usually involving ‘guided prac-
tice’ in compensatory or restorative techniques designed to strengthen intact cogni-
tive functions and adapt to or improve areas of weakness (Sitzer et al.  2006 ). 

   Table 21.1    Cognitive remediation interventions that may be used in depressed samples   

 Cognitive remediation 

 Type  Cognitive stimulation  Cognitive training 
 Cognitive 
rehabilitation 

 Aim  To enhance cognitive 
and social 
functioning 

 To improve cognitive 
functioning in specifi c 
domains 

 To improve 
effectiveness in 
cognitive and 
functional capacity in 
everyday life 

 Approach  Non-specifi c 
stimulating activities 

 Theoretically driven; 
involves guided practice on 
tasks refl ecting specifi c 
cognitive domains 
(e.g. memory, attention, etc.) 

 Identifying and 
targeting individual 
strengths and 
weaknesses 

 Techniques  Various techniques 
including group 
discussions, 
reminiscence, 
orientation, arts, 
music and crafts 

 (i)   Strategy-based training : the 
use of internal (i.e. mental) 
and external (i.e. practical) 
strategies to facilitate 
cognitive processes or 
compensate for impaired 
cognition, e.g. mnemonic 
aids such as chunking, 
repetition and the use of a 
diary or whiteboard 

 Various techniques 
including 
compensatory 
strategies, problem- 
solving, psycho- 
education, etc. 

 (ii)   Computer-based 
training : computerised 
games or exercises 
targeting specifi c 
cognitive functions, often 
involving graded 
diffi culty 
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Compensatory methods aim to bypass defi cient cognitive processes and teach alter-
native approaches to achieving goals, including both internal (e.g. visual imagery, 
categorising information) and external strategies (e.g. using calendars or environ-
mental cues). Such strategy-based CT tasks are interactive, engaging and contextu-
ally relevant to practical activities (e.g. how to remember shopping lists, 
appointments, conversational details or names/faces). Restorative CT methods (e.g. 
spaced retrieval and errorless learning) aim to improve functioning in specifi c 
domains, thus recovering impaired skills, and typically involve repetitive computer- 
based exercises (Gates et al.  2011b ). 

 In recent years an increasing body of evidence has suggested that CT may be 
particularly promising as a therapeutic technique for improving cognitive and psy-
chosocial functions in psychiatric groups such as those with schizophrenia (McGurk 
et al.  2007 ), in healthy older adults (Ball et al.  2002 ) and in groups ‘at-risk’ of devel-
oping dementia, including those with Mild Cognitive Impairment (Gates et al. 
 2011a ,  b ; Mowszowski et al.  2010 ). Across the literature, improvements in memory 
appear to be most pronounced following CT (Mowszowski et al.  2010 ; Valenzuela 
and Sachdev  2009 ), although objective improvements in other domains such as 
attention, processing speed and reasoning have also been demonstrated in healthy 
older adults and individuals with Mild Cognitive Impairment (Ball et al.  2002 ; Kurz 
et al.  2009 ; Mowszowski et al.  2014 ). Additionally, several groups have reported 
generalised gains in psychosocial and daily functioning in these samples, such as 
improved performance in simulated real-life tasks (Levine et al.  2007 ), improved 
mood and sleep (Diamond et al.  2015 ; Kurz et al.  2009 ), informant-rated activities 
of daily living (Kurz et al.  2009 ) and increased knowledge and use of memory strat-
egies in everyday life, as well as self-effi cacy (Kinsella et al.  2009 ; Norrie et al. 
 2011 ). There is also growing evidence of sustained improvements over several 
months or even years following CT (Rebok et al.  2014 ). Importantly, one consistent 
fi nding across studies is the excellent adherence, tolerability and lack of negative 
effects of CT (Bahar-Fuchs et al.  2013 ). 

 In terms of potential mechanisms of action, recent evidence indicates that CT in 
older people with cognitive impairment is associated with neurobiological changes 
including increased cortical thickness, white matter connectivity and hippocampal 
volumes (see review by Belleville and Bherer  2012 ), suggesting that such programs 
have the potential to alter disease trajectories. However, studies examining neuro-
biological changes in association with CT are clearly in their infancy and tend to 
include small sample sizes, diverse methodologies and varied imaging sequences 
and training techniques. Thus, the neural mechanisms underpinning these changes 
have yet to be established and may vary according to the cognitive domain which 
improves. Presumably, given the capacity for neurogenesis in the hippocampus and 
observed consistent effects of CT on memory (Lampit et al.  2014 ), changes in the 
hippocampus might be expected, and indeed some preliminary studies in ageing 
support this hypothesis (Engvig et al.  2014 ). Additionally, CT may offer neuropro-
tection by promoting processes such as neuroplasticity and/or ‘cognitive reserve’. 
Importantly, evidence suggests that neuroplasticity and enhancing cognitive reserve 
through life experiences and/or behavioural interventions can still occur later in life 
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and that substantial restoration is possible even in the ageing brain, to delay or 
reverse the effects of normal ageing or neurodegenerative pathology (Mahncke 
et al.  2006 ). 

 Importantly, it has been suggested that CT may be particularly benefi cial when 
implemented within a multifaceted approach such as that including relevant psycho- 
education or adjunctive psychological/behavioural techniques (Naismith et al. 
 2009a ,  b ; Rebok et al.  2007 ). This is especially pertinent for older adults given the 
well-established links between dementia and medical/lifestyle risk factors such as 
depression, obesity, diabetes, hypertension and lack of exercise or sedentary behav-
iour (Norton et al.  2014 ; Walton et al.  2014 ). Thus, a holistic or adjunctive approach 
may yield more meaningful benefi ts to mitigate risk of cognitive decline. Moreover, 
CT programs are engaging, non-invasive and cost-effective and offer the opportu-
nity for social interaction when conducted within a group format.  

21.7.2     Cognitive Training in Depression 

 Over the last 10 years in particular, CT has attracted widespread interest as a poten-
tial therapeutic tool for neuropsychiatric groups. Much of the literature in this area 
has focused on schizophrenia or schizo-affective disorders, with generally promis-
ing fi ndings indicating small to medium effects particularly in the domain of mem-
ory (Anaya et al.  2012 ; Vinogradov et al.  2012 ). However, increasingly attention is 
turning to whether CT may be a viable intervention strategy for affective disorders 
such as MD. As is the case with much of the CT literature (Vinogradov et al.  2012 ; 
Walton et al.  2014 ), the body of research on CT for depression is quite heteroge-
neous with respect to clinical factors (e.g. older versus younger adults, current ver-
sus lifetime depressive symptoms, etc.), study design (e.g. computer-based versus 
strategy-based CT) and outcomes (e.g. focusing on cognitive versus psychological 
improvements). Whilst it is therefore somewhat diffi cult to synthesise the literature, 
by far, most studies have utilised computer-based approaches to CT, and fi ndings of 
these studies are summarised in Fig.  21.1 . Alternatively, studies may be grouped 
according to predominant cognitive outcomes and/or methodological factors (such 
as longitudinal design or inclusion of neurobiological outcomes), also described in 
detail below.

21.7.3        Effects on Memory 

 Improvements on neuropsychological tasks of learning and memory appear to be a con-
sistent fi nding across the studies that have been conducted to date (i.e. with six out of 
seven CT studies examining this outcome having shown positive effects), though nota-
bly the quality of the studies has been low and most have been preliminary uncontrolled 
studies rather than being defi nitive randomised controlled trials (RCTs). Nonetheless, 
improvements have been demonstrated utilising both computer-based and strategy-
based approaches. In a series of studies conducted in this area, we developed a 10-week 
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CT program using the Neuropsychological Educational Approach to Remediation pio-
neered by Medalia and colleagues (Medalia and Freilich  2008 ). We fi rstly demonstrated 
improved learning and memory in 16 adults with MD (mean age = 33.5) in association 
with this individualised computer-based CT program (Naismith et al.  2010 ), which 
maximises intrinsic motivation, graded exposure, adaptation and generalisation to real-
world scenarios. We also showed this program to be effective in a mixed group of 36 
young adults (mean age = 22.9 years) with either MD or fi rst-episode psychosis (Lee 
et al.  2013 ). We then evaluated the effect of a combined computerised CT and psycho-
education group program in 41 older people (mean age = 64.8 years) with a lifetime 
history of MD and with cognitive decline (but not meeting criteria for dementia). The 
psycho-education component incorporated memory and other cognitive strategies as 
well as information regarding management of VRFs and other modifi able risk factors 
for dementia (e.g. depression, sleep, exercise, anxiety, nutrition). This 10-week program 
was associated with signifi cant improvements in learning and memory (but not execu-
tive functioning) (Naismith et al.  2011a ,  b ) corresponding to medium to large effect-size 
changes (i.e. −0.74 to −0.82), a clinically meaningful effect. Based on participant feed-
back, we extended this program to be more frequent and include more sessions, 

  Fig. 21.1    Summary of cognitive and mood improvements following computer-based cognitive 
training. Studies investigating cognitive training in patients with depression across the lifespan 
have predominantly used computer-based training paradigms and have examined effects on learn-
ing and memory (7 studies), executive functions (7 studies), attention and working memory (11 
studies) and mood or psychosocial wellbeing (11 studies). The most robust effects have been found 
for improvements in memory and mood/wellbeing       
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resulting in a 7-week, twice-weekly program. In a RCT, 64 older adults with LLD and/
or Mild Cognitive Impairment (i.e. those ‘at-risk’ of dementia;  n  = 64, mean age = 
66.5 years; 45 % with a lifetime history or current MD) completed the program. Results 
again showed improved memory retention corresponding to a medium effect-size 
improvement (Diamond et al.  2015 ). Importantly, 62 % of this sample also reported 
CVD or a vascular risk factor associated with CVD (e.g. diabetes, hypertension, etc.). 
This study not only demonstrated cognitive improvements following CT but also 
showed improvements in self-rated depressive symptom severity and sleep quality, 
affi rming the utility of such programs for improving psychosocial functioning in this 
cohort. Importantly, we have demonstrated excellent mean adherence rates of 80 % for 
this program across trials, indicating high acceptability for this patient group. Finally, it 
is worth noting that the cognitive improvements in these studies were not simply medi-
ated by improved mood, to the extent that changes in depressive symptoms in associa-
tion with CT can be partialled out statistically. 

 Studies employing strategy-based memory training have also proven success-
ful in younger adults ( n  = 42; mean age = 45.67 years) with recurrent MD, as 
shown by Dalgleish and colleagues ( 2013 ), who compared the time-honoured 
‘method of loci’ visual imagery technique with other mnemonic techniques such 
as chunking (i.e. grouping similar ‘bits’ of information together to facilitate 
encoding and retrieval) and active rehearsal of information to be remembered. 
After fi ve training sessions conducted within the span of one week, participants in 
both conditions demonstrated improved recall of autobiographical memories, 
although this improvement was sustained over one week only in those who had 
received method of loci training, suggesting that this method may be more advan-
tageous for longer-lasting training effects. Unfortunately, the study did not include 
a longer-term follow-up such as 4-weeks or 3-months, which might have strength-
ened this point even further. Importantly, both groups also demonstrated an 
improvement in self-rated depressive symptoms after receiving memory training 
(Dalgleish et al.  2013 ). 

 Despite these promising results, some studies have reported null fi ndings follow-
ing memory strategy training for depression. For example, a recent investigation of 
the effi cacy of adjunctive mnemonic training (including chunking, name-face recall, 
method of loci, etc.) over a 4-week period in comparison to cognitive behavioural 
therapy alone or a waitlist control condition was reported to show no differences in 
subjective or objective memory performance and equivocal improvements in mood, 
in 53 older adults with depressive symptoms (Scogin et al.  2014 ). However, this 
study differed from those described above in its lack of face-to-face contact during 
delivery of the intervention, as all treatments were completed independently in a 
workbook format. Additionally, the authors reported an extremely high rate of attri-
tion (52 %) at 8-week follow-up, particularly among those participants with higher 
rates of cognitive impairment and mood disturbance at baseline, perhaps suggesting 
that this approach is less useful for this group who may require a more clinically 
intensive, supported or extrinsically motivated intervention.  
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21.7.4     Effects on Working Memory 

 In addition to episodic memory training, several studies have focused on remediating 
working memory (i.e. the ability to hold and manipulate information in mind – such as 
calculating change at a cashier or the number of points required to win a tennis match). 
These studies have typically utilised computer-based training paradigms incorporating 
an n-back task, requiring participants to hold in mind stimuli presented  n  trials previ-
ously. One study (Iacoviello et al.  2014 ) utilised a 4-week training program with either 
neutral stimuli (shapes) or emotional faces, in 21 young adults (mean ages = 36.33 and 
39.5 years per group) with current MD. Comparisons of the two training conditions 
indicated similar, small improvements on unrelated objective measures of working 
memory. Whilst both working memory training tasks resulted in reduced depressive 
symptoms, the task involving emotional faces resulted in a signifi cantly greater 
improvement in mood, which the authors proposed may have related to additional acti-
vation of the amygdala during training in comparison to the neutral shapes which 
would only have activated the dorsolateral- prefrontal cortex. Another study, also 
involving 31 young adults (mean age of 27.72 for the experimental group and 
22.63 years for the active control group) with moderate self-rated depressive symptoms 
showed improved working memory performance following 8-days of computerised 
n-back training which also transferred to improvements in information fi ltering effi -
ciency on an electroencephalography (EEG) change-detection task (Owens et al.  2013 ) 
in comparison to controls. These improvements occurred alongside, but were not 
related to, improvements in self- rated depressive symptoms. However, other studies 
utilising computer-based n-back CT tasks have not demonstrated transfer to untrained 
cognitive tasks. For example, a study targeting rumination as a symptom of depression 
in 72 university undergraduates aged in their early 20’s (Onraedt and Koster  2014 ) 
showed unsurprising improvements on the trained n-back task, yet these gains did not 
transfer to objective tests of working memory and there was no difference on measures 
of depression or rumination following training, nor in comparison to active or passive 
control conditions. However, limitations of this study include the relatively short dura-
tion of training and relatively low levels of psychopathology in comparison to other CT 
trials for depression. Nonetheless, another trial of computer-based n-back training 
(albeit in an older, midlife sample with mean age = 46.63 years) which did include a 
more intensive training program (six sessions per week for 4-weeks) in those with 
higher levels of mood disturbance (lifetime anxiety or depressive disorder) also found 
no improvement on objective measures of working memory or measures of depression, 
anxiety and rumination (Wanmaker et al.  2015 ). From a psychological perspective, 
both studies suggest that working memory training is ineffective for improving rumina-
tion, which is perhaps unsurprising given that rumination is linked to a variety of exec-
utive functions (e.g. inhibition, attentional control) and not just working memory. 
However, from a cognitive perspective, negative transfer of training- related gains to 
untrained tasks is certainly an issue of ongoing methodological and conceptual diffi -
culty in the wider CT literature (Walton et al.  2014 ; Wolinsky et al.  2009 ).  
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21.7.5     Effects on Executive Functions 

 In terms of executive functioning, Preiss et al. ( 2013 ) recently demonstrated large 
effect-size improvements in set-shifting, divided attention and global executive 
functioning, as well as improved caregiver ratings of executive dysfunction, follow-
ing an 8-week CT program involving three sessions per week of individualised CT 
with the commercially available  CogniFit  software, which targets a variety of cog-
nitive domains. These improvements were evident in 15 adults (mean age = 
42.87 years) compared to a group of 16 ‘standard care’ control participants (mean 
age = 45.38 years), all of whom had either unipolar MD or were in the depressive 
phase of bipolar depression. Those who completed the computer-based CT program 
also reported signifi cantly improved subjective memory performance, higher levels 
of satisfaction and wellbeing and reduced depressive symptoms in comparison to 
control participants. Despite the small sample size and lack of active control, these 
results suggest that a broad, multidomain, computerised CT task may offer promise 
for executive dysfunction in depression.  

21.7.6     Multidomain Effects 

 Other positive cognitive effects have been reported by Elgamal et al. ( 2007 ), 
whereby 12 euthymic patients with unipolar MD (mean age = 50.26 years) com-
pleted twice-weekly CT sessions for 10-weeks, using a purpose-designed cognitive 
remediation software package targeting attention, verbal memory, psychomotor 
speed and executive functions. In comparison to 12 age- and gender-matched con-
trol participants with MD as well as 22 healthy control participants, the treatment 
group improved on a range of tests measuring attention, verbal learning and mem-
ory, psychomotor speed and executive function. Moreover, as neither the experi-
mental nor control groups with depression improved on measures of mood at 
follow-up, these cognitive effects cannot be solely attributed to improved mood.  

21.7.7     CT Compared to Antidepressant Treatment 

 Some studies have directly compared the effects of CT with those of traditional 
pharmacological (i.e. antidepressant) treatments. For example, Morimoto and col-
leagues ( 2014 ) investigated a sample of age-, cognition- and gender-matched older 
adults who had previously failed at least one trial of antidepressant medication, 
allocated to either CT ( n  = 11; mean age = 74.1 years) or escitalopram treatment for 
depression ( n  = 33; mean age = 73.1 years). In this study, the computer-based CT 
program was designed to target aspects of executive functioning known to be 
affected in LLD, including inhibition, initiation, cognitive fl exibility and set- 
shifting. Results showed that the CT program was equally as effective at improving 
depressive symptoms in older adults; however the effect following CT was evident 
after 4-weeks compared to 12-weeks with escitalopram. Moreover, the CT group 
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improved on objective (untrained) measures of executive functioning at both imme-
diate and 3-month follow-up, although this effect did not transfer to unrelated cog-
nitive domains such as verbal memory. Similar fi ndings were shown in a younger 
group of 31 university students with MD, who were randomly allocated to either 
twice-weekly CT, CT with adjunctive antidepressant treatment or antidepressant 
treatment alone for 3-months (Alvarez et al.  2008 ). This CT program revolved 
around computerised inductive reasoning and working memory tasks. Whilst par-
ticipants in all three groups demonstrated signifi cantly reduced depressive symp-
tomatology post-treatment, only those who received CT (alone or in conjunction 
with antidepressant therapy) also demonstrated improvements on neuropsychologi-
cal measures of attention, verbal reasoning, visuospatial skills and global intellec-
tual functioning.  

21.7.8     Neurobiological Changes Underlying CT 

 It has been suggested that CT-associated improvements in cognition and psycho-
social functioning may relate to non-specifi c effects such as clinical contact or 
social engagement. However, more recent research in the fi eld of CT has investi-
gated concurrent neurobiological effects to clarify the specifi city of cognitive 
gains with respect to underlying neural mechanisms. For example, studies that 
have addressed such outcomes in healthy older adults and those with Mild 
Cognitive Impairment have demonstrated CT-related changes such as increased 
brain volume and white matter tract density as well as changes in task-related 
brain metabolism (see review by Belleville and Bherer  2012 ), usually involving 
the frontal lobes (Suo and Valenzuela  2012 ). However, further structural and func-
tional imaging studies are required to ascertain whether the therapeutic effects of 
CT are restorative or compensatory in nature (Mowszowski et al.  2010 ). Moreover, 
neurobiological outcomes have yet to be suffi ciently explored in groups with 
MD. One study (Meusel et al.  2013 ) has addressed this aspect of CT utilising 
functional magnetic resonance imaging (fMRI). This study involved 35 patients 
with a primary mood disorder but not with a current major depressive episode 
(mean age = 48.4 years), who completed a 10-week computer-based CT program 
targeting processing speed, attention, verbal memory and executive functions, 
compared to 15 healthy control participants (mean age = 39.7 years) who did not 
complete the CT intervention. Follow-up assessments revealed a signifi cant 
improvement on a working memory task (backwards digit span) in the treatment 
group, in conjunction with increased activation in lateral and medial prefrontal, 
superior temporal and lateral parietal regions during an n-back task, and increased 
bilateral hippocampal activation during a memory recollection task. To our knowl-
edge, only one study has investigated structural brain changes in association with 
combined strategy- and computer-based CT, in a subset of 34 ‘at-risk’ individuals 
who were part of a larger RCT (mean age 66.8 years) (Diamond et al.  2015 ). In 
this sub-study (Elcombe et al.  2014a ,  b ), 44 % had a lifetime history of MD, and 
four participants were currently depressed. Whilst post-CT analyses did not show 
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signifi cant changes in hippocampal volume, this may have related to the small 
sample size and broad variability in the data. Importantly, sub-analyses of the 
group that received CT ( n  = 21) indicated that changes in hippocampal volume 
over the 2-month period of the intervention were associated with depressive 
symptoms, markers of cognitive reserve, psychosocial functioning and disability. 
These fi ndings suggest that these factors must be considered in evaluating neuro-
biological outcomes in CT trials. 

 Other measures of neurobiological functions include event-related potentials 
(ERPs) drawn from EEG (Rossini et al.  2007 ). Such measures are time-locked to 
specifi c stimuli and are used to assess the speed and effi ciency of information pro-
cessing by examining the magnitude and latency of the waveform. Two known stud-
ies have utilised this technique to investigate CT-related changes. Using the 
Mismatch Negativity ERP paradigm in 40 older adults (mean age = 66.47 years) 
‘at-risk’ of dementia (including 45 % with a lifetime history of MD and four partici-
pants with current depression), our group (Mowszowski et al.  2014 ) showed signifi -
cantly increased fronto-central neurophysiological responses as well as improved 
phonemic verbal fl uency and decreased self-rated memory diffi culties in a treatment 
group ( n  = 25) following a 7-week multifaceted CT program, in comparison to 15 
waitlist control participants. However, there were no signifi cant correlations 
between enhanced ERPs and cognitive/psychosocial outcomes, perhaps indicating 
that over this short time period, the training-related gains were only evident in pre- 
attentive information processes but had not yet translated to higher-order functions. 
However, such translation has been reported in other trials, such as the working 
memory training program described above by Owens and colleagues (Owens et al. 
 2013 ), whereby improvements in working memory were shown to transfer to 
improvements in information fi ltering effi ciency on an EEG change-detection task. 
Such fi ndings may have relevance in relation to expectations of higher-level struc-
tural changes (e.g. in hippocampal volume) following short-term CT programs and 
also underscore the importance of targeting lower-level cognitive processes during 
cognitive interventions (Vinogradov et al.  2012 ).  

21.7.9     Longitudinal Relationship Between Depressive Symptoms 
and CT 

 One of the largest and seminal CT RCTs to date, the ACTIVE study, investigated 
the effi cacy of memory, reasoning or speed-of-processing training on cognitive and 
psychosocial functioning in 2,832 healthy older adults aged over 65 years. Whilst 
primary cognitive fi ndings were published in 2002 (Ball et al.  2002 ), more recent 
fi ndings have been reported with respect to the relationship between each training 
program and depressive symptomatology. Wolinsky et al. ( 2009 ) evaluated the 
effects of CT on depression onset in 1,606 participants who completed 12-month 
follow-up assessments, as well as the effects of CT on recovery from depression in 
a subset of 424 participants who were considered to have clinically signifi cant 
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depressive symptoms at baseline. Results indicated that only the speed-of- processing 
CT program resulted in a signifi cant reduction (38 %) in the likelihood of develop-
ing depression 12-months post-training compared to a no-contact control group. 
However, there were no signifi cant differences among the three CT programs in 
terms of recovery from depression at 12-months in those older adults with depres-
sive symptoms at baseline. A separate sub-analysis conducted by Lohman et al. 
( 2012 ) investigated the impact of depressive symptom severity at baseline on mem-
ory performance in a subset of 1,401 participants who returned for follow-up after 
5-years. Two hundred and ten of these participants were determined to have exhib-
ited elevated depressive symptoms at baseline. In this ‘elevated’ group, baseline 
verbal memory performance was signifi cantly poorer compared to those without 
depressive symptoms, and this difference increased signifi cantly over 5-years of 
annual follow-up. Nonetheless, results of this sub-analysis also demonstrated that 
all participants were able to benefi t from memory training to the same extent, 
regardless of whether they had elevated depressive symptoms at baseline or not. 
This indicates that CT effects on memory may be robust to the effects of depression. 
Finally, a recent study reported the longitudinal associations between baseline 
depressive symptomatology and inductive reasoning performance over a 10-year 
follow-up period (Parisi et al.  2014 ). Of the 1,375 participants who completed this 
longer follow-up assessment, 322 participants were shown to have had elevated 
depressive symptoms at baseline. Similar to those fi ndings reported for the memory 
training group above, results indicated that baseline depressive symptoms were not 
associated with differences in immediate or annual post-training gains, again sug-
gesting that the effects of the reasoning CT program were not affected by depressive 
symptomatology at the time.  

21.7.10     Limitations to the Literature: Questions Remaining 

 The body of research on cognitive intervention for depression is marred by broad 
heterogeneity in study methodology, CT program design and scientifi c quality. 
Further randomised controlled CT trials for depression are now required, and such 
trials must also adhere to guidelines for the conceptualisation, operationalisation 
and implementation of complex interventions such as those set out in the CONSORT 
extension relating specifi cally to non-pharmacological intervention trials (Boutron 
et al.  2008 ). Notwithstanding these limitations, interest in the application of CT to 
cognition in depressive disorders is certainly growing, and there is at least an 
emerging, though preliminary, evidence base for this form of intervention over the 
short-term. In accordance with the broader CT literature across other groups 
(including those with schizophrenia, healthy older adults and those with Mild 
Cognitive Impairment), improvements in the domain of memory appear to be most 
consistent and have been most widely researched. However, in addition to more 
rigorous studies, several lines of investigation remain unclear, as outlined in 
Table  21.2 .
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    Table 21.2    Key questions to be addressed in future research on cognitive training in depression   

 Questions remaining  Issues to be resolved 

 Method of CT  Is computerised CT more effi cacious than strategy-based 
training? 

 What programs should be utilised? 

 What is the optimal mode of delivery? 

   Multimodal vs. unimodal? 

   Therapist vs. self-administered? 

 Dosage and time course of 
effects 

 How many sessions of CT are required in order to produce 
improvements? 

 How often should sessions be delivered? 

 Generalisability and 
functional improvements 

 Do the improvements seen on objective testing and self-report 
translate to concurrent improvements on everyday tasks, such as 
household chores, conversations with friends, keeping 
appointments, etc.? 

 Sustainability of effects  Are the improvements seen following a CT program sustainable 
over time? 

 Are booster sessions helpful to maintain benefi ts? 

 Neurobiological changes  What are the neurobiological mechanisms of action? 

 Is CT associated with evidence of neuroplasticity, and if so, 
how is this distributed within the brain (i.e. are the benefi ts 
indicative of compensatory or restorative mechanisms)? 

 Individual predictors of 
benefi t 

 Are there certain subgroups or individuals who may benefi t more 
(or less) from engaging in cognitive interventions? 
Characteristics may relate to: 

   Cognition (e.g. those with predominant memory vs. executive 
dysfunction) 

   Personality (e.g. those with an external vs. internal locus of 
control) 

   Psychosocial factors (e.g. extent of support network) 

   Cognitive reserve (do those with greater reserve benefi t 
preferentially from CT) 

   Underlying neurobiological changes such as hippocampal 
atrophy, evidence of white matter lesions on neuroimaging or 
presence of CVD 

 Critical period of CT 
delivery 

 At what point in the clinical course should CT be delivered? 

 Role of depressive 
symptoms 

 Do patients with varying depression subtypes differ in terms of 
benefi t from CT? Features of interest include: 

   Age of onset (early vs. late onset) 

   Symptom severity such as subthreshold vs. current MD 
episode 

   Melancholic vs. psychotic depression, etc. 

 Accounting for CVD and 
underlying brain changes 

 Is CT useful for those with CVD but without depression? That 
is, can CT be utilised as a secondary intervention technique in 
this group who may be ‘at-risk’ for ‘vascular depression’? 
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21.8         CT for Depression and Co-morbid CVD 

 Despite the well-established ‘vascular depression’ hypothesis, as evident in the 
above account of the literature, no CT studies have specifi cally targeted adults with 
depression and CVD. To our knowledge, only the studies conducted by our group 
(Diamond et al.  2015 ; Naismith et al.  2011a ,  b ) have addressed vascular and other 
modifi able risk factors (e.g. nutrition, exercise) as part of a multifaceted interven-
tion, combining computer-based CT with psycho-education. This approach was 
based on the preponderance of work demonstrating cognitive decline in older peo-
ple with depression and particularly those with concomitant CVD (as reviewed 
above). Whilst the effects of the psycho-education program may not be observed 
immediately, it is possible that the provision of information regarding CVD would 
provide longer-term preventative and CVD risk-reduction benefi ts. 

21.8.1     Future Directions 

 A brief inspection of international clinical trial registries in June 2015 indicates 
some ongoing research into the effi cacy of cognitive interventions for depression, 
and these studies will help to clarify the remaining questions outlined above. For 
example, a Canadian research team (Clinical Trial # NCT01748032) is currently 
conducting a pilot trial on short-term effectiveness of strategy-based CT for improv-
ing cognition and mood in older adults with current MD, whereas much of the pre-
vious literature has focused on those with a lifetime history of depression or 
subthreshold symptoms. Another trial currently underway in Australia is investigat-
ing the potential for computer-based CT to improve cognitive functioning and care-
giver burden in older adults with Mild Cognitive Impairment, with or without 
concurrent mood disturbance (depression or anxiety symptoms) 
(ACTRN12614000335695). This trial will aid in clarifying the potential impact of 
concurrent mood disturbance on CT effi cacy in this group ‘at-risk’ of dementia; 
however unfortunately the publicly available study protocol does not appear to 
include outcomes relating to the severity of the mood disturbance symptoms. 

 Whilst these trials are encouraging, much further research will be required in 
order to fully elucidate the remaining issues relating to CT effi cacy in depression, 
particularly for those with LLD and CVD, where the risk of cognitive decline and 
progression to dementia is most pronounced. Moving forward, trials that offer com-
bined cognitive remediation and exercise may have the greatest capacity to target 
both CVD and cognitive impairment in older persons with depression. However, it 
is noted that such interventions really should be delivered as early as possible, as 
white matter change due to underlying CVD may not be reversible (Naismith et al. 
 2009a ,  b ), and therefore  prevention  of WMLs due to CVD is paramount. It is also 
important to consider that if WMLs are prominent and if, in turn, executive dysfunc-
tion is due to underlying structural brain change in white matter macro- and micro-
architecture (Duffy et al.  2014 ), then remediation of executive dysfunction may be 
diffi cult to achieve. Indeed, this may even account for the lack of improvements in 
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executive functions in trials that have been multifaceted. As described above, future 
trials of CT in older persons with depression should consider the presence and infl u-
ence of underlying white matter/vascular change in infl uencing treatment outcomes. 
Future trials should also consider the issues outlined in Table  21.2  relating to meth-
odology and program design in order to elicit maximum cognitive benefi ts, such as 
the intensity and duration of training, targeting lower-level (perceptual) in addition 
to higher-level functions and individualising or contextualising training as much as 
possible to facilitate generalisation (see Vinogradov et al.  2012 ). Finally, it is crucial 
that future trials also consider scientifi c quality. It is now time for defi nitive RCTs 
with rigorous methodology and reporting, so that optimal cognitive outcomes and 
personalised treatment recommendations can be advised.   

    Conclusions 

 Cognitive defi cits are a major feature of depression, particularly for those with 
LLD where cognitive decline may refl ect illness-specifi c factors, multiple medi-
cal co- morbidities, underlying CVD and/or emerging neurodegenerative pathol-
ogy. Cognitive interventions are therefore warranted to ameliorate defi cits 
typically seen in memory, processing speed and executive functioning, as well as 
to improve overall psychosocial functioning and reduce disability. In this regard, 
CT has been shown to be an effective intervention technique in groups such as 
schizophrenia, healthy older adults and those with Mild Cognitive Impairment. 
Only recently has CT been applied to those with depression, and whilst further 
rigorous research is certainly required (particularly to delineate optimal program 
design and longitudinal effects, as well as clarify underlying neurobiological 
changes), preliminary evidence does support the use of CT as a therapeutic inter-
vention for cognitive impairment in depression, and this has important implica-
tions for early intervention strategies targeting older adults with depression.     
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 however is limited. Internet- and mobile-based interventions (IMIs) can provide 
access to effective treatments at any time at any place for many individuals 
simultaneously and thus have the potential to substantially improve the accessi-
bility of mental health care for individuals with CVD. 

 This chapter gives an overview on IMIs in the treatment of depression in indi-
viduals with CVD. First, a description of the main characteristics of IMIs, i.e., 
technical implementation, human support, theory, areas of application, ethics, 
and data security, is provided. The evidence base is described in terms of the 
effectiveness and cost-effectiveness of IMIs for individuals with CVD and 
depression as well as an overview on potentially effect-moderating factors such 
as using technological and human support as adherence facilitating components 
of IMIs. Finally, implementation possibilities and barriers are discussed includ-
ing considerations on how IMIs should be used to fully exploit their potential for 
individuals with CVD and depression.  

22.1       Introduction 

 Prevalence rates of depression are increased in individuals with cardiovascular dis-
ease (CVD) (Härter et al.  2007 ; Baumeister et al.  2010 ). Therefore, the comorbidity 
of depression and CVD not only affects individuals’ well-being (Baumeister et al. 
 2011a ) but also poses substantial economic and societal costs (Baumeister et al. 
 2015 ; Haschke et al.  2012 ). Thus, effective interventions for the treatment of depres-
sion in individuals with CVD are necessary. Effectiveness has been shown for psy-
chological and pharmacological interventions as well as for more complex 
collaborative and stepped-care approaches (Baumeister and Hutter  2012 ; Baumeister 
et al.  2011b ; Tully and Baumeister  2014 ). Moreover, these interventions not only 
need to be effective but also available and acceptable at a public health level to sub-
stantially lower the disease burden associated with CVD-depression comorbidity, a 
necessity only insuffi ciently present in most health-care systems. Restricted access 
to psychotherapy, regional shortage of mental health-care offers, intolerance of drug 
therapy, and several other reasons can keep individuals away from depression 
treatment. 

 One promising new development of the last decade which might help to diminish 
the lack of available evidence-based depression interventions are Internet- and 
mobile-based interventions (IMIs) that can be provided 24 hours, 7 days a week to 
many individuals at any place. The present chapter will summarize the state of 
research on IMIs for individuals with CVD as one important technology-based 
development to facilitate depression health care in CVD. Since online intervention 
research is still a new discipline, the chapter focuses on the evidence on IMIs for 
depression in general in case of a lack of CVD-specifi c evidence. After reading, you 
will have comprehensive knowledge of how IMIs for depression work, how effec-
tive they are, and which different kinds of implementing IMIs into our health-care 
systems are possible.  
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22.2     Characterizing Internet- and Mobile-Based 
Interventions (IMIs) 

 With the help of IMIs, mental health interventions can be transferred to the virtual space. 
Using reliable and established psychotherapeutic techniques, IMIs target emotional, 
cognitive, and behavioral processes (Mohr et al.  2013 ; Andersson and Titov  2014 ). 
Therefore, four main aspects that characterize IMIs can be distinguished: (1) technical 
implementation, (2) human support, (3) theory, and (4) areas of application. Considering 
the development and implementation of IMIs, ethical aspects as well as aspects of data 
security play a central role that will be presented subsequently (Fig.  22.1 ).

22.2.1       Technical Implementation 

 IMIs consist of various technical means, such as e-mail, text message, chat or video- 
based communication, software programs (e.g., Internet games, virtual environ-
ment; computer games, mobile apps), or different Internet activities (e.g., blogs, 
podcasts, online support groups) (Mohr et al.  2013 ; Andersson et al.  2011 ; Proudfoot 
et al.  2011 ; Barak et al.  2009 ). As a result of the fast technological development, 
there are increasingly more technical opportunities to realize and shape IMIs. 
Especially interactive exercises (on a website or by apps), peer and expert chat 
rooms, and prompts (e.g., automatic e-mails and text messages) which fulfi ll a 

Technical
Implementation

e.g. web-sites, E-Mail, text
message, video session

forum, chat

Theory

Theory free – theory based

Areas of application

Stand-alone, part of stepped
care, blended IMI;

prior, during and after CVD 
treatment 

Human Support

Self-help, low/ high support
analog face-to-face therapy
Therapist, e-Coach, Peer

IMIs

  Fig. 22.1    Central parts of IMIs       
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reminding and reinforcing function play an important role for IMIs to be effective 
(Fry and Neff  2009 ; Ritterband et al.  2009 ; Webb et al.  2010 ; Wangberg et al.  2008 ). 
IMIs can also be supported by video and audio fi les, and program parts can be simi-
lar for all patients or be tailored individually for specifi c needs and characteristics 
of the participant (Carlbring et al.  2011 ; Johansson et al.  2012a ; Andersson et al. 
 2009 ). The learn process can be supported by activation monitoring and training 
diaries (Mohr et al.  2013 ). New aspects in this area are ecological momentary inter-
ventions (EMIs), which include intervention parts in the patients’ daily life by text 
messages via mobile or smartphone (Heron and Smyth  2010 ). Voice and video mes-
sages can also be used (Grassi et al.  2009 ). One advantage of this new technology is 
the possibility of an accurate data collection in relevant situations without retrospec-
tive biases (Heron and Smyth  2010 ). Another advantage is transferring exercises 
into patients’ daily living and, thus, moving therapy closer to where patients’ life 
problems occur.  

22.2.2     Human Support 

 IMIs are mainly seen as self-help interventions without human support (“unguided 
self-help”) or with different intensity of human support (“guided self-help”) 
(Andersson et al.  2011 ; Barak et al.  2009 ; Baumeister et al.  2014a ). In general, sup-
port includes peer support (e.g., support in forums by patients for patients) and 
professional support (support by e-coach). Thereby, the label “guided” refers to 
professional support, which mostly includes assisting users in their process and 
enforcing them in their improvements. 

 The communication between expert and participant can be synchronous (e.g., 
chats) or asynchronous (e.g., e-mail). In the common case of asynchronous com-
munication, the e-coach usually needs a few minutes up to a few hours per user and 
intervention (as a rule 1–2 h per user and intervention) (Proudfoot et al.  2011 ). In 
contrast, patients’ intervention efforts comprising of reading self-help material, 
doing exercises, homework, and reading and writing e-mails and text messages can 
be as intensive and time-consuming as in traditional face-to-face therapies (Berger 
and Andersson  2009 ; Andersson et al.  2013 ). The combination of technical applica-
tion and minimal human support leads to increased extent of self-regulated coping 
and decreased intervention costs. In addition, patients’ and e-coaches’ fl exibility 
and autonomy are increased by location-independent intervention, asynchronous 
contact, and time-independent communication. Nonetheless, the specifi c arrange-
ment of communication depends on the theoretical base of the intervention.  

22.2.3     Theory 

 IMIs are characterized by being highly structured, standardized, and methodically 
focused, and most of them are based on cognitive behavioral techniques and 
health behavior change models (Andersson and Titov  2014 ; Webb et al.  2010 ; 
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Andersson  2009 ; Barak et al.  2008 ; Murray  2012 ). However, IMIs based on other 
theoretical concepts such as psychodynamic therapy and acceptance and commit-
ment therapy (ACT) can also be found (Johansson et al.  2012b ; Lin et al.  2015 ). 

 Regularly, IMIs are divided up into several modules, following the session struc-
ture of evidence-based psychotherapies. These modules can be obligatory or facul-
tative, in a predefi ned order or freely combinable, tailored to the specifi c user needs 
(Carlbring et al.  2011 ; Wanner et al.  2009 ). Cognitive behavioral concepts often 
contain psychoeducation, behavior activation, exposures, and techniques of prob-
lem solving and cognitive restructuring (Barak et al.  2009 ; Andersson et al.  2013 ; 
Ritterband et al.  2003 ). One module typically contains different tasks, which have 
to be completed within a specifi c time period, for example, within a week. Therefore, 
participants get automatic processed feedback by the program itself or an individual 
feedback given by an e-coach.  

22.2.4     Areas of Application 

 IMIs for mental disorders have been developed for the whole range of mental disor-
ders including mainly IMIs for depression and anxiety disorders but also IMIs for 
substance use disorders, bipolar disorders, obsessive-compulsive disorders, and 
many other mental disorders (Baumeister et al.  in Press ). A list of (some) existing 
IMIs can be found on the website   www.beacon.anu.edu.au    , which offers an over-
view on IMIs around the world (Christensen et al.  2010 ). 

 Regarding the context and setting in which IMIs are provided, they can be 
applied as part of a stepped-care model, as a stand-alone intervention or as blended 
IMIs in combination with a traditional face-to-face psychotherapy (Andersson and 
Titov  2014 ; Emmelkamp et al.  2014 ). Moreover, they can be used prior, during, and 
after specifi c CVD treatments to prepare, support, and taper treatments. 

 Stand-alone IMIs and IMIs as part of a stepped-care approach might be the 
main area of application for IMIs in CVD health care. Stand-alone IMIs as self-
contained interventions might become a standard extension of depression care 
offers from general practitioners and CVD specialists, where depression drug 
treatment is currently often the only always available but not always indicated 
care offer (Baumeister  2012 ; Gaebel et al.  2013 ). In more complex treatment con-
cepts such as collaborative care and stepped-care models, IMIs for depression 
offer a fi rst low-threshold opportunity (Baumeister and Hutter  2012 ; Tully and 
Baumeister  2014 ; Richards  2012 ) prior to initiating the more resource and time-
consuming treatment options of face-to-face psychotherapy and/or antidepressant 
drug therapy. 

 Blended IMIs can be used to support traditional psychotherapies by outsourc-
ing some of the time-consuming rather standardized and less complex therapy 
modules such as psychoeducation, thereby saving therapist time for the more 
complex psychotherapeutical processes. Furthermore, blended IMIs can accom-
pany traditional psychotherapies to shift psychotherapy more into patients’ every-
day life by using, e.g., mobile applications for ambulatory assessments and 
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behavioral activation tasks (e.g., text messages reminding patients of their exer-
cise plan). 

 Regarding the time of the treatment process, IMIs can be used prior to, e.g., CVD 
treatment to facilitate CVD outcomes. IMIs might help to overcome motivational 
and volitional constraints associated with depression that hamper patients’ treat-
ment adherence. During CVD treatment, comorbid depression can be treated as 
described before, as part of an integrated care program, or by means of a stand-alone 
intervention aiming to improve comorbidities that were detected but not treated in 
the context of CVD treatment. Finally, IMIs as step-down approach after an inten-
sive face-to-face depression treatment might be helpful to facilitate patients’ self- 
management competencies, thereby maintaining treatment effects over time (Lin 
et al.  2013 ; Moessner et al.  2014 ; Zwerenz et al.  2013 ).  

22.2.5     Ethics and Data Security 

 IMIs have several ethical risks and chances that need to be taken into account when 
providing e-mental health care (Rochlen et al.  2004 ; Wells et al.  2007 ; Fenichel 
et al.  2002 ; Prabhakar  2013 ; Manhal-Baugus  2001 ). Central problems occur in the 
diagnostic and the treatment process including possible misdiagnoses, medical mal-
practice, and especially in the case of suicidality (Manhal-Baugus  2001 ). At the 
same time, some researchers point out that the use of Internet support for suicidal 
individuals and those in crisis can also be very effective as they provide relevant 
contact information and course of actions (Fenichel et al.  2002 ; Manhal-Baugus 
 2001 ). Notwithstanding, the withholding of IMIs would also be ethically problem-
atic, as several studies reported IMIs to be as effective as treatment as usual 
(cf. Sect.  22.3.1 ). As IMIs are an opportunity for individuals, who would not use 
therapy otherwise, withholding IMIs would keep individuals in need of treatment 
away from evidence-based treatment offers. 

 Data security considerations are often overlooked and underfunded when IMIs 
are developed, delivered, and evaluated (Bennett et al.  2010 ). Nevertheless, a high 
standard of data security is crucial to the overall success of any IMI. Hence, IMIs 
need to be accurately developed and adapted in concordance to the legal condi-
tions and obliged control activities of the respective legislative context. As special 
IT expertise is needed for the realization of data security, it is highly recom-
mended to integrate IT staff in all stages of the development process (Bennett 
et al.  2010 ). 

 Thus, while there are important questions regarding data security, diagnostic 
accuracy, good clinical practice, and quality assurance, the question is rather 
how, and not if, to provide IMIs for depression in CVD health care. As long as 
there is no consistent quality assurance, the door will be left open for question-
able offers. Important steps forward would be to develop uniform quality stan-
dards as well as to systematically examine negative effects of IMIs (Rozental 
et al.  2014 ), one aspect that is mostly missing in psychotherapy research in 
general.   

H. Baumeister et al.



401

22.3     Evidence 

22.3.1      Effectiveness 

 There is a large evidence for mental health IMIs being effective with medium to 
large effect sizes when compared with treatment as usual and waiting list control 
groups (Table  22.1 ).

   Regarding depression, Richards and Richardson ( 2012 ) included 19 RCTs in 
their meta-analysis with a total of  n  = 2996 participants. Across the studies, a moder-
ate posttreatment pooled effect size of  d  = .56 [95 %–CI: .41; .71] in favor of 
computer- based psychological treatments for depression compared to usual care 
and waitlist has been shown (Richards and Richardson  2012 ). Correspondingly, 
clinically signifi cant improvements and remission rates were signifi cantly superior 
in the computer-based intervention groups than in control groups (odds ratios: 3.68 
[2.12, 6.40], 4.14 [2.01, 8.53]) (Richards and Richardson  2012 ). Moreover, studies 
that compared the effectiveness of depression interventions provided as guided 
IMIs against face-to-face psychotherapies indicated no signifi cant differences 
between these two intervention settings (Andersson et al.  2014 ), suggesting that 
IMIs might be as effective as established, evidence-based psychotherapies for adults 
as well as for children and adolescents. 

 The positive fi ndings for IMIs in general can also be shown for the subpopulation 
of chronically ill individuals. In a recent review on IMIs for comorbid depression in 

   Table 22.1    Effectiveness of Internet- and Mobile-based interventions based on selected 
meta-analyses   

 Target population  Authors  SMD  [95 % CI]   N  

  Adults  

 Depression  Richards and Richardson 
( 2012 ) 

 0.56  [−0.71, 0.41]  19 

 Panic disorder  Andrews et al. ( 2010 )  0.83  [0.45, 1.21]  6 

 Social phobia  Andrews et al. ( 2010 )  0.92  [0.74, 1.09]  8 

 Generalized anxiety disorder  Andrews et al. ( 2010 )  1.11  [0.76, 1.47]  2 

 Post-traumatic stress 
disorder 

 Hedman et al. ( 2012 )  1.23  [0.83, 1.63]  6 

 Sleep disorder  Cheng and Dizon ( 2012 )  0.86 a   [0.53, 1.18]  2 

 Eating disorder  Hedman et al. ( 2012 )  0.97  [0.63, 1.30]  5 

 Alcohol abuse  Riper et al. ( 2014 )  0.2  [0.13, 0.27]  16 

 Obsessive compulsive disorder  Paganini et al. ( 2016 )  1.02  [0.66, 1.38]  2 

  Children and adolescents  

 Depression  Ebert et al. ( 2015a )  0.76  [0.41,1.12]  4 

 Anxiety  Ebert et al. ( 2015a )  0.68  [0.45,0.92]  7 

  Adapted from Paganini et al. ( 2016 ) 
  CI  confi dence interval,  N  number of included primary studies,  SMD  standardized mean difference 
(Cohens’ d/Hedges’ g) 
  a Average effect of “Insomnia Severity Index”  
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individuals with chronic medical diseases, Charova and colleagues ( 2015 ) reported 
signifi cant improvements in depression severity ( d  = .36 [.20; .52]), based on 11 
randomized and non-randomized clinical trials. As shown in a recent large-scale 
trial on depression treatment in individuals with diabetes, the effects of IMIs can 
even be expected to be higher in case of using a state-of-the-art guided IMI for 
depression (Nobis et al.  2013 ,  2015 ). Nobis and colleagues ( 2015 ) reported signifi -
cantly lower depressive symptoms at posttreatment in the IMI group compared to an 
online unguided psychoeducation program for depression with a large effect of 
 d  = .89 [.64; 1.15]. 

 A fi rst study on IMIs for depression in individuals with CVD indicates that IMIs 
are feasible and effective in this subgroup too; however, the magnitude of the effect 
might be lower than in other chronic disease patient groups. Glozier and colleagues 
( 2013 ) examined the effectiveness of Internet-delivered cognitive behavioral therapy 
(iCBT) for adults with mild to moderate depression and high cardiovascular disease 
risks. They compared the open access iCBT program E-couch to a group receiving 
an Internet-delivered attention control health information package (HealthWatch) in 
a large-scale RCT ( N  = 562). Depression severity at posttreatment was signifi cantly 
lower in the iCBT than the control group, however, with an only small to moderate 
effect size of  d  = .3 [.1–.5] (Charova et al.  2015 ; Glozier et al.  2013 ). An ongoing trial 
by Norlund and colleagues examining the effectiveness of an iCBT for depression 
and anxiety in patients with a recent myocardial infarction will increase the evidence 
base in near future (Norlund et al.  2015 ). The fi nding that effect sizes of depression 
treatments are lower for individuals with CVD compared to other chronic diseases 
are also known from psychotherapy and antidepressant drug studies on depression in 
individuals with coronary artery disease (CAD) or diabetes (Baumeister et al.  2011b , 
 2012 ). An explanation for these systematic differences might be that depression is 
rather a broad category, comprising distinct subtypes of depression with their own 
depression course and treatment response than a unidimensional construct 
(Baumeister and Parker  2012 ; Carney and Freedland  2012 ). Data from epidemiologi-
cal studies indicate that we might need to look more into CVD (or at least CAD)-
specifi c depression IMIs with a stronger focus on improving the somatic symptoms 
of depression (Ormel and de Jonge  2011 ; Roest et al.  2013 ).  

22.3.2     Cost-Effectiveness 

 Cost-effectiveness of IMIs is often regarded as one of the major advantages of IMIs 
over established interventions, as the effectiveness seems to be comparable, and 
costs are presumably lower given the lower therapists’ time resources needed. More 
surprising is the lack of studies examining the cost-effectiveness of IMIs for depres-
sion. Warmerdam and colleagues ( 2010 ) as one of the only studies that examined 
cost-effectiveness so far, compared the cost-effectiveness of an Internet-based cog-
nitive behavioral therapy (iCBT) against a waiting list control group for adults with 
depressive symptoms. Results of the incremental cost-effectiveness ratio (ICER) 
analysis indicated that by offering iCBT instead of waiting list one additionally 
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depression improved participant was associated with extra costs of 1817EUR, 
which can be regarded as good value for money. 

 With regard to IMIs and CVD, there is only one study by Keyserling et al. ( 2014 ) 
reporting the cost-effectiveness of a counselor-based intervention compared to an 
IMI for reducing the risk of CAD in a nondepression-focused IMI study. While both 
intervention settings were able to reduce CAD risk through 12-month follow-up, the 
IMI was less expensive with 207$ and 110$ per person for the counselor and the 
IMI intervention, respectively. 

 Thus, while the few studies on cost-effectiveness point in the hypothesized direc-
tion of IMIs being cost-effective, the primary conclusion is that further health eco-
nomic research is highly needed. Moreover, studies should answer the question of 
whether IMIs are cost-effective when compared with treatment as usual, waiting 
list, or other established treatments such as psychotherapy, pharmacotherapy, or col-
laborative care. Future empirical work should also focus on the differential cost- 
effectiveness of IMIs varying in their level of technical and design sophistication as 
well as the guidance provided.  

22.3.3     Effect Factors 

 The question on why IMIs are effective and what the effect-generating ingredients 
are came into the focus of research, once the effectiveness of IMIs for mental dis-
orders had been established. In their review, Andersson and colleagues ( 2009 ) sug-
gested that (a) a proper diagnosis prior to treatment; (b) a comprehensive treatment 
with a clear deadline; (c) a user friendly, not too technically advanced treatment; 
and (d) support are effect-facilitating features of IMIs. While most of these sugges-
tions very likely represent signifi cant effect factors, only the impact of support on 
the effectiveness of IMIs has been examined empirically to a larger extent. 
Therefore, support was examined as technical support by means of automatic 
prompts (i.e., reminders, feedback, and reinforcement automatisms) and human 
support. 

 Advantages of IMIs over face-to-face interventions are the possibility to 
include automatic prompts as part of the intervention. In a systematic review 
including 85 studies about IMIs, Webb and colleagues ( 2010 ) reported that auto-
matic features have a small but signifi cant effect on behavior. Titov and colleagues 
conducted two comparable unguided Internet-based interventions, one with 
prompts (Titov et al.  2009a ) and one without (Titov et al.  2008 ). The effect in the 
program with prompts was almost three times as high as in the program without 
( d  = 0.73 vs.  d  = 0.28). Most probably, the higher effect was caused by an increased 
treatment adherence, with a signifi cant lower dropout rate in the intervention 
including prompts. Finally, Fry and colleagues (Fry and Neff  2009 ) and Leon 
et al. ( 2014 ) showed in their reviews that prompts are associated with positive 
outcomes. This, however, was particularly true for those interventions that com-
bined prompts with personal contact, indicating that human support might still be 
an important part of IMIs being effective. 
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 A recent systematic review by Baumeister and colleagues ( 2014a ) summarized 
the current state of research on the effect of guided and unguided professional sup-
port. Their study focused on the comparison of guided and unguided interventions, 
dose-response relationship, qualifi cation of e-coaches, and communication mode 
(Baumeister et al.  2014a ). The comparison of guided and unguided interventions 
showed a pooled standardized mean differences (SMD) for symptom severity of 
−.27 (95 %–CI: −.45; −.10;  n  = 8) favoring guided interventions. Moreover, the 
pooled mean number of completed modules (SMD: .52 (95 %–CI: .37; .67;  n  = 7)) 
and completer rates (OR: 2.76 (95 %–CI: 1.68; 4.53;  n  = 6)) was higher for guided 
interventions than in unguided interventions. 

 According to Baumeister and colleagues ( 2014a ), only one study focused on the 
dose-response relationship regarding guidance with no difference regarding the 
effectiveness, the mean number of completed modules, and the completer rate 
between the groups receiving either one or three e-mail contacts per week (Klein 
et al.  2009 ). Indirect evidence on the dose-response relationship comes from several 
nonexperimental studies. Palmqvist and colleagues ( 2007 ) reported a direct relation 
between therapeutic time and treatment effectiveness and adherence. Andersson 
and colleagues ( 2009 ) considered a time of 100 min for each patient during a 
10-week IMI as adequate. However, this should rather be seen as a preliminary 
estimation in the absence of empirical data on the best dose-response relationship 
(Baumeister et al.  2014a ; Titov  2011 ), which in addition might depend on the spe-
cifi c disorder under study (Newman et al.  2011 ). 

 Next to the question whether to provide guidance, the question of who should 
provide guidance is of major interest. Baumeister et al. ( 2014a ) summarized four 
studies that experimentally compared guided IMIs provided by e-coaches with dif-
ferent qualifi cation levels. None of the studies showed a signifi cant difference in any 
of the examined outcomes, indicating that the qualifi cation of the e-coaches is rather 
of minor importance. Methodological limitations of the primary studies, however, 
limit the validity of this conclusion. 

 Finally, Baumeister and colleagues ( 2014a ) investigated if the effectiveness of 
IMIs might vary with the communication mode used between e-coach and user. One 
study that experimentally examined this question did not indicate any difference 
between a synchronous (Internet forum) and asynchronous communication mode 
(telephone) (Titov et al.  2009b ). 

 In summary, both technical and personal supports are measures likely to increase 
the effectiveness of IMIs. However, as yet we know little about the specifi cs of these 
effect-modifying features. Moreover, the effectiveness might also vary with regard 
to different patient characteristics and medical variables such as patients’ subtype of 
depression (Roest et al.  2013 ; Ebert et al.  2013 ). Thus, it remains a question to be 
answered, whether the aforementioned general evidence on effect-modifying 
aspects of IMIs can also be found in individuals with CVD and depression and 
whether individuals with different types of CVD and depression would differ in the 
way they respond to IMIs.   
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22.4     Implementation 

 Health-care systems have to face the challenge of optimizing treatments and of 
assuring sustainability of treatment effects over time against the background of 
restricted health-care resources. Hence, IMIs are regarded as a promising option for 
the treatment of depression in individuals with CVD. 

 To successfully implement IMIs in routine CVD care, it needs to be clarifi ed 
whether the target population fulfi lls the necessary personal and technical precondi-
tions to use an IMI. Internet-based intervention studies aiming at children, adoles-
cence, and adults up to an age of 60–70 years and even above indicate that a high 
percentage of the population fulfi ll at least the technical preconditions (Bond et al. 
 2010 ; Spek et al.  2007 ; Ye et al.  2014 ; Arnberg et al.  2014 ; Ebert et al.  2015a ). In a 
review on technology use of cardiopulmonary outpatients, Disler and colleagues 
( 2015 ) found that technological devices were a pervasive part of everyday life with 
respondents engaged in regular computer (82.9 %), mobile telephone (98.3 %), and 
Internet (86.0 %) use. Consequently, Andersson and Hedman ( 2013 ) reported in a 
meta-analysis of four RCTs and eight open studies that Internet-based interventions 
are transferable to the clinical praxis. However, to exploit the full potential of IMIs 
and to maximize their reach, users not only need to have Internet access but also 
need to be willing to use an IMI. Therefore, the common reservation of clinicians 
and patients toward Internet interventions might still be the major obstacle of a 
large-scale dissemination of IMIs (Andersson and Titov  2014 ), highlighting the 
need for active dissemination strategies (Schoenwald et al.  2012 ; Baumeister  2014 ). 
First studies on the impact of acceptance facilitating measures on patients’ attitude 
toward IMIs already show that short video and face-to-face presentations on the 
effectiveness, characteristics, and safety issues of IMIs are able to meaningfully 
increase patients’ acceptance of IMIs (Baumeister et al.  2014b ,  c ; Ebert et al. 
 2015b ). In a similar vein, clinicians’ attitudes toward IMIs might be improvable by 
providing information material, trainings, and trial access to IMIs. 

 Given that IMIs are transferable to clinical practice, we further need to establish 
the best way to implement IMIs into routine CVD care. Integrating IMIs as a fi rst 
step of collaborative and stepped-care approaches for individuals with CVD and 
depression seems one promising way (Baumeister and Hutter  2012 ; Baumeister 
 2012 ). Wildevuur and Simonse ( 2015 ) found a clear preference in favor of tele-
monitoring/telemedicine system interventions (71 %) versus interventions applied 
for connected physical care (17 %) and education (9 %) as a way to connect the 
patient and the health-care professionals providing advice and service. These inter-
ventions provided inter alia self-measurement of the body, self-rehabilitation exer-
cises, telemonitoring systems, or for shared treatment decision-making (Wildevuur 
and Simonse  2015 ). Depression IMIs might easily be integrated in some of these 
already existing technologies for cardiovascular patients. 

 Another possibility would be to refer CVD patients to stand-alone IMIs if avail-
able. However, IMIs also offer the unique potential of reaching individuals who 
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would not access depression care via the established channels of mental health-care 
delivery, either because they do not utilize the available offers or because they do 
not feel to discuss their mental health issues with their general practitioners and 
CVD specialists. Thus, we should also think about implementing IMIs in a way that 
allows individuals to self-refer to Internet interventions (Andersson and Titov 
 2014 ). This might, for example, be achievable by providing IMIs via websites of 
established associations for CVD and/or depression, which would probably make it 
necessary for several countries to think about alternative fi nancing health-care mod-
els to integrate IMIs in the best possible way.     
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   Abstract 
   Depression and cardiovascular disease (CVD) are currently of major concern 
to public health and will be increasingly so in the future. These two disorders 
are closely interconnected both clinically and biologically. Understanding 
this interconnection is important to appreciating current and potential treat-
ment and prevention platforms. There are a number of plausible biological 
models which may link depression and CVD together. Key models include a 
dysfunctional hypothalamic- pituitary-adrenal (HPA) axis, chronic elevations 
in pro- infl ammatory cytokines, increased sympathetic tone, platelet dysfunc-
tion leading to a pro-thrombotic state, as well as reductions in arterial vessel 
elasticity and endothelial dysfunction. The aim of this chapter is to review 
the epidemiological, clinical trial, and biological literature exploring the 
role of pharmacological treatment and prevention of depression and 
CVD. Antidepressants, particularly selective serotonin reuptake inhibitors 
(SSRIs), do appear useful in the treatment of comorbid depression and CVD, 
and they appear to play a role in the prevention of adverse cardiac events. 
The role of serotonin-noradrenaline reuptake inhibitors (SNRIs) is poorly 
understood and should be treated with caution. Anti- infl ammatory therapies 
show promise in the treatment of depression; however, there is a paucity of 
clinical trial data on the role of anti-infl ammatory therapies for the preven-
tion of adverse cardiac events. An emerging body of research has now begun 
to explore the effect of pharmacological agents on infl ammation, HPA axis 
dysfunction, increased sympathetic tone, and vascular and platelet dysfunc-
tion. This research should be continued to better understand the underlying 
mechanism of effect of pharmacological agents in comorbid depression and 
CVD.  
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23.1       Introduction 

 Depression and cardiovascular disease (CVD) are currently of major concern to 
public health and will be increasingly so in the future. An assessment of the World 
Health Organization’s (WHO) Global Burden of Disease Study between 1990 and 
2010 found the burden of ischemic heart disease (IHD) and depression increased 
substantially over this time (Murray et al.  2012 ). For IHD, the burden increased by 
29 % to the number 1 ranked disorder; for depression, there was a 37 % increase in 
burden to number 11 (Murray et al.  2012 ). An earlier assessment of the Global 
Burden of Disease Study of 2004 predicted that by 2030, these disorders will be the 
two most common causes of disability-adjusted life years in the world (WHO  2008 ). 
Out of a sample of community-dwelling adults in the United States of America 
(aged >50 years) who had major depressive disorder (MDD), two-thirds had a diag-
nosis of heart disease, stroke, hypertension, and/or diabetes (Gonzalez and Tarraf 
 2013 ). In the future, depression and CVD will result in increased medical costs 
(Sullivan et al.  2002 ; Rutledge et al.  2009 ), increased health service utilization 
(Egede  2007 ), and lost productivity (Stewart et al.  2003 ). These two disorders are 
closely interconnected both clinically and biologically (Baune et al.  2012a ,  b ). 
Understanding this interconnection is important to understanding current and poten-
tial treatment and prevention platforms. 

 The development of depression as a consequence of CVD has been explored 
extensively (Baune et al.  2012a ,  b ). This may include depression as a consequence 
of an acute cardiac event (e.g., acute myocardial infarction (AMI)) or a chronic 
disease (e.g., congestive heart failure (CHF)) (Hare et al.  2014 ). After AMI, mild 
forms of depression have been found in up to two-thirds of hospitalized patients 
(Cay et al.  1972 ). The prevalence of depression in patients with CHF has been found 
to be dependent upon the severity of the functional class (Rutledge et al.  2006 ). In 
asymptomatic CHF, depression is found in around 10 % of patients and found in up 
to 40 % of patients with severe functional impairments (Rutledge et al.  2006 ). 

 The development of CVD as a consequence of depression has also been exten-
sively explored (Baune et al.  2012a ,  b ). Clinical and epidemiological studies sug-
gest depression increases the risk of subsequent CVD by an average of 1.5-fold 
(Nicholson et al.  2006 ; Lippi et al.  2009 ; Grippo and Johnson  2002 ). Depression has 
been found to be an independent predictor of a worse outcome after an ischemic 
event (Barth et al.  2004 ; Meijer et al.  2011 ; Nicholson et al.  2006 ). Patients with 
comorbid coronary artery disease (CAD) and depression have a two- to threefold 
increased risk of future cardiac events compared to those only cardiac disease 
(Frasure-Smith and Lesperance  2010 ; Goldston and Baillie  2008 ; Van der Kooy 
et al.  2007 ; Rudisch and Nemeroff  2003 ). Depression in CHF patients is also an 
independent predictor of mortality and rehospitalization (Macchia et al.  2008 ). 

 There are a number of plausible biological models which may link depression 
and CVD together (Baune et al.  2012a ,  b ). Key models include a dysfunctional 
hypothalamic-pituitary-adrenal (HPA) axis, chronic elevations in pro-infl ammatory 
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cytokines, increased sympathetic tone, platelet dysfunction leading to a pro- 
thrombotic state, as well as reductions in arterial vessel elasticity and endothelial 
dysfunction (Baune et al.  2012a ,  b ). Studies investigating immune system function-
ing in individuals with depression have found that many of these individuals mani-
fest chronically elevated infl ammatory markers, particularly C-reactive protein 
(CRP), interleukin-6 (IL-6), IL-1β and tumor necrosis factor (TNF)-α (Dowlati 
et al.  2010 ; Eyre et al.  2014 ). This pro-infl ammatory state is thought to be a key link 
in the comorbidity of depression and CVD (Paz-Filho et al.  2010 ; Lippi et al.  2009 ). 
Infl ammation is implicated in the pathogenesis of CVD, particularly the develop-
ment of atherosclerosis. Atherosclerosis may be accelerated through these infl am-
matory mediators via several mechanisms including chemoattraction of 
pro-infl ammatory leukocytes to atherosclerotic lesions, the induction of endothelial 
activation and expression of adhesion molecules further increasing chemotactic sig-
naling, and the stimulation of vascular endothelial growth factor (VEGF) produc-
tion (Paz-Filho et al.  2010 ; Lippi et al.  2009 ). Infl ammatory signaling cascades may 
also accelerate thrombus formation (Paz-Filho et al.  2010 ; Lippi et al.  2009 ). 
Disruptions of the HPA axis may be regulated by altered expression of pro- 
infl ammatory cytokines, suggesting a complex bidirectional biological cross talk 
(Sasayama et al.  2011 ). The contribution of the HPA axis may be mediated, partly 
by the loss of glucocorticoid receptors (GRs) and their negative feedback function 
on infl ammatory signaling, again leading to a further escalation in infl ammation. 
Dysregulation of the HPA axis may also lead to sympathoadrenal hyperactivity, or 
increased sympathetic tone, via central pathways. Increased sympathetic tone is 
associated with processes implicated in the development of CVD, such as an 
increase in vasoconstrictive tone, heart rate, and platelet activation (Malpas  2010 ; 
Joynt et al.  2003 ). Finally, increased sympathetic tone may result in reduced heart 
rate variability (HRV), which is associated with risk of arrhythmias (Kemp et al. 
 2010 ). Endothelial dysfunction is a recognized risk factor for CVD; it is often 
observed in depressed patients without CVD (Shimokawa  1999 ; Rybakowski et al. 
 2006 ; Bonetti et al.  2003 ; Cooper et al.  2011 ). Depression is associated with reduced 
arterial elasticity, in addition to an increased expression of endothelial adhesion 
molecules and chemokines (Rajagopalan et al.  2001 ; Sherwood et al.  2005 ). Taken 
together, these factors may predispose patients to atherosclerosis, thrombosis, and 
vasospasm. 

 The exploration of treatment and prevention strategies for comorbid depression 
and CVD is highly important given the burden of these diseases and given complex-
ity due to biological underpinnings, as well as signifi cant patient safety factors in 
the post-CVD setting. Treatments may include psychotherapy, social therapy, 
somatic interventions (e.g., medications or electroconvulsive therapy), lifestyle 
therapies (e.g., physical activity, omega-3 polyunsaturated fatty acids), or a combi-
nation. Reviews of these modes of treatment can be found here (Ramamurthy et al. 
 2013 ; Honig et al.  2007 ). This review will focus on monoamine- and immune- 
modulatory psychopharmacological agents. 

 Monoamine-based antidepressants have a mixed evidence base supporting their 
use in CVD and depression. It appears that selective serotonin reuptake inhibitor 
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(SSRI) medications are safe as fi rst-line therapies (Lichtman et al.  2009 ; Post- 
Myocardial Infarction Depression Clinical Practice Guideline  2009 ); however, 
studies in this area have limitations which will be discussed in this review. Tricyclic 
antidepressants (TCAs) are not recommended in CVD populations given their asso-
ciation with adverse cardiac events (Ramamurthy et al.  2013 ). Serotonin- 
noradrenaline reuptake inhibitors (SNRIs) appear to have a paucity of research 
supporting their use; hence caution is recommended (Ramamurthy et al.  2013 ). 

 Anti-infl ammatory medications may be a useful tool in the treatment of depres-
sion and CVD given the role of pro-infl ammatory cytokines linking these diseases 
(Eyre et al.  2015 ). Early data from meta-analyses suggests anti-infl ammatories may 
indeed by useful in the treatment of depression without CVD (Kohler et al.  2014 ). 
However, this literature is heterogeneous and requires careful description and con-
sideration (Eyre et al.  2015 ). There is some evidence supporting the use of anti- 
infl ammatories in comorbid CVD and depression; this will be reviewed here. 

 To understand the role of the abovementioned pharmacological agents in depres-
sion and CVD, it is important to review epidemiological, clinical, and biological 
data. Particularly with respect to biological data, this is an emerging literature 
understanding the effects of antidepressants on infl ammation, the HPA axis, sympa-
thetic tone, and vascular biology. To date, we are not aware of a review which 
explores this topic systematically; hence this review provides novel perspectives on 
this. The aim of this chapter is to review the epidemiological, clinical trial, and bio-
logical literature exploring the role of pharmacological treatment and prevention of 
depression and CVD.  

23.2     Antidepressant Pharmacotherapy to Treat 
Cardiovascular Disease and Depression 

 Treatment of depressive symptoms comorbid with CVD is crucial given depressive 
symptoms are associated with worse cardiovascular prognosis and lower quality of 
life. To this effect, treatments for depression need to be carefully studied given vari-
ously promising and concerning fi ndings. Some antidepressants are useful to reduce 
depressive symptoms and show promise for improving cardiovascular outcomes, 
while others are not safe for use in CVD populations. Data from epidemiological 
and clinical trials is useful to understand effi cacy and safety of antidepressants. 

23.2.1     Epidemiological Evidence 

 There are a number of observational studies exploring the effects of antidepressants 
on comorbid depression and CVD. The hypothesized biological underpinnings for 
these fi ndings are outlined further below in this paper. A study by Nabi et al. ( 2010 ) 
used a prospective cohort design to compare the signifi cance of depression in CVD 
and cerebrovascular disease, as compared to subjects with no vascular disease. 
These subjects were taken from the Health and Social Support Prospective Cohort 
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Study and included a sample of 23,282 adults aged 20–54 years; they were followed 
for 7 years. Fatal and fi rst nonfatal CVD and cerebrovascular disease events were 
documented by linkage to national hospital discharge and mortality registers. 
Results show the hazard ratio (HR) for CVD was 1.66 (95 % confi dence interval 
(CI) 1.24–2.24) for participants with mild-to-severe depressive symptoms, i.e., 
those scoring ≥10 on the 21-item Beck Depression Inventory (BDI), and 2.04 (95 % 
CI 1.27–3.27) for those who fi lled antidepressant prescriptions (a suggested marker 
for clinically signifi cant depression) compared with those without depression mark-
ers at study baseline. No subgroup analysis was conducted on type of antidepressant 
used. This suggests participants who fi lled antidepressant prescriptions have an 
increased risk of CVD; however, the results should be interpreted cautiously because 
medication use was utilized as a marker of depression severity. 

 A case-control study of subjects with IHD was used to determine whether anti-
depressants are a risk factor for IHD (Hippisley-Cox et al.  2001 ). In this study, 933 
IHD subjects of any age (range from <50 to >90 years) were studied along with 
5,516 controls. Odds ratios (ORs) for IHD were signifi cantly raised for patients who 
had ever received a prescription for TCA after full adjustment 1.56 (95 % CI 1.18–
2.05). Patients who had ever taken dothiepin had a signifi cantly raised OR for IHD 
after full adjustment 1.67 (95 % CI 1.17–2.36). There was no signifi cant increase in 
the OR for amitriptyline, lofepramine, and SSRIs in multivariate analysis. This sug-
gests that patients who had ever taken dothiepin had signifi cantly increased risk of 
IHD, with no other antidepressants signifi cantly associated. 

 A study by Whang et al. ( 2009 ) explored the association between depression and 
sudden cardiac death (SCD) and cardiac events among individuals with baseline 
CVD in the Nurses’ Health Study. Patient were ages 30–55 in 1976 when the study 
began, and they were followed over 8 years (1992–2000). Depression was mea-
sured by the Mental Health Index (MHI-5) and also antidepressant use. Primary 
end points included SCD, fatal CVD, and nonfatal MI. 63,469 women were 
involved in this analysis. In models from 1996 onward, clinical depression was 
most associated with SCD in multivariable models, HR 2.33 (95 % CI 1.47–3.70), 
and this was primarily due to the relationship between antidepressant use and 
SCD. From 2000 to 2004, similar HRs were found for the two categories of medi-
cations – SSRIs HR 5.07 (95 % CI 1.73–14.8) and other antidepressants HR 3.19 
(95 % CI 0.92–11.00). This therefore suggests antidepressant use in both categories 
was associated with SCDs. 

 An observational study by Rieckmann et al. ( 2013 ) explored the association 
between SSRI and non-SSRI second-generation antidepressant use in a patient 
cohort with acute coronary syndrome (ACS) (within 1 week of hospitalization). 
They then explored the occurrence of cardiac events and mortality over a period of 
42 months in participants aged around 60 years ± 15. This study was novel given 
current RCTs on this topic only monitor for adverse cardiac events for up to 
6 months follow-up, which is considered a short time frame for such events. Four 
hundred thirty-two patients were grouped according to patients not on any antide-
pressant ( n  = 354), patients on SSRI only ( n  = 78), and patients on non-SSRI second- 
generation antidepressants only ( n  = 20). SSRI use carried an increased risk for 
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major adverse cardiovascular events (MACE) (i.e., hospitalization for nonfatal 
AMI, unstable angina, or urgent/emergency percutaneous or surgical coronary 
revascularization/mortality) compared to no antidepressant use hazard ratio [HR] 
(1.83; 95 % CI 1.09–3.06;  p  = 0.02); non-SSRI second-generation antidepressant 
use did not HR, 0.86 (95 % CI 0.31–2.42;  p  = 0.78). This study therefore suggests 
that SSRI use may be associated with longer-term risk for adverse prognosis in ACS 
patients; however, low numbers in this study should be taken into account. 

 Another prospective cohort study by Xiong et al. ( 2010 ) examined the associa-
tion of perioperative coronary artery bypass grafting (CABG) bleeding risks and 
SSRI use prior to CABG. They explored 4,794 patients who underwent CABG 
surgery aged 54–72 years. Reoperation due to bleeding-related complications were 
not different between SSRI users OR 1.14 (95 % CI 0.52–2.47,  p  = 0.75). The 
30-day mortality (2.0 % in SSRI vs 2.1 % in control group;  p  = 0.92) was similar. 
These data suggest there is no substantial increased risk of adverse events from 
SSRI use post-CABG surgery.  

23.2.2     Clinical Trial Evidence 

 There are a number of clinical trials which explore the clinical and safety effects of 
antidepressants on patients with comorbid depression and CVD. These studies are 
outlined in Tables  23.1  and  23.2 . Further, a number of meta-analyses have also been 
performed in this fi eld. A meta-analysis by Mazza et al. ( 2010 ) explored SSRI vs 
control treatment in patients with recent ACS. Five RCTs (801 patients) were 
included, with an average age of 56.7 years. Subjects treated with SSRIs did not 
show a signifi cant improvement in depression symptoms, after a median of 
6 months, although there was a trend for a reduction. Subjects treated with SSRIs 
showed a signifi cantly lower rate of rehospitalizations from all causes risk differ-
ence (RD) 14 % (95 % CI 5–23 %,  p  = 0.001). Therapy with antidepressants was 
notably safe, with statistically similar rates of adverse events (i.e., MACE, death, 
AMI, and repeat revascularization). This suggests no effect of SSRIs on depressive 
symptoms, but improved or similar cardiac outcomes in patients with a recent ACS 
and depressive symptoms.

    A Cochrane Collaboration meta-analysis (Baumeister et al.  2011 ) was performed 
to determine the effects of pharmacological and psychological interventions in CAD 
patients with comorbid depression. Primary outcomes were depression, mortality, 
and cardiac events. Secondary outcomes were healthcare costs and health- related 
quality of life (QoL). Eight RCTs were included with a total of 1,098 patients (see 
McFarlane et al.  2001 ; Lesperance et al.  2007 ; Freeman et al.  1986 ; Li et al.  2005 ; 
Liu and Zheng  1999 ; Glassman et al.  2002 ; Strik et al.  2000 ; Honig et al.  2007 ). The 
mean age of participants in these studies ranged from 54.1 to 63.6 years. It should be 
mentioned that the study by Freeman et al. ( 1986 ) utilized alprazolam; Li et al. uti-
lized ( 2005 ) St. John’s wort; Honig et al. ( 2007 ) utilized mirtazapine. The review 
provides evidence of a small benefi cial effect of pharmacological interventions with 
SSRIs compared to placebo on depression outcomes (standardized mean difference 

23 Pharmacological Treatment and Prevention of Cardiovascular Diseases
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(SMD) of short-term depression change scores, −0.24 (−0.38–0.09), OR of  short-term 
depression remission: 1.80 (95 % CI 1.18, 2.74)). No benefi cial effects regarding 
mortality, cardiac events, and QoL were found. Hospitalization rates (OR of three 
trials, 0.58 [95 % CI 0.39, 0.85]) and emergency room visits (OR of one trial, 0.58 
[95 % CI 0.34, 1.00]) were reduced in trials of pharmacological interventions com-
pared to placebo. The authors suggest the research agenda in this fi eld may need to 
explore patients based on their specifi c depression subtype and severity, and only few 
studies were available to explore outcomes for QoL, mortality, and cardiac events. 

 A latest quantitative analysis of this fi eld, from Pizzi et al. ( 2011 ), was conducted 
to evaluate the effects of SSRIs versus placebo or no antidepressants in patients with 
CVD and depression. Primary outcomes were readmission for CVD (including 
AMI, unstable angina, and stroke) and all-cause mortality; the secondary outcome 
was severity of depression symptoms. Seven studies on six RCTs involving 2,461 
participants were included, with a mean age similar in all trials and approximately 
58 years. The four properly randomized trials constituted 734 patients (see Glassman 
et al.  2002 ; Lesperance et al.  2007 ; Strik et al.  2000 ; McFarlane et al.  2001 ; and 
Tables  23.1  and  23.2 ), while two other studies were categorized as “observational,” 
i.e., RCTs with high risk of bias in randomization process – 1,727 subjects (see 
Taylor et al.  2005 ; Mohapatra et al.  2005 ; and Tables  23.1  and  23.2 ). When only the 
correctly randomized trials were taken into account, patients on SSRIs showed no 
signifi cant differences in mortality RR 0.39 (95 % CI 0.08–2.01) or CVD readmis-
sion rates RR 0.74 (95 % CI 0.44–1.23) compared to controls. A signifi cantly greater 
improvement in depression symptoms was always apparent in patients on SSRIs 
with all selected indicators. This study suggests SSRIs do decrease depressive 
symptoms and may improve CVD prognosis. This analysis suggests that a number 
of these trials were not adequately powered (see Glassman et al.  2002 ; Strik et al. 
 2000 ; Lesperance et al.  2007 ; Mohapatra et al.  2005 ; Hippisley-Cox et al.  2001 ). It 
was not possible to stratify these analyses to explore associations between various 
clinical outcomes and different types and doses of SSRIs.  

23.2.3     Summary and Recommendation 

 When considering data from this fi eld, consensus statements suggest SSRIs are recom-
mended as fi rst-line antidepressant treatments for depressed patients with CVD 
(Lichtman et al.  2009 ; Post-Myocardial Infarction Depression Clinical Practice 
Guideline  2009 ). It is clear given the data from epidemiological and clinical trials is 
confl icting when considering effi cacy and safety. However, when high quality meta- 
analyses of RCTs are taken into account, SSRIs appear effective as a fi rst-line antide-
pressant therapy for comorbid CAD and depression. The evidence of effects on mortality 
and morbidity is confl icting and suggests no difference to placebo. It is clear from a 
clinical perspective that careful follow-up is needed in the “real world” setting. Studies 
with longer follow-up are also required as the majority of current RCTs only follow 
subjects for 6 months. It is clear that TCAs do not appear safe for use in this population. 
There is a paucity of data on the use of SNRIs; hence caution is suggested with these 
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medications (Ramamurthy et al.  2013 ). Larger studies are required to understand car-
diac outcomes. A systematic review by Ramamurthy et al. ( 2013 ) highlights that an 
estimated 4,000 subjects are needed in RCTs to detect a 20 % risk reduction in medical 
events from CAD. Based on this, no studies to date have been adequately powered to 
fully explore these changes. Finally, it is unclear in the literature how aging is associated 
with the effi cacy and safety of antidepressants in comorbid CVD and depression.   

23.3     Antidepressant Pharmacotherapy to Treat Depression 
and Congestive Heart Failure 

23.3.1     Epidemiological Evidence 

 We are aware of only one epidemiological study exploring the associations between 
antidepressant use and outcomes in patients with CHF. In this study (Sherwood 
et al.  2007 ), 204 subjects with a diagnosis of CHF (left ventricular ejection fraction 
(LVEF) ≤40 %) underwent baseline assessments with BDI. Depression and CHF 
were followed for 3 years using the BDI and B-type natriuretic peptide (BNP). 
Primary end points included death and CVD-related hospitalizations. The mean age 
at baseline was 56.8 years with a range of 27–88 years. After full adjustment, anti-
depressant medication use (various types) was associated with increased likelihood 
of death or cardiovascular hospitalization HR 1.75 (95 % CI 1.14–2.68,  p  = 0.01). 
The authors suggest patients with CHF requiring antidepressant medication should 
be monitored closely for adverse events. Replication of this study is clearly required.  

23.3.2     Clinical Trial Evidence 

 We are again only aware of one clinical trial exploring the effects of antidepressants 
on patients with comorbid depression and CHF (see Tables  23.1  and  23.2 ). In an 
RCT by O’Connor et al. ( 2010 ), the effects of sertraline vs placebo were assessed 
on depression scores and cardiovascular events in patients with comorbid depres-
sion and CHF. Eligible patients were age ≥45 years with HF (LVEF ≤45 %, 
New York Heart Association class II–IV) and clinical depression (DSM-IV criteria 
for current major depressive disorder). Primary end points were change in depres-
sion severity (Hamilton Depression Rating Scale, HDRS) and composite cardiovas-
cular status at 12 weeks. Four hundred sixty-nine patients were randomized –  N  = 234 
for sertraline and  N  = 235 for placebo. The change from baseline to 12 weeks in the 
HDRS total score was mean −7.1 ± 0.5 (sertraline) and −6.8 ± 0.5 (placebo) 
( p  < 0.001 from baseline,  p  = 0.89 between groups, mean change between groups 
0.92). The proportion whose composite cardiovascular score worsened, improved, 
or was unchanged was 29.9 %, 40.6 %, and 29.5 % in the sertraline group and 
31.1 %, 43.8 %, and 25.1 % in the placebo group ( p  = 0.78). This suggests sertraline 
was safe in CHF patients; however, there was no difference between sertraline and 
placebo in antidepressant effects.  

H.A. Eyre et al.
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23.3.3     Summary and Recommendation 

 There is a paucity of evidence in the treatment of depression and CHF; hence this is 
an important area for further investigation. SSRIs appear to be safe and had a mini-
mal effect on depressive symptoms.   

23.4     Antidepressant Pharmacotherapy to Prevent 
Cardiovascular Disease in Depressed Patients 

23.4.1     Epidemiological Evidence 

 We are aware of one meta-analysis (Oh et al.  2014 ) exploring the association between 
antidepressant use and the risk of CVD in subjects free of CVD. In this study, 16 obser-
vational studies were included, 6 population-based case-control studies, 1 nested case-
control study, 1 retrospective cohort study, and 8 prospective cohort studies. Participants 
were from a wide age range. Antidepressants were divided into SSRIs and TCAs. CVD 
outcomes were defi ned as fatal and nonfatal AMI and other IHD. There was no asso-
ciation found between SSRIs use and the risk of CVD overall OR 0.93 (95 % CI 0.65–
1.33). The use of TCAs was associated with an increased risk of CVD overall OR 1.51 
(95 % CI 1.07–2.12), but it was observed only in case-control studies OR 1.56 (95 % CI 
1.24–1.96) and low-quality studies OR 1.49 (95 % CI 1.20–1.85) in the subgroup meta-
analysis. This suggests no association between SSRI use and CVD risk; however, 
TCAs showed an increased risk. The rationale for this will be outlined below.  

23.4.2     Clinical Trial Evidence 

 There are currently no published RCTs addressing antidepressant use and its effect 
on the development of CVD in patients without preexisting CVD.   

23.5     Anti-inflammatory Pharmacotherapy to Treat 
Comorbid CVD and Depression 

23.5.1     Background Information 

 As mentioned previously, infl ammatory processes are suggested to play an important 
part in the development of depression, and it is believed that infl ammation may be a 
promising target in the treatment and prevention of depression. Given this clinical and 
biological relationship between infl ammation and depression, both selective cyclo-
oxygenase (COX)-2 and nonselective COX inhibitor nonsteroidal anti- infl ammatory 
drugs (NSAIDs) have been investigated as possible adjuncts in the treatment of 
depression. Our group critically and systematically reviewed the literature to deter-
mine whether selective COX-2 and nonselective COX inhibitor NSAIDs as 
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adjunctives and monotherapies affect depressive symptoms (Eyre et al.  2015 ). In our 
analysis on adjunctive and monotherapy studies, we included six RCTs exploring the 
effi cacy of selective COX-2 inhibitor NSAIDs on depressive symptoms with a total of 
2,706 subjects. Four of the RCTs showed a signifi cant effect of NSAIDs; two demon-
strated no effect. There were a total of fi ve studies exploring the effi cacy of nonselec-
tive COX inhibitor NSAIDs on depressive symptoms with a total of 7,978 subjects. 
There was one RCT, three cohort studies, and one open-label pilot study. The RCT 
failed to show a signifi cant result. One of the retrospective cohort studies showed a 
positive result, with the other two showing no effect. We concluded the effi cacy of 
NSAIDs on depressive symptoms appears negligible; however, fi rm conclusions are 
diffi cult given the inconsistent fi ndings and substantial methodological heterogeneity. 
Heterogeneity was derived from a variety of factors, i.e., age range, sex, presence of 
antidepressant use, method of depression measure, severity of depressive symptoms, 
duration, and study design (RCT vs cohort). A meta-analysis (Na et al.  2014 ) of RCTs 
suggests that celecoxib, a selective COX-2 inhibitor NSAID, has a therapeutic effect 
when used adjunctively with other antidepressants. This study utilized four RCT stud-
ies with a total of 150 patients. The patients receiving adjunctive celecoxib had signifi -
cantly higher mean changes in the HDRS scores between baseline and end point 
measurements compared with those receiving placebo (weighted mean difference = 
3.26). The adjunctive celecoxib group also showed better remission OR = 6.58 and 
response rates OR = 6.49 than the placebo group. Yet another meta-analysis by Kohler 
et al. ( 2014 ) explored the antidepressant effects of all anti-infl ammatory interventions. 
Ten publications reporting on 14 trials (6,262 participants) were included; ten trials 
evaluated the use of NSAIDs ( n  = 4,258; four as adjunct treatment and six as mono-
therapy all including celecoxib) and four investigated cytokine inhibitors ( n  = 2,004; 
all studies as monotherapy). These were a mix of adjunctive (to antidepressants) and 
monotherapy studies. The pooled effect estimate suggested that anti-infl ammatory 
treatment reduced depressive symptoms SMD −0.34 compared with placebo. This 
effect was observed in studies including patients with depression SMD −0.54 and 
depressive symptoms SMD −0.27. A subanalysis of celecoxib only showed a trend 
toward superiority to placebo (SMD −0.29). When celecoxib monotherapy studies 
where only examined, results were borderline signifi cant (SMD −0.13); celecoxib 
adjunct studies showed signifi cant improvement (SMD −0.82). Among the six studies 
reporting on adverse effects, there was no evidence of CVD events after 6 weeks of 
anti-infl ammatory treatment compared with placebo. 

 Taken together, these fi ndings suggest anti-infl ammatory pharmacological agents 
should be studied more in the treatment of depression and CVD both as adjunctive 
treatment as well as monotherapy. At this stage, adjunctive celecoxib treatments 
appear to be most effective for the treatment of depression.  

23.5.2     Epidemiological Evidence 

 We are only aware of one published study exploring the effects of anti- infl ammatories 
on comorbid depression and CVD. In this observational study (Rieckmann et al.  2011 ), 

H.A. Eyre et al.



431

data from 168 ACS hospitalized patients were assessed along with adherence to aspirin 
medication. Adherence to aspirin was measured over 90 days, and rates of antidepres-
sant use were not recorded, although present. The outcome was the 1-year fi rst occur-
rence of a MACE or all-cause mortality. Controlling for age, sex, and site, baseline 
depressive symptoms were signifi cantly correlated with poorer 7-day, 1-month, and 
3-month aspirin adherence (all  p  < 0.02). After 1 year, there had been 14 MACE/all-
cause mortality events (8 %). Adjusting for age, sex, and site, poorer 7-day (HR 1.76) 
and 1-month aspirin adherence (HR 1.75) as well as baseline depressive symptoms 
(HR 1.53) were each individually associated with 1-year MACE/all-cause mortality. 
These fi ndings suggest poorer aspirin adherence may account for a proportion of the 
excess prognostic risk associated with depressive symptoms after ACS. There is thus 
rational for a clinical trial in this area.   

23.6     Understanding the Neurobiological Mechanisms 
Subserving the Effects of Antidepressants 
in Depression and Cardiovascular Disease 

 There are a number of neurobiological mechanisms potentially subserving the effi -
cacy and safety of antidepressants in depression and CVD. These mechanisms 
include infl ammation, HPA axis dysfunction, increased sympathetic tone, vascular 
dysfunction, and cardiac conduction. In the below sections, we review each of these 
mechanisms and explore the effect of antidepressants on them. We have aimed to 
distinguish the neurobiological effects of various classes of antidepressants where 
possible. A diagrammatic overview of this section is also provided in Fig.  23.1 .

23.6.1       Inflammation 

 The most recent evidence from reviews and meta-analyses suggests that antidepres-
sants may exert effects on the immune system. A meta-analysis of 22 studies by 
Hannestad et al. ( 2011 ) explored the effect of antidepressants on serum pro- 
infl ammatory cytokines, TNFα, IL-1β, and IL-6, in 603 depressed subjects. This is 
the latest study to quantitatively explore the immune-modulatory effects of antide-
pressants. A stratifi ed subgroup analysis in this meta-analysis by class of antidepres-
sants indicated that serotonin reuptake inhibitors (SSRI) may reduce levels of IL-6 
and TNF α , whereas other types of antidepressants – while effi cacious for depressive 
symptoms – did not appear to reduce cytokine levels and showed only limited evi-
dence in a few studies only. These data suggest that SSRIs with their prominent 
serotonergic functions may be more anti-infl ammatory than other agents. Beyond 
this meta-analysis, it has been suggested that while noradrenaline reuptake inhibitor 
antidepressants suppress Th1-type cytokines (e.g., IFN-γ, IL-2, and TNF- α) and shift 
the balance toward humoral immunity, serotonin reuptake inhibitors reduce the pro-
duction of Th2-type cytokines (e.g., IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13) and 
shift the balance toward cellular immune response (Uher et al.  2014 ; Martino et al. 
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 2012 ). These fi ndings suggest that antidepressants do appear to be anti-infl amma-
tory, and hence this may be one mechanism through which they reduce depressive 
symptoms and CVD-related health issues. However, the abovementioned data raise 
the possibility of differential mechanistic effects of various antidepressant classes on 
immune function. We caution conclusions regarding which antidepressant possesses 
the greater anti-infl ammatory effect given methodological heterogeneity among 
studies and a small number of comparative studies.  

23.6.2     HPA Axis 

 One of the most consistent biological fi ndings in depression is a hyperactivity of 
the HPA axis, and there is a literature exploring the effects of antidepressants on 
this (Pariante and Lightman  2008 ). Data from both preclinical and clinical studies 
assists in understanding the effects of antidepressants on the HPA axis. A study by 
Cattaneo et al. ( 2013 ) tested leukocyte mRNA expression levels of genes in healthy 
controls ( n  = 34) and depressed patients ( n  = 74), both before and after 8 weeks of 
treatment with escitalopram or nortriptyline. This was conducted as part of the 
Genome-Based Therapeutic Drugs for Depression (GENDEP) study. Genes were 
explored common to both drugs. Nonresponders had higher baseline mRNA levels 
of IL-1β (+33 %), macrophage inhibitor factor (MIF) (+48 %), and TNF-α (+39 %). 
This suggests a pro-infl ammatory state is associated with nonresponse. 
Antidepressants reduced the levels of IL-1β (−6 %) and MIF (−24 %) and increased 
the levels of GR (+5 %) and p11 (+8 %); however, these changes were not associ-
ated with response. Responders had a reduction in the levels of the GR-associated 
gene,  FKBP - 5 . This suggests depression is characterized by the coexistence of 
higher  FKBP - 5  and lower  GR , possibly leading to GR resistance. Furthermore, 
successful antidepressant treatment requires normalization of GR function. In 
another human study, Carvalho et al. ( 2010 ) explored the effects of antidepressants 
(clomipramine, amitriptyline, sertraline, paroxetine, and venlafaxine) on GR func-
tion. GR function was assessed in peripheral blood cells from 33 health volunteers. 
GR function was measured by glucocorticoid-mediated inhibition of lipopolysac-
charide (LPS)-stimulated interleukin- 6 (IL-6) levels. LPS is a potent immune sys-
tem activator. Compared to vehicle- treated cells, all antidepressants inhibited 
dexamethasone (DEX, 10–100 nM) inhibition of LPS-stimulated IL-6 levels (p 
values ranging from 0.007 to 0.1). The GR antagonist, RU-486, inhibited the effect 
of antidepressants on GR function. Research in neuronal stem cells has illustrated 
that antidepressants directly increase the function of the GR (Anacker et al.  2011 ). 
This was found to occur via a GR-dependent mechanism, i.e., the expression of 
 p11  (Anacker et al.  2011 ). The effect on p11 is an action that is required for the 
effects of antidepressants on neurogenesis (Anacker et al.  2011 ). These studies 
highlight the effects of antidepressants on the HPA axis and their role in correcting 
HPA axis dysfunction, which is likely associated with reducing infl ammatory 
processes.  
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23.6.3     Sympathetic Tone 

 HRV is a measure of sympathetic tone and is an important marker given very low- 
frequency (VLF) HRV may predict mortality in patients with comorbid depression 
and CVD (Carney et al.  2005 ). A prospective cohort study, the Heart and Soul Study 
(Zimmermann-Viehoff et al.  2014 ), was utilized to explore associations between 
antidepressant use (SSRI or TCA) and mortality in patients with CVD and 
HRV. Nine hundred fi fty-six patients with CVD were followed for a mean duration 
of 7.2 years. Of 956 patients, 44 (4.6 %) used TCAs, 89 (9.3 %) used SSRIs, and 823 
(86.1 %) did not use antidepressants. At baseline, TCA users exhibited lower HRV 
compared with SSRI users and antidepressant nonusers. At the end of the observa-
tional period, 52.3 % of the TCA users had died compared with 38.2 % in the SSRI 
group and 37.3 % in the control group. The adjusted HR for TCA use compared 
with nonuse was 1.74 ( p  = 0.01). Adjustment for measures of autonomic function 
rendered nonsignifi cant the association between TCA use and mortality. SSRI use 
was not associated with mortality. This suggests the associations between TCA use 
and mortality may be partly mediated by effects on autonomic function. A recent 
pilot study (Jain et al.  2014 ) examined the associations between resting baseline 
HRV and depression treatment outcomes. In this study, investigators retrospectively 
tested several parameters of HRV in an MDD treatment study with escitalopram 
( n  = 26) as well as Iyengar yoga ( n  = 16). Lower relative power of very low-fre-
quency (VLF) HRV at baseline predicted improvement in depressive symptoms 
when adjusted for age and gender ( p  < 0.05 for both treatments). This suggests VLF 
HRV may be a useful predictor of treatment outcome with antidepressants in 
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  Fig. 23.1    Neurobiological mechanisms subserving the effects of antidepressants and anti- 
infl ammatories on the treatment of depression and cardiovascular disease       
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depression; however, the underlying biology for this is unclear. A recent RCT by 
Blumenthal et al. ( 2012 ) explored the effects of aerobic exercise and sertraline in 
reducing depressive symptoms and certain CV biomarkers in depressed patients 
with CVD. One hundred participants were involved in this study and were offered 
4 months of aerobic exercise, sertraline, or placebo. After 16 weeks, both the aero-
bic exercise group and sertraline group showed a larger reduction than placebo for 
depressive symptoms. Exercise and sertraline were equivalent in their antidepres-
sant effects. Exercise and medication showed a trend toward a greater improvement 
in HRV than placebo. This suggests antidepressants may improve cardiovascular 
biomarkers. In summary, these studies show antidepressants may improve HRV; 
however, there are few studies in this area.  

23.6.4     Vascular Biology 

 A number of studies have explored the effects of antidepressants of markers of vascu-
lar biology in depression. A recent case-control study (Paranthaman et al.  2012 ) 
explored the relationship between endothelial function, atherosclerosis, and treatment 
response to antidepressant monotherapy (various types). The study compared 25 
patients with late-life depression to 21 nondepressed subjects. Vascular measures 
included a marker of atherosclerosis (carotid intima thickness (IMT)) and endothelial 
function (biopsied small artery dilatation/reactivity to acetylcholine). There was a sig-
nifi cant group difference (responders versus nonresponders versus controls) on both 
IMT and endothelial function ( p  < 0.05 for both). There was a gradient across groups, 
with control subjects having best vascular structure or function, nonresponders having 
the worst, and responders at an intermediate level. These fi ndings suggest that vascu-
lar dysfunction and pathology are linked to lesser antidepressant response. 

 A subgroup analysis of the Sertraline Antidepressant Heart Attack Randomized 
Trial (SADHART) study (Serebruany et al.  2003 ) was used to understand the effects 
of sertraline on the release of platelet and endothelial biomarkers in depressed sub-
jects with ACS. In this analysis 55 subjects were randomly assigned to sertraline 
( n  = 23) or placebo ( n  = 32). Anticoagulants, aspirin, and clopidogrel were permit-
ted. Twenty-six serial plasma samples collected at week 6 ( N  = 12) and week 16 
( N  = 14) were analyzed. Platelet factor 4 (PF4), β-thromboglobulin (β-TG), platelet/
endothelial cell adhesion molecule 1 (PECAM-1), P-selectin, thromboxane B 2  
(TxB 2 ), prostacyclin (6-keto-PGF1α), vascular cell adhesion molecule 1 (VCAM- 
1), and E-selectin were measured by enzyme-linked immunosorbent assay. Negative 
correlations were found for the plasma levels of sertraline and  N -desmethylsertraline 
with PF4, β-TG, PECAM-1, P-selectin, and TxB 2 . These fi ndings allude to sertra-
line reducing platelet and endothelium activation. 

 A study by van Zyl et al. ( 2009 ) utilized an RCT framework (Canadian Cardiac 
Randomized Evaluation of Antidepressant and Psychotherapy Effi cacy Trial 
(CREATE)) to explore whether treatment of depressed CAD patients with citalo-
pram altered platelet and endothelial biomarkers. The effect of citalopram was 
explored on P-selectin, β-TG, soluble intercellular CAM-1 (sICAM-1), and total 
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nitric oxide (tNO). Plasma samples were obtained at baseline and week 12 from 
subjects randomized to citalopram ( n  = 36) or placebo ( n  = 21). Anticoagulants, 
aspirin, and clopidogrel were permitted. Treatment with citalopram was associated 
with greater increase in tNO over 12 weeks compared to placebo ( p  = 0.005). There 
were no differences for the other biomarkers. Improved endothelial function may be 
implied by the increased NO production in this study; however, this is not clear. 
Some studies show SSRIs inhibit NO (Finkel et al.  1996 ), and others suggest SSRIs 
increased NO and its metabolites (Lara et al.  2003 ; Chrapko et al.  2006 ). The differ-
ing results in this study as compared to the abovementioned SADHART subgroup 
analysis may be due to differing stages of CVD or the different effects of sertraline 
vs citalopram.  

23.6.5     Platelet Dysfunction 

 As mentioned previously, platelet dysfunction is a potential biological mechanism 
connecting depression and CVD. Platelets possess receptors for serotonin (5-HT), 
such as 5-HT2A and 5-HT3, and also a 5-HT transporter (SERT) in their mem-
branes (Stratz et al.  2008 ). 5-HT is stored in the dense granules within platelets and 
released during stimulation. Preclinical studies have demonstrated that 5-HT poten-
tiates procoagulant responses of platelets and enhances the thrombogenesis on dam-
aged vascular surfaces (Galan et al.  2009 ; Lopez-Vilchez et al.  2009 ). 

 An interesting exploration of the role of antidepressants in platelet function 
comes from an analysis of cerebral microbleeds (Aarts et al.  2014 ). Within the 
population- based Rotterdam Study, information on antidepressant use was obtained 
from continuously monitored pharmacy records, and brain MRIs were available in 
4,945 participants between 2005 and 2011. Antidepressants were categorized based 
on affi nity for the serotonin transporter: high, intermediate, or low. Antidepressant 
use with strong serotonin reuptake inhibition was not associated with microbleed 
presence (OR 1.03), compared with nonuse, irrespective of microbleed location in 
the brain. Exclusion of antithrombotic users or persons with cortical infarcts did not 
change these results. Furthermore, serotonergic antidepressant use was not related 
to ischemic vascular brain damage. This data suggests serotonin-active antidepres-
sants do not relate to the presence of cerebral microbleeds. 

 A recent clinical study (Lopez-Vilchez et al.  2014 ) investigated the modulation 
of thrombogenesis by treatment with an SSRI. Modifi cations in a series of biomark-
ers of platelet and coagulation activation were evaluated in the blood from 19 
patients with an MDD at the time of diagnosis, and at 8 and 24 weeks of treatment 
with escitalopram, 20 healthy subjects were used as controls. Response of blood 
aliquots recirculated through a thrombogenic surface was assessed as a thrombosis 
model. In comparison with controls, platelets from depression patients showed ele-
vated clot volumes, augmented expression of GPIb, fi brinogen, factor V, and phos-
pholipids. Clot fi rmness and procoagulant activity of platelet-associated tissue 
factor were also signifi cantly elevated. Studies with circulating blood revealed 
increased fi brin formation in early diagnosed patients. After 24 weeks of treatment 
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with escitalopram, the majority of the alterations observed were normalized, except 
for biomarkers of viscoelasticity and clot formation which were unaffected. This 
data demonstrates the pro-thrombotic state seen in depression and the effect of 
SSRIs in altering certain biomarkers, although not others.  

23.6.6     Cardiac Conduction 

 Cardiac conduction is clearly crucial in understanding the effects of antidepressants 
on patients with depression and CVD. The effect of antidepressants on cardiac con-
duction systems is likely strongly related to cardiac-related adverse events. 

23.6.6.1     Selective Serotonin Reuptake Inhibitors 
 SSRIs have been associated with very infrequent cardiac side effects, such as bra-
dycardia and heart block (86 reported cases of the fi rst 2.5 million taking fl uoxetine 
(Goldberg  1998 )). The Food and Drug Administration in the United States has 
advised that citalopram not exceed 40 mg daily to prevent prolonged QTc and asso-
ciated arrhythmias. Some authors suggest benefi t from serial electrocardiograms 
and cardiac/internal medicine consultation when adding SSRIs to patients with pre-
existing arrhythmias, particularly bradycardia/atrioventricular block (Ramamurthy 
et al.  2013 ).  

23.6.6.2     Serotonin Noradrenaline Reuptake Inhibitors 
 As mentioned previously, caution is advised with the use of SNRIs in depression 
and CVD. The hypothetical concern is with SNRIs increase sympathetic tone 
through noradrenergic action. High sympathetic tone is associated with atherogen-
esis (Julius  1993 ), cardiac remodeling post-AMI (Sabbah  2004 ), and arrhythmias 
(Hjalmarson  1997 ).  

23.6.6.3     Tricyclic Antidepressants 
 Data from the Cardiac Arrhythmia Suppression Trial (CAST) (Glassman et al.  1993 ) 
published in 1993 in which post-MI patients were treated with various classes of 
pharmacological agents was revealing in regard to the safety of TCAs. This study 
showed Class 1 antiarrhythmics, where TCAs are categorized, had increased 
mortality.    

    Conclusions 

 The tremendous burden of depression, CVD, and their comorbid status makes 
the need for understanding current and developing new treatments and preven-
tive strategies highly important. When we consider antidepressant and anti-
infl ammatory therapies from epidemiological and clinical trial perspectives, 
there are a number of interesting fi ndings, as well as areas for further research. 
When considering clinical effi cacy, SSRIs appear to be effective as fi rst-line anti-
depressants. There is a paucity of data for SNRIs, and TCAs are not recom-
mended. Celecoxib treatment may be useful as an adjunctive treatment, with 
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other anti-infl ammatories requiring further investigation. The effect of SSRIs on 
mortality and morbidity appears minimal, with a mixture of results suggesting no 
different to placebo and improved results to placebo. There are a number of bio-
logical systems which are implicated in the bidirectional relationship between 
depression and CVD, including infl ammation, HPA axis dysfunction, increased 
sympathetic tone, and vascular and platelet dysfunction. An emerging body of 
research has now begun to explore the effect of pharmacological agents on these 
systems. More research is required to understand the effects of various drug 
classes on these mechanisms. In the future, we have a number of recommenda-
tions to advance this fi eld. Larger and longer duration RCTs are required to 
determine the effect of various types of antidepressants on long-term CVD out-
comes. Further, understanding the effects of antidepressant treatments on various 
types of depression (e.g., melancholic, non-melancholic, and atypical) would be 
helpful to understand effects on CVD outcomes. Exploration of the treatment of 
depression and comorbid CHF is also an area in need of further examination.     
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   Abstract 
   A growing body of evidence supports the role of infl ammation as a common etio-
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Recent clinical studies have indicated that different anti-infl ammatory agents 
may yield antidepressant treatment effects, both as add-on and monotherapy. 
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However, cardiac side effects emphasize cautious use of several agents, whereas 
other agents might have benefi cial effects on both depression and cardiovascular 
disease. The current chapter aims to review the most promising anti- infl ammatory 
agents that have been studied in depressed individuals and other patient groups 
including their potential underlying mechanisms. The most frequently investi-
gated agents are nonsteroidal anti-infl ammatory drugs (NSAIDs), monoclonal 
antibodies, and polyunsaturated fatty acids, but antidepressant properties were 
also observed for statins, minocycline, pioglitazone, cortisol, modafi nil, and 
angiotensin-2 receptor antagonists. In addition, this chapter will discuss impor-
tant clinical aspects for identifying patient groups which will be most likely to 
benefi t of anti-infl ammatory treatment, such as biological markers potentially 
predicting antidepressant treatment effects of anti-infl ammatory intervention, 
timing and duration of anti-infl ammatory intervention, and targeting specifi c 
depressive symptoms. Finally, we will discuss which anti-infl ammatory agents, 
e.g., statins and low-dose acetylsalicylic acid, may represent relevant add-on 
treatment strategies in patients suffering of comorbid depression and cardiovas-
cular diseases.  

24.1        Introduction 

 In spite of a number of treatment options in depression, response and remissions 
rates are far from optimal, which has resulted in recent initiatives emphasizing the 
need for further research translating suggested patho-etiological fi ndings with 
regard to major depression into effective alternative treatments (Collins et al.  2011 ; 
O’Leary et al.  2015 ). One of these potential therapeutic alternatives is anti- 
infl ammatory therapy of the suggested infl ammatory component of depression 
(Maes  1995 ). Infl ammation is a suggested common etiological factor of the patho-
physiology of depression and cardiovascular disease (CVD), mediated predomi-
nantly via pro-infl ammatory cytokines, and the hypothalamic-pituitary-adrenal 
(HPA) axis (Dantzer et al.  2008 ; Bechter et al.  2010 ; Krishnadas and Cavanagh 
 2012 ; Rosenblat et al.  2014 ; Baune  2015 ). Therefore, anti-infl ammatory agents may 
be candidates to target infl ammation in both disorders and may affect the associa-
tion between depression and CVD potentially preventing their co-occurrence or 
mitigating their severity (Muller et al.  2006 ). 

 The aim of the current chapter is to provide an overview of the antidepressant 
potential of anti-infl ammatory agents. More specifi cally, we will review clinical tri-
als that have investigated the use of anti-infl ammatory agents in the prevention and 
treatment of depression (see Table  24.1 ) with a focus on those anti-infl ammatory 
agents with the most promising antidepressant potential. Furthermore, we will dis-
cuss whether anti-infl ammatory agents may also be benefi cial in terms of preventing 
CVD-depression comorbidity.

O. Köhler and C. Gasse
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24.2        Anti-inflammatory Drugs with Potential Antidepressant 
Properties 

24.2.1     Nonsteroidal Anti-inflammatory Drugs (NSAIDs) 

 The class of anti-infl ammatory drugs, which has been studied most extensively in 
relation to depression, are the nonsteroidal anti-infl ammatory drugs (NSAIDs), par-
ticularly the selective cyclooxygenase-2 (COX-2) inhibitors and acetylsalicylic acid 
(ASA). The fi rst randomized controlled clinical trial (RCT) showing adjunctive 
antidepressant properties of the selective cyclooxygenase-2 (COX-2) inhibitor cele-
coxib was published in 2006 (Muller et al.  2006 ). Findings from subsequent RCTs 
supported the antidepressant properties for add-on treatment with celecoxib 
(Akhondzadeh et al.  2009 ; Abbasi et al.  2012 ; Hashemian et al.  2011 ). Furthermore, 
RCTs among patients with osteoarthritis have found that monotherapy with either 
celecoxib, naproxen, or ibuprofen decreased depressive symptoms compared to pla-
cebo independently of their pain-relieving effects (Iyengar et al.  2013 ). Similarly, 
ASA has been associated with adjunctive antidepressant effects, even at low doses 
(Mendlewicz et al.  2006 ). Moreover, ASA has been discussed to possibly yield a 
more favorable benefi t-risk ratio (Fond et al.  2013 ) and potentially better antide-
pressant treatment effects (Berk et al.  2013 ) than the selective COX-2 inhibitors. 

 However, the fi ndings of further clinical and observational studies on NSAIDS 
as a therapeutic class or analyzing individual compounds are not homogenous: For 
example, in two cohort studies, NSAID use during treatment with antidepressants 
was associated with deteriorated effects on depression (Warner-Schmidt et al.  2011 ; 
Gallagher et al.  2012 ) while a clinical study found neutral effects of adjunctive 
NSAID use in depressed individuals (Uher et al.  2012 ). No antidepressant effects 
were detected in a study investigating antidepressant properties of monotherapy 
with celecoxib or naproxen regarding onset of depressive symptoms among non- 
depressed individuals aged 70 years or older (Fields et al.  2012 ). Hence, it seems 
important to differentiate between specifi c NSAID compounds rather than to attri-
bute their potential antidepressant effects to NSAIDs as a class (Knights et al.  2010 ). 
This heterogeneity was further illustrated by a recent pharmaco-epidemiological 
study on SSRI users, where effectiveness and safety outcomes varied across indi-
vidual NSAIDs (Köhler et al.  2015 ). In this study, low-dose ASA and ibuprofen 
were associated with decreased risks for psychiatric hospitalizations, while the 
selective COX-2 inhibitors were associated with increased risks for psychiatric hos-
pitalizations and suicide attempts (Köhler et al.  2015 ). In summary, several studies 
have found promising results regarding use of individual NSAIDs in the treatment 
of depression, but as discussed in recent reviews including clinical and observa-
tional studies published by September 2013 (Baune  2015 ; Eyre et al.  2015 ), the 
studies showed high methodological heterogeneity, making fi rm conclusions diffi -
cult, and emphasized the need of methodological improvements in future trials. 

 Moreover, NSAID use should always be balanced against their well-known risk for 
adverse events. For example, NSAIDs increase the risk for gastrointestinal (de Abajo 
and Garcia-Rodriguez  2008 ) and cardiovascular (Schjerning Olsen et al.  2011 ,  2014 ) 
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adverse events. In particular, the use of the selective COX-2 inhibitors has been asso-
ciated with an increased risk for myocardial infarction and thromboembolic events 
(Solomon et al.  2008 ), resulting in partial withdrawal of this drug class from the mar-
ket. However, other studies have suggested that adverse effects of the selective COX-2 
inhibitors may not represent a class effect, since only rofecoxib, but not celecoxib, has 
been associated with increased risk for acute cardiovascular events (Solomon et al. 
 2006 ). A recent review and meta-analysis evaluated the effect of NSAID intervention 
on both depression outcomes and side effects based on ten randomized clinical trials 
including 4,258 patients (Köhler et al.  2014 ). NSAIDs signifi cantly reduced depres-
sive symptoms by a standard mean difference (SMD) of −0.27 (95 %–CI = −0.45; 
−0.08) indicating overall a small effect. By convention, SMDs of −0.2, −0.4, and −0.8 
are considered to represent small, medium, and large effects, respectively. Notably, 
add-on treatment with celecoxib was associated with large antidepressant effects 
(SMD = −0.82 (95 %–CI = −1.17; −0.46)). Only four of the included studies reported 
on adverse events, and no evidence for an increased number of cardiovascular or gas-
trointestinal adverse events during 6 weeks of NSAID treatment was detected com-
pared to placebo. Thus, the meta- analysis appears to serve as a proof of concept 
concerning the benefi cial potential of NSAIDs in the treatment of depression. 
However, the studies currently available for meta-analysis are quite heterogeneous, 
and the fi ndings should therefore be interpreted with caution (Baune  2015 ; Fond et al. 
 2013 ; Berk et al.  2013 ; Eyre et al.  2015 ; Köhler et al.  2014 ). 

 The suggested mechanisms of antidepressant actions of NSAIDs include direct 
inhibition of peripheral pro-infl ammatory cytokines which may serve as the basis 
for the antidepressant effects of NSAIDs (Abbasi et al.  2012 ). On the contrary, it has 
been suggested that NSAIDs may inhibit antidepressant treatment by antagonizing 
induction of p11 in several areas of the brain (Warner-Schmidt et al.  2011 ), a protein 
which interacts with specifi c serotonin receptors and may be necessary for suffi cient 
antidepressant response. Furthermore, oxidative and nitrosative stress pathways 
may be associated with the etiology of depression (Anderson et al.  2013 ), and 
reduction of these pathways has been proposed to explain acetylsalicylic acids anti-
depressant properties (Berk et al.  2013 ). 

 Peripheral infl ammation can affect the kynurenine pathway, contributing to 
decreased serotonin levels (Muller et al.  2011 ) and production of neurotoxic com-
pounds, such as COX-2 expression (Wichers et al.  2005 ), which may partly explain 
the antidepressant effects of selective COX-2 inhibitors (Muller et al.  2011 ). 
Selective COX-2 inhibitors may furthermore exert antidepressant effects via incre-
ment of central serotonin levels (Sandrini et al.  2002 ) and prevention of increase of 
pro-infl ammatory cytokines and cortisol (Casolini et al.  2002 ). COX-2 inhibitors 
may thereby also affect the pro-infl ammatory cytokine macrophage migration inhi-
bition factor (MIF), which upregulates COX-2 mRNA (Sampey et al.  2001 ). MIF 
was found elevated in depressed individuals as compared to healthy controls (Musil 
et al.  2011 ). In CVD, MIF has been associated with infl ammatory pathogenesis of 
atherosclerosis and its consequences, namely, unstable plaque formation, remodel-
ing after arterial injury, aneurysm formation, myocardial infarction, or ischemia- 
reperfusion injury (Zernecke et al.  2008 ).  
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24.2.2     Cytokine Inhibitors 

 Monoclonal antibodies, such as infl iximab, etanercept, ustekinumab, and adalim-
umab, are potent cytokine inhibitors, which have shown antidepressant effects in 
comparison with placebo in depressed individuals without somatic comorbidity 
(Raison et al.  2013 ) and in patients with psoriasis suffering of single depressive 
symptoms (Tyring et al.  2006 ; Menter et al.  2010 ; Langley et al.  2010 ). However, 
one trial found no overall antidepressant effect of treatment with infl iximab, but in 
subgroup analyses, individuals with CRP levels >5 mg/L showed better response 
compared to individuals with CRP <5 mg/L (Raison et al.  2013 ). In a recent meta- 
analysis, cytokine inhibitors did not reduce depressive symptoms signifi cantly, 
although indicating a tendency toward an antidepressant effect (standard mean dif-
ference (SMD) = −0.38 (95 %–CI = −0.88; 0.12)) (Köhler et al.  2014 ). Regarding 
side effects, cytokine inhibitors have been shown to increase the risk for infections 
(Toussi et al.  2013 ), but no evidence for an increased number of infections during 
12 weeks of cytokine inhibitor treatment could be found compared to placebo 
(Köhler et al.  2014 ). 

 Direct inhibition of peripheral pro-infl ammatory cytokines may serve as the 
basis for the antidepressant effects of cytokine inhibitors (Raison et al.  2013 ; Tyring 
et al.  2006 ).  

24.2.3     Statins 

 Statins (HMG-CoA reductase inhibitors) are used extensively for their lipid- 
lowering properties in the prevention of CVD (Reiner  2013 ). However, statins 
also have anti-infl ammatory effects that are mediated both via and indepen-
dently of the HMG-CoA reductase inhibition (Weitz-Schmidt  2002 ). The anti-
infl ammatory properties of statins may be explained by blocking lymphocyte 
function-associated antigen-1 (LFA-1), which has an important role in the 
pathophysiology of infl ammatory and autoimmune diseases (Weitz-Schmidt 
et al.  2001 ). 

 Based on the assumption that infl ammation may be part of the etiology of 
depression, the knowledge of the statins’ anti-infl ammatory potential has led 
researchers to investigate whether this class of drugs could have antidepressant 
effects. Epidemiological studies of this aspect have shown highly mixed results; 
some studies have indicated that statins worsen depression (You et al.  2013 ) or 
have neutral effects (Mansi et al.  2013 ; Glaus et al.  2015 ), while others have sup-
ported the notion that statins may have direct antidepressant effects (Parsaik et al. 
 2014 ; Otte et al.  2012 ; Young-Xu et al.  2003 ; Redlich et al.  2014 ). The latter 
inspired Ghanizadeh and Hedayati to test the antidepressant effect of lovastatin 
(30 mg/day) in combination with the selective serotonin reuptake inhibitor (SSRI) 
fl uoxetine (up to 40  mg/day) against fl uoxetine+placebo in a RCT of patients with 
major depressive disorder (Ghanizadeh and Hedayati  2013 ). Despite a small 
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sample size ( n  = 68, divided on the two treatment arms), the results of the study by 
Ghanizadeh and Hedayati indicated that the combination of fl uoxetine with lovas-
tatin had superior antidepressant effect compared to fl uoxetine and placebo 
(Ghanizadeh and Hedayati  2013 ). Another recent placebo-controlled RCT in 
patients with moderate to severe depression concomitantly treated with fl uoxetine 
and simvastatin over 6 weeks found a decrease in depressive symptoms, while 
remission rates were not different between the verum and the placebo group 
(Gougol et al.  2015 ). However, these are the only placebo-controlled trials of 
statins in the treatment of depression and are by no means conclusive, so more and 
larger studies should be conducted in the future. This would not only be necessary 
to establish the antidepressant effect of the statins but also to ensure safety. Indeed, 
it has been suggested that lowering cholesterol levels, for instance, via statin treat-
ment, may increase the risk for suicidal ideation (De Berardis et al.  2012 ; Vevera 
et al.  2005 ). Therefore, using statins to treat patients with depression, who are 
already at relatively increased risk of suicidal behavior, could be hazardous. 
Consequently, suicidal ideation/behavior should ideally be included as secondary 
outcome measures in future trials of statins in depression. Also, other potential 
side effects of statins (Foody  2010 ; Goldstein and Mascitelli  2009 ; Hippisley-Cox 
and Coupland  2010 ) should be taken into consideration when evaluating the anti-
depressant properties of this class of drugs.  

24.2.4     Minocycline 

 The second-generation tetracyclic antibiotic minocycline is an agent with pleio-
tropic properties that targets multiple proteins and cellular processes implicated 
in the patho-etiology of mood disorders and heart disease (Soczynska et al. 
 2012 ; Garrido- Mesa et al.  2013 ). It has gained interest during the last decade 
because it is able to cross the blood-brain barrier more easily than the other 
tetracycline antibiotics (Tomas-Camardiel et al.  2004 ) and may exert potential 
antidepressant effects through its robust neuroprotective activities, which 
include neurogenesis, antioxidation, anti-glutamate excitotoxicity, and regula-
tion of pro-infl ammatory agents (Miyaoka et al.  2012 ). Smaller clinical trials in 
depression have been conducted and more clinical trials are currently under way 
(Soczynska et al.  2012 ; Miyaoka et al.  2012 ; Dean et al.  2014 ). For example, a 
small non-randomized open-label trial including 25 adult inpatients with major 
depression with psychotic features taking minocycline (150 mg/day) in combi-
nation with antidepressants (fl uvoxamine, paroxetine, and sertraline) found sig-
nifi cant improvement in depression (Miyaoka et al.  2012 ). In vitro and animal 
studies indicate further potential target mechanisms of minocycline, such as 
inhibition of brain retinoic acid metabolism, a molecule which exhibits a great 
variety of anti-infl ammatory and neuroprotective properties in the adult CNS 
(Regen et al.  2015 ), as well as modulation of microglial activation and the cen-
tral expression of infl ammatory mediators (Burke et al.  2014 ).  
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24.2.5     Other Anti-inflammatory Agents with Potential 
Antidepressant Effect 

 Furthermore, RCTs have found antidepressant effects for other agents, where the anti-
infl ammatory properties are of more speculative nature. For instance, both the antidia-
betic drug pioglitazone (Sepanjnia et al.  2012 ; Kashani et al.  2013 ) and polyunsaturated 
fatty acids (Gharekhani et al.  2014 ) improved antidepressant effects when compared 
to placebo. Regarding polyunsaturated fatty acids, recent meta- analyses have sug-
gested that they have a minor antidepressant effect (Bloch and Hannestad  2012 ; 
Martins et al.  2012 ), which may depend on the content of eicosapentaenoic acid 
(EPA). An analysis of studies using ≥60 % EPA resulted in a highly signifi cant pooled 
SMD estimate, whereas studies using ≤60 % EPA found no signifi cant antidepressant 
effects (Martins et al.  2012 ). Moreover, synthetic cortisol compounds may have acute 
antidepressant effects (Arana et al.  1995 ; DeBattista et al.  2000 ), but due to cortisol’s 
broad effects, these results should be interpreted cautiously. In addition, preliminary 
data indicate that angiotensin receptor blockers (AT2 inhibitors), such as valsartan, 
affecting the renin-angiotensin system (RAS) as a central pro-infl ammatory pathway, 
exert an antidepressant/antianxiety-like effect (Kalra et al.  2015 ; de Gois Queiroz 
et al.  2013 ; Ping et al.  2014 ). This may potentially be due to promoting the hippocam-
pus neurogenesis and the brain-derived neurotrophic factor (BDNF) expression as 
suggested from animal models (Kalra et al.  2015 ; de Gois Queiroz et al.  2013 ; Ping 
et al.  2014 ). Finally, another emerging drug is the antiepileptic drug modafi nil, which 
has been associated with anti- infl ammatory properties (Jung et al.  2012 ) and further-
more shown effective antidepressant effects in augmentation strategies for acute 
depressive episodes, including symptoms of fatigue, in both unipolar and bipolar dis-
orders (Abolfazli et al.  2011 ; Goss et al.  2013 ).   

24.3     Targeted Anti-inflammatory Treatment of Depression: 
The Right Agent for the Right Patient at the Right Time 
for the Right Duration 

 As described above, several anti-infl ammatory agents may have antidepressant 
properties, which may be independent of their primary intended pharmacological 
effects. However, the risk for side effects associated with some of these agents 
emphasizes cautious use. Therefore, identifying the patients, which will benefi t 
from anti-infl ammatory treatment for depression, is of utmost importance, in par-
ticular with regard to timing and duration of such treatment. 

24.3.1     Acute Treatment Phase of Depressive Episodes 

 Clinical trials have shown adjunctive antidepressant effects of celecoxib (Muller 
et al.  2006 ; Akhondzadeh et al.  2009 ; Abbasi et al.  2012 ; Hashemian et al.  2011 ) 
and statin (Ghanizadeh and Hedayati  2013 ; Gougol et al.  2015 ) treatment among 

O. Köhler and C. Gasse



457

acute depressed patients already after 4–6 weeks without increased risk for cardio-
vascular or gastrointestinal adverse events (Köhler et al.  2014 ). In particular, 
acutely developed depressive episodes may be associated with a more pronounced 
infl ammatory response (Howren et al.  2009 ; Setiawan et al.  2015 ). Concerning 
side effects, studies have indicated that treatment with rofecoxib, but not  celecoxib, 
increases the risk for acute cardiovascular outcomes within the fi rst 60 days 
(Solomon et al.  2006 ). Also monotherapy with monoclonal antibodies has shown 
better antidepressant treatment effects compared to placebo after 12 (Raison et al. 
 2013 ; Tyring et al.  2006 ; Menter et al.  2010 ) and 24 weeks (Langley et al.  2010 ) 
without increased risks for infections (Köhler et al.  2014 ). This may indicate that 
intervention only lasting a few weeks may be benefi cial in the acute treatment of 
depressive episodes while also minimizing the risk for adverse events (Eyre et al.  2014 ; 
Krogh et al.  2014 ).  

24.3.2     Predictive Value of Pro-inflammatory Markers 

 Few studies have tested whether peripheral levels of pro-infl ammatory markers 
among depressed individuals can be used to predict the antidepressive effects of 
anti-infl ammatory drugs. It has been shown that increased IL-6 levels (Abbasi et al. 
 2012 ) are associated with higher remission rates and better response among 
depressed individuals treated with celecoxib add-on. Similarly, depressed patients 
with CRP >5 mg/L responded better to infl iximab treatment compared to patients 
with CRP <5 mg/L (Raison et al.  2013 ). 

 The signifi cance of the level of infl ammatory markers may also help in the choice 
of standard antidepressant drugs. A recent study of data from 241 adults with 
depression indicated that among patients with CRP >1 mg/L, the tricyclic antide-
pressant nortriptyline was associated with better antidepressant effects compared to 
the SSRI escitalopram, whereas escitalopram was associated with better antidepres-
sant effects among patients with CRP <1 mg/L (Uher et al.  2014 ). These results may 
be explained by differential effects of norepinephrine and serotonin antidepressants 
on the immune system (Martino et al.  2012 ). 

 In addition, specifi c somatic comorbidities, possibly indicating that an active 
infl ammatory process is part of the depressive etiology, may predict better treat-
ment response (Table  24.1 ). Monotherapy with celecoxib, naproxen, and ibupro-
fen showed better antidepressant effects compared to placebo among patients with 
active osteoarthritis (Iyengar et al.  2013 ) but not among healthy individuals aged 
70 years or above (Fields et al.  2012 ). Similarly, monotherapy with the monoclo-
nal antibodies etanercept (Tyring et al.  2006 ), ustekinumab (Langley et al.  2010 ), 
and adalimumab (Menter et al.  2010 ) showed better antidepressant treatment 
effects on depressive symptoms among psoriasis patients as compared to placebo. 
Also, antidepressive effects have been found for pioglitazone among obese women 
(BMI ≥27) with polycystic ovarian syndrome (Kashani et al.  2013 ) and for 
omega-3 fatty acids among patients undergoing maintenance dialysis (Gharekhani 
et al.  2014 ).  
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24.3.3     Specific Depressive Symptoms 

 Evidence whether anti-infl ammatory agents may decrease specifi c depressive symp-
toms is still missing. In schizophrenia though, celecoxib has been found to have ben-
efi cial effects on cognition – a core feature of depression (Muller et al.  2005 ). In a rat 
model of depression, infl iximab prevented cognitive decline, i.e., spatial and emo-
tional memory impairments, which was accompanied by prevention of reduction of 
hippocampal brain-derived neurotrophic factor (BDNF) (Sahin et al.  2015 ). Another 
cardinal symptom in depression is fatigue. In multiple sclerosis (MS) patients, NSAID 
treatment lowered fatigue (Wingerchuk et al.  2005 ), potentially through their anti-
pyretic effects as elevated body temperature has been associated with worse fatigue 
(Sumowski and Leavitt  2014 ). In summary, antidepressants effects of infl ammatory 
agents on specifi c symptoms, such as fatigue or cognition, and body temperature as a 
potential marker, still need to be explored in depressed individuals. 

 In conclusion, the abovementioned results suggest potential for targeting 
increased infl ammatory response during acute depressive episodes (Howren et al. 
 2009 ; Setiawan et al.  2015 ), an effect on specifi c depressive symptoms (Muller et al. 
 2005 ; Wingerchuk et al.  2005 ), and assessment of markers of systemic infl amma-
tion to predict better response seems highly relevant (Abbasi et al.  2012 ; Raison 
et al.  2013 ; Sumowski and Leavitt  2014 ). Anti-infl ammatory treatment lasting only 
a few weeks may improve antidepressant treatment effects among acutely depressed 
individuals (Muller et al.  2006 ; Akhondzadeh et al.  2009 ; Abbasi et al.  2012 ; 
Hashemian et al.  2011 ; Raison et al.  2013 ; Ghanizadeh and Hedayati  2013 ; Gougol 
et al.  2015 ) and among individuals with somatic diseases suffering of single depres-
sive symptoms (Iyengar et al.  2013 ; Tyring et al.  2006 ; Menter et al.  2010 ; Langley 
et al.  2010 ). These fi ndings should encourage future clinical trials to further investi-
gate potential subgroups and markers possibly predicting timing of intervention and 
better treatment response.   

24.4     Can Anti-inflammatory Agents “Treat” the Bidirectional 
CVD-Depression Relationship? 

 The following paragraph will address the questions whether anti-infl ammatory 
treatment can decrease the risk of CVD in patients with depression while attenuat-
ing depression and whether anti-infl ammatory agents may prevent depression in 
patients with coronary heart disease. Currently, patients with comorbid depression 
and CVD are treated mainly with standard antidepressant therapy, i.e., under par-
ticular considerations of the cardiac risk profi le of some of the contraindicated anti-
depressants, such as MAO inhibitors and tricyclic antidepressants (please see also 
Chap.   22     (Pharmacological treatment of depression in cardiac conditions)) 
(Yekehtaz et al.  2013 ). SSRIs by contrast may themselves infl uence cardiac func-
tioning through serotonin-mediated and collagen-mediated platelet aggregation, 
thereby reducing infl ammatory mediator levels and improving endothelial function 
(Andrade et al.  2013 ). 
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 Among patients with depression and established CVD, SSRI use may act cardio-
protective in patients with ischemic heart disease but less clearly in patients with 
heart failure (Andrade et al.  2013 ). Among patients with established CVD without 
depression, SSRIs have been shown to decrease mortality but not depression onset 
(Zuidersma et al.  2013 ). 

 Antidepressants have also been previously associated with cardiac risks. A recent 
meta-analysis though, based on observational studies conducted in patients with 
depression but without manifested CVD, found that neither use of TCAs nor SSRIs 
was associated with increased risk of cardiovascular disease (Oh et al.  2014 ). Though 
protective effects regarding risk of cardiovascular disease were not in the focus of the 
meta-analyses, the results also do not indicate a decreased risk of CVD in SSRI 
users. Thus, currently there is some evidence that antidepressants may improve car-
diac outcomes among patients with established CVD, but benefi cial infl uence of 
antidepressants on new onset of heart disease has not been observed yet. 

 Turning to the suggested anti-infl ammatory drugs with potential antidepressant 
effects, as discussed above, serious side effects on the cardiovascular system cau-
tion the clinical value of NSAIDs and their widespread application, in particular 
among patients with preexisting cardiovascular disease (Schjerning Olsen et al. 
 2014 ). Therefore, in light of the well-described comorbidity between depression 
and CVD, the use of cardioprotective agents would be preferable, such as statins 
(Ghanizadeh and Hedayati  2013 ; Köhler et al.  2016 ), low-dose ASA (Mendlewicz 
et al.  2006 ; Köhler et al.  2015 ), drugs affecting the renin-angiotensin system (RAS) 
as a central pro-infl ammatory pathway (Kalra et al.  2015 ; de Gois Queiroz et al. 
 2013 ), or polyunsaturated fatty acids (Gharekhani et al.  2014 ). 

 There have been few studies in this area investigating the effects of anti- 
infl ammatory treatment on the bidirectional relationship between depression and 
CVD. RCTs have mainly focused on the prevention or treatment of depression by 
anti-infl ammatory drugs while cardiac effects have not been assessed (Muller et al. 
 2006 ; Akhondzadeh et al.  2009 ; Abbasi et al.  2012 ; Hashemian et al.  2011 ; 
Ghanizadeh and Hedayati  2013 ) (Table  24.1 ); particularly cardiac effects are rather 
long-term effects and are basically not detectable in small or short-term clinical tri-
als. Observational studies by contrast may serve as a source for testing the sug-
gested protective or improving properties of anti-infl ammatory drugs in different 
study populations with different disease status. However, in observational studies, 
mostly register-based studies, it should be noted that cardioprotective drugs, such as 
low-dose aspirin and statins are mainly used by individuals with risk factors for 
CVD or established CVD, whereas antidepressants such as SSRIs are used by peo-
ple with depression or a variety of other psychiatric conditions. In an epidemiologi-
cal study in patients using SSRIs, low-dose ASA was associated with a lowered risk 
of psychiatric contacts in those using SSRIs concomitantly compared to SSRI 
monotherapy but showed an increased risk for CVD hospitalizations and mortality 
indicating confounding by indication (Köhler et al.  2015 ). In another observational 
study among individuals without established depression, the use of aspirin or statins 
during a 6-month period prior to inclusion into the study (thus at baseline) was not 
associated with a decreased risk of depression during a mean follow-up of 
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approximately 5 years (Glaus et al.  2015 ). By contrast, another epidemiological 
study measuring exposure to statins during the complete follow-up period of up to 
3 years found decreased risk of depression among users of statins aged 40 years or 
older (Redlich et al.  2014 ). 

 Angiotensin II receptor blockers of the central RAS system and polyunsaturated 
fatty acids are further potential cardioprotective drugs which potential use though is 
still under investigation.  

    Conclusion 

 Increasing evidence suggests infl ammatory processes as a common etiological 
factor in depression and cardiovascular diseases (CVD). Based on these fi ndings, 
clinical trials have indicated antidepressant treatment effects among depressed 
individuals for a range of anti-infl ammatory drugs, whereas less evidence exists 
on treatment of comorbid depression and CVD. The most frequently investigated 
agents are nonsteroidal anti-infl ammatory drugs (NSAIDs) and cytokine inhibi-
tors. Moreover, studies have identifi ed clinically relevant predictors for timing 
and duration concerning anti-infl ammatory intervention. However, despite prom-
ising fi ndings for several anti-infl ammatory drugs, the risk for adverse events 
emphasizes caution regarding widespread use, in particular, for NSAIDs. Relevant 
anti- infl ammatory agents for patients with comorbid depression and CVD still 
need to be identifi ed, but cardioprotective agents such as statins, low-dose acetyl-
salicylic acid, and polyunsaturated fatty acids may represent promising agents. 
Thus, the fi eld of personalized treatment with anti-infl ammatory agents in depres-
sion and possibly comorbid CVD has attracted increasing interest, but the pre-
sented fi ndings are still preliminary and under investigation and should therefore 
be regarded with caution. Future high-quality clinical trials on larger patient sam-
ples, including predictors for anti-infl ammatory intervention, assessment of 
adverse events, and the importance of comorbid somatic diseases, are warranted.     
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   Abstract 

   This chapter discusses cardiovascular disease in older adults including hyperten-
sion, congestive heart failure, and myocardial infarctions and diverse preventive 
and treatment options including nutrition, exercise, and mind-body approaches 
as well as natural product. We discuss integrative approaches to treatment and 
prevention of depression and cardiovascular disease. The discussion is based on 
the analysis of the more rigorously examined approaches for both depression and 
cardiovascular disease.  
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25.1       Introduction 

 This chapter discusses the relationship between depression and cardiovascular dis-
ease in older adults, as well as treatment and prevention of these disorders through 
traditional approaches including psychotherapy and antidepressants, and 
Complementary and Integrative Medicine (CIM) interventions with emphasis 
placed on strategies which are mutually benefi cial.  

25.2     Depression and Cardiovascular Disease 

 The relationship between depression and cardiovascular disease is complex and 
worth discussing due to its bidirectional relationship. Depression increases the risk 
for cardiovascular disease. A large epidemiologic study involving thousands of 
middle-aged and older adults in the United States demonstrated that depression 
increased the risk for developing cardiovascular disease compared to age-matched 
controls without clinical depression (Xiang and An  2015 ). In particular, a part of 
this increased risk for cardiovascular disease in individuals suffering from depres-
sion comes from modifi able lifestyle factors such as inactivity, poor nutrition, and 
increased incidence of smoking tobacco (Lebowitz  2011 ). Other psychosocial 
stressors can infl uence the adverse effect of depression on cardiovascular disease as 
occurs in depressed adults with a history of childhood trauma or current stress. 
Recently, a 2-year longitudinal cohort study conducted in the Netherlands demon-
strated a correlation between increased arterial stiffness and history of childhood 
trauma and/or recent life stress, thereby demonstrating the interconnection between 
environment and cardiovascular disease (Bomhof-Roordink et al.  2015 ). This cor-
relation between social history and disease state is commonly seen in psychiatry. 
Depression and cardiovascular disease share multiple risk factors. 

 However, there does still appear to be an independent risk factor of depression on 
cardiovascular disease. The relative risk of developing CAD in an individual suffer-
ing from depression is 1.5 (Rudisch and Nemeroff  2003 ). Some proposed mecha-
nisms for linking depression and cardiovascular disease have been heart rate 
variability, infl ammation, and hypercoagulability (Joynt and O’Connor  2005 ). 
There is a defi nite impact of depression impacting cardiovascular disease. 

 Co-occurrence of late-life depression and vascular disease has been coined “vas-
cular depression.” Initially, Alexopoulos et al. ( 1997 ) coined the term vascular 
depression to describe the infl uence of cerebrovascular disease on the development 
and course of depression. Krishnan et al. ( 1997 ) identifi ed the radiologic fi ndings in 
a subtype of depression demonstrating a signifi cant amount of deep white-matter 
hyperintensities (WMH) or subcortical gray-matter hyperintensities on 
MRI. Vascular depression has been associated with late age at onset of depression, 
older age, anhedonia, functional disability, and limited family history compared to 
depression occurring in individuals without cerebrovascular impairments (Krishnan 
et al.  1997 ). Later, Alexopoulos et al. ( 1999 ) further described cerebrovascular dis-
ease to increase the risk for a vascular depression which appears different from 
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previously described forms of depression in that it stems from damage to the cortico- 
striato- pallido-thalamo-cortical pathways, thereby leading to cognitive impairment 
in addition to depression. More recent research demonstrates that cerebral small 
vessel ischemic disease as measured by subcortical infarct and atrophy was related 
to more depressive symptoms (Van Stolen et al.  2015 ). Therefore it is important to 
highlight a subtype of late-life depression due to its pathophysiologic and treatment 
response differences from other forms of depression. 

 The treatment of cardiovascular disease and its risk factors are infl uential on the 
management of depression. Patients suffering from hypertension, diabetes, coro-
nary disease, and stroke have a high prevalence of depression (Alexopoulos et al. 
 1997 ). The standard mortality rates for various epidemiologic studies range from 
1.6 to 2.2 for cardiovascular mortality while suffering from depression or bipolar 
disorder (Fiedorowicz  2014 ). Given the construct of vascular depression, the inter-
relationship between reducing vascular disease risk factors lends additional preven-
tative nature to depression as well. For example, the treatment of hypertension and 
hypercholesterolemia can directly reduce chances of developing vascular depres-
sion by reducing the occurrence of cardiovascular disease (Alexopoulos et al.  1999 ). 
Additionally in individuals suffering from atrial fi brillation, anticoagulation may 
reduce the risk of stroke, thereby also preventing vascular depression (Alexopoulos 
et al.  1999 ). 

 Multiple neurotransmitter systems and circuits may be affected in vascular 
depression that may be helped by augmentation with stimulants and dual-action 
antidepressants (Alexopoulos et al.  1999 ). In our recently published randomized 
controlled trial (RCT) of 146 older adults with major depression, the combination 
of methylphenidate with citalopram led to improved response and remission com-
pared to either drug alone (Lavretsky et al.  2015 ). In depressed older adults, vascu-
lar risk factors, including age, elevated systolic blood pressure, diabetes, smoking, 
history of cerebrovascular accident (CVA), atrial fi brillation, and left ventricular 
hypertrophy, all contributed to cognitive impairment (Schneider et al.  2012 ). 
Therefore addressing and treating cardiovascular disease and risk factors can have a 
benefi cial effect on the mental health conditions. 

 Mechanisms connecting depression and cardiovascular disease have been sum-
marized to include hormonal and sympathetic nervous system arousal. Fiedorowicz 
( 2014 ) summarized the relationship between hyperactivity of the hypothalamic 
pituitary axis (HPA) and depression, including risks factors such as elevated cortisol 
levels. Additionally, the autonomic nervous system, with particular focus on reduced 
heart rate variability in depression, provides a link between depression and worsen-
ing cardiovascular status (Fiedorowicz  2014 ). Another proposed mechanism attrib-
uted to the interaction between depression and heart disease involves an impact on 
endothelia functioning as measured by arterial fl ow. Multiple studies have been 
reviewed demonstrating the correlation between endothelial dysfunction and 
depression (Fiedorowicz  2014 ). In older females suffering from chest pain, coro-
nary angiogram demonstrated the presence of coronary artery disease (CAD) to be 
more common in individuals with elevated Beck Depression Inventory scores (Cho 
et al.  2015 ). Systemic infl ammation is commonly seen as a risk factor in the 
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development of cardiovascular disease in particular atherosclerosis and is also seen to 
be elevated during depressive episodes. Studies have found that apathy, which is often 
involved in late-life depression, in particular vascular depression is correlated with 
elevated marker of infl ammation. In a cross-sectional study of over 2,000 older adults 
without known cardiovascular disease, apathy was associated with elevated C-reactive 
protein levels (CRP) and thought to further mediate the adverse effect of depressive 
symptoms on cardiovascular disease (Eurelings et al.  2015 ). Depression also appears 
to be related to CAD risk factors as well. Type 2 diabetes mellitus (DM2) is a common 
risk factor for CAD and has been related to increased platelet activation in individuals 
suffering from major depressive disorder (MDD) (Zahn et al.  2015 ).  

25.3     Cardiovascular Disease and Diet 

 The Mediterranean diet includes a higher concentration of unsaturated fats, usually 
monounsaturated fats including olive oil as well as fruits, vegetables, whole grains, 
nuts, and legumes, as well as moderate alcohol consumption (Widmer et al.  2015 ). 
Evidence from meta-analysis and RCTs supports the Mediterranean diet being an 
effective intervention for cardiovascular disease and various risk factors (Table  25.1 ). 
Among noteworthy studies, the PREDIMED (Preventiòn con dieta Mediterrànea) 
study compared the impact of a low-fat diet to a Mediterranean diet. Interestingly, 
the study had to be prematurely terminated due to the Mediterranean diet showing 
such a large improvement in terms of reducing future cardiovascular events com-
pared to the low-fat diet (Estruch et al.  2013 ). Further evidence to support the car-
diovascular benefi ts of the Mediterranean diet comes from the Lyon Heart Study, 
which was a prospective randomized single-blinded secondary prevention trial. The 
Lyon Heart Study showed the Mediterranean diet reduced the development of future 
cardiovascular disease in those individuals who had already suffered a myocardial 
infarction (MI) (de Lorgeril et al.  1999 ). The Mediterranean diet utilized in the 
study was enriched with alpha-linolenic acid due to the fi ndings that lowest rates of 
cardiovascular disease are found in individuals consuming high amounts of alpha- 
linolenic acid such as the Japanese and Cretans who consume high amounts of 
canola oil and soybeans as well as purslane and walnuts (de Lorgeril et al.  1999 ). In 
addition to preventing disease, the Mediterranean diet appears to improve risk fac-
tors for cardiovascular disease. A meta-analysis showed a signifi cant improvement 
in reduction of cardiovascular risk factor including waist circumference, lipids, 
metabolic syndrome, glucose, and blood pressure (Kastorini et al.  2011 ). There is 
consistent support that the Mediterranean diet is a benefi cial adjunctive treatment 
for the prevention of cardiovascular disease. Table  25.1  includes a summary of the 
various dietary interventions for cardiovascular disease.

   There are multiple components of the Mediterranean diet, and some but not all 
components have been evaluated and isolated in research studies. Fish oil or 
omega-3 polyunsaturated fatty acids are a main component of the Mediterranean 
diet. Interestingly the American Heart Association and American College of 
Cardiology recommend consuming one to two servings of fi sh per week for those 
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with a history of cardiovascular disease in order to reduce subsequent events (Kris- 
Etherton et al.  2002 ). In a systematic review Mente et al. ( 2009 ) demonstrated a 
reduction in cardiovascular disease with the intake of fi sh (RR 0.81) and marine 
fatty acid (RR 0.86); interestingly the risk reduction was seen more so for those who 
had already suffered from a cardiovascular event, lending evidence to encourage 
dietary interventions at multiple stages of the disease process. 

 Olive oil is an unsaturated fatty acid and makes up another component of a 
Mediterranean diet. Interestingly studies are able to isolate the essential therapeutic 
component of olive oil which is its phenolic compounds that serve as antioxidants, 
free-radical scavengers, and enzyme modulators (Widmer et al.  2015 ). RCTs exam-
ining the impact of olive oil on cardiovascular risks appear to reduce markers of 
cardiovascular disease including infl ammation such as a reduction in platelet activa-
tion (Widmer et al.  2015 ). It appears that olive oil can have an impact, but it is dif-
fi cult to evaluate whether it is the infl uential component of the Mediterranean diet 
that is contributing to the most benefi t and therefore cannot be as confi dently recom-
mended in isolation of the Mediterranean diet for the prevention or treatment of 
cardiovascular disease. Fruits and vegetables are generally considered part of most 
healthy diets and therefore are not limited to the Mediterranean diet; however they 
do make up a large component. Studies do show that higher consumption of fruits 
and vegetables was associated with lower blood pressure, lower BMI, and reduction 
in cardiovascular disease (Widmer et al.  2015 ). A systematic review of cohort stud-
ies and RCTs demonstrated that there was a reduction in coronary heart disease with 
the consumption of vegetables (RR 0.77) and fruits (RR 0.80) (Mente et al.  2009 ). 
Whole grains include oats and barley, and high-fi ber content makes up another com-
ponent of the Mediterranean diet. It is assumed that fi ber reduces absorption of lip-
ids which thereby reduces cardiovascular disease. A RCT demonstrated an 
improvement in blood pressure and lipids in individuals consuming a diet consisting 
whole grains compared to refi ned carbohydrates (Tighe et al.  2010 ). A meta- analysis 
of seven cohort studies showed that consumption of 2.5 servings per day of whole 
grains reduced the risk of cardiovascular events by 21 % (Mellen et al.  2008 ). In a 
systematic review, whole grains (RR 0.81) and fi ber (RR 0.78) were associated with 
reduction in risk for coronary heart disease (Mente et al.  2009 ). Therefore, whole 
grains appear to demonstrate a signifi cant impact on cardiovascular disease outside 
of the Mediterranean diet. 

 Nuts and legumes are another component of the Mediterranean diet which has 
been studied in isolation. There is data to support consumption of nuts on reduction 
of cardiovascular disease. In their review, Mente et al. ( 2009 ) demonstrated a reduc-
tion in cardiovascular risk by 0.67. Additionally, a meta-analysis demonstrated that 
walnut consumption reduced LDL cholesterol (Banel and Hu  2009 ). At the present 
time, there is insuffi cient evidence to support legumes in reducing cardiovascular 
disease (Widmer et al.  2015 ); however the consumption of nuts in particular walnuts 
both with and without the Mediterranean diet appears to provide reduction in risk 
for cardiovascular disease. After reviewing multiple studies looking at the 
Mediterranean diet, Widmer et al. ( 2015 ) concluded that there is suffi cient evidence 
for both primary and secondary prevention of cardiovascular disease with the 
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Mediterranean diet; however when reviewed in isolation, there was no individual 
component in isolation that showed equal effi cacy to the Mediterranean diet as a 
whole, but the consumption of fresh fruits, vegetables, nuts, and whole grains. 

 Another approach for optimizing certain cardiovascular disease risk factors has 
been Dietary Approaches to Stop Hypertension (DASH). The theory behind the 
DASH diet in reducing hypertension is based on premise that a high consumption of 
fruits and vegetables produces fewer bicarbonate or acid precursors (Nowson et al. 
 2008 ). Additionally the DASH diet includes low-fat dairy products and low satu-
rated fat. In a randomized parallel dietary intervention study of the DASH, diet with 
low sodium (60–70 mmol/day) along with the addition of lean red meat showed a 
signifi cant reduction in systolic blood pressure (Nowson et al.  2008 ). The landmark 
study which utilized the DASH diet demonstrated a signifi cant decrease in blood 
pressure in individuals (SBP 5.5 mmHg and DBP 3 mmHg) and a more robust 
decrease in blood pressure in those suffering from hypertension (SBP 11.5 mmHg 
and DBP 5.5 mmHg) (Appel et al.  1997 ). The amount of sodium consumed by the 
general US population is signifi cantly more than the recommended necessary 
amount, which is 500 mg per day (Sinatra and Houston  2011 ). It is well established 
that sodium can increase blood pressure, and diets with reduced sodium show 
decreases in blood pressure. Sacks et al. ( 2001 ) combined the successful compo-
nents of the DASH diet with a reduction in sodium intake to produce a signifi cant 
decrease in systolic and diastolic blood pressure in both individuals with and with-
out hypertension. In conclusion, low-sodium diets and the DASH diet with large 
amounts of fruits and vegetables and low amounts of fats could both prevent and 
treat hypertension. 

 Consumption of tea is thought to have a benefi cial effect on cardiovascular dis-
ease due to its constituents including polyphenolic fl avonoids that have an antioxi-
dant effect (Peters et al.  2001 ). A meta-analysis consisting of ten cohort studies and 
seven case-control studies demonstrated that consumption of three cups of tea was 
helpful at reducing occurrence of myocardial infarction by 11 % (Peters et al.  2001 ). 
However there was a regional difference in results showing an actual increase in 
cardiovascular disease in the United Kingdom and an increase in Australia in terms 
of stroke. There was insuffi cient evidence in the type of tea which showed the ben-
efi t. The regional difference in risk reduction between the United States and the 
combination of the United Kingdom and Australia was suggested to be related to 
the common occurrence of milk being added to tea in those regions which could 
reduce the antioxidant effect of tea. Furthermore there may be a confounding vari-
able that tea consumption in the United States is more commonly consistent with a 
healthier lifestyle compared to tea consumption in Australia and the United 
Kingdom. 

 Additional dietary interventions include the consumption of alcohol. A review of 
alcohol consumption and general mortality in mixed-aged populations demon-
strated a J shape (Di Castenuovo et al.  2006 ). Women drinking one to two drinks per 
day and men drinking two to four drinks per day showed a reduction in total mortal-
ity, but higher levels of alcohol consumption increased mortality (Di Castenuovo 
et al.  2006 ). Furthermore, light to moderate alcohol consumption is associated with 
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a reduction in risk for CHD (Mente et al.  2009 ). Interestingly younger men can 
drink up to four drinks per day and younger women up to two drinks per day; how-
ever the strongest risk reduction appeared to occur at one-half of a drink per day 
(Kloner and Rezkalla  2007 ). It does not appear that they have found the exact mech-
anism of action which alcohol reduces cardiovascular mortality, but it does appear 
that there is an elevation in high-density lipoprotein (HDL), an anti-infl ammatory 
effect and antioxidant effect (Kloner and Rezkalla  2007 ). As with any intervention, 
the risk versus benefi t must be weighted, but it appears that regular consumption of 
alcohol is protective for cardiovascular health. Therefore in summary there are mul-
tiple dietary interventions that can serve as prevention and treatment of cardiovas-
cular disease including the Mediterranean diet, DASH diet, nuts, fruits, vegetables, 
whole grains, tea, and moderate alcohol consumption, some of which can serve as 
appropriate adjunctive treatments for various cardiovascular diseases.  

25.4     Cardiovascular Disease and Exercise 

 The American Heart Association recommends physical activity to reduce the risk 
for cardiovascular disease (Darden et al.  2013 ). Evidence supports both aerobic 
exercise and also resistance exercise as being effective for cardiovascular disease 
and also for the primary and secondary prevention of CAD (Table  25.1 ). A cross- 
sectional study of over 7,000 women demonstrated resistance training reducing 
body fat, fasting glucose, and total cholesterol (Drenowatz et al.  2014 ). In a study of 
over 5,000 individuals with a history of coronary heart disease, cardiac rehabilita-
tion, which involved physical activity, improved survival (Darden et al.  2013 ). 
Studies show that in congestive heart failure (CHF) (New York Heart Association 
class III or IV), aerobic exercise improved survival and also reduced future hospi-
talizations due to heart failure (Darden et al.  2013 ). There appears to be a balance 
between aerobic activities for individuals with cardiovascular disease. Williams and 
Thompson ( 2014 ) demonstrated an increase in cardiovascular mortalities for run-
ning more than 7.1 miles/day or walking briskly above 10.7 km/day. Therefore, 
physical activity can improve cardiovascular disease but is not without its 
consequences.  

25.5     Cardiovascular Disease and Mind-Body Approaches 

 It is well established that there is a link between increased sympathetic tone and 
hypertension in states of psychological distress. It is understandable therefore that 
approaches that connect the mind and body would reduce sympathetic tone and 
impact both mental and physical well-being. Approaches including Tai Chi, yoga, 
and acupuncture are considered integrative in terms of the body and mind and have 
effects on both depression and cardiovascular disease (Table  25.1 ). 

 Tai Chi is a Chinese martial art form that has demonstrated improvements in 
various disease states (Abbott and Lavretsky  2013 ). A review of Tai Chi showed 
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multiple cardiovascular benefi ts including lowering blood pressure, better glyce-
mic control in diabetes, and lower cholesterol (Lan et al.  2013 ). Another study 
demonstrated a signifi cant improvement in blood pressure as well as anxiety with 
the use of Tai Chi (Tsai et al.  2003 ). Further interventions regarding Tai Chi and 
mental health will be discussed in the mental health discussion later in this chap-
ter. However based on the available evidence, there is empiric evidence that Tai 
Chi can modulate certain aspects of cardiovascular disease especially by lowering 
blood pressure. 

 Alternatively yoga is another mind-body-based intervention which has appli-
cations to treating hypertension. Yoga demonstrates reductions in blood pressure 
when practiced 30–60 min per day (Sinatra and Houston  2011 ). Additionally less 
physically demanding interventions of mind-body-based approaches include 
transcendental meditation (TM). TM originated in India and involves repetitive 
vocalizations called mantras. A meta-analysis of TM demonstrated a signifi cant 
reduction in blood pressure (Anderson et al.  2008 ). Kaback et al. ( 2011 ) identi-
fi ed the intricate relationship between stress response and CHF exacerbations 
and therefore recommend mind-body techniques such as meditation, yoga, and 
Tai Chi for better cardiovascular outcomes. Modifi cations for older adults have 
been successfully applied in previous studies. Lee et al. ( 2010 ) demonstrated 
positive mental and physical effects of Tai Chi on older adults living in a skilled 
nursing facility (SNF). 

 Acupuncture is another form of mind-body techniques that is a form of tradi-
tional Chinese medicine, which has been utilized for health and wellness for thou-
sands of years. It utilizes meridians or acupoints throughout the body that are 
thought to tap into an energy called Qi (Longhurst  2011 ). In general acupuncture 
does not create a signifi cant change in blood pressure in individuals who are normo-
tensive; however in those individuals who suffer from hypertension, acupuncture is 
thought to reduce sympathetic tone, thereby reducing blood pressure (Longhurst 
 2011 ). The studies examining acupuncture for hypertension are mixed. However a 
recent meta-analysis examining four RCTs comparing acupuncture to sham acu-
puncture did not show a signifi cant reduction in blood pressure (Li et al.  2014 ). 
Interestingly the authors did fi nd a signifi cant reduction in blood pressure in those 
individuals who were already taking a hypertensive medication. Therefore, acu-
puncture might serve as a useful adjunctive treatment to hypertension in those indi-
viduals who are already undergoing traditional treatment. The authors of the largest 
RCT called the SHARP trial (Stop Hypertension with the Acupuncture Research 
Program) conduced in the United States examined almost 200 individuals suffering 
from stage 2 hypertension (SBP/DBP 140/90–179/109 mmHg) and included a com-
parison placebo arm of sham acupuncture but failed to reveal a signifi cant impact of 
acupuncture on blood pressure (Macklin et al.  2006 ). The authors do suggest that 
longer trials, beyond 6 weeks, might be more effective at detecting a signifi cant 
benefi t on blood pressure. Therefore, the data do not support using acupuncture for 
severe hypertension without traditional therapies, but might be helpful for less 
severe hypertension (i.e., prehypertension 120/80–139/89 mmHg) as also an adjunc-
tive treatment along with traditional antihypertensive medications. 
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 Many of our traditional Western medications have been derived from plants 
making it responsible to continue to look toward natural products for effective treat-
ment interventions. For example,  Rauvolfi a serpentina  is a biologically based prod-
uct which is often used when other more traditional forms of antihypertensive 
medication are not available as it has reserpine within it which functions as a an 
antihypertensive medication by reducing sympathetic tone via noradrenergic inhibi-
tion (Low Dog  2011 ). 

 This section will discuss the data regarding fi ve different forms of natural prod-
ucts for the treatment of cardiovascular disease. Horse chestnut seed ( Aesculus hip-
pocastanum ) is a proposed treatment for chronic venous insuffi ciency. A Cochrane 
database review including six RCTs and over 500 participants concluded that horse 
chestnut seed improved symptoms of leg pain, edema, and pruritis associated with 
chronic venous insuffi ciency (Pittler and Ernst  2012 ). Horse chestnut works by thin-
ning blood, and therefore monitoring for excessive bleeding should be done; how-
ever it is generally otherwise well tolerated. 

 Another biological-based product called Hawthorn extract has been proposed 
to treat CHF due to its effect on relaxing blood vessels. A Cochrane database 
review examined 14 RCTs and concluded that Hawthorn extract is a reasonable 
adjunctive treatment for CHF in combination with conventional treatments (Pittler 
and Ernst  2013 ). Hawthorn extract demonstrated signifi cant benefi t in exercise 
tolerance as well as cardiac oxygen consumption. Recommended dosages of 
Hawthorn extract for therapeutic effect on CHF range from 600 to 1,800 mg/day 
(Kaback et al.  2011 ). 

 Coenzyme Q10 (CoQ10) also called ubiquinone is an essential component of 
mitochondria and therefore plays a key role in energy production. Levels of coen-
zyme Q10 are known to be reduced with hypertension, CAD, high cholesterol, 
diabetes, and atherosclerosis (Sinatra and Houston  2011 ). A RCT of 60 mg of 
CoQ10 showed a signifi cant reduction in systolic blood pressure (Burke et al. 
 2001 ). CoQ10 is an evidenced-based alternative approach to reducing blood 
pressure. 

 As mentioned previously the consumption of fatty fi sh is related to reduced 
cardiovascular disease; additionally there also appears to be a benefi t of omega-3 
fatty acid supplementation. The GISSI-HF trial demonstrated a reduction in mor-
tality when individuals with CHF were given 1 g of omega-3 fatty acid per day 
(Gissi-HF investigators et al.  2008 ). Therefore the regular consumption of fatty 
fi sh as well as supplemental omega-3 fatty acids provides cardiovascular 
protection.  

25.6     Treatment of Depression and Cardiovascular Disease 

 Cardiovascular disease increases the risk for depression. Approximately 20 % of 
individuals who have suffered an MI have major depressive disorder (Thombs et al. 
 2005 ). Detecting and treating depression in individuals who have suffered an MI are 
essential due to the fact that depression increases mortality and morbidity. Studies 
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show that depression can double the risk of cardiac events after an MI (Lichtman 
et al.  2008 ). Fortunately, studies show that depression in individuals suffering from 
cardiovascular disease is treatable and improves cardiovascular outcomes. Results 
from the SADHART study (Sertraline Antidepressant Heart Attack Randomized 
Trial) demonstrated the safety of sertraline 50–200 mg in treating individuals who 
have recently suffered an MI or have unstable angina (Glassman et al.  2002 ). 
Surprisingly, the SADHART study demonstrated a nonsignifi cant trend toward 
reducing incidence of death, myocardial infarction, congestive heart failure, stroke, 
and recurrent angina (Joynt and O’Connor  2005 ). Medications are not the only 
evidence- based treatment approach to treating the complications of depression on 
cardiovascular disease. The ENRICHD (Enhancing Recovery in Coronary Heart 
Disease) study examined the impact of Cognitive Behavioral Therapy (CBT) on 
depression after suffering an MI. The results demonstrated CBT was effective at 
treating depression after 6 months, but the results did not persist at 30-month fol-
low- up and there was no trend to impacting survival (ENRICHD  2003 ). Therefore, 
depression in the context of cardiovascular disease is treatable and should be 
addressed as both mental and physical benefi ts can develop from such treatment. 

 Many epidemiological studies have shown a link between infl ammation and dis-
orders such as depression or heart disease. Consuming a diet with limited amounts 
of fruits, vegetables, and whole grains and high amounts of refi ned grains, pro-
cessed meat, sugar, and saturated- and trans-fatty acids promotes infl ammation 
(Kiecolt-Glaser et al.  2010 ), which can lead to diseases such as depression and 
cardiovascular disease. Interleukin-6 (IL-6) and C-reactive protein (CRP) are two 
infl ammatory markers in the body that are increased with the consumption of meals 
with high amounts of fat (Kiecolt-Glaser et al.  2010 ). Nutrition is an integrative 
treatment approach to preventing various diseases based on minimizing infl amma-
tion that contributes to the development of heart disease and also depression. 

 The impact on nutrition on mental health is a growing fi eld. There is an impact 
of heart healthy diets, such as DASH as also having an impact on mental illness 
(Torres and Nowson  2012 ). A meta-analysis demonstrated the Mediterranean diet 
reduces the risk for development of depression (RR 0.68) (Psaltopoulou et al.  2013 ). 
Additionally, low dietary consumption of seafood is associated with increased risk 
in the development of depression and bipolar disorder (Hibbeln and Gow  2014 ), 
while regular fi sh consumption decreased the risk of depression and suicidal ide-
ation (Hibbeln and Gow  2014 ). Low levels of omega-3 fatty acids are implicated in 
depression due to a reduction in the serotonin and dopamine systems as seen through 
animal studies (Hibbeln and Gow  2014 ). A meta-analysis demonstrated the antide-
pressant effect of providing omega-3 fatty acid supplementation (Sublette et al. 
 2011 ). Therefore the Mediterranean diet and moderate consumption of fi sh oil 
appear to prevent depression as well as previously mentioned risk reduction for 
cardiovascular disease. 

 Folate is abundant in foods and is generally considered part of a healthy diet 
which includes large quantities of fruits and vegetables, and because of this overlap, 
it is diffi cult to discern how much of the benefi t from the healthy diet on mood is 
actually coming from folate versus other nutrients. Nevertheless, depression occurs 
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more commonly in individuals with low levels of folate, and treatment with stan-
dard antidepressants is not very successful with folate defi ciencies (Papakostas 
et al.  2012 ). In a trial of individuals suffering from depression, l-methylfolate sup-
plementation provided better response when being treated with a selective serotonin 
reuptake inhibitor (SSRI) (Papakostas et al.  2012 ). Therefore, evidence supports the 
use of folate supplementation in the treatment of depression.  

25.7     Exercise 

 In addition to the cardiovascular benefi ts of exercise, there appears to be a signifi -
cant impact of exercise on mental health as well (Table  25.1 ). Aerobic exercise 
conveys an antidepressant and anxiolytic effect that can impact aging outcomes as 
well (Salmon  2001 ). Studies from both human and animals have shown a connec-
tion between exercise and brain health. In older adults exercise affects memory and 
learning thereby affecting neurodegeneration as well as depression. Given the con-
nection between vascular disease and depression and neurodegeneration in the 
elderly, it is not surprising that exercise can benefi t these disease states. Late-life 
depression is oftentimes related to cognitive decline for which cardiovascular dis-
ease is a risk factor (Cotman et al.  2007 ). Studies have demonstrated a signifi cant 
impact of exercise on multiple brain areas, however, most consistently have been 
the hippocampus (Cotman et al.  2007 ). Both aerobic exercise and resistance training 
improve depression in geriatric individuals as well as younger adults with results 
comparable to traditional antidepressants (Blumenthal et al.  1999 ). Taken together 
with the previously discussed benefi ts of exercise on cardiovascular disease and the 
antidepressant effect of exercise, clinicians should encourage exercise for better 
mental and physical results in their patients.  

25.8     Mind-Body Approaches and Depression 

 There are several studies showing some improvement in mood with acupuncture. A 
pilot study of acupuncture and late-life depression demonstrated an antidepressant 
effect (Williams and Graham  2006 ). Another study in China demonstrated an anti-
depressant effect of “mind-refreshing antidepressive” acupuncture was as effective 
as doxepin and more effective than acupuncture alone in a group of approximately 
100 adults with “post-wind stroke depression,” which is a traditional Chinese diag-
nosis (Li et al.  1994 ). The evidence is growing for the role of acupuncture as an 
antidepressant treatment for late-life depression. 

 Tai Chi is effective in treating late-life depression. A shortened and manual- 
based version of Tai Chi called Tai Chi Chih showed an antidepressant effect and 
improvement in both cognition and physical functioning as well as a reduction in 
the infl ammatory marker CRP when compared to a control group consisting of a 
health education classes (Lavretsky et al.  2011 ). Therefore, Tai Chi offers an effec-
tive intervention for physical and mental well-being in older adults.  
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25.9     Biologically Based Products and Depression 

 Omega-3 fatty acid has both cardiovascular benefi ts and antidepressant effects 
(Table  25.1 ). Low levels of omega-3 fatty acids have been implicated in individuals 
suffering from suicidal ideation and depression (Hibbeln  1998 ; Tanskanen et al. 
 2001 ; Timonen et al.  2004 ). Diagnosis of a clinical depression as opposed to minor 
depressive symptoms appears to benefi t the most from omega-3 fatty acid supple-
mentation (Appleton et al.  2010 ). It appears that a higher concentration of EPA 
(≥60 % of EPA) versus DHA provided a better therapeutic effect on depression 
(Sublette et al.  2011 ). The data supporting an antidepressant effect of omega-3 fatty 
acids is less extensive in the geriatric population, however still promising. A RCT 
was performed in older adults living in an SNF and demonstrated a benefi t to 
depression as well as quality of life (Rondanelli et al.  2011 ). Additionally an RCT 
of older adults who had suffered an MI showed an antidepressant effect of omega-3 
fatty acid supplementation only when they had a clinical episode of depression, not 
simply depressive symptoms (Giltay et al.  2011 ). There is an effect of omega-3 fatty 
acid supplementation in late-life depression. 

 St. John’s Wort (SJW) ( Hypericum perforatum ) is a well-substantiated alterna-
tive treatment for depression in the general adult and older adult populations 
(Table  25.1 ). There are several standardized extracts available that have been stud-
ied in various trials. A Cochrane database review of 23 randomized trials of adults 
with mild-to-moderate depression demonstrated an antidepressant effect of SJW 
(Linde et al.  2008 ). The typical dosage of SJW was 300–1,000 mg daily. An addi-
tional meta-analysis demonstrated the antidepressant effect of SJW to be compara-
ble to standard antidepressants such as tricyclic antidepressants and SSRIs (Kasper 
 2010 ). As with all depression treatments, there are fewer trials involving older adults 
and SJW. However of the available trials, there does appear to be some antidepres-
sant effect of standard extracts of SJW. A 6-week RCT showed SJW to be equally 
effective to treating depression as fl uoxetine in moderately depressed older adults 
(Harrer et al.  1999 ). In an additional trial consisting of mixed-aged adults, SJW 
treated atypical depression (Mannel et al.  2010 ). Therefore, the few studies avail-
able which include older adults support the use of SJW for depression. In general, 
SJW is well tolerated when used alone; however there are several noteworthy inter-
actions. SJW acts as a monoamine oxidase inhibitor (MAOI) making its combina-
tion with standard antidepressants concerning for precipitating a serotonin 
syndrome. SJW is also an inducer of cytochrome P-450 3A4 liver enzyme system 
which leads to reductions in multiple medications such as coumadin, methadone, 
alprazolam, clopidogrel, cyclosporine, and verapamil. SJW has also been seen to 
precipitate a manic episode (Kaustubh and Faubion  2005 ). SJW is an alternative 
natural remedy for mild-to-moderate depression, but the potential side effects 
should be monitored similar to a traditional treatment approach. 

 S-adenosyl-L-methionine (SAMe) is a biologically based product which is 
involved in the metabolic pathway involving folic acid and vitamin B12 (Mischoulon 
and Fava  2002 ; Papakostas  2009 ). SAMe is a cofactor in the development of sero-
tonin, norepinephrine, and dopamine and therefore plays a role in depression 
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(Paul et al.  2004 ). Furthermore individuals suffering from depression appear to have 
lower levels of SAMe compared to nondepressed individuals, and treatment has 
been shown to increase these defi ciencies (Bottiglieri et al.  1990 ). In the general 
adult population, meta-analyses have demonstrated parenteral SAMe to be equally 
effective as TCAs and superior to placebo (Bressa  1994 ). In terms of oral formula-
tions of SAMe, an open trial in a mixed-aged population demonstrated SAMe to be 
an effective augmentation strategy in participants taking conventional antidepres-
sants (Alpert et al.  2004 ). A study looking at late-life depression in the context of 
Parkinson’s disease showed an antidepressant effect of SAMe (DiRocco et al. 
 2007 ). Most studies demonstrated a therapeutic effect of SAMe in the range of 
800–1,600 mg/day (Mischoulon and Fava  2002 ), but dosages up to 3,600 mg/day 
have been successfully administered in late-life depression (DiRocco et al.  2007 ). 
SAMe is fairly well tolerated but should be cautiously used if at all in individuals 
with bipolar disorder due to the possibility of triggering a manic episode or suicidal 
ideation (Carney et al.  1987 ; Chitiva et al.  2012 ). SAMe is an alternative antidepres-
sant for mildly depressed patients or patient with diffi culty tolerating multiple side 
effects to medications (Mischoulon and Fava  2002 ).  

    Conclusion 

 Depression is an unfortunate consequence of cardiovascular disease and both 
often co-occur with aging. Preventative and treatment interventions for both 
depression and cardiovascular disease oftentimes overlap. Nutritional approaches 
including the Mediterranean diet, DASH diet, and consumption of fatty fi sh 
appear to reduce both depression and cardiovascular disease. Additionally sev-
eral integrative approaches including acupuncture and Tai Chi have been seen to 
improve outcomes in both conditions. There are also various natural products 
and supplements which can be utilized to treat depression and cardiovascular 
disease, some of which overlap such as omega-3 fatty acids while others do not. 
Table  25.1  demonstrates a summary of treatment approaches for depression and 
cardiovascular disease. Having an understanding of the various treatment and 
preventative approaches to targeting these serious disease states can help older 
adults feel empowered about their treatment.     
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   Abstract 
   Mental comorbidity adversely affects quality of life, health behavior, and prog-
nosis in cardiac patients. While this comorbidity goes untreated in many patients, 
others typically receive outpatient treatment with psychotherapy, antidepressant 
medication, or collaborative care. However, severity of heart disease or the 
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 mental disorders sometimes interferes with continuous outpatient treatment. For 
severely ill patients, simultaneous inpatient treatment of heart disease and mental 
comorbidity may become necessary. In the German healthcare system, statutory 
health insurance covers inpatient psychosomatic treatment if medically indi-
cated. This chapter describes a model of integrated inpatient psychocardiology 
treatment as implemented on a dedicated ward at University of Göttingen 
Medical Center. The different components of the therapeutic program are out-
lined and vignettes of typical cases are presented. Clinical impressions and fi rst 
evaluation results suggest that the psychocardiology ward closes an important 
gap in the care of patients with severe comorbid heart disease and mental disor-
ders or cardiac somatization.  

26.1        Introduction 

 Psychocardiology is a young interdisciplinary area of research and patient care. 
Although the epidemiological relevance of the interrelation between cardiovascular 
diseases and mental stress or disorders is well known, treatment attempts are often 
either purely somatic (as in most cardiology departments), or in some cases psychi-
atric/psychotherapeutic. Therefore, whole-patient care in psychocardiology still 
poses a challenge, even in the German healthcare system offering broad health 
insurance coverage for psychiatry and psychotherapy as well as for specialized psy-
chosomatic medicine. A quick look at historical and structural backgrounds might 
be helpful to understand the reasons for this diffi culty. 

26.1.1     Psychosomatic Medicine in the German Healthcare 
System 

 Since the early twentieth century, psychotherapy wards were established in 
Germany, mostly in psychiatric hospitals. This development was interrupted dur-
ing the Nazi regime in Germany from 1933 to 1945, when many leading 
 psychotherapists were forced to exile. After the end of World War II, in 1950 the 
fi rst German inpatient department of psychosomatic medicine was founded in 
Heidelberg and chaired by the psychoanalyst Alexander Mitscherlich (Hoffmann 
et al.  1999 ). This event marked the beginning of a clinical separation between 
 psychosomatic and psychiatric institutions. Psychiatry on the one side often had a 
rather neurobiological view of the patients’ diseases, while psychosomatic  medicine, 
on the other side, often identifi ed itself with psychotherapy rather than somatic 
medicine. In the early 1970s, courses in psychosomatic medicine and  psychotherapy 
became mandatory for medical students. In the 1990s the fi eld of  psychosomatic 
medicine and psychotherapy (formerly called psychotherapeutic medicine) was 
acknowledged as a distinct medical specialty, requiring training in internal medi-
cine, psychiatry, and psychosomatic medicine itself (Hoffmann et al.  1999 ). 
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Junior physicians are trained on specialized psychosomatic wards, in dedicated 
outpatient clinics, and consultation- liaison services and acquire profound skills 
and knowledge in psychotherapy with either a psychodynamic or cognitive-behav-
ioral focus.  

26.1.2     Outpatient and Inpatient Psychotherapy in Germany 

 The public healthcare system in Germany offers payment by statutory health insur-
ance companies for both outpatient and inpatient psychotherapy, if patients suffer 
from a disorder that can effectively be treated by psychotherapy according to the 
available evidence. The most frequent diagnoses of patients receiving psychother-
apy are anxiety disorders and depression. The classical forms of outpatient psycho-
therapy paid by health insurance are psychodynamic psychotherapy (both 
short-term psychodynamic psychotherapy and classical psychoanalysis) and (cog-
nitive) behavioral therapy. Providers are both psychologists and physicians with a 
special training and board approval in psychotherapy. The choice of treatment 
method depends on the patient’s diagnosis, on the nature of underlying personality 
or psychosocial problems, and also on patient preferences and the availability of 
therapists trained in a specifi c method. After up to fi ve initial (“probatory”) ses-
sions, the indication for outpatient psychotherapy has to be confi rmed by a blinded 
assessor at the base of an anonymized case report and treatment plan written by the 
therapist. 

 Inpatient psychotherapy is only indicated if severity and complexity of the indi-
vidual case make the success of outpatient therapy unlikely at a given point of time 
or if outpatient treatment has already failed. Inpatient psychotherapy is typically 
provided in a structured format on specialized wards located in general or psychiat-
ric hospitals or in hospitals or rehabilitation centers entirely dedicated to psychoso-
matic medicine (Schauenburg and Hildenbrand  2011 ). The decision for inpatient 
psychotherapy is typically made after referral of a patient by his or her GP or by 
another specialist (including community-based psychiatrists or psychotherapists) 
and an initial ambulatory encounter between the patient and hospital psychothera-
pist. Case conferences are often used to discuss and confi rm the indication for hos-
pital admission. 

 Inpatient psychotherapy is typically offered by multidisciplinary teams and com-
bines different psychotherapeutic and medical approaches in an individualized 
manner. Its effects and cost-effectiveness have repeatedly been documented 
(Schauenburg and Hildenbrand  2011 ). In patients with complex disorders often 
seen in psychocardiology, such a multimodal and interdisciplinary approach appears 
essential for therapeutic progress. This can be more easily initiated in an inpatient 
setting, where the patient can benefi t from synergies of medical, psychological, and 
complementary therapies. Typical weekly schedules include 20 h or more of differ-
ent therapies and the typical length of stay varies between 4 and 10 weeks, which is 
considered necessary for initiating sustainable behavior change and symptom 
improvement in these severely ill patients. 
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 After discharge from the hospital, an additional series of outpatient psychother-
apy sessions is often recommended to stabilize the achieved changes and help 
patients back into daily life and work. 

 Example: A physically healthy patient suffering from a mild depressive disorder 
and asking for psychotherapeutic support would be treated in an outpatient setting 
by his or her GP and possibly a psychotherapist working in private practice. In con-
trast, a patient with major depression after a myocardial infarction persisting after 
several weeks of primary care, with several relevant comorbidities, unhealthy 
behavior patterns, little insight into psychosomatic aspects of his heart disease, and 
low motivation for psychotherapy would benefi t from an integrative, multimodal 
inpatient treatment before eventually utilizing additional outpatient psychotherapy 
to complement cardiological treatment.  

26.1.3     Barriers to Integrating Psychosomatic Medicine 
and Cardiology 

 At the same time when psychosomatic aspects of heart diseases started being recog-
nized more systematically, technical developments in cardiology such as cardiac 
catheterization and stenting or implantable devices provided exciting and often life-
saving new therapeutic options, which strengthened a technically orientated self- 
image in cardiology. 

 For a long time, this seemed to widen the gap between the disciplines of cardiol-
ogy and psychosomatic medicine. This often went – and still goes – along with 
mutual misunderstanding and distrust. While cardiologists often look at psycho-
therapists as poorly skilled mystics, psychotherapists sometimes see cardiologists 
as inhumane technicians. 

 While basic training in psychosomatic medicine has long been a mandatory part 
of specialty training in German gynecology and family medicine, no such training 
is required for internists or cardiologists. On the other hand, as mentioned above, 
many psychotherapists have little knowledge of heart diseases and their 
treatment. 

 Additionally, clinical work in cardiology happens under ever-increasing time 
pressure, and physicians or hospitals receive far better payments for technical pro-
cedures than for personal attention and verbal interventions. Under these adverse 
circumstances, only few physicians specialized in psychosomatic medicine or psy-
chologists trained in psychotherapy as well as somatically trained physicians have 
attempted to overcome the traditional gap between mind and body in cardiology. 
The way to establish psychocardiology in Germany was therefore long and some-
times complicated (Herrmann-Lingen  2011a ), but it fi nally resulted in several inter-
disciplinary projects such as development of medical guidelines and training courses 
in basic psychocardiology for cardiologists and psychologists/psychiatrists 
(Herrmann-Lingen  2011b ) and also in the formation of interdisciplinary treatment 
models. One of these models is the psychocardiology ward at our university hospi-
tal, which opened in 2009.  
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26.1.4     The Psychocardiology Ward at University of Göttingen 
Medical Center 

 The Department of Psychosomatic Medicine and Psychotherapy at University of 
Göttingen Medical Center understands itself as complementary to the biomedical 
hi-tech medicine offered in the university hospitals’ heart center. With its focus on 
psychocardiology, it is actively involved in numerous research projects and clinical 
work on psychosomatic aspects of cardiovascular diseases (Herrmann-Lingen 
 2011a ,  b ). 

 The psychocardiology ward provides integrated medical care and multimodal 
psychotherapy (Kleiber and Herrmann-Lingen  2011 ,  2015 ). On the one hand, and 
in contrast to most psychosomatic hospitals or wards in Germany, all human and 
technical resources of the biomedical heart center are available and actively 
involved in the treatment wherever needed. Patients can be transferred directly 
from cardiology wards during treatment of acute heart diseases, e.g., post-MI, or 
referred by external hospitals or physicians in the more chronic phase of heart 
disease, such as chronic heart failure. Besides treatment for their cardiac condi-
tions, patients receive up to 6 weeks of intense psychotherapy as outlined below. 
Patients are admitted for inpatient treatment when severity and complexity of the 
biomedical and psychosocial situation do not allow suffi cient outpatient treatment. 
Frequent indications for treatment on this ward are, for example, severe anxiety 
and depression after myocardial infarction, supportive treatment in emotionally 
distressed patients with severe heart failure before and after heart transplant, or 
panic disorder/post- traumatic stress disorder in patients with malignant cardiac 
arrhythmias after multiple shocks delivered by an implanted defi brillator. Other 
indications include repeated emergency admissions for cardiac somatization or 
hypertensive crises and maladaptive behavior patterns interfering with the treat-
ment of heart diseases. 

 The ward is jointly led by the departments of psychosomatic medicine and 
cardiology and senior physicians from both departments share fi nal responsibility 
for patient care. The team consists of physicians trained in psychosomatic medi-
cine and psychotherapy, one physician in training for cardiology, and one or two 
psychologists. Furthermore, two part-time physiotherapists, one art therapist, and 
one part- time social worker belong to the team. Nine full-time posts for nurses 
guarantee continuous availability of support. While most patients are more or less 
mobile and able to perform basic self-care activities, nurses play an important part 
both in the medical and psychotherapeutic treatment process by arranging medi-
cal diagnostics, offering crisis intervention, and leading patient groups and relax-
ation training. 

 The psychosomatic treatment program comprises on the one hand biomedical 
diagnostics and treatment as needed. While some patients are too frightened to 
undergo medically indicated and prognostically important procedures and need 
much reassurance or even personal company by a familiar team member in order to 
consent to an invasive procedure or magnetic resonance scan, others demand medi-
cally useless repeated diagnostics for reassurance, which is often short-lived. On the 
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other hand, the program consists of an intensive psychotherapy regime integrating 
psychodynamic, cognitive-behavioral, bio-psychological, and complementary ele-
ments. It is based on detailed biopsychosocial assessment including a thorough case 
history, from which a detailed behavior analysis or psychodynamic hypothesis is 
generated, serving as a prerequisite for agreeing with the patient on individual ther-
apeutic goals. Diagnoses are made by diagnostic interview according to ICD- 10. In 
addition, patients fi ll in validated psychometric questionnaires at admission and 
before discharge. The instruments used include the German version of the Brief 
Symptom Inventory (BSI; Franke  2000 ) covering a variety of psychological symp-
toms such as anxiety and depressive symptoms, the short version of the Gießen 
symptom checklist (GBB; Brähler et al.  2000 ) assessing bodily symptoms, the 
European Quality of Life Questionnaire (EQ-5D; Greiner et al.  2005 ) as a global 
measure of health-related quality of life, and the General Self-Effi cacy Scale (GSE- 
6; Romppel et al.  2013 ). Individual and group psychotherapy is offered with either 
a cognitive-behavioral or a psychodynamic focus. Psychoeducation provides infor-
mation about relevant topics such as stress, sleep, depression, anxiety, and cardio-
vascular diseases. Complementary therapies such as art therapy and body therapy 
help to express and modify emotions by mainly nonverbal methods. These therapies 
are combined with relaxation training such as progressive muscle relaxation and 
biofeedback. The latter are used for altering individual cardiovascular stress 
responses to emotional stressors. Physical activation and training and – if individu-
ally indicated – physiotherapy are used to help patients regain confi dence into the 
regular functioning of their bodies. Based on patients’ and therapists’ experiences 
during the different treatment modules, the team and patient develop a common 
understanding of individual problems, resources, and realistic solutions. For this 
purpose, continuous and reliable communication among all team members and with 
the patient is essential. Regular team conferences, patient groups, and ward rounds 
are useful for this purpose. 

 A typical weekly therapy schedule for a particular patient is shown in Table  26.1  
(medical treatments and procedures are often diffi cult to schedule and typically take 
place during blank time slots or sometimes instead of a scheduled therapeutic 
session):

   The combination of different therapies and the simultaneous and equal consider-
ation of both physical and psychosocial aspects of health and disease often help the 
patient to gain better cognitive and emotional insight into his or her individual situ-
ation, reinforcing sense of coherence and feelings of self-effi cacy. It helps to 
improve emotional awareness and competence in dealing with the heart disease. 
Maladaptive behavior or interaction patterns can be observed and often reshaped 
immediately. Long-lasting behaviors such as smoking or overwork can be discussed 
and motivation for sustainable change can be built up. Before discharge, achieve-
ment of initial goals and next steps are discussed with the patient. In addition, symp-
tomatic improvement can be quantifi ed by the psychometric scales completed again 
before discharge.   
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26.2     Case Vignettes 

 The following case vignettes are intended to illustrate individually different clinical 
approaches to psychocardiological problems. 

26.2.1     Case 1: Cardiac Arrhythmias, Anxiety, and Depression 

 Mrs. B., a 45-year-old patient with complete situs inversus, suffers from sick 
sinus syndrome with symptomatic bradycardia and paroxysmal tachyarrhythmic 
atrial fi brillation. A cardiac pacemaker had been implanted 2 years ago. Her 
recent cardiac and general medical status has been stable. She was referred by 
her outpatient cardiologist due to unclear vertigo attacks, drowsiness, nausea, 
and subjective cardiac irregularity going along with a feeling of pressure in her 
throat. Recently, she had consulted several physicians, especially cardiologists. 
The possibility of an ablation therapy was discussed but, due to her situs inver-
sus and an inconsistency of clinical complaints and objective arrhythmia, not 
realized. Mrs. B. had developed increased anxiety related to her symptoms and 
had become unable to continue working as a committed nurse. Social with-
drawal and avoidance behavior furthermore led to signifi cant depressive 
symptoms. 

 In a fi rst contact, she appears graceful, friendly, and insecure. Her social situa-
tion reveals that she is divorced and has not had a close partnership for many 
years. Her grown-up daughter recently moved out to pursue her academic studies. 
There is only little contact with her family members, especially no contact to her 
mother. Her brothers and sisters are reported to have alcohol-related problems. 
The patients’ father is unknown. The ex-husband refuses to support the patient 
and her daughter adequately. Biography reveals that the patient grew up in Eastern 
Europe and came to Germany at age 25. Her mother was single, appears to have 
had emotionally unstable personality traits, and showed little affection for the 
patient. 

 During the therapeutic process, it was possible to discuss relations between Mrs. 
B.’s psychosocial situation, her biography, and her current medical illness. It 
appeared that the patient had developed a high altruistic motivation with a lack of 
capabilities to recognize her own individual limits and needs. The lack of apprecia-
tion for her altruism in the context of reduced capacities due to her medical situation 
and the recent move-out of her daughter have led to destabilization with increased 
somatic symptoms, anxiety, and depression. 

 Mrs. B. was diagnosed with a secondary somatoform disorder of the cardiovas-
cular system and major depression. Psychotherapy included individual and group 
therapy with psychodynamic and cognitive-behavioral elements. Together with 
complementary therapies such as art therapy and body psychotherapy, this helped 
the patient to improve her emotional self-perception and pay more attention to her 
needs. Parallel cardiac diagnostics were completed and a cardiac CT showed no 
signs of coronary alterations, which was very relieving for the patient. 
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 At discharge her symptoms (vertigo, drowsiness, low mood) had signifi cantly 
improved, and she could relate remaining symptoms to underlying emotions (such 
as suppressed anger) rather than the heart disease. The complexity of the case made 
an initial inpatient therapy necessary and helpful. In the course of inpatient treat-
ment, she could be motivated to look for additional outpatient psychotherapy after 
discharge.  

26.2.2     Case 2: Recurrent Ventricular Tachycardia with ICD Shocks 

 Mr. A., a 50-year-old man, had experienced repeated ventricular tachycardias after 
myocarditis. He had been implanted with a cardioverter defi brillator (ICD) that 
sometimes succeeded in terminating tachycardias by antitachycardic pacing (ATP). 
However, after ATP failure the patient had also received several DC shocks from the 
device. These shocks were perceived as traumatic events by the patient. He had 
frequent ventricular extrasystoles which he experienced as quite frightening, since 
he interpreted them as harbingers of new tachycardias and ICD shocks. Finally, he 
had been unable to leave his home, avoided any physical activity, and completely 
withdrew from his social contacts. Quality of life was perceived as maximally 
reduced. Before the arrhythmic events, the patient had led an active life, and even 
after the myocarditis, he had loved traveling. However, he had given up traveling 
after he had been frightened by an arrhythmic episode occurring in a foreign coun-
try and by the subsequent hospitalization far from home. 

 His main treatment goals were to reduce his anxiety, increase his mobility, and 
resume his physical activities and social contacts. For this purpose, stabilizing inter-
ventions and education were used as a fi rst step to induce a feeling of security in the 
patient. The hospital environment and the availability of medical emergency care 
around the clock contributed to relieving the patients’ anxiety and hyperarousal. He 
was better able to distinguish harmless bodily sensations such as extrasystoles from 
possibly dangerous arrhythmias and started regaining better confi dence in his body. 

 In the next step, graded exposure therapy was started. Unlike typical exposure 
therapy with physically healthy patients, Mr. A. had to live with the possibility that 
indeed new tachycardias might be triggered by activity. Nevertheless, it was possi-
ble to develop with the patient an individual model of his anxiety, in which he could 
develop a personal understanding of his thoughts, feelings, and physical symptoms 
and their interdependencies. In a process of balancing possible (real) risks of induc-
ing new arrhythmias against the benefi ts of a more active life, the patient became 
motivated to undertake fi rst steps toward more activity. Given the real risk of cardiac 
complications, it was important to move ahead slowly during exposure therapy in 
order to not overburden the patient and trigger malignant arrhythmias. Exposure 
was prepared by psychoeducational group sessions on anxiety and anxiety manage-
ment. It began on the lowest level of the patient’s hierarchy of anxieties, namely, by 
walking alone in the hospital park. 

 For Mr. A. it was important to feel his anxiety rise during exposure and at the 
same time realize that no ICD shock was triggered by the situation. He could learn 
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that anxiety increases but can be tolerated and abates after a while without further 
adverse consequences, such as defi brillator shocks. Developing tolerance to 
hardly tolerable anxiety is a key element of exposure. Many patients (and in case 
of cardiac comorbidity even therapists) avoid correct exposure by fi ghting down 
anxiety or leaving the frightening situation prematurely. Given the real risks 
involved, this is understandable, especially if no medical emergency care is easily 
available. However, this turns exposure ineffective and cannot induce habituation, 
because patients cannot make the experience that anxiety decreases by itself. In 
these cases, anxiety tends to persist and fl are up as soon as external security pro-
vided by a safe environment is no longer available or internal mechanisms of 
anxiety control fail. 

 Once Mr. A. had understood this principle, he was able to practice on his own 
and increase the demand of situations to which he exposed himself. However, good 
preparation of exposure and discussion of experiences from the exposure with the 
therapist was important for guiding the process. With increasing physical activity, it 
also became important to discuss with a cardiologist his current cardiac status, 
which was re-assessed during the inpatient treatment and showed that usual physi-
cal activity was not dangerous from a somatic point of view – although no cardiolo-
gist could ever assure the patient that he would never again experience new 
ventricular tachycardias. The patient practiced several times per week and experi-
enced a decline in anxiety with repeated exposure to similar situations, encouraging 
him to increase the diffi culty of situations. 

 At the end of treatment, Mr. A. felt stabilized and able to perform moderate 
physical activities. He identifi ed a personally appropriate limit of his physical 
capacity and felt confi dent to resume daily activities after returning home.  

26.2.3     Case 3: Coronary Heart Disease, Myocardial Infarction, 
Depression, and Anxiety 

 Mr. S., a 60-year-old teacher with known three-vessel coronary heart disease who 
had suffered from myocardial infarction (MI) 4 years ago, was admitted for recur-
rent angina pectoris-like complaints combined with an intense fear of suffering 
another MI. The complaints did not respond to nitroglycerine. He had already 
undergone 12 coronary angiographies within 4 years. All invasive diagnostics 
showed an acceptable coronary status and no further progression of coronary ath-
erosclerosis. The patient suffered from severe exhaustion, high inner tension, and 
feelings of “burnout” and guilt toward his colleagues. He felt unable to recover on 
weekends or during vacations and felt insuffi cient at work, where he was frequently 
confronted with children with conduct disorders. He additionally suffered from a 
fear of getting a malignancy or other severe disease and permanently experienced an 
icy cold feeling on his tongue and in his throat. Comprehensive diagnostics had not 
shown any evidence of a somatic cause for these symptoms. On admission he 
appeared slowed down and showed a tendency to ruminate. His affect was depressed 
with a sense of despair. Affective modulation and energy were reduced. 
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 Treatment focused on the appropriate investigation of his medical status on the 
one hand and on exploring the psychosocial situation as well as individual devel-
opmental circumstances on the other hand. It was noticed that he experienced a 
decrease of his “heartache” immediately after admission. With this initial improve-
ment, he tended to get into a helping position for his ward mates and showed little 
sense for his emotional and physical limits and exhaustion. He also could not 
easily show feelings of sadness and unfulfi lled needs. When confronted with his 
strong striving for achievement, his low self-perception and self-care and feelings 
of shame and guilt became visible, and his heartache increased again without a 
somatic correlate. After spending a weekend at home for therapeutic reasons, he 
found several inner and outer factors that triggered his symptoms. The awareness 
of his lifelong pattern to ignore his personal needs and demands gave him a 
glimpse into the reason for his deep unhappiness and depression. He became 
aware of the buried parts of his self that obviously led to a chronic sense of insuf-
fi ciency and depression, expressing themselves in an overly altruistic behavior, 
which fi nally resulted in severe exhaustion and may have contributed to his coro-
nary disease. The confrontation with his inner confl icts and emotional states only 
became possible when the patient could fi nd a safe environment allowing him to 
face his life-threatening fears and his biographically shaped essential need for 
security. 

 Consequently, he could let go of his suspicious attention to his inner bodily sen-
sations. When he was discharged, he had gained a more meaningful life perspective, 
dedicating more time to his inner needs. His recurrent heartache had decreased con-
siderably. He applied for our outpatient group therapy and began regular individual 
psychotherapy.  

26.2.4     Summary 

 These vignettes illustrate typical psychocardiological cases. While outpatient treat-
ment such as collaborative care, combining expertise from cardiology and psycho-
therapy or psychiatry, is very helpful for many patients, other patients do not benefi t 
suffi ciently from outpatient care but can improve markedly with interdisciplinary inpa-
tient treatment, addressing physical and psychosocial dimensions in an integrative 
treatment concept and providing a safe environment, including facilities for arrhythmia 
monitoring, immediate cardiopulmonary resuscitation, or other cardiac interventions. 
Patients admitted to our ward typically have undertaken several attempts to overcome 
their problems. Many have had repeated hospitalizations or emergency admissions 
before but still the subjective burden had not diminished or even increased. Cost-
effectiveness analyses studying psychosomatic inpatient treatments in other German 
patient groups have shown that the high cost of inpatient treatment is more than offset 
by future savings in both direct medical and indirect costs, such as absence from work 
or early retirement (Schauenburg and Hildenbrand  2011 ). In our own evaluation study 
of the psychocardiology inpatient treatment, physical symptoms (measured by the 
GBB) and psychological distress (measured by the BSI) decreased, while overall 
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quality of life on the EQ-5D improved substantially during the 5–6 weeks of treatment. 
The improvement was widely maintained over 1–2 years of follow-up (Herrmann-
Lingen et al.  2015 ). In detail, cardiac symptoms decreased by  d  = 0.84 for pre-post and 
 d  = 0.59 for baseline vs. 1.5-year follow-up. Effect sizes on the global severity index of 
the BSI were  d  = 0.65 for pre- post and  d  = 0.45 for baseline vs. follow-up. Global qual-
ity of life increased by  d  = 0.57 during inpatient treatment and was still improved by 
 d  = 0.46 18 months later (all  p  < 0.001). Improvement during inpatient treatment signifi -
cantly predicted follow-up well-being.   

26.3     What Makes Clinical Psychocardiology So Challenging? 

 Cardiovascular patients coming to our ward often tend to have a somatically orien-
tated concept of their disease. And they often were not told anything else by their 
physicians for years or even decades. A crucial part of our work therefore is to help 
the patients to develop a comprehensive concept of their disease and give them back 
the experience of self-effi cacy. 

 In many other psychosomatic hospitals, patients come with some basic – though 
often ambivalent – ideas of psychosomatic processes affecting their current illness. 
In contrast, patients in psychocardiology often show an extensive ambivalence. In 
the delicate early stages, the treating therapist must “contain” this high level of 
ambivalence and resulting tensions, especially in patients with structural personality 
defi cits and somatic or somatoform disorders. 

 Most people suffering from “heart disease” initially expect a treatment in which 
they can stay passive and do not need to contribute much more than taking a medica-
tion and wait for its effect without making a conscious effort. Even medication adher-
ence is often low (Chowdhury et al.  2013 ), and the demand to change one’s lifestyle, 
especially when it goes beyond increasing levels of exercise or dietary change, often 
leads to resistance or frank refusal, as long as patients do not get a deeper understand-
ing of the inner benefi t they can derive from living a more health- conscious life.  

26.4     The Importance of an Integrative, Multi-professional 
Approach 

 In this context, the multi-professional approach appears most helpful and important 
(Perk et al.  2012 ). Many cardiac patients have a profound though sometimes denied 
fear of dying and little access to their inner world. Reliable medical care and nurse 
support create a safe environment enabling patients to face their fears. Nonverbal 
therapies such as art therapy, relaxation training, and body awareness therapy open 
avenues for better self-perception and self-expression and help with adaptive ways 
of emotion regulation. Physical therapy, based on the individual goals of each 
patient, offers the opportunity for recovering physical strength, cardiovascular fi t-
ness, increased self-confi dence, and better perception of the body as an “indicator” 
of feelings and emotional states. Exercise and relaxation can also be used to 
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demonstrate cardiovascular effects of daily life situations. Psychophysiological 
assessment offers the opportunity to visualize effects of emotional arousal or relax-
ation on heart rate, blood pressure, and autonomic balance. Art therapy allows 
access to hidden emotions on a nonverbal level. It can also help to (re-)discover 
creative potential, to imagine and depict symbolic solutions (such as healing the 
wounded heart), and to fi nd inner stability against traumatic intrusions. The social 
worker can help with putting necessary changes to the working or housing situation 
into practice (Bjarnason-Wehrens et al.  2007 ). All these elements can be refl ected 
upon during verbal psychotherapy sessions to create a comprehensive understand-
ing of heart- mind associations and healthy ways to deal with them. 

 Psychosomatic medicine in our understanding typically works as relationship 
medicine – both by illustrating the relationship between emotions, behavior, and 
bodily processes as indicated above and by building on the therapeutic relationship 
as a powerful therapeutic agent. In practice, the fi rst contact may take place through 
the psychosomatic consultation-liaison service, often providing the fi rst experience 
of a professional explicitly acknowledging the patient’s suffering and distress, 
which is often missed in today’s somatic departments because of structural factors, 
insuffi cient training of physicians, and lack of time. 

 This experience can encourage patients to overcome withdrawal or aggressive 
ways of coping and develop a sense of validation and new hope. At the same time, 
the perspective to have both partners for reliable communication and immediate 
access to diagnostic and interventional facilities whenever needed is often very 
much appreciated in patients feeling emotionally and physically unstable. Typical 
psychiatric or psychosomatic departments usually cannot provide the intensity of 
medical care needed for treating these subjectively and often also objectively criti-
cally ill patients. On the other hand, cardiologists often lack the skills and time to 
get a deeper understanding of the patients’ individuality, their “non-somatic” symp-
toms, and available treatment options. 

 Effective delivery of treatment therefore requires a competent and appreciative 
multidisciplinary team willing to refl ect their collaboration with each other and their 
countertransference toward their patients. Specifi c factors of high importance 
include an interdisciplinary biopsychosocial understanding between the somatic 
and psychosomatic clinicians as well as psychologists, nurses, and other therapists. 
The nursing team plays a key role as the fi rst contact persons and sources of support 
for the patients. In this function, nurses often have to buffer frequent expressions of 
negative affect and medical urgencies. A good perception and fi rst appraisal of criti-
cal somatic or affective events is therefore expected from the nursing team, and they 
are held responsible for maintaining a helpful working environment on the ward. 
Shaping the relationship between patients and the nursing team represents a signifi -
cant diagnostic and therapeutic element, which needs regular super- and inter-vision 
with the team of physicians and therapists including daily opportunities for 
exchange, weekly team conferences discussing each individual patient, detailed 
case conferences for diffi cult or demanding patients, external supervision, etc. 

 With such a competent multidisciplinary team, which is often acknowledged by 
patients as a core factor for their symptomatic improvement, also severe emotional 
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and physical instability can be absorbed and transformed into new learning oppor-
tunities for both patients and individual team members.  

    Conclusions 

 Integrated cardiac care and psychotherapy can successfully be implemented and 
delivered at a tertiary care center to treat severely ill patients with cardiac and 
mental comorbidity. However, treating this group of patients requires a highly 
competent multi-professional team. It needs suffi cient funding to pay for treat-
ments lasting several weeks. While cost-effectiveness of this concept still needs 
to be demonstrated, studies of psychosomatic inpatient treatments in general 
show promising clinical results and possibly even cost savings on the long run.     
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   Abstract 
   People with depression history develop cardiovascular diseases at a higher rate 
than people without depression, suggesting that current CVD prevention guide-
lines are less effective for this patient group. There are several reasons for this, 
including that screening for behavioural and biological CVD risk factors is less 
likely to occur among those with depression; that screening, when it does occur, 
comes years after depression onset allowing decades for CVD-potentiating 
 lifestyles to become habitual; and that depression-CVD biological mediators 
(e.g. HPA axis dysregulation) are not a specifi c focus of attention in either 
 primary care or specialist mental health services. Ways to improve CVD preven-
tion approaches among those with depression are discussed. These include com-
mencing screening earlier in the life (and depressive disorder) course, using 

        K.  M.   Scott ,  MA (Clin. Psych.), PhD       
  Department of Psychological Medicine ,  Dunedin School of Medicine, University of Otago , 
  PO Box 913 ,  Dunedin ,  New Zealand   
 e-mail: kate.scott@otago.ac.nz  

  27

mailto:kate.scott@otago.ac.nz


510

 integrative and collaborative care approaches developed for SMI to simultane-
ously address physical and mental health needs in depressed patients and making 
greater use of psychological treatments that incorporate stress reduction 
components.  

27.1        Introduction 

 This chapter takes as a starting point the well-established fi nding that people with 
depression history are at higher risk of developing cardiovascular diseases (CVD: 
coronary heart disease, other types of heart disease or heart failure and stroke) 
(Wulsin and Singla  2003 ; Nicholson et al.  2006 ; Van der Kooy et al.  2007 ; Scott 
et al.  2013 ). Given this elevated risk of CVD, policies and programmes aimed at 
prevention of CVD are of particular importance to people with depressive disorder. 
In this chapter current CVD prevention guidelines are discussed in terms of their 
application to people with depression. Suggestions for changes to improve the pre-
vention of CVD in depression are then proposed that have implications for primary 
care and specialist mental health services. 

 The distinction between primary and secondary prevention of CVD is now seen as 
less useful because of the long, insidious trajectory of atherosclerosis (Perk et al. 
 2012 ). For clarity, however, this chapter is concerned with what would previously 
have been referred to as primary prevention of CVD: that is, interventions or 
approaches that are aimed at reducing incidence (number of new cases) of 
CVD. Prevention can be differentiated into three levels: universal approaches that are 
targeted at the general population, selective approaches that are targeted at population 
subgroups considered at high risk and indicated approaches aimed at people with 
signs or symptoms of the condition (Muñoz et al.  2010 ). Prevention of CVD in depres-
sion would therefore entail selective (focused on those with depression as the high-
risk subgroup) and/or indicated (focused on depressed individuals with CVD risk 
factors) approaches. The fi rst question to consider is why a selective approach focused 
on depression is even necessary given the existence of very comprehensive guidelines 
on CVD prevention in general practice (Perk et al.  2012 ; Mosca et al.  2011 ).  

27.2     Why Are CVD Prevention in General Practice Guidelines 
Not Working for People with Depression? 

 Existing CVD prevention guidelines detail the parameters of the classical CVD risk 
factors (smoking, physical activity, BMI, waist circumference, blood pressure, total 
and LDL cholesterol and blood glucose/diabetes) that elevate risk. Some guidelines 
also discuss the contribution that psychosocial factors (low SES, depression, anxi-
ety, hostility, stress) may make to risk with recommendation that such factors should 
be screened for (Perk et al.  2012 ). Recent developments in these guidelines empha-
sise the use of total risk estimation by considering the combined effect of differing 
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combinations of risk factors including age and sex, with scoring algorithms that can 
calculate 10-year risk of a CVD event (Perk et al.  2012 ). Evidently though, such 
guidelines are not working well for those with depression given their elevated risk 
of CVD events relative to those without depression. 

 There are several reasons why CVD prevention guidelines may be proving less 
effective in the population with depression. One component of the guidelines is 
assessing and providing advice on the behavioural risk factors for CVD (obesity, 
smoking, lack of physical activity, poor diet and heavy alcohol consumption). These 
behaviours are known to be more prevalent among those with depression than those 
without (Scott et al.  2006 ; Bonnet et al.  2005 ; Appelhans et al.  2012 ; Payne et al. 
 2012 ), suggesting that there is a greater need for lifestyle advice in this group. In 
practice though, research suggests that depressed people are  less  likely to receive 
lifestyle advice than those without depression, either because of the competing 
demands of addressing both mental and physical health in the primary care consul-
tation (Jaen et al.  1994 ), the GP’s perception that depression is the higher priority 
(Jaen et al.  2001 ) or the GP’s view that behaviour changes should not be attempted 
until a depressive episode has remitted (Coleman et al.  2000 ). Given that only 
around a third of depressive episodes do fully remit (Rush et al.  2006 ), a strategy of 
avoiding the topic of lifestyle change until remission of depression may allow 
unhealthy behaviours to become further entrenched. 

 A second key component of CVD prevention guidelines is screening by general 
practitioners for key biomarkers: lipids, blood pressure and blood glucose. Research 
suggests that screening may be less likely to occur among people with depression 
(Johnson et al.  2012 ; Osborn  2001 ) and that even when screening does occur, less 
aggressive interventions may be pursued (Kendrick  1996 ). That said, most research 
in this area has been conducted in relation to ‘serious mental illness (SMI)’, a cat-
egory that predominantly consists of psychotic and bipolar disorders, so more stud-
ies are needed to determine the extent to which nonpsychotic depression affects 
general practice approaches to CVD biomarker screening and treatment. However, 
even if screening is undertaken, there remains a question around whether the timing 
of screening (within the lifespan) is appropriate to those with depression. In most 
guidelines the recommendation is that biomarker screening be commenced in mid-
dle age, for example, men >40 and women >50 (Perk et al.  2012 ). This is many 
years after the median age of onset of depression (Kessler et al.  2007 ), and even in 
young people, it is evident that depression is associated with concurrent and subse-
quent poor physical health (McCloughen et al.  2012 ; Aarons et al.  2008 ; Rottenberg 
et al.  2014 ). So commencing screening in middle age may actually be decades later 
than would be optimal for this patient group. Earlier identifi cation of risk factors is 
also likely to improve adherence to prescribed medication or lifestyle advice. 
Treatment adherence tends to be lower among those with depression but particu-
larly among older patients with multi-morbidity (Katon  2003 ). 

 Another reason why current CVD prevention guidelines are less effective in 
those with depression may be because they do not address specifi c biological factors 
that mediate the association between depression and CVD. Dysregulation of the 
physiological systems for handling stress, the sympathetic-adrenal-medullary 
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(SAM) axis and the hypothalamic-pituitary-adrenocortical (HPA) axis, has been 
associated with depression (Stetler and Miller  2011 ; Cowen  2010 ). This biological 
state of chronic stress that appears to accompany depression has a range of adverse 
metabolic, cardiovascular and immune system effects that contribute to atheroscle-
rosis and CVD (Miller et al.  2002 ; Chrousos and Kino  2007 ). Some researchers 
view depression itself as the source of chronic stress (McEwen  2003 ); depression 
can also be the consequence of early life stress that confers a lower threshold and 
heightened response to subsequent stressors (Heim et al.  2000 ). In either case, cur-
rent CVD guidelines offer no recommendation for interventions that could address 
the apparent heightened stress response among those with depression, leaving these 
direct biological pathways between depression and CVD unaltered. 

 A further factor that may reduce the effectiveness of CVD prevention guidelines 
among those with depression is the possible association between antidepressant medica-
tions and increased risk of heart disease and stroke (Brunoni et al.  2012 ; Shah et al. 
 2011 ; Licht et al.  2010 ; Wu et al.  2011 ; Hackam and Mrkobrada  2012 ). The research on 
this question is far from clear cut because observational studies cannot completely adjust 
for the many differences between depressed individuals who are treated versus untreated 
with medication. But given that antidepressants are the main treatment that most of 
those who seek treatment for depression will receive, the possibility that they might have 
deleterious effects on the cardiovascular system is a signifi cant concern. This further 
underscores the need for a targeted approach to CVD prevention in depression.  

27.3     What Could Be Done to Improve CVD Prevention 
Among People with Depression? 

27.3.1     Start Screening Earlier in the Depression Course 

 One important principle is that prevention efforts should occur as early as possible in 
the course of depressive disorder. As noted above, depression typically fi rst occurs 
relatively early in life and has the capacity to affect physical health from a young age. 
Moreover, depression is typically preceded by an even earlier history of anxiety disor-
der (Kessler and Walters  2002 ), and anxiety is also reliably associated with subse-
quent CVD (Scott et al.  2013 ; Tully et al.  2015 ; Janszky et al.  2010 ). Atherosclerosis 
is a slowly developing disease that also often begins in young adulthood or earlier 
(Magnussen et al.  2013 ; Joseph et al.  1993 ; Strong et al.  1999 ). This means that 
although the clinical manifestation of depression and CVD is often decades apart, the 
underlying connection between the two may be tracking from adolescence. This may 
be one reason why the treatment of depression in those with existing CVD has been 
largely unsuccessful in improving CVD prognosis (Glassman et al.  2002 ; The 
ENRICHD Investigators  2003 ): these interventions may be occurring too late in the 
course of the depression-heart disease comorbidity to be effective. Targeted CVD 
prevention for those with depression in primary care could therefore include recom-
mendations that screening for CVD behavioural and biological risk factors should 
begin at least 10 years earlier than in the general population. In those with severe or 
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recurrent depression history, who will often be seen in specialist mental health ser-
vices, screening should be undertaken at the fi rst opportunity. Awareness among gen-
eral practitioners needs to be developed that mental disorders in their patients should 
cue greater, rather than less, attention to physical health and health behaviours.  

27.3.2     Move to Integrative or Collaborative Care 

 Where treatment is undertaken in specialist mental health services, it is usually 
considered the responsibility of the primary practitioner to monitor physical 
health. This splitting of the mental and physical health aspects of depression 
across separate services does not appear to be working well. There is clear 
awareness now that mental health services must monitor and coordinate inter-
ventions concerning the physical health of those with SMI (Lawrence and 
Kisely  2010 ) and that this needs to be commenced early in the course of the 
disorder (Bailey et al.  2012 ). There is also evidence that such interventions 
work, improving a range of CVD risk factors (Green et al.  2015 ; Laursen et al. 
 2014 ). This kind of awareness and approach now needs to be extended to those 
with depression (as well as other nonpsychotic disorders). This could be done in 
a variety of ways (some of which are already being implemented with SMI): 
mental health clinicians could be upskilled to undertake some aspects of this 
work, mental health teams could be extended to include health psychologists 
and physicians specialising in working with the mentally ill or collaborative 
care approaches could be implemented that link mental and general health care 
more closely. 

 Collaborative care approaches can be utilised to improve the physical health of 
patients seen in mental health service settings as suggested here, but they can also 
be utilised to improve the mental health of primary care patients. A recent trial of 
collaborative care for depression in primary care (Stewart et al.  2014 ) demonstrated 
substantially reduced risk of a subsequent CVD event among those randomised to 
the depression treatment compared to those receiving usual care. However, this car-
dioprotective effect was confi ned to those without CVD at baseline: depression 
treatment had no cardioprotective benefi t over and above usual care in those with 
CVD at baseline. This trial is consistent with other studies (Glassman et al.  2002 ; 
The ENRICHD Investigators  2003 ) in demonstrating that treating comorbid depres-
sion among those with existing CVD has no impact on CVD prognosis, but it does 
offer hope that depression treatment may prevent or delay CVD-related events if 
undertaken prior to the fi rst clinical manifestation of CVD.  

27.3.3     Make Greater Use of Treatment Approaches that 
Simultaneously Improve Mental and Physical Health 

 The evidence that depression is often associated with a heightened or dysregu-
lated stress response, coupled with the possibility that the medications usually 
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prescribed for depression may increase CVD risk, argues for a greater use of 
psychological treatments that incorporate a stress reduction component. 
Mindfulness-based CBT has proven effective with recurrent depression (Piet 
and Hougaard  2011 ; Segal et al.  2012 ); this approach or mindfulness-based 
stress reduction (Fjorback et al.  2011 ) could be helpful in reducing risk of sub-
sequent CVD. If such an approach were augmented with a focus on health-
related behaviour, this package could further help offset CVD risk. The great 
promise of this kind of treatment package is not just that it could help reduce 
future physical illness but that it could enhance current mental health through 
the antidepressant effects of increased physical activity and improved diet and 
sleep. Future research could assess how this kind of CBT + stress reduction + 
health behaviour package impacts on mental and physical health both at end of 
depression treatment and over the longer term.   

    Conclusion 

 People with depression history develop cardiovascular diseases at a higher rate 
than people without depression, providing evidence that current CVD prevention 
guidelines are to some extent failing this patient group. There are several reasons 
why this might be: screening for behavioural and biological CVD risk factors is 
less likely to occur among those with depression; screening, when it does occur, 
comes years after depression onset allowing decades for CVD-potentiating life-
styles to become habitual; and depression-CVD biological mediators (e.g. HPA 
axis dysregulation) are not being directly addressed in either primary care or 
specialist mental health services. 

 There are a range of options for improving this situation and making pre-
vention of CVD in depression a real possibility. In primary care, patients with 
depression need effective treatment of depression combined with targeted 
screening for CVD risk factors; these interventions should be commenced in 
early adulthood, not middle age. The kind of awareness that has developed 
among mental health clinicians and primary care physicians that treatment of 
SMI must integrate attention to physical health now needs to be extended to 
people with severe or recurrent depression. Dual attention to physical and men-
tal health may be best accomplished in integrative or collaborative care 
approaches. In terms of depression treatment, some types of treatment may 
have more CVD prevention potential than others. There are effective psycho-
logical treatments for depression that have stress reduction effects; these could 
be further enhanced by a behaviour change component. This kind of treatment 
approach would not only reduce risk of CVD (as well as other chronic dis-
eases) but further improve mental health through the positive feedback effects 
of healthier lifestyle on mood. The need to address the physical health needs of 
depressed patients should not be viewed by clinicians as yet another thing to do 
but as an opportunity to simultaneously enhance both quality and quantity of 
life in this vulnerable patient group.     
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   Abstract 

   There is a high prevalence of depression in patients with coronary heart disease 
(CHD) that is often undetected. Around 15 % of patients are diagnosed with major 
depressive disorder (MDD) after acute myocardial infarction (AMI) or coronary 
artery bypass grafts (CABG), and 22 % of patients with congestive heart failure 
(CHF) have MDD. Rates of depression are higher in patients with CHF who are 
admitted to hospital. Screening aims to identify disease in the community early, 
enabling early intervention to reduce suffering. Screening programmes for depres-
sion in patients with cardiovascular disease (CVD) exist in a number of countries 
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around the world. There is good evidence to suggest that screening programmes 
increase rates of diagnosis of depression. However, while rates of diagnosis are 
increased, there is limited evidence to show that patients diagnosed with depres-
sion through screening have improved outcomes. Given the evidence available, 
screening for depression in patients with cardiovascular disease should be cau-
tiously supported when appropriate referral and treatment pathways are in place. 
There are a number of screening tools that can be used to screen patients for 
depression. Clinicians should use the Patient Health Questionnaire-9 (PHQ-9) to 
screen patients for depression, as this is recommended by international guidelines. 
If time pressure is an issue, the shorter Patient Health Questionnaire-2 (PHQ-2) 
can be used followed by the PHQ-9 if the PHQ-2 is positive.  

28.1        Introduction 

 There is a high prevalence of depression in patients with CHD as well as congestive 
heart failure (CHF) that is often undetected. Rates of major depressive disorder 
(MDD) of around 15 % have been reported in patients after acute myocardial infarc-
tion (AMI) or coronary artery bypass grafts (CABG) (Thombs et al.  2006 ; Carney 
and Freedland  2003 ). Depression has an adjusted odds ratio of 1.4 for CHD (Patten 
et al.  2005 ). Certain individuals with CHD are at higher risk of experiencing depres-
sion. The UK UPBEAT study found that individuals living alone (odds ratio (OR) 
2.08,  p  = 0.02), experiencing current chest pain (OR 5.44,  p  < 0.001), having greater 
than two comorbid illness (i.e. diabetes mellitus, osteoarthritis, chronic obstructive 
pulmonary disease, chronic renal disease, asthma, hypertension or active cancer) 
(OR 6.00,  p  = 0.005) and experiencing social problems such as problems living 
alone (OR 8.73,  p  < 0.001) or more than one disability (i.e. mobility problems, self- 
care problems, problems with usual activities or problems with pain or discomfort) 
(OR 7.48,  p  < 0.001) were at an increased risk for depression (Walters et al.  2014 ). 
The prevalence of depression in patients with CHF has been reported to be around 
22 %, however, ranging from 11 to 35 % in outpatients and 35–70 % among inpa-
tients (Rutledge et al.  2006 ; Angermann et al.  2011 ; Luttik et al.  2011 ). Interestingly, 
these fi gures have been confi rmed in diverse populations (Adewuya et al.  2006 ) and 
in implanted cardioverter-defi brillator recipients (Freedenberg et al.  2011 ). 

 It has been suggested that the presence of comorbid MDD doubles the risk of 
major cardiac events and death in patients with documented cardiovascular disease 
(CVD) and triples the risk of hospitalisation (O’Connor et al.  2008 ; Jiang et al. 
 2001 ). The longer-term impact of depression has been closely correlated with post- 
acute coronary events and 12-month physical health status (Thombs et al.  2008a ). 
The comorbidity between depression and CHD has also been found for both sys-
tolic and diastolic cardiac dysfunction (Kato et al.  2012 ), and patients with higher 
severity of left ventricular dysfunction have been showing an increased risk for 
CVD-related mortality and all-cause mortality in patients with depression (van den 
Broek et al.  2011 ). On the contrary, these trends do not hold for adults with congeni-
tal heart disease since these individuals have rates of depression similar to that seen 
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in the general population. This refl ects the observation that adults with congenital 
heart disease, while they may face potential medical complications, are generally 
asymptomatic (Rayner et al.  2014 ). 

 Screening is the process of identifying individuals who may have a condition or 
be at risk of a condition but do not currently demonstrate signs or symptoms. A 
number of effective screening programmes are in place for a variety of disorders; 
however, the value of screening programmes is often controversial. This chapter 
will review and evaluate the value of screening for depression in coronary heart 
disease (CHD) and investigate, if screening leads to earlier treatment of depression 
in CHD. It will discuss the risk of overtreatment and will discuss international 
screening guidelines currently in existence.  

28.2     Current Recommendations for Depression Screening 
in Coronary Heart Disease Patients 

 Depression identifi cation in CHD is a component of international cardiology guide-
lines and recommendations (Lichtman et al.  2008 ; Orth-Gomer et al.  2005 ; Albus 
et al.  2004 ; McMurray et al.  2012 ; Lainscak et al.  2011 ; Colquhoun et al.  2013 ) 
based on a number of screening algorithms (Lichtman et al.  2008 ; Holzapfel et al. 
 2007 ). The American Heart Association (AHA) guidelines recommend that all 
patients with CHD disease should be screened with a two-item Patient Health 
Questionnaire (PHQ-2) at a minimum (see Fig.  28.1 ). In case of a screen positive 
result, it is recommended to administer the longer Patient Health Questionnaire 
(PHQ-9) (see Fig.  28.2 ). While patients with a score <10 on the PHQ-9 should be 
provided with additional clinical support, education and follow-up within 1 month, 
patients with a score >10 should be referred for more comprehensive clinical evalu-
ation by a professionally qualifi ed practitioner in the diagnosis and management of 
depression (Lichtman et al.  2008 ).

    The National Heart Foundation of Australia (NHFA) guidelines largely refl ect the 
AHA guidelines. The NHFA gives a Grade A recommendation for routine screening, 
which describes the body of evidence informing this recommendation as ‘trusted to 
guide practice’. The National Health and Medical Research Council (NHMRC) 
gives a level of evidence of I for routine screening, which infers that a systematic 
review of randomised controlled trials (RCTs) has been completed. The NHFA 
guidelines recommend a simple tool such as the PHQ-2 to be incorporated into rou-
tine screening of patients with CHD disease. These guidelines also offer suggested 
time points at which screening should occur. These time points are at fi rst presenta-
tion, at the next follow-up appointment, around the 2–3 months after the fi rst presen-
tation and annually thereafter. The NHFA goes further than the AHA guidelines in 
that they recommend consideration to be given to screening of the partner or spouse 
of patients with CHD for depression (Colquhoun et al.  2013 ). Serial screening is sup-
ported by evidence that fi nds high annual incidence rates of depression in heart fail-
ure patients initially free of depression (Lossnitzer et al.  2013 ). 

 Further screening guidelines exist to suggest that all primary care patients should 
be screened for depression. The United States Preventive Services Task Force 
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(USPSTF) (Force UPST  2009 ) recommends such screening for all primary care 
patients in circumstances where resources are in place to assure accurate diagnosis, 
effective treatment and follow-up. This recommendation is based on examination of 
the evidence on the benefi ts and harm of screening primary care patients for depres-
sion, including direct evidence that depression screening programmes improve 
health outcomes. Specifi cally, the USPSTF found good evidence that treating 
depressed adults identifi ed through screening in primary care settings with 

Patient Health Questionnaire: 2 items (PHQ-2) *

Over the past 2 weeks, how often have you been bothered by any of the following problems? 

1) Little interest or pleasure in doing things. 

2) Feeling down, depressed or hopeless. 

* If the answer is “yes” to either question, then refer for more comprehensive clinical evaluation by a 

professional qualified in the diagnosis and management of depression or screen with PHQ-9. 

* Alternative scoring system: Questions are scored: not at all –0; several days –1; more than half the
days –2; and nearly every day –3. Add together the item scores to get a total score for depression
severity

  Fig. 28.1    Patient Health Questionnaire: two items (PHQ-2) (Modifi ed from (Lichtman et al. 
 2008 )       

Patient Health Questionnaire: 9 items (PHQ-9) * 

Over the past 2 weeks, how often have you been bothered by any of the following problems? 

1) Little interest or pleasure doing things. 
2) Feeling down, depressed, or hopeless. 
3) Trouble falling asleep, staying asleep, or sleeping too much. 
4) Feeling tired or having little energy. 
5) Poor appetite or overeating. 
6) Feeling bad about yourself, feeling that you are a failure, or feeling that you have let yourself

or your family down. 
7) Trouble concentrating on things such as reading the newspaper or watching television. 
8) Moving or speaking so slowly that other people could have noticed. Or being so fidgety or

restless that you have been moving around a lot more than usual. 
9) Thinking that you would be better off dead or that you want to hurt yourself in some way. 

* Questions are scored: not at all –0; several days –1; more than half the days –2; and nearly every
day –3. Add together the item scores to get a total score for depression severity.

Interpretation 

• 0 – 4 minimal depression 
• 5 – 9 mild depression 
• 10 – 14 moderate depression 
• 15 – 19 moderately severe depression 
• 20 – 27 severe depression

  Fig. 28.2    Patient Health Questionnaire: nine items (PHQ-9) (Modifi ed from Angermann et al.  2011 )       
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antidepressants, psychotherapy, or both, decreases clinical morbidity (Force UPST 
 2009 ). This recommendation was a Grade B recommendation – indicating there is 
high certainty that the net benefi t is moderate or there is moderate certainty that the 
net benefi t is moderate to substantial (Force UPST  2009 ). 

28.2.1     Critique of Current Recommendations 

 Guidelines have been critiqued for a multitude of reasons. For example, criticism of 
this USPSTF recommendation has been raised due to the lack of RCTs testing whether 
screening would be more effective than not screening (Thombs and Ziegelstein 
 2014a ). In contrast, the United Kingdom National Institute of Health and Clinical 
Excellence does not recommend routine screening in primary care (Thombs et al. 
 2012 ), citing reasons including the high rate of false-positive results, the lack of 
empirical evidence of benefi ts to patients, the likelihood that most people identifi ed 
only by screening would have relatively mild symptoms of depression and often 
recover without formal intervention, the high cost and large number of resources 
involved in identifying people who might gain little in terms of improvements to their 
mental health, and the diversion of resources away from people with more serious 
cases of depression whose care is already often inadequate. In addition, the National 
Heart Foundation of Australia (NHFA) guidelines have also been criticised since it 
was thought that these guidelines do not adequately consider the potential benefi ts 
versus the potential harms of screening (Thombs and Ziegelstein  2014b ). Thombs and 
Ziegelstein ( 2014b ) have criticised the NHFA guidelines as not being based on current 
evidence. In their critique, they explain that no RCTs have found evidence that patients 
undergoing screening for depression have better depression outcomes than similar 
patients who have not been screened for depression, when comparable treatment 
resources are provided to depressed patients in both groups (Thombs and Ziegelstein 
 2013 ). Further criticism of these guidelines is outlined in the section below. 

 Comment has been made on the applicability of research fi ndings to real-world 
practice. Tully et al. ( 2014 ) found that the implementation of routine depression 
screening protocols in cardiology settings may underestimate the severity and com-
plexity of psychiatric needs in heart failure patients such as comorbid personality 
disorders, alcohol/substance use, suicide risk and anxiety disorders. RCTs often 
exclude patients with comorbid psychiatric conditions, despite comorbid psychiat-
ric conditions being common in psychiatric patients.   

28.3     Screening Tools for Depression in Coronary Heart Disease 

 A variety of tools have been made available to screen patients with CHD for 
depression. Of these, Hospital Anxiety and Depression Scale (HADS) (Albus 
et al.  2004 ; Bambauer et al.  2005 ; Turner et al.  2010 ), Beck Depression Inventory 
(BDI) and Beck Depression Inventory-II (BDI-II) (Jiang et al.  2001 ; Valkamo 
et al.  2001 ; Ketterer et al.  2002 ; Parakh et al.  2008 ; Lett et al.  2009 ), and Patient 
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Health Questionnaire-2 (PHQ-2) and Patient Health Questionnaire-9 (PHQ-9) 
(Elderon et al.  2011 ; McManus et al.  2005 ; Rollman et al.  2012 ) are the most 
commonly used in clinical practice. Evidence for these tools is outlined in the 
section below and in Table  28.1 . Other screening tools are outlined in Box  28.1 . 

   Table 28.1    Details of commonly used screening tools for depression in coronary heart disease   

 Screening tool  Details 

 Hospital Anxiety 
and Depression 
Scale (HADS) 

 Description: scored out of 21 

 Utility: A score of 11 has a sensitivity of 52 % and specifi city of 94 % 
for MDD (Bambauer et al.  2005 ). The cut-off for depression differs 
according to population. In an older population with heart failure, with 
a score of 6, it had a sensitivity and specifi city of 77 % and 89 %, 
respectively (Haworth et al.  2007 ). This scale has been used 
successfully in non-English-speaking settings (Barth and Martin  2005 ; 
Wang et al.  2006 ; Martin et al.  2008 ) 

 Beck Depression 
Inventory (BDI) 

 Description: widely in research on screening for depression in CHD. It 
is a 21-question multiple choice self-report inventory. The BDI scores 
each question from 0 to 4, with a higher total score indicating greater 
severity of depression 

 Utility: Delisle et al. found that somatic symptoms accounted for the 
majority of the BDI score in patients with post-myocardial infarction 
(Delisle et al.  2012a ,  b ). It was concluded that the second iteration of 
the BDI, the BDI-II, is preferable to the BDI in post-myocardial 
infarction patients 

 Beck Depression 
Inventory-II 
(BDI-II) 

 Description: as above 

 Utility: the BDI-II uses the same scoring system but has a number of 
reworded items and replaces items involving changes in body image 
and hypochondria. It also asks participants to assess their mood over 
2 weeks as opposed to one 

 Patient Health 
Questionnaire-2 
(PHQ-2) 

 Description: asks whether an individual has had (Thombs et al.  2006 ) 
little interest or pleasure in doing things and if they have been (Carney 
and Freedland  2003 ) feeling down, depressed or hopeless, over the past 
2 weeks. An assessment is positive if the patient answers in the 
affi rmative to one or both questions and is negative if they deny both 

 Utility: the validity of PHQ-2 screening tool has been assessed in a 
range of populations of varying age groups and ethnicity. In cardiac 
patients, it has been shown to have a sensitivity of 80–90 % and 
specifi city of 70–80 % for major depressive disorder (Elderon et al. 
 2011 ; McManus et al.  2005 ). It has also been shown to be associated 
with an elevated 12-month mortality risk in patients with heart failure 
(Rollman et al.  2012 ). When the PHQ-2 is positive, the 9-item Patient 
Health Questionnaire (PHQ-9) is necessary, and a diagnosis of 
depression should not be made based on the results of a PHQ-2 alone. 
The PHQ-2 screening time was reported to be 1.4 min on average 
(Sowden et al.  2010 ). Both the PHQ-2 and PHQ-9 can be self- 
administered, have been tested in inpatient cardiac units and found to 
be feasible, well-accepted by staff and not resource intensive 

 In a community setting, the administration of the screening tool takes 
longer than in inpatient settings (O’Reilly et al.  2015 ) 
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A number of screening tools, including the HADS and PHQ, can be adminis-
tered with a computer-adaptive model enabling completion in more fl exible 
models (Fischer et al.  2014 ).

   In a meta-analysis of depression screening tools, Thombs et al. ( 2008b ) found 
that with predefi ned cut-off scores, the sensitivity of tools ranged from 39 to 
100 % and specifi city from 58 to 94 %. A more recent meta-analysis by Ren et al. 
( 2015 ) (Doerfl er et al.  1997 ) found sensitivity of tools ranged from 34 to 96 % 
and specifi city ranged from 69 to 95 %.  

Table 28.1 (continued)

 Screening tool  Details 

 Patient Health 
Questionnaire-9 
(PHQ-9) 

 Description: as above 

 Utility: a score ≥ 10 on the PHQ-9 has a sensitivity of 88 % and 
specifi city of 88 % for major depressive disorder. Scores of 5, 10, 15 
and 20 represent mild, moderate, moderately severe and severe 
depression, respectively (Newhouse and Jiang  2014 ). Other studies 
have found a similar specifi city (90 %) but a reduced sensitivity (54 %), 
with a positive likelihood ratio of 5.4 (McManus et al.  2005 ). In 
Australian indigenous populations with CHD disease, a modifi ed 
version of the PHQ-9 has been validated (Esler et al.  2008 ). Razykov 
et al. ( 2012 ) have found high correlation between the PHQ-9 and a 
modifi ed version removing the fi nal question about passive thoughts of 
death and active thoughts of self-harm (PHQ-8); with a Pearson’s 
coeffi cient of 0.997, the authors have suggested that the fi nal question 
may not add much in patients with CHD disease. The PHQ-9 has also 
been used in community settings, with an Australian study showing that 
pharmacists are capable of screening and risk assessment services for 
depression and making referrals to appropriate health-care 
professionals when required 

  Box 28.1. List of Commonly Used Screening Tools for Depression in Coronary 
Heart Disease 
    Inventory to Diagnose Depression (IDD)  
  Beck Depression Inventory (BDI)  
  Beck Depression Inventory-II (BDI-II)  
  Patient Health Questionnaire-2 (PHQ-2)  
  Patient Health Questionnaire-9 (PHQ-9)  
  Geriatric Depression Scale  
  Primary Care Evaluation of Mental Disorders (PRIME-MD) questionnaire  
  Centre for Epidemiological Studies Depression Scale  
  Medical Outcomes Study-Depression questionnaire  
  Depression in the Medically Ill (DMI-18 and DMI-10)  
  Mental Health Index (MH-5)    
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28.4     Benefits of Routine Screening for Depression 
in Coronary Heart Disease 

 Evaluations of screening programmes in real-life settings suggest that integrated 
models of care involving depression screening using PHQ are feasible and can 
result in increased referral rates for appropriate mental health follow-up 
(Subramanian and Hopayian  2008 ; Ski et al.  2012 ; Kang et al.  2015 ). In a large 
elderly and predominantly male population, screening with PHQ-2 yielded 20.1 % 
positive depression screens. Among the PHQ-2 positive screens, 59.8 % scored 10 
or higher on the PHQ-9 scale (Yano et al.  2012 ). In a large retrospective cohort 
study of patients with diabetes or CHD disease, Burton et al. ( 2013 ) found that the 
number needed to routinely screen for a new diagnosis of depression was 976. A 
cross-sectional study in primary care in the UK found that depression screening 
using HADS had relatively low uptake, despite incentivisation (Jani et al.  2013 ). An 
Australian study looking at 12-month outcomes of patients with CHD screened for 
depression found that while a short depression screening tool had good predictive 
validity, a screening and referral tool alone was not enough to achieve optimal dis-
ease management, with rates of depression remaining relatively stable at 1, 3, 6 and 
12 months after diagnosis (Ski et al.  2015 ). Evidence from Australia has found that 
education programmes can improve nursing staff understanding of depression and 
boost screening rates for depression in a tertiary hospital (Worrall-Carter et al. 
 2012 ). The introduction of screening for depression in patients with CHD disease is 
not simple due to lack of time and resources and disagreement over screening pro-
tocols (Maxwell et al.  2013 ). 

 Numerous studies have shown that treatment of depression leads to improvement 
in adherence of pharmacological therapy, which in turn may decrease CHD events 
and improve survival (Rieckmann et al.  2006 ; Glassman et al.  2009 ; Bauer et al. 
 2012 ). It has been shown successfully that screening allows the opportunity to pick 
up previously undiagnosed cases supported by a study, where 70 % of the CHF 
inpatients had a diagnosis of MDD that was previously unknown (Angermann et al. 
 2011 ). In contrast, screening only those patients that the physician believes are 
depressed and are at high risk has been demonstrated to be unsuccessful. Ziegelstein 
et al. ( 2005 ) found little correlation between standardised depression test scores and 
clinician assessment of depression, with a false-negative rate (doctor or nurse miss-
ing a diagnosis of depression in a patient with depression) of 75 %. 

 Screening may be most benefi cial in some populations who appear more respon-
sive to treatment than others as they will be more likely to achieve signifi cant treat-
ment response. For example, in the SADHART-CHF study (Jiang et al.  2011 ), men 
with heart failure and mild depression had almost a 2.5-fold greater chance of 
achieving depression remission with sertraline when compared with the rest of the 
study population, i.e. men with moderate and severe depression, and women. In the 
same study, patients with greater somatic presentations of their depression were less 
likely to remit after treatment with sertraline. Mourad et al. ( 2012 ) found that 
patients with symptomatic CHD disease and depression had utilised most health- 
care services vs. individuals with one condition or the other. 
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 Screening for depression may not depend on whether treatment improves 
cardiac outcomes. This given depression is a chronic, disabling condition with 
a major impact on quality of life. Hence, authors suggest improved depression-
related reductions in quality of life may be considered as important as cardiac 
outcomes (Thombs and Ziegelstein  2008 ). Furthermore, Elderon and Whooley 
and the authors of the NHFA guidelines support this notion and argue that 
whether treatment depression improves CHD outcomes is moot, as treatment for 
depression is necessary anyway (Elderon and Whooley  2013 ; Tatoulis  2014 ).  

28.5     Criticisms of Routine Screening for Depression 
in Coronary Heart Disease 

 Screening programmes can only be successful if three factors are met: patients not 
already known to have depression agree to be screened; a substantial number of new 
cases are identifi ed with relatively few false-positive screens; and newly identifi ed 
patients engage in treatment with successful outcomes (Thombs and Ziegelstein 
 2014a ). Thombs and Ziegelstein ( 2014a ) advance the point that studies of routine 
depression screening programmes do not meet these three factors, and the evidence 
used to advocate for routine depression screening is not supported by RCTs that meet 
these three key criteria. Hitherto, there is no directly relevant evidence from RCTs to 
support screening of patients for depression in primary care (Thombs et al.  2014 ), 
and the two systematic reviews that have been completed have concluded that there 
has not been any RCT that has tested whether depression screening is effective in 
CHD care settings (Thombs et al.  2008b ,  2013 ). 

 Other concerns include routine screening potentially diverting existing mental health 
resources away from patients in need of existing services (Thombs and Ziegelstein 
 2014a ; Ziegelstein and Thombs  2011 ). Further, there may be insuffi cient mental health 
resources to ensure adequate further management after depression is detected by screen-
ing (Ziegelstein and Thombs  2011 ). Inappropriate treatments may be started by clini-
cians not experienced in mental health but who note ‘positive’ depression screening, i.e. 
cardiologists may give patients a diagnosis of depression and start the patient on antide-
pressants on the basis of a screening tool alone (Ziegelstein et al.  2009 ). This may result 
in the patient experiencing unnecessary stigma of a diagnosis of depression and unnec-
essary risk of adverse effects from antidepressant agents (Ziegelstein et al.  2009 ). 

 Other complicating factors for screening of depression in CHD include (a) the 
inherently clinical nature of psychiatric diagnosis, requiring detailed history; (b) 
stigma leading to patient denial or minimisation of symptoms; (c) lack of training of 
CHD medical staff in psychiatric diagnosis; (d) the frequent presence of pseudo- 
depression/distress attributable to medical illness or therapy and (e) the symptom-
atic overlap of psychological distress and cardiac illness (Ketterer and Knysz  2009 ). 
While no relevant adverse effects of the process of screening itself exist (Collins 
et al.  2011 ), negative consequences of screening including primarily unintended 
harms, such as adverse effects from medication and stigma of a diagnosis of depres-
sion, and cost have been reported. Another limitation is that depression screening 
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may also occur in clinical settings without appropriate referral pathways or patient 
follow-up. For example, specialist referral is probably required to meet CHD patient 
needs who endorse the PHQ-9 suicidality item (Tully and Baker  2012 ).  

28.6     Future Directions 

 At present, literature is lacking to give an unequivocal answer on whether screening 
translates into improved outcomes. Further large-scale clinical trials will do much to 
settle this debate. A cluster RCT is underway in general practice to assess if a treatment 
model involving collaborative care can improve patient outcomes for patients with dia-
betes and/or CHD who have been screened and diagnosed with depression (Coventry 
et al.  2012 ). A longitudinal, multicentre observational study based in general practice 
is also underway to determine the association between screening for depression and 
quality of life, hospitalisation and mortality (Eisele et al.  2013 ). The results of these 
studies will inform next update of recommendations by major health bodies.  

28.7     Summary 

 Disagreement about the benefi t of screening for depression of patients with CHD 
remains. However, the majority of guidelines recommend that screening should 
occur, and the majority of the literature supports screening in environments with 
resources to enable proper management once diagnosis is made. Given the evidence 
available, we believe screening for depression in patients with cardiovascular dis-
ease should be cautiously supported. There are a number of screening tools that can 
be used to screen patients for depression. Clinicians could use the PHQ-9 to screen 
patients for depression, as this is recommended by international guidelines. If time 
pressure is an issue, the shorter PHQ-2 can be used followed by the PHQ-9, if the 
PHQ-2 is positive. Screening already occurs around the world. In Australia, three in 
ten cardiologists screen for depression often or always. However, very few use a 
standard screening tool, largely due to unawareness of the existence of available 
screening tools (Stewart et al.  2010 ). Greater knowledge of existing guidelines may 
result in increased use of screening tools with the best accuracy. Once diagnosis 
occurs, it is essential that it is followed up with appropriate referral and 
management. 
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