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  Preface 

 Diabetes and hypertension have evolved as two of the modern day epidemics affecting 
millions of people around the globe. These two common comorbidities lead to 
substantial increase in cardiovascular disease, the major cause of morbidity and 
mortality of adults around the world. 

 Physicians and other health care providers are increasingly encountering patients 
with diabetes and hypertension in their practice. This book consists of 14 chapters 
written by top authorities in their respective  fi elds. Topics covered range from basic 
concepts in evaluation and management of diabetes and hypertension such as dietary 
interventions to evaluation and management of secondary hypertension in clinical 
practice. Other chapters focus on high cardiovascular risk populations such as those 
with coronary heart disease, chronic kidney disease, and minority patients. 

 Finally, evolving concepts and new developments in the  fi eld are presented in 
other chapters such as prevention of type 2 diabetes and the epidemic of sleep apnea 
and its implication for diabetes and hypertension evaluation and management. 

 We hope that this book will provide the busy practitioner with cutting-edge 
knowledge in the  fi eld as well as practical information that would translate into better 
care provided to such high risk population of diabetics and hypertensive patients.  

Brooklyn, NY, USA Samy I. McFarlane, MD, MPH, MBA
Chicago, IL, USA George L. Bakris, MD 
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 Prevalent hypertension, de fi ned by average blood pressure (BP)  ³ 140/ ³ 90 mmHg 
or self-reported treatment, is more common among diabetic patients than the gen-
eral population  [  1,   2  ] . In fact, the prevalence of hypertension among diabetics was 
reportedly twice that of the general U.S. population of adults in 2005–2008 at 57.3% 
versus 28.6%  [  2  ] . Diabetes approximately doubles risk for cardiovascular disease 
and concomitant hypertension nearly doubles that risk again  [  3–  7  ] . As a result, the 
treatment and control of hypertension in diabetes receive special attention in several 
professional guideline reports  [  8–  10  ] . 

 Previous publications addressed the clinical epidemiology of hypertension in 
patients with diabetes  [  1,   2,   11,   12  ] . All reports de fi ned prevalent hypertension as 
indicated above. Hypertension control among treated diabetics did not change, and 
if anything tended to decline between 1988–1991 and, 1999–2000 at <140/<90 
(53.1 vs. 46.9) and <130/<85 (28.5 vs. 25.4), although the differences were not 
statistically signi fi cant  [  11  ] . Among diabetic hypertensives on treatment, age-
adjusted BP control to <130/<80 improved from 15.7% in 1999–2000 to 37.5% in 
2003–2004  [  12  ] . 

 In 1999–2000, BP control to <140/<90 was documented in 53.1% of all treated 
hypertensives and 46.9% among all treated hypertensive diabetics  [  11  ] . In contrast, 
by 2005–2008, BP control to <140/<90 among all hypertensives was higher among 
those with diabetes than those    without diabetes (56.9% vs. 41.7%,  p  < 0.05)  [  2  ] . 
These reports cannot be directly compared as the methodologies, while acceptable, 
were not standardized. 

    B.  M.   Egan ,  M.D.   (*) •     Y.   Zhao   •     W.  A.   Brzezinski  
     Division of General Internal Medicine, Department of Medicine ,  Medical University 
of South Carolina ,   135 Rutledge Avenue, RT1230 ,  Charleston ,  SC   29425 ,  USA    
e-mail:  eganbm@musc.edu   

    Chapter 1   
 Epidemiology of Hypertension in Diabetes       

      Brent   M.   Egan,       Yumin   Zhao   , and    Walter   A.   Brzezinski             
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 Hypertension control is critically important for ameliorating vascular risk among 
diabetic hypertensives  [  8–  10  ] . Time trends in the clinical epidemiology of hyperten-
sion in diabetics may be useful in informing and guiding healthcare policy, profes-
sional guidelines, and quality improvement programs to optimize health outcomes. 
This report attempts to address a gap in the clinical epidemiology of hypertension 
among patients with diabetes using the same methods reported previously  [  13  ] . 

   Methods 

 As described previously  [  13  ] , NHANES 1988–1994 and 1999–2008 were con-
ducted by the Centers for Disease Control and Prevention National Center for 
Health Statistics (NCHS). NHANES participants were identi fi ed using strati fi ed, 
multistage probability sampling of the noninstitutionalized US population. All par-
ticipating adults provided written consent approved by the NCHS Institutional/
Ethics Review Board. 

   De fi nitions 

  Race/ethnicity  was determined by self-report as non-Hispanic white (white), 
 non-Hispanic black (black), and Hispanic ethnicity, and other race as described. 

  Blood pressure  (BP) measurement methods were consistent across the NHANES 
included in this report  [  13  ] . In brief, BP was measured by trained physicians using 
a mercury sphygmomanometer and appropriately sized arm cuff on subjects after 
5 min seated rest. Individuals without recorded BP were excluded. In calculating 
mean systolic and diastolic BP for individuals, the  fi rst BP value was used if only 
one measurement was obtained. The second BP was used if two readings were 
taken; the second and third values were averaged when available. More than 90% 
of participants had two or more measurements of BP in all NHANES periods 
included in this report. As described, excluding the  fi rst BP when  ³ 2 measurements 
are taken results in a lower BP value  [  13  ] . 

  Hypertension  was de fi ned as mean systolic BP  ³ 140 and/or mean diastolic BP 
 ³ 90 mmHg and/or a positive response to the question “Are you currently taking 
medication to lower your BP?”  [  11–  13  ]   Hypertension awareness  was determined 
by hypertensive patients responding af fi rmatively to the question, “Have you ever 
been told by a doctor or other healthcare professional that you had hypertension, 
also called high BP?”  [  11–  13  ]  Hypertension treatment was established by partici-
pants responding “Yes” to the question, “Because of your hypertension/high BP are 
you now taking prescribed medicine?”  [  11–  13  ]  
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  Control  of hypertension was de fi ned as BP <140/<90 mmHg across all survey 
 periods, although the BP goals for high-risk subgroups including diabetics were 
lower for 1999–2008.     [  11–  13  ] . Recent evidence does not clearly support a goal 
systolic BP lower than the long established level of <140 for patients with diabetes 
 [  14  ] . For these reasons and to facilitate comparisons across studies, this report 
focuses mainly on goal BP <140/<90. 

  Diabetes mellitus  was de fi ned by an af fi rmative response to the questions, “Have 
you ever been told by a doctor that you have diabetes?,” and/or “Are you now taking 
insulin?,” and/or “Are you now taking diabetes pills to lower your blood sugar?” 
 [  11–  13  ]  The de fi nition did not include “undiagnosed diabetes” based on fasting 
glucose only. 

  Antihypertensive medications . Participants were asked if they had taken any pre-
scription medications in the past month. During the household surveys in 1999–
2004 and 2005–2008, participants were requested to provide prescription containers 
and 88.8% and 88.3%, respectively, did so. Each medication identi fi ed from medi-
cations provided or described was recorded and matched to a prescription drug 
database. Each medication identi fi ed was assigned its generic equivalent. 
Antihypertensive medications were classi fi ed to a single category according to the 
Seventh Report of the Joint National Committee on Hypertension with addition of 
proprietary medications not marketed when the document was published  [  15  ] . 
Single-pill combinations were separated into their generic components. Each medi-
cation was classi fi ed to only one category. The sum of BP medication categories 
de fi ned the number of antihypertensive medications taken.  

   Data Analysis 

 The NHANES Analytic and Reporting Guidelines were followed  [  16,   17  ] . SAS 
callable SUDAAN version 9.0.1 (Cary, NC) was used to account for the complex 
NHANES sampling design. Standard errors were estimated using Taylor series lin-
earization. All NHANES periods were age adjusted to the U.S. 2000 census data 
 [  13,   14  ] . 

 To test for signi fi cant differences in variables between/among groups within 
each survey, the Chi-Square test in the CROSSTAB procedure was used for categor-
ical variables; WALD  F  test in the REGRESS was used for continuous variables. 
When more than two groups were compared within an NHANES survey period, 
analysis was limited to assessing differences across the groups and not between 
pairs. Pair-wise comparisons between the three NHANES periods were conducted 
using  t -tests of weighted means  [  1  ]  between pairs of the three groups. The effects of 
time were not assessed before pair-wise comparisons as SUDAAN would not allow 
this function when only three time periods were analyzed. Since multiple statistical 
comparisons were performed within and between the three NHANES time periods, 
two-sided  p -values <0.01 were accepted as statistically signi fi cant.   
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   Results 

  Patients with diabetes and hypertension  (Table  1.1 ). Diabetic hypertensives 
had a mean age of 62.5–63.7 years across surveys (Table  1.1 ). Mean BP among 
all  diabetic hypertensives declined from 145.2/74.7 in 1988–1994 to 136.5/69.7 
mmHg. The proportion of patients with    normal BP <120/<80 and “Stage 1” pre-
hypertension (120–129/80–84) rose, whereas the percentage with Stage 2 hyperten-
sion fell over time. Mean body mass index increased over the survey periods, while 
the proportion of subjects who were lean and overweight declined and the propor-
tion that were obese increased.  

  Controlled and uncontrolled diabetic hypertensives  (Table  1.2 ). With hypertension 
control de fi ned as a BP <140/<90 mmHg, the proportion of controlled patients rose 
from 35.5% in 1988–1994 to 54.6% in 2005–2008. Systolic BP did not change 
signi fi cantly over time in either controlled or uncontrolled patients, whereas 

   Table 1.1    Characteristics of patients with diabetes and hypertension in three NHANES periods   
 NHANES time period 

 1988–1994  1999–2004  2005–2008 
  n  = 783   n  = 886   n  = 842 

 Mean age (years)  63.7 (62.3, 65.1)  62.6 (61.3, 63.9)  62.5 (60.9, 64.0) 
 Sex (%) 

 Men  36.6 (31.8, 41.6)*  45.0 (41.2, 48.8)  43.7 (38.6, 49.0) 
 Women  63.4 (58.4, 68.2)  55.0 (51.2, 58.8)  56.3 (51.0, 61.4) 

 Race/ethnicity (%) 
 White  72.3 (67.6, 76.5)  65.3 (58.7, 71.4)  65.0 (57.5, 71.8) 
 Black  17.9 (14.5, 21.9)  18.1 (13.8, 23.2)  20.1 (14.8, 26.6) 
 Hispanic  5.1 (4.3, 6.2)*  12.6 (8.1, 19.3)  10.6 (7.2, 15.3)* 
 Others  4.7 (2.7, 8.1)  4.0 (2.3, 6.9)  4.4 (2.6, 7.2) 

 Mean BP (mmHg) 
 Systolic  145.2 (142.2, 148.2)**  139.0 (137.3, 140.8)  136.5 (134.5, 138.6)** 
 Diastolic  74.7 (73.0, 76.4)**  70.2 (68.6, 71.7)  69.7 (68.0, 71.3)** 

 BP (mmHg) (%) 
 <120/80  10.7 (7.1, 15.8)  16.8 (13.8, 20.2)  20.8 (16.7, 25.6)** 
 120–129/80–84  9.6 (6.8, 13.4)  13.4 (10.4, 17.1)  16.5 (13.8, 19.8)** 
 130–139/85–89  15.2 (11.6, 19.5)  18.6 (16.2, 21.3)  17.3 (14.1, 21) 
 120–139/80–89  24.8 (20.6, 29.5)*  32.0 (28.5, 35.8)  33.8 (30.1, 37.8)** 
 140–159/90–99  41.0 (35.1, 47.1)  33 (29.4, 36.8)  30.9 (26.5, 35.6)* 
  ³ 160/ ³ 100  23.5 (19.6, 28.0)  18.2 (15, 21.8)  14.5 (11.4, 18.2)* 

 Mean BMI (kg/m 2)   31.3 (30.6, 32.0)  32.6 (31.8, 33.3)  33.1 (32.4, 33.7)** 
 BMI (%) 

 <25  16.3 (13.2, 19.9)  12.4 (9.4, 16.1)  13.0 (10.7, 15.6) 
 25.0–29.9  33.3 (29.1, 37.7)  28.5 (24.7, 32.7)  25.9 (22.2, 30.1)* 
  ³ 30  50.4 (45.5, 55.4)*  59.1 (54.1, 63.9)  61.1 (56.9, 65.1)** 

   BP  blood pressure,  BMI  body mass index 
 * p  < 0.01, ** p  < 0.001. Symbols in column 1 (1988–1994) denote difference versus column 2 
(1999–2004). Symbols in column 3 (2005–2008) indicate differences versus column 1. No 
signi fi cant differences were observed for any variable between columns 2 and 3  
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diastolic BP generally declined, especially among those who were controlled. 
Among controlled diabetic hypertensives, BP shifted away from “Stage 2” pre-
hypertension (130–139/85–89 mmHg) and toward values in the “Stage 1” and nor-
mal range. Among uncontrolled diabetic hypertensives, there was a shift from Stage 
2 to Stage 1 hypertension, although the difference was not signi fi cant. Body mass 
index was higher among controlled than uncontrolled diabetic hypertensive patients, 
although the difference was not statistically signi fi cant in 2005–2008.  

  The clinical epidemiology of hypertension in diabetes  (Fig.  1.1 ). Prevalent hyper-
tension de fi ned as BP  ³ 140/ ³ 90 mmHg or self-reported hypertension treatment 
increased from 51% to 66%,  p  < 0.001, from 1988–1994 to 2005–2008. During this 
time period, awareness (83% to 92%,  p  < 0.001), treatment (73% to 88%,  p  < 0.001), 
proportion of treated patients controlled (48% to 62%,  p  < 0.01), and controlled to 
<140/<90 mmHg (35.5% to 54.6%,  p  < 0.001) all increased.  

  BP “control” among all diabetic hypertensives  (Fig.  1.2 ). The proportion of all 
diabetic hypertensives in the three NHANES time periods with BP below various 
control cut points also increased. The percentage with blood pressure <140/<90 mmHg 
rose from 35.5% to 54.6% ( p  < 0.001), <140/<80 from 28% to 48% ( p  < 0.001), 
<130/85 from 20% to 37% ( p  < 0.001), and <130/<80 doubled from 18% to 36% 
( p  < 0.001).  

  BP “control” among all patients with diabetes  (Fig.  1.3 ). The proportion of all 
diabetics in the three NHANES time periods with BP below various levels used to 
de fi ne control increased. The percentage with BP <140/<90 increased from 67% to 

  Fig. 1.1    The prevalence, awareness, treatment, and control of hypertension among patients with 
diabetes mellitus are depicted for three NHANES time periods including 1988–1994, 1999–2004, 
2005–2008. * p  < 0.01, † p  < 0.001 between NHANES time periods       
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71% ( p  = 0.029), <140/<80 from 56% to 62% ( p  = 0.015), <130/<85 from 46% to 
55% ( p  < 0.001), and <130/<80 from 42% to 50% ( p  < 0.001).  

  Number of antihypertensive medications reported by diabetic hypertensives  
(Fig.  1.4 ). Among all diabetic hypertensives, the percentage untreated declined 

  Fig. 1.2    Blood pressure control rates to <140/<90 mmHg, <140/<80, <130/<85, and 
<130/<80 mmHg are shown for patients with diabetes and hypertension in the three NHANES 
time periods. * p  < 0.01, † p  < 0.001 between NHANES time periods       

  Fig. 1.3    Among all patients with diabetes including those with and without hypertension, the 
percentages with BP <140/<90 mmHg, <140/<80, <130/<85, and <130/<80 mmHg are shown. 
* p  < 0.01, † p  < 0.001 between NHANES time periods       
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  Fig. 1.4    The percentage 
of patients on 0 (untreated), 
1, 2, and  ³ 3 antihypertensive 
medications are shown for 
four groups of diabetic 
hypertensive patients: 
( a ) all ( b ) all uncontrolled 
( c ) treated uncontrolled 
( d ) treated controlled. As 
noted, some patients who 
reported taking 
antihypertensive medications 
did not bring any or identify 
any during the examination 
including “unidenti fi ed”       
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from 22% to 12% ( p  < 0.001), the percentage reporting 1 and 2 medications did not 
change, and those reporting  ³ 3 increased ( p  < 0.001, panel a). Among all uncon-
trolled diabetic hypertensives, the untreated proportion declined from 33% to 21% 
( p  < 0.01), and the proportion reporting  ³ 3 BP medications rose from 13% to 33% 
( p  < 0.001, panel b). For the treated, uncontrolled diabetic hypertensives (panel c), 
4–6% did not identify any BP medication including “unspeci fi ed,” despite the fact 
that they responded af fi rmatively that they were taking medication to lower BP. 
Among the treated uncontrolled group, the proportion reporting one BP medication 
declined from 38% to 23% ( p  < 0.01), while the proportion reporting  ³ 3 medica-
tions increased from 21% to 41% ( p  < 0.001). For treated, controlled diabetic hyper-
tensives, 4–6% did not identify any BP medications, although they responded 
af fi rmatively to a question about taking medication to lower BP. In the treated con-
trolled group, the proportion reporting one medication declined, whereas the per-
centage reporting  ³ 3 increased. These differences were not statistically signi fi cant.   

   Discussion 

 Prevalent hypertension among diabetics is approximately double that of nondiabetics 
and concomitant hypertension increases risk 1.5–3.0-fold further. Treatment of 
hypertension in diabetics attenuates risk  [  3–  7  ] . In Syst-Eur, diabetics with Stage 2 
isolated systolic hypertension, i.e., systolic BP  ³ 160 mmHg with normal diastolic 
BP, had 69% fewer CV events and 76% fewer CV deaths when randomized to nitren-
dipine than placebo  [  18  ] . In the HOT Study, diabetic hypertensives had ~50% fewer 
CV events when randomized to a diastolic BP of <80 than <90 mmHg  [  19  ] . In 
UKPDS, BP control to 144/82 versus 154/87 mmHg was associated with reductions 
of a 24% in any diabetes endpoint, 44% in stroke, and 37% in microvascular events 
 [  20  ] . In ADVANCE, reducing BP from 145/81, which is nearly identical to the inten-
sive group in UKPDS, to 136/73, led to reductions of 14% in all cause mortality and 
coronary events, 18% in CV mortality, and 21% in renal events  [  21  ] . 

 In ACCORD, diabetic hypertensives were randomly assigned to target systolic 
BP <140 versus <120 mmHg  [  14  ] . The “less intensive” target led to a mean BP of 
133.5/70.5, which is slightly lower than the more intensively treated group in 
ADVANCE  [  21  ] . The more intensively treated group in ACCORD achieved a mean 
BP of 119.3/64.4. The 14/6 mmHg lower BP was associated with a 12% ( p  = 0.20) 
reduction in the primary outcome. Collectively, studies suggest that much of the 
bene fi t of antihypertensive therapy in diabetics is achieved when systolic BP is 
reduced to <140 and diastolic BP to <80 mmHg. 

 Given the prevalence of hypertension in diabetic patients, the adverse effects of 
hypertension on outcomes, and the bene fi ts of hypertension control, BP manage-
ment in diabetics has attention in several guidelines and quality improvement pro-
grams  [  8–  10  ] . Our report summarizes the clinical epidemiology of hypertension 
among diabetics in NHANES. 
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  Prevalence.  Prevalent hypertension in adult diabetics increased from 51% in 
1988–1994 to 66% in 2005–2008, which is higher than the 57.3% reported previ-
ously (Fig.  1.1 )  [  2  ] . The reason for the discrepancy is unclear, although there were 
differences in de fi ning diabetes. Prevalent hypertension among all U.S. adults 
increased from 23.9% in 1988–1994 to 29.0% in 2005–2008  [  13  ] . Thus, prevalent 
hypertension in diabetics is roughly double than that in nondiabetics   . Diabetics 
are probably more likely than their non-diabetic counterparts to receive antihyper-
tensive treatment when BP is <140 mmHg. Thus, the greater absolute increase in 
prevalent hypertension in diabetics (51–66% [15%]) than all adults (23.9–29.0% 
[5%]), may be partially explained by initiation of antihypertensive treatment in 
 diabetics with BP <140/<90. 

  Awareness.  Among diabetic hypertensives, awareness rose from 83% in 1988–1994, 
to 92% in 2005–2008. Among all hypertensives, awareness rose from 69% to 81% 
over the same time period  [  13  ] . The greater awareness of hypertension among dia-
betic than all hypertensive patients probably re fl ects greater emphasis on detection, 
treatment, and control and more frequent healthcare visits among diabetics than 
nondiabetics. 

  Treatment.  Among all diabetic hypertensives, 73% were treated in 1988–1994 
and rose to 87% in 2005–2008. The percentage of aware diabetic hypertensives 
on treatment rose from 88% in 1988–1994 (0.73/0.83) to ~95% in 2005–2008. 
For comparison purposes, among all adult hypertensives, 78% of the aware group 
were treated in 1988–1994 and nearly 90% in 2005–2008  [  13  ] . Thus, time trends for 
both diabetic and all hypertensive patients indicate a greater proportion of adults 
who are aware and reporting treatment. The  fi ndings suggest that inertia to begin-
ning pharmacotherapy has declined  [  14  ] . 

  Proportion of treated patients controlled . Among adult diabetic hypertensives, the 
proportion of treated patients controlled to BP <140/<90 mmHg rose from 48% in 
1988–1994 to 62% in 2005–2008 (Fig.  1.1 ). Comparable  fi gures for BP control to 
<140/<90 among all adult hypertensives were 54% and 69%, respectively  [  13  ] . 
These data are consistent with evidence linking diabetes mellitus to treatment- 
resistant hypertension  [  21  ] . 

  Hypertension control.  Among all diabetic hypertensives, BP control to <140/<90 
rose from 33.5% in 1988–1994 to 54.6% in 2005–2008. Hypertension control 
among diabetics are somewhat, but probably not signi fi cantly, higher than for all 
hypertensives of 27.3% in 1988–1994 to 50.1% in 2007–2008  [  13  ] . 

 Since different BP control goals have been published, BP control to <140/<80, 
<130/<85 and <130/<80 mmHg are also of interest (Fig.  1.2 )  [  8–  10,   22  ] . BP control 
to all levels improved with time. More improvement was generally observed between 
1988–1994 and 1999–2004 than 1999–2004 and 2005–2008 (Fig.  1.1 ). Given the 
relatively wide pulse pressure and low diastolic BP in diabetic hypertensives, the 
similar control rates to <130/<85 and <130/<80 are not surprising. This observation 
is consistent with the notion that systolic BP control will usually result in diastolic 
BP control in diabetic hypertensives. 
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 NCQA and PQRI(s) indicators for BP control in diabetes are calculated including 
all eligible diabetic patients and not just those with hypertension  [  23,   24  ] . Not 
 surprisingly, the percentages attaining BP below the various thresholds are greater 
for all diabetics than for hypertensive diabetics. While the trends are similar, the 
absolute percentage improvement is somewhat less for all diabetic patients than for 
the hypertensive diabetic subset alone. 

  Changes in BP and stages of BP . Blood pressure among diabetic hypertensives 
declined from 145.2/74.7 mmHg in 1988–1994 to 136.5/69.7 in 2005–2008 
(Table  1.2 ). Comparable data for all hypertensives document that BP fell from 
143.0/80.4 to 135.2/74.1  [  13  ] . Thus, systolic BP values were similar, whereas dia-
stolic BP values were lower in diabetic than all hypertensive patients. In diabetic 
and all hypertensive patients, the decline of BP with time is most likely explained 
by increases in awareness, treatment, and proportion of treated patients controlled 
 [  13  ] . It is unlikely that lifestyle changes played a major role, since diabetic and all 
hypertensive patients became more obese  [  25  ] . Evidence suggests that dietary pat-
terns also deteriorated with time and became less “DASH-like”  [  26  ] . 

 The decline of BP among all diabetic hypertensives, especially systolic BP, was 
not re fl ected in comparable changes of BP with time in controlled and uncontrolled 
diabetic hypertensives separately. Thus, the principal contributor to the decline of 
systolic BP was the improvement in hypertension control with time. Even in 1988–
1994, BP in controlled diabetic hypertensives was ~123/71 and improved modestly 
to 121/66 in 2005–2008. Among uncontrolled diabetic hypertensives, BP declined 
modestly from 157/77 to 155/74. 

 The decline of BP among all diabetic hypertensives was paralleled by an improve-
ment in BP stage, i.e., the percentage with normal BP and “Stage 1” pre-hypertension 
rose, whereas the percentage with Stage 1 and Stage 2 hypertension declined 
(Table  1.1 ). While the BP stage showed some numerical improvement in controlled 
and uncontrolled diabetic hypertensives separately, the changes were not signi fi cant 
at  p  < 0.01. 

  Changes in pharmacotherapy and apparent treatment resistant hypertension  
(Fig.  1.4 ). Among all diabetic hypertensives, the proportion who were untreated fell 
from 22% to 12%, while those reportedly taking  ³ 3 BP medications rose from 16% 
to 32% (panel a). The term apparent treatment resistant was used to describe this 
group, since data on medication adherence and BP measurement artifacts are not 
available in NHANES data  [  13  ] . By absolute percentages, more diabetic hyperten-
sives reported taking  ³ 3 than either one or two BP medications, although differ-
ences were not signi fi cant. 

 Among all uncontrolled patients, untreated hypertension declined from 35% to 
21%, while the percentage on  ³ 3 BP medications rose from 13% to 33% (panel b). 
In treated, uncontrolled diabetic hypertensives, the percentage on one medication 
fell from 38% to 23%, and the percentage on  ³ 3 BP medications rose from 21% 
to 41%, i.e., apparent treatment-resistant hypertension. The number of BP medica-
tions reported by treated, controlled diabetic hypertensives did not change 
signi fi cantly with time. Overall, controlled and uncontrolled hypertensive patients 
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are not distinguished by the number of BP medications reported. Of note, 4–6% of 
treated uncontrolled and controlled patients who reported taking BP medications 
did not bring any or report any including unde fi ned antihypertensive during exami-
nation, which parallels all hypertensives  [  15  ] . Limitations of reports on the clinical 
epidemiology of hypertension from NHANES were noted  [  13,   15  ] . 

  Summary . This update on the clinical epidemiology of    hypertension in diabetes 
shows that hypertension awareness, treatment, proportion of treated patients con-
trolled, and controlled have all improved with time. Unfortunately, prevalent hyper-
tension also increased. Our  fi ndings have important implications for healthcare 
policy and practice to further improve the clinical epidemiology of hypertension in 
diabetics. First, by de fi nition all unaware hypertensives are uncontrolled; 21% of all 
uncontrolled diabetic hypertensives were untreated and roughly 18% of all uncon-
trolled hypertensives were unaware in 2005–2008 (0.08 unaware/0.454 uncon-
trolled=0.18). Thus, ~90% of untreated diabetic hypertensives are unaware. While 
hypertension awareness is high among diabetics at 92%, further efforts to increase 
awareness are important in reducing untreated, uncontrolled hypertension in diabet-
ics. Second, 46% of uncontrolled diabetic hypertensives in 2005–2008 reported tak-
ing one or two BP medications. Programs to successfully reduce therapeutic inertia 
should improve BP control in this group  [  15,   27,   28  ] . Third, a growing proportion 
of all treated uncontrolled diabetic hypertensives reports taking  ³ 3 BP medications 
and is apparent treatment resistant. Evidence suggests that out-of-of fi ce BP moni-
toring could identify ~35–40% with “of fi ce”-resistant hypertension  [  29  ] . After 
identifying “of fi ce” resistance and nonadherence, roughly 20–25% of all treated, 
uncontrolled diabetic hypertensive patients probably are treatment resistant  [  21, 
  29  ] . For this group, comparative effectiveness research is needed to identify the 
most promising evidence-based interventions for improving BP control  [  30–  33  ] . 
The role of catheter-based interventions deserves further study in diabetic hyperten-
sives that remain uncontrolled after exhausting known evidence-based interventions 
 [  34,   35  ] . Last, but certainly not least, public health initiatives to encourage healthy 
nutrition, physical activity, and adherence with evidence-based treatments could 
also lower BP and improve control for all hypertensive patients including diabetics 
 [  13,   15,   28  ] .      
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         Introduction 

 Most patients who present with elevated blood pressure (BP) will have essential 
(idiopathic) hypertension; extensive laboratory evaluation for secondary causes in 
these patients is low-yield and cost-prohibitive. However, identi fi cation of a sec-
ondary cause may often lead to a cure of the elevated BP or to a decrease in the 
number and/or doses of antihypertensive agents and a reduction in the long-term 
cardiovascular risks of hypertension. This chapter will focus on two important 
causes of secondary hypertension: renovascular stenosis and primary aldosteronism. 
Other causes of secondary hypertension include primary renal disease, oral contra-
ceptive use, pheochromocytoma, Cushing’s syndrome, sleep apnea syndrome, and 
coarctation of the aorta. Clinical features which are suggestive of these disorders are 
given in Table  2.1 .  

 Secondary hypertension should be suspected in the following conditions: severe 
or resistant hypertension; acute BP elevation in a medication-adherent patient 
with preceding stable hypertension; a history of prepubertal onset hypertension; 
young nonobese, white patients without risk factors, such as diabetes, chronic kid-
ney disease, or a family history of hypertension; and malignant hypertension (severe 
hypertension associated with acute renal failure, retinal hemorrhages, papilledema, 
and neurologic  fi ndings).  
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   Causes of Secondary Hypertension 

   Renovascular Hypertension 

   Prevalence 

 Although renovascular stenosis is a common and progressive disease in patients 
with atherosclerosis, it is a relatively uncommon cause of hypertension in patients 
with mild hypertension. Of 834 individuals  ³ 65 years old who underwent renal 
artery duplex ultrasound as part of their cardiovascular health study, the overall 
prevalence rate of signi fi cant renovascular disease was 6.8%  [  1  ] . In contrast, renal 
artery stenosis is more frequent in certain high-risk populations. For example, reno-
vascular stenosis was seen in 30% of patients undergoing screening renal artery 
angiography at the time of cardiac catheterization  [  2  ] , in 22–59% of patients with 
carotid artery and peripheral vascular disease  [  3  ] , and in 10–45% of white patients 
with severe or malignant hypertension  [  4  ] . Nonwhite patients with severe or malig-
nant hypertension are more likely to have essential hypertension.  

   Pathophysiology 

 About 90% of all renal stenotic lesions are due to atherosclerosis, which often 
accompanies systemic atherosclerosis that involves the aortic, coronary, cerebral, or 
peripheral arteries. Fibromuscular dysplasia (FMD) is the second most common 
cause of renal artery stenosis and most frequently affects young women, although 
FMD can occur in either gender at any age.  

   Clinical Cues 

 Findings that suggest renovascular stenosis are onset of BP <160/100 mmHg after 
55 years of age; a 25% or greater rise in serum creatinine after institution of an ACE 

   Table 2.1    Other causes of secondary hypertension   
 Disorder  Suggestive clinical features 

 Primary renal disease  ↑ Serum creatinine, abnormal urinalysis 
 Oral contraceptives  New-onset hypertension related to BCP use 
 Pheochromocytoma  Paroxysmal BP spikes, headaches, sweats, tachycardia 
 Cushing’s syndrome  Moon facies, central obesity, striae, hirsutism, ↑ BP, ↑ glucose 
 Sleep apnea syndrome  Male obesity, loud snoring, daytime somnolence 
 Coarctation of aorta  ↑ BP in arms, ↓ femoral pulses, ↓ BP in legs 
 Hypothyroidism  Symptoms of hypothyroidism, ↑ TSH, ↓ Free T4 
 1° hyperparathyroidism  Hypercalcemia, ↑ PTH 
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inhibitor or angiotensin II receptor blocker; moderate or severe hypertension in a 
patient with a kidney <9 cm in length or a >1.5 cm difference in renal size; recurrent 
episodes of  fl ash pulmonary edema, resolved by angioplasty or surgical treatment 
 [  5  ] ; and an abdominal systolic–diastolic bruit (found in 40% of patients) (Table  2.2 ). 
Radiographic studies should be undertaken if clinical history and physical  fi ndings 
are suggestive of renal artery stenosis, BP uncontrolled despite optimal doses of anti-
hypertensive medications, and the patient agrees to undergo remedial procedures.   

   Primary Diagnostic Tests 

 Although renal angiography remains the gold standard for diagnosing renal artery 
stenosis, less invasive alternative screening procedures such as magnetic resonance 
angiography (MRA), computed tomographic angiography (CTA), and Duplex 
Doppler ultrasonography may be appropriate initial steps. However, if  fi ndings are 
inconclusive with these methods, and clinical suspicion is high, renal angiography 
may be required. MRA is highly sensitive in patients who have clinical characteris-
tics of renal artery stenosis except in those who are likely to have  fi bromuscular 
disease, which typically affects the distal two-thirds of the renal artery and its 
branches, in contrast to atherosclerotic disease which usually involves the ostium 
and proximal one-third of the main renal artery and the perirenal aorta  [  7  ] . The 
sensitivity and speci fi city of CTA for detecting stenoses >50% and lesions in the 
main renal artery is over 90%. Duplex Doppler ultrasonography, which directly 
visualizes the renal arteries via B-mode imaging and compares the systolic  fl ow 
velocity in the aorta with that in the renal artery via Doppler, can identify a nar-
rowed artery segment by an increase in  fl ow velocity. In a meta-analysis of 88 stud-
ies of 9,974 arteries in 8,147 patients, peak systolic velocity was more accurate than 
renal-aortic ratio peak systolic velocity, showing a sensitivity of 85% and speci fi city 
of 92%  [  8  ] . The method has the advantage of being able to detect both unilateral and 
bilateral renal artery disease, but is time consuming to perform, has a steep learning 
curve, and is highly operator dependant.  

   Table 2.2    Clinical clues to diagnosis of renovascular hypertension a    

 Onset of hypertension before 30 years or severe hypertension after 55 year 
 Accelerated, malignant, or resistant hypertension 
 New-onset azotemia or worsening renal function after ACE/ARB Rx 
 Unexplained atrophic kidney or difference in kidney size >1.5 cm 
 Sudden, unexplained pulmonary edema 
 Abdominal systolic diastolic bruit 
 Multivessel coronary artery disease 
 Unexplained congestive heart failure 
 Refractory angina 

   a Adapted from  [  6  ]   
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   Ancillary Diagnostic Tests 

 Selective renal vein renin measurements, plasma renin activity, and renal scintigraphy 
are not helpful screening tests because of poor sensitivity and speci fi city, and the 
need to discontinue antihypertensive agents, including ACE inhibitors, angiotensin 
II receptor blockers,  b -blockers, and diuretics, which may affect plasma renin activity. 
However, if captopril, 25–50 mg, is administered 1 h prior to the renal scan, block-
ade of the angiotensin II-mediated decline in GFR in the affected kidney, and an 
accompanying increase in GFR in the contralateral kidney, may decrease or delay 
the uptake, or slow the washout of radiolabeled DPTA, hippurate, or MAG3 in the 
stenotic kidney. Thus, captopril renal scintigraphy may be useful in screening for 
renovascular stenosis in patients at high risk for renovascular stenosis and in evalu-
ating the hemodynamic signi fi cance of a stenotic lesion  [  6  ] . 

   Treatment 

 Medical therapy with agents that block the renin-angiotensin system (ACE inhibi-
tors and angiotensin II blockers) has been effective in BP control  [  9  ] ; thiazide 
diuretics (especially chlorthalidone), calcium channel blockers, and  b -blockers may 
be added, if needed. With medical therapy there is a risk that progression of the 
stenosis may occur  [  10  ] ; however, concomitant treatment of dyslipidemia and effec-
tive glycemic control in patients with diabetes may mitigate progression of athero-
sclerosis. Worsening kidney failure during medical therapy appears to be unlikely in 
unilateral renal artery stenosis  [  11  ] , but in patients with bilateral renal artery steno-
sis or stenosis in a solitary functioning kidney deterioration of renal function and 
mortality risk are greater  [  12  ] . 

 Revascularization may be indicated in patients with hemodynamically signi fi cant 
lesions who meet the criteria listed in Table  2.2 . The procedure of choice in most 
centers is percutaneous transluminal angioplasty with stent implantation, particularly 
with proximal artery or ostial disease  [  6,   13  ] . Surgical revascularization would be 
indicated if angioplasty fails or with multiple small arteries, early branching of the 
main renal artery, or with coexisting aortic aneurysm or severe aortoiliac disease  [  6  ] .     

   Primary Aldosteronism 

   Pathophysiology 

 The two major secretogogues    for aldosterone are angiotensin II (AII) and serum K+ 
levels. AII signals adrenal glomerulosa cells via G-protein-coupled receptors, which 
activate K+ channels to set glomerulosa cell resting membrane potential. Both AII 
signaling and increased extracellular K+ cause cell membrane depolarization lead-
ing to activation of voltage-gated Ca++ channels. Increased intracellular Ca++, in 
turn, stimulates expression of enzymes, such as aldosterone synthase, which are 
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required for aldosterone production and also produces glomerulosa cell prolifera-
tion. Recently, two loss of function mutations in the gene, KCNJ5, which encodes 
the glomerulosa cell K+ channel, have been identi fi ed in aldosterone-producing 
adrenal tumors in 8 of 22 patients with primary aldosteronism and a third mutation 
was found in a father and two daughters with massive adrenal hyperplasia  [  14  ] . 
Excessive aldosterone secretion promotes renal tubular sodium reabsorption, renal 
K+ loss, extracellular volume expansion, and hypertension,  fi ndings which charac-
terize classical primary aldosteronism (Conn’s syndrome).  

   Subtypes of PA 

 The most common subtypes of PA are bilateral adrenal hyperplasia (idiopathic 
hyperaldosteronism or IHA) and unilateral aldosterone-producing adenoma (APA). 
Less common varieties are given in Table  2.3 . Primary adrenal hyperplasia (PAH), 
characterized by predominantly unilateral micro- or macro-nodular hyperplasia of 
the adrenal glomerulosa, and adrenal cortical carcinoma are relatively rare causes of 
PA. Glucocorticoid remediable aldosteronism (GRA, dexamethasone-suppressible 
hyperaldosteronism, or familial hyperaldosteronism, type I) is a rare, dominantly 
inherited form of PA, often found in early childhood or adolescence, and associated 
with an increased incidence of cerebral aneurysms. The disorder results from a “chi-
meric” gene whose product (located ectopically in the adrenal fasciculata) has 
actions of both aldosterone synthase and 11 b -hydroxylase. In GRA aldosterone 
secretion is regulated by ACTH, rather than by angiotensin II. Consequently, aldos-
terone secretion parallels the diurnal variation of ACTH rather than changes in 
sodium balance, resulting in chronic mineralocorticoid excess and hypertension. 
Genetic testing of peripheral blood leucocyte DNA is a highly sensitive and speci fi c 
method for diagnosing GRA  [  15  ] . Familial hyperaldosteronism (FH II) due to either 
IHA or APA is reported to be more common than GRA, but its genetic basis remains 
to be determined.  

 The prevalence of PA increases with the degree of hypertension and with resis-
tant hypertension  [  16  ] . Patients with PA are at greater risk for cardiovascular events 
compared to those with comparable blood pressure levels. PA is also associated with 
increased arterial wall thickness, central artery stiffness, and albumin excretion 
compared to age-matched controls. Blocking the actions of aldosterone with 
spironolactone improves survival in older persons with congestive heart failure.   

   Table 2.3    Subtypes 
of PA (% of cases)   

 • Bilateral adrenal hyperplasia (IHA)  (60%) 
 • Aldosterone-producing adenoma (APA)  (35%) 
 • Unilateral adrenal hyperplasia  (2%) 
 • Aldosterone-producing adrenocortical carcinoma  (<1%) 
 • Glucocorticoid-remediable aldosteronism (GRA)  (<1%) 
 • Ectopic aldosterone-producing adenoma/carcinoma  (<1%) 
 • Familial hyperaldosteronism (FH type II)  ? 
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   Diagnosis of PA 

   Screening for PA 

 Since the introduction of plasma aldosterone:plasma renin activity (PAC:PRA) ratio 
in 1981 the prevalence rate of PA has increased from <0.5% to the current 4.6–13% 
 [  17  ] . Newly diagnosed cases have increased more than tenfold; the proportion of 
IHA cases has risen from 40% to 60%, while APA cases have declined from >70% 
to 35%; concurrently, the incidence of hypokalemia has decreased from  ³ 80% to 
 £ 20%. 

 The morning PAC:PRA ratio has >90% sensitivity and speci fi city. PAC:PRA is 
unaffected by posture and antihypertensive drugs, except for amiloride (Midamor) 
and the mineralocorticoid receptor antagonists, spironolactone (Aldactone) and 
eplerenone (Inspra), which must be discontinued for at least 6 weeks prior to test-
ing. Angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and 
diuretics can be continued; because these agents stimulate renin secretion, sup-
pressed PRA makes underlying PA more likely. Inappropriate elevation of PAC in 
the face of suppression of renin secretion by adrenergic blockade with  b -blockers or 
central  a  

2
 -agonists is consistent with PA. In hypokalemic subjects raising serum 

potassium levels into the mid-normal range with potassium supplementation will 
increase PAC and optimize the PAC:PRA ratio. Table  2.4  lists clinical settings in 
which screening should be performed in patients with hypertension.   

   Con fi rming PA 

 Techniques to con fi rm the diagnosis of PA rely on evaluating the effect of volume 
expansion on the suppressibility of PAC or urinary aldosterone. These consist of:

    1.     Oral Salt-loading . Patients whose hypertension and hypokalemia have been con-
trolled are placed on a high sodium diet for 3 days and given supplementary 
sodium chloride tablets to achieve a sodium excretion >200 mmol per day. Since 
high dietary sodium intake may increase potassium excretion, serum potassium 
must be monitored and replaced as needed. On day 3 aldosterone  ³ 12  m g and 
sodium  ³ 200 mmol in a 24-h urine collection indicate autonomous adrenal 
function.   

    2.     Intravenous saline infusion . Unlike normal subjects patients with PA fail to show 
suppression of PAC with saline infusion. After overnight fasting 2 L of normal 
saline are infused over a 4-h period. Preexisting left ventricular dysfunction or 
renal dysfunction may increase the risk for acute volume overload. Postinfusion 
PAC in normal subjects is <5  m g/dL, whereas patients with PA do not suppress 
below 10 ng/dL. Patients with IHA may have PAC between 5 and 10 ng/dL.  

    3.     Fludrocortisone suppression . Fludrocortisone acetate (Florinef), 0.1 mg every 
6 h for 4 days, is given with sodium chloride, 2 g three times daily with meals, 
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while monitoring BP and serum K+ daily. Con fi rmation of PA requires morning 
upright PAC to be  ³ 6 ng/dL on day 4. The association of QT dispersion and left 
ventricular dysfunction with  fl udrocortisone testing has discouraged its use.       

   Determining Subtype 

 Subtype diagnosis is critical because unilateral adrenalectomy will correct 
hypokalemia and improve or normalize blood pressure in up to 60% of patients with 
APA or PAH, whereas surgery in IHA or GRA is usually ineffective and necessitates 
lifetime adrenal corticoid replacement therapy. 

  Adrenal CT scan . In a patient <40 years old with PA and a 1–2 cm, unilateral, 
hypodense, single adenoma, unilateral adrenalectomy should be considered, since 
nonfunctioning “incidental” adrenal masses are less common in younger patients. 
However, because adrenal CT often fails to reveal adenomas <1 cm, or may show 
small bilateral macro- or micro-adenomas, minimal thickening of adrenal limbs, or 
nonfunctioning adrenal masses in older persons, further testing may be indicated. 
Patients with “high probability APA” are likely to be younger, more hypertensive, 
more often hypokalemic, and have higher aldosterone levels than those with IHA. 

  Adrenal vein sampling . Because adrenal CT lacks reliability in differentiating 
APA from IHA, adrenal vein sampling is necessary in patients who have high prob-
ability APA and seek potential surgical cure of hypertension. Aldosterone and cor-
tisol are measured in blood samples obtained from the adrenal veins and inferior 
vena cava (IVC). Cosyntropin (Cortrosyn) infusion stabilizes cortisol secretion, 
maximizes the adrenal vein/IVC cortisol gradient, and stimulates aldosterone secre-
tion from an adenoma. A post-cosyntropin adrenal vein/IVC cortisol ratio  ³ 10:1 
con fi rms appropriate catheter positioning. Since cortisol secretion is similar from 
each adrenal the aldosterone/cortisol (A/C ratio) serves as a marker of the dilution 
of the aldosterone concentration by venous blood. Adrenal vein A/C: ratios  ³ 4:1 
(affected vs. contralateral adrenal) are consistent with unilateral aldosterone excess 
(APA or PAH), whereas ratios  £ 3:1 indicate bilateral aldosterone hypersecretion. 
Because the right adrenal vein is short and angles superiorly, angiographers inexpe-
rienced in adrenal vein catheterization may be unsuccessful in cannulating the right 
adrenal vein. However, in the absence of a right adrenal vein sample, if the left 
adrenal vein A/C ratio is signi fi cantly lower than that of the IVC, a right adrenal 
source of the aldosterone excess is likely  [  19  ] . Pharmacologic treatment should be 

   Table 2.4    Indications to screen for PA   

 • Hypertension and hypokalemia, spontaneous or diuretic induced 
 • Resistant hypertension 
 • Blood pressure: systolic  ³ 160 or diastolic  ³ 100 mmHg 
 • Juvenile hypertension 
 • Family history of early onset hypertension/hemorrhagic strokes 
 • Adrenal incidentaloma 
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considered in clinical settings in which adrenal vein sampling is not available or 
experience in performing the procedure is lacking. An algorithm showing the diag-
nostic steps in the differential diagnosis of primary aldosteronism is shown in 
Fig.  2.1 .  

  131 I-19-Iodocholesterol adrenal scintigraphy, posture stimulation testing, and 
measurement of plasma 18-hydroxycorticosterone levels have largely been aban-
doned because of lack of sensitivity and/or availability.  

   Treatment 

 The goal of treatment is not only to normalize elevated blood pressure and 
hypokalemia, but also to protect against the adverse cardiovascular effects of aldos-
terone excess. 

PAC:PRA ratio ≥20 and Aldo ≥15 ng/mL  

Lateralization No lateralization

Consider surgery

Single nodule  
age >40 years

CT scan

Consider surgery

Consider surgery

Confirmatory testing positive

Adrenal vein sampling

Medical Rx

Suspect PA

Genetic test for GRA Positive Medical Rx

Single hypodense 
Age<40 years

nodule >1cm
APA probable

Right adrenal vein sampling error
Left adrenal vein A/C ratio <<IVC 
ratio

Normal or 
Bilateral nodules

  Fig. 2.1    Algorithm for adrenal vein sampling. Young patients (age <20 years) with positive 
screening and con fi rmatory tests for hyperaldosteronism should have a genetic test for glucocorti-
coid-remediable aldosteronism (GRA) if there is a family of hypertension and hemorrhagic strokes. 
Laparoscopic excision of the adrenal should be considered if CT scan shows a single hypodense 
nodule >1 cm in persons <40 years of age. Older patients with a unilateral nodule, bilateral nod-
ules, or a normal CT scan require adrenal vein sampling for aldosterone and cortisol. Findings can 
still be interpreted in the event of failure to obtain a right adrenal vein sample if the inferior vena 
cava A/C ratio is markedly greater than the left adrenal A/C ratio       

 



232 Evaluation and Management of Secondary Hypertension

  Surgical treatment of APA or PAH . Unilateral laparoscopic adrenalectomy is 
 preferred over laparotomy because of lower morbidity and shorter hospitalization 
stays. Preoperative correction of hypokalemia with potassium supplements and/or 
mineralocorticoid receptor antagonists decreases surgical risk; however, these 
agents should be withdrawn postoperatively to prevent hyperkalemia. PAC should 
be determined 1–2 days after surgery to con fi rm biochemical cure. Short-term 
 fl udrocortisone and a liberal sodium intake may be required in the 5% of patients 
who develop hyperkalemia after surgery. 

  Pharmacologic treatment . Patients with IHA and GRA and those with APA who are 
not treated surgically should receive mineralocorticoid receptor antagonists. 
Traditionally, spironolactone is started at 12.5–25 mg per day and titrated to 400 mg 
per day, if necessary, to raise serum potassium into the high-normal range without 
oral potassium supplementation. Normalization of elevated blood pressure may 
take 1–2 months after which spironolactone can be tapered. Spironolactone, by 
blocking testosterone receptors and stimulating progesterone receptors, may cause 
gynecomastia, erectile dysfunction, and decreased libido in men and menstrual 
abnormalities in women. Eplerenone is a selective mineralocorticoid receptor 
antagonist which has relatively weak binding af fi nity for testosterone and progester-
one receptors. Because eplerenone has a shorter half-life than spironolactone and 
may be 25–50% less potent on a weight basis, its starting dose is 25 mg twice daily. 
Patients with IHA frequently require addition of a thiazide diuretic, since hyperv-
olemia may cause resistance to antihypertensive drug therapy. 

 Treatment of patients with GRA requires treatment with physiologic doses of a 
shorter acting glucocorticoid, such as prednisone or hydrocortisone. A mineralocor-
ticoid receptor antagonist may be equally effective and may avoid the potential 
adverse effects of steroid therapy, especially in children.      
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         Introduction 

 Hypertension is a common clinical problem in African Americans and is associated 
with signi fi cant morbidity and mortality. Though there is a perception that hyperten-
sion can be dif fi cult to control in this population, good understanding of the multi-
tude of factors that can in fl uence blood pressure can facilitate better management 
practices. In this chapter, we summarize the epidemiology and pathophysiology, 
and outline some strategies for systematic evaluation and management of hyperten-
sion in African Americans.  

   Epidemiology 

 Hypertension is more common in African-American men (42 %) and women (44%) 
compared to white men (31%) and women (28%)  [  1  ] . African Americans between 
the ages of 45 and 84 are more than twice as likely as whites to develop incident 
hypertension  [  2  ] . Mortality is higher in black compared to white hypertensive 
patients, though mortality rates in hypertensive blacks have improved recent years  [  3  ] . 

    M.   Rahman ,  M.D., M.S.   (*)
     Division of Nephrology and Hypertension ,  Case Western Reserve University , 
  11100 Euclid Ave ,  Cleveland ,  OH ,  USA    
e-mail:  Mahboob.Rahman@uhhospitals.org   

    Chapter 3   
 Hypertension in African Americans       

      Mahboob   Rahman            



26 M. Rahman

This may relate to inadequate control of blood pressure; non-Hispanic blacks have 
90% higher odds of poorly controlled blood pressure compared with non-Hispanic 
whites after adjustment for sociodemographic and clinical characteristics  [  4  ] . 
According to the recent NHANES data, 71% of African-American hypertensives 
were being treated, and 42% were being controlled to target blood pressure  [  1  ] . 
This indicates that are opportunities for improvement in initiating treatment, and 
achieving blood pressure control in African Americans with hypertension   . Given the 
burden of hypertension in this population, this is a task of considerable public health 
signi fi cance.  

   Pathophysiology 

 The higher prevalence of hypertension in African Americans is likely related to 
many different factors. Obesity is more common in African Americans and along 
with other lifestyle habits such as increased dietary sodium intake (particularly with 
the higher proclivity to salt sensitivity of blood pressure) and lower dietary potas-
sium intake may contribute to the higher prevalence of hypertension  [  5–  7  ] . In addi-
tion, there are racial differences in sympathetic nervous system activity  [  8  ] , vascular 
structure, and function in response to various stimuli that may predispose to devel-
opment of higher blood pressure and related target organ damage  [  9  ] .  

   Hypertensive Target Organ Damage 

 African Americans with hypertension often develop sequelae of long-standing 
hypertension. Left ventricular hypertrophy is more common in African Americans 
than whites. This difference starts at an early age; in young black males, there is a 
signi fi cantly stronger association of LV concentric hypertrophy with BP (systolic 
BP, odds ratio [OR] 3.74,  p  < 0.001) than whites (systolic BP, OR 1.50,  p  = 0.037). 
This suggests that elevated BP levels have a greater detrimental effect on LV hyper-
trophy patterns in the black versus white young adults  [  10  ] . Therefore, not surpris-
ingly, incident heart failure is substantially more common among black than 
nonblack hypertensive patients (5 year incidence rates 7.0% vs. 3.1%,  P  < 0.001). 
The increased risk of developing new heart failure in blacks persists after adjusting 
for the higher prevalence of heart failure risk factors in blacks  [  11  ] . 

 Chronic kidney disease is an important manifestation of hypertensive target 
organ damage in African Americans. End-stage renal disease is more common in 
African Americans than other racial ethnic groups; approximately 30% of patients 
with end-stage renal disease are African Americans  [  12  ] . Hypertensive nephroscle-
rosis can be the primary cause of renal disease, or hypertension can worsen progres-
sion of kidney disease regardless of the etiology of the underlying disease. Interesting 
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new evidence suggests that genetic associations with the MYH9 and apolipoprotein 
L1 genes may contribute to the higher risk of ESRD in hypertensive African 
Americans  [  13  ] . The prevalence of stroke is higher in African Americans than other 
racial ethnic groups; this is particularly true in the young African Americans living 
in the southeastern United States  [  14  ] . While many factors contribute to this higher 
risk, uncontrolled blood pressure represents an important modi fi able factor.  

   Clinical Evaluation 

 A comprehensive history, physical exam, and basic lab evaluation are recommended 
for the initial evaluation of all hypertensive patients. The goal of the evaluation is to 
identify clues suggestive of    secondary hypertension, estimate risk of future cardio-
vascular events, and identify coexistent clinical conditions that affect prognosis and 
choice of antihypertensive drug therapy and lifestyle factors that in fl uence control 
of blood pressure. 

 Accurate measurement of blood pressure is essential for management of hyper-
tension. Standard guidelines for the process of measurement of blood pressure 
should be followed as carefully as possible  [  15  ] . Home and ambulatory blood pres-
sure monitoring are useful adjuncts in the management of hypertension by allowing 
the identi fi cation of white coat (high of fi ce and normal out-of-of fi ce blood pressure) 
and masked hypertension (normal of fi ce and high out-of-of fi ce blood pressure) 
 [  16  ] . This is particularly helpful in African-American patients with hypertensive 
chronic kidney disease in whom masked hypertension is more common with eleva-
tion in nocturnal blood pressure  [  17  ] . 

 A thorough medical history should include duration of hypertension, previous 
experience with antihypertensive drug therapy, symptoms of target organ damage 
(such as headache, chest pain, shortness of breath), symptoms suggestive of second-
ary hypertension (paroxysmal headache,  fl ushing labile blood pressure), and intake 
of over-the-counter medications/herbal products that may in fl uence blood pressure. 
Careful ascertainment of history of coexistent medical conditions such as diabetes, 
heart failure, and coronary heart disease is important. Family history of hyperten-
sion, particularly at an early age, and presence of kidney failure in other family 
members provide important prognostic information. Thorough assessment of life-
style habits as they relate to hypertension such as diet (intake of sodium, potassium 
saturated fat), exercise habits, weight loss efforts, smoking, alcohol, and illegal drug 
use can help the clinical guide the patient    in developing appropriate interventions. 

 Physical exam should include fundoscopic evaluation for hypertensive retinopa-
thy and the presence of bruits in the carotid and epigastric areas in addition to a 
standard thorough cardiovascular examination. Lab evaluation can be limited to a 
comprehensive metabolic panel, measurement of proteinuria (by albumin/creatinine 
ratio), and an EKG in most patients. Other tests such as thyroid function, echocar-
diography, or renal ultrasound may be considered depending on the clinical 
circumstances.  
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   Treatment Goals in African Americans 

 The blood pressure treatment target for most hypertensive patients, as recommended 
by current national guidelines, is <140/90 mmHg  [  18  ] . In patients with diabetes and 
chronic kidney disease, the blood pressure goal is <130/80 mmHg  [  18  ] . 

 Recent guidelines from the International Society for Hypertension in Blacks 
(ISHIB) call for a lower goal; in patients with hypertension and no target organ 
damage, the recommended goal blood pressure is <135/85 mmHg  [  6  ] . In patients 
with hypertension and target organ damage, preclinical cardiovascular disease, and/
or a history of cardiovascular disease, a goal blood pressure <130/80 mmHg is rec-
ommended. These guidelines are based on observational studies and subgroups 
analyses of clinical trials that support a bene fi cial effect of lower blood pressure. 
However, large randomized clinical trials in diabetic patients  [  19  ]  and patients with 
chronic kidney disease (with the important exception of patients with proteinuria) 
 [  20  ]  have not convincingly demonstrated the bene fi t of lower than usual reduction 
of blood pressure. Therefore, other experts have questioned the evidence supporting 
lower blood pressure goals in African-American patients  [  21  ] . The overall approach 
to blood pressure goals and choices of drug therapy in the ISHIB guidelines is sum-
marized in Fig.  3.1 .   

   Achieving Goals of Therapy 

 Though it is commonly perceived that blood pressure is dif fi cult to control, several 
clinical trials have shown that it is feasible to achieve and maintain good blood pres-
sure control in African-American patients with hypertension  [  22,   23  ] . In addition to 
traditional of fi ce-based blood pressure management, several novel approaches to 
improving blood pressure control should be considered. For example, combined 
home blood pressure monitoring and a tailored behavioral phone intervention 
reduced systolic blood pressure by 7.5 mmHg compared to usual care in African-
American hypertensive patients  [  24  ] . Disease management administered by nurses 
 [  25  ] , involvement of the patient and the community by culturally appropriate story 
telling  [  26  ] , and use of barbers to become health educators, monitor BP, and pro-
mote physician follow-up  [  27  ]  are some innovative ways that have been shown in 
carefully conducted clinical trials to result in improved blood pressure control. 
Several community-based programs are currently being evaluated  [  28  ] . 

 Physician inertia remains an important barrier; blacks were less likely to have 
treatment intensi fi ed after presenting with uncontrolled blood pressure  [  29  ] . Blacks 
indicated worse medication adherence, more discrimination, and more concerns 
about high BP and BP medications, compared with whites. These data suggest that 
it is important that management of hypertension should not simply focus on antihy-
pertensive drug therapy as is often the case in clinical practice, but take into account 
heath beliefs, experiences with care, and social support  [  30,   31  ] .  
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   Nondrug Therapy 

 Lifestyle modi fi cation is an important component of treatment of hypertension. 
These measures should be initiated in patients with prehypertension (BP 120–140 
systolic mm Hg), and continued even after starting antihypertensive drug therapy. 

Risk Stratification of Hypertension and
Treatment Algorithm
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  Fig. 3.1    Risk strati fi cation and treatment algorithm for blacks with hypertension. Aldo Antag 
indicates aldosterone antagonist; Tx, treatment. aTreatment organ damage as albumin:creatinine 
ratio >200 mg/g, eGFR < 60 mL/min/1.73 m2, or electrocardiographic or electrocardiographic 
evidence of LVH. bindicators of preclinical include metabolic syndrome, Framingham risk score 
>20%, prediabetes (impaired fasting glucose [100–125 mg/dL] and/or impaired glucose tolerance 
[2-hpostload glucose >140 mg/dL]), or diabetes mellitus. cCVD includes HF (systolic or 
diastolic),CHD/postmyocardial infarction, peripheral arterial disease, stroke, transient ischemic 
attack, and/ or abdominal aortic aneurysm. Adapted from  [  6  ]        
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While it is commonly perceived that these are dif fi cult to implement, it is important 
that the physician and other health care providers regularly reinforce these habits. 
Interventions should be tailored to an individual’s cultural beliefs and with the sup-
port of their family. Simultaneously targeting multiple factors that impede BP con-
trol will maximize the likelihood of success  [  32  ] . Maintaining a normal BMI by 
reduction in calorie intake and regular physical activity is important not only for 
reduction in blood pressure, but for overall cardiovascular risk reduction. The DASH 
diet which emphasizes fruits and vegetables has been shown to lower blood pressure 
in African-American hypertensives  [  33  ] . Restriction of dietary sodium to 1,500 mg 
per day is particularly important in African Americans  [  34  ] . Alcohol intake should 
be limited (men: no more than 2 beers, 1 glass of wine, or 1 shot of whiskey (or hard 
liquor) per day and women: no more than 1 beer or 1 glass of wine per day  [  6  ] ). 
Smoking cessation is an important adjunct in management of hypertension.  

   Drug Therapy in African Americans with Hypertension 

 As in most patients with hypertension, choice of antihypertensive drug therapy in 
African Americans is guided by the presence of coexistent medical conditions. For 
example, the presence of proteinuria favors initiation of inhibitors of the renin–
angiotensin axis, and beta blockers are a rational choice in patients with hyperten-
sion and coronary artery disease. It is also important to appreciate that many patients 
will require more than one antihypertensive drug to achieve and maintain blood 
pressure control. Therefore, JNC-7 and the ISHIB guidelines recommend that in 
patients whose blood pressure is >15/10 mmHg above target, treatment can be initi-
ated with a combination of two drugs  [  18,   19  ] . 

 In patients with blood pressure  £ 10 mmHg above target levels, and no compel-
ling indications for a particular class, monotherapy with a diuretic or calcium chan-
nel blocker is reasonable. 

  Thiazide diuretics  are effective in lowering blood pressure in African-American 
patients  [  35  ] . In addition, diuretics are unsurpassed by other antihypertensive drug 
classes in preventing long-term cardiovascular complications of hypertension in 
blacks  [  36  ] . While most clinical trials have used chlorthalidone, hydrochlorothiaz-
ide is the most commonly used thiazide diuretic in clinical practice. Chlorthalidone 
is more potent in lowering blood pressure and has a longer duration of action than 
hydrochlorothiazide  [  37  ] . Metabolic complications such hypokalemia are common 
with thiazide diuretics and require periodic lab monitoring. Thiazides are also more 
commonly associated with new onset diabetes than other antihypertensive drug 
therapy, though the clinical signi fi cance of this is uncertain  [  38  ] . 

 Calcium channel blockers, particularly dihydropyridines, are effective in lower-
ing blood pressure in African-American patients  [  39  ] . In the ALLHAT study, amlo-
dipine was as effective as thiazide diuretic in preventing most long-term 
cardiovascular outcomes with the exception of heart failure  [  40  ] . In patients with 
chronic kidney disease and proteinuria, amlodipine was less effective than ramipril 
in preventing kidney disease outcomes; therefore, ACE inhibitor is preferred over 
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calcium channel blockers as initial therapy in this setting  [  41  ] . Finally, the 
non-hydropyridine calcium channel blockers such as diltiazem and verapamil, while 
effective in lowering blood pressure, can lower heart rate, and should be used with 
caution when other negative chronotropic agents   . 

 ACEI inhibitors as  fi rst line therapy are less effective than other classes of agents 
on lowering blood pressure in African-American hypertensives  [  42  ] . However, his 
difference is ameliorated with the addition of diuretic therapy  [  42  ] . In African-
American patients with chronic kidney disease, ACE-based therapy is preferred 
over beta blockers and calcium channel blockers  [  41  ] . Angioedema is a rare, but 
serious side effect of ACE inhibitor therapy; it is more common in African Americans 
than other racial ethnic groups  [  43  ] . 

 The use of nonselective betablockers as  fi rst line therapy in hypertension is gen-
erally no longer encouraged in the absence of a compelling indication; beta blockers 
have been shown to be less effective than other antihypertensive drugs in reducing 
cardiovascular morbidity and mortality  [  44  ] . This may relate to lack of reduction of 
central blood pressure with beta blocker-based treatment  [  45  ] . 

 Other classes of antihypertensive agents such as vasodilators, centrally acting 
agents, and alpha blockers can be used in African-American patients if frontline 
drugs are not tolerated or additional antihypertensive drug therapy is required. 
Hydralazine in combination with nitrates is particularly effective in African-
American patients with congestive heart failure  [  46  ] . Spironolactone is also a useful 
addition in patients with resistant hypertension. 

 In patients whose blood pressure is >15/10 mmHg above target, treatment can be 
initiated with a combination of two drugs. The ISHIB guidelines recommend the 
use of a RAS inhibitor and calcium channel blocker combination; however, use of 
the RAS inhibitor and diuretic combination may also be reasonable, particularly in 
patients with clinical evidence of volume overload. 

 Patients in whom blood pressure remains elevated despite optimal doses of three 
medications are considered to have resistant hypertension  [  47  ] . A systematic evalu-
ation of blood pressure measurement, adherence, and use of medications that may 
be interfering with blood pressure control, optimizing antihypertensive drug therapy 
often results in improved blood pressure control. In these patients additional evalu-
ation for secondary hypertension should also be considered. 

 In conclusion, hypertension is common, often poorly controlled, and contributes 
to premature morbidity and mortality in African-American patients. A careful clini-
cal evaluation, appropriate use of lifestyle modi fi cations, and rational choice of 
antihypertensive drug therapy can result in improved care and outcomes in this 
high-risk population.      
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    Introduction 

 The role of chronic elevations in blood pressure in the development of CKD is well 
recognized but underappreciated among clinicians. Clinically, both hypertension 
and kidney disease per se are relatively asymptomatic and thereby individuals and 
clinicians alike are unaware making this a complex relationship to detect. It has 
been well noted that hypertension is a cardiovascular risk factor that contribute to 
the development of chronic kidney disease (CKD). Hypertension is noted in approx-
imately 61–66% of those with estimated glomerular  fi ltration rate (eGFR) of 
<60 mL/min/1.73 m 2   [  1  ] . As eGFR diminishes over time, the prevalence of hyper-
tension increases with 36% in stage 1 CKD to 84% in stages 4–5 CKD  [  1  ] . Moreover, 
the prevalence of CKD in patients diagnosed with HTN is 27.5% compared to 22% 
among those with undiagnosed HTN  [  2  ] . It is also of worth noting that mortality 
from high blood pressure is more than double in low to middle income countries 
when compared to high income countries. As per 2009 global world health report, 
only 7% of deaths are caused due to high blood pressure in high income countries 
compared to 25% in African countries, for population under age 60 years  [  3  ] .  
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   The Role of Hypertension in Cardiovascular 
Mortality in CKD 

 Approximately 13% of the US population has CKD  [  4  ] . Furthermore, the presence 
of CKD is associated with a high burden of cardiovascular disease (CVD)  [  5–  8  ] . 
Mortality from CVD is approximately 10–30 times higher in CKD patients undergo-
ing dialysis than in the general population  [  9  ] . Moreover, recent studies support that 
even early stages of CKD pose a signi fi cant risk factor of CVD  [  10  ] . The notion then 
that many patients with CKD may not even survive to require dialysis has many 
investigators interested in alternative strategies to detect and intervene in earlier 
stages of CKD  [  11  ] . The reverse relationship between CKD and CVD also holds 
true. Approximately 25% of patients with coronary artery disease, 33% of patients 
with acute myocardial infarction, and 50% of patients with heart failure have an 
eGFR less than 60 mL/min/1.73 m 2   [  10,   12,   13  ] . Findings from the Atherosclerotic 
Risk in Communities (ARIC) suggest that CVD is an independent risk factor for 
development of kidney disease  [  14  ] . The excessive CVD risk burden in kidney dis-
ease has prompted the National Kidney Foundation (NKF) task force to consider 
CKD as a coronary artery disease equivalent for purposes of risk strati fi cation  [  15  ] .  

   Hypertension Goals in CKD Patients 

 There have been several studies reporting the bene fi cial effects of treating hyperten-
sion in patients with CKD by reducing proteinuria and slowing the decline in GFR 
and progression of CKD disease per se  [  16–  18  ] . However, recent epidemiological 
studies have demonstrated the reverse paradigm that a lower blood pressure may be 
associated with a higher mortality in the ESRD patient population  [  19–  23  ] . Several 
randomized controlled studies have tested the use of various antihypertensive groups 
of medications such as beta-blockers  [  24  ] , angiotensin-converting enzyme inhibi-
tors  [  25  ] , and calcium channel blockers  [  26  ] . However, it is generally thought most 
of these trails are of smaller scale and may lack power to truly establish bene fi ts of 
antihypertensive therapy in this unique population. A few meta-analyses studies 
suggest the bene fi cial effect of antihypertensive therapy in reducing CVD events in 
ESRD; however, no  fi rm targets have been proposed to which blood pressure should 
be lowered to in such patients  [  27,   28  ] . Moreover, the presence of masked and white 
coat hypertension has been reported in the ESRD population confounding which 
measure to use in management of hypertension  [  29  ] . Aggressive treatment of hyper-
tension in ESRD based only on blood pressure recordings either in the clinic or 
during dialysis  sessions may lead to organ hypoperfusion. Few recent studies using 
home blood pressure monitoring in ESRD patients achieved better blood pressure 
target ranges  [  30,   31  ] . Unfortunately, there have been no out-of-dialysis unit blood 
pressure  monitoring randomized control trials to better understand the lowering of 
blood pressure in high-risk populations. 
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 Until large-scale randomized control trials both in and out of dialysis units are 
conducted, use of collective existing evidence suggests that high blood pressure 
should be treated among hypertensive individuals in CKD/ESRD population. It is 
still open for debate to the extent of blood pressure control in these high-risk popu-
lations. Due to lack of studies, it is also dif fi cult to ascertain whether normotensive 
CKD patients would bene fi t from antihypertensive therapy.  

   Etiology/Pathophysiology 

  Volume-dependent hypertension . One major factor responsible for elevations in 
blood pressure in more advanced stages of CKD is expansion of extracellular  fl uid 
volume (ECF). Expansion of the ECF compartment is consistent with impaired 
natriuretic response in CKD population, after loading with sodium  [  32  ] . It has fur-
ther been noted that there are greater increases in plasma volume compared to the 
ECF volume in subjects with CKD than without when isotonic saline is adminis-
tered  [  33  ] . 

  Dietary sodium intake . In the context of volume expansion, the signi fi cance of 
dietary sodium in maintenance of ECF volume has been well documented for many 
years  [  34,   35  ] . Dietary ingestion of sodium has shown to have a dose-dependent 
relationship with elevations in blood pressure. Modest reductions of sodium intake 
to 100 mmol per day have been shown to signi fi cantly reduce both systolic and 
diastolic blood pressure in both hypertensive and normotensive subjects in as little 
as 4 weeks  [  36  ] . Epidemiological studies further support a direct correlation between 
blood pressure and sodium intake; a meta-analysis of randomized control studies 
done by Midgley et al. has clearly demonstrated that sodium restriction would lead 
to decrease in blood pressure readings  [  37  ] . Moreover, modest dietary sodium 
restriction has been shown to improve long-term cardiovascular outcomes in gen-
eral population  [  38,   39  ] . 

  Renin–angiotensin system (RAS) . Inappropriate activation of the RAS in the setting 
of adequate salt intake and volume expansion with elevations in angiotensin II (Ang 
II) has been well studied as a pro-in fl ammatory cytokine/pro-oxidant that contributes 
to kidney tissue injury  [  40  ] . This peptide fragment activates circulatory cells, causes 
endothelial damage, and facilitates the adhesion of molecules to the endothelial sur-
face thus promoting in fl ammation via reactive oxygen species (ROS) production and 
nuclear factor kappa-B  [  41  ] , subsequently potentiating hypertension-induced tissue 
damage  [  42,   43  ] . Furthermore, Ang II has also been noted to promote cell growth 
and  fi brosis  [  44  ] . Thus, the pharmacological blockade of RAS is bene fi cial not only 
in reducing blood pressure, but also result in putative renoprotective effects. 

  Sympathetic nervous system (SNS) . Inappropriate activation of sympathetic nervous 
system has been a well-studied concept leading to hypertension in CKD along with 
sodium retention and an altered pressure natriuresis relationship  [  45  ] . A signi fi cant 
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role of neural mechanisms in CKD leading to hypertension was  fi rst suggested by 
McGrath et al., wherein subjects with CKD received autonomic blockade with atro-
pine, prazosine, and propranolol and demonstrated a decrease in blood pressure not 
explained by volume overload and Ang II  [  46  ] . Following this seminal observation, 
many studies reinforced the role of sympathetic activation as a major role player 
contributing to hypertension in CKD  [  47,   48  ] . 

  Secondary hyperparathyroidism . The development of elevations in parathyroid hor-
mone levels is a common complication as a result of decreased renal function, vita-
min D de fi ciency along with impaired mineral metabolism  [  49  ] . Secondary 
hyperparathyroidism in CKD is associated with several complications including 
renal osteodystrophy, extraskeletal calci fi cation, and CVD as evidenced by left ven-
tricular hypertrophy, vascular calci fi cation, and congestive heart failure  [  50  ] . 
Despite the lack of large-scale randomized control study in de fi ning the link between 
secondary hyperparathyroidism and CVD risk, observational data support a strong 
association between CVD mortality, parathyroid hormone, serum phosphate, and 
calcium product levels  [  51  ] . A retrospective study conducted by Goto et al. noted 
that parathyroidectomy in CKD patients with advanced secondary hyperparathy-
roidism led to improvement in left ventricular ejection fraction  [  52  ] . 

  Erythropoietin associated factors . There has been ever expanding clinical use of 
recombinant erythropoietin in the past two decades from initial use in severely ane-
mic hemodialysis patients to predialysis patients and a few subgroups of oncology 
patients. Two randomized controlled studies (CHOIR and CREATE) published in 
2006 in predialysis patients suggest that use of recombinant erythropoietin was 
associated with higher cardiovascular adverse event rates and signi fi cant increases 
in hypertension  [  53,   54  ] . Even though there are no controlled intervention studies to 
elucidate the mechanisms of erythropoietin causing hypertension, the putative 
mechanisms include hypersensitivity to Ang II and norepinephrine  [  55,   56  ]  as well 
as increased endothelin-1  [  57,   58  ]  activity in ESRD patient populations.  

   Management 

 The treatment of hypertension in those with CKD includes both nonpharmacologic 
and pharmacologic approaches. Current guidelines based on JNC-7 advocate for a 
blood pressure goal in those with CKD at <130/80 mmHg  [  59,   60  ] . This goal is sup-
ported by several studies suggesting a lower blood pressure may slow CKD progres-
sion. A meta-analysis in 2003 reported a lowered risk of CKD progression with a 
goal blood pressure of 110–129 mmHg and an increase in the relative risk for CKD 
progression at blood pressures above 130 mmHg. The bene fi cial results were most 
notable in patients with proteinuria exceeding 1 g per day  [  61  ] . 
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   Lifestyle and Dietary Approaches 

 The evidence for nonpharmacologic intervention for hypertension is compelling in 
the general population and has been largely extrapolated to the CKD population in 
clinical practice. Importantly, compliance and patient preferences are the biggest 
challenges for instituting lifestyle changes, and they should be a component of all 
successful pharmacologic regimens. Lifestyle modi fi cations recommended by 
Kidney Disease Outcomes Quality Initiative (KDOQI) and the Canadian Society of 
Nephrology include smoking cessation, weight reduction, exercise, and restricting 
dietary sodium intake  [  60,   62  ] .  

   Low Sodium Diet 

 Dietary sodium restriction is recommended to reduce extracellular  fl uid volume 
expansion and lower blood pressure. Sodium intake has a dose-dependent relation-
ship with blood pressure, and a modest reduction of 55 mmol per day signi fi cantly 
reduced systolic and diastolic blood pressure as well as proteinuria in hypertensive 
subjects in as little as 4 weeks  [  63  ] . Blood pressure reduction with salt restriction 
can be seen across nondiabetic hypertensive ethnic groups, including Blacks, 
Hispanics, and Asians. Reduced sodium intake can lessen the incidence of hyper-
tension by approximately 20%  [  64  ] . Excess sodium intake leads to resistance to 
renin–angiotensin–aldosterone system (RAAS) blockade and sodium restriction 
can be as effective as the addition of a thiazide to a therapeutic regimen containing 
angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor blockers 
(ARB)  [  65,   66  ] .  

   Weight Loss 

 Obesity is an independent risk factor for development and progression of CKD  [  67  ] . 
Reductions in body mass index (BMI) in obese patients with CKD with nonsurgical 
interventions can markedly decrease systolic blood pressure and proteinuria, along 
with cessation of GFR loss. Surgical intervention in morbidly obese individuals 
with a BMI >40 kg/m 2  has the potential for normalization of GFR and reduction of 
systolic blood pressure and micro-albuminuria  [  68  ] . The K/DOQI extends the 
JNC-7 recommendations for weight loss to a level of BMI <25 for those overweight 
and CKD to maintenance of weight of those with a BMI <25  [  59,   60  ] . Avoidance of 
high protein diets is advised in light of the exorbitant amounts of protein in the 
Western diet and potential risk for enhancement of progression of CKD. Conversely, 
very restrictive diets may put the CKD patients at risk for malnutrition as these 
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patients are already prone to protein-energy malnutrition which has been found be 
a predictor for mortality in these patients. Thereby, current thought is to promote a 
healthy lifestyle with modest protein intake. 

 As in general population, physical activity may provide a bene fi t. Although 
physical activity and the relationship have not been well studied in the CKD popula-
tion, there appears to be a survival bene fi t in the CKD/ESRD population that par-
ticipates in regular physical activity  [  69  ] .   

   Pharmacologic Interventions 

   Diuretics 

 Diuretics along with salt restriction have become a cornerstone for the treatment of 
hypertension in association  with CKD. While salt is effective in the early stages of 
CKD, diuretics become essential when sodium restriction alone is unsatisfactory in 
CKD  [  70  ] . Thiazides can cause a 10–15 and 5–10 mmHg reduction in the systolic 
and diastolic blood pressures, respectively  [  71  ] . Besides volume depletion, decreases 
in systemic vascular resistance accounts for the antihypertensive effects of thiazide 
diuretics. However, thiazide diuretics lose much of their antihypertensive effects 
when GFR falls below 45 ml/min/1.73 m2 and are generally effective with an eGFR 
of >30 ml/min/1.73 m2  [  60  ] . Hydrochlorothiazide (HCTZ) is the most widely used 
thiazide used for treating high blood pressure; chlorthalidone maybe more ef fi cacious 
in reducing blood pressure  [  72–  75  ] . In a major clinical trial Chlorthalidone was 
shown to be as effective as CCBs and ACEI in prevention of cardiovascular disease 
as well as less expensive  [  75  ] . Some side effects of thiazide diuretics include hyper-
glycemia, hyperuricemia, hypercalcemia, and hypokalemia and hypomagnesemia, 
which are dose dependent. 

 As the GFR declines, loop diuretics are needed for effective volume manage-
ment. Loop diuretics for volume control and hypertension work in two stages, ini-
tiation and maintenance. Once the patient has achieved a maximum diuresis without 
symptoms of orthostatic hypotension, cramps, fatigue, or decreased renal function, 
then the patient should be titrated down to the lowest dose necessary to maintain 
established dry weight  [  76  ] . As CKD worsens and the dose needs to be monitored 
and adjusted to maintain dry weight, increased doses of loop diuretics are required 
with diminishing kidney function and inadequately dosed furosemide administra-
tion will result in sodium retention. Due to its short acting nature furosemide should 
be dosed at least twice daily. Other loop diuretics such as Bumetanide and Torsemide 
have better bioavailability as compared to Furosemide; however, clinically the 
effects are the same when dosed equivalently. Prolonged use of loop diuretics 
often leads to diuretic resistance due to hypertrophy of distal tubular cells, which 
can be overcome by adding a Thiazide such as Metolazone, which works on the 
distal tubules.  
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   Inhibition of the Renin–Angiotensin–Aldosterone System (RAAS) 

 RAAS inhibition is considered as  fi rst line therapy by both the K/DOQI and the 
JNC  [  7, 59,   60  ]  and most commonly with angiotensin converting enzyme (ACE) 
inhibitors and angiotensin II receptor blockers (ARB). ACE inhibitors competitively 
block the action of ACE, thereby reducing circulating levels of angiotensin II (Ang 
II) whereas ARBs speci fi cally block the binding of Ang II to the angiotensin type I 
receptor (AT1R). Blockage of RAAS system offsets direct vasoconstriction, release 
of noradrenaline from sympathetic nerve terminals, stimulation of proximal tubular 
reabsorption of sodium, stimulation of aldosterone secretion, and vasopressin 
release, which not only reduces blood pressure in the CKD patient but also reduces 
the progression of CKD in nondiabetic kidney disease and proteinuria  [  77–79  ] . Like 
the ACE inhibitors, ARBs also reduce blood pressure, decrease proteinuria, and 
limit CKD progression in diabetic kidney disease  [  80,   81  ] , and possibly nondiabetic 
kidney disease as well  [  82  ] . The utility of combination ARB-ACE inhibition also 
display greater reductions in proteinuria than monotherapy; however, these com-
parisons are at conventional doses and monotherapy at higher doses may be of equal 
bene fi t  [  82,   83  ] . A major limitation with the use of ACE inhibitor and ARB regi-
mens in the CKD population is the risk for hyperkalemia and the odds of mortality 
increase when hyperkalemia is present  [  84  ] . The risk of hyperkalemia can be miti-
gated by the concomitant use of diuretics  [  85  ] , dietary potassium restriction, and 
potassium resin binders. 

 Mineralocorticoid receptor (MR) antagonists offer an additional RAAS blockage 
in those with resistant hypertension. Their role is also limited due to potential risk 
for hyperkalemia in those with advanced CKD. Spironolactone and eplerenone are 
the MR antagonists that potentially prevent the aldosterone escape mechanism that 
occurs with ACE inhibitors and ARB  [  86  ] . There is signi fi cant reduction in blood 
pressure and proteinuria when these MR antagonists are added to an ACE inhibitor 
or ARB  [  87,   88  ] . The bene fi cial cardiac results in patients with CVD have been 
shown, but have not been duplicated in patients with an eGFR <60 ml/min/1.73 m2    
 [  89  ] . Adverse effects associated with MR antagonists include breast tenderness, 
gynecomastia, hyperkalemia, prostatic hypertrophy, erectile dysfunction, and men-
strual irregularities. Eplerenone is generally better tolerated with reduced anti-
androgenic side effects and gynecomastia, but needs to be used with caution with 
inhibitors of CYP3A4 such as Verapamil and Diltiazem. The incidence of hyper-
kalemia (>5.5 mmol/l) is approximately 5.7 % in those with an eGFR <60 ml/
min/1.73 m2 and greater in those with an eGFR <45 ml/min/1.73 m2    [  90  ] . 

 Direct renin inhibition has become available and some evidence supports its use 
in CKD patients. In patients with type 2 diabetes mellitus, hypertension, and dia-
betic kidney disease, combination therapy with maximal doses of losartan and 
aliskiren had a 20 % reduction in albuminuria as compared to losartan and placebo 
 [  91  ] . Serum potassium elevations >5.5 mmol/l were more frequent with aliskiren 
(22.5 %) versus placebo (13.6 %) in stage 3 CKD  [  92  ] . All other adverse event rates 
were similar between treatments, irrespective of CKD stage, except for an increased 
rate of renal dysfunction seen in the aliskiren group in stage 3 CKD patients  [  92  ] . 
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As additional studies and comparisons to other RAAS agent are performed, the role 
of aliskiren in clinical practice will be better understood. At this time aliskiren is 
recommended to patients that have incomplete RAAS blockade with an eGFR 
>30 ml/min/1.73 m2. Additionally, when evaluated in type 2 diabetic patients with 
albuminuria, the combination is more antiproteinuric than monotherarpy with 
ARB. Aliskiren is contraindicated for use with ARBs or ACEIs in patients with 
diabetes because of the risk of renal impairment, hypotension, and hyperkalemia. 
A warning to avoid use of aliskiren with ARBs or ACEIs in patients with moderate 
to severe renal impairment (i.e., where glomerular  fi ltration rate [GFR] <60 ml/
min) has been issued  

   Calcium Channel Blockers 

 Calcium channel blockers can be used as second-line antihypertensive agents and 
are a good alternative for patients who have side effects to ACE inhibitors and 
ARBs. They are effective at reducing CKD progression and cardiovascular events 
when used in combination with other agents   [  75  ] . The non-dihydropuridines sub-
class besides lowering blood pressure, also decreases glomerular pressure and 
reduce proteinuria. However the dihydropuridine subclass reduces blood pressure 
but have no change on glomerular pressure and are inconsistent with the degree of 
reduction in proteinuria  [  93  ] . Both the classes of calcium channel blockers in pro-
teinuric nephropathies reduce proteinuria when used along with an ACE inhibitor or 
an ARB. They have been shown to preserve renal function in both diabetics and 
nondiabetics with proteinuria  [  78,   91  ] . When verapamil and ramipril are combined, 
the level of protein reduction is nearly double when dosed for similar blood pressure 
reductions  [  93  ] . Thus CCBs can be used either as monotherapy or to complement 
existing antihypertensive therapy in CKD hypertensive patients.  

    b  -Blockers 

 Sympathetic overactivity in CKD contributes to the maintenance of hypertension, 
thus β blockers have a theoretical bene fi t in the treatment of hypertension in those 
with CKD. In the African American Study of Kidney Disease (AASK), metoprolol 
was not as effective as ACE inhibtors in slowing GFR decline. However, meto-
prolol did have a reduced risk of ESRD and mortality bene fi t in as compared to 
amlodipine   [  94  ] . This data is strong evidence in support of using cardioselective 
β-blockers in CKD. Vasodilating β-blockers, labetalol, and carvedilol have been 
used in hypertensive patients with renal impairment. While blood pressure reduc-
tion can be achieved, data is limited with the use of labetalol with regard to CKD 
progression and proteinuria  [  95  ] . Studies with carvedilol indicate that renal blood 
 fl ow and GFR are preserved with reductions in micro-albuminuria in both diabetic 
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and nondiabetic hypertensives with micro-albuminuria  [  96  ] . Carvedilol has a 
signi fi cant mortality bene fi t in ESRD patients with heart failure, but large prospec-
tive trials evaluating the use in CKD are lacking. Nevibilol, a newer agent with 
vasodilatory properties, has proven to be safe in those with CKD stage 3   [  97  ] .  In 
animals the agent has shown to provide reductions in proteinuria and renal  fi brosis 
 [  98  ] . Caution should be exercised with certain β-blockers such as Atenolol, which 
can accumulate in CKD patients and cause side effects without additional BP con-
trol. Clearly β-blockers play an important role in those with cardiovascular disease 
and CKD, but it is not a  fi rst line agent and should be reserved for those with other 
compelling indications.   

   Endothelin Antagonism 

 Endothelin has been implicated in CKD progression and podocyte injury, and inter-
vention may be bene fi cial. Two agents so far have been evaluated for use in hyper-
tension, avosentan, and darusentan  [  99  ] . The addition of avosentan in CKD stage 3 
and 4 patients with diabetic nephropathy as a complementary agent results in a 
signi fi cant reduction in proteinuria independent of decreased blood pressure. These 
 fi ndings have also been duplicated in nondiabetic CKD as well  [  100,   101  ] . AZ 
signi fi cant adverse reaction is sodium and  fl uid retention that may lead to conges-
tive heart failure, the ASCEND trial was prematurely ended for this reason. 
Additional studies evaluating CKD progression, mortality, and cardiovascular out-
comes are needed before the role of endothelin antagonists are established.  

    a  -Blockers 

  a -blockers are generally not considered as  fi rst line therapy, but may have a role in 
resistant hypertension by blocking vasoconstricting α-1 adrenoreceptors on vascular 
smooth muscles. Combination of doxazosin, was effective in combining with ACE 
inhibitors, calcium channel blockers, β-blockers, and diuretics in nondiabetic CKD 
patients in the Anglo-Scandinavian Cardiac Outcomes Trial–Blood Pressure 
Lowering Arm (ASCOT–BPLA) whose blood pressure remains above 140/90 mmHg. 
There was no apparent excess of heart failure among doxazosin users in that study 
and plasma lipid pro fi les were improved  [  102  ] . However, when compared to 
chlorthalidone in ALLHAT, doxazosin had higher risks of heart failure with similar 
rates of stroke and combined cardiovascular disease  [  103  ] . The decision to employee 
α-1 antagonists should balance these increased risks. Other adverse events include 
nasal congestion and dizziness. α-blockers do cause sodium retention causing 
expansion of plasma volume, which can be more evident in CKD patients, and 
diuretic therapy may be needed, which may exacerbate the orthostatic hypotension 
seen with these drugs.  
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   Central Sympatholytic 

 Clonidine, which is typically administered orally or as a transdermal patch is the 
most commonly used central sympatholytic, successfully reduces blood pressure 
and has neutral effects upon proteinuria. Clonidine stimulates both a2-adrenergic 
receptors and I1-imidazoline receptors in the rostral ventrolateral medulla nuclei 
resulting in decreased sympathetic out fl ow. Transdermal patches have several 
advantages that include continuous drug delivery, improved compliance, decreased 
rebound upon stopping, and decreased side effects that include somnolence and dry 
mouth   [  104  ] . Due to prolongation of half-life in CKD patients, the rebound effect 
is somewhat lower than is otherwise expected. Skin reactions are common with the 
transdermal patch. Sodium retention can occur with central sympatholytics and 
diuretics may be required. CKD patients with sinus node dysfunction can be at risk 
for signi fi cant bradycardia and its use specially in combination with beta blockers 
in such patients should be avoided.   

   Vasodilators 

 Direct vasodilators, i.e., hydralazine and minoxidil, are available for blood pressure 
control. Both are considered 4th line agents and only used when hypertensive goals 
have not been reached with other agents. Although being used for many years, the 
effects of the agent on mortality, morbidity, and renal outcomes are poorly under-
stood  [  105  ] . A common side effect re fl exive tachycardia can be controlled with 
β-blockers or a centrally acting α-agonist. When combined with a nitrate signi fi cant 
reduction in mortality in blacks with heart failure was seen, but this has not been 
speci fi cally studied in the setting of CKD  [  106  ] . 

Minoxidil, is an adjunctive therapy in cases poorly responsive, severe hyperten-
sion in CKD. Hypertension, even in the setting in of CKD, is at least partially 
responsive to minoxidil. Minoxidil, while more ef fi cacious in the degree of blood 
pressure reduction compared to hydralazine, has a more signi fi cant side effect 
pro fi le  [  107  ] . Simultaneous administration of a diuretic with a β-blocker or a com-
bined α–β blocker is often required to control edema and tachycardia associated 
with minoxidil use. Sodium retention due to minoxidil can be the cause of signi fi cant 
edema or pericardial effusion often resulting in temporary cessation of the medica-
tion. A loop diuretic or the addition of metolazone is required in some cases   [  108  ] .       
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   Diabetes in People with Sleep Apnea: Risk Evaluation 
and Therapeutic Rationale 

   OSA: De fi nition and Epidemiology 

 Sleep apnea    is a serious, potentially life-threatening condition, characterized by 
repeated cessation of breathing while sleeping. Sleep apnea is probably responsible 
for 38,000 cardiovascular    deaths yearly, with an associated 42 million dollars spent 
on related hospitalizations  [  1  ] . Sleep apnea is a major public health problem, affect-
ing an estimated 18 million Americans in the USA  [  2,   3  ] . Certain NIH reports have 
suggested sleep apnea to be as prevalent as adult diabetes  [  3–  5  ] . Among middle-age 
adults, using a respiratory disturbance index  ³ 10, the Wisconsin Sleep Cohort Study 
estimated that sleep apnea affects as much as 24 % of men and 9 % of women  [  6  ] . 
Among an urban adult population in the Cleveland family study, 5 year incidence 
is 7.5–16 % for sleep disordered breathing, of which OSA is the most common 
type  [  7  ] . 
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 Recent data strongly suggests that ethnicity should be considered as an important 
risk factor for OSA. A study among blacks in Brooklyn demonstrated that a history 
of CVD was the most important predictor expressing symptoms of sleep apnea, 
with an odds ratio of 11  [  8  ] . Despite evidence that metabolic risk markers (e.g., 
obesity, HTN, and DM) for CVD are more prevalent among blacks  [  9  ] , the vast 
majority of suspected cases in this population remain undiagnosed.    This paints a 
population in which among the few that are screened, many are at risk for OSA or 
positive for OSA, suggesting substantial gains in diagnosis can be made by improv-
ing adherence. Underdiagnosis among blacks is of great concern since prevalence 
of OSA risk factors is higher in this population, an odds ratio of 1.88 when com-
pared to whites  [  10  ] . 

   Relationships Between Diabetes and Sleep Apnea 

   Prevalence of OSA in DM 

 Growing evidence has demonstrated pronounced relationship of sleep apnea on 
insulin resistance  [  11–  14 ,  87–89  ] . Some estimates of prevalence of sleep apnea 
among diabetics as de fi ned by the Sleep AHEAD (Action for Health in Diabetes) 
has been estimated to be as high as 86 %  [  15  ] . Data from the Sleep Heart Health 
Study indicated that patients with moderate sleep apnea (AHI  ³  15) had an increased 
risk of having impaired glucose tolerance  [  16  ] .    Community data from the sleep 
laboratory at Queensberry hospital demonstrated each additional apneic event 
increased fasting insulin level by 0.5%  [  11  ] . Supporting evidence from the Nurse 
health study suggested that sleep loss induced by apnea is linked to worsening of 
type II diabetes  [  17  ] . The data showed that short sleepers ( £ 5 h per day) are more 
likely to be associated with diabetes. This is consistent with data from Quebec 
Family Study and Sleep Heart Health Study indicating that aberrant sleep durations 
(short sleep:  £ 5 h and long sleep:  ³ 9 h) are associated with increased prevalence of 
diabetes and impaired glucose tolerance  [  18,   19  ] . According to data from the 
National Health and Nutrition Examination survey, it may be that individuals report-
ing fewer than 5 h of sleep or more than 9 h might be at increased risk of developing 
diabetes according to data from the National Health and Nutrition Examination 
 survey  [  20  ] .  

   Screening/Risk Evaluation 

 There is widespread lack of knowledge essential to make informed decisions about 
obtaining sleep assessment. Few people are aware of what constitutes a compre-
hensive sleep assessment. Few know the consequences of sleep apnea, ranging 
from annoying to life-threatening  [  12  ] . Sleep apnea is complex, requiring continued 
examination of at-risk individuals, who may not have the disease at one time, but 
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who may subsequently develop it. Considering the health beliefs described above, 
it is possible that blacks in particular may not be aware that a disease such as OSA 
requires continuous screening.   

   Evidence from CPAP Studies 

 CPAP is the most effective, nonsurgical treatment for sleep apnea  [  21  ] . It consists of 
a patient  fi tted by a trained technician to wear a mask over the nose/mouth or both. 
The pressure in the oropharyngeal airway is titrated in a way to assess in maintaining 
airway patency. The standard of care according to the American Academy of Sleep 
Medicine  [  21  ]  is usually accompanied by behavioral modi fi cation, especially to tar-
get the patient’s body habitus. Combined treatment is catered to lessen physiologi-
cal issues and risk from comorbidities as well as alleviate signs and symptoms. 

 Despite being effective in the management of sleep apnea, adherence to CPAP 
therapy remains a concern among healthcare providers. CPAP adherence is de fi ned 
as the mean number of hours per day and days per week patients report using CPAP 
(adherence: >4 h for 70 % of the nights or no report of symptomatic complaints). 
Disappointing data indicates that more than half of the patients at the start of their 
treatment accepted CPAP devices  [  22  ] . Furthermore, a signi fi cant percentage of 
patients discontinued CPAP therapy during the  fi rst week  [  23,   24  ] . Factors that may 
increase CPAP adherence include satisfaction with management of the disease  [  25  ] , 
adherence during the initial period  [  23  ] , and personality characteristics  [  25,   26  ] . 
Educational programs that involve overcoming barriers in timely CPAP use, espe-
cially involving family members, have proven to be more successful  [  27  ] . These 
programs suggest improving lifestyle choices through weight reduction, increased 
physical activity, and tobacco avoidance  [  28,   29  ] . It is of critical importance that 
these intervention programs instituted in the  fi rst 2 weeks of treatment to remain 
and/or increase adherence a year later  [  28–  33  ] . 

 Investigations have demonstrated that continuous positive airway pressure 
(CPAP) studies produced signi fi cant improvement in glucose control and left 
ventricular function  [  34  ] . Evidence from clinical trials shows that CPAP therapy 
can also normalize leptin  [  35  ]  and ghrelin  [  36  ]  levels, thereby reducing central  [  37  ]  
and visceral obesity  [  38  ] . 

 Studies have shown an overall bene fi cial effects among patients who adhered to 
standardized recommendations to use CPAP treatment ( ³ 4 h per night)  [  27  ] . Certain 
interventional studies (Table  5.1 ) have shown that CPAP therapy can also be a 
crucial therapeutic modality in treatment of diabetic patients with sleep apnea. 
Harsch et al.  [  39  ]  showed signi fi cant improvements in insulin sensitivity index (ISI), 
established by euglycaemic hyperinsulinaemic clamp tests, after 3 months of CPAP 
treatment. In a longitudinal trial of close to 3 years, German researchers indicated 
that regular and effective long-term CPAP treatment may improve insulin sensitivity 
 [  40  ] . Dawson et al.  [  41  ]  demonstrated that sleeping glucose level was more stable 
after treatment, with the median SD decreasing from 20.0 to 13.0 mg/dL and the 
mean difference between maximum and minimum values decreasing from 88 to 



54 A. Pandey et al.

57 mg/dL. Consistent with this  fi nding, another adherence study showed that 
patients adhering to CPAP therapy had signi fi cantly reduced post-prandial glu-
cose values and hemoglobin A 

1C
  level  [  42  ] . Another important  fi nding from that 

study is that among patients who used CPAP for more than 4 h per day, the reduction 
in HBA 

1C
  level was correlated with days of CPAP use  [  42  ] . Adequate usage of 

CPAP therapy is effective in reducing global cardiovascular disease risk (18.8 ± 9.8 % 
vs. 13.9 ± 9.7 %,  p  = 0.001) [69]   . Some randomized controlled trials found no statis-
tically signi fi cant improvement therapeutic CPAP therapy on glucose metabolism 
 [  43  ] . Possible hypothesized mechanisms suggested by these investigators included 
severe insulin resistance and morbid obesity.   

   Therapeutic Rationale 

 We have shown through supportive evidence the associations between diabetes and 
sleep apnea. 

 These new  fi ndings are important, as they shed light into treatment approaches 
that rely only on pharmacotherapeutic management of diabetes, without consider-
ation of possible overlying sleep apnea. Among diabetic patients, there is an inverse 
relationship between the severity of sleep apnea and glucose impairment, after con-
trolling for multiple potential confounders, including obesity  [  34  ] . Moreover, com-
pared to patients without sleep apnea, the presence of mild, moderate, or severe 
sleep apnea increased mean adjusted HbA 

1c
  values by 1.49, 1.93, and 3.69 %, 

respectively  [  34  ] . 
 In light of current evidence, intense pharmacotherapy for diabetes should be 

coordinated with treatment for sleep apnea to reduce the cardiovascular burden. A 
comprehensive evaluation of sleep apnea and sleeping habits among patients with 
diabetes and other cardiometabolic risk pro fi le patients seems warranted. Healthcare 
providers should consider non-pharmacological interventions (i.e., CPAP therapy), 
which might enhance effectiveness of traditional pharmacologic intervention and 
decrease unwanted pharmacological side effects.  

   Table 5.1    CPAP studies and reduction in glucose   

 Study/year 

 Response to therapy  Duration of CPAP 
usage in treatment 
arm 

 Measurement of 
glucose metabolism 

 Change (posttreatment vs. 
baseline) 

 Harsch  [  39  ]   Mean insulin 
sensitivity 
index (ISI) 

 4.38 ± 2.94 vs. 
2.74 ± 2.25  m mol/kg × min 

 5.8 ± 1.2 h/night 
(3 months) 

 Babu  [  42  ]   Hemoglobin A 
1c

   8.6 % ± 1.8 % vs. 9.2 % ± 2.0 %  6.6 ± 2.0 h/night 
(83 ± 50 days) 

 Schahin 
et al.  [  40  ]  

 Mean insulin 
sensitivity 
Index (ISI) 

 10.6 ± 7.0 vs. 
6.3 ± 5.6  m mol/kg × min 

 5.2 ± 1.6 h/night 
(2.9 years) 

 Dawson  [  41  ]   Mean sleeping 
glucose 

 102.9 ± 39.4 vs. 
122.0 ± −61.7 mg/dL 

 Not reported 
(42 days) 
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   Future Directions and Clinical Implications 

 Currently available data only sheds light to portions of this complex issue.    The ini-
tial investigations regarding relationships between sleep apnea and the abnormal 
glucose metabolism have not addressed whether the impaired glucose metabolism 
represents a mediating factor in the link of sleep apnea to cardiovascular disease, or 
diabetes itself might potentiate the effects of sleep apnea on cardiovascular dis-
eases. Studies testing causal models to explain links among these metabolic condi-
tions and test cause-and-effect relationships of those factors are warranted. 

 Many interventions can be implemented to improve the management of existing 
metabolic disorders. First, as sleep apnea is highly prevalent among patients with 
diabetes, a sleep apnea screening questionnaire should be administered to those at-
risk patients. Additionally, questionnaires should be administered to patients with 
increased visceral, abdominal, or neck adiposity. Second, patients at risk for sleep 
apnea should be referred to a sleep laboratory. Third, weight management programs 
should be designed to assist patients in their effort to reduce their body weight, as 
weight reduction helps diminish the severity of sleep apnea, thereby improving over-
all general health and quality of life. Fourth, patients on intensive pharmacotherapy 
for diabetes and worsening sleep apnea should avoid weight gain drugs whenever 
possible to prevent the worsening of sleep apnea and cardiovascular events. 

 It is evident that the recent rise in metabolic disorders such as obesity, diabetes, 
and sleep apnea is independent of age, gender, and geography. However, there is a 
greater public health concern about individuals living in at-risk, underserved com-
munities that are traditionally underrepresented in the health care. African–
Americans have a disproportionately higher prevalence of these conditions  [  44  ] . 
Thus, ultimately adequate management of sleep apnea among African Americans 
with sleep apnea will contribute to meaningful reductions of cardiovascular disease 
risk in this vulnerable population.    

   Hypertension in People with Sleep Apnea: Risk Evaluation 
and Therapeutic Rationale 

   Introduction 

 Hypertension is de fi ned as blood pressure (BP) greater than 140/90 mmHg for the 
general adult population. Based on this BP cutoff for hypertension as de fi ned by the 
seventh report of the Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure (JNC 7)  [  45  ] , about 29 % of adult Americans, 
or approximately one-third of the American population, have hypertension  [  46  ] . 
OSA and Hypertension have more than a few characteristics in common. Both are 
common in obese middle-aged males, and both are often undiagnosed and associ-
ated with increased risk of cardiovascular damage. Above all, the striking epidemi-
ology makes it most unlikely that this association is by chance. OSA is considered 
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one of the secondary causes of hypertension in the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC-7). 

 Hypertension affects approximately 50 % of people with OSA and conversely, 
approximately 40 % of hypertensive patients are diagnosed with OSA  [  47  ] . Based 
on the projections from the Wisconsin Sleep Cohort, OSA contributes to hyperten-
sion in 400,000 women and two million men in the USA  [  48  ] . These observations 
prompted the American Heart Association to issue a Scienti fi c Statement describing 
the need to recognize OSA as an important target for therapy in reducing cardiovas-
cular risk. Although several mechanisms have been suggested as possible linkage 
between hypertension and OSA, sustained adrenergic stimulation appears to be the 
most compelling pathophysiological link between the two. In this chapter we will 
discuss the pathophysiological and epidemiological data associating OSA with 
hypertension. Diagnosis and management of hypertension in OSA patients will also 
be discussed.  

   Pathophysiological Link Between OSA and Hypertension 

 The mechanisms by which OSA results in cardiovascular diseases and in particular 
hypertension is shown in Fig.  5.1   [  49  ] . With upper airway obstruction, respiratory 
efforts against the collapsed glottis results in negative intrathoracic pressure and a 
decrease in stroke volume and BP  [  50  ] . This leads to activation of sympathetic ner-
vous system via carotid chemoreceptors as a consequence of repetitive hypoxemia 
 [  51  ] , increased carbon dioxide  [  52,   53  ] , and decreased cardiac output  [  54  ] . The 
enhanced sympathetic activity results in increased vascular resistance and eventu-
ally an increase in cardiac output and BP. The repetitive hypoxemia have also been 
linked to generation of reactive oxygen species  [  55  ] , vasoactive mediators  [  56  ] , 
in fl ammatory markers  [  57  ] , and activation of the renin–angiotensin–aldosterone–
system (RAAS)  [  58  ] , leading to  fl uid retention, endothelial dysfunction, and subse-
quent atherosclerosis. Observing this chain of events, investigators postulates that 
atherogenesis apparently starts soon after the onset of OSA and may constitute the 
mechanistic paradigm by which OSA mediates the genesis or worsening of hyper-
tension  [  59  ] .  

 Beyond the aforementioned, OSA also causes signi fi cant changes in intratho-
racic pressure that increases transmural gradients across atria, ventricle, and aorta. 
This in turn disrupts the heart ventricular function as well as autonomic and 
 hemodynamic stability  [  60–  62  ] . The on toward effect may include increased 
 afterload, thoracic aorta dilatation, and increased propensity for aortic dissection 
 [  63–  66  ] . Also, the non-dipping phenomenon (attenuation of normal decrease in BP 
during sleep)  [  67  ]  is often seen in patients with OSA and has been linked to increased 
all-cause mortality  [  68  ] . This increased nighttime BP has been suggested as a better 
prognostic factor for cardiovascular events  [  47,   68  ] . 



575 DM and HTN in OSA

 Patients with OSA have characteristically greater levels of endothelin and lower 
levels of nitric oxide than healthy sleepers  [  69,   70  ]  This elevated endothelin concen-
tration is believed to contribute to greater blood vessel constriction and peripheral 
vascular resistance and consequently hypertension. Notably, levels of endothelin 
and circulating nitric oxide invariably return to normal following treatment of OSA 
with CPAP  [  70  ] . Two large longitudinal studies, the Sleep Heart Health Study and 
the Wisconsin Sleep Cohort, showed higher risk of hypertension for individuals 
with higher OSA severity score  [  71,   72  ] . The Wisconsin Sleep Cohort Study dem-
onstrated a consistent OSA-BP dose–response relationship, even after controlling 
for age, sex, BMI, and antihypertensive medications  [  72  ] .  

   Management of Hypertension in Patients with OSA 

 Screening for OSA is very important in patients with hypertension. Approximately 
85 % of adults with clinically signi fi cant and treatable OSA go undiagnosed  [  73  ] . 
Although obesity is the usual trigger for referral for evaluation of OSA, it has been 

Manifestations of sleep apnea

• Hypoxemia
• Hypercapnia
• Reoxygenation
• Intrathoracic pressure cganges
• Cortical arousal

Unerlying mechanisms

• Elevated sympathetic activity
• Metabolic dysregulation
• Oxydative stress
• Endothelial dysfunction
• Systemis inflammation
• Increased coagulation

Cardiovascular disease

1.Hypertension
2.Congestive heart failure
3.Cardiac ischemia
4.Cardiac arrhythmia
5.Cerebrovascular disease

Obstructive
sleep apnea

  Fig. 5.1    The genesis of 
hypertension and other 
cardiovascular diseases in 
obstructive sleep apnea. 
Adapted from [ 86 ]       
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suggested that OSA may be a stronger risk factor for hypertension in nonobese 
patients in comparison to obese patients  [  48,   74  ] . Thus, clinicians should not only 
consider habitus but should also be vigilant for symptoms of OSA using basic 
screening tools such as Epworth Sleepiness Scale to identify patients with symptoms 
of somnolence [30]   , the Berlin Questionnaire for OSA symptoms  [  75  ]  and Apnea 
Risk Evaluation System (ARES) Questionnaire  [  76  ]  to identify those at risk for OSA. 
In patients with suspected OSA, a de fi nitive diagnosis often requires the gold stan-
dard for diagnosis of OSA—polysomnography that provides hemodynamic, enceph-
alographic, and electrocardiographic data in addition to respiratory data  [  77  ] . 

 Treatment of OSA involves risk factors modi fi cation and relieve of airway 
obstruction. CPAP therapy is usually considered as initial obstruction-relieving 
therapy in the management of hypertension in patients with OSA. This ventilation 
assist method transmits forced air into the oropharynx via a  fi tted mask over the 
nose (some methods use a mask  fi tted to both the nose and mouth) to help maintain 
a patent upper airway and reduce the effort of inhalation. Through the reduction of 
sympathetic activity, oxidative radicals, and in fl ammation  [  78  ] , CPAP therapy 
results in lowering of BP. Three meta-analyses of randomized controlled trials sum-
marized in a recent review estimated a statistically signi fi cant reduction in mean BP 
with the use of CPAP  [  47  ] . The meta-analysis with the greatest degree of BP reduc-
tion  [  79  ]  estimated a mean reduction in systolic BP of 2.46 mmHg (95 % CI, 0.62–
4.31 mmHg) and a mean reduction in diastolic BP of 1.83 mmHg (95 % CI, 
0.61–3.05 mmHg). A smaller study of 11 similar patients demonstrated even more 
impressive  fi ndings in both systolic and diastolic BP with a decrease of 
11.0 ± 4.4 mmHg in 24-h systolic BP after 2 months of CPAP therapy. Nocturnal 
diastolic BP was reduced by 7.8 ± 3.0 mmHg  [  80  ] . The duration of therapy and 
adherence to CPAP (>4 h for 70 % of the nights) appears to be important for a maxi-
mal therapeutic effect of CPAP therapy  [  50,   81  ] . 

 Oral appliances and anatomical correction of upper airway by surgery have been 
used to prevent and/or relieve airway obstruction in OSA patient  [  82,   83  ] . However, 
their role in the treatment of hypertension remains controversial. The most common 
procedure is the revised uvulopalatopharyngoplasty for which a small study showed 
improvement in nighttime but not daytime BP  [  83  ] . 

 If BP remains above goal despite optimal OSA treatment, antihypertensive 
therapy should be initiated or adjusted. Hypertension in patients with OSA is often 
resistant to treatment and a key element in management is to block RAAS with 
(ACE-I/ARB), decrease vasoconstriction with a vasodilator, and address volume 
overload with either a thiazide-type diuretic or a loop diuretic. In the absence of com-
pelling indications, antihypertensive regimens should begin with a RAAS blocker 
(ACE-I/ARB), calcium channel blocker, or a diuretic  [  84  ]  in different combination 
for optimal BP control [ 90 ]. Aldosterone antagonists have been found to be a poten-
tially important adjunctive agent in the management of sleep apnea-induced hyper-
tension given the relatively high prevalence of primary hyperaldosteronism  [  85,   86  ] . 
These agents induce added diuresis in combination with standard diuretics by reduc-
ing sodium reabsorption in the distal nephron.  
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   Conclusion 

 Obstructive sleep apnea is a risk factor for hypertension. Optimal treatment of sleep 
apnea improves blood pressure control in hypertensive patients with sleep apnea.       
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   De fi nition and Prevalence 

 Resistant hypertension is de fi ned as a failure to achieve goal blood pressure (BP) 
with maximum tolerated doses of three antihypertensive drugs including a diuretic 
or control of BP with 4 or more antihypertensive drugs of different classes at opti-
mal doses  [  1–  3  ] . The goal BP is 140/90 for most hypertensive patients and 130/80 
for those with diabetes, renal insuf fi ciency, or coronary heart disease  [  3  ] . The diag-
nosis of resistant hypertension requires use of good BP technique to con fi rm persis-
tently elevated BP levels. Pseudoresistance due to patient nonadherence with 
medication, physician nonadherence with hypertension guidelines or underdosing, 
and white coat hypertension must be excluded. This condition often indicates the 
presence of secondary causes of hypertension. Although the true prevalence of 
resistance hypertension is currently unknown, population studies and clinical trials 
suggest that 20–35 % of hypertensive population have resistant hypertension  [  4–  6  ] . 
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According to the 2002 World Health Report, uncontrolled BP is the most common 
attributable risk for death worldwide, being responsible for about 50 % of coronary 
heart disease and 62 % of stroke  [  7,   8  ] .  

   Etiology of Resistant Hypertension 

 A number of factors and/or mechanisms are involved in the maintenance of normal 
BP. When these mechanisms become dysfunctional, individuals with hypertension 
may experience resistance to treatment. Factors that are believed to play a role in the 
development of resistant hypertension include patient characteristics, alcohol and 
dietary salt, medications, and secondary causes of hypertension (Table  6.1 ). Of note, 
in most cases multiple factors are thought to be responsible for uncontrolled BP.   

   Table 6.1    Factors contributing to true resistant hypertension   

 1. Patient characteristics 
 – Age 
 – Obesity 
 – Female gender 
 – Black race 
 – Genetics 

 2. Dietary salt 
 3. Alcohol 
 4. Medications 

 – Nonsteroidal anti-in fl ammatory drugs 
 – Selective COX-2 inhibitors 
 – Illicit drugs (cocaine, amphetamines, etc.) 
 – Stimulants (amphetamine, methylphenidate, etc.) 
 – Sympathomimetics (decongestants, diet pills) 
 – Oral contraceptive 
 – Erythropoietin 
 – Cyclosporin 
 – Natural Licorice 

 5. Secondary causes of hypertension 
 – Obstructive sleep apnea 
 – Renal parenchymal disease 
 – Renal artery stenosis 
 – Primary aldosteronism 
 – Pheochromocytoma 
 – Cushing’s disease 
 – Hyperparathyroidism 
 – Aortic coarctation 
 – Intracranial tumor 
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   Factors Contributing to True Resistance to Treatment 

   Patient Characteristics 

 Certain patient characteristics have been shown to be associated with resistant 
hypertension. These include older age (>65 years), obesity, female sex, black race, 
and individual genetic makeup. Increasing age is associated with arterial stiffening, 
which results in dif fi cult to control systolic BP  [  9,   10  ] . Obesity, which is also com-
mon among patients with resistant hypertension  [  11  ] , has been associated with need 
for an increased number of antihypertensive medications, more severe hyperten-
sion, and an increased likelihood that achieving goal BP cannot be achieved  [  9,   12  ] . 
The mechanisms by which obesity contributes to dif fi cult-to-treat hypertension are 
complex and not completely understood. Increased sympathetic activity, impaired 
sodium excretion, activation of the renin–angiotensin–aldosterone system, increased 
aldosterone sensitivity related to visceral adiposity, and obstructive sleep apnea 
have all been implicated as potential mechanisms  [  13–  16  ] . 

 Genetic factors may also contribute to the development of resistant hyperten-
sion. Studies have shown that generally African Americans, who have shown genet-
ically “low renin” levels, have enhanced responses to calcium channel blockers and 
thiazide and lower responses to direct renin inhibitors, angiotensin-converting 
enzyme (ACE) inhibitors, and angiotensin receptor blockers (ARBs). Genetic dif-
ferences in acetylation kinetics of hydralazine can affect the dose required to lower 
BP. Therefore, identi fi cation of genes that in fl uence resistance to current antihyper-
tensive agents might be of therapeutic target in the nearest future.  

   Dietary Salt and Alcohol 

 Excess dietary salt intake is a major factor that plays an important role in the devel-
opment of resistant hypertension in most cases. It can directly increase BP by caus-
ing volume overload/expansion  [  17  ]  or can indirectly increase BP by blunting the 
blood pressure-lowering effect of most classes of antihypertensive agents  [  18–  20  ] . 
These effects are most pronounced in salt-sensitive patients; these include renal 
disease patients, individuals of African American background, and the elderly  [  21  ] . 

 Modest alcohol intake does not usually increase BP. However, heavy alcohol 
intake is associated with both an increased risk of developing hypertension as well 
as resistance to hypertensive therapy  [  3  ] . It has been suggested that large amount of 
alcohol (3 or more drinks/day) have a dose-related effect on BP, in both hyperten-
sive and normotensive individuals  [  3  ] .  
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   Medications 

 A number of pharmacological agents can produce transient or sustained increase in 
BP and contribute to treatment resistance  [  22  ]  (Table  6.1 ). However, the effects of 
these agents on BP vary from one individual to another, with most people manifest-
ing little or no effect, and few experiencing severe BP elevations. Nonsteroidal 
anti-in fl ammatory agents (NSAIDs) such as aspirin and Ibuprofen are probably the 
most common medication-related cause of uncontrolled BP  [  22,   23  ] . NSAIDs are 
associated with modest but predictable increases in BP  [  23  ]  and can blunt the blood 
pressure lowering effect of several antihypertensive agents, including ACE inhibi-
tors, ARBs,  b -blockers, and diuretics  [  24,   25  ] . Selective cyclooxygenase-2 (COX-
2) inhibitors have also been reported to have similar effects  [  26,   27  ] . These effects 
presumably occur subsequent to inhibition of renal prostaglandin production, espe-
cially prostaglandin E2 and prostaglandin I2, leading to sodium and  fl uid retention. 
It has been shown that elderly patients, diabetics, and patients with CKD are at 
increased risk of manifesting these adverse effects. Several other medications have 
also been implicated in the etiology of resistant hypertension as listed in Table  6.1 .  

   Secondary Causes of Hypertension 

 Secondary causes of hypertension are relatively common among patients with resis-
tant hypertension and should always be considered. Studies suggest that about 
5–10 % of resistant hypertension patients have identi fi able cause, although the true 
prevalence of secondary causes remains unknown  [  28,   29  ] . The common secondary 
causes include renal parenchymal disease, obstructive sleep apnea, primary aldos-
teronism, and renal artery stenosis. Less common causes include pheochromocy-
toma, hyperparathyroidism, hypoparathyroidism, Cushing’s syndrome, aortic 
coarctation, and intracranial tumors (Table  6.1 ). Description of the signs and symp-
toms, diagnostic procedures, and treatment of these secondary causes of hyperten-
sion is beyond the scope of this chapter.   

   Factors Contributing to Pseudoresistance 

 Pseudoresistant hypertension refers to uncontrolled BP or elevated BP readings as a 
result of some preventable factors, other than those described above. Such factors 
include:

    1.    Poor BP measuring technique  
    2.    Poor patient adherence to prescribed medications  
    3.    Poor physician adherence to hypertension guidelines  
    4.    Physician inertia—failure to increase dose or add medication when not at goal  
    5.    White coat effect—clinic BP readings are consistently higher than out-of-of fi ce 

readings. This is usually related to anxiety when in doctors’ of fi ce      
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   Evaluation of Patients with Resistant Hypertension 

 Accurate diagnosis of resistant hypertension and identi fi cation of related causes can 
be made through detailed medical history, thorough physical examination, appropri-
ate BP measurement technique, and laboratory testing. It is important to note that 
the etiology of treatment resistance is multifactorial. 

   Medical History 

 A detailed medical history should be obtained from patients with suspected resistant 
hypertension. Speci fi c questions regarding current medications use, duration of use, 
and treatment adherence should be asked. Information about herbal and over-the-
counter medications, medication adverse effects, and symptoms of possible second-
ary causes of hypertension should be sought. Patients should also be asked about 
their adherence to prescribed medications. Information regarding adherence can 
also be obtained from family members with the permission of the patient.  

   Blood Pressure Measurement 

 Proper BP measurement technique is essential for accurate diagnosis of resistant 
hypertension. BP should be taken using appropriate cuff size and with the patient 
sitting quietly in a chair and his or her back supported for 5 min before taking the 
measurement. The correct cuff size should encircle at least 80 % of the arm, and 
during measurement it should be at the level of the heart  [  30  ] . The BP should be 
measured carefully in both arms, and the arm with the higher pressures generally 
should be used to make future measurements. The average of a minimum of two 
readings taken at 1 min intervals is generally advised to be taken as patients BP.  

   Physical Examination 

 A thorough physical examination including weight and height are necessary in the 
identi fi cation of causes of true resistant hypertension and secondary causes of 
hypertension. Physical signs of end organ damage may also be discovered during 
physical examination. Fundoscopic examination is recommended to document the 
presence and severity of retinopathy.  
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   Ambulatory Blood Pressure Monitoring 

 Among patients with suspected white-coat hypertension, reliable assessment of 
out-of-of fi ce BP values is required. This is best accomplished with the use of 24-h 
ambulatory BP monitoring. Alternatively, out-of-of fi ce patient self-assessments 
with use of manual or automated BP monitors can be relied on. If a signi fi cant 
white-coat effect is con fi rmed, out-of-of fi ce measurements should be relied on to 
adjust treatment  [  31  ] .  

   Other Tests 

 Various tests can be performed to identify secondary causes of hypertension. However 
description of these diagnostic procedures is beyond the scope of this chapter.   

   Treatment 

 Management of resistant hypertension can be broadly divided into nonpharmaco-
logical and pharmacological interventions. Since the etiology of this condition is 
almost always multifactorial, a multidisciplinary treatment approach including doc-
tors, pharmacists, nurse case manager, and nutritionist can improve treatment out-
come. Both nonpharmacological and pharmacological treatment modalities tailored 
toward the identi fi ed etiologies are often required to achieve the goal BP. 

   Nonpharmacological Interventions 

 Appropriate lifestyle changes such as regular exercise, weight loss, moderate alco-
hol intake, low-salt diet, and medication adherence should be reinforced. The cur-
rent guidelines suggest that dietary sodium for a hypertensive person should be 
<100 mmol per day (2.4 g sodium or 6 g sodium chloride)  [  3  ] . These are applicable 
to all patients with resistant hypertension, although salt-sensitive patients may 
require even lower amounts of sodium. Alcohol intake in all hypertensive patients 
should be limited to no more than 1 oz (2 drinks) of ethanol a day for most men and 
0.5 oz (1 drink) of ethanol a day for women.  

   Pharmacological Interventions 

 Modi fi cation of the antihypertensive regimen is often required for most patients 
with resistant hypertension despite adequate nonpharmacological interventions. 



716 Resistant Hypertension: Etiology, Evaluation and Management

It is important to withdraw other medications that may interfere with BP control, 
particularly NSAIDs, before adjusting antihypertensive regimen. In situations where 
this is clinically dif fi cult, the lowest effective dose of such medications should be 
used with subsequent down titration whenever possible. It is well known that subop-
timal dosing regimen and inappropriate antihypertensive drug combinations are the 
most common causes of uncontrolled hypertension  [  3  ] . Hence, medication dosages 
should be optimized and antihypertensive agents of different mechanisms of action 
should be combined. The recommendation of combination therapy is based on addi-
tive antihypertensive bene fi t. However, this recommendation is largely empiric, 
since there is little data assessing the ef fi cacy of speci fi c combinations of three or 
more drugs. Patient characteristics (age, race, comorbidities) usually determine the 
best combination of agents needed to achieve goal BP. However, a combination of 
thiazide diuretic, ACE inhibitor, and ARBs are effective for most patients. 

 If the goal BP is not achieved with full doses of four appropriately combined 
drugs, other agents such as centrally acting alpha-agonists (clonidine and methyl-
dopa) and potent vasodilators (hydralazine or minoxidil) are needed to control the 
BP; however, adverse effects of these medications limit their use. If a  b  (beta)-antag-
onist is required for the added bene fi t of heart rate control, the combined  a  (alpha)– b  
(beta)-antagonists are preferred because of their greater antihypertensive effects  [  32  ] . 
Diuretic is mandatory for all patients with resistant hypertension in cases where there 
is no contraindication. Research has shown that BP control is improved by adding a 
diuretic, increasing the dose of the diuretic, or changing the class of prescribed 
diuretic based on the underlying renal function  [  33  ] . This is especially true for most 
patients and elderly patients in particular, since inappropriate volume expansion 
contributes to treatment resistance  [  34  ] . Although long-acting thiazide diuretic is 
commonly used for BP control, chlorthalidone has been shown to have superior 
ef fi cacy and is therefore the preferred diuretic agent for resistant hypertension. 
Recently, another class of agents, endothelial receptor antagonists (ERA) proved 
effective in the treatment of resistant hypertension. However, there are limited evi-
dence in support of their use, and therefore not recommended at this time. 

 Finally, for those patients with uncontrolled BP with four or more medications last-
ing longer than 6 months, referral to a hypertension specialist is advisable  [  1  ] . Also, if 
a speci fi c secondary cause of hypertension is identi fi ed or suspected, referral to the 
appropriate specialist for further evaluation and management is recommended.       
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   Pathogenesis of Atherosclerosis in Diabetes 

 Cardiovascular disease (CVD) is the leading cause of premature mortality in diabetes. 
The role of diabetes as a contributing factor to CVD becomes clear after the publica-
tion of the 20 years of surveillance of the Framingham cohort study in 1979. In this 
cohort, a twofold to threefold increased risk of clinical atherosclerotic disease was 
reported in patients with prior evidence of diabetes  [  1  ] . CVDs, morbidity, and mor-
tality for diabetic women were higher than that for nondiabetic men. 

 The pathogenesis of CVD in diabetes is multifactorial and can be affected by 
metabolic factors such as insulin resistance, increased release of cytokines and 
bioactive mediators by the adipose tissue, chronic in fl ammation, and oxidative 
stress leading to endothelial dysfunction and inappropriate activation of the renin–
angiotensin–aldosterone system (RAAS). There is emerging evidence that increas-
ing obesity in young adults contributes to parallel increases in CVD and chronic 
renal disease in persons with cardiorenal syndrome (CRS) as well those with type 2 
diabetes  [  2  ] . Thus, in states of obesity and insulin resistance there is a constellation 
of interactive cardiac and renal risk factors, including hypertension, metabolic 
dyslipidemia, microalbuminuria and/or reduced renal function, increased systemic 
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in fl ammation, oxidative stress, and hypercoagulability that enhance CVD risk 
(Fig.  7.1 ). With the development of pancreatic dysfunction and hyperglycemia, 
these patients are of even greater risk for CVD  [  1–  4  ] .  

  Metabolic Factors . Metabolic imbalances related to CRS and diabetes mellitus 
include hyperglycemia and its derivatives, advanced glycation end products (AGEs), 
increased levels of free fatty acids (FFAs), reduced levels of adiponectin, and lipo-
protein abnormalities. Hyperglycemia increases oxidative stress diminishing the 
levels of nitric oxide (NO), which leads to endothelial cell apoptosis, impaired 
endothelial mediated vascular relaxation, and increased vascular glycation abnor-
malities  [  3,   4  ] . In addition, hyperglycemia increases glycation of lipoproteins and 
alters lipid metabolism leading to activation of protein kinase C and tumor necrosis 
factor alpha (TNF-alpha). It can also alter insulin signaling, increase endothelial 

  Fig. 7.1    The interrelationship between adiposity and maladaptive changes in the heart and kidney 
in the cardiorenal system.  GFR  glomerular  fi ltration rate,  IL  interleukin,  PAI  plasminogen activator 
inhibitor,  RASS  renin–angiotensin–aldosterone system,  ROS  reactive oxygen species,  TNF  tumor 
necrosis factor,  PTA  tissue plasminogen activator       
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cell adhesion molecule gene expression, and stimulate in fl ammation and smooth 
muscle migration and proliferation  [  5,   6  ] . High levels of FFAs are also detrimental, 
leading to increased oxidative stress and diminished endothelial cell NO synthesis. 
These glycation abnormalities can also impair  fi brinolysis by increasing concentra-
tions of plasminogen activator inhibitor (PAI-1)  [  7,   8  ] . 

 FFAs are believed to play a major role in increased hepatic gluconeogenesis and 
overproduction of triglyceride-rich very low-density lipoprotein, which in turn lead 
to higher levels of atherogenic low-density lipoproteins (LDLs) and decreased high-
density lipoproteins (HDLs). The abnormal lipoprotein metabolism negatively 
in fl uences endothelial function and promotes the atherogenic process. 

 Lipoprotein abnormalities are usually seen in people with CRS and diabetes and 
include an elevation of triglycerides and increased small dense low HDL. There is 
no difference in the LDL levels, but the particles are smaller, more dense, and more 
atherogenic  [  9  ] . 

  Visceral Adiposity . Adipocytes are an active endocrine and paracrine organ and are 
recognized as a rich source of pro-in fl ammatory mediators that contribute to vascu-
lar injury, insulin resistance, and atherogenesis  [  2  ] . These adipokines include TNF-
alpha, interleukin 6 (IL-6), leptin, plasminogen activator inhibitor-1, resistin, and 
C-reactive protein  [  10  ] . Circulating adipokine levels are elevated in an insulin-resis-
tant state and visceral/intra-abdominal fat produces in fl ammatory adipokines in 
greater amounts than other fat depots. On the other hand, adiponectin, which is also 
produced by adipocytes, increases fat oxidation, improves endothelial-mediated 
vasorelaxation and insulin sensitivity  [  11  ] . This hormone is negatively regulated by 
glucocorticoids and TNF-alpha and positively by insulin metabolic signaling  [  12  ] . 
Adiponectin levels are decreased in obesity and are inversely correlated to insulin-
resistant states and high-sensitivity C-reactive protein (CRP) levels. Patients with 
the CRS, diabetes, and coronary heart disease have lower adiponectin levels  [  13  ] . 

  Oxidation/Glycoxidation . Diabetes can affect the generation of oxygen-centered 
free radicals by glucose-dependent and -independent mechanisms. Auto-oxidation 
of glucose can generate oxygen-centered free radicals. Cellular oxidation of glucose 
generates excess reactive oxygen species in mitochondria. These free radicals can 
lead to increased lipid peroxidation in lipoproteins. The arterial wall can be modi fi ed 
by the process of glycation driven by hyperglycemia and associated increases in 
oxidative stress, a process called glycoxidation  [  14,   15  ] . This process generates 
AGEs that attack proteins and lipids which lead to vascular in fl ammation, remodel-
ing, and hypertrophy. 

  In fl ammation . This is a key player in the initiation and progression of atherosclerosis 
 [  16  ] . AGE-mediated cytokine release is associated with overproduction of 
in fl ammatory growth factors such as platelet-dependent growth factor, insulin-like 
growth factor-1, granulocyte/monocyte colony-stimulating factor, and transforming 
growth factor alpha and beta. An additional in fl ammatory phenomenon involves 
increased formation of immune complexes and subsequent activation of mac-
rophages by these complexes leading to release of CRP. The increase in immune 
complexes can also contribute to plaque rupture and acute coronary events  [  17,   18  ] . 
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  Endothelial dysfunction . Diabetes and insulin-resistant states such as CRS often 
manifest altered expression of adhesion molecules that affect thrombosis and 
increased vascular permeability. There is also an impaired response to endothelium 
NO-dependent vasodilators  [  2  ] . Insulin has a dose- and time-dependent effect of 
increasing vasodilatation in animal models and humans  [  2,   19  ] . The action of insu-
lin appeared to be mediated by the ability to produce NO and to diminish its destruc-
tion. AGEs and oxidation products have the ability to destroy endothelial cell 
derived NO. This mechanism is an important contributor to the vasodilatation 
impairment seen in the CRS and diabetes. Evidence suggests that in fl ammatory 
adipokines may negatively in fl uence endothelial function through their pro-
in fl ammatory properties. On the other hand, adiponectin, which is reduced in the 
CRS and diabetes, normally promotes NO-mediated vasorelaxation. 

 Diabetes and the CRS are associated with a pro-thrombotic state re fl ecting 
changes in both thrombosis and  fi brinolysis. There is an increase in factor VII activ-
ity related, among other things, to elevated postprandial hyperlipidemia. PAI-1 
overexpression may be attributable to direct effects of insulin and increased 
in fl ammation. Increases in platelet aggregation have all been described in diabetes 
 [  15  ] . All of these abnormalities contribute to systemic oxidation, in fl ammation, 
hypercoagulability, and enhanced platelet adhesion and aggregation  [  2,   15  ] . 

  Activation of the RAAS . The CRS and diabetes are often associated with inappropri-
ate activation of the RAAS  [  20  ] . Elevations in angiotensin II and aldosterone have 
been shown to promote an impairment in systemic insulin metabolic signaling that 
leads to endothelial dysfunction and myocardial functional abnormalities  [  21  ] . 
Enhanced activation of the RAAS and increases in oxidative stress can cause 
decreased mitochondrial biogenesis and increased apoptosis and accumulation of 
lipids in the heart. Recent evidence suggests that impaired myocardial mitochon-
drial biogenesis, fatty acid metabolism, and antioxidant defense mechanisms lead to 
diminished cardiac substrate  fl exibility and diastolic dysfunction  [  22  ] . The mal-
adaptive interaction of factors such as hypertension, insulin resistance, dyslipi-
demia, microalbuminuria, and reduced renal function has been called the CRS  [  23  ] . 
Figure  7.1  shows the interrelationship between adiposity and maladaptive changes 
in the heart and kidney in patients with insulin resistance. Atherosclerosis and myo-
cardial dysfunction are increased in persons with insulin resistance and diabetes 
type 1 and 2. However, the exact mechanism and potential bene fi ts of correcting 
these abnormalities are still under investigation.  

   Evidence-Based Glycemic Medical Treatment 

 The publications of the Diabetes Control and Complications Trial (DCCT) in 1993 
and United Kingdom Prospective Diabetes Study (UKPDS) in 1998 helped shape 
the management of diabetes in recent years  [  24,   25  ] . Both studies showed a signi fi cant 
reduction in microvascular disease with intensive glucose control and reduction of 
hemoglobin A1C of 7%. Unfortunately, these studies were not able to demonstrate 
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a bene fi t in reduction of myocardial infarction or macrovascular disease. The 
UKPDS involved intensive treatment of hyperglycemia in patients with newly diag-
nosed type 2 diabetes over a 10-year period. There is an absolute reduction in the 
risk of myocardial infarction of borderline signi fi cance (3%) with no signi fi cant 
reductions in any other macrovascular outcomes. There was also preliminary evi-
dence that metformin treatment may reduce CVD events in the UKPDS. 

 The  fi rst study that showed a treatment bene fi t in the reduction of CVD in diabe-
tes was the Steno-2 study published in 2003  [  26  ] . This study was an intensi fi ed 
intervention aimed at multiple risk factors in patients with type 2 diabetes. This was 
a randomized study with implementation of behavior modi fi cation and pharmaco-
logic therapy targeting hyperglycemia, hypertension, dyslipidemia, and microalbu-
minuria. The mean follow-up was 7.9 years and the study showed a reduction in the 
risk of cardiovascular and microvascular events by about 50%. 

 The lack of reduction of macrovascular disease evidence in the UKPDS study 
gave birth to the notion that a more aggressive approach targeting hemoglobin A1C 
below 7% would reduce CVD. This hypothesis was tested in three studies: the 
Veterans Administration Diabetes Trial (VADT), Action in Diabetes and Vascular 
Disease: Preterax and Diamicron Modi fi ed Release Controlled Evaluation 
(ADVANCE) and Action to Control Cardiovascular Risk in Diabetes (ACCORD). 
These studies were published in rapid succession over the second half of 2008 and 
the beginning of 2009. A total number of almost 25,000 type 2 diabetic patients 
were recruited in these trials to assess the effect of intensive glycemic control vs. 
conventional therapy on CVD endpoints  [  27  ] . 

 The VADT was published in 2009. This study enrolled 1,791 military veterans 
with suboptimal response to therapy for type 2 diabetes. CVD risk factors were 
treated uniformly, and the patients were randomized into intensive therapy and stan-
dard therapy with an absolute reduction of hemoglobin A1C of 1.5 percentage 
points between the two groups. The primary outcome was a composite of myocar-
dial infarction, stroke and death from CVD, and congestive heart failure, surgery for 
vascular disease, inoperable coronary disease, and amputation for ischemic gan-
grene. The median follow-up was 5.6 years with a reduction in the hemoglobin A1C 
in the intensive arm of 6.9%. The intensive glucose control in this study had no 
signi fi cant effect on the rates of major cardiovascular events or death. The study 
showed a reduction in the progression of albuminuria  [  28  ] . 

 The ADVANCE trial was a study designed to answer the question whether inten-
sifying glucose control to achieve an A1C of <6.5% would provide an additional 
bene fi t of reducing the risk of both micro- and macrovascular disease. The 
ADVANCE had also a blood pressure (BP) lowering arm in patients with type 2 
diabetes. The aim of the BP arm was to establish whether routine provision of BP 
lowering therapy produced additional bene fi ts in terms of macro- and microvascular 
disease, irrespective of the baseline BP. The trial enrolled over 10,000 patients from 
20 countries in Asia, Europe, Australia, and North America with a median follow-
up of 5 years. The hemoglobin A1C fell progressively in the intensive arm, reaching 
6.5% in a period of 2–3 years duration. The study demonstrated that it is possible 
to safely achieve tight levels of glycemic control using conventional agents. 
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Unfortunately, there were no signi fi cant differences in the number of macrovascular 
events between the two groups during the trial. Again, there was a 14% relative risk 
reduction in microvascular events especially diabetic nephropathy. The BP arm of 
the ADVANCE trial ran for 4.3 years and showed that a combination of indapamide 
and perindopril reduced mortality, coronary events, and diabetic nephropathy 
regardless of the initial BP  [  29  ] . 

 The ACCORD trial is the last of the three mega trials in glucose control and 
macrovascular disease. The study was published in 2008 and the hypothesis was to 
investigate whether intensive therapy targeting a hemoglobin A1C of 6% would 
reduce CVD events in patients with type 2 diabetes. This study randomized 10,251 
patients and the hemoglobin A1C was reduced by 1.4% in the intensive therapy in 
a period of 4 months. Findings of higher mortality in the intensive therapy arm led 
to discontinuation of the study after a mean of 3.5 years of follow-up  [  30  ] . This 
study had identi fi ed a previously unrecognized harm of intensive glucose lowering 
in high-risk patient with type 2 diabetes. The intensive therapy group had higher 
rates of hypoglycemia, weight gain, and  fl uid retention. Patients in the two groups 
had similar exposure to cardiovascular protective interventions; BP levels were 
lower in the intensive therapy arm. The study suggested that patients in the intensive 
arm who had not had CVD and a hemoglobin A1C less than 8% may have had fewer 
fatal or nonfatal CVD events. Preliminary analysis of episodes of severe hypoglyce-
mia and differences in the use of drugs, weight change, and other factors did not 
identify an explanation for the increase in mortality. Some hypothesized that the 
harm may be related to the speed and magnitude of reduction in the hemoglobin 
A1C level in the intensive group. 

 These three trials have demonstrated that, at least in the short term (3–5 years), 
aggressive glycemic control of hemoglobin A1C to 6–6.5% has no signi fi cant effect 
in reducing macrovascular disease. On the other hand, these trials showed a decline 
in CVD mortality in the diabetic population regardless of the glycemic control  [  31  ] . 
This reduction in CVD is related to the efforts made targeting other aspects of type 
2 diabetes such as BP and cholesterol reduction with the knowledge that this will 
have a larger effect preventing macrovascular complications as evidenced in the 
STENO-2 trial and the Avoiding Cardiovascular Events in Combination Therapy in 
Patients Living with Systolic Hypertension (ACCOMPLISH) trial.  

   The Legacy Effects of Glycemic Control 

 The DCCT showed that intensive therapy aimed to achieve near normoglycemia 
reduces the risk of microvascular complications in type 1 diabetes. In this study, 
patients with new onset type 1 diabetes were randomly assigned to intensive vs. 
conventional therapy from 1983 to 1993. Ninety-three percent of these patients 
were followed until 2005 by the Epidemiology of Diabetes Interventions and 
Complications (EDIC) Study group. With a mean of 17 years of follow-up, the 
study showed that intense diabetes therapy reduced the risk of any CVD event by 
42% and the risk of nonfatal myocardial infarction, stroke, or death from CVD by 
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57%. Microalbuminuria and albuminuria were associated with a signi fi cant increase 
in the risk of CVD  [  32  ] . 

 In the UKPDS study, patients with new onset type 2 diabetes who received inten-
sive glucose therapy had a lower risk of microvascular complications. Post-trial 
monitoring of these patients was done through annual questionnaires. These patients 
were followed up for a period of 17 years. The differences in hemoglobin A1C level 
between groups were lost after the  fi rst year. Despite this early loss of glycemic dif-
ferences, a continued reduction in microvascular risk and emergent reductions for 
myocardial infarction and death from any cause were observed in the post-trial fol-
low-up  [  33  ] . This bene fi cial effect in the intensive arm, despite the loss of separa-
tion in the glycemic control, has been called the legacy effect (Fig.  7.2 ).  

 The concept of a glycemic legacy effect has been proposed based on the long-
term follow-up of these studies. In both studies, the risk reduction for microvascular 
disease after almost 20 years of follow-up was fully retained despite the loss in the 
separation in hemoglobin A1C level between the two groups. Even more remark-
able was the risk reduction for CVD (−57%, 95% CI 12–7%) in the DCCT and 
reduced risk of myocardial infarction of 15% in the UKPDS. This showed that the 
effect of tight glycemic control in newly diagnosed patients is equally bene fi cial in 
type 1 and type 2 diabetes. 

 On the other hand, the decrease in the incidence of nephropathy that was dem-
onstrated in the ADVANCE and VADT trials might have long-term bene fi ts on 
CVD. Patients with diabetic nephropathy have a 20% higher risk of macrovascular 
disease  [  34  ] . 

 The gestalt emerging from these trials has a more favorable outcome on CVD 
with contemporary therapy in diabetic patients in recent years. This is related to a 
multiple targeted approach (BP, lipid, microalbuminuria, and antiplatelet therapy) 
and long-term follow-up effects of more rigorous glucose control. Indeed, a meta-
analysis in 2009 of these prospective randomized controlled trials (Fig.  7.2 ) showed 
that intensive glycemic control resulted in 17% reduction in events of nonfatal 
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  Fig. 7.2    Meta-analysis showed that intensive glycemic control resulted in 17% reduction in events 
of nonfatal myocardial infarction and 15% reduction in events of coronary heart disease       
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myocardial infarction and a 15% reduction in events of coronary heart disease. Intensive 
glycemic control had no effect on events of stroke or all-cause mortality  [  35  ] .  

   Conclusions and Recommendations 

 Intensive glycemic control early and late in diabetes signi fi cantly reduces the risk of 
microvascular complications. It may reduce the risk of CVD events as per long-term 
follow-up studies (EDIC/UKPDS follow-up). However, this approach will increase 
the risk of severe hypoglycemia and weight gain which may limit the magnitude of 
these bene fi ts. It is now generally acknowledged that target hemoglobin A1C goal 
should be individualized based on duration of diabetes, age/life expectancy, comor-
bid conditions, known CVD or advanced microvascular complications, hypoglyce-
mia unawareness, and individual patient considerations. More or less stringent 
glycemic goals may be appropriate for individual patients  [  36  ]  

 For CVD risk reduction in patients with diabetes, large bene fi ts are seen when 
multiple risk factors are addressed globally. The American Diabetes Association 
recommends a BP less than 130/80 mmHg and suggests that the  fi rst-line therapy in 
diabetes should include an ACE inhibitor or angiotensin II receptor blocker. It is 
recommended that the lipid pro fi le should be checked annually. In adults with low 
risk lipid values, the LDL cholesterol should be less than 100 mg/dL, HDL choles-
terol >50 mg/dL, and triglycerides <150 mg/dL. Statin therapy should be added to 
lifestyle therapy, regardless of lipid levels for diabetic patients with overt CVD or 
without CVD who are over the age of 40 years and have one or more of other CVD 
risk factors. In individuals with overt CVD, the LDL goal is less than 70 mg/dL. 
Aspirin therapy as a primary prevention strategy in type 1 and type 2 should be 
considered in most men more than 50 and women more than 60 years of age who 
have at least one additional major risk factor. It is recommended to advise all dia-
betic patients not to smoke and include smoking cessation counseling and other 
forms of treatment as a component of diabetes care. Finally, regular exercise and a 
Mediterranean type diet are recommended.      
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    Hypertensive Retinopathy 

 Hypertension or high blood pressure remains a serious problem not only here in the 
USA but worldwide as well. In the USA, almost one in three adults are af fl icted with 
high blood pressure  [  1  ]  while in Europe, it is the leading cause of long-term medical 
care  [  2  ] .    There are varied incidences of hypertension in country with some areas 
having up to 50% of the chronically treated population being treated for this 
condition. 

 Hypertension affects males and females to a similar extent and its incidence 
increases with age. African Americans in the USA have a higher incidence of dis-
ease, and the severity of disease in all groups can have an impact on end-organ 
damage. 

 The sequelae of hypertension include stroke, cardiac disease, renal disease, and 
loss of vision to name but a few. Hypertension affecting the eye is known as hyper-
tensive retinopathy and can cause vision loss in a number of ways. The  fi rst descrip-
tion of this entity dates back to 1892 by Gunn  [  3  ] . Its more recent classi fi cations 
have been described previously  [  4,   5  ]  (see Fig.  8.1 ).  
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 Hypertensive retinopathy is most commonly a bilateral disease although rarely it 
can present unilaterally. Hypertensive retinopathy occurs in men and women, yet in 
one European study looking at Afro-Caribbeans and Europeans aged 40–64, a 
higher prevalence of retinopathy was seen in the Afro-Caribbean group compared 
to Europeans and also women when compared to men  [  6  ] . Smoking increases the 
risk of hypertensive retinopathy, and the disease can be seen concomitantly with 
diabetic retinopathy. 

 Hypertensive retinopathy and its clinical picture can be seen as a direct result of 
the pathological changes taking place in the vascular system  [  7  ] . Increased tone of 
the arteriolar system leads to narrowing seen by the ophthalmoscope. Indeed, the 
ratio of venule diameter to arteriole diameter increases as disease progresses. 
Subsequent damage to the arteriolar wall leads to silver or copper wiring seen by the 
physician. Arteriovenular crossing (nicking) changes take place as the arteriolar 
wall stiffens leading in some cases to venular obstruction, which will be further 
mentioned later in the discussion (see Figs.  8.2  and  8.3 ).   

Keith-Wagener-Barker classification of hypertensive retinopathy:

Group I- Minimal constriction of the retinal arterioles with some
tortuosity in patients with mild HTN

Group II- Retinal abnormalities include those of group I, with more
definite focal narrowing and arteriolovenous nicking in patients with
minimal or no other systemic involvement

Group III- Abnormalities include those in groups I, II and also
hemorrhages and exudates and vasospastic changes that include focal
arteriolar constriction and cotton-wool spots. Many of these patients
have identifiable cardiac, cerebral, or renal dysfunction. 

Group IV- Above abnormalities are present and more severe plus optic
disc edema. Elschning’s spots are present in some. The cardiac, cerebral
and renal diseases are more severe,

  Fig. 8.1    Keith–Wagener–Barker classi fi cation of hypertensive retinopathy       

  Fig. 8.2    Red-free ( left image ) and early transit  fl uorescein angiographic image (set  right ) of a left 
eye depicting retinal arteriolar attenuation (arteriole  fl uoresces white in this early transit frame of 
the angiogram)       
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 Incompetence of the arteriolar system can also lead to vascular leakage of lipid 
seen as hard exudates and hemorrhage most often seen in the nerve  fi ber layer. The 
lipid can be seen as ring shaped or as a macular star (see Fig.  8.4 ). Infarcts of the 
nerve  fi ber layer by ischemic vasculature can lead to cotton wool spots, a telltale 
sign of impaired circulation when seen in conjunction with hypertension. The cot-
ton wool spots (see Fig.  8.5 ) are often referred to as soft exudates, a misnomer as 
they represent an infarct and not an exudate.    It should be kept in mind that numer-
ous other causes of nerve  fi ber layer infarcts exist, but taken in their totality with 
other historical and physical  fi ndings can be ascribed to a high blood pressure 
abnormality in the right clinical setting.   

 The loss of vision in hypertension can be a direct result of the disease or a sec-
ondary phenomenon. Clearly, the patient who develops  fl uid leakage into the macu-
lar area where exquisite function is needed for perfect vision will suffer temporary 
or permanent loss of vision. The patient who develops ischemia to the macula (isch-
emic maculopathy) likewise may show impairment of vision, often irreversible. 
The development of stage 4 hypertensive retinopathy with optic nerve edema 

  Fig. 8.3     Color image  
shows severe hypertensive 
retinopathy with the 
appearance of an 
“impending” central retinal 
vein occlusion.  Arrow  depicts 
severe A–V nicking       
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(see Fig.  8.6 ) can have serious long lasting implications for vision. An optic nerve 
compromised by poor circulation will develop atrophy if left untreated  [  8  ] . Bilateral, 
exudative retinal detachment may occur with a precipitous rise in blood pressure 
(see Fig.  8.7 ). This condition is marked by “shifting” sub-retinal  fl uid, located infe-
riorly, due to the effects of gravity.   

 Retinal arteriole macroaneurysms (see Fig.  8.8 ) can also be associated with 
hypertension in the majority of cases  [  9,   10  ] . A weakened histologically altered 
aged blood vessel can dilate under the in fl uence leading to the aneurysm. The dilated 
abnormal area can then rupture leading to retinal hemorrhage.  

  Fig. 8.4    Color fundus photo of a  left eye  depicting “Macular star” formation and optic nerve edema. 
There is arteriolar attenuation and venous dilatation.  Arrows  indicate early “Elschnig spots”       

  Fig. 8.5    Color fundus photos of  right  and  left eyes . Severe nonproliferative diabetic retinopathy 
and coincident hypertension have resulted in bilateral diabetic macular edema. Multiple bilateral 
cotton-wool spots representing nerve  fi ber layer infarcts are seen       
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 Hypertension can affect the choroid which appears sensitive to pathologic altera-
tions  [  11  ] . A number of fundus lesions can be seen including the Elschnig spot and 
the Seigrist streak. 

 Hypertension can be a risk factor for both retinal artery and retinal vein occlusive 
disease  [  12  ] . An occlusion of a branch (see Fig.  8.9 ) or central retinal vein (see 
Fig.  8.10 ) can be accompanied by mild to severe vision impairment. Artery occlu-
sions in the retina also have hypertension as a major risk factor and the central reti-
nal artery type (see Fig.  8.11 ) leads in essentially all patients to a complete loss of 

  Fig. 8.6    Color photo of a  right eye  depicting optic nerve edema and macular edema. Enlargement 
of the nerve shown to the  right . Blurring of the disc margins and obscuration of the tiny capillaries 
as they cross the margins signify “true” disc edema       

  Fig. 8.7    ( a ) Bilateral, inferior exudative retinal detachment in a patient with hypertensive 
emergency. ( b ) Resolution of retinal detachment after normotensive status achieved. ( Arrow ) An 
early Elschnig spot is seen representing area of choroidal infarct       

 

 



  Fig. 8.8    ( a ) Retinal arteriolar macroaneurysm suspected in color photo of a  left eye . ( b ) Highlighted 
early frame indocyanine-green (ICG) angiogram: the lesion ( arrow ) was blocked by a large sec-
ondary pre-retinal hemorrhage, necessitating ICG imaging for diagnosis and localization. The 
legion was treated with thermal laser ablation       

  Fig. 8.9    Left  color fundus 
photo depicting the late 
sequelae of a central retinal 
artery occlusion. Optic nerve 
shows pallor, and ghost 
vessels are evident. Circular, 
black “Elschnig spots” are 
seen, representing localized 
choroidal infarctions. There 
is pigment mottling in the 
macular area. Vision is bare 
light perception (LP)       

  Fig. 8.10    Fundus photo 
of a  right eye  with central 
retinal vein occlusion       
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central vision  [  13  ] . Whereas central retinal artery occlusions occur mostly due to 
thrombus formation, branch retinal artery occlusions more commonly occur from 
embolic phenomena.    

 There is an association of hypertensive retinopathy and stroke. Evidence sug-
gests that the presence of retinopathy may have an association with cerebrovascular 
disease  [  14  ]  and with different types of cerebrovascular events  [  15  ] . An extensive 
prospective study of patients with acute lacunar infarcts showed a correlation with 
a number of factors in the retinal microvasculature  [  16  ] . A prospective study look-
ing at ischemic stroke patients within 1 week of the event demonstrated that there 
was a higher rate of recurrent cerebrovascular events in patients that had either reti-
nal focal arteriolar narrowing or AV nicking  [  17  ] . Another recent study has shown 
that hypertensive retinopathic abnormalities related to stroke can allow clinicians to 
further individualize a risk pro fi le for stroke to each patient and potentially guide 
treatment strategies  [  18  ] . 

  Fig. 8.11    ( a ) Color fundus photo of a  left eye  depicting branch retinal vein occlusion. ( b ) 
Fluorescein angiographic image series showing hypo fl  uorescence due to ischemia and blockage 
by intraretinal blood. There is late staining of the veins in the late frame ( lower right)       
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 Anterior ischemic optic neuropathy of the non-arteritic type has hypertension as 
a risk factor as well  [  19,   20  ] . This type of optic nerve infarction tends to have a bet-
ter visual prognosis than when caused by temporal arteritis but still can have perma-
nent visual deterioration. 

 Important and relevant to this entire section is the need to control high blood 
pressure in all of these manifestations in the eye. The retina is being affected as are 
other end organs in these settings. The normalization of blood pressure in our 
patients af fl icted with this disease can no doubt reduce the incidence of ophthalmic 
dysfunction.  

   Diabetes and the Eye 

 Diabetes is the leading cause of new blindness in the USA among adults aged 20–74 
 [  21  ] . Given its propensity to affect relatively young adults in the prime of their 
working lives’, with long duration of expected survival, the economic and social 
cost to our society is terribly high. A known or recently diagnosed diabetic patient 
who complains of visual distortion, “blurry vision,” or “ fl oaters” must be taken very 
seriously, as it may herald the development of what may be or become irreversible 
blindness. Furthermore, diabetic eye disease is closely associated with other serious 
end-organ damage (i.e., chronic renal insuf fi ciency, peripheral neuropathy, and cor-
onary artery disease)  [  22  ] . 

   Anterior Segment Manifestations 

 Autonomic neuropathy resulting from chronic hyperglycemia may affect the cor-
neal sensation (CN V) thereby reducing the necessary compensatory production of 
the aqueous component of tears, reducing the ef fi cacy of the tear- fi lm as it bathes 
the cornea. This may manifest as a complaint of eye fatigue such as that occurs with 
prolonged reading, foreign-body sensation due to “dry eyes (syndrome),” punctate 
epithelial keratitis (tiny erosions), or keratitis sicca (very dry eyes). Treatment is 
aimed at replacement of the aqueous component of tears (i.e., arti fi cial tears, q.i.d or 
PRN) or in more advanced cases with gel lubricants (i.e., puralube)    or topical 
cyclosporine A (Restasis) b.i.d. More recalcitrant cases may be treated by punctual 
occlusion with silicone punctual plugs. 

 Refractive changes in the status of the human crystalline human lens is well 
known to occur with precipitous changes in serum glycemic status. Blurred vision 
is in fact a common presenting symptom of Type 1 diabetes. Visual disturbance 
certainly occurs due to osmotic changes in the lens itself; hyperglycemia induces 
swelling and “fattening” of the lens altering its power, which induces a myopic or 
“near-sighted” shift in lens refractive power. The characteristics of the particular 
visual disturbance depends upon the patient’s native refractive state. In emmetropic 
(normal) or myopic (near-sighted) persons, distance vision may be preferentially 
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worsened, while near vision may in fact be unchanged. Three to four months of tight 
glycemic control usually results in refractive shift back to the native state. A tempo-
rary change in eyeglass prescription may be needed during this period. 

 Osmotic changes may affect the nucleus and cortex of the lens in a temporary or 
permanent fashion, resulting in oxidative damage to lens constituents (a and b crys-
talline proteins). The “Classic” changes to the crystalline lens which occurs over a 
longer period of time involves the posterior capsule of the lens [posterior sub-
capsular cataract (PSC)]. In the setting of long-standing, poorly controlled diabetes, 
PSC is not usually reversible. Cataract which persists after 3–4 months of “fairly 
good” glycemic control (i.e., FBS <200) are treated by cataract extraction and 
intraocular lens implantation if a new eyeglass or contact-lens prescription is not 
visually satisfactory. A notable exception to conservative management is where the 
lens changes are so signi fi cant so as to impede the view of the fundus and hence 
necessary evaluation and/or treatment of diabetic retinopathy. 

 Persons with longstanding diabetes usually experience accelerated presbyopia, 
which is the inability to read at the normal reading distance (at about 14 in.) without 
an optical reading addition to their eyeglass prescription. Persons who are hyper-
opic (far-sighted) will require a reading addition to their prescription earlier than the 
myopic (near-sighted) individuals. Accelerated presbyopia is felt to be due to 
reduced accommodative amplitudes of the ciliary body secondary to autonomic 
neuropathy affecting CN III. Perhaps there could be some contribution due to the 
premature “hardening” of the crystalline lens due to hyperglycemia (crystalline lens 
proteins alpha- and beta-crystallins are oxidized). This clinically manifests as an 
increased near-prescription requirement between the ages of 50 and 75. 

 Double vision (diplopia) that is associated with diabetes may result from 
signi fi cant posterior subcapsular cataract (PSC) formation (subacute or chronic),or 
from true strabismus [an esotropia inward (CN VI) or exotropia outward (CN III) 
eye muscle deviation of one eye]. Longstanding diabetes occasionally results in 
acute neuro-paresis (eye deviated in with CN VI or eye deviated out in CN III 
palsy). This is yet another example of an eye manifestation from autonomic neu-
ropathy. To be attributable merely to diabetes, though, ophthalmic and neurologic 
consultation should be urgently obtained. The differential diagnosis of recent onset 
exotropia (deviation of eyes outward) includes consideration of an anterior com-
municating artery macroaneurysm of the brain (compressing CN III), which can 
lead to massive-subarachnoid hemorrhagic stroke and death if undiagnosed. 

 Interestingly, headache and eye pain may be associated with either condition. The 
autonomic neuropathy in this instance is microvascular in nature and is potentiated 
by systemic hypertension. Importantly, the nerve  fi bers subserving constriction of 
the pupil of the iris are spared in diabetic CN III paresis, where they are affected in 
aneurysmal-associated CN III exo-deviations, resulting in a dilated “blown” pupil. 

 Diabetes associated strabismus usually resolves fully over the course of weeks or 
months. 

 The iris may become involved in long-standing diabetes. The iris stroma may 
become atrophic in lightly pigmented individuals with blue eyes (so-called, histo-
pathologic lacy vacuolization) or in advanced diabetic eye disease due to rubeosis 
iridis (Ruby red eye in Latin). 
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 Neovascular glaucoma (NVG) is a devastating eye disease, since it results in a 
blind and painful eye. It most often occurs in the setting of severely ischemic 
Proliferative retinopathy, but may arise in association with other retinal vascular 
conditions. NVG occurs when neovascularization of the anterior chamber angle 
occurs. The “angle” is where aqueous humor produced by the ciliary body drains 
from the eye. Out fl ow is impeded as the neovascularization  fi broses and closes the 
anatomical angle. The process may be reversed with aggressive treatment if part of 
the angle remains open.  

   Posterior Eye Involvement 

 Diabetes affects the capillary network of the retinal vascular circulation preferen-
tially. Interestingly, the deeper choroid and choriocapillaris are not typically affected, 
perhaps since these vessels are fenestrated and dissimilar to the capillaries of the 
inner retina. Signi fi cant and permanent vision loss that results from diabetes is always 
due to posterior-segment ocular involvement until proven otherwise. Vision loss due 
to retinal problems may become irreparable with a short passage of time (weeks or 
months). Impending, permanent visual loss due to retinal problems should be always 
considered in those patients who you see with possible and known diabetes, unless it 
can be proven otherwise. It is important to note that the occasional patient goes per-
manently blind from diabetic retinopathy even when well controlled. 

 Visual loss in diabetic retinopathy is best classi fi ed as moderate [doubling of the 
visual angle (i.e., 20/20 to 20/40) or severe (worse than 20/200)]. The goal of treat-
ment in diabetic retinopathy is to lessen the chance of vision loss, be it moderate 
vision loss in the case of macular edema or severe vision loss in proliferative dia-
betic retinopathy (PDR). 

 Highly threatening retinopathy in the setting of diabetes is usually due to PDR, 
and it often presents in the very advanced stages. Given the anatomical posterior 
ocular location of the retina, it may not be apparent or visible to the patient or to the 
primary-care doctor. 

 Advanced means of examination (i.e., indirect ophthalmoscopy and slit-lamp 
biomicroscopy) are required to appreciate the condition. It cannot be inexpertly dif-
ferentiated from the reversible aforementioned causes of vision loss (i.e., refractive 
error or cataract), and the extent can be often missed in the care of the inexperienced 
examiner (see Fig.  8.12 ). Duration and severity of the systemic disease is not at all 
a reliable factor in differentiating permanent, severe eye disease from that which is 
treatable and temporary; each case must be looked at individually.  

 Permanent sight-threatening eye disease involving the retina can and does exist 
in the setting of the, “I don’t even have diabetes” patient. Previously undiscovered 
genetic factors governing retinal vascular perfusion and formation of neovascular-
ization may explain this occurrence. Patients have gone blind from mild and late-
treated Type II DM and then soon thereafter develop chronic renal failure (CRF) 
and a need for urgent hemodialysis. 



958 Hypertension, Diabetes, and the Eye

 Annual screening eye exams are of great value, assuming they are provided by a 
quali fi ed eye care physician. Given the great importance of vision and the impact of 
early treatment, patients require close lifelong observation by a quali fi ed doctor (at 
least twice per annum when diabetic retinopathy is diagnosed). True IDDM can be 
seen initially at 5 years from diagnosis, and others should be seen soon after 
diagnosis. 

 Nonproliferative diabetic retinopathy (NPDR) is classi fi ed as mild (“back-
ground”) (see Fig.  8.13 ) moderate (see Fig.  8.14 ) and severe (“pre-proliferative”). 
It necessarily predates PDR, but is variable in its manifestations and signi fi cance on 
vision. Often reassurance and observation are all that is necessary. But its extent is 
sometimes underestimated.    If patients come under good glycemic and hypertension 
control, anatomical and visual prognoses are fairly good. Retinal disease may actu-
ally paradoxically worsen though after glycemic, blood-pressure, and serum lipid 
indices are optimized  [  22  ] .   

 Diabetic retinopathy is caused by retinal vascular abnormalities closely akin to 
that which occurs in the renal glomeruli. The pathogenesis and pathophysiology are 
probably identical. The accepted theory involves hyperglycemia induced basement 
membrane thickening, loss of pericytes, and endothelial dysfunction. Hypoxia, oxi-
dative stress, in fl ammation, and protein damage causes vascular endothelial growth 
factor (VEGF) to be upregulated. Substantive changes in native blood vessels (see 
Fig.  8.15 ) occur during the early stages (nonproliferative or “background” diabetic 
retinopathy), seen as microaneurysmal saccular changes in capillaries and small 
intraretinal “dot-blot” hemorrhages  [  23  ] . Cotton-wool spots, signifying nerve- fi ber 
layer ischemia and infarct are also seen but are not pathogneumonic changes of 
diabetes, as they are commonly seen to result from hypertension and collagen-
vascular diseases.  

  Fig. 8.12    ( a ) This color fundus photo of the  left eye  depicts a 24-year-old man with fairly good 
visual acuity (20/30). A casual observer might say that he had diabetic retinopathy, with “some 
dot-blot heme.” In fact, he has very severe proliferative retinopathy, with NVD and diffuse macu-
lar edema. The conspicuous absence of lipid, bleeding and  fi brosis make correct recognition 
dif fi cult at  fi rst glance. ( b ) Photo of the same eye later that day after PRP was applied. He opted to 
be initially treated with simultaneous injection of intravitreal steroids       
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  Fig. 8.13    Red-free ( top ) and mid-phase  fl uorescein angiographic images ( bottom ) depict microa-
neurysms—seen as hyper fl uorescent spots. A small amount of lipid is seen inferior to the foveola 
 top right  image, indicating CSDME. This would be monitored closely, and patient would be 
advised of the great importance of HTN, BS and lipid control       

  Fig. 8.14     Right  ( a ) and  left  ( b ) eye red-free photos depicting moderate NPDR and bilateral 
CSDME. Lipid is threatening the foveal center ( a ), and a peri-foveal microaneurysm is causing 
foveal edema ( b ). Both eyes display cotton-wool spots indicative of moderate nonproliferative 
diabetic retinopathy. Patient was treated with focal laser ( a ) and intravitreal therapy ( b ), as the 
microvascular abnormality was judged too close to the fovea to treat safely with laser. Both eyes 
must be monitored very closely for progression to PDR. PRP laser may be necessary within 
months, or if patient is judged unreliable to follow-up       
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 Preproliferative retinopathy that is seen just prior to the proliferative type 
includes compensatory vascular anomalies due to VEGF, such as intraretinal micro-
vascular abnormalities (IRMA), venous beading, and extensive capillary non-
perfusion. 

 Retinal changes tend to be chronic and go largely unnoticed for years, as they 
almost never cause visual abnormalities. As areas of retinal ischemia broaden, more 
VEGF and in fl ammatory mediators are poured into the vitreous which impacts the 
native, but dysfunctional retinal capillaries. Leakage occurs into the retina, which 
comes to exceed the resorptive capacity of the blood vessels and the underlying reti-
nal pigment epithelial cells. 

 Lipid falls out of  fl uid suspension when  fl uid is reabsorbed. Thickening and lipid 
deposition are included in the grading scheme of clinically signi fi cant diabetic mac-
ular edema (CSDME). Vision can be normal and the condition may go unnoticed. 
Visual acuity is not even part of the classi fi cation scheme. Retinal thickening and 
lipid which comes to affect the macula eventually causes moderate visual change, 
however. Late stage severe or untreated disease often results in severe vision loss, 
“legal blindness.” 

 Overexpression of VEGF causes the formation of new abnormal blood vessels, 
in their attempt to recapitulate the architecture of the retinal capillary network. 
They are always pathological, however, and usually lead to bleeding and distortion 
of the retina with concomitant severe vision loss. They are seen to proliferate behind 
the vitreous body on the surface of the optic disc and retina as tiny, fragile capillar-
ies, “neovascularization of the disc” (NVD) and “neovascularization elsewhere” 
(NVE) (see Figs.  8.16  and  8.17 ). Bleeding emanates from the incompetent vessels. 
This may occur spontaneously, especially in the case of uncontrolled hypertension, 
or as a result of vitreous traction. Tractional retinal detachment (TRD) occurs as a 

  Fig. 8.15    ( a ) This is a normal fundus  fl uorescein mid-phase circulation image of the  right eye . 
The retinal vessels show  fl uorescence about 1 min after  fl uorescein intravenous dye injection. 
( b ) Note the healthy (magni fi ed) appearance of the capillary network surrounding the anatomical 
foveola. The extent of the central black area represents the so-called foveolar avascular zone       
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result of involution of neovascularization  fi brovascular tissue (see Fig.  8.18 ), as it is 
constantly pulled upon by the vitreous body. Eventual separation of the vitreous 
from the optic nerve and retina, where it is  fi rmly attached embryologically, may 
also induce bleeding, TRD, and retinal breaks.    

 Vitreous separation tends to occur later in diabetics, owing to alteration in their 
constituent proteins as it is stickier than usual. Abnormal splitting and lamination of 
the vitreous body is seen at the time of vitreous surgery as well.    Vitreous that fails 
to separate from the macula proper is thought to possibly contribute to macular 
edema, and can itself distort the foveal pit, the so-called vitreo-macular traction 
syndrome (VMTS) which is best treated by surgical release, pars-plana vitrectomy 
(PPV). 

 Three-port PPV is commonly performed in the setting of diabetes.    Indications 
for PPV in the diabetic may include aforementioned signi fi cant cases of VMTS, or 
when macular distortion occurs by contractile  fi brovascular tissue (see Fig.  8.18 ); 
non-clearing and signi fi cant vitreous hemorrhage; TRD involving the macula, and 
complex retinal detachments with open retinal breaks. Modern PPV is seen as faster 
and safer than when it was in its infancy (1970s–1990s), so its use and indications 
have expanded somewhat. 

  Fig. 8.16    Red-free photos ( top ) and late-phase  fl uorescein angiographic photos ( bottom ) of the 
 right  and  left  eyes. Diffuse CSDME with circinate lipid exuation is evident       

 



  Fig. 8.17    Red-free photos ( top ) and late-circulation  fl uorescein angiographic images ( bottom ). 
   Large areas of hypo fl uorescence are seen consistent with nonperfusion/ischemia. Neovascularization, 
which is hyper fl uorescent, tends to occur at borders of these areas (so-called watershed zones). 
Fibrosis is evident in the  upper right  photo, in a commonly seen con fi guration. This is very severe 
PDR of both eyes (o.u.)       

  Fig. 8.18    ( a – f ) This 45-year-old long-standing IDDM patient has very severe,  fl at NVE ( a ,  b ) 
which has invaded the macula in the  right eye  ( a ). He recently had PRP at another facility in the 
o.d. ( a ,  c ) and attributes his 20/25 vision to that event. Extensive hyper fl uorescent areas represent 
NVE ( d – f ). There is a conspicuous absence of NVD and VH, though, and his uncorrected vision 
is excellent (20/25 R  and 20/20 L ). He is at high risk of sudden, near simultaneous blindness. His 
macular disease will be treated with intravitreal therapy (Avastin)  R , focal and grid laser  L , and 
aggressive scatter PRP laser (o.u.)       
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 Instruments range in size from 20 to 23 to 25-gage. Only the former gauge 
requires sutures. Removal of the vitreous body’s posterior hyaloid membrane and 
most of the vitreous body substance removes the “scaffold” implicated in formation 
of TRD, VMTS and recurrent vitreous hemorrhage.    It is not without signi fi cant 
risks, i.e., re-bleeding (10–20%), infection rarely, macular hole, glaucoma, or optic 
neuropathy which can result in permanent vision loss. Persons who were previously 
untreated with laser PRP may do especially poorly. In the earlier days of vitreo-
retinal surgery, PPV for PDR carried high risks, about a 10% chance of severe and 
permanent blindness (NLP vision)  [  24  ] . 

 Intravitreal anti-VEGF agents are now used extensively for PDR preoperatively 
in cases where profuse neovascularization exists. Caution must be exercised though, 
as involution and contraction of neovascular vessels occurs very rapidly and this 
may induce progressive TRD, retinal breaks, and complex retinal detachment. 

 The treatment of CSDME based on results of the early treatment of diabetic 
retinopathy study (ETDRS) is focal laser treatment. It can reduce the chance of suf-
fering moderate vision loss by about 50% over several years  [  25,   26  ] . Focal laser 
entails applying small spots of thermal laser under direct visualization to leaky 
microaneurysms which are visible at the slit-lamp and further localized on intrave-
nous  fl uorescein angiography (IVFA) (see Fig.  8.13 ). IVFA is very helpful in iden-
tifying areas of peripheral retinal nonperfusion and cases with coexisting macular 
ischemia. Historically, a grid-like pattern of laser was applied in cases of diffuse 
macular edema, but this is now performed less frequently. Judicious focal laser is 
still the “gold standard” treatment for CSDME and very useful in cases of discrete 
CSDME when microaneurysms are not foveal involving. 

 Focal laser is less useful in cases with diffuse macular edema (see Fig.  8.16 ) and 
cases where microaneurysms are located within the foveal avascular zone. Any type 
of diabetic macular edema which is refractory to repeated focal laser is offered in 
conjunction with anti-VEGF intravitreal therapy [bevacizumab (Avastin) or ranibi-
zumab (Lucentis)]. Laser treatment is offered based on results of the ETDRS, 
respective of signi fi cant macular thickening with or without lipid presence threaten-
ing the foveal center  [  25,   26  ] . Anti-VEGF intravitreal treatment is highly effective, 
as VEGF is strongly implicated in vascular leakage from the abnormal diabetic 
capillaries  [  27,   28  ] . The duration of action is a short 1–2 months, so monotherapy 
with anti-VEGF offers a temporary bene fi t, thus being less advantageous than focal 
laser treatment. 

 Alternative treatments include intravitreal steroid injection, which carries the 
high risk of ocular hypertension with possible glaucoma and cataract. Effects on the 
retina are quite transitory and tachyphylaxis is often seen. Specially formulated 
intravitreal steroids [i.e., sustained-release dexamethasone (Ozurdex)] are a favored 
treatment in chronic edema cases especially where lipid has precipitated and depos-
ited near the foveal center. Focal laser induces long-term durable bene fi t versus 
intravitreal steroids  [  29  ] . 

 PPV with or without internal limited-membrane peeling is a last ditch option for 
treatment of severe diffuse CSDME. The therapeutic response to the aforemen-
tioned modalities are best followed with serial ocular coherence tomography (OCT) 
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(see Figs.  8.19  and  8.20 ) and IVFA. Spectral domain high resolution OCT is a great 
advance as it provides noncontact, quanti fi cation of therapeutic response in the 
macula noting, however, that IVFA is still needed to assess the retinal circulation.   

  Fig. 8.19    Upper images depict SD-OCT (Heidelberg) ( left ) in a normal macula and its associated 
topographic thickness map in microns ( right ). Lower images depict SD-OCT ( left ) in chronic 
CSDME and associated topographic thickness map in microns ( right ).  ILM  internal limiting mem-
brane,  BM  Bruch’s membrane       

  Fig. 8.20    SD-OCT image (Optovue ™ ) which depict macular edema of the  right eye  ( a ) and a nice 
foveal contour several months after focal laser of the  left  ( b )       
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 The treatment of PDR is based on results of the diabetic retinopathy study (DRS). 
Pan-retinal photocoagulation (PRP) is bene fi cial in reducing the chance of severe 
vision loss over several years time  [  30,   31  ] . Consideration of the presence, location 
(on the disc or elsewhere), and extent of neovascularization along with the presence 
or absence of vitreous hemorrhage are made to determine if laser is appropriate. In 
this practical algorithm, derived from the results of the DRS, neovascualrization of 
the disc which is extensive should be treated with PRP, while NVE must be more 
profuse or be associated with vitreous hemorrhage to warrant treatment. Patients 
who are judged to be at high risk of progression or non-compliant are usually offered 
earlier treatment. In PRP, large 300–500  m m spots of laser are applied under direct 
visualization to the peripheral retina. This is done to basically “kill off” the dying, 
ischemic peripheral retina, which is implicated in pathologic VEGF release. 
Reduction of VEGF causes a reduction in stimulating neovascularization and 
macular edema formation. Furthermore, PRP laser treatment “tacks down” the 
neurosensory retina to the underlying retinal pigment epithelium (RPE), which at 
least in theory lessens the chance that it will detach. 

 PRP laser treatment is still the “gold standard” for PDR, as it is very safe, effec-
tive, and very durable in its impact. PRP, when indicated, is ordinarily supplied in 
aliquots of 650–2,500 spots as tolerated (see Fig.  8.12 ). Higher amounts of laser 
may predispose the patient (and treating doctor) to signi fi cant discomfort and 
in fl ammation. Topical anesthesia (Tetracaine 1%) is suf fi cient to allow laser treat-
ment in the of fi ce setting. Peri-bulbar in fi ltration with an injection of lidocaine 1% 
may be provided, although signi fi cant periorbital swelling and risks of permanent 
vision loss from the injection itself must be considered. Mentally challenged, emo-
tionally unstable or disturbed individuals may be treated in the operating room or 
ambulatory surgery-center setting under monitored anesthesia. 

 It bears mentioning that PDR often causes severe and permanent vision loss. As 
the disease is somewhat unpredictable, the patient must be advised of the great 
importance of timely and consistent follow-up. A fully functional, active, employed, 
driving adult can go bilaterally blind in weeks to months (Fig.  8.21 ). Macular isch-
emia resulting from expansion of the normal foveolar avascular zone may occur in 
uncontrolled diabetes with hypertension and causes irreversible, severe vision loss. 
Its temporal occurrence is unpredictable.  

 In the setting of signi fi cant diabetic vitreous hemorrhage in PDR, properly 
applied PRP laser is always very helpful, as it directly reduces the load of VEGF 
delivered to the functioning retina. It makes a surgical cure more likely if deemed 
necessary. In the diabetic patient with minimal prior laser, or where signi fi cant laser 
cannot be safely applied through the vitreous hemorrhage, proximate treatment with 
vitrectomy is usually indicated  [  24  ] . If the status of the retina cannot be determined 
or con fi rmed with B-scan ultrasound exam, proximate surgery is indicated. Some 
laser can ordinarily be applied in a signi fi cant fashion by the retinal specialist. If 
laser has been previously applied in a modest fashion, and vitreous  fl oaters/blurry 
vision is not due to a retinal detachment, observation is indicated. The patient is 
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followed at monthly intervals. Fill-in PRP is applied to untreated retinal areas until 
hemorrhage subsides and neovascularization begins to regress. Until that time, the 
patient is instructed to sleep with the head of the bed elevated at 30° (on two-pil-
lows) to potentiate gravitational inferior settling of the hemorrhage. 

 Even with suf fi cient laser (4,000–6,000 PRP total laser spots), rebleeding into 
the vitreous may occur though due to vitreous traction on persistent neovascular 
tissue. Vitreous opacities may persist inde fi nitely to some extent. Patients treated 
with indicated signi fi cant laser treatment early on in the course of the disease do 
quite well and usually maintain vision that will allow important life activities such 
as driving and reading to continue. Severe bilateral vision loss represents an 85% 
loss of body function. There is a strong bene fi t from strict control of diabetes, HTN, 
and abnormal lipids  [  22  ] . For most patients who bene fi t from aggressive screening 
and treatment, vision loss may be reversed with very aggressive and appropriate 
treatment with a combination of laser, injections, and surgery. De fi nitive treatment 
with PPV, necessary membrane peeling and simultaneous endo-laser with gas or 
silicone oil treatment may ameliorate this condition and provide good long-term 
good vision. 

 On the bright side, “People with proliferative retinopathy have less than a 5% 
chance of becoming blind within 5 years when they get timely and appropriate treat-
ment. Although treatments have high success rates, they do not cure diabetic retin-
opathy” (  http://www.nei.nih.gov/health/diabetic/retinopathy.asp    ).       

  Fig. 8.21    This patient had “perfect” vision until occurrence of “ fl oaters”  R  several days prior to 
presentation. He had severe PDR which was occult and unrecognized until she experienced a 
“sentinel bleed” in the form of VH R ( a ,  c ). Aggressive PRP will be applied in an exigent fashion, 
as further bleeding will necessitate urgent PPV.  L  will be treated with aggressive PRP ( b ,  d ,  e ). 
Surgery in this setting is quite treacherous as the risk of intra- and postoperative bleeding is high 
in the un- or inadequately lasered eye       

 

http://www.nei.nih.gov/health/diabetic/retinopathy.asp


104 D.R. Lazzaro and E. Shrier

   References 

    1.   National Center for Health Statistics. Health, United States, 2008.  
    2.   Special Eurobarometer, Health in the European Union, September 2007.  
    3.    Gunn RM. Ophthalmoscopic evidence of (1) arterial changes associated with chronic renal 

diseases and (2) of increased arterial tension. Trans Ophthalmol Soc UK. 1892;12:124–5.  
    4.    Keith NM, Wagener HP, Barker NW. Some different types of essential hypertension: their 

course and prognosis. Am J Med Sci. 1974;268(6):336–45.  
    5.    Walsh JB. Hypertensive retinopathy. Description, classi fi cation, and prognosis. Ophthalmology. 

1982;89(10):1127–31.  
    6.    Sharp PS, Chaturvedi N, Wormald R, McKeigue PM, Marmot MG, McHardy Young S. 

Hypertensive retinopathy in Afro-Caribbeans and Europeans. Prevalence and risk factor rela-
tionships. Hypertension. 1995;25:1322–5.  

    7.    Tso MO, Jampol LM. Pathophysiology of hypertensive retinopathy. Ophthalmology. 
1982;89(10):1132–45.  

    8.    Hayreh SS, Servais GE, Virdi PS. Fundus lesions in malignant hypertension V. Hypertensive 
optic neuropathy. Ophthalmology. 1986;93(1):74–87.  

    9.    Lewis RA, Norton EW, Gass JD. Acquired arterial macroaneurysms of the retina. Br J 
Ophthalmol. 1976;60(1):21–30.  

    10.    Panton RW, Goldberg MF, Farber M. Retinal arterial macroaneurysms: risk factors and natural 
history. Br J Ophthalmol. 1990;74(10):595–600.  

    11.    Kishi S, Tso MO, Hayreh SS. Fundus lesions in malignant hypertension. I. A pathologic study 
of experimental hypertensive choroidopathy. Arch Ophthalmol. 1985;103(8):1189–97.  

    12.    Marcucci R, So fi  F, Grifoni E, Sodi A, Prisco D. Retinal vein occlusions: a review for the 
internist. Intern Emerg Med. 2011;6(4):307–14.  

    13.    Hayreh SS, Podhajsky PA, Zimmerman MB. Retinal artery occlusion associated systemic and 
ophthalmic abnormalities. Ophthalmology. 2009;116(10):1928–36.  

    14.    Baker ML, Hand PJ, Wang JJ, Wong TY. Retinal signs and stroke: revisiting the link between 
the eye and brain. Stroke. 2008;39(4):1371–9.  

    15.    Baker ML, Hand PJ, Liew G, Wong TY, Rochtchina E, Mitchell P, Lindley RI, Hankey GJ, 
Wang JJ, Multi-Centre Retinal Stroke Study Group Stroke. Retinal microvascular signs may 
provide clues to the underlying vasculopathy in patients with deep intracerebral hemorrhage. 
Stroke. 2010;41(4):618–23.  

    16.    Lindley RI, Wang JJ, Wong MC, Mitchell P, Liew G, Hand P, Wardlaw J, De Silva DA, Baker 
M, Rochtchina E, Chen C, Hankey GJ, Chang HM, Fung VS, Gomes L, Wong TY, Multi-
Centre Retina and Stroke Study (MCRS) Collaborative Group. Retinal microvasculature in 
acute lacunar stroke: a cross-sectional study. Lancet Neurol. 2009;8(7):628–34.  

    17.    De Silva DA, Manzano JJ, Liu EY, Woon FP, Wong WX, Chang HM, Chen C, Lindley RI, 
Wang JJ, Mitchell P, Wong TY, Wong MC, On behalf of the Multi-Centre Retinal Stroke Study 
Group Neurology. Retinal microvascular changes and subsequent vascular events after isch-
emic stroke. Neurology. 2011;77(9):896–903.  

    18.    Henderson AD, Bruce BB, Biousse V, Newman NJ. Hypertension-related eye abnormalities 
and the risk of stroke. Rev Neurol Dis. 2011;8(1–2):1–9.  

    19.    Hayreh SS, Joos KM, Podhajsky PA, et al. Systemic diseases associated with nonarteritic 
anterior ischemic optic neuropathy. Am J Ophthalmol. 1994;118:766–80.  

    20.    Jacsobson DM, Vierkant RA, Belongia EA. Nonarteritic anterior ischemic optic neuropathy. 
A case-control study of potential risk factors. Arch Ophthalmol. 1997;115:1403–7.  

    21.      National Society to Prevent Blindness. Vision problems in the US: a statistical analysis. 
New York: National Society to Prevent Blindness, 1980.  

    22.    Diabetes Control and Complications Trial Research Group. The effect of intensive treatment 
of diabetes on the development and progression of long-term complications in insulin-depen-
dent diabetes mellitus. N Engl J Med. 1993;329:936–77.  



1058 Hypertension, Diabetes, and the Eye

    23.    Engerman R, Bloodworth JJ. Experimental diabetic retinopathy in dogs. Arch Ophthalmol. 
1965;73:205–10.  

    24.    Diabetic Retinopathy Vitrectomy Study Research Group. Early vitrectomy for severe vitreous 
hemorrhage in diabetic retinopathy: ten year results of a randomized clinical trial, diabetic 
retinopathy vitrectomy study report no. 2. Arch Ophthalmol. 1985;103:1644–52.  

    25.    Early Treatment of Diabetic Retinopathy Study Research Group. Photocoagulation for dia-
betic macular edema: ETDRS study report number 1. Arch Ophthalmol. 1985;103:1796–806.  

    26.    Early Treatment of Diabetic Retinopathy Study Research Group. Early photocoagulation for 
diabetic retinopathy. Ophthalmology. 1991;98:766–85.  

    27.    Aiello LP, Avery RL, Arrigg PG, et al. Vascular endothelial growth factor in ocular  fl uid of 
patients with diabetic retinopathy and other retinal disorders. N Engl J Med. 1994;331: 
1480–7.  

    28.    Kim I, Ryan A, Rohan R, Amano S, Agular S, Miller J, Adamis A. Constiutive expression of 
VEGF, VEGFR-1, and VEGFR-2 in normal eyes. Invest Ophthalmol Vis Sci. 1999;40(9): 
2115–21.  

    29.      Diabetic Retinopathy Clinical Research Network (DRCR.net, NIH Roadmap for Medical 
Research.).  

    30.    Diabetic Retinopathy Study Research Group. Preliminary report on effects of photocoagula-
tion therapy. Am J Ophthalmol. 1976;81:383–96.  

    31.    Diabetic Retinopathy Study Research Group. Photocoagulation treatment of proliferative dia-
betic retinopathy: the second report of the diabetic retinopathy study  fi ndings. Ophthalmology. 
1978;85:82–106.      



107S.I. McFarlane and G.L. Bakris (eds.), Diabetes and Hypertension: Evaluation 
and Management, Contemporary Diabetes, DOI 10.1007/978-1-60327-357-2_9, 
© Springer Science+Business Media New York 2012

         Introduction 

 Chronic kidney disease (CKD) has global healthcare implications that contribute 
substantially to an increase in morbidity and mortality. Incident CKD has increased 
from 12.7% based on data from the National Health and Nutrition Examination 
Survey (NHANES) III (1988–1994) to 15.1% in 2009 as reported in United States 
Renal Data System (USRDS) annual report based on NHANES (2003–2006) data. 
Diabetes is the most common cause of kidney failure in developed and developing 
nations  [  1,   2  ] . Approximate estimates of the global prevalence of diabetes mellitus 
in 2000 were 2.8% and are expected to grow to 4.4% by 2030, translating to a pro-
jected increase of diabetic population from 171 million in 2000 to over 350 million 
in 2030  [  3  ] . However, hypertension is the most prevalent risk factor for the devel-
opment of cardiovascular disease (CVD) and augments risk for kidney disease, 
affecting almost 70 million Americans  [  1,   4  ] . In this context, it is widely thought 
that the presence of hypertension and diabetes augments the risk of individuals for 
CVD in the general population; this is increasingly recognized to hold true for the 
development of CKD as well  [  5  ] . 
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 There is suf fi cient evidence to support a strong relationship between hyperten-
sion and diabetes pointing towards common genetic and environmental factors that 
promote their coexistence. Of note, hypertension is noted in almost 50% of diabetic 
patients at the time of initial diagnosis  [  6  ] . According to American Diabetes 
Association (ADA) clinical practice recommendations, as many as eight million 
diabetics have undiagnosed hypertension  [  7  ] . In a large prospective cohort study of 
12,550 subjects, the development of type 2 diabetes mellitus was almost 2.5 times 
likely in persons noted to have hypertension compared to normotensive subjects 
 [  8,   9  ] . The presence of both hypertension and diabetes mellitus predisposes to the 
development of CKD and CVD  [  5,   10  ]  with substantial increase in the risk for coro-
nary heart diseases, stroke, nephropathy, and retinopathy  [  11,   12  ] . The underlying 
mechanisms of each serve to promote the other, thus potentially increasing the risk 
for development and progression of complications  [  9,   10  ] . The association between 
diabetes and hypertension leads to a biologic common assumption that the underly-
ing mechanisms overlap and involve a common cluster of risk factors. 

 Increasing evidence suggests that insulin resistance and compensatory hyperin-
sulinemia may be the link between this complex relationship (Fig.  9.1 ). Resistance 
to the metabolic actions of insulin in cardiovascular tissue, namely, heart, vascula-
ture, and even the kidney, contributes to inappropriate activation of RAAS and SNS, 
inappropriate salt and volume expansion, and increases in tissue in fl ammation and 
oxidative stress implicated in the development of proteinuria and CKD  [  13,   14  ] .   

RAAS=Renin Angiotensin Aldosterone System; SNS, Sympathetic nervous System; NO= Nitric Oxide

Risk factors for progression of kidney disease in subjects with insulin resistance

Metabolic factors/Molecular 
pathways Clinical factors

Inappropriate activation of RAAS
Insulin 
resistance/hyperinsulinemia
Activation of SNS
Reductions in bioavailable NO
Increased Endothelin-1 levels
Increased sensitivity to salt
Increased reactive oxygen species
Increased inflammation

Male sex
Genetics
Uncontrolled hypertension
Persistent microalbuminuria
Elevated Hemoglobin A1c levels
CardioRenal Syndrome
Obesity

  Fig. 9.1    Metabolic risk factors for kidney disease.  RAAS  renin–angiotensin–aldosterone system, 
 SNS  sympathetic nervous system,  NO  nitric oxide       
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   Effect of Hyperinsulinemia on Endothelial Dysfunction 

 Insulin resistance and compensatory hyperinsulinemia have been related to endothe-
lial dysfunction leading to hypertension  [  15  ] . Insulin has a direct impact on endothe-
lial cells and vascular smooth muscle cells (VSMC) via different mechanisms that 
contribute to endothelial function. Insulin stimulates production of bioavailable 
nitric oxide (NO) through the phosphatidylinositol 3-kinase (PI3-K)/protein kinase 
B/Akt pathways in endothelial cells  [  16  ] . Further, insulin acts via mitogen-activated 
protein kinase (MAPK) to stimulate migration and growth of VSMC  [  17  ] . Defects 
in either of these mechanisms due to resistance to the metabolic actions of insulin 
may result in endothelial dysfunction and manifest as hypertension. Further, 
NO-dependent vasodilatory mechanisms are impaired in insulin resistance due to 
imbalance in production and inactivation. Moreover, a free-radical scavenger, super-
oxide dismutase (SOD), is suppressed in hypertensive subjects associated with insu-
lin resistance. In addition, an endogenous competitive inhibitor of NO synthase, 
asymmetric dimethylarginine (ADMA), is elevated in hypertension associated with 
insulin resistance  [  18  ] . The cumulative effects of the above changes result in 
increased oxidative stress, increased formation of reactive oxygen species (ROS), 
and endothelial dysfunction, thus contributing to the development of hypertension 
in insulin resistance subjects  [  19  ] . The various alterations that contribute to endothe-
lial dysfunction and VSMC proliferation lead to atherosclerosis and hypertension in 
insulin resistance parallels the similar changes noted in diabetic-related glomerulo-
sclerosis resulting in proteinuria. 

 Endothelin-1, another product secreted by glomerular endothelial, mesangial, 
and tubular epithelial cells, has been associated with diminished glomerular 
 fi ltration, mesangial cell proliferation, and sodium and water retention  [  20,   21  ] . 
Increasing endothelin-1 concentrations have been reported in patients with insulin 
resistance or hypertension and proteinuria, suggesting a possible role in the devel-
opment of diabetic kidney disease  [  22,   23  ] . Stimulation of protein kinase C regu-
lated phospholipase D, which hydrolyzes phospholipid molecules leading to the 
formation of phosphatidic acids that stimulate mesangial cell proliferation, is one of 
the several mechanisms implicated in endothelin-1 leading  [  24  ]  to renal injury. 
However, further research is needed to better understand the complex interplay 
between insulin and endothelin-1 in kidneys.  

   The Link Between Insulin Resistance/Hyperinsulinemia, 
Hypertension, and CKD 

 Epidemiological studies noted a strong relationship between hypertension and dia-
betes pointing towards common genetic and environmental factors in promoting 
both and leading to progression of complications. The clustering of insulin resis-
tance and central obesity contributing to pro-thrombotic and pro-in fl ammatory 
abnormalities is well noted  [  25  ] . The increase in insulin resistance/hyperinsulinemia 
contributes to alterations in metabolic signaling pathways that lead to inappropriate 
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activation of the renin–angiotensin–aldosterone system (RAAS) activation and the 
sympathetic nervous system (SNS) with subsequent increased tissue in fl ammation 
and reactive oxygen species (ROS) production leading to endothelial dysfunction 
that manifests as hypertension. 

 Alternatively, approximately 25–47% of patients with hypertension have insulin 
resistance or impaired glucose tolerance  [  26  ] . Thereby, the association between 
hypertension and insulin resistance is very complex and bidirectional. Untreated 
patients with essential hypertension have been noted to have higher fasting and 
postprandial insulin levels than normotensive patients regardless of body mass, thus 
emphasizing the correlation between plasma insulin levels and hypertension  [  27  ] . In 
contrary to the above  fi ndings, the relationship between hyperinsulinemia and 
hypertension has not been noted in some forms of secondary hypertension  [  27  ] , 
indicating that insulin resistance is not a consequence of hypertension but supports 
a common genetic predisposition for both. The above  fi ndings are further reinforced 
by the observation of abnormal glucose metabolism in the offspring of hypertensive 
individuals  [  28  ] . 

 Preclinical data suggest that the diabetic-related kidney injury in early stages 
occurs during hyperinsulinemia and not overt hyperglycemia and the onset of overt 
diabetes (Fig.  9.2 )  [  28,   29  ] . Experimental studies have noted the deleterious effects 
of persistent elevation of insulin, leading to impairment of renal hemodynamics 
such as insulin-mediated vasodilation and increased renal plasma  fl ow thus causing 
rise in glomerular  fi ltration in hypertensive individuals  [  30,   31  ] . Elevated insulin 
levels are also noted to cause sodium retention in vascular system and salt sensitiv-
ity thus leading to increased glomerular pressure, hyper fi ltration, and urinary albu-
min excretion (UAE) in diabetic subjects  [  32  ] . The normal production of nitric 
oxide (NO) mediated by insulin through activation of phosphatidylinositol 3-kinase 
signaling pathways is deranged in an insulin resistant state. The decreasing concen-
trations of NO and myosin light chain activation add to the derangement of Na + –K +  
exchange, resulting in increased intracellular calcium concentration, thus poten-
tially to the development of vasoconstriction and intraglomerular hypertension and 
increased UAE  [  33  ] . Few past studies have also noted a strong association between 
angiotensin II (Ang II), hypertension, and diabetes  [  34,   35  ] . Recent evidence from 
various studies demonstrates that activation of RAS with increased Ang II and oxi-
dative stress are involved in podocyte injury in animal models with hyperinsuline-
mia  [  36,   37  ] . Hyperglycemia, per se, is noted to induce Ang II in podocytes through 
upregulation of angiotensinogen expression  [  38  ] . Consistent with the hyperglyce-
mic state, exposure to in vitro protein along with mechanical stretch to mimic intra-
glomerular hypertension enhances Ang II production, thus potentiating the impact 
of hyperinsulinemia on glomerular injury.  

 Insulin has shown to promote mesangial proliferation, along with synthesis of 
proteins that regulate extracellular matrix and basement membrane deposition lead-
ing to renal injury  [  39  ] . Furthermore, insulin via effects of TGF- b  on mesangium 
and proximal tubule cells contribute to the development of microalbuminuria and 
CKD  [  40,   41  ] . 
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   Effects of Hyperinsulinemia on Sodium and Extracellular 
Fluid Retention 

 Various mechanisms have been noted in the ability of renal sodium and extracellular 
 fl uid (ECF) handling in patients with insulin resistance that contributes to hyperten-
sion and ultimately CKD. Insulin, per se, directly increases proximal tubular sodium 
reabsorption leading to an anti-natriuretic effect in normal, hypertensive, and insulin-
resistant obese subjects  [  42,   43  ] . Elevated insulin levels are noted to cause suppres-
sion of atrial natriuretic peptide (ANP), thus leading to sodium retention  [  44,   45  ] . 
Moreover, subjects with DM and obesity are noted to be excessively sensitive to 
dietary salt intake, thus contributing to sodium retention and ECF expansion  [  46  ] .  

RAAS=Renin Angiotensin Aldosterone System; IGF-1=Insulin like growth factor-1; TGF-β=Transforming 
growth factor-β; ET-1=Endothelin-1; IL-6=Interluekin-6; NO= Nitric Oxide

Insulin resistance/Hyperinsulinemia

Inappropriate
Activation of RAAS

↑Angiotensin II
↑Aldosterone

↑ IGF-1 ↑ TGF-β ↑ ET-1 ↑ IL-6

↑ OXIDATIVE STRESS

↑ NO

Intraglomerularv
vasoconstriction

Impaired
natriuresis

Volume 
expansion

Mesangial cell proliferation
Podocyte dysfunction

Extracellular matrix protein synthesis

Endothelial dysfunction

↑Glomerular membrane
permeability

Proximal tubule dysfunction

Renal Injury

  Fig. 9.2    Mechanisms relating Insulin resistance and kidney disease.  RAAS  renin–angiotensin–
aldosterone system,  IGF- 1 insulin like growth factor-1,  TGF-  b  transforming growth factor- b ,  ET- 1 
endothelin-1,  IL- 6 interluekin-6,  NO  nitric oxide       
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   Effects of Hyperinsulinemia on the Renin–Angiotensin–
Aldosterone System 

 The strong association between hypertension, insulin resistance, and upregulation 
of the RAAS is well established  [  34,   35,   47  ] . Ang II actions on the Ang type 1 
receptor contribute to diminished insulin-dependent PI3K/Akt signaling and subse-
quent impairments in vasodilatation and glucose transport properties  [  48,   49  ] . 
RAAS-mediated increase in oxidative stress is a signi fi cant contributing factor for 
insulin resistance in cardiovascular tissue. This  fi nding is supported by the rise in 
reactive oxygen species in heart, vascular, and kidney tissue from transgenic Ren2 
rats that overexpress tissue levels of Ang II that exhibit reductions in PI3-K/Akt 
signaling and impairments in insulin-dependent vasodilatation improved with 
blockade of the AT 

1
 R  [  49  ] . These preclinical  fi ndings have been supported through 

multiple clinical investigations demonstrating that angiotensin-converting enzyme 
inhibitors (ACE-I) or angiotensin receptor blockers (ARB)  [  50  ]  improve insulin 
sensitivity and hypertension  [  51–  53  ] . The increases in aldosterone secretion in 
response to changes in ECF volume or alterations in salt intake are primarily medi-
ated by Ang II. Both Ang II and aldosterone exert genomic and non-genomic effects 
on the systemic, cerebral, and renal vasculature that lead to endothelial dysfunction, 
insulin resistance, and kidney disease  [  19  ] . The role of aldosterone has been sub-
stantiated by studies wherein aldosterone antagonists improve cardiac diastolic dys-
function and vascular compliance and decrease proteinuria  [  12  ] .  

   Effects of Hyperinsulinemia on Increased Sympathetic 
Nervous System Activity 

 RAAS activation and endothelial dysfunction have shown to exert a stimulation 
effect on the SNS primarily through the in fl uence of Ang II on the release of norepi-
nephrine from the sympathetic nerve terminals  [  54  ] . Moreover, in obese individuals 
increased visceral adipose tissue (VAT) predisposes to hyperinsulinemic state 
through several mechanisms including activation of SNS, anti-natriuretic peptides, 
and insulin-related peptides  [  55,   56  ] . Plasma leptin levels from adipose tissue may 
also play a signi fi cant role in mediating hypertension associated with CMS and 
obesity  [  57,   58  ] .  

   Effects of Insulin Resistance/Hyperinsulinemia 
on In fl ammation and Oxidative Stress 

 Persistent subclinical elevations of in fl ammatory markers such as interleukin-6 
(IL-6), C-reactive protein (CRP), elevated white blood cell counts, and  fi brinogen 
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levels are associated with insulin resistance and ultimately the development of overt 
diabetes in the adult population, especially in obese subjects  [  59  ] . VAT is a signi fi cant 
source of adipocytokines such as Ang II, endothelin, IL-6, IL-1 b , tumor necrosis 
factor- a  (TNF- a ), renin, and nonesteri fi ed fatty acids (NEFA)  [  60,   61  ] . It has been 
proposed that a few of these in fl ammatory markers act via c-Jun NH2-terminal 
kinase (JNK)/AP-1 signaling pathways and modulate the expression of genes cod-
ing for in fl ammatory proteins, thus altering insulin signaling and leading to decrease 
in insulin sensitivity  [  59  ] . A few of the above adipocytokines have shown to cause 
HTN via direct pressor a   ctions and interactions with RAAS and SNS  [  62  ] .   

   Risk Factors for Prediction of Incident CKD in Insulin 
Resistance and Hypertension 

 It is thought that persistent microalbuminuria (de fi ned as urinary albumin excretion 
rate between 30 and 300 mg per 24 h) is a risk factor for development of overt dia-
betic kidney disease  [  63  ] . In a prospective, observational study done in type 1 dia-
betic subjects, baseline factors associated with progression to persistent 
microalbuminuria were urinary albumin excretion rate, male, elevations in mean 
arterial blood pressure, and hemoglobin A1c concentration  [  64  ] . Urinary albumin 
excretion rate, even within normal range at baseline, has shown to be a strong pre-
dictor of progressive renal disease  [  64,   65  ] . Thus, patients with decreased renal 
functional reserve are more prone to persistent MAU when exposed to conditions 
such as hypertension or hyperglycemia. It has also been noted that short stature 
leading to impaired intrauterine growth results in fewer nephrons, ultimately lead-
ing to glomerular hypertension in adulthood  [  66  ] . Further large-scale studies are 
needed to establish a relationship among the above-mentioned risk factors. 

 In a follow-up sixth Framingham offspring study examination done in 2,345 par-
ticipants from 1995 to 1998, a multi-marker approach to predict incident CKD 
and MA concluded the signi fi cant role of circulating homocysteine, aldosterone, 
and B-type natriuretic peptide (BNP) in predicting risk, beyond the traditional risk 
factors  [  67  ] . 

 Genome-wide association studies (GWAS) have undergone extensive evolution 
in the past decade for identi fi cation of susceptibility foci in kidney disease popula-
tion. As reported in a recent study, common variants in the region of UMOD gene, 
which encodes Tamm–Horsfall protein (uromodulin), are associated with CKD. 
Increasing concentrations of uromodulin have shown to precede the onset of CKD 
and are associated with a common polymorphism in UMOD region  [  68  ] . 
Furthermore, the identi fi cation of two new loci at UBE2E2 on chromosome 3 and 
in C2CD4A–C2CD4B on chromosome 15 in a Japanese study was associated with 
susceptibility of type 2 DM population and these results were also replicated in 
other East Asian population  [  69  ] . Further large-scale GWAS studies would be 
bene fi cial in better conceptualizing the genetic risk factors in diabetes population.  
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   Management 

 The Joint National Committee on the Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC 7) currently recommends a target blood pressure of 
<130/80 mmHg in those with diabetes and kidney disease  [  70  ] . Both pharmacologi-
cal and non-pharmacological interventions need to be implemented in subjects in 
whom hypertension is detected. As advocated by the many organizations such as 
World Health Organization (WHO), International Society of Hypertension (ISH), 
National Kidney Foundation (NKF)-K/DOQI, and the JNC, the  fi rst objective in any 
hypertensive, diabetic individual at risk for kidney disease should be to initiate life-
style changes, such as improved diet, regular physical activity, weight loss, and ces-
sation of smoking. The dietary approach to stop hypertension (DASH) eating plan 
consisting of low-sodium, high-potassium, low-calorie (800–1,500 kcal per day), and 
high- fi ber diet has shown to effectively lower BP  [  71  ] . Moreover, numerous studies 
have demonstrated the signi fi cance of modest weight loss to be an effective hyperten-
sion management therapy  [  72  ] . Along with dietary measures, increasing physical 
activity such as walking 30–45 min at least for 3–5 days a week has shown to improve 
lipid pro fi les, decrease blood pressure, and insulin resistance  [  71,   73,   74  ] . 

 Multiple studies have demonstrated the bene fi cial effects of using certain class of 
drugs over others in hypertensive diabetic individuals. Data from several large-scale 
studies such as Captopril Prevention Project (CAPPP) and Heart Outcomes 
Prevention Evaluation (HOPE) trial have demonstrated the bene fi cial role of ACE-I 
in diabetic individuals by improving cardiovascular outcomes, improving insulin 
sensitivity, and even prevent the development of diabetes in hypertensive individu-
als by inhibiting RAAS  [  51,   53,   75  ] . Furthermore, ACE-I have also shown to slow 
the progression of nephropathy in microalbuminuric, normotensive type 2 diabetes 
compared with other antihypertensives  [  76,   77  ] . By virtue of its RAAS blockade, 
Angiotensin Receptor Blockers (ARB) have similar cardioprotective and renal 
bene fi ts as ACE-I in diabetic hypertensive subjects, but with a better side-effect 
pro fi le than ACE-I  [  53  ] . Data from The Ongoing Telmisartan Alone and in combi-
nation with Ramipril Global Endpoint Trial (ONTARGET), a double-blind multi-
center study demonstrated no signi fi cant advantage when using ACE-I and ARBs 
together in high-risk diabetes or vascular patients. Moreover, these patients are more 
prone to hypotensive episodes, when both ACE-I and ARBs are used compared to 
using either one of them  [  78  ] . Thus with available data, combination therapy with 
ACE-I and ARBs is not routinely recommended and should be reserved in select 
patient populations. Beta-blockers, in spite of the adverse side-effect pro fi le on glu-
cose and lipid pro fi les in diabetic obese subjects, are recommended as second line 
of agents. In fact, carvedilol with both  a - and  b - receptor blocking properties has 
shown to increase insulin sensitivity and induce vasodilation  [  79  ] . Hence, beta-
blockers are more effective when used as a part of multidrug regimen in diabetic 
subjects. The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial (ALLHAT) concluded the role of thiazide diuretics to be less expensive 
and superior to ACE-I or Calcium channel blockers in decreasing the incidence of 
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CVD in hypertensive subjects  [  80  ] , thus suggesting to be the  fi rst line of therapy for 
hypertensive diabetics, despite the fact that thiazides adversely affect insulin resis-
tance and cause electrolyte imbalances  [  75  ] . Supporting this evidence, thiazides 
have consistently been shown to improve CVD outcomes even in diabetic subjects 
 [  81  ] . Thus, using a diuretic along with ACE-I or ARBs can be a very effective 
approach to lower BP in diabetic hypertensive subjects.  

   Conclusions 

 CKD is an ongoing epidemic in both developing and developed countries leading to 
an enormous socioeconomic burden on the already limited health resources. Patients 
with diabetes and hypertension are at substantial higher risk for the development of 
CKD and CVD. Even though evolving research over the past decade has provided 
insights into understanding complex relationship between diabetes, hypertension, 
and the risk for CKD, the residual risk remains high and necessitates further inves-
tigation into new directions to reduce the burden of CKD. Patients with both diabe-
tes and hypertension pose an enormous challenge for clinicians and an individualized 
approach should be utilized taking into account the quality of life, adverse effects of 
antihypertensive medications, and other comorbid conditions to aggressively attain 
the maximal blood pressure reduction and to prevent onset or progression of CKD.      
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         Introduction 

 Hypertension and type-2 diabetes are frequent comorbidities and require special 
attention in medical management for adequate prevention of cardiovascular and 
renal morbidities  [  1  ] . The prevalence of both, worldwide, is on the rise and is esti-
mated to reach 29.5% and 5.4%, respectively, of general population by 2025  [  2,   3  ] . 
This translates into paramount health concern and signi fi cant  fi nancial burden. It is, 
therefore, important to recognize factors that play a role in disease development and 
maintenance. This could potentially be used for the development of improved pre-
vention strategies. 

 In individuals with hypertension who do not have diabetes, the incidence of dia-
betes mellitus is higher than those without hypertension  [  4  ] . This is partly second-
ary to clustering of risk factors that include obesity, smoking, physical inactivity, 
genetic pool, and age. Additionally, however, abundance of data suggests that the 
choice of antihypertensive treatment can markedly affect the occurrence of diabetes 
with respect to medication classes used.  

   Determinants of New Diabetes Onset in Hypertensive Patients 

 Long-term follow-up of hypertensive patients offers evidence that impaired fasting 
plasma glucose (FBS), increased body mass index (BMI), age, and uncontrolled 
hypertension represent major risk factors for diabetes development. Level of 
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hypertensive control is a signi fi cant determinant for the risk of diabetes mellitus 
incidence. In a group of 712 Italian patients with hypertension, individuals with 
uncontrolled blood pressures had higher incidence of diabetes morbidity (8%) than 
the groups with at goal pressures (4%) ( p  < 0.0001) even after adjustments for fast-
ing glucose, BMI, or age  [  5  ] . Moreover, retrospective analysis of the Rancho 
Bernardo Study cohort, observed for 8.3 years, provided evidence that not only 
hypertensives but also prehypertensives tend to have higher risk of diabetes mellitus 
development even when adjusted for parameters such as BMI, fasting plasma glu-
cose, and insulin sensitivity when compared to normotensives. The increments of 
10 mmHg of systolic blood pressure (SBP) increased the risk for future DM by 
approximately 13%  [  6  ] . Other variables, such are FBS, BMI, or age in the context 
of hypertension and hypertensive treatment, were initially evaluated in participants 
of large clinical trials such as LIFE (Losartan Intervention For Endpoint Reduction 
in Hypertension) and CAPPP (The Captopril prevention project). Both groups 
implemented multivariate regression models  fi nding signi fi cant and independent 
relationship with diabetes onset in hypertensive individuals for all of the above 
variables  [  7,   8  ] . Of interest is that captopril and losartan have delayed and decreased 
the incidence of diabetes in these subjects with this being more pronounced if there 
were more variables present. The large cohort of 14,120 patients in Anglo-
Scandinavian Cardiac Outcomes Trial–Blood Pressure Lowering Arm (ASCOT–
BPLA) has also lent data in support of the above. This group of hypertensives older 
than 40 and with more than three cardiovascular risk factors was randomized to 
atenolol-based group and amlodipine-based group with the  fi rst being eligible for 
diuretic addition and the second for angiotensin-converting enzyme inhibitor 
(ACEI) addition. During a median follow-up of 5.5 years, 1,366 participants devel-
oped new-onset diabetes. Presence of elevated fasting glucose, higher BMI, and 
elevated blood pressures coincided with more frequent diabetes onset.    However, the 
groups assigned to amlodipine and ACEI-based regimen had signi fi cantly reduced 
risk of DM with the number needed to treat of 30 for 5 years for prevention of one 
diabetic case  [  9  ] . Similar  fi ndings were observed in a cohort of patients enrolled in 
VALUE trial (Valsartan Antihypertensive Long term Use Evaluation trial) where 
the same variables predicted higher incidence of new-onset diabetes. This trial 
explored 9,995 nondiabetic participants with hypertension on either valsartan or 
amlodipine through a median follow-up of 4.5 years. The importance of plasma 
glucose and BMI remained signi fi cant in both treatment groups separately but also 
across the groups with the exclusion of treatment characteristics  [  10  ] . Not all stud-
ies, however, yielded the same results. The ARIC study (Atherosclerosis Research 
in Community study) did not  fi nd a signi fi cant difference in the onset of diabetes 
with different classes of medications including thiazide diuretics or  b  blockers  [  4  ] . 

 Nevertheless, even though robust, the above data are still derived from trials 
primarily designed to evaluate other primary outcomes. In addition, potentially 
important factors such as family history or level of physical activity were omitted 
and participants were frequently exposed to additional diabetogenic circumstances. 
Finally, since the groups compared were on different medication regimens, it cannot 
be discerned if this was a protective effect of RAAS blockers or unwanted effect of 
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diuretics or  b  blockers. The most important implication stemming from these trials 
is that the increased risk for new-onset diabetes mellitus could be related to the type 
of antihypertensive treatment. Considering that the diagnosis of diabetes mellitus is 
often lifelong and that carries signi fi cant health and  fi nancial burden, more exten-
sive research, as detailed below, has provided a better insight.  

   Pharmacotherapeutic Implications 

 Therapeutic doses of thiazide diuretics and  b  blockers without vasodilating ability 
are known to affect glucose metabolism and impair insulin sensitivity  [  11  ] . 
Conversely, calcium channel blockers have neutral effect and renin angiotensin 
aldosterone system (RAAS) blockers seem to have bene fi cial outcome  [  12,   13  ] . The 
question remains if these translate into development of diabetes mellitus and if sub-
sequently the administration of these medications should be tailored accordingly. 
Taylor et al., prospectively explored data from three large cohorts: the Nurses Health 
Study (NHS) I and II and the Health Professionals Follow up Study (HPFS) evalu-
ated the frequency of DM onset in a span of 8, 10, and 16 years. In the course of the 
study, 3,589 cases of new DM were recorded and when corrected for usual risk fac-
tors, thiazide diuretics treated participants had relative risk of developing this con-
dition of 1.20 (95% CI 1.08–1.33) for older women, 1.45 (1.17–1.79) for younger 
women, and 1.36 (1.17–1.58) for men. Similarly,  b  blocker use was shown to have 
independently a relative risk of 1.32 (95% CI 1.20–1.46) and 1.20 (1.05–1.38) for 
older women and men, respectively. The use of calcium channel blockers and RAAS 
blockers was not associated with the increased incidence of DM  [  14  ] . In a recent 
meta-analysis of 34 medical publications, diuretics and/or  b  blockers were also 
found to cause higher incidence of new-onset DM. This was particularly evident in 
individuals with higher risk pro fi les, i.e., obesity and hypercholesterolemia. 
However, the analysis did include trials that did not have diabetes incidence as an 
endpoint and trials that did not separately consider each medication class  [  15  ] . 
Another meta-analysis of trials that included  b  blockers as a  fi rst-line antihyperten-
sive therapy, evaluated the risk for incidental DM in total of 94,492 patients. The 
 fi ndings were consistent with risk increase of 22% for new-onset DM if compared 
to the group that was on other nondiuretic antihypertensive therapy. This was more 
pronounced in patients with higher BMIs and impaired fasting glucose  [  16  ] . 

 The most convincing evidence comes from a prospective trial where the primary 
endpoint was change in 2-h oral glucose tolerance test (OGTT) and secondary 
 endpoint was incident diabetes mellitus in 276 glucose-intolerant hypertensive 
individuals. The comparison was done between patients treated with RAAS blocker/
CCB combination vs. RAAS blocker/thiazide diuretic combination. At the study 
end, a higher incidence of new-onset DM was found in lisinopril/hydrochlorothiaz-
ide group at 26.6% vs. trandolapril/verapamil group at 11.0%. In addition, hemo-
globin A1 >7% was 10.3% and 1.6%, respectively. Primary end point was also 
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positive for 2 h OGTT change from baseline between groups for 29.7 ± 8.7 mg/dL 
( p  < 0.001). The important message from this trial is that thiazide diuretics in 
patients with impaired fasting glucose negatively affect new-onset DM occurrence. 
In addition, combination of thiazide diuretics with RAAS blockers does not offer 
protective effect, as assumed before  [  17  ] .    The follow-up STAR-LET trial evaluated 
the reversal of new-onset DM following the replacement of thiazide basement regi-
men trandolapril-based regimen in a 6-month follow-up. The 2 h OGTT improved 
from 8.5 ± 3.0 vs. 7.2 ± 2.3 ( p  < 0.001) suggesting that regimen change can improve 
the risk  [  18  ] . 

 An additional observation from the STAR trial is that RAAS blockers have posi-
tive impact on normoglycemia. Angiotensin II is known to decrease insulin sensitiv-
ity and enhance hepatic glucose production; thus, it is plausible that inhibition of 
RAAS would provide bene fi ts in glycemic control  [  19  ] . Indeed, meta-analyses of 
trials including ACEIs or ABRs that evaluated risk of new diabetes occurrence 
found that both classes prevent diabetes  [  20  ] .    The observation that RAAS blockade 
prevents diabetes was formally examined more closely in the individuals with 
impaired fasting glucose treated with ramipril in DREAM trial. This was a prospec-
tive randomized placebo-controlled trial with the primary endpoint being the inci-
dence of new-onset DM or death and secondary endpoint of regression to 
normoglycemia. Even though diabetes occurrence did not signi fi cantly differ, there 
was an increased likelihood of regression to normoglycemia in participants treated 
with ramipril with a hazard ratio of 1.16 (95% CI 1.07–1.27,  p  < 0.001)  [  21  ] . 

 The totality of the evidence, therefore, appears to favor blood pressure control 
with RAAS blockers and calcium channel blockers over thiazide diuretics and  b  
blockers in individuals who are obese and have impaired fasting glucose. Avoiding 
thiazide diuretics and  b  blockers if blood pressure can be controlled with other agents 
will help stave off development of diabetes mellitus and possibly reverse impaired 
fasting glucose to normoglycemia. Despite this bene fi t, there is much uncertainty 
about their impact on improved cardiovascular morbidity and mortality.  

   Impact on Cardiovascular Outcomes 

 Increase in adverse cardiovascular events has been linked to hyperglycemia even 
without a diagnosis of diabetes  [  22  ] . Once diabetes mellitus has been diagnosed, 
the risk for cardiovascular morbidity and mortality increased to two- to fourfold 
when compared to healthy individuals  [  23,   24  ] . Minimizing the risk or preventing 
the new-onset diabetes might therefore translate into reduced mortality risk. 
Different modalities of antihypertensive regimens have not been found to adversely 
affect major cardiovascular events when compared between diabetics and nondia-
betics. Meta-analysis of 27 trials assessed the importance of antihypertensive regi-
men in diabetic vs. nondiabetic individuals for the development of cardiovascular 
morbidity. The results did not favor any of the regimens including RAAS blockers, 
CCB, diuretics, or  b  blockers with all of them reducing the events comparably 
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( p  > 0.19)  [  25  ] . This, however, seems to be different in people who develop hyperg-
lycemia on antihypertensives known to affect glucose control, as evidenced by some 
observational data  [  26  ] . The population-based study, done by Dunder et al., found 
that participants, who developed increase in blood glucose in the course of antihy-
pertensive treatment with thiazide diuretics or  b  blockers, were more likely to develop 
myocardial infarction  [  27  ] . This issue was also addressed in SHEP trial (The Systolic 
Hypertension in Elderly Program) and a long-term follow-up of 14.3 year with, how-
ever, somewhat contradictory conclusions. It was found that patients, who were 
treated with thiazide diuretic and have developed diabetes mellitus in the course of 
the treatment, had no signi fi cant increase in cardiovascular events (adjusted HR 
1.043, 95% CI 0.745–1.459)  [  28  ] . This  fi nding might be related to the fact that 
higher incidence of new-onset diabetes mellitus in patients treated with thiazide 
diuretics evens out in a longer patient follow-up. In ALLHAT (Antihypertensive and 
Lipid Lowering Treatment to Prevent Heart Attack Trial), even though the diabetes 
occurrence was more frequent in patients treated with chlorthalidone at the end of 
2 years, this did not hold true after 4 years of follow-up. In fact, the risk for incident 
diabetes mellitus was similar between patient groups treated with different medica-
tion classes (i.e., chlorthalidone, lisinopril, and amlodipine)  [  29  ] . 

 The difference in cardiovascular endpoints between observational and experi-
mental data may be secondary to different patient populations as well as study 
designs and additional unaccounted confounding factors. Even more likely is that 
the proper hypertensive control eliminates the expected rise in cardiovascular risk 
resulting from the new-onset DM development. The lack of prospective, well- 
controlled randomized trials that address the outcomes in individuals with incident 
diabetes mellitus while on antihypertensive therapy prevents de fi nite conclusions at 
this point.  

   Conclusion 

 Concomitant diagnosis of diabetes mellitus and hypertension carries signi fi cant risk 
for adverse outcomes. Treatment modalities available to delay the development of 
diabetes are preferred since they are associated with lower morbidity. Clinical data 
suggest that certain classes of antihypertensives such as  b  blockers and thiazide 
diuretics can increase the risk of new-onset diabetes mellitus in people who are 
obese and the elderly if they have impaired fasting glucose. This, however, should 
not preclude the clinicians from using the thiazide diuretics since this medication 
category carries substantial bene fi ts in blood pressure lowering potential and stroke 
reduction in individuals who are hyperinsulinemic and are volume expanded 
 secondary to  fl uid and sodium retention. Conversely,  b  blockers have a limited role 
in hypertensive management particularly as an initial medication and therefore could 
be easily avoided in individuals at risk unless there is a speci fi c indication for such 
agent. Newer  b  blockers with vasodilating properties such as carvedilol, bisoprolol, 
or nebivolol might be a better choice secondary to their lack of metabolic involvement. 
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Finally, RAAS blockers are a well-suited regimen associated with decreased risk for 
DM development, and in patients who have developed glucose impairment on other 
agents, they can potentially offer reversal.    The level of adequate control of blood 
pressure is likely to offset negative impact if any of the new-onset glucose intoler-
ance or DM in this patient population and should be pursued aggressively.      
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         Introduction 

 Hypertension (HTN) and Diabetes Mellitus (DM) are two of the most prevalent risk 
factors for Coronary Artery Disease (CAD). Many studies have shown that if Blood 
Pressure (BP) is well controlled as per The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC-7) guidelines to approximately <140/80 mmHg in  non-diabetics and 
to <130/80 mmHg in diabetic hypertensive persons, the risk of cardiovascular dis-
ease is lower. However, this hypothesis of intensive BP control is still not supported 
by solid evidence at this time and we wait to see changes in JNC-8. The main focus 
of therapy in persons with HTN continues to be to prevent or reduce the incidence 
of myocardial infarction, congestive heart failure, end stage renal disease, stroke, 
and death  [  1–  5  ] . Furthermore, HTN has been demonstrated to be related to insulin 
resistance and hyperglycemia  [  6–  13  ] . This has further  supported the need to effec-
tively control blood pressure in order to reduce the development of DM and CAD. 
Similarly, the main focus of therapy in persons with DM is to effectively control 
blood glucose and to prevent or reduce the incidence of end organ damage. Therapies 
including angiotensin-converting enzyme inhibitors (ACEi) and statins in the dia-
betic population have proven to be indispensable by many studies in effecting car-
diovascular risk reduction. Several randomized trials have revealed the bene fi ts of 
calcium channel blockers (CCBs), especially the long acting dihydropyridines. The 
therapeutic options available to reduce cardiovascular disease risk in patients with 
DM and HTN will be detailed.  
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   Hypertension and Its Relation to Cardiovascular Disease 

 HTN is a major well-known risk factor for CAD in approximately one in four 
Americans or about 65 million Americans  [  14,   15  ] . It has been shown in several 
studies that it is imperative to effectively control BP in order to reduce the risk of 
atherosclerotic cardiovascular disease. HTN has been shown to cause endothelial 
injury leading to a cascade of events mediating the development of atherosclerosis 
 [  16  ] . There are numerous studies that prove lower blood pressure reduces the risk of 
MI, heart failure, and stroke  [  6,   7  ] . There are many classes of antihypertensive med-
ications that help control BP in patients with HTN and several trials compare the 
different classes. 

 One of the main mechanisms in the pathogenesis of atherosclerosis and CAD is 
endothelial injury and decreased vascular compliance caused by HTN  [  16  ] . 
Endothelial injury leads to in fl ammation and thrombosis by reactive O 

2
  species and 

other in fl ammatory markers  [  16  ] . The renin–angiotensin–aldosterone system 
(RAAS) serves as another mechanism in the etiology of HTN causing CAD as 
shown in Fig.  11.1 . Studies have shown that angiotensin II increases BP and 
increases the generation of reactive oxygen species which oppose the bene fi cial 
effects of nitric oxide and subsequently promote pro-in fl ammatory factors that con-
tribute to coagulopathy and vascular in fl ammation  [  11–  13  ] .   

   Diabetes and Its Relation to Cardiovascular Disease 

 DM and its micro- and macrovascular complications is a rapidly growing health 
epidemic  [  17  ] . Global data has shown that the prevalence of DM worldwide will 
reach 439 million by the year 2030  [  17  ] . There are many factors contributing to this 
epidemic including the aging population, increased survival rates, and the increas-
ing prevalence of obesity. About 40% of newly diagnosed persons with DM have 
concomitant hypertension, therefore increasing the rate of mortality, stroke, CAD, 
and precipitating the development of diabetic nephropathy, retinopathy, and neu-
ropathy  [  18  ] . Furthermore, several studies have shown that obesity and being over-
weight increases the risk for CAD in people with DM  [  19  ] . Although there has been 
an increase in the understanding of the pathophysiology of DM, studies have shown 
that optimal care such as controlling BP, serum lipid levels, and cardiovascular risk 
management have not been achieved. Obesity is a core issue in the management of 
DM and therefore promoting weight loss will always be an essential aspect of 
therapy. 

 The pathophysiology of DM2 which comprises about 90–95% of persons with 
DM includes insulin resistance in the liver and skeletal muscles and  b -cell dysfunc-
tion in the pancreas as shown in Fig.  11.2   [  20  ] . The  b  cells initially compensate 
early in the disease by increasing insulin secretion until they are no longer capable, 
thereby giving rise to increased plasma glucose levels  [  21  ] . The Insulin Resistance 
Atherosclerosis Study (IRAS) study showed that continuous decrease in  b -cell 
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function leads to disease progression  [  22  ] . Furthermore, increased glucagon secre-
tion by  a -cells in the pancreas contributes to glycemic dysregulation  [  23  ] . Recent 
studies have shown defects in the incretin system as an important pathophysiologic 
change contributing to the development of DM.  

  Fig. 11.1    The renin–angiotensin–aldosterone system (RAAS) portraying the effects of angiotensin 
2 in the pathogenesis of hypertension.  ACE  angiotensin-converting enzyme,  CNS  central nervous 
system,  NO  nitric oxide,  ROS  reactive oxygen species,  SNS  sympathetic nervous system,  VSMC  
vascular smooth muscle cell. ( From  McFarlane  [  7  ] ; with permission)       
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 Although DM is associated with an increased risk of CAD, the relative effects of 
DM on CAD risk in older individuals is less well established  [  24–  29  ] . The in fl uence 
of age on the impact of DM on CAD risk is still controversial as older studies sug-
gested a lower mortality risk as age of onset increases  [  30,   31  ] . Recent studies have 
shown that both early and late onset DM are associated with an increased risk for 
adverse cardiovascular events and that early onset DM for more than 10 years dura-
tion as a CAD risk equivalent. This further supports that intensive lifestyle changes 
and therapy is never too late to prevent adverse cardiovascular events.  

   Therapeutic Options and Implications 

      Exercise and Lifestyle Changes 

 Lifestyle interventions are imperative and should always be an initial part of therapy 
for persons with HTN and DM  [  14  ] . The encouragement of physical activity, healthy 
dieting, and the cessation of smoking have been shown to prevent the development 
of CAD  [  32  ] . Physical activity and exercise have been proven to enhance the hemo-
dynamic mechanisms in coronary artery  fl ow reserve which is crucial in persons 
with CAD  [  33  ] . Increased afterload due to HTN can extremely impair ventricular 
relaxation and compromise coronary blood  fl ow during diastole leading to dimin-
ished coronary  fl ow reserve  [  33  ] . Furthermore, the Look AHEAD (Action for Health 
in Diabetes) trial investigated an intensive lifestyle intervention in overweight or 
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  Fig. 11.2    The pathogenesis of diabetes mellitus illustrating the vicious cycle of pancreatic  b  cell 
dysfunction and resultant insulin dysregulation. “© 2008 American Diabetes Association From 
Medical Management of Type 2 Diabetes, Sixth Edition. Reprinted with permission from The 
American Diabetes Association. To order this book, please call 1-800-232-6455 or order online at 
  http://shopdiabetes.org    .”  [  75  ]        
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obese persons with DM. The results of this study inevitably showed signi fi cantly 
improved DM control and CAD risk. 

 Sedentary behavior is emerging as a new health risk. Recent studies have revealed 
the detrimental associations of overall sedentary time with dyslipidemia, insulin 
resistance, and central adiposity leading to an increased risk for the metabolic syn-
drome  [  34–  38  ] . The detrimental mechanism proposed by prolonged periods of sit-
ting or sedentary behavior includes fewer skeletal muscle contractions that result in 
a decreased clearance of triglycerides leading to dyslipidemia, reduced oral glucose 
load, and less insulin secretion  [  39–  41  ] . The increase in obesity has resulted in a 
rising prevalence of DM and therefore, a health awareness of the importance of 
physical activity that has physicians advising their patients like never before.  

   Therapy for HTN 

 Lifestyle modi fi cations may not suf fi ce in persons with HTN and DM. The number 
and types of antihypertensive agents is over 125  [  42  ] . Many trials have compared the 
different classes and their combinations in optimal BP management. It is extremely 
important to adequately control these diseases in order to limit the inevitable pro-
gression of cardiovascular disease and ultimately prevent end organ damage.  

    b  -Blockers and Calcium Channel Blockers 

  b -blockers have been present for many decades and their bene fi ts are well known. 
Their use has gained some resistance in persons with DM mainly because of meta-
bolic side effects, depression, weight gain, and impotence. The large trial, Glycemic 
Effects in Diabetes Mellitus: Carvedilol–Metoprolol Comparison in Hypertensives 
(GEMINI) compared persons already treated with ACEi or angiotensin receptor 
blockers (ARBs) and either a traditional  b -blocker metoprolol or a newer  b -blocker 
carvedilol. The study revealed after approximately 5 months that those treated in 
the carvedilol arm had a signi fi cant reduction in their total cholesterol, triglyceride, 
and non-high-density lipoprotein cholesterol levels, whereas the metoprolol arm 
resulted in increased HbA1c by 0.15% and a greater rate of dyslipidemia requiring 
statin therapy  [  43  ] . However, many trials have continued to show that all  b  block-
ers not only improve oxygen supply and demand, but also have special anti-
arrhythmic properties, cardiac remodeling bene fi ts, and most importantly mortality 
bene fi ts  [  44  ] . 

 Calcium channel blockers (CCBs) have also been around for several decades and 
more recently have received more support in therapy for persons with HTN. Many 
trials including ASCOT and INVEST have shown that CCBs speci fi cally the dihy-
dropyridines, are not only comparable to  b -blockers but actually even superior in 
reducing adverse cardiovascular events  [  45  ] . In the Trandolapril–Verapamil in 
 Non-insulin Dependent Diabetics (TRAVEND) trial, the ACEi/CCB combination 
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allowed better metabolic control when compared to the ACEi/diuretic combination 
 [  46,   47  ] . CCBs have still been used with caution in persons with HTN, LV dysfunc-
tion, and heart failure.  

   ACE Inhibitors 

 ACEi and ARBs have been shown to be imperative antihypertensive drugs in treat-
ing hypertensive persons with DM. There are many properties beyond BP control in 
these agents that have been shown in many trials. The Captopril Prevention Project 
(CAPPP) proved that ACEi lower the risk of MI, stroke, and cardiovascular deaths 
 [  10,   45  ] . Support for the new renin inhibitor aliskiren in the Aliskiren Observation 
of Heart Failure Treatment (ALOFT) trial showed that not only was BP reduced, but 
the inherent course of left ventricular disease, heart failure, and proteinuric kidney 
disease was reduced  [  48,   49  ] . Therefore, ACEi, ARBs, and even the newest renin 
inhibitor aliskiren prove to be essential agents in persons with hypertension and 
concomitant DM, CAD, and heart failure.  

   Diuretics 

 Diuretics especially the thiazides have been used for many years as the initial drugs 
of choice in controlling BP and reducing cardiovascular risk. The Antihypertensive 
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) supported 
the thiazide diuretics as the  fi rst antihypertensive agents of choice. Metabolic side 
effects have limited their use especially in the elderly. Thiazides have also had dia-
betogenic effects in some trials which limited their use however, in the large ran-
domized trial Action in Diabetes and Vascular Disease: Preterax and Diamicron MR 
Controlled Evaluation (ADVANCE), glycemic control did not deteriorate in those 
treated with ACEi or ARBs and diuretics  [  50,   51  ] . Further studies have shown that 
there was no difference in all cause mortality between the different classes of anti-
hypertensive agents as long as the targeted BP is achieved and end-organ damage is 
prevented  [  52  ] . An algorithm suggesting the treatment combinations in patients 
with hypertension is illustrated in Fig.  11.3 .   

   Therapy in DM 

 There are currently  fi ve classes of oral DM medications that can be used with or 
without insulin to adequately control blood sugar. Each agent of a different class 
targets speci fi c pathophysiologic defects. Therefore, combination therapy can 
 provide optimal results because of complementary mechanisms of action  [  53  ] . 
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The sulfonylureas are essentially insulin secretagogues. They lower blood glucose 
levels by stimulating insulin secretion from pancreatic B cells. However, a common 
side effect of these medications is hypoglycemia  [  53  ] . 

 The class of medications known as the thiazolidinediones work by sensitizing 
the liver and peripheral tissues to insulin therefore attenuating insulin resistance 
 [  21,   53  ] . Side effects really causing a major decline in their use especially seen with 
rosiglitazone, includes volume retention, heart failure, and MI. 

 Metformin is a commonly used initial medication for newly diagnosed diabetics. 
It is a biguanide that suppresses hepatic glucose production in the presence of insu-
lin. Metformin is not associated with hypoglycemia and should not be used in per-
sons with renal failure because of the incidence of lactic acidosis. 

 The newer medications known as the incretin mimetics work by stimulating the 
GLP-1 receptors thereby increasing production of insulin in response to high blood 
glucose levels  [  54  ] . A favorable side effect of these agents is weight loss. These are 
considered by the ADA as tier-2 therapeutic agents. Another class of medications 
resulting from a better understanding of incretin hormones are the DPP-4 inhibitors. 
These agents inhibit the degradation of endogenous incretins which increase insulin 
secretion and decrease glucagon secretion. These medications can cause hypoglyce-
mia and are considered third line agents by the ADA. 

 Finally, insulin is the most effective hypoglycemic agent and is considered by the 
ADA as a second agent added after metformin in hard to control diabetics  [  55  ] . 

 The main goal of therapy in persons with diabetes is to effectively lower HbA1C 
levels, not cause hypoglycemia, and to prevent end organ damage.  

Stage 1 hypertension
(SBP 140-159 mm Hg or
DBP 90-99 mm Hg)
Start with D
May consider A,B or C or
combo depending on
DM or CAD is present

Stage 2 hypertension
(SBP >160 mm Hg or
DBP >100 mm Hg)
Start with 2 drug combo
May consider A,B,C,D
combo depending on
DM or CAD is present

Intensive Lifestyle Modification

BP not at goal as per
JNC-7 guidelines

Initial choices for therapy

Uncontrolled
Hypertension

Optimize dosages of
combo of A+B, C, or D
Use caution in elderly

  Fig. 11.3    An algorithm suggesting the course of treatment of hypertension with the different classes 
of therapy.  A  ACEi or ARB,  B   b -blocker,  C  CCB,  D  diuretic. (Adapted from reference  [  14,   15  ] )       
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   Therapy in Older Individuals with HTN and DM 

 There is controversy on the goals of treatment for elderly persons with HTN and 
DM. Studies have reiterated caution in lowering systolic BP to 130 mmHg in elderly 
persons with HTN, DM, and CAD because of increased morbidity and mortality. 
Studies have also continued to discuss the appropriate glycemic target in older 
patients with DM, because the goals of therapy differ than in younger patients. The 
goals of therapy for HTN and DM are to reduce morbidity and mortality by decreas-
ing the catastrophic vascular complications such as CAD, stroke, and renal disease. 
Considering the frailty and overall life expectancy in the elderly, it is imperative to 
consider the goals of care to each individual patient. For example, moderate control 
of HTN and DM may provide important bene fi ts such as improved cognition, 
decreased episodes of hypoglycemia, decreased incontinence, and most importantly 
decreased falls  [  56  ] . This was exempli fi ed in the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) trial, which signi fi ed that the strategy of intensive 
glycemic control did not lead to bene fi ts in health related quality of life (HRQL) 
 [  57,   58  ] . The intensive glycemic control arm of the ACCORD trial was actually 
terminated early because of higher mortality  [  59  ] . Furthermore, an INVEST sub-
study comparing BP and outcomes in very old hypertensive CAD patients revealed 
that there was no difference in morbidity and mortality between antihypertensive 
drug treatment strategies  [  1  ] . There is a need for further studies determining shorter 
term outcomes with quality of life for the elderly to help guide clinicians on a patient 
centered care model for the growing geriatric population.   

   Pleiotropic Effects of Statins 

 Statins are a unique class of drugs that are potent inhibitors of cholesterol biosynthe-
sis in the liver by inhibiting the enzyme HMG- CoA reductase. Their role in the pri-
mary and secondary prevention of cardiovascular disease has been dramatic. Studies 
have shown that their role has been more than just lowering lipid levels. They have 
been shown to improve the risk factors in people with DM and HTN by improving 
endothelial function, decreasing oxidative stress and in fl ammation, stabilizing the 
process of atherosclerosis, and inhibiting thrombogenesis  [  60  ] . Studies such as the 
Cholesterol and Recurrent Events (CARE) and the Heart Protection Study (HPS) 
have demonstrated that statins indeed have pleiotropic effects that enhance the pri-
mary prevention of CAD  [  61,   62  ] . Hypercholesterolemia has been proven to be 
linked with atherosclerosis, which is the main underlying mechanism in CAD. 
Endothelial dysfunction, an early manifestation of atherosclerosis, is a key process in 
HTN and DM and statins appear to be key in limiting and preventing this process  [  63, 
  64  ] . Platelets are also known to play a critical role in acute coronary syndrome and 
CAD, and although the mechanism is not clearly understood, statins have been shown 
to in fl uence platelet function and inhibit the thrombogenic response  [  65,   66  ] . Statins 
have been shown to decrease plaque size and modify the lipid core of these plaques, 
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therefore contributing to plaque stability and preventing their inevitable rupture 
 [  67,   68  ] . Increased in fl ammation by way of in fl ammatory cytokines is a process that 
contributes to atherosclerosis and statins have been proven to lower the clinical mark-
ers of in fl ammation as shown in the CARE study with lower high-sensitivity 
C-reactive protein levels  [  69,   70  ] . Therefore, statins have been an imperative part of 
therapy in people with DM and HTN in lowering the cardiovascular risk pro fi le.  

   Summary 

 The increased prevalence of DM and HTN has led to the global health epidemic of 
CAD. Obesity and sedentary behavior have been proven by many studies to increase 
the rates of dyslipidemia, atherosclerosis, insulin resistance, and the metabolic syn-
drome  [  34–  38  ] . The pathophysiology of HTN has been shown to cause endothelial 
dysfunction, progression of atherosclerosis, and even insulin resistance  [  16  ] . About 
40% of persons with new DM have concomitant HTN  [  18  ] . Furthermore, prediabe-
tes, which is de fi ned as impaired fasting glucose levels of 100–125 mg/dL or most 
recently as HbA1C levels of 5.7–6.4%, has been projected by surveys to include 
about 65 million Americans  [  71,   72  ] . Therefore, intensive lifestyle interventions 
such as weight loss, exercise, and healthy dieting as evidenced in the Diabetes 
Prevention Program (DPP) continues to be an integral part of therapy to those at 
risk, but several studies reiterated that these interventions be within reason and to 
conform to the HRQL in the growing geriatric population  [  57,   58,   73,   74  ] . It is para-
mount to try to control the progression of HTN and DM in high-risk patients before 
it is too late. There are several different classes of medications to control BP and 
blood glucose in those patients with established disease that can prevent the pro-
gression of atherosclerotic CAD. Numerous trials have compared therapies in per-
sons with HTN and DM, and the main focus of therapy will always be to prevent 
end organ damage. Statins are an essential part of therapy in those patients with DM 
and HTN to prevent the development of CAD. A stepwise approach patient-cen-
tered model that includes intensive lifestyle modi fi cations to prevent the develop-
ment of HTN and DM in those patients at high risk, and appropriate therapy 
including a RAAS inhibitor and statin in those patients with established disease 
allows for the prevention of the inevitable progression to CAD.      
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         Introduction 

 Over the past decades, diabetes mellitus has become a major public health challenge 
given its striking worldwide increase in prevalence and its multiple associated com-
plications and health cost. The International Diabetes Federation estimates that 
6.6% of the world population (285 million individuals) have diabetes in 2010 and 
this number is expected to increase to 7.8% (438 million individuals) by 2030  [  1  ] . 
In the United States, the 2003–2006 National Health and Nutrition Examination 
Survey (NHANES) analysis projected 23.6 million American adults or around 7% 
of the population do have diabetes, of which 5.5 million individuals with undiag-
nosed diabetes  [  2  ] . Although the prevalence of diabetes is known to increase with 
age, with around 23% of American adults aged 60 years or older being diabetics, the 
individuals with the highest number of new diagnosis of diabetes belong to the 
40–59 years old age group  [  2  ] . Moreover, the Center of Disease Control and preven-
tion (CDC) recently estimated that, if current trends continue, one in three US 
American adults could have diabetes in 2050  [  3  ] . 

    J.  G.   Karam ,  M.D.  
     Division of Endocrinology ,  Maimonides Medical Center, SUNY-Downstate 
College of Medicine ,   4802 Tenth Avenue ,  Brooklyn ,  NY   11219 ,  USA    
e-mail:  jkaram@maimonidesmed.org  

     S.  I.   McFarlane ,  M.D., M.P.H., M.B.A.   (*)
     Division of Endocrinology, Diabetes and Hypertension ,  Department of Medicine, 
SUNY-Downstate and Kings County Hospital ,   Brooklyn ,  NY ,  USA    
e-mail:  Samy.McFarlane@downstate.edu   

    Chapter 12   
 Prevention of Type 2 Diabetes: 
Evidence from Clinical Trials       

      Jocelyne   G.   Karam        and    Samy   I.   McFarlane            



144 J.G. Karam and S.I. McFarlane

 Type 2 diabetes represents over 90% of diabetes around the world and is thought 
to be strongly associated with obesity and sedentary lifestyle  [  4  ] . Furthermore, 
while type 1 diabetes has historically been the almost exclusive type of diabetes in 
children and adolescents, the prevalence of type 2 diabetes has alarmingly increased 
in this age group to reach more than 50% of diabetes in U.S. adolescents of high-
risk ethnicities such as African Americans, Indian Americans, and Asian-Paci fi c 
Islanders  [  2  ] . 

 Long-term complications of uncontrolled diabetes have classically been subdi-
vided in microvascular (retinopathy, nephropathy, neuropathy) and macrovascular 
(cardiovascular disease, peripheral vascular disease), in addition to acute complica-
tions of hyperglycemia such as ketoacidosis and nonketotic hyperosmolar state. 
Diabetes is considered to be a leading cause of new cases of blindness, kidney fail-
ure, and nontraumatic foot amputations in the United States, and a leading cause of 
kidney failure worldwide  [  2,   4  ] . In addition, diabetic patients have decreased life 
expectancy and increased mortality rates, with cardiovascular disease leading the 
causes of mortality in these patients  [  2  ] . 

 High cost represents another public challenge in the rising epidemic of diabetes 
as health cost of a diabetic patient is known to be at least more than twice the health 
cost of a nondiabetic patient. For example, the estimated cost of diabetes was 174 
billion dollars in the United States in 2005  [  4  ] . 

 Given the rising prevalence of diabetes and the devastating nature of this disease, 
curving the diabetes epidemic becomes a public health priority. Unlike type 1 dia-
betes, type 2 diabetes is a disease that can potentially be prevented because of both 
the slow onset of its pathologic process as well as the possibility of clinically iden-
tifying patients in prediabetic state, opening thus a window for intervention prior to 
the onset of the disease. Yet the interventions that could prevent diabetes were to be 
de fi ned and their ef fi cacy to be studied. 

   Risk Factors for Type 2 DM 

 The  fi rst step in preventing diabetes consists of recognizing individuals at high risk 
of developing diabetes (Table  12.1 ). Age over 45 years, family history of diabetes in 
a parent or a sibling, history of gestational diabetes, history of Polycystic Ovarian 
Syndrome, and high-risk ethnicity (Native American, African American, Hispanic 
American, Paci fi c Islanders) constitute the major nonmodi fi able risk factors of type 
2 diabetes. On the other hand, modi fi able risk factors include impaired fasting glu-
cose (IFG), impaired glucose tolerance (IGT), obesity, sedentary lifestyle, cardio-
vascular disease, dyslipidemia, and hypertension  [  5  ] . Obesity epidemic and 
sedentary lifestyle are classically linked to the rising prevalence of type 2 diabetes 
across different ethnic and age groups. Obesity is at the chore of the metabolic syn-
drome that includes increased waist circumference, high blood pressure, high trig-
lycerides, low HDL cholesterol, and/or abnormal glucose metabolism. Metabolic 
syndrome is considered a prediabetic state. Furthermore, patients with hypertension 
alone are 2.5 times more likely to have diabetes than normotensive individuals  [  6  ] .    
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   Prediabetes 

 The development of type 2 diabetes is a continuous pathologic process that starts 
many years before the diagnosis of diabetes. In fact, obesity and sedentary lifestyle, 
in combination with genetic predisposition, are known initially to cause insulin 
resistance and subsequent compensatory hyperinsulinism, probably years before 
development of abnormal glucose levels  [  7  ] . With time, the beta-cell function will 
progressively decline and fail to overcome insulin resistance resulting in IGT fol-
lowed by IFG and development of type 2 diabetes. Indeed, Butler et al.  [  8  ]  demon-
strated decreased beta-cell volume in autopsies of obese patients with IFG or type 2 
diabetes, when compared to obese individuals with normal glucose tolerance. It is 
estimated that around 40–70% of beta-cell function is already lost by the time dia-
betes is clinically diagnosed. 

 The American Diabetes Association and the American Association of Clinical 
Endocrinologists de fi ne prediabetes as fasting glucose levels of 100–125 mg/dL 
(IFG) and/or glucose levels of 140–199 mg/dL 2 h after an oral load of 75 g of dex-
trose (IGT)  [  9,   10  ] . Hemoglobin A1C level of 5.7–6.4% was recently added as 
another diagnosis criteria of prediabetic state  [  9,   10  ] . Women with history of gesta-
tional diabetes or polycystic ovarian syndrome are also known to be at higher risk 
of developing diabetes. 

 Prediabetes is highly prevalent worldwide  [  1  ] . It is estimated that 7.9% of the 
world population or 344 million people have IGT  [  1  ] . In the United States, a 2003–
2007 survey projected that 57 million American adults are prediabetics  [  11  ] . 

 Among the patients diagnosed with either IFG or OGT, approximately 25% 
progress to diabetes over 3–5 years period  [  12  ]  and most likely the vast majority 
would become diabetics if observed for longer periods. The highest rates of 

   Table 12.1    Risk factors for type 2 diabetes   

 Modi fi able risk factors 
 • Lifestyle (physical inactivity, high-caloric, high-fat intake, cigarette smoking, urbanization) 
 • Overweight or obesity (BMI  ³  25 kg/m 2 ) 
 • Impaired fasting plasma glucose     
 • Impaired glucose tolerance 
 • Dyslipidemia (low HDL cholesterol, high triglycerides) 
 • Hypertension 
 • Cardiovascular disease 
 • Polycystic ovarian syndrome 
 • Antipsychotic therapy 

 Nonmodi fi able risk factors 
 • Age > 45 years 
 • Family history of type 2 diabetes ( fi rst-degree relative) 
 • Ethnicity (e.g., Native Americans, Hispanic Americans, African Americans, Asian 

Americans, and Paci fi c Islanders) 
 • Gestational diabetes 
 • Delivery of baby weighing more than 4 kg 

   BMI  body mass index,  HDL  high-density lipoprotein  
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 progression to diabetes are observed in patients with both IFG and IGT, older age, 
overweight, or other diabetic risk factors. 

 Beyond the increased risk of progression to diabetes, prediabetic state has been 
shown to be already associated with microvascular and macrovascular complica-
tions even prior to the onset of diabetes. The Decode Study has demonstrated 
signi fi cant increased mortality in 2,766 individuals with IGT after 7 years of follow-
up when compared to normoglycemic patients  [  13  ] . In Pima Indians, the incidence 
of retinopathy greatly increases at a fasting plasma glucose >116 mg/dL, a 2-h 
plasma glucose of 185 mg/dL or an A1C > 6.0%  [  14  ] . 

 Similar increase of microvascular and macrovascular complications at A1C 
lower than the cutoff used to diagnose diabetes was also observed in the United 
Kingdom Prospective Diabetes Study (UKPDS) where more than half of the partici-
pants had already diabetic tissue damage at the time of diagnosis of diabetes  [  15  ] . 

 More than ten randomized controlled diabetes prevention trials were published 
over the last decade, examining the ef fi cacy of various interventions in preventing 
the progression to diabetes in a prediabetic population (Table  12.2 ). The interven-
tions assessed can be divided into lifestyle changes, pharmacotherapy, and surgery. 
The following sections will describe the different trials published to date in diabetes 
prevention with an outlook of the national guidelines published in the  fi eld.   

   Lifestyle Changes 

 The observed strong link between the rising epidemic of obesity and the increased 
prevalence of type 2 diabetes made lifestyle changes aiming weight reduction the 
 fi rst candidate intervention to prevent diabetes. As expected, weight loss, exercise 
and diet have all been shown, separately or in combination, to be effective in decreas-
ing the incidence of type 2 diabetes in high-risk patients (Table  12.2 )  [  16–  21  ] . This 
effect was surprisingly and consistently sustained even several years after cessation 
of the initial intensive lifestyle intervention (Table  12.3 )  [  22–  24  ] .  

 DaQuing diabetes prevention study was published in 1997 and was one of the 
earliest prospective diabetes prevention randomized controlled trials  [  16  ] . The study 
was conducted in 33 clinics in China, and included 577 subjects with IGT. 
Participants were randomly assigned to four groups: high vegetables low sugar/low 
alcohol diet, exercise, diet plus exercise versus standard of care. At 6 years of fol-
low-up, diabetes incidence was signi fi cantly reduced by 46% in the exercise group, 
by 31% in the diet group, and by 42% in the diet plus exercise group when com-
pared to standard care. 

 In 2006, 14 years after the end of the initial study and 20 years after the initial 
interventions, the cumulative incidence of diabetes was 80% in the intervention 
group and 93% in the control group with annual incidence of diabetes of 7% and 
11% respectively and 46% lower incidence of diabetes over 20 years period in life-
style changes group. These long-term results suggest sustained bene fi cial effects of 
lifestyle modi fi cations despite the standardization of treatment for all groups over 
the post-study 14 years follow-up period  [  22  ] . Of note, no signi fi cant mortality 
bene fi t was observed in the long-term follow-up DaQuing study. 
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 The Finnish Diabetes Prevention Study published in 2001 enrolled 522 middle-
aged overweight subjects with IGT  [  17  ] . The participants randomized to the inter-
vention group received individualized counseling aiming to reduce weight, total 
intake of fat and saturated fat and increase uptake of  fi ber and physical activity. The 
control group received standard therapy. At 4 years of follow-up, the cumulative 
incidence of diabetes was 11% in the intervention group and 23% in the control 
group, with a 58% reduction of progression to diabetes. 

 A follow-up of the Finnish Prevention Study was published in 2006  [  23  ] . 
Participants who did not progress to diabetes in the initial 4-year study were further 
followed-up for a median of 3 years. Interestingly, lifestyle changes were main-
tained by the intervention group subjects despite the cessation of the individual 
counseling, likely explaining at least in part a 36% relative reduction in diabetes 
incidence during the postintervention follow-up period alone (4.6 vs. 7.2%, 
 p  = 0.041) and a 43% cumulative diabetes incidence reduction over the 7-year fol-
low-up, demonstrating again the sustained ef fi cacy of lifestyle changes. 

 The Diabetes Prevention Program (DPP) trial was a landmark NIH-sponsored 
multicenter randomized controlled trial conducted in the United States and pub-
lished in 2002  [  18  ] . A total of 3,234 subjects with prediabetes, de fi ned as IFG or 
IGT, were randomly assigned to intensive lifestyle modi fi cation program, met-
formin 850 mg BID or matching placebo. Lifestyle changes included low fat (<25% 
of caloric intake) 1,200–1,800 cal diet and exercise for 150 min a week with a 7% 
body weight reduction goal and a very well structured curriculum and support pro-
fessional group. A signi fi cant superiority of lifestyle changes led to the premature 
discontinuation of the study with, at 3 years, a relative risk reduction of progression 
to diabetes of 58% in lifestyle changes group and 31% in metformin group when 
compared to placebo (cumulative incidence of diabetes of 28.9%, 21.7%, and 14.4% 
in the placebo, metformin and lifestyle intervention groups respectively). Lifestyle 
changes were signi fi cantly more effective than metformin and were consistent in 
men and women across ages, BMI, and ethnic groups. 

 The DPPOS (DPP Outcome Study) was a 10-year follow-up of the DPP study 
published in 2009 where all participants were offered group-implemented lifestyle 
changes and were followed for additional 5.7 years  [  24  ] . Unlike the Finnish follow-up 
study, diabetes incidence was similar in the three treatment groups in the follow-up 
period. However, the cumulative incidence of diabetes remained lowest in the origi-
nal lifestyle group with 34% cumulative risk reduction in the lifestyle group and 18% 
reduction in the metformin group at 10 years when compared to placebo. Interestingly, 
unlike most of other weight-reducing agent studies, lifestyle changes and metformin 
succeeded to maintain weight loss at 10 years follow-up in the DPPOS study. 

   Exercise 

 Exercise is thought to improve insulin sensitivity and promote peripheral glucose 
uptake in normal individuals. Long-term moderate exercise, similar to the exercise 
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recommended in DPP and Finnish Diabetes Prevention Study, results in increased 
translocation of insulin-responsive glucose transporter (GLUT-4) from intracellular 
stores to the cell surface, facilitating glucose uptake  [  19  ] . 

 A systematic review of ten prospective cohort studies published in 2007 showed 
that, after adjustment for BMI, moderate-intensity physical activity was signi fi cantly 
associated with reduced diabetes incidence  [  20  ] . 

 In the Finnish Prevention Study, participants who achieved at least 4 h exercise 
per week had signi fi cant decreased incidence of diabetes (RRR = 80%), effect that is 
consistent even in the group who did not lose weight  [  17  ] . 

 In the DaQuing study, the highest reduction of diabetes incidence was observed 
in the exercise group  [  16  ] .  

   Weight Loss 

 Weight reduction in prediabetic individuals, even at small or moderate scales, has 
been consistently associated with reduced incidence of diabetes. 

 For example, within the same lifestyle intervention group in the Finnish Diabetes 
Prevention Study, the participants who were able to achieve more than 5% of initial 
body weight reduction at 1 year did signi fi cantly progress less to diabetes when 
compared to their peers in the interventional group who had less or no weight loss 
and to the control group (odds ratios (OR) 0.3 and 0.4 respectively)  [  17  ] . 

 What is particularly clinically relevant in the diabetes prevention trials is that 
only modest weight reduction is associated with diabetes prevention. 

 In the DPP trial, an average weight loss of only 5.6 kg was associated with a 
58% lower incidence of diabetes  [  18  ] . Moreover, on further analysis of the DPP 
trial, and among weight, diet and exercise, diabetes prevention correlated most 
strongly with weight loss, with an estimated 16% diabetes risk reduction for every 
single kilogram of weight reduction  [  21  ] . 

 In the Finnish Diabetes Prevention Study, participants who were able to achieve 
>5% of initial body weight reduction at 1 year progressed less to diabetes (relative 
risk reduction of 74%) when compared to their peers in the interventional group 
who had less weight loss.   

   Pharmacologic Interventions 

   Metformin 

 Metformin is an antidiabetic agent that works mostly at the liver site by suppressing 
hepatic glucose production and inhibiting free fatty acids (FFA) production and 
oxidation, therefore reducing FFA-induced insulin resistance and promoting periph-
eral glucose uptake  [  25  ] . 
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 In the DPP trial, although generally less effective than lifestyle changes, 
 metformin was associated with a signi fi cant 31% diabetes incidence risk reduction 
(risk of 22% in metformin group versus 29% in placebo group at 3 years) and 
signi fi cant weight reduction of an average of 2 kg  [  18  ] . Further analysis of the DPP 
results showed that metformin ef fi cacy compared to placebo was greater in subjects 
with younger age, higher body mass index (BMI), and higher fasting sugar levels 
 [  18  ] . In addition, a DPP substudy of 350 women with history of gestational diabetes 
and IGT revealed that this group of women had a higher risk of progression to dia-
betes (71% at 3 years) when compared to women with no history of gestational 
diabetes despite similar baseline glucose levels, and had similar risk reduction of 
50% with both metformin and lifestyle changes  [  26  ] . 

 Of note, a washout study conducted on the DPP participants after 1–2 weeks of 
discontinuing metformin or placebo indicated that the incidence of diabetes was 
still reduced by 25% in the metformin group after the washout period, suggesting a 
partially sustained rather than temporary effect of metformin  [  27  ] . In the DPPOS 
follow-up study, metformin (850 mg BID as tolerated) was continued in the group 
initially assigned to metformin in addition to lifestyle counseling. The progression 
to diabetes was similar in all groups during the follow-up period of 5.7 years; how-
ever the cumulative incidence of diabetes at 10 years was still reduced in the met-
formin group by 18%, re fl ecting a sustained initial risk reduction. Furthermore, the 
weight loss associated with metformin was also sustained at 10 years  [  24  ] . 

 This bene fi cial effect of metformin observed in the DPP trial was supported by 
the results of a meta-analysis by Slapeter et al.  [  28  ]  in 2008 that reported relative 
risk reduction of new onset diabetes of 40% with metformin. 

 Therefore, metformin is considered a relatively safe and effective alternative for 
diabetes prevention should lifestyle changes be insuf fi cient.  

   Thiazolidinediones 

 Thiazolidinediones (TZDs) are peroxisome proliferator-activated gamma receptor 
(PPAR- g ) agonists that work by increasing peripheral insulin sensitivity via aug-
mented conversion of preadipocytes to adipocytes, which in turn increase adiponec-
tin that is associated with increased insulin sensitivity  [  29  ] . In addition to their 
antihyperglycemic properties, TZDs might also have an effect on beta-cell preserva-
tion that can ideally translate into prevention and delay of diabetes  [  30  ] . 

 The  fi rst study to demonstrate diabetes prevention with a TZD was the TRIPOD 
study (Troglitazone in Prevention of Diabetes) where a total of 266 Hispanic women 
with history of gestational diabetes were randomly assigned to troglitazone or pla-
cebo  [  30  ] . Troglitazone use was signi fi cantly associated with reduction of progres-
sion to diabetes at one and a half-year follow-up when compared to placebo (relative 
risk reduction of 55%), with a decrease of endogenous insulin requirement at 
3 months of therapy and sustained bene fi t after discontinuation of the TZD, suggest-
ing a potential effect on beta-cell preservation. 



152 J.G. Karam and S.I. McFarlane

 Moreover, troglitazone was an investigational drug in the DPP trial from 1996 to 
1998 at which time it was discontinued because of associated fatal liver failure in a 
DPP participant. In the DPP trial, troglitazone was associated with a remarkable 
decreased progression to diabetes by 75% at 1 year. Troglitazone was withdrawn 
from the US market in 2000 because of its association with severe hepatotoxicity. 

 The DREAM (Diabetes REduction Assessment with ramipril and rosiglitazone 
Medications) trial was one of the largest primary diabetes prevention trials with 
over 5,000 participants with IFG and/or IGT randomized to rosiglitazone, ramipril 
or placebo in a 2 × 2 factorial design  [  31  ] . Participants receiving rosiglitazone had 
60% less progression to diabetes and 71% more regression to normoglycemia when 
compared to placebo. However, the use of rosiglitazone was associated with an 
increased risk of new-onset congestive heart failure and a mean weight gain of 
2.2 kg that was though re fl ecting an increase of the subcutaneous gluteal fat depot 
rather than visceral fat, with decreased waist-to-hip ratio. 

 Finally, the Actos Now for Prevention of Diabetes (ACT NOW) trial is a ran-
domized and double-blinded study enrolling 602 patients with IGT, assigned to 
pioglitazone 45 mg daily or placebo  [  32  ] . Over a mean follow-up of 2.6 years, pio-
glitazone was signi fi cantly associated with an annual decrease of progression to 
diabetes of 72% (2.1% compared to 7.6% in placebo group) and increased conver-
sion to normal glucose tolerance, in addition to a favorable effect on fasting and 2 h 
blood glucose, HbA1C level, diastolic blood pressure, carotid intima thickness, and 
HDL cholesterol. The incidence of edema and weight gain was signi fi cantly higher 
in the pioglitazone group as expected. 

 In June 2011, the French and German medication regulatory agencies suspended 
the sale of pioglitazone because of a potential increased incidence of bladder cancer 
with the cumulative exposure to more than 28 g of pioglitazone. In the United States, 
the Food and Drug Administration (FDA) announced that the use of pioglitazone 
for more than a year may be associated with an increased risk of bladder cancer and 
is currently undergoing comprehensive data review on this subject  [  33  ] . 

 In summary, the use of TZDs has consistently shown a potent bene fi cial effect in 
diabetes prevention but was associated with signi fi cant adverse effects, particularly 
new onset of congestive heart failure, and more recently possible increase of inci-
dence of bladder cancer.  

   Combination of Metformin and Thiazolidinediones 

 In the CAnadian Normoglycemia Outcomes Evaluation (CANOE) trial, a total of 
207 patients with IGT were randomly assigned to receive combination of metformin 
(500 mg twice daily) and rosiglitazone (2 mg daily) versus placebo for a median of 
3.9 years  [  34  ] . The combination therapy was associated with a 66% relative risk 
reduction of progression to diabetes.  
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   Alpha-glucosidase Inhibitors 

 By decreasing oral carbohydrate intestinal absorption, alpha-glucosidase inhibitors 
improve postprandial hyperglycemia and eventually reduce glucose toxicity of pan-
creatic beta cells. In addition, they have been shown to improve insulin sensitivity 
in individuals with IGT  [  35  ] . Therefore, alpha-glucosidase inhibitors have been 
examined in many diabetes prevention trials and were found to exert a favorable 
protective effect in prediabetic population  [  36  ] . 

 In a major multicenter placebo-controlled randomized trial, the Study to Prevent 
Non-Insulin Dependent Diabetes Mellitus (STOP-NIDDM), a total of 1,429 sub-
jects with IGT were randomly assigned to receive acarbose 100 mg three times a 
day or placebo for 3 years  [  37  ]  [35]   . As expected, diabetes incidence was signi fi cantly 
decreased by 25% in the acarbose group (relative risk of 32.4% vs. 41.5% in acar-
bose and placebo group respectively) with also a signi fi cant increased conversion to 
normal glucose tolerance. Furthermore, the use of acarbose was associated with a 
signi fi cant decrease of 49% of any cardiovascular event, highlighting the cardiovas-
cular protective effect of improving postprandial hyperglycemia with acarbose. The 
study was limited by an elevated discontinuation rate (31% in the acarbose group 
and 19% in the placebo group) most likely related to increased gastrointestinal 
adverse effects of acarbose. In addition, the diabetes prevention effect does not seem 
to be sustained as during a 3 months washout period where all patients received 
placebo, incidence of diabetes in the initial intervention group was higher than in 
the initial placebo group. 

 In a more recently published Japanese multicenter randomized double-blind trial, 
a total of 1,780 patients with IGT were randomized to receive Voglibose, another 
alpha-glucosidase inhibitor, or placebo  [  38  ] . The interim analysis at 48 weeks 
revealed a signi fi cant reduction of progression to diabetes in the Voglibose group.  

   Nateglinides 

 Nateglinide is a short-acting insulin secretagogue that is used in the treatment of 
mostly postprandial hyperglycemia in diabetic patients. 

 The hypothesis of a protective effect of nateglinide in prediabetic population was 
examined in the NAVIGATOR study (the NAteglinide and Valsartan in Impaired 
Glucose Tolerance Outcomes Research), the largest prospective multinational, ran-
domized, double-blinded, placebo-controlled diabetes prevention trial. Nateglinide 
(30–60 mg three times daily) and valsartan (80–160 mg daily) versus placebo were 
used in a 2 × 2 factorial design in 9,306 subjects with IGT and increased risk of car-
diovascular events  [  39  ] . At 5 years, nateglinide did not reduce the cumulative inci-
dence of diabetes or cardiovascular outcomes when compared to placebo whereas 
risk of hypoglycemia was signi fi cantly increased in the intervention group.  
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   ACE Inhibitors and ARBs 

 Renin–angiotensin system (RAS) blockade was suggested to have a protective effect 
in diabetes prevention through secondary or post hoc analysis of major hypertension 
trails such as ramipril in the Heart Outcomes Prevention Evaluation (HOPE) study, 
captopril (compared to diuretics and beta blockers in The CAptopril Prevention 
Project (CAPP)), lisinopril (compared to amlodipine and chlorthalidone in The 
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial 
(ALLHAT trial)), losartan (compared to atenolol in the Losartan Intervention For 
Endpoint reduction in hypertension study (LIFE)), and multiple other randomized 
controlled trials  [  40–  44  ] . 

 Therefore, two above-mentioned major trials were designed to examine, as a 
primary outcome, the effect of RAS inhibition in diabetes prevention in population 
at risk. 

 The DREAM trial randomized, in a 2 × 2 factorial design, 5,269 relatively healthy 
participants with IGT and/or IFG to rosiglitazone, ramipril, or placebo  [  45  ] . Although 
the use of ramipril at a dose of 15 mg daily for 3.5 years did not prevent diabetes 
signi fi cantly, it was associated with a 9%, nonsigni fi cant decrease in new onset of 
diabetes and a 16%, signi fi cant increase in regression of IFG and IGT to normogly-
cemia, as well as a signi fi cant decrease in plasma glucose level 2 h after oral load of 
glucose (135.1 vs. 140.5 mg/dL) with no improvement of fasting blood glucose. 

 Similarly, in the NAVIGATOR trial that examined the effect of nateglinide and 
valsartan on the prevention of diabetes in 9,306 subjects with IGT and increased 
risk of cardiovascular events, valsartan signi fi cantly but slightly reduced the 
 incidence of diabetes at 5 years by 14% when compared to placebo (33 vs. 37%, 
respectively) with no signi fi cant reduction in cardiovascular outcomes  [  46  ] . 

 Unlike in the DREAM study, the patients enrolled in the NAVIGATOR trial had 
established cardiovascular disease or cardiovascular risk factors and assumable 
elevated RAS activation level. This baseline population difference might explain 
the more signi fi cant effect of RAS inhibition in the NAVIGATOR trial. 

 The use of ACE inhibitors or ARBs should be encouraged in prediabetic patients 
when indicated for high blood pressure or cardiovascular disease in view of their 
probable favorable glycemic effect. This effect is thought to be related to different 
mechanisms: inhibition of the post-receptor insulin signaling abnormalities, 
increased blood  fl ow to the skeletal muscle facilitating insulin action, and enhanced 
differentiation of pre-adipocytes into mature adipocytes, increased pancreatic islet 
blood perfusion leading to appropriate insulin release and possible partial PPAR- g  
activity  [  47  ]  [46–49]   .  

   Xenical 

 Xenical is a gastrointestinal lipase inhibitor used in weight reduction and weight 
maintenance. 
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 The possible diabetes prevention bene fi t of xenical was initially suggested by a 
retrospective analysis of xenical treatment effects on obese patients with IGT  [  48  ] . 
This  fi nding was subsequently con fi rmed by a multicenter randomized placebo-
controlled study, XENical in the prevention of Diabetes in Obese Subjects 
(XENDOS) study where 3,305 obese subjects, with normal or impaired glucose 
tolerance, were randomized to either xenical 120 mg three times a day or placebo, 
in addition to lifestyle changes for all participants  [  49  ] . In the group of patients with 
IGT (694 subjects), xenical treatment was associated with a 45% risk reduction of 
progression to diabetes at 4 years (18.8% vs. 28.8% in placebo) whereas partici-
pants with baseline normal glucose tolerance had no signi fi cant change in incidence 
of diabetes. On the other hand, weight reduction at 4 years was signi fi cantly greater 
in all patients who received xenical (5.8 kg in intervention group vs. 3 kg in control 
group). The bene fi cial effect of xenical in diabetes prevention seems to be additive 
to the bene fi t of weight loss. As in many weight reduction trials, this study was 
limited by the high discontinuation rate in both groups (48% in xenical group and 
66% in control group) probably related to insuf fi cient clinical response. 

 Of note, an alert linking xenical with rare cases of severe liver injury was recently 
issued by the FDA  [  50  ] .  

   Statins 

 Statins are HMG Co-A reductase inhibitors with potent lipid-lowering properties 
but also multiple protective pleiotropic and cardiovascular effects, including anti-
in fl ammatory, anti-atherosclerotic, blood pressure lowering as well as possible glu-
cose lowering effects  [  51  ] . 

 The initial link of statin use to diabetes incidence was derived from a post hoc 
analysis of the West of Scotland Coronary Prevention Study (WOSCOPS) where 
5,974 nondiabetic patients were followed for development of diabetes that occurred 
in 139 participants  [  52  ] . The use of pravastatin 40 mg daily was associated with 
30% reduction of diabetes ( p  = 0.042), effect that seemed to be, not only induced by 
triglyceride lowering effect, but also potentially due to other anti-in fl ammatory and 
anti-atherosclerotic properties of the statins. 

 However, this protective correlation was not replicated in other statin trials. At 
the other extreme, the Justi fi cation for the Use of Statins in Primary Prevention: an 
intervention Trial Evaluating Rosuvastatin (JUPITER) suggested that patients 
treated with rosuvastatin have signi fi cantly higher incidence of physician-reported 
type 2 diabetes  [  53  ] . 

 In view of the con fl icting data surrounding the relation of statins to incident dia-
betes, Sattar et al.  [  54  ]  published recently a meta-analysis that included 13 statin 
trials with 91,140 participants in whom 4,278 developed diabetes at 4 years. The use 
of statins was found to be associated with a slight but signi fi cant 9% increased risk 
of diabetes, most prominent in older subjects. It is now thought that such a diabeto-
genic effect can be due to a direct statin-induced beta-cell dysfunction  [  55  ] .  
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   Fibric Acid Derivatives (Beza fi brate) 

 Beza fi brate, a nonselective ligand/activator for PPAR alpha, was found to reduce not 
only triglycerides, but fasting plasma glucose, fructosamine and hemoglobin A1C 
levels signi fi cantly in type 2 diabetic patients with hyperlipidemia  [  56  ] . Different 
mechanisms of glucose lowering have been suggested with beza fi brates: nonselec-
tive activation of PPAR gamma, improving insulin sensitivity and enhancing glu-
cose disposal in adipose tissue and skeletal muscles  [  57  ] . Furthermore, beza fi brate 
treatment was also associated with decreased incidence of diabetes in patients 
with impaired fasting plasma glucose and in obese nondiabetic patients with normal 
glycemic levels  [  58,   59  ] . 

 In a post hoc analysis of the Beza fi brate Infarction Prevention (BIP) Study, 303 
patients with IFG received either 400 mg of beza fi brate daily or placebo  [  59  ] . Over 
a mean follow-up of 6.2 years, development of diabetes was less prevalent (54.4% 
vs. 42.3%, RRR = 22%) and more delayed (mean 10 months) in the Beza fi brate 
group compared to placebo. Multivariate analysis identi fi ed beza fi brate as an inde-
pendent predictor of decreased risk of new diabetes development, regardless of 
BMI and lipid pro fi le.   

   Surgery 

 Over the past decade, bariatric surgery has become one of the most ef fi cient inter-
ventions in inducing and sustaining weight reduction in severely obese patients, 
with a net associated bene fi t in diabetes prevention or remission. 

 The Swedish Obese Subject Study (SOS) is a prospective nonrandomized cohort 
study that followed 4,047 obese subjects who underwent gastric surgery or were 
matched obese control for 2 years, and 1,703 participants among them for more than 
10 years  [  60,   61  ] . The incidence of diabetes at 2 years was reduced by 32-fold in the 
group of patients undergoing bariatric surgery as compared to weight-stable obese 
controls (odds ratio = 0.14). This effect was consistent, although less pronounced at 
10 years (odds ratio = 0.25). 

 In a study published by Pories et al.  [  62  ] , 150 among 152 obese subjects with 
IGT who underwent gastric bypass achieved and maintained normal glycemic 
pro fi le at 14 years of follow-up. 

 Similarly, in a follow-up of 136 obese subjects with IGT, of whom 109 subjects 
underwent bariatric surgery, one in the surgical group developed diabetes compared 
to 6 out of 27 in the control group  [  63  ] . 

 In a meta-analysis including studies from 22,094 patients who underwent bariat-
ric surgery, 76.8% had complete resolution of their diabetes  [  64  ] . 

 The rapid improvement of glycemic pro fi le after bariatric surgery is thought 
to be due to oral intake restriction as well as acute hormonal changes related to 
the exclusion of upper gastrointestinal track such as incretins and ghrelin level 
 variations  [  65  ] .  
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   Conclusion and Recommendations 

 The diagnosis of type 2 diabetes is usually preceded by a long period of prediabetic 
state that constitutes a golden opportunity to identify population at risk and prevent 
diabetes. Lifestyle changes including dietary changes, moderate weight loss, and 
moderate physical activity have been established as a safe and ef fi cient intervention 
to prevent diabetes. Their protective effect seems to be sustained for greater than 
10 years after the initial intervention. Pharmacologic agents such as metformin, 
thiazolidinediones, and alphaglucosidase inhibitors have also been associated with 
diabetes prevention at various degrees. While metformin seems to be a reasonable 
therapeutic option for prediabetics not responding to lifestyle changes, the use of 
thiazolidinediones and alphaglucosidase inhibitors in this context is limited by asso-
ciated side effects and cost. 

 RAS blockade and  fi brates should be considered in the treatment of hypertension 
or hyperlipidemia associated with prediabetes. 

 The most recent guidelines of the American Diabetes Association recommend 
referring prediabetic patients to an ongoing support program targeting 7% of body 
weight reduction and at least 150 min a week of moderate physical activity for all 
patients with IFG, IGT, or A1C of 5.7–6.4%  [  9,   10  ] . Metformin should be consid-
ered in those at highest risk of diabetes especially those with progressive hypergly-
cemia despite lifestyle changes. Monitoring of progression to diabetes should be 
performed yearly.      
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         Introduction 

 Current estimates indicate that 26 million people in the United States have diabetes 
according to new estimates from the Centers for Disease Control and Prevention 
(CDC). Type 2 diabetes accounts for 90–95% of diabetes cases. Type 2 diabetes 
mellitus is associated with an increased risk of premature death from cardiovascular 
disease (CVD), stroke, and end-stage renal disease. Hypertension is a common 
comorbidity in patients with type 2 diabetes mellitus. In 2005–2008, of adults aged 
20 years or older with self-reported diabetes, 67% had blood pressure greater than 
or equal to 140/90 mmHg or used prescription medications for hypertension. The 
coexistence of hypertension and diabetes is strongly associated with CVD, stroke, 
progression of renal disease, and diabetic nephropathy. Blood pressure control 
reduces the risk of cardiovascular disease (heart disease or stroke) among people 
with diabetes by 33–50%, and the risk of microvascular complications (eye, kidney, 
and nerve diseases) by approximately 33%. In general, for every 10 mmHg reduc-
tion in systolic blood pressure, the risk for any complication related to diabetes is 
reduced by 12%. No bene fi t of reducing systolic blood pressure below 140 mmHg 
has been demonstrated in randomized clinical trials. Reducing diastolic blood pres-
sure from 90 to 80 mmHg in people with diabetes reduces the risk of major cardio-
vascular events by 50%  [  1  ] . The Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC), the National Kidney 
Foundation, and the American Diabetes Association provide evidence-based rec-
ommendations for the treatment of hypertension in patients with type 2 diabetes 
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mellitus. The effectiveness of medical nutrition therapy for type 1 and type 2 diabe-
tes has been well established. Randomized controlled trials and observational stud-
ies of medical nutrition therapy have reported decreases in HbA1C an average of 
~1–2%. Some studies also reported improved blood pressure and lipid pro fi les, and 
weight management  [  2  ] .  

   Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure  [  3  ]  

 High blood pressure treatment guidelines for hypertension with and without com-
pelling indications including heart failure, postmyocardial infarction, high coronary 
disease risk, diabetes chronic kidney disease, or recurrent stroke prevention include 
lifestyle modi fi cation. 

 Lifestyle modi fi cation is de fi ned as weight reduction, Dietary Approaches to 
Stop Hypertension (DASH) plan, regular physical activity, and moderate alcohol 
intake (Table  13.1 ).   

   Table 13.1    Lifestyle modi fi cation to manage hypertension a,b    

 Modi fi cation  Recommendation 
 Approximate systolic blood 
pressure reduction (range) 

 Weight reduction  Maintain normal body weight (body mass 
index 18.5–24.9 kg/m 2 ) 

 5–20 mmHg/10 kg 
weight loss 

 Adopt a DASH 
eating plan 

 Consume a diet rich in fruits, vegetables, 
and low-fat dairy products with a reduced 
content of saturated and total fat 

 8–14 mmHg 

 Dietary sodium 
reduction 

 Reduce dietary sodium intake to no more 
than 100 mmol per day (2.4 g sodium 
or 6 g sodium chloride) 

 2–8 mmHg 

 Physical activity  Engage in regular aerobic physical activity 
such as brisk walking (at least 30 min 
per day, most days of the week) 

 4–9 mmHg 

 Moderation of 
alcohol 
consumption 

 Limit consumption to no more than 2 drinks 
(1 oz or 30 ml ethanol; e.g., 24 oz beer, 
10 oz wine, or 3 oz 80-proof whiskey) 
per day in most men and to no more 
than 1 drink per day in women and 
lighter weight persons 

 2–4 mmHg 

   Source : The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation 
and Treatment of High Blood Pressure: The JNC 7 Report. Bethesda, MD: National Institutes of 
Heart, Lung, and Blood Institute: 2003. NIH Publication 03–5231 
  DASH  dietary approaches to stop hypertension 
  a For overall cardiovascular risk reduction, stop smoking 
  b The effect of implementing these modi fi cations are dose and time-dependent, and could be greater 
for some individuals  
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   Weight Reduction and Blood Pressure 

 Hypertension, obesity, and type 2 diabetes frequently coexist contributing to cardio-
vascular risk factors. In a recent analysis of the Nurse’s Health Study, body mass 
index (BMI) alone was the most powerful predictor of hypertension. Women with a 
BMI 25 or greater (healthy BMI is 18.5–24.9 kg/m 2 ) had an adjusted population 
attributable risk of 40% compared with those with a BMI less than 25  [  4  ] . 

 Overall, dietary intervention studies report that weight reduction has antihyper-
tensive effects. A meta-analysis of randomized controlled trials (RCT) on the 
in fl uence of weight reduction on blood pressure indicated that blood pressure reduc-
tion averaged −1.05 mmHg systolic and −0.92 mmHg diastolic per kilogram of 
weight loss  [  5  ] . 

 Weight loss, as an antihypertensive treatment, may be undermined by weight 
regain over the long term in a dose–response relationship. There might still be a 
bene fi cial effect on risk of incident hypertension even after the weight reduction 
effect has disappeared  [  6  ] . 

 To encourage patients to achieve or maintain a healthy weight, health care pro-
fessionals should:

   Determine the individual’s calorie needs. Calorie needs depend on the person’s • 
age, gender, height, weight, and level of physical activity. Many individuals are 
unaware of the number of calories required to achieve a healthy weight or the 
caloric values of foods and beverages (Table  13.2 ). To achieve weight loss, it is 
common to begin with a 500 daily calorie de fi cit from the individual estimated 
calorie need.   
  Teach patients how to calculate number of calories consumed in a meal with the • 
assistance of calorie and nutrition information tools and instruct them how to 
read and interpret the nutrition food labels.  
  Encourage physical activity as a way to achieve calorie balance.  • The 2008 
Physical Activity Guidelines for Americans   [  8  ]  recommend that adults between 
18 and 64 should avoid sedentary behaviors and should engage in at least 150 min 
a week of moderate-intensity activity. Some adults may require 300 min per 
week. Adults should also include muscle-strengthening activities.  
  Encourage patients to monitor caloric intake by keeping a food diary. A food • 
diary may track portions consumed, underlying reasons for eating, hunger levels, 
and cravings.  
  Refer patient to a Registered Dietitian for individualized medical nutrition ther-• 
apy and a diabetes educator for diabetes education management. To  fi nd a 
Registered Dietitian, visit   http://www.eatright.org    , and to  fi nd a diabetes educa-
tor, visit   http://www.diabeteseducator.org    .     

http://www.eatright.org
http://www.diabeteseducator.org
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   Dietary Approaches to Stop Hypertension Eating Plan 

 The DASH eating plan has been shown to lower high blood pressure in research 
studies. 

 The National Heart, Lung, and Blood Institute (NHLBI) sponsored research 
studies to study the effect of diet on high blood pressure. The DASH eating plan was 
ef fi cacious in lowering blood pressure in feeding trials  [  9  ] . The addition of exercise 
and weight loss to the DASH eating plan resulted in even larger blood pressure 
reductions, greater improvements in vascular and autonomic function, and reduced 
left ventricular mass in a randomized controlled study of overweight or obese per-
sons with above-normal blood pressure  [  10  ] . 

 The DASH eating plan:

   Is low in cholesterol, total fat, and saturated fat  • 
  Emphasizes fruits, vegetables, and fat-free or low-fat milk and milk products  • 
  Is rich in whole grains,  fi sh, poultry, beans, seeds, and nuts  • 
  Contains fewer sweets, added sugars and sugary beverages, and red meats than • 
the typical American diet    

 The Dietary Guidelines for Americans  [  11  ]  recommend most Americans reduce 
daily sodium intake to less than 2,300 mg and that African Americans, persons who 
are 51 or older, and those of any age who have hypertension, diabetes, or chronic 
kidney disease further reduce intake to 1,500 mg daily. The 1,500 mg recommenda-
tion applies to about half of the US population, including children, and the majority 
of adults. 

 The DASH eating plan contains 2,300 mg of daily sodium, which is lower in 
sodium than the typical American diet. Further reducing sodium to no more than 
1,500 mg per day further lowers blood pressure. 

 The DASH eating plan also includes foods rich in potassium, magnesium, and 
calcium, as well as protein and  fi ber. A 2,100 calorie diet DASH eating plan 

   Table 13.2    Estimated calorie needs per day by age, gender, and physical activity level  [  7  ]     
 Physical activity level 

 Gender  Age (years)  Sedentary  Moderately active  Active 

 Female  19–30  1,800–2,000  2,000–2,200  2,400 
 31–50  1,800  2,000  2,200 
 51+  1,600  1,800  2,000–2,200 

 Male  19–30  2,400–2,600  2,600–2,800  3,000 
 31–50  2,200–2,400  2,400–2,600  2,800–3,000 
 51+  2,000–2,200  2,200–2,400  2,400–2,800 

  Sedentary means a lifestyle that includes only the light physical activity associated with typical 
day-to-day life. Moderately active means a lifestyle that includes physical activity equivalent to 
walking about 1.5–3 miles per day at 3–4 miles per hour, in addition to the light physical activity 
associated with typical day-to-day life. Active means a lifestyle that includes physical activity 
equivalent to walking more than 3 miles per day at 3–4 miles per hour, in addition to the light 
physical activity associated with typical day-to-day life  
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contained 4,700 mg of potassium, 1,250 mg of calcium, 500 mg of magnesium, 
95 g (18% calories) of protein, and 30 g of dietary  fi ber.  

   Potassium and Blood Pressure 

 Multiple studies have demonstrated that dietary potassium intake has signi fi cantly 
lowered blood pressure in hypertensive and nonhypertensive patients. Potassium 
also reduces the cerebrovascular accident (CVA) independent of blood pressure 
reduction. An intake of 4.7 g of potassium predicts an estimated decrease of 8–15% 
in CVA and 6–11% in myocardial infarction  [  12  ] . 

 The Dietary Guidelines for Americans (2010) recommend an intake of potas-
sium equal to or greater than the Adequate Intake (AI). The AI for potassium is set 
at 4.7 g (120 mmol) per day. In general, potassium should come only from food 
sources and not supplements. For an extensive list of the potassium content of 
selected foods, visit   http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/
SR22/nutrlist/sr22w306.pdf     (Table  13.3 ).   

   Table 13.3    Potassium, K (mg) content of selected foods   

 Description  Weight (g) 
 Common 
measure 

 Content 
per measure 

 Beet greens, cooked, boiled, drained, without salt  144  1 cup  1,309 
 Raisins, seedless  145  1 cup  1,086 
 Potato, baked,  fl esh and skin, without salt  202  1 potato  1,081 
 Lima beans, large, mature seeds, cooked, boiled, 

without salt 
 188  1cup  955 

 Fish, halibut, Atlantic and Paci fi c, cooked, dry heat  159  ½  fi llet  916 
 Plantains, raw  179  1 medium  893 
 Spinach, cooked, boiled, drained without salt  180  1 cup  839 
 Peas, split, mature seeds, cooked, boiled, 

without salt 
 196  1 cup  710 

 Sweet potato, cooked, baked, in skin, without salt  146  1 potato  694 
 Yogurt, plain, skim milk, 13 g of protein per 8-oz  227  8-oz container  579 
 Mushrooms, white, cooked, boiled, drained, 

without salt 
 156  1 cup  555 

 Broccoli, cooked, boiled, drained, without salt  156  1 cup  457 
 Soup, minestrone, canned, reduced sodium, 

ready-to-serve 
 241`  1 cup  448 

 Cucumber, with peel, raw  301  1 large  442 
 Melons, cantaloupe, raw  160  1 cup  427 
 Bananas, raw  118  1 banana  422 
 Corn, sweet, yellow, canned, vacuum packed, 

regular pack 
 210  1 cup  391 

 Carrots, cooked, boiled, drained, without salt  156  1 cup  367 
 Peaches, raw  170  1 cup  323 
 Fish, salmon, sockeye, cooked, dry heat  85  3 oz  319 

  Adapted from the USDA National Nutrition Database for Standard Reference, Release 22  [  13  ]   

http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/SR22/nutrlist/sr22w306.pdf
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/SR22/nutrlist/sr22w306.pdf
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   Magnesium and Blood Pressure 

 The DASH Eating Plan is also rich in magnesium, exceeding the Recommended 
Dietary Allowance (RDA). The RDA for magnesium is 320 mg for women over 31 
and 420 mg for men over 31. Magnesium intake is believed to have antihyperten-
sive effects although the evidence has yielded con fl icting results  [  14  ] . Some studies 
suggest that magnesium intake is associated with lower blood pressure levels  [  15  ] . 
A study on dietary magnesium intake and risk of incident hypertension among 
women participating in the Women’s Health Study reported a signi fi cant inverse 
association between dietary magnesium intake and blood pressure levels  [  16  ] . 
Replacing sodium chloride with Smart Salt, a mineral salt containing 50% sodium, 
25% potassium, and 25% magnesium with high blood pressure resulted in a 
signi fi cant reduction in systolic blood pressure  [  17  ] . Most of the evidence suggests 
that patients with hypertension would bene fi t from magnesium-rich foods, such as 
whole grains, nuts, legumes, and green leafy vegetables.  

   DASH Eating Plan Nutrient Recommendations 

 The DASH eating plan daily serving recommendations are based on individual 
caloric needs to achieve or maintain a healthy weight (Table  13.4 ).  

 Persons with diabetes who adopt the DASH eating plan should be counseled to 
emphasize the selection of the healthiest and nutrient-dense foods. When possible, 
patients should limit foods with added solid fats and added sugars. Encourage 
patients to select foods from the following food groups.  

   Carbohydrate 

 Dietary carbohydrate is the major determinant of postprandial glucose levels. 
Carbohydrate is found in all grains (wheat, corn, rice, oats, etc.) and its products, fruits, 
legumes, vegetables, milk, and yogurt. To achieve glycemic control, patients should be 
advised to monitor their carbohydrate intake. Patients should be instructed to:

   Identify foods containing carbohydrate  • 
  Select healthy carbohydrate choices  • 
  Estimate via carbohydrate counting, exchanges, estimation of portion sizes, plate • 
method and interpreting the nutrition food label, how much carbohydrate is 
 consumed in a meal  
  Aim to meet carbohydrate recommendations     • 
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   Grains 

 Encourage patients to choose mostly whole grains. Teach patients to look for 
the following ingredients on the food label: Brown rice, wild rice, whole-grain 
sorghum, buckwheat, whole-grain triticale, bulgur (cracked wheat), whole-grain 
barley, millet, whole-grain corn, popcorn, oatmeal, whole oats/oatmeal, rolled oats, 
whole rye, quinoa, and whole wheat  fl our. Advise patients to look for the word 
“whole” when selecting wheat products to ensure they are selecting whole grain 
foods—enriched wheat  fl our is not whole wheat. Grain foods are good sources of 
carbohydrate. Managing carbohydrate intake is paramount for patients to achieve 
glycemic control  [  18  ] .  

   Fruits and Vegetables 

 Fruits and vegetables are major sources of folate, magnesium, potassium, dietary 
 fi ber, and Vitamins A, C, and K. The 5-A-Day message encourages daily consump-
tion of  fi ve servings of fruits and vegetables to reduce risk of coronary heart disease 
 [  19  ] . Among hypertensive individuals, there was a dose–response relationship 
between fruit and vegetable intake and improvements in endothelial-dependent 
vasodilation and cardiovascular function providing evidence that even eating one 
portion a day has potential bene fi ts  [  20  ] .  

   Vegetables 

 Encourage the consumption of a variety of colorful vegetables, especially dark 
green leafy vegetables and other nonstarchy vegetables such as spinach, kale, col-
lard greens, arugula, Swiss chard, salad greens, broccoli, Brussels sprouts, 
cauli fl ower, carrots, tomatoes, among others. Advise patients to  fi ll half of their 
plates with nonstarchy vegetables. Starchy vegetables, such as potatoes, sweet pota-
toes, peas, and squash contain more carbohydrate than nonstarchy vegetables and 
are good sources of potassium. Persons with diabetes should not be discouraged 
from eating starchy vegetables but should be counseled how to incorporate them 
into the meal plan.  

   Fruits 

 Encourage recommending whole fruit rather than from juice. Fruit may be  consumed 
fresh, frozen, or canned in its own juice or dried. The number of recommended daily 
servings of fruit should be tailored to the individual’s calorie, carbohydrate, and 
blood glucose targets. Because of their polyphenol content, berries have shown 
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cardio-protective bene fi ts. Raspberries, blueberries, strawberries, peaches, oranges, 
nectarines, cherries, apples, and pears are lower in glycemic load compared to tropi-
cal fruits. The use of glycemic index and load may provide a modest additional 
bene fi t over that observed when total carbohydrate is considered alone  [  21  ] . In one 
study, blueberry supplementation showed improved features of metabolic syndrome 
and related cardiovascular risk factors  [  22  ] .  

   Dairy Foods 

 Encourage fat-free or low-fat milk products. Dairy foods are a major source of 
dietary calcium. The AI for calcium is 1,000 mg for adults of age 31–50 and 
1,200 mg for adults of age 51–70. Examples include fat-free milk or buttermilk; 
fat-free, low-fat, or reduced-fat cheese; fat-free/low-fat regular or frozen yogurt. 
Emphasize that whole milk has the same amount of carbohydrate as low-fat and 
nonfat milk, however the fat content differs. It is important to note that while milk 
and yogurt contain carbohydrate, cheese does not.  

   Meats, Poultry, and Fish 

 Encourage the consumption of lean meats, poultry, and  fi sh. Select only lean; trim 
away visible fats and skin; broil, roast, or poach and remove fat. Two egg whites 
have the same protein content as 1 oz meat. Encourage intake of  fi sh high in omega-3 
long-chain polyunsaturated fatty acid (LC PUFA) such as salmon, halibut, mack-
erel, herring, and trout. Reports and studies report diets higher in  fi sh and omega-3 
LC-PUFA may reduce cardiovascular risk in diabetes and lower blood pressure 
 [  23  ] . The American Heart Association has recommended the consumption of two 
weekly servings of fatty  fi sh for all adults without coronary heart disease  [  24  ] .  

   Nuts, Seeds, and Legumes 

 Nuts, seeds, and legumes are rich sources of energy, magnesium, protein, and  fi ber. 
Examples include almonds,  fi lberts, mixed nuts, peanuts, walnuts, sun fl ower seeds, 
peanut butter, kidney beans, lentils, and split peas. Adding nuts to the diet improves 
blood lipid pro fi le and reduces the risk of coronary heart disease. Nuts are rich in 
monounsaturated and polyunsaturated fats. An addition of 60 g of almonds per day 
has bene fi cial effects on adiposity, glycemic control, and lipid pro fi le, thus poten-
tially reducing the risk for cardiovascular disease in patients with type 2 diabetes 
 [  25  ] . Individuals with metabolic syndrome showed decreased lipid responsiveness 
but improved insulin sensitivity after daily intake of just 30 g of mixed nuts (15 g 
walnuts, 7.5 g almonds, 7.5 g hazelnuts)  [  26  ] .  
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   Fats and Oils 

 The DASH study had 27% of calories as fat, including fat in or added to foods. 
Encourage monounsaturated and polyunsaturated fats and oils such as vegetable oil 
(canola, corn, olive, saf fl ower, sesame, grapeseed oil) avocadoes as well as the use 
of soft margarines without partially hydrogenated vegetable oils. The American 
Diabetes Association  [  27  ]  dietary fat and cholesterol recommendations in diabetes 
management include:

   Saturated fat intake should be less than 7% of calories  • 
  Minimize intake of trans fat to lower LDL and increase HDL cholesterol    • 

 Olive oil in addition to fruits and vegetables were signi fi cantly inversely associ-
ated with both systolic and diastolic blood pressures  [  28  ] . In a pilot study, use of 
sesame oil as the sole edible oil had an additive effect in further lowering blood 
pressure and plasma glucose in hypertensive people with diabetes  [  29  ] .  

   Sweets and Added Sugars 

 Reduce intake of added sugars and avoid sugar sweetened beverages (SSB). They 
provide extra calories and few essential nutrients. In a study of middle-aged adults, 
soft drink consumption (one or more 12-oz drink per day) was associated with a 
higher prevalence and incidence of multiple metabolic risk factors including higher 
blood pressure  [  30  ] . Reducing the consumption of SSB and sugars was signi fi cantly 
associated with reduced blood pressure  [  31  ] .  

   Mediterranean Diet and High Blood Pressure Management 

 The Mediterranean diet has been associated with healthy eating and cardiovascular 
disease reduction and has conferred improved health outcomes including diabetes 
 [  32  ] . In a meta-analysis of 17 studies, the Mediterranean diet improved fasting glu-
cose and A1C levels for individuals with type 2 diabetes  [  33  ] . The Mediterranean 
diet dietary components are:

   Fruits and vegetables  • 
  Nuts—regular consumption in small quantities  • 
  Legumes  • 
  Olive oil—high in monounsaturated fat and in phenols  • 
  Whole grain cereals/breads  • 
  Wine—regular consumption of low-moderate amounts  • 
  Oily  fi shes high in omega-3 fatty acids    • 
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 The Mediterranean diet is limited in:

   Animal protein, especially red meat  • 
  Foods with added sugar  • 
  Eggs—fewer than four per week  • 
  Dairy products    • 

 In a study that investigated the individual components of the Mediterranean as a 
predictor of lower mortality, the dominant components were moderate consumption 
of ethanol, low consumption of meat and meat products, and high consumption of 
vegetables, fruits and nuts, olive oil, and legumes  [  34  ] . Many components of the 
DASH and Mediterranean diets are similar and can be integrated (Table  13.5 ).   

   Table 13.5    Comparison of Mediterranean and DASH eating plans      

 Eating pattern comparison: Mediterranean, 
and DASH diet average daily intake at or 
adjusted to a 2,000 calorie level pattern 

 Mediterranean patterns, 
Greece (g), Spain (s)  DASH 

 Food groups 
 Vegetables: total (c)  1.2 (s)—4.1 (g)  2.1 
 Dark-green (c)  nd  nd 
 Beans and peas (c)  <0.1 (g)—0.4 (s)  See protein foods 
 Red and orange (c)  nd  nd 
 Other (c)  nd  nd 
 Starchy (c)  nd—0.6 (g)  nd 
 Fruit and juices (c)  1.4 (s)—2.5 (g) (including nuts)  2.5 
 Grains: total (oz)  2.0 (s)—5.4 (g)  7.3 
 Whole grains (oz)  nd  3.9 
 Milk and milk products (dairy products) (c)  1.0 (g)—2.1 (s)  2.6 
 Protein foods 
 Meat (oz)  3.5 (g)—3.6 (s) (including poultry)  1.4 
 Poultry (oz)  nd  1.7 
 Eggs (oz)  nd—1.9 (s)  nd 
 Fish/seafood (oz)  0.8 (g)—2.4 (s)  1.4 
 Beans and peas (oz)  See vegetables  0.4 (0.1 c) 
 Nuts, seeds, and soy products (oz)  See fruits  0.9 
 Oils (g)  19 (s)—40 (g)  25 
 Solid fats (g)  nd  nd 
 Added sugars (g)  nd—24 (g)  12 
 Alcohol (g)  7.1 (s)—7.9 (g)  nd 

  Adapted from the eating pattern comparison: usual U.S. intake, Mediterranean, DASH, USDA food pat-
terns, average daily intake or adjusted to a 2,000 calorie level pattern.   http://www.dietaryguidelines.gov     
Accessed August 22, 2011 
  nd  not determined,  c  cups  

http://www.dietaryguidelines.gov
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   Summary 

 Evidence suggests that emphasis of plant-based foods including vegetables, legumes, 
nuts, fruits, and sources of monounsaturated and polyunsaturated fats which are 
also rich in potassium and magnesium and naturally low in sodium is bene fi cial in 
the management of hypertension and diabetes. The DASH and Mediterranean diets 
contain dietary components that have shown to improve glycemic levels and reduce 
high blood pressure and other metabolic markers. Counseling should emphasize 
energy balance to maintain or achieve a healthy weight or if not possible, to prevent 
further weight gain and to reduce sedentary behavior.      
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 Treatment of hypertension remains a challenging task despite the tremendous 
 breakthroughs and advancements in the  fi eld. Hypertension is de fi ned as systolic 
blood pressure (SBP) above 140 mmHg and diastolic blood pressure (DBP) above 
90 mmHg. The Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure currently recommends 
treatment to be initiated with the goal of lowering below the target of 140/90 mmHg. 
This guideline goal reduces cardiovascular morbidity and mortality. 

 Following lifestyle modi fi cations, antihypertensive therapy is recommended 
based on compelling indication. Use of angiotensin-converting enzyme inhibitor 
(ACEI), angiotensin receptor blocker (ARB), diuretics, beta blocker (BB), or cal-
cium channel blocker (CCB) is warranted as initial agents. If the blood pressure goals 
are more than 20 mmHg above goal for systolic and above 10 mmHg above goal for 
diastolic pressure, initiation of two agents has been suggested. Most important 
adjunctive measures include regular physical activity, weight loss if overweight/
obese, diet rich in fruits and vegetables, as well as decreased daily sodium intake  [  1  ] . 
Analysis of the National Health and Nutrition Survey 2006–2008 manifested a rise 
in individuals diagnosed with hypertension; however, it reported the highest ever 
control rates, i.e., >50%  [  2  ] . However, the remaining problem is the lack of blood 
pressure control estimated to be almost 41% in all groups. With an estimated 1.5 bil-
lion people worldwide with a diagnosis of hypertension by 2025, the proportion of 
patients with the potential for serious health problems related to uncontrolled hyper-
tension is only enlarging  [  3  ] . The failure to attain recommended blood pressure goals 
in the treatment of hypertension is attributed to either (a) true resistant hypertension 
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or (b) uncontrolled hypertension that includes under treatment, inadequate evaluation 
for secondary causes of hypertension, or non-adherence to medication regimens. 

 True resistant hypertension is de fi ned as a lack of achieving blood pressure goals 
when therapy is maximized using at least three maximally tolerated doses of antihy-
pertensive agents, one of which is a diuretic  [  4  ] . Novel therapies may improve con-
trol rates but ultimately appropriate dosing of these medications, enhanced 
tolerability, and improvement of adherence to medication regimens are necessary 
for control rates to improve. 

 The major advances in hypertension therapy discussed in this chapter focus on 
(a) new uses for established monotherapies in various combinations, (b)  fi xed-dose 
combinations and cardiovascular outcomes, (c) novel uses of  fi xed-dose combina-
tions as initial therapy, (d) use of vaccines, (e) compounds that are in Phase 1 test-
ing, (f) carotid baroreceptor stimulation, and (g) renal nerve ablation. 

   New Uses for Monotherapies in Combination 

   Mineralocorticoid Antagonists 

 Mineralocorticoid antagonists are well known to augment favorable outcomes in 
hypertensive patients with advanced heart failure and CAD  [  5  ] . Addition of aldoster-
one blockade to ARB or ACEI plus thiazide diuretic has signi fi cantly improved blood 
pressure control in individuals with resistant hypertension who do not have primary 
aldosteronism. In some studies, an average decrease of 26 mmHg in SBP and 
11 mmHg in DBP at 6 months is noted when compared to controls  [  6  ] . Data from the 
Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT)—Blood Pressure Lowering 
Arm demonstrate that addition of spironolactone as a fourth agent to the patients 
with resistant hypertension augments decreases in SBP for 21.9 mmHg and DBP for 
9.5 mmHg  [  7  ] . Apart from heart failure, however, the cardiovascular outcomes 
remain largely unstudied for medication regimens that have aldosterone blockade as 
part of “the cocktail.” In addition, the concern regarding side effects, namely, hyper-
kalemia and increases in serum creatinine, remains, although they are restricted for 
the most part to patients with an estimated glomerular  fi ltration rate below 45 mL/
min and serum potassium above 4.5 mEq/L when therapy is started  [  8  ] .  

   Renin Inhibitors 

 While renin was a target investigated in the 1980s, the  fi rst antihypertensive agent 
emerged at the dawn of the twenty- fi rst century. Currently, the only approved renin 
inhibitor in the United States is aliskiren. The data presented are consistent with 
excellent side-effect pro fi le, not much different when compared to placebo. 
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Evaluation of effectiveness as compared to placebo has shown excellent results in 
several trials  [  9  ] . The ef fi cacy was assessed in patients with mild to moderate hyper-
tension (DBP >95 and >110 mmHg), without comorbidities including diabetes, 
CAD, and stroke. The comparison was made with placebo and across different dose 
regimens and with ARB. Combination treatment with aliskiren and ramipril has 
achieved better BP than in either of them alone  [  10  ] . The ultimate test of when 
aliskiren will provide a meaningful impact on mortality reduction will be known in 
2012, when the ALTITUDE trial is completed. This trial evaluates cardiovascular 
and renal outcomes in more than 10,000 patients  [  11  ] .  

   Endothelin Receptor Antagonists 

 Nonselective endothelin receptor antagonists have been around for more than 
20 years; however, their ef fi cacy as antihypertensive agents is questioned. More 
recently, data on the ef fi cacy of selective endothelin A receptor inhibitors have pre-
sented promising results. The selective type A endothelin receptor blocker, darusen-
tan, was evaluated as an additive therapy to the hypertensive patient groups that 
were diagnosed with resistant hypertensions and already on a recommended regi-
men as de fi ned above compared to the addition of placebo. A primary endpoint of 
systolic blood pressure improvement toward goal has been noted with all three dif-
ferent dosings of darusentan as compared to placebo. In this trial, 23% of patients in 
the placebo group achieved goal blood pressure (<140/90 mmHg of <130/80 mmHg 
for renal impairment and diabetes) compared to 41–53% over darusentan group 
 [  12  ] . A recently completed secondary study using 24 h ambulatory monitoring also 
demonstrated darusentan to be superior over active therapy and placebo, although 
the primary endpoint of of fi ce blood pressure at a single time point failed to meet 
the endpoint and, thus, the trial was viewed as not successful  [  13  ] . The safety pro fi le 
of this class is questionable, however, as worsening peripheral edema and hemodi-
lution have been reported as common occurrences.   

   Fixed-Dose Combination Therapy 

 Most of the current approaches to antihypertensive treatment advocate use of mono-
therapy even though the combination strategy is advocated in patients who have 
initial BP readings higher than 20/10 mmHg above the goal of <140/90 mmHg. 

 Early studies clearly demonstrated that initial therapy with a  fi xed-dose combi-
nation was able to achieve the recommended blood pressure goal in patients with 
type 2 diabetes faster than conventional monotherapy  [  14  ] . At 3 months, more par-
ticipants in the combination group achieved treatment goal (63% combination vs. 
37% conventional;  p  = 0.002). Moreover, blood pressure control rates between the 
 fi xed-dose combination group (without HCTZ) to the conventional group (receiving 
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HCTZ) after 3 months showed an even greater disparity in blood pressure goal 
achievement (87% combination without HCTZ vs. 37% conventional group with 
HCTZ;  p  = 0.0001). This study paved the way for a  fi xed-dose combination approach 
for achieving blood pressure goal in that it was safe and more ef fi cacious than the 
conventional methods. Additionally, the combination dual therapy would be an 
attractive option for several reasons including improving adherence, avoiding fre-
quent visits for dose adjustments, offsetting individual medication side effects, and 
complimentary hemodynamic bene fi ts if medication classes are chosen appropri-
ately with regard to their modes of action  [  15,   16  ] . 

 Data from the  fi rst trial to randomize two different  fi xed-dose combinations, 
ACCOMPLISH, studied a patient population with high cardiovascular risk and a 
mean age of 69 years. The authors’ demonstrated superiority of a calcium channel 
blocker (CCB)/angiotensin-converting enzyme inhibitor (ACEI) combination over 
a thiazide diuretic/ACEI combination therapy for reducing the primary endpoint is 
de fi ned as a composite of cardiovascular events and death from any cause  [  17  ] . 
Both patient groups in this trial had similar baseline characteristics and reached 
similar blood pressure targets of 131/73 and 132/74 mmHg after an average 
30-month follow-up. Moreover, the lack of difference in blood pressure between 
groups was con fi rmed by 24 h ambulatory monitoring  [  18  ] . 

 At present, there are seven classes of antihypertensive agents, with multiple 
members under each class. These are all summarized and recommendations are 
made in the recent position paper by the American Society of Hypertension (ASH) 
 [  16  ] . Since the focus of this chapter is to discuss novel agents, the reader is referred 
to the ASH position paper  [  16  ]  for full details.  

   Triple Combination 

   ARB + CCB + Diuretic 

 Recently, reports from a phase 3, randomized, parallel-group multicenter study 
(TRINITY) of triple versus dual combination,  fi xed-dose antihypertensive therapy 
in patients with moderate to severe hypertension showed superiority of the former 
 [  19,   20  ] . In both cases, addition of the thiazide diuretic to the dual combination of 
amlodipine and an angiotensin receptor blocker led to further enhanced BP 
reduction.   

   Vaccines 

 Angiotensin I and angiotensin II have been targets of vaccines against hypertension 
that are currently under development. Despite several studies demonstrating 
 comparable BP reduction and ef fi cacy versus classical pharmacological agents, the 
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challenges involving the development of such vaccines pertain to not only the 
 quality, but also the quantity of induced antibodies. Similarly, small sample sizes 
remain a signi fi cant limitation of the above studies. 

   PMD3117 

 Phase I and II testing of the angiotensin I vaccine PMD3117 attested to its safety 
and immunogenicity in humans. However, its lack of ef fi cacy in reducing BP has 
been attributed to the insuf fi cient quantity of induced antibodies  [  21  ] .  

   CYT006-AngQb 

 CYT006-AngQb is a virus-shaped noninfectious particle that is coupled with angio-
tensin II, a known vasoconstrictor. Such coupling induces the formation of antibod-
ies against angiotensin II, thereby potentially reducing its effects on vasoconstriction. 
As compared to placebo, CYT006-AngQb was shown to reduce ambulatory BP. It 
was particularly effective in reducing early morning (during which time, most car-
diovascular events occur) SBP and DBP by 25 and 13 mmHg, respectively  [  22  ] . 

 At present, CYT006-AngQb is the only effective vaccine tested in humans that 
has been shown to effectively reduce BP (−9/−4 mmHg). With a relatively long 
half-life of 4 months, it has also been suggested that the af fi nity (rather than the 
titers) of the antibodies is the major factor that determines its effectiveness.  

   ATR12181 

 ATR12181 is a vaccine against the AngII-type Ia receptor and has been shown to 
reduce BP by 17 mmHg in spontaneous hypertensive rats (SHRs)  [  23  ] . These data 
on vaccines, taken together, suggest that reduction in blood pressure can be achieved 
by inducing immunity against targets in the RAAS. The target antigen and selection 
of adjuvant are crucial factors determining the effectiveness and safety of the vac-
cine. While CYT006-AngQb (angiotensin II vaccine) reduces blood pressure in 
humans, the results were not reproducible with more frequent dosing. Vaccines for 
hypertension are still in the early phase.   

   Novel Targets 

 More than 20 new compounds are under investigation as possible new antihyperten-
sive agents. These include aldosterone synthetase inhibitors, adenosine 1 receptor 
antagonists, AMP activated protein kinase (AMK), acetyl Co-enzyme A carboxylase, 



180 E. Lerma and G.L. Bakris

and many others. Some of these are in Phase 2 trials such as the aldosterone synthase 
inhibitors.    Others have been studied such as adenosine 1 receptor antagonists and 
while ef fi cacious have side-effect pro fi les that mitigate against their continued 
development. 

 It is clear that since hypertension is a polygenic disorder, it will require combina-
tions of multi-target therapy to fully control  [  24  ] . The ideal combination remains to 
be determined and even that will vary depending on the genotype and phenotype of 
a given patient. New agents targeting speci fi c cellular mechanisms will aid in devel-
oping such combinations.  

   Novel Nondrug Approaches to Control Hypertension 

 The sympathetic nervous system plays one of the most important roles in the 
pathophysiology of essential hypertension. Pharmacologic resources employed in 
controlling of this mechanism have not so far been very potent in regulating blood 
pressure. Recently, more focus has been given to techniques that mechanically 
interfere with the sympathetic out fl ow in these individuals. The two include cathe-
ter-based renal sympathetic denervation and carotid sinus stimulator. 

   Renal Nerve Ablation 

 The kidney contributes to the development and maintenance of elevated blood pres-
sure in many different ways, one being efferent and afferent sympathetic system, 
which is located near the renal arteries walls. This renal nerve stimulation has been 
implicated in contributing to the maintenance of hypertension through increased 
sympathetic nervous system activity in the kidney  [  25  ] . Speci fi cally, this increased 
nerve activity is postulated to increase renal vascular resistance subsequently initi-
ating a cascade of events that include overactivation of RAS and increased  fl uid and 
salt retention  [  25  ] . A pilot study in hypertensive patients by Krum et al.  [  26  ]  has 
assessed safety and ef fi cacy of percutaneous, catheter-based removal of sympathetic 
renal nerves in humans after several investigational and successful attempts in ani-
mals. The procedure is performed percutaneously with a catheter connected to the 
radiofrequency generator. This study had 50 individuals with resistant hypertension 
de fi ned as those with a SBP > 160 mmHg while receiving three or more antihyper-
tensive agents, one of which was a diuretic. Denervation was bilateral and blood 
pressure response was monitored at 3, 6, 9, and 12 months post-procedure with 
signi fi cant average reductions of 14/10, 21/10, 22/11, 24/11, and 27/17 mmHg, 
respectively, in 45 individuals. There were 13% non-responders in the group. The 
safety pro fi le, which was the primary endpoint, was promising as only one patient 
suffered a renal artery dissection and another had a pseudoaneurysm of the femoral 
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site both with favorable outcomes. There were no severe adverse events noted 
6 months after the procedure including deterioration of renal function. One bene fi t 
of the procedure was restoration of blood pressure dipping pattern. 

 In addition to the aforementioned direct effects of the procedure, it is also impor-
tant to note that renal denervation decreased renin secretion by about 50%  [  26,   27  ] . 
This may potentially in fl uence central sympathetic out fl ow by altering circulating 
angiotensin II levels. Other effects of renal denervation included improved cardiac 
barore fl ex sensitivity (from 7.8 to 11.7 ms/mmHg), and a signi fi cant reduction of 
LV mass compared to baseline (from 184 to 169 g; 78.8 to 73.1 g/m 2 ), as demon-
strated by cardiac MRI, after 12 months of follow-up  [  26,   27  ] . 

 This approach certainly looks promising; however, it does need large-scale stud-
ies to assess its long-term usefulness and potential side effects.  

   Rheos 

 Baroreceptor triggering is one of the physiologic mechanisms involved in a blood 
pressure control. It is activated by vascular distension secondary to the rise in sys-
temic blood pressure and consecutive propagation of impulses to the medulla acti-
vating parasympathetic nuclei and inhibiting sympathetic out fl ow  [  28  ] . This 
mechanism has been a target of blood pressure control for a long time with good 
results in animal studies, but only gaining substantial attention; recently this trans-
lated into the studies involving human subjects. The current approach involves a 
carotid sinus stimulator marketed as Rheos. This device is implanted bilaterally 
around both carotid sinuses. An arti fi cial pulse generator implanted subcutaneously 
provides a predetermined electrical impulse to stimulate the carotid sinus to elicit a 
tonic neuronal response  [  28  ] . Thus far, several small studies in United States and 
Europe have assessed procedure safety and tolerability. The effects on blood pres-
sure in humans are described in a small study by Illig et al.  [  29  ]  who evaluated ten 
individuals, all diagnosed with resistant hypertension, using the aforementioned 
de fi nition. These individuals were on average of six antihypertensive medications 
with a mean blood pressure prior to enrollment of 175/101 mmHg. The estimated 
postoperative drop in blood pressure was 41 mmHg for SBP and 19 mmHg for DBP 
with a device peak response at average of 4.8 V  [  30  ] . 

 Similarly, European investigators found a signi fi cant blood pressure improve-
ment in hypertensive individuals diagnosed with resistant hypertension. Heusser 
et al.  [  31  ]  showed that electrical  fi eld stimulation of the carotid baroreceptors acutely 
reduced sympathetic nerve activity in a subgroup of patients with refractory hyper-
tension, resulting in decreased plasma renin concentration and BP. Interestingly, 
despite continued stimulation throughout the cardiac cycle, no symptoms indicative 
of barore fl ex dysfunction were reported. The authors suggested that the mainte-
nance of lower BP readings results from baroreceptor regulation of heart rate, and 
muscle sympathetic nerve activity was most likely due to a leftward shift of the 
barore fl ex curves and their operating points. 
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 The initial mean maximal changes in systolic blood pressure were 28 mmHg and 
in diastolic blood pressure 16 mmHg that was sustained in a follow-up of 4 months. 
The results seem promising and initially assessed safety pro fi les are mostly related 
to procedure-related infections and hypoglossal nerve injury, which improved in a 
follow-up  [  32  ] . A study looking into the structural integrity after implantation of the 
carotid sinus stimulator showed no evidence of development of carotid stenosis or 
injury  [  30  ] . The Device Based Therapy in Hypertension Trial (DEBuT-HT), a mul-
ticenter, prospective, non-randomized feasibility trial started in Europe in March 
2004, seeks to demonstrate the safety and ef fi cacy of the Rheos Barore fl ex 
Hypertension Therapy System in patients with refractory hypertension despite full 
pharmacologic therapy, and is still ongoing  [  33  ] . 

 Large-scale studies are under way and an answer to the feasibility of this device 
will be apparent within the next couple of years. Similarly, research should also 
focus on developing a more portable (smaller size and weight) device with a longer 
longevity (battery). Newer methodology has resulted in improved and much longer 
battery life. Additionally, newer technology allows for unilateral placement of the 
device.       

  Glossary 

  ACCOMPLISH    Avoiding cardiovascular events through combination therapy in 
patients living with systolic hypertension.   

  ALTITUDE    Aliskiren trial in type 2 diabetes using cardio-renal endpoints.   
  ASCOT    Anglo-Scandinavian cardiac outcomes trial.   
  ASH    American Society of Hypertension.   
  ATR12181    Vaccine against the angiotensin II-type Ia receptor.   
  CAD    Coronary artery disease.   
  CYT006    AngQb is a virus-shaped noninfectious particle that is coupled with an-

giotensin II, a known vasoconstrictor.   
  LV    Left ventricle.   
  MRI    Magnetic resonance imaging.   
  Novel therapy    An approach to reduce blood pressure that has either not been ap-

proved yet or recently approved and has less than 5 years of clinical experience.   
  PMD3117    A vaccine against angiotensin I.   
  RAS    Renal artery stenosis.   
  Renin inhibitors    Inhibit the rate limiting enzyme (renin) for the genesis or angio-

tensin II.   
  Resistant hypertension    Lack of achieving blood pressure goal (<140/90 mmHg) 

using at least three maximally tolerated doses of antihypertensive agents one of 
which is a diuretic.   

  TRINITY    Multicenter, randomized, double-blind, parallel-group study of triple 
combination treatment with olmesartan, amlodipine, and hydrochlorothiazide 
compared with dual combinations of the individual components.    
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