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Preface

It is our pleasure to introduce an exciting new textbook that provides a much-needed and 
different perspective on rheumatology. Our outstanding contributors have put in a lot of effort 
and thought delving into the aging process per se, the older population, and how they affect the 
future of rheumatology.

Let face it, our patient population is aging. Although patients over 65 years of age still 
compose around 15% of the total population, they are consuming about 50% of rheumatology 
resources. Innovative ways of doing research, patient care, education, and policy need to be 
addressed in order to improve quality of care, patient satisfaction, and the safety of our older 
population.

Multi-disciplinary teams have always been the hallmark of geriatrics but they are cost-
prohibitive in times of healthcare system reforms and social changes. As the age of retirement 
increases, it is crucial to keep the older patient with rheumatic conditions functional or – even 
better – active in the work force. We invite you to continue thinking in new terms and adapt to 
their needs, considering new models that are economically sustainable.

Patients with rheumatic diseases are getting older and attaining closer-to-normal popula-
tion life expectancies. On the other hand, patients without rheumatic diseases are living longer 
too, thanks to improved therapies and advances in public health. This allows the development 
of a variety of elderly onset rheumatic diseases with often atypical presentations. Furthermore, 
immunosenescence complicates the geriatric rheumatology panorama with a combination of 
suppressed immune responses, low-grade chronic inflammatory reactions (also called inflamm-
aging), and clinically non-significant autoantibodies that raise questions and puzzle even the 
more reputable experts. Moreover, uncontrolled inflammatory autoimmune conditions accele-
rate atherosclerosis and may give the false impression of an equally accelerated intrinsic aging, 
since morbidity and aging both decrease the physiological reserves.

Older patients present to rheumatologists with a milieu of baseline co-morbidities. This 
fact has highlighted the need to group rheumatologic with non-rheumatologic diseases such as 
diabetes, hypertension, atrial fibrillation, and cardiovascular diseases in the future. For exam-
ple, it is starkly different to treat a patient with polymyalgia rheumatica and uncontrolled 
diabetes than a patient without diabetes. Until older rheumatic disease patients with multiple 
co-morbid conditions are included in clinical trials, it will be impossible to have high quality 
evidence-based treatment guidelines for the older arthritis patients.

Different specialists have created a pharmacological vicious cycle by prescribing increas-
ingly more medications; once the number of medications reaches the double digits, sophisti-
cated drug inventory management techniques may be required. Older patients are known to 
have voluntary or involuntary compliance problems; drug cost, dementia, and visual problems 
are the main issues. Medications are justified but at times, they are not withdrawn promptly 
when the acute problem subsides, creating a list of necessary and unnecessary medications. 
As a consequence, the cycle is closed by a new round of problems attributed to medications, 
such as peptic ulcer disease (due to nonsteroidal anti-inflammatory agents [NSAIDs]), gas-
trointestinal bleeding (due to medications interacting with Coumadin), falls with fractures 
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(due to narcotics or psychotropic medications), infections (due to immunosuppressive  therapy), 
or heart diseases (related to NSAIDs or anti-TNF [tumor necrosis factor] agents).

The cache of biological therapies available to rheumatologists is ever expanding. 
Simultaneously, they are creating reactivation of old diseases (such as fungal invasive infec-
tions and tuberculosis or herpes zoster), malignancies such as lymphoma, or new autoimmune 
diseases (drug-induced lupus). Surveillance, vaccination, and early diagnosis are becoming 
the rule rather than the exception. The question rheumatologists constantly face is whether to 
be aggressive or more conservative when treating the older patient. The focus of elder care is 
on cure (if possible), improvement in quality of life, rehabilitation, and palliative care. Some 
older patients and their families are coming to the clinic with new expectations of cure as they are 
better-informed, but they may also be confused due to the overwhelming amount of unfiltered 
internet information.

Ultrasound technology controlled by rheumatologists is already at full swing in Europe, 
and it is becoming the new joint-stethoscope for rheumatologists around the world. Providers 
are enhancing their physical examination skills and becoming more precise and efficient doing 
procedures. Older patients with dementia, or those unable to talk due to hospitalization or 
delirium, can be examined by use of ultrasound for synovitis or fluid in unexpected areas for 
diagnostic arthrocentesis to allow prompt therapy and prevent unnecessary treatments.

The health-care landscape is rapidly changing and the average age of rheumatologists is 
also rising. Much of rheumatology practice takes place in the outpatient setting. Instead of see-
ing the patient in the hospital for a secondary consultation, patients may be discharged home 
with the expectation that they will be seen promptly in the rheumatology clinic. While Internal 
Medicine is undergoing a hospitalist movement, primary care overall is shifting to advanced 
practice providers, increasing demand for rheumatology consultations. The older patient is 
trapped in the midst of all these changes; our book Geriatric Rheumatology: A Comprehensive 
Approach encourages you to think from the older patient’s perspective.

Fargo, ND Yuri Nakasato
Ann Arbor, MI Raymond L. Yung
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Abstract The human immune system is a highly evolved 
system that plays a central role in health and disease. Unders- 
tanding the aging-associated immune changes is critical to 
explaining both the disease susceptibility and the different 
clinical course of rheumatic diseases in the elderly. This 
is particularly important as the rheumatology discipline is 
firmly rooted in the era of biologic therapy that is entirely 
dependent on advances in our knowledge of the immune and 
inflammatory basis of autoimmune diseases. In this chapter, 
we briefly review the basic components of the immune system, 
the recent advances in our understanding of immune senes-
cence, the concept of “inflamm-aging,” and how these 
age-related changes may be important in determining the 
health/disease status of the rheumatology patients.

Keywords Immune senescence • Inflammation • Aging

Basic Components of the Immune System

The immune system has two closely related arms, termed 
the innate and the adaptive immunity systems (Fig. 1.1). 
The innate immune system plays a primary role in the early 
rapid defensive response to invading pathogens. In general, 
innate immunity lacks specificity and can be activated by 
structures common to groups of related pathogens. Com-
ponents of the innate immunity include the physical (e.g., 
epithelial surface) and chemical (e.g., natural antimicrobials) 
barriers, the complement system of proteins and other soluble 
mediators of inflammation. Cellular mediators of the innate 
immune system include dendritic cells, natural killer cells, 
monocytes/macrophages, and granulocytes such as neutro-
phils. The adaptive immune response can be further divided 
into two arms known as the humoral and cell-mediated 
(or cellular) immunity. Humoral immunity is mediated by B 

lymphocytes (B cells) through the production of antibodies. 
Antibodies protect the body against invading pathogens via a 
number of effector mechanisms such as promoting phagocy-
tosis or triggering proinflammatory mediators release by 
specialized white blood cells. Cellular immunity is primarily 
mediated by T lymphocytes (T cell) that promote the killing 
of pathogens inside infected cells. The adaptive immunity arm 
of the immune system differs from the innate immunity 
arm in a number of important ways. The complexity of the 
adaptive immune response allows much greater specificity 
and diversity of immune response. In addition, the primary 
adaptive immune response can lead to “memory” that allows 
an enhanced immune reaction to repeated exposure of the 
same or similar foreign protein or organism.

T-Lymphocytes

T lymphocytes are further divided by their cell surface 
protein profile into CD4 (“helper”) and CD8 (“cytotoxic”) 
T cells. Each individual T cell has a restricted specificity 
for protein peptide (antigen) that is determined by the major 
histocompatibility complex (MHC) genes. The percentage 
of T lymphocytes in the peripheral blood does not change 
significantly with aging. Advances in the past few years have 
led to the identification of a third subset of T cells termed 
regulatory T cells (Tregs) based on the expression of the cell 
surface protein CD25 and the intracellular expression of 
the FoxP3 protein, a member of the forkhead/winged-helix 
family of transcriptional regulators. As the name implies, 
Tregs are believed to have a regulatory or suppressive func-
tion in the immune system. CD4+CD25+ regulatory T cells 
are enriched in the joints of patient with rheumatoid arthritis 
but have also been implicated in other autoimmune diseases 
such as lupus [1–3]. In response to stimulation, CD4 cells 
secrete soluble proteins termed cytokines that activate 
(proinflammatory) or suppress (anti-inflammatory) other 
cells of the immune system. Based mostly on the cytokine 
production profile, CD4 cells are further divided into Th (T 
helper)1, and Th2 cells. Thus, Th1 cells secrete high amounts 

R.L. Yung (*) 
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109 Zina Pitcher Place, Ann Arbor, MI 48109, USA 
e-mail: ryung@umich.edu

Chapter 1
The Immune System in Aging

Anjali Desai and Raymond L. Yung 



4 A. Desai and R.L. Yung

of interferon-g(gamma) and Th2 cells produce IL-4, -5, and -13. 
Many rheumatic diseases are thought to have a Th1 or Th2 
“bias.” For example, rheumatoid arthritis and multiple scle-
rosis are often regarded as Th1 diseases, whereas lupus is 
thought of as predominantly a Th2 disease. It important to 
note that the division is not absolute even as the concept of 
the Th1/Th2 dichotomy is helpful in our understanding of 
autoimmune processes. An important recent advance is the 
identification of a third CD4 T-cell subset that produces 
IL-17, termed as the Th17 cells. While their functions have 
still to be fully defined, it is believed that these cells may 
play an important role in autoimmune diseases. For example, 
IL-17 has been detected in serum, synovial fluid, and synovial 
biopsy specimens from patients with rheumatoid arthritis 
and is currently being investigated as a potential target for 
the development of novel antiarthritic therapy [4, 5]. Very 
little is known about the regulation of these cells in aging. 
It has recently been observed that naïve CD4 T cells stimu-
lated to induce de novo differentiation of Th17 cells from old 
mice generated more IL-17 than those from young mice [6].

T-Cell Changes in Aging

Apoptosis

Clearance of dead cell debris from the body is a pivotal pro-
cess in the maintenance of normal immune system function 
[7]. Apoptosis, or “programmed cell death,” is a carefully 
orchestrated event involving a specific sequence of cellular 
and molecular events. Typically, the uptake of apoptotic 
cells is rapid and non-inflammatory, but a disruption to this 
process can result in an accumulation of dead cells and elicit 

important inflammatory responses. It has been shown that 
organisms that are impaired in the clearance of apoptotic 
cells display systemic inflammation and a breach in self-
tolerance in extreme cases [8]. It was recently observed that 
clearance of apoptotic cells is reduced in aged mice [9]. 
However, others have reported increased lymphocyte apop-
tosis with human aging due to the chronic oxidative stress 
and ischemic injury [10]. Both defective and excessive apop-
tosis have been reported in human and murine models of 
autoimmunity. Aging is also associated with the diminished 
ability to clear apoptotic material that may in turn provide a 
potential source of autoantigens to explain the high incidence 
of autoantibodies and autoimmunity in aging [9].

Increase in Memory T-Cells and Decrease  
in Naïve T Cells

Memory and naïve human T cells can be distinguished 
based on their expression of members of the CD45 family 
of surface antigens. While CD45RA antigen is expressed 
on the naive T lymphocytes, CD45RO is present on the cell 
surface of a primed population of memory T lymphocytes. 
With normal aging, the slow turnover and long lifespan of 
naive T cells are preserved [11], but thymus output gradu-
ally diminishes, and ultimately becomes insufficient to 
replace naïve T cells lost from the periphery and to maintain 
the breadth of the T-cell repertoire [12, 13]. Conversely, 
cumulative exposure to foreign pathogens and environmen-
tal antigens promotes the accumulation of memory T cells 
with age [14]. Thus, elderly individuals have more CD29+ 
and CD45RO+ and less CD45RA+ peripheral blood CD4 
and CD8 cells. The natural decline in the number of naïve  

Fig. 1.1 Overview of the immune system. AB antibody, AG antigen, APC antigen presenting cell, DC dendritic cell, NOD nucleotide-binding oligomer-
ization domain, MF(PHI) macrophage, TC T cytotoxic cell, TH T helper cell, TLR toll-like receptor, TREG T regulatory cell, TR1 T regulatory 1
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T cells (CD45RA+CD45RO−CD62L+CCR7+), coupled with 
the narrowing of the T-cell repertoire, has profound conse-
quences for immune function rendering the elderly less 
responsive to immune stimulation [15] and vaccination.

Because of these and other T-cell defects, older adults 
(particularly, those with frailty or multiple co-morbidities) 
may require repeat immunization against viral and bacterial 
infections. Similarly, frail elderly individuals often have an 
inadequate response to the traditional tuberculin skin test (PPD). 
In these patients, a two-stage tuberculin skin test should be 
given. The age-associated decline in memory T-cell immu-
nity to the varicella-zoster virus (VZV) also puts the elderly 
at risk of VZV reactivation. Thus, the US Food and Drug 
Administration has approved the shingles vaccine for use in 
persons aged 60–80 years.

Impaired IL-2 Production and Proliferation

T-cell proliferation and growth is induced by IL-2 but as T 
cells age, they lose their capacity to produce and respond to 
IL-2. When exposed to antigen, memory T cells will rapidly 
divide and proliferate to elaborate more T-cell clones, but 
only proliferate upon stimulation with IL-2. If insufficient 
concentrations of IL-2 are produced, or if T cells cannot 
respond effectively to IL-2, T-cell function is greatly 
impaired. Age-related impairments in the activation of tran-
scription factors AP-1 and NF-AT have been closely associated 
with decreased expression of IL-2 by human T cells [16–18]. 
Additional to the aberrant cytokine response, naïve T cells in 
aged humans and rodents display multiple defects in early 
signaling events and impaired calcium influx compared to 
their younger cohorts.

T-Cell Migration

Migration of T cells to the synovium is facilitated by a 
number of chemokines including macrophage inflammatory 
protein-1a(alpha) [MIP-1a(alpha)] and stromal-derived 
factor-1 (SDF-1, CXC chemokine ligand/CXCL 12). In addi-
tion to facilitating angiogenesis and degradation of cartilage 
matrix by stimulating the release of matrix metalloprotease-13 
from human chondrocytes [19], SDF-1 inhibits activation-
induced apoptosis of T cells [20]. MIP-1a(alpha) is present 
at elevated concentrations in synovial fluid when compared 
to serum of patients with rheumatoid arthritis and it has 
been implicated in macrophage recruitment to the rheuma-
toid synovium. Th1- and Th2-associated chemokine recep-
tors are increased in aged murine T cells [21]. In addition to 
the aging-associated increase in the expression of CC 

chemokine receptor (CCR) 1, 2, 4, 5, 6, and 8, CXCR2–5 in 
CD4+ T cells is associated with greater chemotactic responses 
to SDF-1 and MIP-1a. The increase of proinflammatory 
T-cell chemotactic responses in aging may play a role in the 
pathogenesis of inflammatory diseases in aging including 
cardiovascular diseases and autoimmunity. Conversely, the 
decrease in T-cell CCR7 expression and function, in part 
related to the age-related decline in naïve cell population, 
may explain the observed defective T-cell homing to secondary 
lymphoid organs in aging.

Regulatory T Lymphocytes (Tregs) and Aging

Whether the number of CD4+CD25hi Tregs changes during 
aging is controversial. While most studies report no correla-
tion between circulating Treg numbers and aging, a select few 
have shown an increase [22, 23]. It has been suggested that 
aged Tregs inhibit CD8 cell cytotoxicity via reduced produc-
tion of interferon and perforin. An increase in Treg numbers 
or function may therefore provide a potential mechanism for 
the impaired immune response seen in older adults.

Th17 Cells

While the effect of aging on human Th17 cells remains 
unknown, studies in rats have revealed that protein expression 
of IL-17 is elevated in coronary arteries of old animals com-
pared to those of young animals [24]. Moreover, elevated 
concentrations of IL-17 and TNF-a(alpha) have been detected 
in the serum and synovial fluid of patients with rheumatoid 
and osteoarthritis compared to healthy controls [25].

Decline of Th1 and Enhanced Th2 Response

A number of studies suggest an imbalance between Th1 
and Th2 responses in aging. However, the nature of this 
imbalance remains an issue of significant controversy. Some 
published data support the notion that aging is associated 
with a decline of Th1 and enhancement of Th2 immune 
responses [26–28], while other studies have provided evidence 
for enhanced Th1 and impaired Th2 immune responses 
[29–31]. Most recently, Uciechowski et al. reported a 
decreased Th2/Th1 ratio in old compared to young individuals. 
These researchers also concluded that zinc deficiency is 
common in the elderly and that moderate zinc supplementa-
tion is linked to an increase in Th2 cells [32].
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Immune Replicative Senescence

T lymphocytes, like all human somatic cells, have a finite 
proliferative life span that is determined by telomere length. 
Telomeres are tandem hexanucleotide repeats capped by 
telomere DNA binding proteins at the ends of eukaryotic 
chromosomes. With each successive cell division, chromo-
somes are duplicated so that each daughter cell receives a 
full complement of DNA. With each duplication of the chro-
mosome, a small segment of the telomere is lost, and when 
the telomeres reach a critically short length, the cells lose the 
ability to divide thus entering a state of replicative senes-
cence, a phase in which its functions and activities change. 
Hence, telomere shortening during cell division represents a 
molecular clock that triggers the entry of cells into senes-
cence [33]. Age-dependent decreases in telomere length have 
been reported in B cells and T cells [34, 35]. Short telomeres 
in peripheral blood T lymphocytes as well as granulocytes 
have been reported in rheumatoid arthritis [36]. Telomeric 
loss was also observed in hematopoietic progenitor cells of 
patients with rheumatoid arthritis raising the possibility that 
rheumatoid arthritis is associated with intrinsic abnormali-
ties in telomere length that may be exacerbated by the aging 
process [37]. These lines of argument also support the con-
tention that rheumatoid arthritis may represent a form of pre-
mature aging.

B Cells in Aging

Memory B lymphocytes express the surface marker CD27. 
Colonna-Romano et al. observed that the percentage of 
CD27+ cells was slightly elevated in the elderly and that 
serum concentrations of IgD correlate negatively with CD27+ 
B cells [38]. Naïve B cells (IgD+CD27−), on the other hand, 
were significantly reduced in the elderly. In contrast to this 
report, Shi et al. found that memory B cells decline with 
age [39], whereas Chong et al. published that numbers of 
memory B cells decrease while those of naïve B cells increase 
with age [40]. Although the overall number of B cells is rela-
tively stable across the lifespan, there are clear changes in 
B-cell generation and repertoire. In general, this results in a 
shift in the antibody specificity away from foreign to autolo-
gous antigens. Furthermore, there is an associated narrowing 
of the diversity of the B-cell antibody response resulting in 
the impaired ability of the aging immune system to generate 
high affinity antibodies, the appearance of monoclonal anti-
bodies, and clonal B-cell expansion. Clinical consequences 
of these changes include impaired response to infection, 
 cancer cells, vaccination, and the potential for late-life B-cell 
lymphomas.

Dendritic Cells and Aging

Dendritic cells (DCs) are potent specialized antigen  presenting 
cells that have recently come to the forefront of immunology 
research. Importantly, they are capable of stimulating T cells 
and other immune cells to initiate both the innate and adaptive 
arms of the immune system. Despite their importance, the 
effect of aging on DC function is incompletely understood. 
Langerhans cells (LCs), the epidermal DCs, have been studied 
in some detail in both aged mice and humans. Several authors 
have demonstrated a decreased density and migratory function 
of LCs with aging, which could contribute to a reduced rate of 
sensitization [41]. Others have also indicated that migration 
and phagocytosis of DC subset were impaired with aging [41]. 
In contrast, some reports indicate that no age-related differ-
ences between the DC numbers, phenotype, morphology, and 
maturation exist in human monocyte-derived DCs from young 
and aged subjects [42]. Studying plasmacytoid DCs (pDCs), 
Shodell et al. detected a progressive loss of circulating pDC 
numbers with age [43]. These reports suggest that the aging-
associated changes in DCs may vary with the subsets of DC 
studied, their tissue of residence, and environmental signals. 
Utilizing a mouse model of melanoma cancer, we recently 
evaluated the ability of young and old DCs to act as adjuvant 
immunotherapy. We demonstrated that DCs from aged animals 
are much less capable of performing their immunosurvei-
llance function, likely due to impaired migration and T-cell 
stimulating function [44].

Hematopoietic Stem Cells  
and Thymic Involution

A hematopoietic stem cell (HSC) is a cell isolated from the 
blood or bone marrow that can renew itself, can differentiate 
to a variety of specialized cells, can mobilize out of the 
bone marrow into circulating blood, and can undergo apopto-
sis. The major function of HSCs is to replenish the blood and 
immune system through life. No consensus has been reached 
yet on the surface markers consistently expressed by human 
HSCs but the markers that seem to be used by most researchers 
in the field to identify human HSCs are CD34+ CD59+ 
Thy1+CD38low/−ckit−/lowlin− [45]. It is unclear whether HSCs 
change with aging. Data from studies in mice support an age-
dependent decline in stem cell function. Paradoxically, how-
ever, the number of HSCs has been shown to increase in mice 
with advancing age resulting in a net minimal change in overall 
HSC activity [46, 47]. Recently, it has been suggested that the 
age-dependent decline in HSC function is, at least in part, a 
result of epigenetic dysregulation at the chromatin level [47]. 
One important mechanism  explaining the decline in naïve 
T-cell number and function in aging is thymic involution. 
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Although thymic involution begins soon after birth, the most 
dramatic changes occur after the fifth decade of life. This is 
accompanied by clonal T-cell expansion that is believed to be 
in part related to chronic viral infections such as the cytomega-
lovirus (CMV). The cause of thymic involution is incompletely 
understood. Proposed mechanisms include altered intrathymic 
T-cell development, defects in the development of the “double-
negative” (CD4− and CD8−) thymocytes, and age-related apop-
tosis of medullary dendritic cells and stromal cells [48].

Inflamm-Aging

The term “inflamm-aging,” coined by Franceschi in 2000, 
refers to a low-grade chronic proinflammatory state which 
results from an imbalance between inflammatory and anti-
inflammatory networks [49]. The term was first proposed 
when Fagiolo et al. noted that peripheral blood mononuclear 
cells from old people are able to produce higher amounts of 
cytokines than those from young subjects, an observation 
that defied the dominant hypothesis at the time, that elderly 
individuals are immunodepressed [50]. Aging is considered 
to be a state of low-grade chronic inflammation resulting 
from exposure to continuous antigenic stress, ultimately 
leading to the upregulation of cellular and molecular 
processes. The persistent inflammation over time favors 
the susceptibility to age-related diseases. From an evolu-
tionary perspective, the beneficial effects of inflammation to 
neutralize pathogens and other harmful agents early in life, 
especially during the reproductive phase, become detrimental 
late in life in a period that is not relevant to evolution. From 
a clinical perspective, inflamm-aging is characterized by 
increased serum levels of proinflammatory cytokines (e.g., 
IL-6, IL-8, IL-15, and IL-18) and other inflammatory markers 
such as coagulation factors (e.g., fibrinogen and von 
Willebrand factor). A major role is played by ubiquitous 
viruses such as CMV and Epstein–Barr virus (EBV), which 
are very commonly present in the elderly. Inflamm-aging has 
also been demonstrated to have a genetic component with 
certain alleles and genotypes being positively associated 
with the inflamm-aging phenotype [49]. It is believed that 
the low-grade chronic proinflammatory state in aging may 
contribute to the development of inflammatory diseases such 
as coronary artery diseases or the unique clinical courses of 
elderly onset rheumatoid arthritis.

Vaccine Efficacy in the Elderly

One of the major clinical implications of age-related changes 
in immune function outlined in this chapter is the decline in 
efficacy of vaccinations in elderly patients. Based on the 

review of 31 antibody-vaccine studies ranging from 1986 to 
2002, Goodwin et al. calculated a 17–53% efficacy of the 
influenza vaccine in the elderly compared to 70–90% in 
young healthy individuals [51]. The inability to cope with 
novel antigens is to a large extent due to the decline in naïve 
T cells. It has also been reported that a significant fraction of 
naïve T cells from elderly individuals do not express the 
T-cell homing receptors CD62L and CCR7 which are 
required for migration to peripheral lymph tissue [52]. Novel 
approaches to vaccine development for the elderly include 
the use of high-dose vaccines, adjuvant vaccines, virosomal, 
and DNA vaccines and it remains to be seen whether these 
strategies will result in vaccines with higher efficacy in this 
highly vulnerable segment of the population [52, 53].

Immune Senescence and Rheumatic  
Diseases

The relationship between immune senescence, inflamm-
aging, and the clinical manifestation of rheumatic diseases 
in the elderly is poorly understood. On the one hand, one 
expects that impaired immune responses in aging should 
correlate with a less aggressive phenotype in diseases such 
as rheumatoid arthritis. However, epidemiologic studies have 
not confirmed a better prognosis in patients who develop the 
disease at an older age. Indeed, the incidence and prevalence 
of many important rheumatic diseases continue to rise, peaking 
in the 6th to 8th decade of life. Patients with rheumatic diseases 
such as rheumatoid arthritis and lupus also experience a 
disproportionately high incidence of coronary artery disease 
as they age. This elevated risk cannot be accounted for by the 
traditional cardiac risk factors such as cholesterol, smoking, 
obesity, or family history. However, whether age-associated 
inflammation pays a role in this is unclear. It has recently 
been shown that the CD4+CD28− and CD8+CD28− T-cell 
subsets accumulate with age. These cells also accumulate in 
atherosclerotic plaques and are believed to play a pathogenic 
role in atherosclerosis.

Conclusion

Immune senescence is a complex process that affects all 
the major cellular component of the immune system. 
Although a “master” mechanism has not been identified, it is 
interesting to note that there are significant similarities 
between the aging immune system and that found in patients 
with chronic autoimmune diseases such as rheumatoid 
arthritis and lupus. Given the central role of the immune 
 system in the pathogenesis of rheumatologic diseases, the 
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age-related immune changes must have a profound effect on 
both the clinical manifestation as well as treatment response 
in older adults with autoimmune disorders. Disappointingly, 
despite a growing number of proposed mechanistic data 
 linking immune senescence and autoimmunity, we know 
very little about the impact of specific age-related immune 
changes on rheumatic diseases. Finally, a better understanding 
of the clinical role of “inflamm-aging” should provide fresh 
insight into the relationship between aging and chronic 
inflammatory diseases that are prevalent in older adults.
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Abstract The aging musculoskeletal system has a profound 
effect on the health of an individual. In this chapter, the 
author outlines some of the key changes in bone physiology 
during aging and explains how they contribute to osteoporosis 
and the increased fracture risk in the elderly.

Keywords Anatomy • Osteoporosis • Fracture • Osteomalacia 
• Elderly

Anatomy and Physiology of Bone

Bone is a unique structure made up of cells and extracellular 
matrix (ECM). This ECM is composed of collagen and 
 non-collagen proteins. The collagen fibers are arranged in 
bundles, which, in turn, are arranged in specific orientations. 
These fibers are further mineralized with calcium phosphate 
and hydroxyapatite. The skeleton serves as the stores for 
99% of the total body calcium and 80% of the total body 
phosphate. The bone organic matrix is predominantly 
 composed of type I collagen (95%) along with sulfated 
 proteoglycans, acidic glycoproteins, and osteocalcin.

The cell types found in bone include osteoblasts, 
 osteoclasts, osteocytes, and stromal cells. Bone continuously 
undergoes a remodeling process throughout life, where 
resorption and  formation are continuously occurring. This 
process is known as bone turnover, and it occurs at discrete 
sites all throughout the skeleton. As a result, 5–10% of the 
total adult skeleton is replaced each year [1]. This process is 
closely regulated by the actions of osteoblasts (which are 
responsible for bone  formation) and osteoclasts (which are 
responsible for bone resorption). The osteoblasts and 
 osteoclasts build basic multicellular units (BMUs), which 
are under the control of various systemic  hormones and local 
growth factors. As a result, these factors regulate the activity 

and number of osteoclasts and osteoblasts through controlling 
the replication rate of undifferentiated cells and the 
 differentiation of these cells [2]. This balance between for-
mation and resorption determines the total body bone mass.

In the skeleton, two types of bone can be observed. 
Cortical or (compact) bones make up about 80% of the total 
skeleton and are present in the shafts of long bones. Trabecular 
(or  cancellous) bone accounts for the remaining 20% of the 
total skeleton and is present in the end of long bones, 
 vertebrae, and ribs.

In the adolescence, there is net bone formation, as bone 
formation exceeds the rate of resorption, thus leading to an 
increase in total bone mass. However, this rate of growth 
ceases when linear growth stops, and at this point, the 
 person’s peak bone mass is achieved. This usually occurs by 
age 15–25 [3]. The total bone mass usually remains constant 
for about 10 years, as the rates of bone formation and 
 resorption are balanced during this time. By the third to 
fourth decade of life, total bone mass will begin to decrease. 
By age 80, it is estimated that the body’s total bone mass will 
be about 50% of its peak value [3]. This process is known as 
senile osteoporosis, which describes a process of age-related 
bone loss. Furthermore, women have an accelerated period 
of bone loss shortly postmenopause. This phenomenon will 
be discussed in subsequent chapters in this book.

Senile Osteoporosis

Osteoporosis is a disease leading to progressive decreases in 
bone mineral density (BMD), decreased bone strength, and 
increased risk of skeletal fractures [4]. Approximately 30% 
of women will have sustained at least one vertebral fracture 
by the age of 75 [5]. There are over 1,500,000 total fractures 
each year in the USA related to osteoporosis, and 700,000 of 
these were incident vertebral [5] (see Chap. 19).

Although the process of bone turnover is normally in 
 equilibrium, the aging process has involuntary changes on the 
process of bone formation and resorption [3]. Two types of 
osteoporosis have been described. Type I which is seen in women 
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and is believed to be estrogen-dependent accelerated bone loss 
shortly after menopause. In a state of estrogen deficiency, a high 
bone turnover state results from increased numbers of osteo-
blasts and osteoclasts. In type I osteoporosis, resorption exceeds 
the rate of bone formation, thus leading to an accelerated bone 
loss state. The exact cellular mechanism by which estrogen defi-
ciency exerts its effects on bone turnover is not entirely under-
stood. However, increased cytokine production clearly plays an 
essential role in promoting osteoclast  production and activity in 
the estrogen-deficient state (vide infra).

Type II, also known as senile osteoporosis, affects both men 
and women and is associated with aging. Unlike in type I, this 
form of osteoporosis has a decreased rate of bone turnover. The 
pathophysiology is due to a decrease in osteoblast numbers and 
activity, thus leading to a decrease rate of bone formation with 
subsequent net decrease in total bone mass. The mechanism by 
which this occurs will be discussed later on.

Age-Related Changes in Bone

Cytokines

Chronic inflammation secondary to the aging process plays a 
significant role in the bone remodeling process though the 
actions of proinflammatory cytokines. The immunosenescence 
process involves a chronic inflammatory state with subsequent 
hyperproduction of proinflammatory cytokines [6] (see 
Chap. 1). Numerous studies have shown that interleukin  (IL)-6, 
tumor necrosis factor alpha (TNF-a), IL-1, among other cytok-
ines are elevated during the aging process [7, 8]. As previously 
mentioned, many of these cytokines and growth factors have a 
role in the regulation of bone metabolism and subsequent rate 
of bone turnover. IL-6 is a prominent example, as it increases 
steadily with aging. IL-6 is also a potent promoter of osteo-
clast differentiation and activation, thus favoring net bone 
resorption. IL-1 is another potent stimulator of osteoclast dif-
ferentiation and activation, and its levels also rise steadily with 
aging. Parathyroid hormone (PTH) levels also increase with 
aging, and PTH has downstream effects of inducing IL-6 pro-
duction. TNF-a has the effects of stimulating bone resorption 
and inhibits new bone formation [9]. Furthermore, the induc-
ible nitric oxide synthesis pathway (iNOS) is activated through 
the effects of TNF-a and IL-1. In vitro studies have shown that 
iNOS pathway activation inhibits the production of new osteo-
blasts and can induce osteoblast apoptosis.

GH-IGF Axis

In addition to changes in circulating cytokine levels with 
aging, the growth hormone (GH) and insulin-like factor 

(IGF) axis is also altered. GH plays a role in regulating 
somatic growth, while IGFs serve as mediators of GH’s 
actions and also serve as regulators of connective tissue cell 
function [10]. As humans age, there is a progressive, yet 
gradual fall in GH secretion, and this is correlated with a 
concurrent drop in circulating IGF-1 levels [11]. Furthermore, 
the serum levels of IGF-binding proteins have been found to 
increase in the elderly population. This compounds the 
 problem, since IGF-binding proteins decrease the bioavailable 
level of IGFs and antagonize the actions of IGF [12]. The 
GH–IGF axis plays a pivotal role in regulating bone metabo-
lism and subsequent BMD. IGF-1 is a potent bone anabolic 
factor through directly stimulating osteoblast activity [13]. 
IGFs also increase the number of active osteoblasts through 
its effects on stimulating the rate of bone marrow stem cell 
proliferation, and differentiation of mesenchymal cells into 
osteoblasts [13]. Through these actions, the activation of the 
GH–IGF axis promotes bone formation and has a net  anabolic 
effect when stimulated. Studies have shown a correlation 
between the age-dependent decline in circulating GH/IGF 
levels with an increased risk of osteoporosis and increased 
incidence of fragility fractures [14]. Studies which investi-
gated the therapeutic use of GH in osteoporotic patients 
revealed a clear correlation between GH dosage and serum 
IGF-1 levels, with increases in BMD [15]. Furthermore, 
 pulsatile injections of PTH (teriparatide/Forteo©) also 
increase the circulating levels of IGF-1 which accounts for 
teriparatide’s therapeutic use as an anabolic bone agent [16]. 
Although chronically high levels of PTH will lead to 
 significant reductions in BMD, it has anabolic effects when 
given in a pulsatile manner. The reason for this paradoxical 
effect is due to different signaling mechanisms activated 
under the different two conditions. The exact mechanism is 
still uncertain, but it is believed that when PTH is given in a 
pulsatile fashion, the Wnt-b catenin pathway is activated, 
which has subsequent effects on increasing IGF-1 levels.

Therefore, the age-dependent reduction in circulating GH 
and IGF-1 levels may play a significant role in the  development 
and progression of senile osteoporosis.

Fracture Healing in the Elderly

Aging is a complex physiological process with multiple 
involvements on the molecular, cellular, and systemic levels. 
The aging process and osteoporosis are intimately  intertwined. 
Osteoporosis has a serious impact on the morbidity and 
 mortality of elderly, if they sustain an osteoporotic fracture. 
Approximately 30% of women will have sustained at least 
one vertebral fracture by the age of 75 [5]. The lifetime risk 
for sustaining a hip fracture is 17% in Caucasian women and 
6% in men above age 50. There are over 1,500,000 total 
 fractures each year in the USA related to osteoporosis, and 
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700,000 of these were incident vertebral [5]. Patients who 
have suffered an osteoporotic fracture, especially a vertebral 
or hip fracture has significant impacts on their mortality and 
morbidity [17]. Both clinical and radiographic fractures are 
associated with an increase mortality rate. One study identi-
fied a 16% reduction in expected 5-year survivability. 
Approximately 75% of patients who present with a clinical 
vertebral fracture will experience chronic pain [5]. The num-
ber and severity of vertebral fractures also increases the risk 
of developing chronic back pain. Aside from the physical 
limitations suffered by these patients, chronic back pain has 
a significant impact on the patient’s quality of life. Patients 
suffering from vertebral fractures often have impaired physi-
cal functioning, limited activities of daily living, limited lei-
sure and recreational activities, and significant emotional 
distress.

There is a significant difference in the fracture healing 
process when comparing the elderly to younger patients. The 
elderly with osteoporosis most likely sustain fractures in the 
femoral neck, vertebrae, and distal radius secondary to falls 
and low-energy trauma [18]. The femoral neck and vertebral 
bodies are at greater risk of an osteoporotic fracture because 
these sites contain a high percentage composition of trabecu-
lar bone, and it is more affected by the age-related shift on 
bone remodeling, which favors a net bone resorption. A 
decrease in BMD certainly has significant contributions to 
increasing the risk of fractures, as a drop in one standard 
deviation in BMD (T-scores) increases the relative risk for a 
fracture by two- to threefolds [19]. However, there are other 
factors to consider aside from BMD values alone when 
assessing for fracture risks. Irrespective of BMD value, 
increasing age alone significantly increases the risk of sus-
taining a fracture [20]. The repair mechanism is compro-
mised with increasing age, and this also increases the risk of 
suffering a fracture in the elderly [21]. A disruption in the 
regulation of osteogenic differentiation, which subsequently 
disrupts angiogenesis, likely plays an important role in com-
promising the fracture healing mechanism [22].

In the normal physiology of fracture repair, angiogenesis 
plays a pivotal role. When a fracture occurs, platelets accumu-
late, which in turn form a fibrin-rich extracellular matrix. 
Chemoattractants are released to recruit neutrophils, mac-
rophages, and lymphocytes. Granulation tissue is then formed 
as blood vessels begin to sprout into the clot along with undif-
ferentiated mesenchymal cells. In stable conditions, intramem-
branous ossification is able to occur as the mesenchymal 
progenitor cells differentiate into osteoblasts, which in turn 
begin to form woven bone. The woven bone spans the fracture 
site and forms a hard callus. If the fracture is unstable, where 
angiogenesis is impaired or limited, another mechanism is 
activated. In this scenario, endochondrial ossification occurs 
with concurrent penetration of blood vessels and mesenchy-
mal progenitor cells into the newly formed chondrogenic 
 tissue. In either scenario of intramembranous or endochondrial 

ossification, the newly formed matrix is remodeled into 
 lamellar bone to conclude the fracture repair process. In this 
complex sequential repair process, the role of angiogenesis 
and the action of mesenchymal cells are critical.

The aging process has profound effects on angiogenesis 
[23]. This results from a decrease in endothelial cells, activity 
of the hemostatic pathway, growth factors, and neurochemical 
mediators that are required for angiogenesis [23]. Aging also 
has an effect on mesenchymal progenitor cell’s numbers and 
activity. The mitotic rate of these progenitor cells decline 
with aging, and there are fewer the number of progenitor 
cells in the bone marrow show an age-related decrease [24]. 
However, it is unclear if the decrease is significant enough to 
affect fracture healing [25]. Furthermore, in vitro experi-
ments utilizing rat mesenchymal precursor cells showed 
samples from elderly rats had a significantly lower respon-
siveness to 1,25 dihydroxyvitamin D3 and TGF-b, when 
compared with cells from non-elderly rats [26]. Although 
there are numerous age-related changes to normal physiology 
which contribute to impaired fracture healing, there is no yet 
enough evidence to conclude how great an impact these 
changes at the cellular and molecular level have on clinical 
disease development.

Pathophysiology of Osteoporosis  
in Males and Females

Based on comparisons with male database of BMD 
 measurements, the World Health Organization estimates that 
1–2 million men in the USA have osteoporosis (defined as 
T-scores <2.5), and there are 8–13 million men with 
 osteopenia (defined as BMD between 1.0 and 2.5). Like in 
women, there is an exponential increase in the risk of hip 
fractures with advancing age, yet this increase begins 
5–10 years later than in women [27]. It is estimated that one 
in five men over the age of 50 will incur an osteoporosis-
related fracture in their lifetime. Therefore, although it is 
often overlooked, there is little doubt that osteoporosis is a 
very real and significant medical problem in the elderly male 
population. Although BMD measurements are not as well 
standardized for men as they are for women, there are a few 
prospective studies investigating BMD values with fracture 
risks in men. The Rotterdam Study in 2004 reported that men 
older than 55 showed a relationship between their absolute 
BMD value and risk of hip and other non-vertebral fractures. 
This study also showed that the rates of non-vertebral 
 fractures occurred at a rate that was comparable with women 
of the same age group [28]. In a prospective study done by 
the Osteoporotic Fractures in Men (MrOS) Study research 
group, a cohort of 5,000 men were followed, and this study 
showed a stronger relationship between hip BMD values and 
hip fracture risk in men, when compared with women 
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 (relative risk of 3.2-fold in men vs. 2.1-fold in women for 
each SD decrease in hip BMD) [29]. Aside from hip  fractures, 
osteoporotic men are also at risk of suffering from vertebral 
fractures. The European vertebral osteoporosis study (EVOS) 
was a large multinational survey which aimed to determine 
the prevalence of vertebral involvement in osteoporosis. 
They found the prevalence of vertebral deformities in males 
(15.1%) was similar to that seen in females (17.2%) [30]. 
The implications of the increase in fracture risk is very 
 significant, since the mortality rate associated with hip 
 fractures and vertebral fractures is higher in men than in 
women [31].

In men, their BMD values increase significantly during 
puberty in response to sex steroid production, and peak spinal 
bone density is reached by about age 20, and the peak density 
in long bones are reached several years later. After reaching 
their peak bone mass, men lose about 30% of their trabecular 
bone and 20% of their cortical bone mass during their life-
times; loss begins shortly after peak bone mass is achieved 
[32]. In men after the age of 30, it is estimated that the BMD 
in their proximal and distal radius declines by about 1% per 
year [33]. At certain sites, including the femoral neck, the rate 
of decline in BMD may increase with advancing age [34].

During the years where females typically incur a rapid 
decline in BMD, males have several factors which protect 
them, which help account for the difference in incidence 
rates between men and women. Men do not suffer from a 
loss in sex steroid production during midlife, as seen in 
women. During menopause, there is an abrupt drop in serum 
estrogen levels, and this has significant implications on bone 
metabolism. Estrogen inhibits bone resorption and when 
estrogen production declines after menopause, there is a 
marked increase in the rate of bone resorption. The exact 
mechanism by which estrogen regulates the rate of bone 
turnover is not entirely clear. However, in states of estrogen 
deficiency, there is an upregulation of selected cytokines 
[especially IL-6 and macrophage colony-stimulating factor 
(M-CSF)]. These cytokines have an essential role in regulat-
ing osteoclast genesis and also regulate osteoclast function. 
IL-6 is a cytokine produced by many different cell types 
including the osteoblasts, and its production increases during 
states of estrogen deficiency [35]. IL-6 acts as a mediator to 
stimulate osteoclastogenesis and bone resorption through a 
 prostaglandin-dependent mechanism. Monocyte colony-
stimulating factor (M-CSF) levels also increase markedly in 
estrogen-deficient states, and it is essential for the activation 
of osteoclasts through a cytokine-mediated mechanism. In 
addition to IL-6 and M-CSF, a number of other cytokines 
and growth factors are involved in a very complex process by 
which estrogen deficiency leads to a marked rise in the rate 
of bone resorption and overall net bone loss. This rate then 
slows with time after menopause, but still progresses at a 
steady rate.

About 50% of osteoporotic men are diagnosed with a 
form of secondary osteoporosis, where there is a specific 
underlying cause. This leaves the other 50% of men with a 
primary form of osteoporosis, which encompasses idiopathic 
osteoporosis and senile osteoporosis. As in females, genetic 
factors play an essential role, as the rates of bone loss are 
correlated within twin pairs [36]. Serum concentrations of 
testosterone decreases with advancing age and this factor has 
been proposed to have effects on increasing bone resorption 
or decreasing the rate of bone formation. However, most 
cross-sectional studies investigating the relationship between 
serum testosterone concentrations and bone density have 
failed to find a correlation, especially when adjusting for age 
body weight and serum estrogen levels [37].

However, low estrogen levels may also be an important 
factor leading to male osteoporosis. In older men, serum 
estrogen concentrations are correlated with their BMD, 
 independent of serum testosterone levels [38]. It is still 
unclear whether estrogen levels have their beneficial effects 
primarily by maximizing peak bone mass in adolescent men 
or have a major effect on determining the rate of bone loss in 
elderly men. In men, low serum estradiol levels are also 
associated with an increase risk of hip fractures. In addition, 
men with concurrently low levels of estradiol and  testosterone 
have the greatest risk for future hip fractures.

Other Age-Related Factors

Vitamin D is an essential factor in the regulation of cal-
cium metabolism. 1,25-Dihydroxy vitamin D3, the active 
form of vitamin D has effects on increasing intestinal cal-
cium absorption, decreasing serum PTH levels through 
both a direct inhibition of PTH secretion, and also indi-
rectly, through inhibiting PTH secretion through increased 
serum calcium levels. Therefore, vitamin D has overall 
effects of decreasing PTH-mediated bone resorption. 
Vitamin D deficiencies often occur with advanced aging, 
and this may be another contributor to the pathogenesis of 
senile osteoporosis. Although severe vitamin D deficiency 
will result in the development in osteomalacia in an adult 
person, a mild deficiency could lead to a state of secondary 
hyperparathyroidism, with resultant development of osteo-
porosis. Both primary (due to deficiency of vitamin D) and 
secondary vitamin D deficiency (reduced level of 1,25-dihy-
droxy vitamin D3 resulting from renal impairment or a lack 
of target tissue responsiveness) could occur with aging. 
Serum levels of 1,25-dihydroxy vitamin D3 are seen at 
lower levels in those above the age of 65, and it is believed 
that the aging kidney’s inability to synthesize 1,25-dihy-
droxy vitamin D3 at an optimal level contributes to this 
observation [39].
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In addition to the vitamin D deficiency, there is also an 
age-dependent decline in intestinal calcium absorption 
 efficiency, which may correspond with a Vitamin D deficient 
state. Furthermore, there is also an age-related rise in serum 
biologically active PTH levels, which also would correspond 
to a vitamin D deficient state [40]. Finally, there is a correla-
tion between urine NTx levels (a marker for bone resorption) 
and serum PTH levels in postmenopausal women, thus a 
vitamin D deficient state leading to an elevated serum PTH 
concentration may be a contributor senile osteoporosis.

There are also a number of factors in the elderly  population 
which may predispose them to falls, resulting in subsequent 
osteoporotic fractures. These factors include lack of physical 
activity, muscle weakness/atrophy, neuromuscular disease, 
impairment in gait, balance, and proprioception among other 
risk factors for falls. As a result, many of these low velocity 
falls may result in osteoporotic fractures in the elderly which 
will have a significant impact on the patient’s quality of life 
and mortality rates, if a vertebral or hip fracture is 
sustained.

Osteomalacia

Osteomalacia is a relatively common metabolic bone disease 
leading to a reduced bone density. It is a disorder seen in the 
adult population, where there is defective mineralization of 
newly formed bone matrix. Rickets shares the same 
 pathogenesis as osteomalacia, but by definition, it occurs in 
children with still open growth plates.

Normal bone turnover occurs continually on trabecular 
and Haversian bone surfaces. This process begins as 
 osteoclasts secrete protons, proteases, and proteoglycan-
digesting enzymes onto the bone surface, thus producing a 
tunnel in cortical bone. Osteoblasts then lay down a new 
bone matrix (osteoid), which serves as a scaffolding onto 
which mineral crystal hydroxyapatite can form. Bone 
 mineral, in the form of amorphous calcium phosphate is 
deposited, which in turn undergoes conversion into hydroxy-
apatite. Given this normal physiological process necessary 
for bone turnover, the failure of mineralization seen in 
osteomalacia can occur due to a number of etiologies.

Firstly, a normal concentration of minerals (calcium and 
phosphate) must be available in the extracellular matrix to 
form hydroxyapatite crystals in the osteoid. Phosphate 
 deficiency is the most common cause of osteomalacia. Causes 
of hypophosphatemia include decreased intake,  antacid use, 
vitamin D deficiency, secondary hyperparathyroidism, and 
phosphate wasting through renal tubular defects. Vitamin D 
deficiency is another common cause of  osteomalacia. 
Common etiologies of vitamin D deficiency include deficient 
intake, impaired gastrointestinal  absorption, lack of sun exposure, 

cirrhosis leading to defective 25-hydroxylation, vitamin D 
loss through nephritic syndrome, and defective 1-alpha 
25-hydroxylation seen in chronic renal failure and hypopara-
thyroidism. Calcium deficiency may also lead to osteomalacia, 
but it is an extremely rare cause.

Osteomalacia can still occur in the setting of adequate 
mineral availability in the extracellular fluid. This can occur 
in the setting of impaired matrix formation, as there is not a 
proper scaffolding onto which hydroxyapatite is deposited. 
Abnormal matrix formation is seen in conditions such as 
osteogenesis imperfecta, fibrogenesis imperfecta, chronic 
renal failure, and hypophosphatasia.

Finally, there are a number of drugs and toxins which 
interfere with the mineralization of the osteoid. 
Bisphosphonates inhibit both bone resorption and formation 
and lead to impaired mineralization. Aluminum is another 
inhibitor of mineralization, especially in the setting of total 
parenteral nutrition use. Fluoride can also inhibit matrix 
mineralization, and osteomalacia is commonly found in the 
setting of endemic fluorosis and in chronic fluoride toxicity.
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Abstract In geriatrics, atherosclerosis is a common 
 comorbidity, since aging is the strongest risk factor for its 
development. Patients with autoimmune rheumatic disease 
have an increased risk of atherosclerotic cardiovascular 
 disease (ASCVD) morbidity and mortality. Systemic lupus 
erythematosus (SLE) and rheumatoid arthritis (RA) have 
been studied the most, but other autoimmune diseases 
may confer the risk of ASCVD as well. In addition to 
traditional risk factors, systemic inflammation likely con-
tributes to ASCVD risk. Atherosclerosis is considered an 
inflammatory process, and may be accelerated by systemic 
inflammation. ASCVD risk reduction can be targeted by 
aggressive management of ASCVD risk factors and the 
primary rheumatic disease.

Keywords Atherosclerosis • Atherosclerotic cardiovascular 
disease • Endothelial dysfunction • Inflammation • Intimal-
medial thickness • Morbidity • Mortality • Rheumatic  diseases 
• Rheumatoid arthritis • Systemic lupus erythematosus

Atherosclerosis as an Inflammatory Disease

In geriatrics, atherosclerosis is a common comorbidity, 
since aging is the strongest risk factor for its development. 
Nevertheless, atherosclerosis is increasingly recognized as 
an inflammatory disease. Immune cells dominate early 
 atherosclerotic lesions, their effector molecules accelerate 
progression of the lesions, and activation of inflammation 
can elicit acute coronary syndrome. Therefore, the combi-
nation of geriatrics and rheumatic diseases increases ath-
erosclerotic cardiovascular disease (ASCVD) risk. There is 
an ever growing body of literature linking cardiovascular 

risk to many of the rheumatic diseases. We review the data 
available to date, and address the possibility of preventative 
therapeutics in some of the diseases studied.

Atheroma is preceded by a fatty streak, an accumulation 
of lipid-laden cells, mainly macrophages and T cells, beneath 
the endothelium. Foam cells and extracellular lipid droplets 
form a core, which is surrounded by a cap of smooth-muscle 
cells in a collagen-rich matrix [1–3]. Many of the immune 
cells, T cells, macrophages, and mast cells, abundant at the 
border of growing atheroma, produce inflammatory cytok-
ines and proteolytic enzymes that weaken the cap and further 
activate cells. This transforms the stable plaque into a vul-
nerable plaque, susceptible to plaque rupture. Rupture of the 
vulnerable plaque, where the cap is thin, exposes prothrom-
botic material from the core of the plaque to the blood, 
 predisposing to an occluding thrombus [1–3] (Fig. 3.1).

A recent autopsy study on patients with rheumatoid 
arthritis (RA) found that vulnerable plaques were more 
common in RA patients than in controls. In addition, inflam-
mation was observed more frequently in the media of the 
left circumflex and the adventitia of the left anterior 
descending artery in patients with rheumatoid arthritis, 
compared to controls [4]. In another study of biopsy speci-
mens obtained at coronary artery surgery, more pronounced 
chronic mononuclear inflammatory infiltration in the media 
and inner adventitia was seen in patients with inflammatory 
rheumatic diseases compared to those obtained from con-
trol patients [5].

Shared Disease Mechanisms in Autoimmune 
Rheumatic Diseases and Atherosclerosis

There are shared disease mechanisms in autoimmune 
 rheumatic disease and atherosclerosis. In general, systemic 
inflammation is characterized by the activation of leucocytes 
as well as increased concentrations of pro-inflammatory 
cytokines and other inflammatory mediators. These activate 
the endothelium and induce endothelial dysfunction. 
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The formation of plaque is enhanced by endothelial activa-
tion and subsequent migration of monocytes into the vascu-
lar wall [6]. Furthermore, pro-inflammatory cytokines can 
activate the coagulation cascade and vice versa. Platelets 
can adhere to the endothelium before atherosclerotic plaque 
formation. Platelets release inflammatory mediators, includ-
ing adhesion molecules, chemokines, and coagulation 
 factors, which promote a pro-inflammatory environment as 

well as recruitment of leucocytes to the vascular wall [7]. 
Interesting, aging is associated with a chronic inflammatory 
phenotype that may contribute to the susceptibility to chronic 
inflammatory diseases, such as atherosclerosis in older 
adults (see Chap. 1).

Systemic inflammation induces secondary dyslipidemia: 
an atherogenic lipid profile characterized by reduced high 
density lipoprotein (HDL) cholesterol, and increased triglyc-
erides [8]. More importantly, systemic inflammation induces 
a pro-oxidative state and enhances oxidation of low density 
lipoprotein (LDL) cholesterol to ox-LDL in the intima [9]. 
Ox-LDLs are pivotal molecules in the development of 
atherosclerosis.

The process of endothelial injury and repair, thought to 
be the initiator of atherosclerosis, has been implicated as 
critical to ASCVD development [1]. Endothelial dysfunc-
tion has been identified as an early abnormality in ASCVD. 
It is felt that the initial factor in atheroma formation is 
endothelial cell injury. Vascular damage repair is mediated 
by bone marrow-derived endothelial progenitor cells 
(EPCs) and myelomonocytic circulating angiogenic cells 
(MCACs) [10]. In patients with ASCVD, abnormal vascu-
lar repair and a decreased number and abnormal function 
of EPCs and MCACs have been identified [11–13]. 
Interestingly, dyslipidemia and elevated levels of C-reactive 
protein (CRP) are closely associated with a reduction in 
circulating EPCs [14]. Depletion of EPCs has been reported 
in RA and systemic lupus erythematosus (SLE), in addi-
tion to diabetes [15–18]. The reduction of EPCs in RA is 
associated with increased levels of the proinflammatory 
cytokine tumor necrosis factor (TNF), whereas increased 
interferon alpha has been associated with reduced EPCs in 
SLE [16, 17].

Pathologic Mechanisms in SLE and RA

Interferon alpha is likely to be central to the pathogenesis of 
SLE [19, 20]. As noted above, studies have demonstrated 
that interferon alpha impairs endothelial cell growth and 
 promotes endothelial apoptosis [16, 17]. Thus, interferon 
alpha is a proposed risk factor for EPC depletion, endothelial 
dysfunction in SLE and possibly ASCVD.

Although several antibodies, including antiphospholipid 
antibodies [21, 22], antibodies against apolipoprotein H [23], 
and antibodies against the endothelium [24] have been 
reported to be associated with atherosclerosis, it is unclear 
whether these antibodies are directly involved in the patho-
genesis of atherosclerosis. Activation of complement has 
also been implicated to accelerate atherosclerosis. 
Homozygosity for variant alleles of Mannose-binding lectin 
(MBL) that activates the lectin pathway of complement is 
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associated with arterial thrombosis [25]. C2 deficiency is 
also associated with both SLE and atherosclerosis [26].

In RA, some underlying pathologic mechanisms that 
increase risk for ASCVD have been identified. As described 
above, a reduction of EPCs is observed in RA [15]. In addi-
tion, an immunosenescent T cell subset (CD4 + CD28 null T 
cells) which predominates in vulnerable plaques was 
increased in patients with erosive RA [27]. Similarly, one of 
the macrophage products, granzyme B, is found in both RA 
synovium and vulnerable plaque [28]. Lastly, a genetic risk 
factor for both RA and myocardial infarction has been 
reported [29].

Epidemiology of ASCVD in Patients  
with Rheumatic Diseases

The most common rheumatic disease is osteoarthritis. 
Osteoarthritis is not associated with accelerated ASCVD. In 
patients with osteoarthritis in the UK, all cause mortality 
and incidence of ASCVD did not increase over 5 years 
 follow-up [30].

Studies of both clinical and subclinical atherosclerosis in 
SLE and RA demonstrate the impact of traditional risk factors 
(smoking, hypertension, diabetes, and hyperlipidemia) on 
disease burden. An increased number of traditional risk fac-
tors were associated with an increased risk of cardiovascular 
events [31] as well as subclinical atherosclerosis [32, 33]. But 
traditional risk factors do not completely explain the increased 
risk of ASCVD in individuals with SLE [34] or RA [35]. 
Furthermore, most of the traditional risk factors appear to 
have a weaker association with ASCVD among patients with 
SLE or RA than the control population [36, 37]. Lipids and 
lipoproteins have been extensively studied but have not been 
shown to be a primary risk factor in SLE and RA. In cohorts 
of SLE patients studied, cholesterol has not been an indepen-
dent predictor of ASCVD [38, 39]. Additionally, although 
there has been a consistent pattern of lower HDL cholesterol 
levels seen in RA patients compared with age- and sex-
matched controls, the picture is more mixed with regard to 
total cholesterol and LDL cholesterol levels [40, 41].

In patients with SLE, homocysteine concentration has 
been identified as an independent risk factor for coronary 
artery calcification (CAC) [39]. In addition, homocysteine 
tertile was independently related to progression of athero-
sclerosis (OR 3.14) [33]. Therefore, homocysteine may be a 
useful initial first test in the evaluation of SLE patients to 
assess subclinical atherosclerotic disease. In patients with 
RA, treatment with methotrexate increases the level of homo-
cysteine and concomitant folate usage reverses this effect 
[42]. However, it is not known whether homocysteine con-
tributes to ASCVD risk in RA patients.

RA and ASCVD Mortality

Of the many mortality studies in both clinical- and community-
based cohorts of RA patients over the past 50 years, most 
have reported an increase in all cause mortality compared to 
the general population. Although some recent cohort studies 
reported mortality rates in patients with RA that are similar 
to those seen in a general population [43, 44], others show 
increased mortality in RA patients [45–48]. This excess 
mortality has been attributed to ASCVD events. Several 
studies have shown that RA patients have a two- to threefold 
increase in rates of myocardial infarction when compared to 
the general population. However, the relative risk of stroke 
was not significantly elevated [49–51]. RA patients are more 
likely to experience silent ischemia and sudden cardiac 
death than the general population [52]. ASCVD mortality in 
RA is predicted by the level of disease activity, severity of 
joint damage and extra-articular manifestations [53, 54]. 
Disease severity has consistently been associated with an 
increased risk of ASCVD in RA. Particularly, those who 
have extra-articular disease, seropositive disease, and ero-
sive disease carry a higher risk of atherosclerosis [46, 
54–57].

SLE and ASCVD Mortality

In 1976, Urowitz published a bimodal mortality pattern in 
SLE patients [58]. Death in the early stages of the disease 
was due to associated disease activity and/or infection. SLE 
has now become a chronic disease with 5-year survival rates 
of 90% or better. Patients who survive the early years are at 
risk for accelerated ASCVD. SLE patients have an eightfold 
increase in rates of both myocardial infarction and stroke. 
Especially, those who are younger than 45 years of age were 
found to have a 50-fold higher risk of myocardial infarction 
[34]. Antiphospholipid antibodies, neuropsychiatric involve-
ment, and vasculitis were significantly associated with ath-
erosclerosis [31, 59].

Subclinical Atherosclerosis in SLE and RA

Several noninvasive imaging techniques have been used to 
assess preclinical atherosclerosis. Carotid ultrasound has 
been used for cardiovascular risk stratification; Carotid inti-
mal-medial thickness (IMT) and plaque are associated with 
clinical cardiovascular disease. Carotid IMT is the most pop-
ular technique used to study early structural changes in the 
arterial wall. The IMT is the width of the vessel intima and 
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media in areas free of discrete plaque. Common carotid 
artery IMT ³0.6 mm is a marker of atherosclerosis. Both 
IMT ³0.9 mm and the presence of plaques independently 
predict cardiovascular events [60]. IMT correlates with 
 traditional risk factors, including type 2 diabetes mellitus 
[61], hypercholesterolemia [62], and hypertension [63], and 
has been considered as a surrogate marker of atherosclerosis. 
But IMT may have limitations, especially in young patients 
without classical risk factors. Plaque may develop at a lower 
IMT and at a different site in patients with SLE [32, 38].  
A substantially increased prevalence of carotid plaques was 
shown in patients with RA or SLE compared with unaffected 
controls of similar age, sex, ethnicity, and traditional risk 
factors. This was particularly enhanced in the youngest group 
[64] (Fig. 3.2).

CAC scoring by electron beam computed tomography 
correlates with the total histopathologic and arteriographic 
burden of atherosclerotic plaques and can be used to pre-
dict future cardiovascular disease [65]. We and others 
have shown that CAC occurs more frequently and at a 
younger age in patients with SLE than in control subjects 
[39, 66].

Brachial ultrasonography: flow mediated vasodilation 
(FMD) has been used as a surrogate measure of endothelial 
dysfunction, and can be an early physiologic marker for 
atherosclerotic vascular disease [67]. It measures the 
response of the endothelium to artificially induced hypoxia, 
which is provoked by inflating an arterial occlusion cuff 
around the proximal forearm for 5 min. The relative 
increase in brachial artery diameter during hyperemia after 
deflation reflects endothelial function. Impaired FMD has 
been associated with ASCVD risk factors and predicts 
future ASCVD events. However, the assessment of FMD is 
highly dependent on circumstances, such as the time of 
measurement and use of medications [68, 69]. Impaired 

FMD has been reported in many rheumatic diseases, 
including RA, SLE, and ankylosing spondylitis (AS), as 
discussed below.

Clinical and Subclinical Atherosclerosis  
in Other Rheumatologic Diseases

Antiphospholipid Syndrome

The role of antiphospholipid antibodies and/or antiphospho-
lipid syndrome (APS) as independent risk factors for athero-
sclerosis is still not clear because the majority of studies 
include patients with secondary APS. A significantly 
increased IMT was shown in primary APS compared to 
healthy subjects matched by age and sex [70].

Psoriasis and Psoriatic Arthritis

People with psoriasis have a higher prevalence of cardiovas-
cular disease and risk factors than the general population 
[71]. However, it is not clear whether psoriasis, psoriatic 
arthritis, or its comorbidities are the primary risk factor for 
ASCVD. Increased IMT was found in psoriatic arthritis 
patients without clinically evident cardiovascular disease 
compared to ethnically matched controls [72].

Ankylosing Spondylitis

Increased cardiovascular morbidity and mortality have been 
observed but the association between atherosclerosis and AS 

Fig. 3.2 Comparison of the 
prevalence of atherosclerotic 
plaque as assessed by carotid 
ultrasonography in patients with 
rheumatoid arthritis (RA), 
patients with systemic lupus 
erythematosus (SLE), and 
matched controls, according to 
age. Adapted from Salmon and 
Roman [64]. Used with 
permission
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is controversial. A trend toward increased IMT and arterial 
stiffness was observed in AS patients compared with healthy 
controls but not to a level of significance [73]. Impaired 
endothelial function was shown in AS patients compared to 
healthy controls [74].

Primary Systemic Vasculitis

In both atherosclerosis and primary systemic vasculitis, such 
as antineutrophil cytoplasmic antibodies (ANCA)-associated 
vasculitis (aka Wegener’s granulomatosis), microscopic 
polyangitis, or giant-cell arteritis, inflammation occurs in the 
intima of the vessels. Whereas cell infiltrates in atheroscle-
rotic plaques are T lymphocytes and monocytes/mac-
rophages, infiltrates in primary systemic vasculitis are 
neutrophils with fibrinoid necrosis. IMT was significantly 
increased among patients with ANCA-associated vasculitis 
compared with control subjects who matched traditional risk 
factors [75] but not shown in patients with giant cell arteritis 
[76]. However, patients with giant cell arteritis may be at 
increased risk for developing latent vascular problems, such 
as aortic aneurysm and stenotic lesions of the aorta.

Systemic Sclerosis

Systemic sclerosis is characterized by microvascular abnor-
malities and Raynaud’s syndrome and distal peripheral artery 
disease is very common. But macrovascular disease, such as 
coronary artery disease or cerebrovascular disease, is consid-
ered extremely rare. The studies of IMT and endothelial dys-
function in patients with systemic sclerosis show conflicting 
results [77].

Clinical Implications: Preventive Strategies

A reasonable approach in the management of geriatric 
patients with rheumatic disease is to screen patients for 
ASCVD risk factors and treat targets closer to those recom-
mended to other high risk groups (diabetes mellitus, etc.). A 
retrospective study evaluating the Toronto SLE cohort dem-
onstrated that patients with classic cardiovascular risk fac-
tors were suboptimally managed [78]. On the other hand, 
(aggressive) risk modifications may have limited impact on 
ASCVD risk reduction since traditional risk factors may not 
be the strongest risk in patients with rheumatic disease. In 
this context, the treatment of systemic inflammation has a 
potential to improve atherosclerosis.

NSAiDS and Selective Cox-2 inhibitors

Both nonsteroidal anti-inflammatory drugs (NSAIDs) and 
cyclooxygenase-2 (COX-2) inhibitors reduce systemic 
inflammation, but there are concerns about the potential 
increased risk of ASCVD. This group of drugs inhibits pros-
taglandin metabolism, including athero-protective prostacy-
clins [79]. Furthermore, this group of drugs decreases the 
effect of low-dose daily aspirin. Since the withdrawal of two 
COX-2 inhibitors, rofecoxib and valdecoxib, which showed 
about twofold increased risk of ASCVD events, the US Food 
and Drug Administration placed a black-box warning on all 
COX-2 inhibitors and nonselective NSAIDs [80, 81]. 
Subsequent pharmacoepidemiologic studies reassure that 
many nonselective NSAIDs and selective COX-2 inhibitors 
are not associated with an increased risk of ASCVD events 
[82]. However, several patient characteristics (age ³80 years, 
hypertension, prior cardiovascular event, RA, chronic renal 
disease, and chronic pulmonary disease) may increase the 
risk of ASCVD events when using specific agents (rofecoxib, 
ibuprofen) [83].

Corticosteroids

The undesirable effects of corticosteroids on blood pres-
sure, insulin resistance, lipid profile, body weight, fat distri-
bution, and coagulation proteins may significantly increase 
the risk of ASCVD [84]. The role of corticosteroids in the 
promotion of ASCVD in patients with RA has been contro-
versial for decades [85, 86]. In patients with SLE, corticos-
teroid treatment was suggested to reduce the risk of 
atherosclerosis [39].

Statins

HMG-CoA reductase inhibitors, originally used to treat 
hypercholesterolemia, have shown anti-inflammatory and 
immunomodulating effects and reduce ASCVD morbidity 
and mortality [87]. More recently, in healthy persons without 
hyperlipidemia but with elevated high-sensitivity CRP, rosu-
vastatin significantly reduced the incidence of major cardio-
vascular events and all cause mortality [88]. Statins can 
mediate clinically apparent anti-inflammatory effects with 
modification of vascular risk factors in the context of high-
grade autoimmune inflammation. Trial of atorvastatin in 
rheumatoid arthritis (TARA) showed significant reduction 
in CRP and erythrocyte sedimentation rate (ESR) as well as 
in the swollen joint count and the disease activity score in 
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patients treated with atorvastatin [89], even though a prevention 
trial among SLE patients was terminated because of inadequate 
recruitment [90].

Methotrexate

Treatment with methotrexate reduces markers of inflamma-
tion and has been associated with decreased cardiovascular 
mortality. A retrospective study of 1,240 patients with RA 
reported lower all-cause mortality and cardiovascular mor-
tality in patients treated with methotrexate than in those with 
no methotrexate use, independent of folic acid use [91].

Antimalarial Agents

Hydroxychloroquine has immunomodulatory effects without 
immune suppression. It inhibits the activation of intracellular 
toll-like receptors (TLRs) (TLR-3, -7, and -9) by targeting 
microsomes, stabilizing the microsomal membrane, disrupting 
proper endosomal maturation and acidic pH, and blocking TLR 
interaction with nucleic acid ligands [92]. It has been shown 
to reduce cholesterol levels in cohort studies [93–96]. A recent 
observational study showed 38% reduction of developing 
diabetes mellitus among patients with RA [97]. A reduction 
in the frequency of thrombosis was shown in both patients 
with SLE and patients with APS [98–101]. Two prospective 
observational cohorts showed a reduction in mortality in 
SLE patients [102]. Subclinical atherosclerosis is observed 
less frequently in patients who take hydroxychloroquine than 
those who have never taken it [39].

Biological Therapies

Treatment with TNF antagonists appears to significantly 
reduce the rate of first ever ASCVD [103] and survival ben-
efit [104, 105], although this has not been confirmed by other 
studies. A study in the UK showed that there was no overall 
reduction in ASCVD event risk in patients treated with anti-
TNF drugs, but there was a marked reduction in the risk of 
myocardial infarction among patients whose RA responded 
well to the treatment [106]. In contrast, increased mortality 
was associated with the administration of high dose of inflix-
imab in patients with severe congestive heart failure (CHF) 
[107]. Since TNF inhibition in RA does not lead to an 
increased risk of developing CHF in RA patients [108], a 
contraindication for TNF blockers can be confined to patients 
already suffering from severe established CHF.

Mycophenolate Mofetil

Mycophenolate mofetil (MMF) has a strong cytostatic effect 
on T lymphocytes by interfering with DNA synthesis in 
 activated T cells. MMF has been shown to inhibit plaque 
 formation in animal studies [109].

Conclusion

Patients with autoimmune rheumatic disease have an 
increased risk of ASCVD morbidity and mortality. SLE and 
RA have been studied the most, but other autoimmune 
 diseases may confer the risk of ASCVD as well. In addition 
to traditional risk factors, systemic inflammation likely 
 contributes to ASCVD risk. Atherosclerosis is considered an 
inflammatory process, and may be accelerated by systemic 
inflammation. ASCVD risk reduction can be targeted by 
aggressive management of ASCVD risk factors and the 
 primary rheumatic disease.
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Abstract Neuropsychiatric (NP) syndromes in rheumatic 
disorders in the elderly represent a field of medicine situated 
at the crossroads of neurology, psychiatry, rheumatology, 
immunology, and geriatrics. NP symptoms highly prevalent 
in rheumatic conditions, are a major source of disability 
and diminished quality of life, and potentially represent the 
target of treatment interventions that stand to significantly 
decrease the suffering they generate.

The NP manifestations in rheumatic diseases in the 
elderly may be focal or generalized or a secondary conse-
quence of the primary disease. A focal cerebral event may 
result in (1) a stroke-like presentation with an acute neuro-
logic deficit, (2) a headache due to hemorrhage (e.g., suba-
rachnoid hemorrhage in vasculitis) or temporal arteritis, 
(3) focal seizures, (4) optic neuropathy or cranial neuropa-
thies due to compression by granulomatous lesions. A gen-
eralized event may result in cognitive dysfunction, headaches, 
or seizures. The spinal cord may be involved with resulting 
paraparesis, bowel or bladder dysfunction, or sensory distur-
bances. A common peripheral nervous system involvement 
is peripheral neuropathy, with symptoms of numbness, sen-
sory paresthesias, weakness, or gait imbalance; nevertheless 
neuropathy may be multifocal and asymmetric.

The presence of comorbid conditions and treatment 
adverse events including infections associated with immu-
nosuppressive treatment or biologic therapy may compound 
the sign and symptoms of the NP syndromes of the underly-
ing disease.

Keywords Aging brain • Neuropsychiatric manifestations 
• Rheumatic disorders

Introduction

The advances in the past few years have furthered our under-
standing of both the normal aging and the pathogenic immune 
system functioning within the central nervous system (CNS), 
and indicated that the neural immune interaction in the 
elderly seems to be altered to some extent [1–3]. There is an 
increased inflammatory activity that accompanies normal 
brain aging; local glial cell activation, upregulation of cytok-
ines, and transcriptional alterations of inflammatory factors 
as well as blood brain barrier age-related changes are well-
documented components of this complex process that con-
tribute to CNS autoimmune and chronic inflammatory 
diseases.

The major consideration in approaching an elderly patient 
presenting with possible nervous system disease and having 
the diagnosis of a rheumatic disorder, is to decide whether 
the nervous system manifestations are restricted to the ner-
vous system or whether they are part of a more active sys-
temic disease process. Next the symptoms should be 
categorized by the anatomic region of the nervous system 
that are affected, such as the peripheral nerve, neuromuscu-
lar junction, nerve root, spinal cord, or brain (Table 4.1). As 
with any rheumatic disorder, a specific diagnosis is essential 
for planning treatment. Therapeutic options in the elderly are 
rather limited by the potential adverse events of the immuno-
suppressive therapies or opioid analgesics.

In this chapter, specific rheumatic disorders such as sys-
temic lupus erythematosus (SLE), Sjögren’s syndrome (SS), 
systemic vasculitis, and rheumatoid arthritis (RA) are 
explored in relation to NP manifestations with emphasis on 
clinical presentation, diagnostic approach and therapy.

Systemic Lupus Erythematosus

Systemic lupus erythematosus is an autoimmune disease 
characterized by multisystem involvement with highly vari-
able clinical manifestations. Women of child-bearing age are 
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most often affected; however, approximately 12–20% of 
cases occur in older patients. Many studies suggest that the 
clinical and serological features of lupus in the elderly differ 
from those in the younger patients [4–11] (see Chap. 13). 
While NP manifestations, including headache and cognitive 
impairment have been reported to be more frequent in the 
elderly with lupus, epileptic seizures, psychosis, and poly-
neuropathy are less frequent [6]. Ischemic strokes account 
for approximately 20% of neurologic events in SLE, and are 
often associated with an antibody-associated hypercoagula-
ble state, cardiogenic embolism, hypertension, and dyslipi-
demia. Cerebral hemorrhage (intracerebral or subarachnoid) 
may also occur possibly related to arterial dissection.

The prevalence in the elderly SLE of psychiatric syn-
dromes of acute confusional state and mood disorders, 
though common in the elderly, is not determined. With the 

anticipated increase in longevity in the general population 
and in SLE patients, the impact of NP damage, including 
dementia is predicted to increase in the years to come. These 
findings probably reflect the contribution exerted by the 
burden of disease, comorbid conditions and treatment 
complications.

The pathogenic mechanism of NPSLE is still unknown, but 
likely to be multifactorial, involving autoantibodies, cytokines 
production, and microangiopathy [11]. The histopathological 
changes seen in NPSLE are characterized by microvascular 
infarcts, perivascular microglia, vascular necrosis and scarce 
perivascular infiltrate. Rarely vasculitis is seen [12].

Diagnosis

Although the classification criteria for SLE and nomencla-
ture of NPSLE are established in most cases predominantly 
in younger patients, such criteria may be inaccurate in the 
elderly, for whom the differential diagnosis may be broader 
and difficult to ascertain [13]. The attribution of comorbid 
medical conditions needs to be carefully considered in the 
interpretations of specific NP signs and symptoms. A decline 
in organ function associated with normal aging, including 
cognitive function such as attention, information processing, 
and working memory, or abnormalities reflected on structural 
neuroimaging, or gait and imbalance disorders or myopathy 
in the setting of sarcopenia of aging make the diagnosis of 
NPSLE more difficult to establish [14].

There are no specific autoantibodies associated with 
NPSLE, and thus, the diagnosis should be based on the clini-
cal signs and symptoms rather than laboratory testing. The 
prevalence of many autoantibodies, including anticardiolipin 
antibodies, increases among healthy elderly persons, reflect-
ing alteration of B cell homeostasis and regulation associ-
ated with age [15]. The reported incidence of antiribosomal 
P protein antibodies among patients with SLE is quite vari-
able (10–40%), with lower incidence rates in the elderly and 
African–American populations (unpublished data from 
Maryland lupus cohort), and higher incidence rates in chil-
dren and Asian populations. While antiribosomal P protein 
antibodies have been associated with lupus psychosis and 
depression by some authors [16, 17], this association has not 
been confirmed by others [18, 19].

Abnormalities on brain magnetic resonance imaging 
(MRI) including, cerebral atrophy, infarcts, or subcortical 
hyperintensity in patients with NPSLE are common findings 
in the aging brains, but may be associated with antiphospho-
lipid antibodies (aPL) as well [20]. Fluid-attenuated inver-
sion recovery imaging in NPSLE has obvious advantages 
and is more sensitive than routine MRI in diagnosing cere-
bral lesions.

Table 4.1 Neuropsychiatric manifestations of rheumatic diseases

Central nervous system
Focal
• Seizures
• Transient ischemic attacks
• Stroke (ischemic or hemorrhagic)
• Visual disturbances/optic neuropathy
• Movement disorders (chorea, athetosis, ballism, hemidystonia)
• Ataxia

Non-focal
• Headache
• Generalized seizures
• Cognitive dysfunction/dementia
• Psychiatric symptoms (depression, mania, hallucinations, and 

psychoses)
• Encephalopathy/meningitis

Spinal cord
• Transverse myelitis
• Myelopathy (acute or chronic)
• Neurogenic bladder

Other
• Optic neuritis/visual disturbances/Devic’s syndrome
• Multiple sclerosis–like syndromes

Peripheral nervous system
• Cranial neuropathies
• Peripheral neuropathies
• Nerve entrapment/compression
• Brachial or lumbosacral plexopathies
• Mononeuritis multiplex
• Distal polyneuropathy
• Autonomic neuropathy
• Autoimmune neuropathy (acute/chronic inflammatory demyelinating 

polyradiculopathy)
• Neuropathic vasculitis

Inflammatory idiopathic myopathies
• Dermatomyositis
• Polymyositis
• Inclusion body myositis
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Therapy

Optimal management of NPSLE in the elderly is empiric 
because of a lack of randomized controlled studies. However, 
the approach to treatment is similar, regardless of the age of 
the patient. SLE in the elderly has been reported to be milder 
and more responsive to treatment than in younger patients. 
With mild NPSLE manifestations, such as headache and 
seizures, hydroxychloroquine therapy and low doses of glu-
cocorticoids may be adequate. However, with moderate to 
severe NPSLE disease including acute nonthrombotic CNS 
manifestations, higher doses of glucocorticoids and use of 
immunosuppressive therapy, such as methotrexate, azathio-
prine, cyclophosphamide, cyclosporine, and mycophenolate 
mofetil may be needed. Plasmapheresis may be added for 
patients with severe illness refractory to conventional treat-
ment. Intrathecal methotrexate and dexamethasone have 
been also reported to be beneficial in some patients.

NPSLE patients with severe organ involvement and/or 
patients who have had an inadequate response to glucocorti-
coids, or have a resistant disease, or catastrophic antiphos-
pholipid syndrome generally do poorly and may require high 
dose chemotherapy followed by autologous stem cell trans-
plantation or monoclonal anti B lymphocyte antibodies. 
Despite the promising reports of uncontrolled studies in the 
use of the chimeric anti CD 20 monoclonal antibody agent, 
rituximab, a placebo-controlled randomized trial in 257 
patients with active SLE (EXPLORER trial), which included 
those with neuropsychiatric syndromes, noted no significant 
difference in outcomes between the groups that received 
prednisone and two infusion of rituximab versus prednisone 
and placebo infusion. [21] Then again, the case reports of a 
possible association with the use of rituximab, and fatal pro-
gressive multifocal leukoencephalopathy due to reactivation 
of latent viral infections including JC virus (a type of polyo-
mavirus) require caution as advised by the U.S. Food and 
Drug Administration (FDA).

Psychotropic agents, antidepressant medications, and var-
ied psychotherapeutic interventions may be required in certain 
patients.

Guidelines for primary stroke prevention of patients with 
aPL are not available, because the literature on asymptom-
atic (no history of thrombotic events) aPL-positive patients is 
limited. Recent studies report that aPL do not seem to be a 
strong risk factor for recurrent stroke or transient ischemic 
attacks (TIA), nor do they predict a differential response to 
aspirin or warfarin therapy, and thus, aspirin therapy is rec-
ommended in the elderly SLE patients with or without aPL 
antibodies [22, 23]. Secondary prevention with high-level 
oral anticoagulation is still the most commonly used treat-
ment for aPL-positive patients who have experienced strokes, 
particularly those with left-sided cardiac valve lesions and 
persistent high titers of IgG anti-cardiolipin antibodies.

Sjögren’s Syndrome

Sjögren’s syndrome is a chronic autoimmune disorder of the 
exocrine glands of unknown etiology [24, 25]. The clinical 
manifestation range from autoimmune exocrinopathy to 
extraglandular (systemic) involvement, and is associated 
with autoantibody responses against the Ro (SSA) and La 
(SSB) ribonucleoproteins. In addition, SS may be primary or 
secondary to another connective tissue disease (mainly SLE, 
RA, or systemic sclerosis). The prevalence of this syndrome 
in the geriatric population has been reported to be between 
2 and 11% of all cases, and mostly involve women [26] (see 
Chap. 27). Late-onset SS is associated with lower prevalence 
of ocular tests and anti-Ro (SSA) antibodies.

The chronic inflammatory process involves primarily the 
exocrine glands and is characterized by a particular pattern 
of mononuclear infiltration resulting in destruction of sali-
vary and lachrymal glands and leading to xerostomia and 
xerophthalmia [27]. Similar mononuclear infiltrates invading 
visceral organs or vasculitic lesions can give extraglandular 
manifestations affecting the lungs, kidneys, blood vessels, 
and muscles, and is gradually progressive and uncommonly 
undergoes transformation to lymphoma.

Neurologic involvement has been reported in primary SS 
since its initial clinical description by Sjögren in 1935. Though 
the exact prevalence remains controversial, neurologic symp-
toms can affect the PNS and the CNS [28–30]. The main 
types of PNS involvement, which is reported in 10–20% of 
SS patients includes sensory–motor axonal polyneuropathy, 
pure sensory axonal neuropathy, sensory neuropathy, and 
multiple mononeuropathy. A long-term, insidious course is 
typically observed.

In addition to the high frequency of cognitive impairment of 
subcortical type, most of CNS involvement is frequently focal 
disease with multiple ischemic infarcts, or cranial nerve palsies 
(trigeminal neuropathy and optic neuritis). Anti-Ro (SSA) anti-
body has been associated with more severe CNS disease and 
abnormal angiographic findings. Spinal cord involvement can 
be acute and at times severe with acute transverse myelitis, or 
chronic with progressive myelopathy. Some older patients with 
SS have CNS symptoms that mimic relapsing-remitting mul-
tiple sclerosis and may have white matter changes on brain 
MRI compatible of demyelinating syndrome [31]. However, 
the localization of the lesions in the corpus callosum and basal 
ganglia lesions, with markedly lower prevalence of oligoclonal 
bands and association of PNS involvement and extra-glandular 
features may help in the diagnosis.

Affective and personality disorders, memory distur-
bances with frontal lobe abnormalities and mild cognitive 
dysfunction are frequent, and are associated with fatigue and 
large brain ventricular volumes [32]. Anxiety and depression 
with high levels of introverted hostility are reported by 
SS patients, including paranoid ideation, somatization, and 
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obsessive compulsiveness. Alteration in pain sensation has 
been postulated to be related to active inhibition of the para-
sympathetic system in the periaqueductal gray area of the 
limbic system.

The pathophysiologic mechanism of NP involvement in 
SS is still unclear, but likely to differ according to clinical 
features. Demyelinating, vascular (ischemic, cryoglobuline-
mia, or vasculitis), inflammatory etiologies (mononuclear 
cell infiltration in the CNS), immunologically-mediated CNS 
vascular damage, or direct role of SSA and anti-neuronal 
antibodies, have been suggested. Necrotizing vasculitis has 
been detected on nerve biopsy in patients with multiple 
mononeuropathies. Lymphocytic infiltration of dorsal gan-
glia is also described.

Diagnosis

A precise definition of primary SS resting on “revised” or 
“international” criteria has been accepted by most experts 
[33]. Though nonspecific, the neurological involvement is 
usually highlighted by gadolinium-enhanced MRI of the 
brain (T2-weighted) with fluid-attenuated inversion recov-
ery (FLAIR) displaying an increased diffuse leptomenin-
geal enhancement [34]. The clinician should be aware, 
however, that the test results may vary depending on the age 
of the patient and the type of SS (primary or secondary). 
Differential diagnosis includes adverse effects of drugs, sar-
coidosis, lipoproteinemias, age-related atrophy, lympho-
mas, amyloidosis, and infection. Newer techniques, such as 
magnetic spectroscopy and magnetization transfer imaging 
to evaluate CNS tissue injury, could help determine the 
extent and mechanisms of macroscopic and microscopic 
CNS lesions in SS. Cerebrospinal fluid (CSF) analysis with 
moderate pleocytosis of polymorphonuclear leukocytes and 
increased protein and at times immunoglobulin levels are 
reported.

Therapy

Despite progress in the understanding of the broad clinico-
pathological spectrum of SS, its treatment remains largely 
empirical and symptomatic [35]. The efficacy of corticoster-
oids seems to be variable in cases with CNS manifestations 
and in axonal polyneuropathies. Cyclophosphamide is par-
ticularly effective in cases of myelopathy, with improvement 
or stabilization of disability. However, other immunosup-
pressive treatments (methotrexate, azathioprine, chlorambu-
cil) have been tried with variable efficacy. Intravenous 

immunoglobulin, reported to be an effective treatment for 
ataxic sensory neuropathy, may be considered in the setting 
of acutely worsening CNS symptoms. Plasmapheresis may 
be needed with ganglionopathy or in sensory–motor neurop-
athy of cryoglobulins. Antitumor necrosis factor (TNF) alpha 
inhibitors or B-cell depleting therapies may find a new indi-
cation in SS. Induction of oral tolerance and gene-transfer 
modalities remain experimental therapies with promising 
results.

Systemic Vasculitis

Systemic vasculitis occurs in a heterogeneous group of pri-
mary disorders or can be a manifestation of infection, an 
adverse drug reaction, malignancy or a connective tissue dis-
ease . NP symptoms related to systemic vasculitis should be 
suspected in the elderly patients with atypical cerebrovascu-
lar events, especially when polymyalgia rheumatica, inflam-
matory arthritis, palpable purpura, glomerulonephritis or 
multiple mononeuropathies are also present.

The CNS may be affected in 20–40% of patients with sys-
temic vasculitis, resulting in stroke, cerebral hemorrhage 
(intraparenchymal or subarachnoid), encephalopathy, seizures, 
or a meningitis/meningoencephalitis (Table 4.2) [36, 37]. 
Global dysfunction with cognitive impairment may also result 
from metabolic abnormalities secondary to multisystem organ 
disease. In general, CNS manifestations are believed to occur 
later in the disease course as a result of the accumulation of 
inflammatory changes. The angiographic finding of “beading” 
(alternating area of stenosis and ectasia) in multiple vessels in 
multiple vascular beds has diagnostic specificity. However, 
similar angiographic findings mimicking vasculitis may occur 
with cerebral intra-arterial atherosclerosis and cerebral angio-
gram may be normal in as many as 40% of biopsy-proven 
cases, and thus adding to the difficulty of asserting the diagno-
sis of CNS vasculitis.

Table 4.2 The classification of vasculitis affecting the nervous system

1. Systemic vasculitis disorders
• Giant cell arteritis
• Necrotizing arteritis of the polyarteritis type
• Systemic granulomatous vasculitis
• Hypersensitivity vasculitis
• Diverse connective tissue disorders
• Viral, spirochete, fungal, and retroviral infection

2. Paraneoplastic disorders
3. Amphetamine abuse
4. Granulomatous angiitis of the brain
5. Isolated peripheral nerve vasculitis
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Giant Cell Arteritis

Giant cell arteritis (GCA), also called temporal arteritis, is 
the most common form of systemic vasculitis seen in humans, 
occurring almost exclusively in people older than 50 years 
[38, 39] (see Chap. 21). It is characterized by granulomatous 
inflammation/arteritis of the aorta and its major branches and 
has a predilection to affect the extracranial branches of the 
carotid artery, and rare involvement of the intracranial ves-
sels. Transmural inflammation of the arteries induces lumi-
nal occlusion through intimal hyperplasia. Patients with 
GCA will typically present with headache, jaw or tongue 
claudication, scalp tenderness, constitutional features, or 
fever. Systemic inflammation, characteristic of polymyalgia 
rheumatica, a syndrome of musculoskeletal pain and stiff-
ness in the neck, shoulders and hips, often occurs with GCA, 
but can occur independently.

Neurologic complications of GCA are not uncommon, in 
particular, vision loss caused by optic nerve ischemia from 
arteritis involving vessels of the ocular circulation [40]. Cranial 
nerve palsies, in particular oculomotor, related to aneurysm 
formation may occur, yet involvement of PNS are more 
 frequent than cerebral ischemia or neuro-ophthalmological 
complications [41]. Severe PNS involvement has an affinity to 
the midcervical nerve roots and the brachial nerve plexus. 
Ischemic strokes have been reported to occur in 3–4% of 
patients, often within days of steroid therapy initiation.

Diagnosis

Findings on physical examination in GCA include nodular-
ity, tenderness, or absent pulsations of the temporal arteries 
or other involved vessels. An elevated erythrocyte sedimen-
tation rate (ESR) occurs in greater than 80% of patients, and 
when seen together with compatible clinical features, sug-
gests the diagnosis of GCA. Temporal artery biopsy is con-
firmatory in 50–80% of cases with the demonstration of a 
panmural mononuclear cell infiltration that can be granu-
lomatous with histiocytes and giant cells.

Therapy

Glucocorticoids prevent visual complications in GCA and 
bring about a rapid improvement in clinical symptoms. The 
initial dosage of prednisone is recommended at 40–60 mg 
daily, yet in patients who present with acute visual loss, 
methylprednisolone 1 g/day for 3 days can be considered. 
No cytotoxic or biologic agent has been found to be effec-
tive, although novel therapeutic approaches remain under 
active investigation. Current evidence suggests that low dose 

aspirin reduces cranial ischemic complications in GCA and 
should be considered in all patients who do not have con-
traindications [42].

Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is defined by the presence necro-
tizing inflammation of medium-sized or small arteries without 
glomerulonephritis or vasculitis in arterioles, capillaries, or 
venules [43] (see Chap. 18). Using this definition, PAN is 
believed to be very uncommon, but it remains an important 
multisystem illness that can present acutely in older patients. 
The most common clinical manifestations of PAN include 
hypertension, fever, musculoskeletal symptoms, and vasculi-
tis involving the nerve, gastrointestinal tract, heart, and non-
glomerular renal vessels. Involvement of PNS is seen in 
50–75% of patients, usually as asymmetric sensory and 
motor neuropathy due to ischemia of peripheral nerves. The 
most common stroke subtypes in PAN are lacunar stroke syn-
dromes occurring within 8 months of disease onset [44]. 
These strokes are postulated to be secondary to thrombotic 
microangiopathy rather than to active vasculitis. Acute myel-
opathy with paraparesis has been associated with PAN.

Diagnosis

The diagnosis of PAN is made on the basis of biopsy or arte-
riography that shows microaneurysms, stenoses, or a beaded 
pattern with areas of arterial narrowing and dilation. Biopsies 
of clinically involved areas such as the peripheral nerve or 
testicle reveal necrotizing inflammation involving the 
medium-sized or small arteries with abundant neutrophils, 
fibrinoid changes, and disruption of the internal elastic 
lamina. Laboratory findings reflect an acute inflammatory 
process with anemia, leukocytosis, thrombocytosis, and 
an increased ESR. Antineutrophil cytoplasmic antibodies 
(ANCA) are uncommon.

Therapy

Patients with immediately life-threatening disease affecting 
the CNS should be treated with daily cyclophosphamide and 
glucocorticoids. In patients with mild disease and no major 
organ dysfunction, glucocorticoids alone can be considered as 
initial therapy with immunosuppressive therapy being added 
in patients who continue to have evidence of active disease or 
who are unable to taper prednisone. In PAN-like vasculitis 
associated with hepatitis B, hepatitis C or the human immuno-
deficiency virus, antiviral therapy should be considered.



32 J.A. Mikdashi

ANCA Associated Vasculitis

Vasculitis involving the small vessels clinically manifests in 
a variety of ways that can include cutaneous vasculitis, alveo-
lar hemorrhage, and glomerulonephritis [45] (see Chap. 18). 
Small vessel vasculitis is a prominent feature of three impor-
tant forms of primary systemic vasculitis: Wegener’s granu-
lomatosis (WG), microscopic polyangiitis (MPA), and 
Churg–Strauss syndrome (CSS). Although these disease 
 entities possess unique features, they are grouped together 
as they share similar involvement of the small vessels, glom-
erular histology, and the frequent association with ANCA.

Neurologic involvement occurs in approximately 34% of 
patients with WG, with mononeuropathy multiplex and cra-
nial neuropathies being the most common manifestations 
[46, 47]. These complications may result from compression or 
infarction due to granulomatous invasion or as a result of focal 
vasculitis. Sural nerve biopsy specimens have shown findings 
consistent with vasculitis or axonopathy. Though the CNS 
may be involved in 2–8% of WG patients, lesions arising 
within the brain parenchyma itself are rare, and confirmed 
vasculitis of the CNS radiologically is rare. Stroke and sei-
zures are the most frequent clinical manifestations. Other NP 
manifestations include headaches, confusion, or transient neu-
rologic events, such as paresthesia, blackouts, or visual loss. 
Pachymeningitis may also occur in the setting of early WG 
active disease, and disease activity can be monitored by ANCA 
titers in the cerebrospinal fluid (CSF), which may disappear 
after treatment. Mononeuritis multiplex occur in up to 58% 
of MPA patients, and in up to 78% of CSS patients. In CSS, 
granulomatous disease may erode through the nasopharynx 
and lead to basilar meningitis, dural venous thrombosis, 
or optic neuropathy. Asymptomatic anterior ischemic optic 
neuropathy in the setting of systemic disease may also occur.

Diagnosis

The diagnosis of ANCA associated vasculitis is usually 
based on the presence of characteristic histologic findings in 
a clinically compatible setting. To date, widely accepted 
diagnostic criteria for ANCA associated vasculitis have not 
been developed. Surgically obtained biopsies of abnormal 
renal and non-renal tissues (pulmonary parenchyma and 
upper airways) yield diagnostic changes of granulomatous 
inflammation in a substantial number of patients. The 
diagnosis based on neuroimaging is limited because of poor 
sensitivity of routine angiography of the involved small 
vessels (50–300 m(mu)m in diameter). However, granuloma-
tous disease may infiltrate the dura of the brain and spinal 
cord, resulting in contrast-enhancing lesions by MRI.

Therapy

Treatment of ANCA associated vasculitis is based on the clas-
sification of patients into categories of either limited or severe 
disease. Limited disease, with no immediate threat to function 
of a vital organ or life of the patient responds favorably to 
corticosteroids. Severe disease with CNS or peripheral nerves 
or vasculitis neuropathy requires the use of cytotoxic drugs, 
such as induction with cyclophosphamide, followed by remis-
sion maintenance therapy with either methotrexate, or aza-
thioprine. Intrathecal methotrexate and glucocorticoids 
treatment is helpful in patients with pachymeningitis. There 
are no sufficient data to judge on the role of other therapies 
such as plasmapharesis, intravenous immunoglobulin, mycho-
phenolate mofetil, and leflunomide. Biological treatment with 
etanercept was found not to be effective in the maintenance of 
remission in patients with WG. Rituximab and other strate-
gies for B cell depletion are to be considered as an alternative 
to cytotoxic immunosuppressive medication, in particular in 
those with refractory disease. In the elderly, caution must be 
taken as serious infections and increased risk of malignancy 
are associated with prolonged immunosuppressive therapy.

Primary Angiitis of the Central  
Nervous System

Primary angiitis of the CNS is an idiopathic, recurrent vascu-
litis confined to the CNS and spinal cord [48]. The angiitis is 
multifocal and segmental in distribution and involves the 
small leptomeningeal and intracerebral arteries. The disease 
predominantly affects males and most patients are young or 
middle aged, although older patients are also affected. The 
most common symptom is headache. Various neurological 
presentations are seen, including, recurrent TIA, ischemic 
strokes, paraparesis, ataxia, seizures, aphasia, and visual 
field defects. Cognitive dysfunction or fluctuating levels of 
consciousness are not uncommon.

Diagnosis

The diagnosis of CNS angiitis requires evidence of vasculitis 
on biopsy or angiographic findings suggestive of vasculitis 
in the setting of other compelling features including 
neuroimaging and CSF pleocytosis, which is abnormal in 
80–90% of cases. Because of the focal and segmental distri-
bution of primary angiitis, the sensitivity of meningeal and 
brain biopsy may not be greater than 65%. A negative biopsy 
does not exclude the diagnosis of angiitis, but may be essential 
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to exclude other disorders that mimic CNS angiitis including, 
cerebral vasospasm, CNS infection, arterial thromboembo-
lism, intravascular lymphomatosis, and atherosclerosis.

Therapy

The prognosis is potentially fatal; however, it may be altered 
by aggressive immunosuppressive therapy with high doses 
of glucocorticoids and cyclophosphamide. No controlled 
treatment trials are available, and optimal duration of therapy 
is unknown.

Rheumatoid Arthritis

RA is a chronic systemic autoimmune inflammatory disease 
with an overall prevalence that steadily increases to 5% in 
women by the age of 70 (see Chap. 14). Neurologic compli-
cations occur in moderate to severe RA as a result of the 
disease’s erosive effects on joints and bones or related to the 
disease itself (e.g., compressive rheumatoid nodules, rheu-
matoid vasculitis) [49, 50]. Peripheral entrapment neuropa-
thy, mononeuritis mutiplex, and atlantoaxial subluxation 
occur in as many as 70% of patients with advanced RA. 
Those with disease duration of more than years and onset 
before the age of 50 are particularly at risk. Myelopathy may 
also result from compression by extradural rheumatoid nod-
ules or by epidural lipomatosis, which frequently occurs as a 
result of long-term glucocorticoid administration. The degen-
erative changes in the cervical spine may also compress the 
vertebral arteries, resulting in vertebrobasilar insufficiency. 
CNS vasculitis is rare and may present with seizures, demen-
tia, hemiparesis, cranial nerve palsy, blindness, hemispheric 
dysfunction, cerebellar ataxia, or dysphasia. The manage-
ment of neurological syndromes in RA with may require the 
use of immunosuppressive including cyclophosphamide and 
biologic therapies.
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Abstract An infectious etiology for rheumatic diseases has 
been postulated for many decades. This chapter will review 
the link between tuberculosis and rheumatoid arthritis, and 
how the aging immune system contributes to the clinical 
response to mycobacterium tuberculosis infection. The rela-
tionship between anti-TNF therapies and tuberculosis will 
also be discussed.

Keywords Tuberculosis • Latent tuberculosis infection  
• Rheumatoid arthritis • Immunosenescense • TNF-antagonists

Introduction

The link between rheumatoid arthritis (RA) and mycobacte-
rium tuberculosis (MBT) is relevant to both clinicians and 
researchers. In fact MBT has been used to induce adjuvant 
arthritis in animal models whereas the most promising ther-
apy for RA, the inhibition of tumor necrosis factor alpha 
(TNFa(alpha)), has the unfortunate potential untoward effect 
of activating latent tuberculosis infection (LTBI) [1]. These 
and other facts that we will review in this chapter suggest 
that the association of RA and tuberculosis appears to be 
more than a mere coincidence [2].

Tuberculosis and Rheumatoid Arthritis  
Across Time

The history of tuberculosis is quite fascinating; only in few 
diseases is it possible to document such a close relationship 
between the history of the disease and that of the population. 

There is paleontological evidence of vertebral tuberculosis in 
Egyptian mummies dating back to approximately 2400 BC [3]; 
likewise, the remains of the mummy of a pre-Columbian child 
afflicted with tuberculosis from Agua Salada (Pre-Inca Nasca 
Culture, Perú) dating back to approximately the sixth century 
AD are found at the Ica’s Regional Museum in Perú [4]; another 
mummy of a pre-Columbian young man with tuberculosis 
from the Huari area (Pre-Inca Huari Culture, Perú) dating back 
to approximately the seventh century AD is found at the same 
museum [5]. The first written documentation of tuberculosis is 
probably found in the Old Testament, whereby a reference is 
made to a consumptive disease that affected the Jewish popula-
tion during its stay in Egypt, an area of the world with a high 
prevalence of tuberculosis.

Epidemiology of Tuberculosis  
and Rheumatoid Arthritis

Tuberculosis constitutes a worldwide public health problem. 
The World Health Organization (WHO) reported a global 
incidence of 140 per 100,000 population but rates vary 
around the world from a low of 4.8 per 100,000 in the United 
States to a high of 350 per 100,000 inhabitants in Africa [6]. 
In South America the majority of countries exhibit interme-
diate to lower rates than those reported globally. For exam-
ple, the incidence rates for Brazil and Perú were of 46 per 
100,000 inhabitants and of 120 per 100,000 inhabitants in 
2008 [6, 7]. Even though the prevalence rates of tuberculosis 
are diminishing worldwide, they are still quite high in poor 
countries. Individuals 65 years of age and older are among 
those more frequently affected [8, 9].

Many textbooks and review articles report a worldwide 
prevalence of RA between 0.3 and 1.5%; however, the preva-
lence of RA varies significantly across ethnic groups, suggest-
ing that both genetic and environmental factors exert some 
influence on this parameter [10]. In North America, South 
America and Europe the prevalence of RA is approximately 
0.5–1% whereas in Africa RA is practically non-existent, 
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except for the areas originally colonized by Europeans; RA is 
also rare in Asia and in the Pacific Islands (less than 0.3%). 
Finally, the prevalence of the disease among some Native 
North American populations, such as the Pima (5.3%) and 
Chipewa Indians (6.8%) is quite high.

In 1886, the death rate for tuberculosis among Native 
Americans from North America was approximately 9.0%, 
the highest rate ever recorded for any world population [11]. 
This rate contrasts with peak death rates of 1.2% in England 
and 1.6% in North America during similar time periods. 
Although reliable data for mortality rates are not available 
for Asia, a relatively low death rate has been reported until 
the late 1800s. Finally numerous reports from the nineteenth 
and early twentieth centuries indicate the absence of tubercu-
losis in sub-Saharan Africa. These data taken together sug-
gest the existence of a direct correlation between the mortality 
rates for tuberculosis dating back 100 to 200 years and the 
current prevalence of RA in modern populations. It has been 
proposed that tuberculosis epidemics have constituted a 
powerful selective force; the genetic variations that enhanced 
resistance to tuberculosis and which have been successfully 
passed on to the offspring of the survivors may constitute the 
genetic basis for susceptibility to RA today [2].

Aging, Rheumatoid Arthritis  
and the Response of the Immune System  
to Mycobacterium Tuberculosis Infection

Aging is a physiological process that occurs over time in 
every living being and which is characterized by structural 
and functional changes at the cellular, organ and system lev-
els. The aging of the immune system, a process also known 
as immunosenescence, usually goes in parallel with the indi-
vidual’s chronological age; however, in autoimmune diseases 
such as RA, this process can accelerate resulting in further 
dysregulation of the immune system [12] (see Chap. 2). This 
dysregulation in turn contributes to an increase susceptibility 
to infections and possibly to cancer and other autoimmune 
diseases. Aging is associated not only with a decline in the 
number of responsive T cells, but also with a decline on their 
performance when compared with T cells from younger 
individuals.

There is clinical and experimental evidence that abnor-
malities in several aspects of the adaptive immune response 
do occur with aging. With thymic involution there is a 
reduction in the activation of regulatory T cells (Treg), which 
may result in diminished anti-self responses [13]. During 
thymic involution, the epithelial layer of the gland which is 
responsible for the selection and maturation of T cells is 
replaced by fatty cells, resulting in a reduction of the output 
of recent thymic emigrants. A space-filling autoproliferative 

mechanism, known as “homeostatic proliferation” keeps 
peripheral T cells at constant levels throughout the life span 
and becomes very important as age progresses. Homeostatic 
proliferation, however, can induce replicative stress on 
peripheral T cells resulting in a shift of the phenotype of 
 circulating T cells namely a decrease in the number of naïve 
T cells (CD45RA) and increase in the number of memory 
T cells (CD45RO). This shift, which occurs both in normal 
as well as in accelerated aging as noted in RA, may result in 
inappropriate adaptive immune response [14]. Shortening of 
the lymphocytic telomeric length may lead to an excessive 
turnover of cells in these patients. CD4 telomeres are short-
ened several times over the course of the disease; these find-
ings suggest that CD4 T cells have cycled excessively 
causing telomeres to erode prematurely leading to immu-
nosenescence. As a result of this process, the production 
of T cells by the thymus is insufficient, forcing T cells 
to hyperproliferate. This compensatory self-replication of 
T cells leads to contraction of the T cell receptors (TCR) 
repertoire, down regulation of the CD28 costimulatory mol-
ecule with an increased percentage of CD4+CD28null and 
CD8+CD28null T cells limiting the ability of the immune 
system to secret them properly [15]. Other important changes 
on these senescent cells include an altered pattern of cytokine 
expression (from T-helper on TH1 to TH2) resulting on the 
increased production of some auto-antibodies, a resistance 
to apoptosis and the expression of many genes that are gen-
erally found on natural killer cells. The recent work of 
Gabriel et al. supports the concept of accelerated aging in 
RA. These investigators compared the observed mortality 
rates in patients with RA with the age-accelerated mortality 
rates from the general population; after careful statistical 
modeling the results of this study suggest that, in terms of 
mortality rates, patients with RA were effectively 2 years 
older than their actual age at RA incidence, thereafter the 
RA patients underwent 11.4 effective years of aging for each 
10 years of calendar time [16].

MBT infection does not usually lead to active disease 
given that the immune response is generally successful in 
containing, albeit not eliminating, the pathogen. Acute tuber-
culosis can result in a small percentage of infections proba-
bly because of an inadequate immune response. In most 
cases, however, the individual is asymptomatic and non-
infectious, latency which usually extends over the individu-
al’s life span. However, in response to perturbation of the 
immune system reactivation of a latent infection can occur 
resulting in an active infection process. A good control of 
infection by MBT requires of a robust antigen-specific CD4 
T cell response and the production of Th1 cells associated 
cytokines interferon g(gamma), interleukin-12 (IL-12) and 
TNFa(alpha) [17]. However, and as already noted, during 
aging or accelerated aging, the immune system may not be 
able to mount an adequate response favoring the occurrence 
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of active tuberculosis or latent tuberculosis reactivation. 
The infections in these patients can be subtle rather than overt 
and oftentimes are accompanied by false-negative tuber-
culosis skin-test (TST) for latent tuberculosis infection [18].

Risk of Tuberculosis Infection with Emphasis 
in the Elderly: Evidence

Risk of TB Disease Prior to the Availability  
of Biologic Therapy

There is a paucity of information about the risk of MTB 
infection in patients with rheumatic autoimmune diseases 
prior to the use of biologic therapy. In Spain, after adjusting 
for age and gender, a relative risk of 4.13 was reported in 
patients with RA, and nearly 86% of the cases occurred in 
persons older than 60 [19]. In Asia, tuberculosis was reported 
to occur three times more frequently in patients with RA 
than in the general population. This was a non-standardized 
rate and the RA patients were older (71.7 ± 5.7 years) than 
the non-RA patients (59.8 ± 12.7 years). Indeed, all cases of 
tuberculosis occurred in RA persons older than 60 [20]. In 
Japan, Yamada et al. found a risk three times greater for the 
occurrence of tuberculosis in RA patients compared to non-
RA patients [relative risk (RR) = 3.21, 95% CI 1.21–8.55]; a 
clear influence of age (and gender) was demonstrated in this 
study with higher rates observed in persons older than 60 and 
in men [21]. In the United Stated, Wolfe examined the 
incidence density (ID) of tuberculosis in nearly 11,000 RA 
patients and found it to be no more than expected in the 
general population (6.2 per 100,000); however age-specific 
rates were not provided in this study [22]. We have also 
compared the ID of tuberculosis in an age- and gender-
matched RA patients and controls from the general popula-
tion. As Wolfe, we found the rates to be comparable (Hazard 
ratio was 1.69 (95% CI 0.26–10.93); tuberculosis was more 
likely to occur in persons over 65 years of age among the 
cases but not among the controls (33% vs. 12.5%) [23].

Risk of Tuberculosis Infection During  
Biologic Therapy

It has been uniformly accepted that the risk of tuberculosis 
among anti-TNFa(alpha) therapy users is higher than in the 
general population around the world; however, important 
regional differences have been noted. In Korea, for example, 
Seong examined the risk of tuberculosis in anti-TNFa(alpha) 
users and non-users and found a RR of 30.1 (95% CI 7.4–

122.3) vs. 8.9 (95% CI 4.6–17.2) respectively. The peak inci-
dence occurred in those older than 60 [24]. In Spain the 
national incidence of tuberculosis for the year 2000 was 21 
cases per 100,000 inhabitants; for RA patients not exposed 
to anti-TNFa(alpha) agents it was 95 cases per 100,000 
patients, for those exposed to infliximab it was 1,893 cases per 
100,000 patients for the same year, reaching 1,113 cases  
per 100,000 patients for the year 2001. Therefore, in RA 
patients who did not receive anti-TNFa(alpha) therapy the 
estimated RR of tuberculosis was 4.13 (95% CI 2.59–6.83) 
relative to the national rate but the RR for infliximab-treated 
RA patients in comparison to non-exposed RA patients was 
19.9 (95% CI 16.2–24.8) for the year 2000 and 11.7 (95% CI 
9.5–14.6) for the year 2001. In this study 17 RA patients have 
had tuberculosis and almost 60% were older than 60 [1].

In Sweden, the risk of hospitalization for tuberculosis was 
four times greater among RA anti-TNFa(alpha) users than 
among those treated with conventional DMARDs; of the 15 
cases identified in this study, 12 were older than 60 and the 
two fatal events occurred in this age group [25]. Wolfe et al. 
reported a risk of tuberculosis of 6.2 cases/100,000 patient-
years (95% CI 1.6–34.4) in subjects with RA not on anti-
TNFa(alpha) therapy vs. 52.5 cases/100,000 patient-years 
(95% CI 14.3–134.4) among those on anti-TNFa(alpha) 
therapy; all patients affected with tuberculosis were older 
than 60 and there was a trend towards an increased risk for 
every 10 years of age on the multivariable analysis (OR = 1.17, 
95% CI 0.98–1.41) [22].

In the efficacy and safety studies of anti-TNFa(alpha) 
therapy an increased frequency of tuberculosis in those 
patients treated with infliximab in relation to others 
DMARDs was reported, although the influence of age was 
not examined [26, 27]. In a safety study of RA patients on 
anti-TNFa(alpha) therapy (infliximab, etanercept and adali-
mumab) published in the United States in 2007, adverse 
events including infections were reported in those older than 
65 (mean age 76.5 years) but no cases of tuberculosis were 
reported. Of note, although the follow-up period was long 
(between 1995 and 2003), the identification of tuberculosis 
cases was based solely on those reported using the 
International Classification of Diseases codes (ICD 9–CM) 
[28]. The low risk of tuberculosis may reflect the low inci-
dence of this infection in the United States compared to many 
European and developing countries. In a study by German 
investigators, adalimumab was shown to have the same risk 
of tuberculosis as infliximab for which the incidence of this 
infection was high (0.5/100 persons years of follow-up) with 
an average age of 60 among the affected subjects [29]. 
However, the development of tuberculosis among the elderly 
in studies of the efficacy and safety of adalimumab has not 
been examined [30, 31]. In the PREMIER study, for exam-
ple, the only case of tuberculosis occurred in a 78 year-old 
woman who developed pleurisy while on adalimumab and 
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methotrexate [32]. The risk of tuberculosis with etanercept 
could be much lower. Fleischmann in the United States 
examined the risk of tuberculosis in etanercept-treated 
patients (RA, psoriatic arthritis and seronegative spondy-
loarthritis) older than 65 years compared to the younger 
patients for a total of nearly 7,000 patient-years of follow-up 
(4,322 subjects for 22 studies). No cases of tuberculosis were 
reported in any of the age groups [33]. Likewise, no cases of 
tuberculosis were reported in any of the case-control efficacy 
studies of etanercept and that was the case for all age groups 
[34, 35]. In a study from France the risk factors for tubercu-
losis occurrence were examined among patients with auto-
immune rheumatic diseases, 58% of them having RA. For 
each decade of life the risk of tuberculosis increased by 1.69. 
The standardized incidence ratio (SIR) of TB was 12.2 (95% 
CI 9.7–15.5) being higher for therapy with infliximab (SIR 
18.6 [95% CI 13.4–25.8]) and adalimumab (SIR 29.3 [95% 
CI 20.3–42.4]) than for etanercept (SIR 1.8 [95% CI 0.7–
4.3]) [36]. Similarly, data from the British Society for 
Rheumatology Biologics Register (BSRBR) reported a 
three- to fourfold higher rate of tuberculosis in patients with 
RA treated with anti-TNF therapy (infliximab and adali-
mumab) than in those receiving etanercept; 13 of 40 tubercu-
losis cases occurred after anti-TNF discontinuation (all these 
patients had symptoms of tuberculosis but the diagnosis was 
confirmed between 3 and 13 months). Additionally patients 
of non-white ethnicity had a sixfold increased risk of tuber-
culosis compared with white patients [37].

These findings suggest that the risk of tuberculosis is 
higher with anti-tumor necrosis factor monoclonal antibody 
therapy than with soluble tumor necrosis factor receptor 
therapy.

Clinical and Radiological Characteristics  
of Tuberculosis in Older Individuals  
with an Underlying Rheumatologic Disorder

Many different factors make tuberculosis in the elderly a dif-
ficult problem to characterize and diagnose without delay. It is 
well-known that elderly individuals have difficulties report-
ing their symptoms. Furthermore, comorbidities may contrib-
ute to delays in the diagnosis of tuberculosis. By and large, the 
clinical presentation of tuberculosis in the elderly is often 
atypical with disseminated forms and an increased frequency 
of involvement of the lower lobes of the lungs [8, 38].

One of the most common rheumatologic disorders in the 
elderly is RA. Given the gender distribution of RA, it does 
not come as a surprise that the majority of RA patients older 
than 65 afflicted with tuberculosis are women, which differs 
from the general population where men are more likely to be 
affected with tuberculosis. In RA patients not on biologic 

therapy there is some contradicting information about the 
predilection for the pulmonary vs. the extra-pulmonary forms 
of tuberculosis [19, 21, 23, 39, 40]. In Spain, 88.9% of extra-
pulmonary tuberculosis occurred in persons older than 60; 
among persons younger than 60, all were pulmonary [39]. 
Yoshinaga in Japan [20] found that half of the cases of tuber-
culosis in persons older than 60 were extra-pulmonary; how-
ever, when the cut-off age was 65, the frequency of 
extra-pulmonary forms increased to 58.9% and all persons 
younger than 65 had a pulmonary localization. Carmona 
et al. in Spain reported 71.4% of their tuberculosis patients 
having a pulmonary form, 85.7% of the cases occurred in 
persons older than 60. Interestingly, in this group the fre-
quency of the pulmonary form of tuberculosis decreased to 
66.7%, but still having a higher frequency than the extra-
pulmonary forms [19]. Seong in Korea found that four of the 
nine cases of tuberculosis occurred in RA patients older than 
60 and in three of them the localization was extra-pulmonary 
[24]. In a second study conducted by our group to determine 
the clinical and radiological features of tuberculosis in RA, 
50% of the subjects were older than 60 and among them 60% 
had a pulmonary localization. However, in comparison with 
those younger than 60 in whom the pulmonary localization 
occurred in nearly 87% of the cases, the pulmonary forms 
were less frequent in the elderly [41]. In Japan, the predomi-
nant form of tuberculosis in patients with RA older than 60 
was non-cavity forming. Importantly, symptoms suggestive 
of tuberculosis were present in only 55% of the patients in 
contrast with those without RA in whom 80% had symp-
toms. In these asymptomatic patients the diagnosis was based 
on radiological changes [20]. In a study conducted by our 
group, we found that only one patient older than 60 had 
symptoms ascribable to the tuberculosis infection (back pain 
in a patient with renal tuberculosis) whereas, 50% of the 
patients younger than 60 had symptoms suggestive of tuber-
culosis [41].

Tuberculosis in patients using anti-TNFa(alpha) is pri-
marily extra-pulmonary as noted by Wolfe et al. in the United 
States who found a clear predominance of the extra- 
pulmonary form in infliximab users, and all the affected 
patients were older than 60 [22]. Likewise, Gómez-Reino 
reported that 80% of RA patients older than 60 afflicted with 
tuberculosis had a disseminated form compared with only 
42% in those younger than 60 [1] and Askling reported 25% 
of extra- pulmonary or disseminated forms in those older 
than 60 in contrast to 100% of pulmonary forms in the 
younger age group [25]. In a longitudinal study conducted in 
the United Kingdom, 40 cases of tuberculosis occurred 
among 10,172 anti-TNFa(alpha)-treated and 3,232 DMARD-
treated active RA patients. In the 40 cases of TB occurring 
among anti-TNFa(alpha) users, 62% were extra-pulmonary 
and 28% disseminate. There were no cases of tuberculosis in 
the DMARD cohort [37].
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Latent Tuberculosis Infection in Patients  
with Rheumatoid Arthritis

The cases of tuberculosis that occur in RA patients receiving 
anti-TNFa(alpha) therapy are, for the most part, the result of 
the reactivation of LTBI [42], which makes its diagnostic and 
treatment compulsory. The diagnosis begins with an ade-
quate clinical history to detect the presence of risk factors 
predisposing to the development of tuberculosis. Even 
though the radiological findings of granulomatous diseases 
are not specific, and abnormalities in LTBI are detected in 
only 10–20% of patients, it is necessary to obtain a chest 
radiograph to detect changes suggestive of previous tubercu-
losis infection as well as to detect active tuberculosis.

The diagnostic tests to detect LTBI have traditionally 
been based on the TST. The TST is a recall response to sol-
uble antigens previously encountered during tuberculosis 
infection. Following intradermal tuberculin challenge in a 
sensitized individual, antigen-specific T cells are activated 
to secrete cytokines that mediate a hypersensitivity reaction. 
This infiltrate is constituted predominantly by CD4+ T cells 
[43]. In countries with high rates of LTBI, LTBI may not be 
detected using the TST in more than half the subjects with 
RA [18]. This decreased reactivity to TST in RA patients 
can be attributed to the dysfunction of T cells associated 
with RA. The TST has low specificity and the positive 
results may reflect previous exposure to atypical mycobac-
teria or to vaccination with the bacillus of Calmette-Guerin 
(BCG). However, patients with RA who have an altered 
immune response are more likely to have false negative 
TST results; for this reason it is recommended to use a cut-
off of ³5 mm for the test to be considered positive. This 
lower threshold point increases the sensitivity albeit at the 
expense of a lower specificity. In this context, LTBI could 
be erroneously diagnosed in some patients due to the false 
positive results. However, in patients with autoimmune dis-
orders like RA, a false negative TST result is more danger-
ous given that the risk of tuberculosis is greater on them. 
Therefore, it is better to increase the sensitivity even though 
the specificity will diminish given that preventive therapy 
can be offered to a larger number of patients. In the elderly, 
because of impaired ability to recall antigen due to 
immune senescence, it is often recommended that the two-
stage TST (performed 2 weeks apart) be done to reduce the 
false negative rate. Whether this should also be done for all 
RA patients is unclear. The two-step testing with a repeat 
TST in persons with a negative TST result improves sensi-
tivity in the general population, but unfortunately, will 
probably not affect negative responses in elderly rheuma-
toid arthritis patients [44].

A two-step TST (boost test) is recommended in some 
local and national guidelines, but it is not currently recom-
mended by the Centers for Disease control (CDC) for use in 

candidates for TNF blockade in the United States [45]. This 
implies that more sensitive methods for the detection of latent 
tuberculosis infection are required in this patient population.

Advances in mycobacterial genomics have led to the devel-
opment of two new blood interferon-gamma release assays 
(IGRAs) in response to two unique antigens, ESAT-6 and CFP-
10, that are highly specific for MTB, and which are absent 
from mycobacterium bovis, mycobacterium avium, and most 
other nontuberculous mycobacteria. One assay, the enzyme-
linked immunospot [Elispot (T-SPOT.TB; Oxford Immunotec, 
Oxford, UK)] enumerates IFN-g(gamma)-secreting T cells; the 
other measures IFN-g(gamma) concentration in supernatant by 
enzyme-linked immunosorbent assay [ELISA (Quantiferon-TB 
Gold; Cellestis, Carnegie, Australia)]. The latest improvement 
within this technology is the Quantiferon-TB Gold In Tube 
(QFT-IT) test, which incorporates another specific MTB 
 antigen (TB 7.7), and in which whole blood is drawn directly 
into a vacutainer tube precoated with antigens ready for incu-
bation [46].

Given that there is no gold standard for the diagnosis of 
LTBI, the exact sensitivity of these tests cannot be deter-
mined. An indirect form of determining this sensitivity is to 
assess the correlation between risk factors for tuberculosis in 
persons from populations with a low incidence of tuberculo-
sis while in patients from endemic tuberculosis areas is done 
by comparing them with a control group with the same risk 
factors but without an autoimmune disorder. Thus, Matulis 
et al. have demonstrated a high correlation between the risk 
of tuberculosis and QFT-IT compared with the TST in 
patients with inflammatory disorders in areas of low inci-
dence of tuberculosis [47]; on the other hand, our group stud-
ied the positivity of the TST and QFT-IT and compared the 
results with their respective control groups. A much higher 
approximation was found between QFT-IT and its controls 
(75%) compared with those for TST (41%) [48]. However, 
as it has been noted, recent recommendations from the CDC 
indicate that the IGRAs have not been assessed in the very 
young and the elderly, making the information available 
regarding these in vitro tests for the diagnosis of tuberculosis 
in the elderly scarce [49].

How Can We Adequately Detect LTBI  
in Elderly Patients with RA?

As we have noted before, patients with RA who develop 
tuberculosis are, for the most part, older than 60; therefore it 
is necessary to evaluate the performance of these tests in this 
age group. One of the few studies conducted so far to this 
end is the one from Kobashi et al. who studied 130 non-
immunosuppressed patients with active tuberculosis, 30 of 
them were older individuals. A significant differences in the 
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reactivity to TST was found between the older (27%) and the 
younger (70%) (p = 0.012); however no differences were 
found with the QFT (77% vs. 87%; p = 0.185) [50].

Comparison of TST and QFT-IT  
in RA vs. Controls

To determine the performance of TST and QFT-IT in the 
diagnosis of LTBI in older individuals (³60 years), we per-
formed a sub-analysis of our recently studied patients; as 

noted in Fig. 5.1, we found a much lower proportion of TST 
reactivity in older RA patients (8/45;17%) than in their 
younger counterparts (29/41;71%) (p < 0.001); this differ-
ence persisted for patients who are 40–60 years of age 
(p < 0.001) but not for the younger patients (20–40 years of 
age) (45% vs. 36%; p = 0.622) [48, 51].

Examining the performance of QFT-IT, we found, as with 
the TST, a much lower reactivity in patients older than 60 
(40%) than in controls from the same age group (71%) 
(p = 0.004); in contrast, there was no difference between 
patients and controls in the younger age group. These data 
are depicted in Fig. 5.2.

Fig. 5.1 Induration sizes to 
tuberculin skin testing in RA 
patients (blue bars) and 
control subjects (purple bars) 
in a highly endemic tubercu-
losis population in Perú

Fig. 5.2 Induration sizes to 
Quantiferon TB Gold In tube 
in RA patients (blue bars) and 
control subjects (purple bars) 
in a highly endemic 
tuberculosis population in 
Perú
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These findings demonstrate that the sensitivity of the 
currently available diagnostic tests for the detection of LTBI 
is influenced by two factors: the test used and age. A decre-
ased reactivity to QFT-IT in older adults (³60 years) is noted 
but this decreased reactivity is noted even earlier with TST. 
These findings, we hypothesize, could be related to the 
immune dysregulation which is characteristic of the process 
of immune senescence, and which is evident at earlier age 
with TST [12].

Guidelines for Screening LTBI Previous  
to Anti-TNF Therapy

In the past years, several guidelines and position statements 
have been published on the role and use of IGRAs. Some 
countries had more than one guideline or statement that 
included IGRAs. Guidelines are predominantly from devel-
oped countries with established LTBI screening programs; in 
contrast no high-burden, low-income country has published 
guidelines on IGRAs.

Of the countries that have guidelines, three main 
approaches emerge:

TST should be replaced by IGRA (i.e., only IGRA): • 
United Kingdom (British Thoracic Society), France, 
Germany, Switzerland, The Czech Republic and Poland 
[52–57].
Either TST or IGRA may be used: United States and • 
Denmark [49, 58].
Two-stage strategy or a combined strategy, in which an • 
IGRA test is used only for the confirmation of positive 
TST: United Kingdom (Health Protection Agency, 
NICE=National Institute for Health and Clinical 
Excellence), Canada, Japan, Spain, Australia and 
Slovakia [59–65].

The combined strategy seems to be the most favored 
strategy for IGRA use, especially in high BCG-vaccinated 
individuals and in places with high prevalence of nontuber-
culous mycobacterial infections; however because perform-
ing only one test is easier and the possible influence of a 
prior TST on the IGRA response is avoided, there is a trend 
towards using IGRAs alone prior to anti-TNFa(alpha) ther-
apy. We think that in the future, new guidelines will need to 
consider the impact of IGRAs on patient outcomes and cost-
effectiveness in various settings. So, we need to move 
beyond parameters such as sensitivity/specificity, or concor-
dance and study outcomes such as accuracy of diagnostic 
algorithms (rather than single tests), cost-effectiveness in 
routine programmatic settings and their relative contribu-
tions to the health care system.

Recommendations for the Prevention  
of Tuberculosis Before the Initiation  
of Biologic Therapy in Elderly RA Patients

The following recommendations are suggested:

A detailed history aimed at the ascertainment of risk fac-• 
tors for tuberculosis, including trips to endemic areas, 
country of origin, exposure to cases of active tuberculosis, 
overcrowding living conditions (prisons, nursing homes, 
and low socioeconomic status), health care workers  
or history of a positive TST or a chest radiograph with 
evidence of tuberculosis sequelae should be obtained.
A TST test should be done before biologic therapy is initi-• 
ated. An induration <5 mm does not rule out LTBI.
Patients with risk factors for tuberculosis and a negative • 
TST should be considered for treatment of LTBI after 
active tuberculosis is ruled out. Those patients with a neg-
ative TST and no risk factors could have an in vitro test 
(e.g., QFT-IT) according to local recommendations.
A patient with positive TST result (• ³5 mm) or positive 
IGRA test must receive prophylactic therapy after active 
tuberculosis has been ruled out.
The drug of choice for the treatment of LTBI in most • 
countries is isoniazid at a dose of 10 mg/kg/day, with a 
maximum daily dose of 300 mg for 9 consecutive months. 
We recommend that the readers consult their local health 
department for the latest recommendations.
Tuberculosis prophylaxis should be administered for • 
patients who are candidates for biologic therapy and who 
are exposed to active tuberculosis cases, regardless of 
TST results.
The persistence of fever and respiratory symptoms must • 
be considered serious in patients receiving biologic ther-
apy and the suspicion of tuberculosis must be high.
Cases of tuberculosis must be reported to public health • 
authorities to facilitate their treatment and the identifica-
tion of all exposed individuals.

Conclusions

The risk of developing tuberculosis in elderly individuals 
with autoimmune disorders, particularly RA, is higher than 
in other age groups. Such risk increases with the use of bio-
logic therapy, especially anti-TNFa(alpha) agents.

The clinical and radiographic features of tuberculosis in 
the older adult include extra-pulmonary and oligosymptom-
atic disease, which makes its diagnosis more difficult. The 
rational use of less conventional diagnostic methods could 
be justified in this age group.
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The diagnostic tests to detect LTBI in elderly RA patients 
do not have an adequate sensitivity (TST, and also QFT-IT); 
therefore the onset of biologic therapy in this group of 
patients, particularly in areas highly endemic for tuberculo-
sis, must be done very carefully.
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Abstract The differential diagnosis of widespread pain in 
older adults is broad, with fibromyaglia syndrome (FMS) 
leading the list. While the exact pathogenesis of FMS is not 
clear, recent studies suggest that abnormal pain processing 
and central sensitization contribute to the development of 
chronic muscle pain and tender points. Precise diagnosis of 
FMS requires a targeted history and physical examination. 
A multimodal treatment approach combining pharmacologic 
management, physical therapy, and cognitive behavioral 
techniques is effective for reducing pain and improving 
function and overall well-being. Antidepressant and anti-
convulsant medications are widely used for FMS treatment. 
Depression and anxiety are common psychiatric comor-
bidities in older FMS patients that also require treatment to 
optimize outcomes.

Keywords Fibromyalgia syndrome • Myofascial pain  
syndrome • Tender points • Trigger points • Older adults  
• Central sensitization • Depression • Anxiety • Serotonin  
• Norepinephrine • Duloxetine • Milnacipran • Pregabalin  
• Physical therapy • Cognitive behavioral therapy

Introduction

Chronic pain is under-recognized and under-treated in older 
adults. It is estimated that 25–50% of community dwelling 
older adults [1–3] and as many as 80% of nursing home resi-
dents suffer from chronic pain [4]. The treatment of older 
adults has become a major public health concern as this group 
represents the fastest growing segment of the American popu-
lation. By the year 2050, it is estimated that those over 65 
years of age will comprise up to 20% of all US residents [5].

Older adults suffer from a wide variety of painful condi-
tions with osteoarthritis, low back pain, and peripheral 

 neuropathies leading the list. Practitioners readily identify 
these conditions by eliciting a history and performing 
a physical examination and other diagnostic testing. For 
many practitioners, however, determining the cause of wide-
spread pain is elusive. Diagnosing fibromyalgia syndrome 
(FMS), the most common cause of widespread pain in older 
adults, relies entirely on history and physical examination. 
Practitioners are prone to discount the significance of wide-
spread pain complaints especially when they occur in the 
setting of more acute medical issues. The consequences of 
failing to diagnose and provide effective treatment include 
continued suffering, impaired daily function, physical decon-
ditioning, and psychological distress. This chapter will 
review the epidemiology, pathophysiology, diagnosis, dif-
ferential diagnosis, and effective treatment of FMS in older 
patients. In addition, we will review the relevant psychologi-
cal comorbidity such as depression and anxiety frequently 
encountered in older adults with FMS.

Definition and Epidemiology

The designation FMS is commonly used to describe chronic 
widespread muscle pain associated with specific tender 
points. While a number of FMS classification criteria have 
been proposed, those developed by the American College of 
Rheumatology are used most commonly [6]. These criteria, 
which are 81% sensitive and 88% specific, allow FMS 
patients to be distinguished from patients with widespread 
pain caused by other rheumatological disorders (e.g., sys-
temic lupus erythematosus, rheumatoid arthritis) [7]. They 
include a history of generalized body pain (i.e., pain in at 
least 3 of 4 body quadrants) for at least 3 months duration 
and at least 11 out of 18 specific tender points on physical 
examination. In addition to stiffness, non-musculoskeletal 
symptoms are common and include fatigue, headache, cog-
nitive impairment, poor sleep, irregular gastrointestinal and 
urinary functioning, depression, and anxiety.

Using these criteria, millions of Americans have been 
diagnosed with FMS. Prevalence estimates of FMS range 
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between 2 and 5% of the population with a 7:1 female 
predominance [8–10]. An estimated 7% of women aged 
60–79 have FMS [7]. These older patients are at risk for 
being misdiagnosed with other painful rheumatologic condi-
tions (i.e., polymyalgia rheumatica) and may be wrongfully 
treated with corticosteroids [11].

There are no FMS symptoms exclusive to younger or older 
FMS patients. Most studies suggest that older adults with 
FMS minimize symptoms compared to younger individuals 
with FMS [12–14]. Only one FMS study found a positive 
association between age and pain behaviors (i.e., facial expres-
sions, motor behaviors, and vocalizations) [15]. Younger FMS 
patients are more likely to report headache, depression, and 
anxiety [16]. Older adults with musculoskeletal pain involv-
ing multiple sites have a significantly heightened risk of falls 
[17–19]. While the studies demonstrating this relationship do 
not employ FMS diagnostic criteria, they suggest a relation-
ship between the widespread musculoskeletal pain of FMS 
and falls risk.

Pathogenesis of Widespread Pain

Despite an increase in FMS research, its pathogenesis is not 
fully understood. Recent data indicate that patients with FMS 
have enhanced sensitivity to multiple types of sensory stim-
uli [20]. Most experts agree that central sensitization plays a 
key role in FMS symptoms. Central sensitization suggests a 
heightened response of the central nervous system to non-
painful stimuli (allodynia) and painful stimuli (hyperalge-
sia). It is common for multiple central sensitization syndromes 
including FMS, headache, irritable bowel, interstitial cysti-
tis, and restless leg syndrome to present as comorbid 
conditions.

Various factors are believed to contribute to central sensi-
tization. These include high levels of substance P, glutamate, 
and nerve growth factor (NGF), and low levels of serotonin 
and norepinephrine [21]. Substance P and nerve growth fac-
tor are neuropeptides essential for pain transmission. Studies 
consistently demonstrate higher levels of substance P and 
NGF in cerebrospinal fluid (CSF) in participants with FMS 
compared to controls [22–26]. Elevated substance P and 
NGF may play a role in the development and persistence of 
FMS pain. CSF serotonin and norepinephrine are lower in 
FMS subjects compared to control subjects and may contrib-
ute to impaired descending inhibition [27]. A negative cor-
relation between serotonin and pain intensity is found in 
FMS patients [28]. In addition, the relative serotonin defi-
ciency in FMS patients may contribute to sleep abnormali-
ties [29]. Not surprisingly, medications which increase 
serotonin and norepinephrine are effective in FMS treatment, 
and will be discussed later in the chapter.

Abnormal activity of the hypothalamic-pituitary-adrenal 
axis is another factor believed to contribute to FMS patho-
genesis. Low cortisol levels have been demonstrated in 
patients with FMS compared to both rheumatoid arthritis 
patients and pain-free controls [30, 31]. Other endocrine 
abnormalities include a (1) blunted cortisol response to cor-
ticotrophin stimulation, and (2) decreased corticotropin 
response to epinephrine and hypoglycemia [32, 33]. These 
endocrine abnormalities suggest that FMS patients may 
have an impaired stress response and are consistent with 
years of observations that these individuals have symptom 
flares when they are stressed with medical or psychiatric 
conditions.

Pain Processing in Older Adults

Age related changes in the brain, both normal and pathologi-
cal, may influence pain processing and analgesia. In older 
adults, neuronal death and gliosis may be found in areas of the 
brain vital to pain processing. Decreased levels of neurotrans-
mitters and their receptors may result in impaired inhibition 
of pain signals from the periphery [34, 35]. To our knowledge 
there are no data that support decreased sensitivity to pain in 
older adults as compared with younger individuals.

In patients with Alzheimer’s disease, changes in cogni-
tion may limit the ability to cope with pain, follow treatment 
regimens, and express symptoms of physical distress [36]. 
Data from one function magnetic resonance imaging (fMRI) 
study demonstrate enhanced brain activity in sensory, affec-
tive, and cognitive brain regions in response to noxious stim-
uli compared to cognitively intact participants, suggesting 
increased attention to noxious stimuli [37]. Data also suggest 
that advanced Alzheimer’s disease is associated with loss of 
treatment expectancy/placebo-associated analgesic effects 
[38]. These data, taken together, underscore the fact that 
older adults with dementia are not simply a cognitively 
impaired version of intact older adults, and that these indi-
viduals may require creative approaches to treatment.

Assessing Chronic Pain in Older Adults

Physicians encounter numerous obstacles when assessing 
chronic pain in older adults and obtaining an adequate pain 
history. In, particular, older patients may fail to report pain 
because they are more stoic, or because they believe it is a 
normal part of aging. Furthermore, older adults may be 
reluctant to report symptoms if they believe this might lead 
to unnecessary testing and treatment. They may also be reti-
cent to report a sensation as painful, thus using words like 
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“aching” and “soreness” should be used when taking a pain 
history. Cognitively impaired older adults are capable of 
reporting pain, especially when pain rating instruments such 
as verbal descriptor scales and the faces scale are used to 
elicit the pain history [39, 40]. When evaluating severely 
cognitively impaired and/or nonverbal patients, practitioners 
must rely on direct observation to assess pain. Family mem-
bers and caregivers may provide additional information. For 
many practitioners, examining older adults may be more 
labor and time intensive compared to younger patients. Older 
adults are likely to have multiple medical conditions and care 
must be taken to assess for weakness, nerve injury, musculo-
skeletal abnormalities, and gait instability. A detailed discus-
sion of how to evaluate the older adult with FMS is described 
later in the chapter.

Clinical Presentation

One of the challenges in FMS diagnosis is the lack of objec-
tive findings on physical examination. The key to an accurate 
assessment is a through history and physical examination. 
The core complaint of FMS patients is likely to be wide-
spread muscle pain. Patients typically report a wide variety 
of associated symptoms. These include joint stiffness, par-
ticularly in the morning, and the sensation of joint swelling. 
Non-musculoskeletal complaints vary greatly between 
patients and include fatigue, poor sleep, difficulty concen-
trating, abdominal pain, and paresthesias. Fatigue and poor 
sleep are found in over 75% of FMS patients and may be 
even more disabling than the pain. Table 6.1 lists common 
symptoms associated with FMS.

The pain map, a human figure onto which patients are 
asked to mark painful areas, is an important element of the 
pain history [41]. In our practice it is not uncommon for 
FMS patients to shade, circle, or put an X through the entire 
figure. The pain history should address factors that trigger 
or exacerbate symptoms. These typically include psycho-
logical stress, poor sleep, and unaccustomed physical exer-
tion. If not spontaneously verbalized, questioning older 
adults with FMS about caregiver burden (e.g., of a disabled 
or cognitively impaired spouse), financial concerns, and 
bereavement may yield information about relevant psycho-
social stressors that can exacerbate pain and mood symp-
toms. These psychosocial data are necessary for crafting a 
treatment plan, as they are often chronic stressors that if not 
simultaneously addressed can interfere with treatment 
efficacy.

Psychiatric history may reveal comorbid anxiety and 
depression, both of which are more common in FMS patients 
compared to the general population [42]. Patients with a 
childhood history of physical or sexual abuse have been 
shown to have more tender points (³5) compared to those 
without an abuse history [43]; this information may be useful 
in diagnosis. Finally, the family history of FMS patients will 
likely reveal familial aggregation, and there is mounting evi-
dence for FMS as a heritable disorder [44]. We recommend 
inquiring about other “affective spectrum” conditions such 
as depression, anxiety, irritable bowel syndrome, chronic 
fatigue, and interstitial cystitis. These disorders are fre-
quently comorbid and should be co-managed along with the 
FMS to optimize functioning.

Physical Examination

Widespread tender points are the hallmark of physical 
 examination. As directed by the American College of 
Rheumatology diagnostic criteria, FMS tender points 
should be palpated with approximately 4 kg of pressure 
(the amount of pressure needed to blanch the examiner’s 
thumb nail). While the diagnostic criteria require 11/18 ten-
der points (i.e., pain with palpation using 4 kg of pressure at 
the following areas: anterior neck near transverse processes 
of C5–C7, second costochondral junction, base of skull near 
insertion of suboccipital muscles, midpoint of upper border 
of trapezius, supraspinatus at medial border of scapular 
spine, dorsal forearm 2 cm distal to lateral epicondyle, upper 
outer quadrant of gluteus, just posterior to greater trochanter, 
and medial fat pad of knee, strict adherence to this number 
may not be necessary in the clinical setting if the history is 
otherwise consistent [45]. Typically patients with FMS are 
diffusely tender to palpation, thus precise examination of the 
above described tender points may not be necessary.

Table 6.1 Symptoms commonly reported by patients with fibromyalgia 
syndrome

Type Symptom

Neurologic • Headache (migraine, tension, chronic daily)
• Dizziness
•  Cognitive difficulties (difficulty concen-

trating, “fibro fog”)
Psychiatric • Depression

• Anxiety
• Fear, anger, guilt

Gastrointestinal • Abdominal pain
• Bloating
• Diarrhea
• Constipation

Genitourinary • Urinary burning and frequency
• Pelvic pain

Constitutional • Poor sleep
• Night sweats
• Night sweats
• Weight fluctuations
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Many patients with FMS have comorbid regional 
 myofascial pain syndromes. While myofascial pain syn-
dromes may occur at any location, commonly involved sites 
include the piriformis, trapezius, and upper and lower back 
musculature. Myofascial pain may be discrete or cover a 
large area and may occur as a result of trauma or abnormal 
neuronal input. Physical features of myofascial pain include 
taut muscle bands and trigger points that are apparent on 
physical examination. On occasion, a “jump sign,” a verbal 
(crying out), or nonverbal (grimacing and withdrawing) 
pain response may be elicited when an involved area is pal-
pated. Another physical finding is the local “twitch response,” 
a transient contraction of the taut muscle band that occurs in 
response to stimulation (e.g., snapping palpation or nee-
dling). Patients with regional myofascial pain often have 
associated musculoskeletal disorders that perpetuate the 
condition such as axial spondylosis, degenerative scoliosis, 
and leg length discrepancy. For a more complete discussion 
of the approach to evaluating and treating myofascial pain 
syndromes, the reader is referred to an excellent review by 
Borg-Stein [46].

Differential Diagnosis

Numerous disorders in addition to FMS may present with 
generalized pain and are listed in Table 6.2. Diagnostic 
considerations include polymyalgia rheumatica, temporal 
arteritis, generalized osteoarthritis, widespread myofascial 
pain, rheumatoid arthritis, systemic lupus erythematosus, 
gout, pseudogout, systemic sclerosis, and spondyloar-
thropathies. Features that may help distinguish among 

these disorders are presented in Table 6.3. Endocrine and 
nutritional disorders including hypothyroidism, hyperpara-
thyroidism, and vitamin D and B12 deficiency, may also 
present with widespread muscle pain. Simple blood tests 
can identify these disorders, readily treatable with hor-
monal or vitamin supplementation. Statins, the class of 
medications used widely for the treatment of hypercholes-
terolemia, may cause muscle pain. In severe cases, these 
medications may result in myositis and rhabdomyolysis 
with elevated creatine kinase and generalized weakness. 
Older age is one of the risk factors for the development of 
statin-induced myopathy [47]. While less common in older 
adults, human immunodeficiency virus (HIV) and Lyme 
disease are included in the differential diagnosis of wide-
spread pain. Routine testing for these diseases is unneces-
sary unless specific “red flags” are noted on history or 
physical examination (e.g., unprotected sexual activity 
might heighten suspicion of HIV; erythema chronicum 
migrans would prompt evaluation for Lyme disease).

Psychiatric Conditions Associated  
with Chronic Widespread Pain in Older Adults

Depression and anxiety disorders are common in older adults 
and contribute to difficulties achieving analgesia and improv-
ing functioning. Depressive symptoms that cause distress 
and interfere with day-to-day functioning occur in approxi-
mately 15% of community-dwelling older adults [48]. Rates 
are higher in medically hospitalized and nursing home resi-
dents [49–52]. Anxiety disorders are frequently comorbid 
with depression in older adults, and the point prevalence of 
anxiety in late life is estimated to be as high as 65% in treat-
ment-seeking samples [53–55]. In studies of both commu-
nity and clinic groups, FMS is strongly associated with 
anxiety and depressive symptoms, with about one-third of 
patients reporting current problems with anxiety or depres-
sion [56, 57].

Affective and anxiety disorders have many commonali-
ties with persistent pain. They share brain areas and neu-
rotransmitters, high rates of medical comorbidity, a recurrent 
and chronic natural history, they mutually exacerbate each 
other, and their intensity flares in response to external stimuli 
such as physical or emotional stress. Treating symptoms of 
mood and anxiety and addressing passive and ineffective 
pain-coping strategies are critical to optimize analgesia. In 
general, when an older adult with chronic widespread pain 
also presents with depression (i.e., low mood or anhedonia 
more days than not for at least the past 2 weeks), the treat-
ment of choice is an antidepressant that has both analgesic 
and antidepressant properties. Treatment specifics are dis-
cussed below.

Table 6.2 Conditions associated with generalized pain

Type Conditions

Rheumatologic/ 
autoimmune

• Systemic lupus erythematosus
• Rheumatoid arthritis
• Crystal-induced arthropathies
• Polymyalgia rheumatica/temporal arteritis
• Generalized osteoarthritis
• Widespread myofascial pain

Endocrine • Hypothyroidism
• Adrenal dysfunction
• Hyperparathyroidism

Infectious • Lyme disease
• HIV

Neurologic • Chronic demyelinating neuropathies
Nutritional • Vitamin D deficiency
Miscellaneous • Occult malignancy

• Statin-induced muscle pain
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Treatment of FMS in Older Adults

A variety of pharmacologic and non-pharmacologic inter-
ventions are utilized in FMS treatment. Most practitioners 
agree that both medications and physical modalities are 
essential to any well-formulated treatment plan. Many stud-
ies of FMS treatments are limited by small sample size, 
short duration, and lack of blinding and randomization. 
There have been no randomized controlled clinical trials 

that focus specifically on FMS in older adults. Table 6.4 
lists common medications for FMS treatment.

Antidepressants

Antidepressant medications, including the tricyclic antide-
pressants (TCAs), the selective serotonin reuptake inhibitors 

Table 6.4 Medications for the treatment of FMS in older adults

Drug Recommended starting dose and titration Comments

Anticonvulsants
Gabapentin 100–1,200 mg daily in divided doses.

Starting dose; 100 mg nightly. Increase by 100 mg 
weekly.

Renal dosing: CLcr 30–59 mg/min, titrate to 600 mg bid.
CLcr 15–29 mg/min, titrate to 300 mg bid.
CLcr < 15 mg/min, titrate to 300 mg qd.
Supplemental dosing after dialysis.

May cause sedation dizziness, peripheral edema, weight gain.
Adjust dose for renal insufficiency as determined by the 

Cockroft–Gault equation: Creatinine Clearance =  
(140-age) × (Weight in kg) × (0.85 if female)/(72 × Cr)

Pregabalin Initiate at 25–50 mg nightly. Increase by 25–50 mg 
weekly up to 100 mg BID. Max dose 300 mg QD.

Renal dosing: CLcr 30–60 mg/min adjust dose to 
150–300 mg QD. CLcr 15–30 mg/min adjust dose 
to 75–150 mg QD. CLcr < 15 mg/min adjust dose to 
25–50 QD.

Supplement dose after dialysis.

FDA approved for fibromyalgia.
Side effect profile similar to gabapentin.
Adjust dose for renal insufficiency as determined by 

Cockroft–Gault equation (see above).

Tricyclic antidepressants
Nortriptyline 10–50 mg nightly.

Initiate at 10 mg nightly and increase by 10 mg 
every week as needed.

Amitriptyline is contraindicated in older adults.
All tricyclic antidepressants have some anticholinergic 

potential, e.g., sedation, delirium, constipation. Avoid in 
narrow angle glaucoma and in presence of QT prolonga-
tion. Recommend baseline EKG to evaluate Q–T interval, 
then periodically with titration. If QT prolongation 
develops, taper off.

Serotonin reuptake inhibitors (SSRI)
Fluoxetine 20–40 mg daily. Initiate at 10 daily. Increase by  

10 mg after 1 month.
SSRIs may have superior tolerability compared to TCAs. 

Because of its very long half life, fluoxetine is not 
recommended as first line treatment for older adults.Citalopram 20–40 mg daily. Initiate at 10 daily for 7 days.  

Increase to 20 mg if tolerated.

Serotonin norepinephrine reuptake inhibitors (SNRIs)
Venlafaxine 150 mg daily. Initial dose of 37.5 mg daily. Increase by 

37.5 mg weekly as tolerated.
Avoid in those with uncontrolled hypertension.

Duloxetine 60 mg daily. Initiate at 30 mg daily. May increase to 
60 mg after 1 week.

FDA approved for fibromyalgia. Avoid in patients with liver 
disease and narrow angle glaucoma.

Milnacipran Administer in two divided doses per day. Begin dosing at 
12.5 mg on the first day and increase to 100 mg/day 
over a 1-week period. May be increased to 200 mg/
day based on individual patient response.

FDA approved for fibromyalgia. Compared to duloxetine 
and venlafaxine, has a higher affinity for inhibition of 
norepinephrine reuptake than serotonin reuptake in vitro. 
Blood pressure and heart rate should be monitored.

For all SNRI medications, dose should be adjusted in patients 
with severe renal impairment.

Analgesics
Tramadol Start at 25 mg qd; increase 25–50 mg qd in divided doses 

q 3–7 days to maximum of 100 mg qd.
If Clcr < 30, reduce to 50–100 mg bid.

May cause sedation and confusion. Avoid in patients with 
seizures. May cause serotonin syndrome in combination 
with other serotonergic agents. Adjust dose for renal 
insufficiency as determined by the Cockroft–Gault 
equation (see above).

Muscles relaxants
Cyclobenzaprine 5–10 mg nightly Likely to cause sedation. Similar side effects to tricyclic 

antidepressants.
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(SSRIs), and the serotonin norepinephrine reuptake inhibitors 
(SNRIs) are the most widely studied drugs for FMS treat-
ment. In general, these medications increase central ner-
vous system levels of serotonin and norephinephrine that 
result in enhanced descending inhibition. In addition to 
reducing FMS pain, antidepressant medications may 
improve sleep and reduce fatigue independent of any effect 
on depression [58–60].

The class of medications that has been most widely stud-
ied is the tricyclic antidepressants (TCAs). These medica-
tions inhibit reuptake of both serotonin and norepinephrine 
in addition to blocking sodium channels [61, 62]. Low 
doses of amitriptyline (25–50 mg) taken at night have been 
demonstrated to improve sleep and morning stiffness in 
FMS patients [63, 64]. Cyclobenzaprine, a tricyclic that is 
Food and Drug Administration (FDA)-approved as a mus-
cle relaxant, also provides analgesia [65]. Side effects of 
TCAs and cyclobenzaprine include sedation, confusion, 
constipation, and palpitations. These side effects may be 
severe, and a large percentage of patients are unable to tol-
erate TCAs. Prolongation of the QT interval, which in the 
worst-case scenario results in torsade de points and death, 
has also been reported with TCAs. Experts agree that ami-
triptyline is contraindicated in older adults [66, 67]. 
Nortriptyline and desipramine have fewer side effects and 
are potential choices at doses of 10–25 mg nightly. We rec-
ommend obtaining an EKG prior to use in patients who are 
50 years and older and avoiding TCAs in patients with car-
diac abnormalities, especially disorders of the cardiac con-
duction system.

Both the selective serotonin reuptake inhibitors (SSRIs) 
and the dual reuptake inhibitors (SNRIs) are important in 
FMS treatment. These drugs have fewer side effects com-
pared to TCAs. Fluoxetine and citalopram, two drugs in the 
SSRI class, have shown some success in treating FMS symp-
toms compared to placebo [68–70]. Although fluoxetine is 
the only antidepressant that has FDA-approval for the treat-
ment of major depressive disorder in late life, we do not 
advocate its routine use in older adults because of its very 
long half life.

The SNRIs appear to have more promise for the treatment 
of FMS in older adults. Duloxetine is safe and effective at 
doses up to 120 mg/day [71–73]. Recent double blind-pla-
cebo controlled trials of duloxetine demonstrated improve-
ment in FMS pain [59, 74]. Duloxetine is now the second 
FDA approved medication for FMS treatment. Milnacipran 
is the other SNRI that is approved by the FDA for the treat-
ment of fibromyalgia. It has been shown to reduce pain and 
fatigue, improve overall well-being [75], and improve dys-
cognition [76].

Venlafaxine is not as well-studied as duloxetine for the 
treatment of FMS, but evidence indicates that it reduces 
pain, fatigue, and morning stiffness at doses ranging 

between 75 and 375 mg daily [77, 78]. It acts as a SSRI 
until the dosage is increased to >150 mg/day at which point 
it begins to inhibit the reuptake of norepinephrine. Some 
older adults may not be able to tolerate these safe but rela-
tively elevated doses.

Anticonvulsants

Both gabapentin and pregabalin are used for FMS treatment. 
Pregabalin, the first FDA-approved medication for FMS, 
decreases pain and improves function at doses between 300 
and 450 mg daily [79]. Gabapentin is not FDA approved for 
FMS but was effective compared to placebo in a 12-week, 
randomized, double-blind study. Pain scores were signifi-
cantly reduced with gabapentin doses between 1,200 and 
2,400 mg daily [80]. While the exact mechanism of action of 
these drugs is unknown, they are believed to decrease central 
sensitization. Dizziness and drowsiness are often encoun-
tered early in treatment and may cause falls-related morbid-
ity and mortality. Weight gain and peripheral edema are 
additional concerns with pregabalin and gabapentin. Initiating 
at low doses with slow upward titration may reduce side 
effects. Our target dose of gabapentin for older adults with 
FMS is generally between 300 and 1,200 mg/day, although 
some patients may respond to as little as 100 mg at bedtime. 
When we prescribe gabapentin to older adults, we typically 
start at 100 mg/night and increase the dose by 100 mg every 
week. While this titration schedule is very conservative, our 
clinical experience has taught us that many side effects of 
gabapentin (daytime sedation, dizziness) can be avoided 
with these incremental increases. Similarly, our titration 
schedule for pregabalin is to start at 25–50 mg/night and 
increase the dose by 50 mg increments every week to a target 
dose of 150–300 mg/day.

Analgesics

Opioid analgesics are poor initial choices for FMS patients. 
Recent evidence suggests that FMS patients bind opioids 
weakly [81]. This may be one factor in limiting their effec-
tiveness. For some patients, however, opioids are necessary 
to obtain analgesia. If opioids appear to be the only solution, 
we recommend further assessment of anxiety and depres-
sion, as the opioids may actually be treating these associated 
conditions (as opposed to the pain of FMS). Adverse effects 
of opioid treatment in older adults include dysmobility and 
falls, delirium, depression, sedation, nausea, and vomiting. 
A pain specialist’s evaluation may be helpful if prolonged 
treatment with opioids is anticipated.
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Tramadol, a mu receptor agonist with dual serotonin and 
norepinephrine reuptake inhibition may be an effective anal-
gesic for patients with FMS [82]. As with other opioids, pro-
longed use of tramadol may be linked to abuse and 
dependence, and should be considered judiciously. Other 
concerns when prescribing tramadol in older adults include a 
risk of serotonin syndrome when co-prescribed with an anti-
depressant, and a lowered seizure threshold. Tramadol is 
often formulated with acetaminophen (Ultracet). Prescribers 
need to be cognizant of any other products containing acet-
aminophen to avoid the risk of liver injury. For patients older 
than 75 years, the recommended daily dose of acetamino-
phen is 3,000 mg.

Treatment of Comorbid Psychiatric Disorders

First line treatment of anxiety disorders such as generalized 
anxiety disorder and panic disorder is with an antidepressant. 
Anxious patients with chronic widespread pain are often 
exquisitely sensitive to medication side effects and hypervigi-
lant for unfamiliar bodily sensations. When utilizing an anti-
depressant in these patients, we often begin at half the 
recommended starting dose for several days, and incremen-
tally increase the dose of the medication to a therapeutic level. 
Providing education about side effects so patients are not 
“taken by surprise” often improves compliance and reduces 
early medication discontinuation. Discussions with depressed 
or anxious patients with chronic widespread pain often include 
a variation of the following: “This medication is an antidepres-
sant that should help your pain, mood, and anxiety. Sometimes 
people experience an upset stomach, headaches, increased 
anxiety, and sweating. We’ll start this medication at a low dose 
and increase it slowly to avoid these annoying but not danger-
ous side effects. If you can stick with taking the medication 
every day and let me help you manage any of these side effects 
that should go away by themselves in less than a week, there is 
a good chance that this medication may help you.”

Some older patients with chronic widespread pain have 
such high levels of anxiety and are so intolerant of medica-
tion side effects that they will benefit from a low dose of a 
benzodiazepine during the initiation of treatment. There is 
always a risk-benefit analysis that must occur before pre-
scribing a medication that has the potential to impair cogni-
tion or increase the risk of falls in older adults such as 
benzodiazepines or opioid analgesics. In general, if acute 
anti-anxiety medication is required for short-term treatment 
as antidepressant pharmacotherapy is initiated, we use lora-
zepam at doses of 0.5 mg one to two times a day. Management 
of comorbid anxiety often reduces the severity of chronic 
widespread pain and can reduce the number and amount of 
other medications used to manage the pain condition.

The other conditions associated with psychological 
functioning and for which there are treatments are fatigue 
and insomnia. Both fatigue and non-restorative sleep are 
associated with worsened cognitive functioning, decreased 
quality of life, and increased morbidity in older adults [83]. 
Behavioral treatments that enhance sleep hygiene such as:

Reduction of stimulants or alcohol in the afternoon and • 
evening
Maintaining a regular good night and good morning time• 
Restricting the bed for sleep and sex• 
Encouraging regular exercise• 
Scheduling one short nap and/or minimizing other day-• 
time sleepingshould be the first line recommendations. 
Treatment of insomnia includes the use of sedating antide-
pressants such as low dose trazodone or mirtazapine. If 
fatigue and daytime sedation do not improve with pain 
management, treatment of depression, and discontinuation 
of any unnecessary sedating medications (e.g., diphenhy-
dramine, clonazepam), then treatment with a stimulant 
such as methylphenidate or modafinil can usually be safely 
used in most older adults with excessive daytime fatigue.

Non-pharmacological Management

Strong efficacy evidence exists for aerobic exercise and 
cognitive-behavioral therapy (CBT) interventions that 
should be considered first line treatments for FMS [84]. 
These non-pharmacologic approaches are particularly attrac-
tive for older adults, to avoid the risk of polypharmacy and 
adverse drug reactions. An optimal treatment program com-
bines educational sessions, exercise and stretching, and 
CBT. The benefits of regular exercise include enhanced 
physical and cardiovascular fitness, improved activity toler-
ance, heightened mood and endorphin levels, and decreased 
pain [85, 86]. FMS patients often present with baseline 
deconditoning; however, with the assistance of skilled phys-
ical therapists, paced exercise may be introduced at a well-
tolerated level. Occupational therapists can teach patients 
energy- conserving movements and behaviors that may 
improve endurance and reduce pain. During pain flares, 
daily aerobic programs should be modified but not stopped. 
Water therapy is an excellent option for patients with arthritic 
conditions who have difficulty with weight bearing.

In addition to physical activity, education and CBT are 
effective in FMS management. Through educational sessions 
patients come to understand FMS as a manageable condition 
rather than a progressive and disabling disease. CBT improves 
active coping, problem solving, and cognitive distortions, 
and reduces pain behavior and symptom magnification. 
Relaxation techniques that improve sleep may be especially 
valuable for those with comorbid depression and anxiety.
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Acupuncture also may be helpful for the treatment of 
FMS. Several randomized controlled trials of acupuncture 
have shown effectiveness for relieving FMS symptoms 
although none have been performed exclusively in older 
adults [87, 88]. These data are encouraging given the overall 
safety of this treatment modality. At this point there is weak 
evidence to support other non medical options including chi-
ropractic manipulations, massage therapy, interferential cur-
rent, ultrasound, and trigger point injections [84].

Conclusion

Widespread pain is common in older adults and its differen-
tial diagnosis is broad. Fibromyalgia syndrome commonly 
is responsible and diagnosis relies entirely on a careful 
 history and physical examination. A number of pharmaco-
logical and non-pharmacological treatments have strong 
efficacy evidence. While none have been studied exclu-
sively in older adults, our clinical experience indicates that 
these patients often do very well with both pharmacological 
and non-pharmacological treatments.
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Abstract Therapeutic choices for antirheumatic therapy 
for an elderly individual are influenced by expected phar-
macokinetic and pharmacodynamic changes seen with 
healthy aging, the accumulation of pathologic conditions, 
and resulting concomitant therapies that pose potential 
risks of adverse effects or drug interactions. Clinicians 
should expect an age-related gradual reduction in renal 
clearance and reductions of oxidative metabolism of select 
medications. Alterations in the concentration of serum 
proteins and use of interacting drugs may cause changes in 
the distribution and binding patterns of some drugs. Some 
rheumatologic agents carry specific risks in the elderly 
individual, and specific care must be taken to avoid negative 
consequences in these individuals. Acetaminophen (APAP), 
nonsteroidal anti-inflammatory drugs (NSAIDs), opioid 
analgesics, and corticosteroids may provide symptomatic 
relief while waiting for a disease-modifying antirheumatic 
drug to reach full effect. APAP provides a safe and well-
tolerated option for the pain of osteoarthritis, but daily 
doses above 3,000 mg should be avoided in the elderly 
population. Use of a cyclooxygenase-2 (COX-2) selective 
NSAID or a nonselective NSAID plus a gastro-protective 
agent is recommended in elderly people to reduce the risk 
of NSAID-induced gastrointestinal toxicity. All NSAIDs 
may increase symptoms of congestive failure and renal 
insufficiency, and raise blood pressure. Some authors suggest 
the use of a nonselective NSAID over a COX-2 selective 
agent in the elderly people due to concerns of ischemic 
heart disease, but the relative risk is yet to be determined 
in this population. Disease-modifying antirheumatic drugs 
and biologic/immune-modifying therapies can provide 
benefit to the elderly individual, but with potential risk of 
significant adverse events. Individualization of therapy and 
dosages is crucial when initiating any new therapy. Any 

benefit must be weighed against potential risks that may 
be significant in this population with reduced physiologic 
reserve. The philosophy of ‘start low and go slow’ should 
be the basis for any therapeutic intervention.

Keywords Elderly • Pharmacokinetic • Pharmacodynamic 
• Absorption • Distribution • Metabolism • Elimination  
• Acetaminophen • Nonsteroidal anti-inflammatory drugs  
• Nonselective NSAIDs • Cyclooxygenase-2 selective 
NSAIDs • Opioid analgesics • Corticosteroids • Disease-
modifying antirheumatic drugs • Methotrexate • Leflunomide 
• Sulfasalazine • Antimalarials • Immune response therapies 
• Antitumor necrosis factor alpha drugs • Glucosamine  
• Chondroitin sulfate • Hyaluronic acid

Introduction

Older people take a disproportionately large number of 
medications compared to younger people. It is estimated that 
elderly people use over 30% of all prescriptions written and 
40% of all over-the-counter medications that are sold in 
USA. Due to a number of reasons, elderly people are at 
increased risk of hospitalization due to complications from 
the medications they take and of death. In 1986, of all deaths 
caused by adverse reactions to medications, 51% occurred in 
persons over 60 years of age; and of all hospitalizations 
resulting from adverse reactions to medications, 39% 
occurred in those aged over 60 years [1]. These alarming 
statistics led to the coining of the phrase “America’s other 
drug problem” in 1988 by Lewis Sullivan the former Secretary 
of Health and Human Services. It has been estimated that 
nearly one-third of hospitalizations of older people greater 
than 75 years of age is due to a drug-related problem either 
due to adverse drug reactions or the consequences of poor 
adherence, and that one-half of these are preventable [2]. 
Enormous costs are associated with the consequences of this 
problem which approaches $200 billion per year [3, 4]. It is 
imperative that clinicians caring for older patients with 
rheumatologic disease be aware of and sensitive to the 
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uniqueness of older patients and their sensitivity (risk) to 
medications. Oftentimes, the older patient with rheumato-
logic disease will present with multiple comorbidities and be 
taking numerous medications at the time of presentation. As 
a person ages, the decline in physiologic reserve increases 
the risk of significant morbidity or mortality with any physi-
ologic insult including the consequences of adverse drug 
events, non-adherence, or drug–drug interactions. A multitude 
of reasons cause “America’s other drug problem,” including 
(1) polypharmacy with too many inappropriate or unneces-
sary medications, (2) the consequences of drug–drug interac-
tions, (3) adherence issues, and (4) the most important 
causative factors – the pharmacokinetic and pharmacody-
namic changes that occur as a result of the aging process and 
existent comorbidities of aging.

Pharmacokinetic Changes

Pharmacokinetic principles are characterized into four areas 
representing how the body handles medications. These 
include the processes of drug absorption, distribution, metab-
olism, and elimination. Increasing age is associated with 
significant changes in these four parameters, but age is not 
the only factor influencing these concepts. Other factors 
include the dynamics of aging, frailty, comorbidities, and the 
heterogeneity of the elderly population. The current knowl-
edge of age-related changes in pharmacokinetics has largely 
been derived from data on older patients between the ages of 
65 and 74 years, sometimes referred to as the “young-old.” 
Far less data exist for patients between the ages of 75 and 
85 years, and little or no information for those over the age 
of 85 years. The pharmacokinetic changes that have been 
identified for the young-old population appear to continue to 
progress throughout the remainder of the age spectrum and 
become more clinically relevant in the drug decision-making 
process as the patient continues to age. The concept of frailty 
and its impact on pharmacokinetics has recently been intro-
duced and it is thought that the more frail a patient becomes, 
the greater this impacts pharmacokinetic changes in drug 
therapy. Various comorbidities associated with aging, such 
as heart failure, also impact the pharmacokinetics of many 
drugs. The heterogeneity of the aging population makes 
generalizations of pharmacokinetic changes in the elderly 
people more challenging. As a person ages, it is considered 
that due to genetics, life style, and diseases, they become less 
and less similar to each other when it comes to the pharma-
cokinetics of drugs. It is important for the prescriber to inte-
grate known parameters of the older patient which may alter 
the pharmacokinetics of chosen drug therapies and utilize 
this information to select the proper drug, dose, or route of 
administration to optimize outcomes and minimize risk.

Absorption

Absorption of medications into the systemic circulation 
occurs following oral, rectal, inhalation, percutaneous, sub-
cutaneous, and intramuscular administration. All of these 
routes can be affected by aging or diseases of aging. With 
regard to oral absorption, clinicians must differentiate the 
effects of normal aging on the gastrointestinal tract from 
diseases of aging within the gastrointestinal tract. In normal 
aging, hypochlorhydria may affect dissolution of many solid 
dosage forms, resulting in inadequate dissolution and thus 
insufficient absorption. This outcome is probably less common 
than was once thought. However, with the widespread use of 
acid suppression therapies with proton pump inhibitors and 
H-2 antagonists, this issue may become more evident [5]. 
Studies on the effect of aging on gastric and intestinal motility 
and permeability have not shown consistent effects on drug 
absorption. First-pass metabolism does decrease with age, 
which may increase systemic absorption of some medications 
such as oral nitrates, beta-blockers, estrogens, morphine, and 
calcium channel blockers.

Pathology and age-related physiologic changes can also 
combine to alter oral absorption of medications. For example, 
in older patients with worsening congestive heart failure 
(CHF) syndrome and fluid retention, bowel wall edema may 
interfere with the absorption of many medications. With furo-
semide, for example, the extent of absorption is not affected, 
but the rate of absorption is slowed, which can lead to a 
diminished clinical efficacy [6]. Recognition of this physio-
logic blockade to the desired effect is critical as it will avoid 
needless delays in obtaining the desired effect by giving furo-
semide via a parenteral route. The loop diuretic, torsemide, 
when used in patients with heart failure syndrome and wors-
ening left ventricular failure has demonstrated more predict-
able absorption following oral administration with improved 
clinical outcome when compared to furosemide [7]. This 
example highlights the need to integrate information about 
the geriatric patient that will affect the choice of drug, dose, 
or route of administration to achieve an optimal outcome.

Unfortunately, there is not sufficient information regard-
ing the effects of aging on absorption of drugs from the 
rectal, inhalation, cutaneous, subcutaneous, or intramuscular 
routes of administration. One can speculate that because of 
the thinning of skin associated with aging, absorption of 
cutaneously administered drugs may be increased. This 
could be relevant for new formulations such as diclofenac 
gel. However, because of comorbidities such as CHF, 
perfusion to the cutaneous layer may be impaired, thus 
decreasing drug absorption from this skin. Absorption 
from subcutaneous or intramuscular routes could be simi-
larly affected by CHF or other diseases associated with 
decreased perfusion.
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Distribution

After a drug is absorbed, it will be distributed to various 
compartments within the body including body water, fat, 
lean muscle, or a combination. This distribution is influenced 
by the physicochemical characteristics of the compound. 
As we age, the lean-to-fat ratio of the body mass decreases as 
does total body water [8]. These changes significantly reduce 
the volume of distribution for water-soluble compounds or 
for compounds that are distributed only into lean tissues. 
This concept is important to keep in mind for medications 
that may be commonly used in elderly people such as digoxin, 
morphine, and lithium; with decreased volume of distribu-
tion, dosage of these drugs must be decreased.

The age-related increase in the fat content of the body 
increases the volume of distribution of lipid-soluble compounds. 
For example, the volume of distribution of the benzodiazepine, 
diazepam, increases two- to threefold between the ages of 20 
and 80 years [9, 10]. As a result, the clearance of diazepam and 
other similar lipid-soluble centrally acting compounds such as 
phenytoin and valproic acid is markedly prolonged, increasing 
the likelihood of an adverse drug event with the potential for 
catastrophic consequences.

Although the concentration of common plasma proteins 
to which drugs are bound (i.e., albumin and alpha-1-acid 
glycoprotein) do not normally decline with age to an extent 
sufficient enough to alter pharmacokinetics, reduced food 
intake, catabolic disease states, or adult failure to thrive 
syndrome may lead to decreases which become clinically 
relevant [11]. This becomes especially important with com-
pounds that are normally highly protein bound, such as the 
anticoagulant warfarin and the anticonvulsant phenytoin. 
When using either of these agents in patients with hypoalbu-
minemia, one can anticipate that the amount required to exert 
the desired pharmacologic effect will be lower. The clinical 
implication of decreased plasma proteins for highly bound 
NSAIDs such as ketoprofen and naproxen is not known.

Metabolism

The effects of age on the ability of the liver to metabolize 
medications have not been as clearly defined as other phar-
macokinetic changes. The literature describes a mixture of 
conflicting information. One aspect that is well accepted is 
that liver mass decreases by 25–35% and liver blood flow 
decreases by as much as 40% by the age of 90 years [12]. 
The rate of metabolism for numerous medications is depen-
dent upon the rate of hepatic blood flow, thus with aging, 
their metabolism is diminished. Such agents include morphine, 
propranolol, verapamil, amitriptyline, and imipramine [5]. 

In addition, certain hepatic metabolic pathways diminish 
predictably with age, including many phase I reactions such 
as reduction, oxidation, hydroxylation, and demethylation. 
Many of these pathways are performed through the multiple 
cytochrome P450 mixed-function oxidase systems. The 
impact of age on these systems is mixed, with approximately 
one-half of these pathways being reduced in the elderly 
people [13]. Some medications are metabolized through 
phase II metabolic pathways which include conjugation, 
acetylation, glucuronidation, and sulfation. These pathways 
do not diminish predictably with age.

Elimination

Most but not all people experience a decline in renal function 
of approximately 10% per decade after the age of 50 years. 
It is now known that in the absence of hypertension and 
diabetes, 35% of elderly people retain normal renal function 
until late in life, which still leaves the majority of elderly 
patients with reduced renal function [14]. Thus the dosage of 
many compounds that depend solely on the kidneys for elim-
ination will require downward adjustment in the elderly 
patients. The challenge facing clinicians is being able to esti-
mate the creatinine clearance accurately in older individuals 
to adjust medication doses properly in situations where 
obtaining a true creatinine clearance using a 24-h urine 
collection is not practical. Traditionally, the Cockcroft–Gault 
equation has been used to estimate creatinine clearance [15]. 
However, in older people of normal weight, this equation 
tends to underestimate the true creatinine clearance, while in 
those who are markedly underweight, this equation will 
overestimate the true creatinine clearance. These effects are 
particularly pronounced in the very old. Therefore, caution 
must be used when using this formula to adjust dosing of 
medication in elderly people. A new method to estimate 
the creatinine clearance, the Modification of Diet in Renal 
Disease equation is being used in clinical practice [16]. This 
method has not been validated in elderly people and, therefore, 
is not currently recommended for the purposes of adjusting 
doses of medications that are dependent upon renal function 
for elimination.

Pharmacodynamic Changes

Pharmacodynamics relates to the observed clinical response 
that can also be interpreted as sensitivity. Generally, sensitivity 
to the therapeutic and the toxic effects of many medications, 
especially centrally acting agents, increases with aging. This 
is further compounded by pathology and frailty. The effect of 
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aging on receptors is thought to lead to decreased density 
and affinity, while the post-receptor effect is mixed [17].

For centrally acting medications, the following effects 
have been observed:

Increased psychomotor impairment and delirium from •	
benzodiazepines due to increased post-synaptic receptor 
effects mediated by GABA [18].
Increased behavioral changes from opioids due to •	
decreased opioid peptide content and receptors.
Increased behavioral changes from alcohol due to changes •	
in receptor sensitivity.
Increased delirium from medications having anticholin-•	
ergic side effects (diphenhydramine, promethazine, etc.) 
due to decreased acetylcholine transferase and cholinergic 
cell numbers [19].
Increased extrapyramidal side effects from antipsychotics •	
and metoclopramide due to decreased dopaminergic 
receptors [20].

These changes and effects can be particularly trouble-
some and exaggerated in the very old or patients who have 
any degree of existent cognitive dysfunction.

Not all receptors exhibit an enhanced response with aging. 
An example of this effect is within the myocardium, where 
the observed effects from verapamil and beta-blockers are 
blunted [5, 21, 22]. However, clinically, this effect is not signifi-
cant because it is offset by decreased metabolism of both.

Due to decreased baroreceptor function, the elderly 
people are more prone to significant orthostasis and when 
taking anti-hypertensives, the risk of falls and fractures is 
increased [21, 22]. Finally, the clinician should be aware 
that older individuals present not only with atypical mani-
festations of common diseases, but also atypically with side 
effects from medications. A classic example of this effect is 
hypoglycemia from antidiabetic agents, which in the very 
old or those with cognitive dysfunction can present simply 
as sedation and confusion rather than the typical manifesta-
tion of hunger, nervousness, tremor, headache, or sweating 
[17]. The lesson we learn from this observation is that any 
new sign or symptom presenting in the older patient without 
an obvious cause should be considered a drug side effect 
until proven otherwise.

Antirheumatic Medication Selection  
in Elderly People

Decisions related to the initiation of therapy in the elderly 
individual with rheumatoid (RA) and osteoarthritis (OA) 
are complicated by changes in symptoms causing diag-
nostic uncertainty, presence of comorbid conditions and 

contraindications, drug interactions with existing therapy, 
and additive adverse effects. Added to this are adjustments 
that may be necessary as therapeutic goals change in the 
very elderly individual as they become more frail and as 
life expectancy is limited. Early aggressive treatment with 
disease-modifying antirheumatic drugs (DMARDs) is still 
recommended in the elderly individual, often in combination 
with symptomatic targeted therapy including acetamino-
phen (APAP), NSAIDs, opioid analgesics, and low-dose 
corticosteroids. The advent of biopharmaceutical technology 
has offered new agents that target specific mediators in the 
immune response cascade. Use of these agents is growing 
in the elderly population as clinicians gain experience in 
using these agents [23].

Acetaminophen

Acetaminophen is commonly considered the safest and best 
tolerated agent for controlling the pain of OA. Practice guide-
lines of the American Pain Society, the American College of 
Rheumatology, and American Geriatric Society recommend 
APAP for mild to moderate arthritis pain. In recent guide-
lines for treating persistent pain, the American Geriatric 
Society recommends APAP over NSAIDs for elderly indi-
viduals, suggesting scheduled administration over as-needed 
doses for individuals with cognitive impairment who are not 
able to request medication appropriately [24]. The maximum 
daily APAP dose for individuals with no history of alcohol 
abuse and normal renal and liver function is routinely recom-
mended at 4,000 mg daily. The ceiling dose for elderly indi-
viduals may be as low as 2,000 mg and generally should be 
no more than 3,000 mg/day, especially in patients over 
75 years of age. Similar dosing limits (50–75% of normal 
doses) are recommended for those with hepatic or renal 
disease, but often an alternative form of therapy is recom-
mended in these populations [25, 26]. Concerns related to 
the hepatic effects of long-term exposure to high doses of 
APAP have prompted a review of these issues by the Food 
and Drug Administration (FDA); individual and total daily 
doses should be limited to the lowest effective dose. APAP is 
present in many over-the-counter preparations, often unex-
pected. Both clinicians and individual patients or caregivers 
are encouraged to monitor total daily doses from all sources.

Use of APAP is often seen as sparing the individual from 
the utilization of the more potentially toxic NSAIDs, offering 
reduced risk and cost savings to the individual with arthritis 
[27]. Adverse reactions are relatively rare at recommended 
therapeutic doses, although some individuals may be at 
risk of gastrointestinal toxicity due to mild inhibition of 
the cyclooxygenase-1 (COX-1) enzyme, especially at higher 
doses [27–29].
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Nonsteroidal Anti-inflammatory Drugs

NSAIDs are often thought to offer superior pain control over 
APAP in individuals with moderate to severe pain, but unfor-
tunately are associated with increased risk of adverse effects, 
especially in elderly people [23, 24]. The existence of comor-
bidities such as hypertension, CHF, renal insufficiency, and 
central nervous system (CNS) dysfunction makes the use of 
NSAIDs in elderly people problematic. It is additionally dif-
ficult to apply evidence-based clinical practice guidelines to 
treatment in the very old (>85) as data for the long-term use of 
NSAIDs is lacking in this population [25]. A recent meta-
analysis of use for OA knee pain indicated that long-term use 
of NSAIDs for this condition was not supported and that risk 
may outweigh benefit for individuals requiring long-term ther-
apy [30]. Risks associated with the use of NSAIDs for symp-
tom control in the elderly people include increased incidence 
of upper gastrointestinal bleeding, renal insufficiency, and CNS 
dysfunction or altered mental status [23, 24]. Higher incidence 
of gastrointestinal bleeding with NSAID use is associated with 
age greater than 60 years, prior history of ulcer disease, higher 
doses and prolonged use, and concurrent use of corticoster-
oids or anticoagulants [28]. Individuals taking relatively low 
doses of NSAIDs (less than the equivalent recommended daily 
ibuprofen doses of 1,200 mg) have been shown to have double 
the relative risk for gastrointestinal complications, while those 
taking doses equivalent to 1,200 mg ibuprofen daily had a 
fourfold increase and those taking higher doses had a sixfold 
increase in these adverse effects [31]. Use of gastro-protective 
therapies [proton pump inhibitors (PPIs), H2 receptor antago-
nists, and misoprostol] is often recommended to reduce the 
risk of gastrointestinal (GI) bleeding [24, 32]. A PPI is most 
often added to a nonselective NSAID; H2 antagonists do not 
offer the same risk reduction as PPIs against bleeding risk 
[28]. High doses of H2 antagonists do significantly reduce 
NSAID-related gastric ulcers, but tolerance may develop with 
chronic use. Misoprostol offers equivalent protection to PPI 
therapy but requires dosing up to four times daily and is asso-
ciated with significant GI adverse effects, and thus its use 
should be avoided [32].

Although they offer no superiority in resolving symptoms 
of arthritis, use of cyclooxygenase-2 (COX-2)-specific inhibi-
tors has been promoted over nonselective agents due to pur-
ported reductions in the risk of gastrointestinal effects. Use of 
COX-2 inhibitors has been shown to have lower risk of gas-
trointestinal adverse reactions than the use of standard 
NSAIDs, except when used concomitantly with aspirin [33]. 
In individuals with preexisting cardiovascular or renal dis-
ease, both selective and nonselective NSAIDs may exacer-
bate symptoms of congestive failure and hypertension due to 
reduced prostaglandin-mediated glomerular filtration and 
altered sodium and water excretion [23, 26, 28, 33, 34]. 

Heerdink et al. showed that elderly individuals taking NSAIDs 
concomitantly with diuretics for CHF had a twofold increase 
in hospitalizations for worsening failure when compared to 
matched elderly patients with CHF taking only diuretics [35]. 
Concomitant use of an NSAID and corticosteroid increases 
the risks of both GI and renal effects and should be used with 
caution. Simultaneous use of two NSAIDs will increase the 
risks of GI and cardiovascular effects and reduces the efficacy 
of pain control due to competition at the receptor site [26].

Reports of increased risk of thrombotic and cardiovascu-
lar events including myocardial infarction associated with 
the use of certain COX-2 inhibitors resulted in the removal of 
two agents from the US market and reduced utilization of the 
remaining agent celecoxib (Celebrex®) [33, 36, 37]. Use of 
an NSAID, including a COX-2 selective agent, may not be 
recommended in some elderly individuals due to these car-
diovascular and renal effects unless trials of less potentially 
toxic medications have failed and all risks are considered 
[33]. The “black box” warning, imposed by the FDA in April 
2005 for celecoxib, emphasizes the necessity of caution and 
monitoring due to increased risk from cardiovascular events 
and potentially life-threatening GI bleeding.

Some authors suggest use of a nonselective NSAID over a 
COX-2 selective agent in the elderly population due to con-
cerns that the risk of ischemic heart disease or stroke is greater 
with the COX-2 selective agents [29, 33]. However, this has 
become less clear as it appears that there may be increased car-
diovascular risk with some nonselective agents as well. This 
issue is currently being studied and as yet a clear answer has 
not been obtained. Current guidelines suggest that regardless of 
which type of NSAID is used, they should not be given for any 
longer than 10 days consecutively. When NSAIDs are used in 
this population, patients must be regularly monitored for signs 
of efficacy and toxicity, and therapy adjusted accordingly.

Many NSAIDs are commercially available (Table 7.1) [38]. 
Most do not have specific dosing recommendations for elderly 
patients or for individuals with hepatic or renal impairment. 
Clinicians are recommended to start and maintain therapy at 
the lowest effective dose and monitor patients closely for signs 
and symptoms of GI, cardiovascular, and CNS adverse effects.

Opioid Analgesics

For individuals not achieving adequate pain control from 
APAP or NSAIDs, opioid analgesics may provide symptom 
control. Opioid use in the elderly people is not without 
significant risk. Lower starting doses are recommended to 
reduce the risk of constipation, falls, daytime sleepiness, and 
interference in cognition [26].

Some experts suggest that chronic use of low-dose opioid 
analgesics to control pain associated with rheumatic disease 
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may be preferable over chronic high doses of NSAIDs [25]. 
Risk must always be weighed against potential benefit. 
Rational choice is based on the pattern and intensity of pain, 
previous history and response to opioid therapies, patterns of 
adherence, available routes of administration, patient prefer-
ence and convenience, and cost. Use of opioid analgesics for 
chronic control of rheumatic pain is also complicated by the 
risks associated with opioid tolerance, requiring escalating 
doses to provide pain control accompanied by increased risk 
of iatrogenic effects [25]. The potential for abuse must also 
be considered when assessing for other risks [26].

Although commonly used, the use of propoxyphene, a 
weak opioid agonist, is not recommended in the elderly 

population [39]. Efficacy of the drug against pain is suggested 
to be no better than that of aspirin or APAP alone, and the 
risk of accumulating toxic metabolites causing ataxia and 
dizziness, especially in the elderly patients, creates excessive 
risk with little benefit. With the wide availability of other 
opioid analgesics, propoxyphene cannot be recommended 
for patients with persistent mild to moderate pain [25]. 
Recommended removal of propoxyphene from the US mar-
ket by the FDA in late 2010 in response to increasing con-
cerns of toxicity should address concerns of increase risk 
when this agent is used by elderly people.

Use of sustained-release opioid formulations is recom-
mended to provide dosing convenience (fewer doses per day) 

Table 7.1 Recommended dosing for selected nonsteroidal anti-inflammatory drugs [38]

Medication (trade name) Typical adult daily dose Maximum geriatric daily dosea Typical doses per day

Acetaminophen (APAP, Anacin, Excedrin, 
Panadol, Tempra, Tylenol, others)

2–4 g 2–3 g 3–4

Nonselective NSAIDs

Carboxylic acid derivatives
Aspirin (acetylsalicylic acid (ASA), Bayer 

Aspirin, others)
Buffered aspirin (Ascriptin, Bufferin, others)
Enteric-coated aspirin (Ecotrin, others)

2.4–6 g 3 g 4

Choline magnesium trisalicylate (Tricosol, 
Trilisate)

1.5–3 g 2,250 mg 2–3

Diflunisal (Dolobid) 1–1.5 g 500–750 mg for ClCr < 50 ml/min 3
Salsalate (Disalcid) 1.5–3 g Lower dose recommended 2

Propionic acid derivatives
Fenoprofen (Nalfon) 1.2–2.4 g

3,200 mg max/day

a 3

Flurbiprofen (Ansaid) 100–200 mg
300 mg max/day

a 2

Ibuprofen (Advil, Motrin, others) 1.2–3.2 g a 4
Ketoprofen (Orudis) 75–225 mg 75–150 mg 3
Naproxen (Naprosyn, others) 500–1,000 mg

1,500 mg max

a 2

Naproxen sodium (Aleve, Anaprox) 550–1,100 mg a 2

Acetic acid derivatives
Diclofenac (Arthrotec, Voltaren, others) 150–200 mg a 3
Etodolac (Lodine) 400–1,200 mg a 3
Indomethacin (Indocin, Indocin SR, others) 75–200 mg Use not recommended [36] 3–4
Sulindac (Clinoril) 300–400 mg a 1
Tolmetin (Tolectin, Tolectin DS) 800–1,800 mg a 3

Fenamates
Meclofenamate (Meclomen) 50–400 mg a 3–4
Mefenamic acid (Ponstel) 1.0–1.5 g a 4

Enolic acid derivatives
Meloxicam (Mobic) 7.5–15 mg Lower dose recommended 1
Phenylbutazone (Butazolidin) 300–600 mg limit to 1 week only Not recommended [36] 3
Piroxicam (Feldene) 10–20 mg a 1

Naphthylakanones
Nabumetone (Relafen) 1–2 g a 2

Cyclooxygenase-2 selective NSAIDs
Celecoxib (Celebrex) 200–400 mg Lowest dose if wt <50 kg 1–2
aNo specific dosage range suggested for the elderly people; use lowest effective dosage and duration
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and more consistent serum concentrations, but care must be 
taken when altering the dosage form to make medication 
administration easier in elderly people who have difficulty 
swallowing tablets. Some products can be broken, while other 
formulations must not be altered. Chewing or crushing sus-
tained-release formulations is generally not recommended due 
to risks of rapid absorption of the entire daily dose over a short 
period of time [25]. Prescribers and caregivers should contact 
a pharmacist prior to crushing or breaking oral formulations 
and to discuss the availability of alternative dosage forms.

The use of fixed-dose combinations of an opioid analgesic 
and APAP (e.g., hydrocodone + APAP) is convenient to 
patients and prescribers and is common. Care must be main-
tained when using these combination products as doses are 
escalated to optimize pain control. It is easy to overlook the 
dose of APAP delivered daily with increasingly aggressive 
treatment; the maximum daily dose of 3,000 mg of APAP for 
elderly individuals can easily be reached or exceeded. 
Multiple dosage combinations are available, offering the 
ability to increase the opioid component dosage while remain-
ing within recommended limits for the APAP component.

Corticosteroids

In elderly individuals, symptom control may hold priority 
over long-term strategies to slow progression in individuals 
with limited expected lifetime, and the risks of adverse drug 
reactions from DMARD therapy outweigh the expected 
benefit. Thus, low-dose corticosteroids (e.g., prednisone 
doses <10 mg and more typically £5 mg) have been recom-
mended as an option early in treatment. This option may 
reduce the risk of more rapid deterioration in the elderly 
patient due to deconditioning, loss of physiologic reserve, 
and limitations due to other comorbidities [23, 40].

Using the lowest corticosteroid dose and shortest effective 
therapy is recommended for symptoms of RA while waiting for 
response after initiating DMARD therapy [23]. Use of corticos-
teroids in elderly individuals is complicated by the high risk of 
adverse effects, especially at daily doses greater than physio-
logic levels (prednisone >7.5 mg daily). The risks commonly 
associated with corticosteroid use and especially with use in the 
elderly population include GI effects (dyspepsia and erosive 
gastritis), metabolic effects (diabetes and osteoporosis), cardio-
vascular effects (hypertension, sodium and fluid retention/swell-
ing, worsening CHF, myocardial infarction, stroke, and other 
ischemic events), CNS effects (mood disturbances, depression, 
subtle cognitive changes, delirium, worsening dementia, cata-
racts, and glaucoma), and dermal changes (thinned skin and fat 
redistribution) which may lead to increased risk of pressure 
ulcers in elderly, debilitated patients [23, 28].

The increased risk of osteoporosis associated with corticos-
teroid therapy especially in elderly postmenopausal women 

may outweigh potential benefits. Concomitant use of calcium 
supplements (1,500 mg/day), vitamin D (400–800 IU/day), and 
bisphosphonate therapy (etidronate, alendronate, risedronate, 
and others) is often recommended and employed to combat the 
effects of corticosteroids on bone loss [28]. Long-term use, 
especially in the elderly population, requires care to anticipate, 
monitor, prevent, or correct decreases in bone mineral density.

DMARD Therapies

DMARDs are considered a cornerstone of current therapy and 
are often used in combination with APAP, NSAIDs, and low-
dose corticosteroids to control symptoms while waiting for full 
response. Agents within this group include methotrexate, 
leflunomide, the antimalarials chloroquine and hydroxychloro-
quine, sulfasalazine, cyclosporine, and azathioprine. Although 
increased toxicity with reduced benefit has been reported in 
elderly people compared to younger individuals treated with 
DMARDs, these agents may still prove to be beneficial to the 
elderly individual [23]. Some experts have suggested that early 
discontinuation in these elderly individuals may simply reflect 
the typical discontinuation patterns seen with DMARD therapy 
in most patients treated for prolonged periods due to the high 
risk of adverse effects [23, 41, 42].

Methotrexate

Clearance of methotrexate is closely linked to creatinine 
clearance and predictably, serum half-life is prolonged in the 
typical elderly individual, most of who have decreased crea-
tinine clearance [43]. Pharmacokinetic and pharmacody-
namic interactions are relatively common with methotrexate. 
Medications that affect renal clearance (e.g., NSAIDs and 
salicylates) may additionally reduce clearance of methotrex-
ate when used concomitantly [44]. CNS effects and hepatic 
and bone marrow toxicities occur more often in elderly 
people. Drugs known to displace methotrexate from serum 
protein-binding sites, thus increasing the amount of free drug 
to exert effect and adverse effects, include phenytoin, salicy-
lates, sulfonamides, and tetracycline [28]. Methotrexate 
combined with cotrimoxazole, commonly used to treat uri-
nary tract infections, can cause life-threatening bone marrow 
depression due to additive folic acid antagonism [44]. 
Supplementation with folic acid is well documented to 
reduce adverse effects on hepatic and hematologic function 
and the incidence of GI symptoms [28, 44].

Leflunomide

Leflunomide is a newer DMARD approved by the FDA in the 
late 1990s. It is sometimes used in place of or in combination 
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with methotrexate in individuals with incomplete response 
[23]. Little information is available concerning pharmacoki-
netic differences and specific toxicities of leflunomide in the 
elderly people [44]. Adverse effects are similar to those of 
sulfasalazine and methotrexate, including GI complaints 
(diarrhea, nausea, and abdominal pain) and increases in 
hepatic transaminases. Other effects include increased blood 
pressure, alopecia, rash, headache, and anorexia. Rare serious 
effects include life-threatening dermal reactions and bone 
marrow suppression [44]. These potential adverse effects may 
be difficult to identify or differentiate from common elderly 
maladies and complaints; these symptoms may mimic the 
adverse effect profiles seen with many medications used in 
the elderly population. Current data suggest that leflunomide 
administration does not require significant dosage adjustment 
in elderly individuals, although some authors suggest avoiding 
the initial loading dose suggested by the manufacturer to 
reduce the risk of adverse effects or alternating typical daily 
dosages (20 mg/day) on alternate days [28]. This product is 
associated with causing hepatic adverse effects and should 
not be used in individuals known to consume alcohol regu-
larly or those with liver disease.

Sulfasalazine

Sulfasalazine may be used as an option in older individuals 
with mild to moderate forms of RA in situations where meth-
otrexate therapy may be considered too potentially toxic to 
the individual [23]. Elimination half-life is prolonged in 
elderly individuals, especially in slow acetylators. Increased 
serum concentrations may increase the risk of concentration-
dependent adverse effects such as GI upset and CNS effects. 
Few drug interactions are reported with sulfasalazine, 
although digoxin serum concentrations may be reduced with 
concomitant use [44]. Some elderly individuals may have 
difficulty swallowing these large tablets. The enteric-coated, 
sustained-release formulations of this medication must be 
taken whole and not broken or crushed; otherwise increased 
GI symptoms will occur.

Chloroquine and Hydroxychloroquine

Although not as effective as other DMARDs, the use of the 
antimalarials chloroquine and hydroxychloroquine may be 
beneficial in elderly individuals with milder forms of RA 
due to reduced need of monitoring for life-threatening adverse 
effects [23, 28]. Ophthalmic adverse effects, although not com-
mon early in therapy, are well documented and may lead to 
progressive and irreversible vision loss and blindness, suggesting 
the need for fundoscopic examinations at 6-month intervals 
[44]. Some individuals may have difficulty differentiating 

these adverse effects from typical age-related alterations in 
vision including age-related macular degeneration [44]. Risk 
factors for the development of retinal toxicity include age 
>65 years, renal disease, hepatic disease, and higher daily doses 
of hydroxychloroquine [45].

Although no specific pharmacokinetic and pharmacody-
namic studies have been done in the elderly population, these 
agents may interact with agents commonly used in this popu-
lation. Concomitant use of these agents may increase free 
digoxin concentrations by displacement of digoxin from 
binding sites and reduced renal clearance. Hydroxychloroquine 
concentrations may be increased when used with cimetidine 
[44]. The adverse effect profiles for these agents include 
complaints common to many therapies used in the elderly 
population and include GI symptoms (nausea, diarrhea, and 
abdominal discomfort), dermatologic effects (rash and pigmen-
tation changes), CNS effects (tinnitus and headache), and 
rare serious complications such as cardiomyopathy, heart 
block, and dyskinesias [44].

Azathioprine

Use of azathioprine is often reserved for individuals not 
responding to other DMARD therapy. Caution is necessary for 
individuals with existing hepatic disease and renal impairment. 
Frequent monitoring is necessary in all patients, but especially 
the elderly due to the risk of GI intolerance, bone marrow 
suppression, and elevations in hepatic transaminases [23].

Cyclosporine

Use of cyclosporine is often reserved for individuals not 
responding to other DMARD therapy. This agent is known 
for its adverse effect profile and extensive list of drug inter-
actions. Use is contraindicated in renal failure and care 
should be taken when used in individuals with malignancy. 
Cyclosporine use is associated with increased blood pres-
sure, elevated creatinine and hepatic transaminases, and 
alterations in potassium, all conditions that would be trou-
blesome in the elderly individual. Other adverse effects 
include hirsutism, GI upset, and tremor [23].

Biologic/Immune Response Therapies

Anti-TNF Alpha Agents

Agents such as infliximab [chimeric antitumor necrosis 
factor (TNF) alpha mAB], etanercept (soluble TNF-receptor 
construct), and adalimumab (human anti-TNF alpha mAB) 
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have been shown to provide rapid and prolonged improvement 
and slow joint damage. Use in elderly people may be limited 
due to comorbid conditions that may preclude use such as 
chronic infection, and known or expected malignancy and 
tuberculosis [23, 28, 44, 46]. The most common adverse 
effects include injection site or infusion reactions and infec-
tions, although the incidence of infection appears similar in 
both treatment and placebo groups in studies [28, 44]. The 
effect of these anti-TNF alpha agents on granuloma forma-
tion causes concern about reactivation of tuberculosis (TB) 
and other opportunistic infections. Screening for TB prior to 
initiation and regularly during continued therapy is recom-
mended; TB prophylaxis should be started following a posi-
tive screening test. Combination of etanercept with anakinra, 
an interleukin-1 (IL-1) receptor antagonist, appears to increase 
the rate of serious infections with little therapeutic benefit. 
Some evidence exists that these anti-TNF agents may 
increase the relative risk of lymphoma in treated patients [44]. 
Other unexpected effects that may be confused with geriatric 
conditions include the development of new-onset psoriasis 
and pustular dermatitis in patients treated with TNF-alpha 
inhibitors [47].

Etanercept, along with the other two agents in this class, 
has been shown to be safe and effective in individuals with 
chronic RA that has not fully responded to DMARD therapy 
and in patients with early RA. Etanercept should be combined 
with methotrexate to enhance response [23]. Retrospective 
trials using etanercept show this agent to be safe and effective 
in elderly patients with RA [46].

Results indicate that elderly patients exhibit response rates 
similar to younger individuals, with a lower rate of injection 
site reactions along with reduced incidence of rash and head-
ache. Adverse effects associated with this group of agents 
include injection site reactions, increased risk of infection, 
bone marrow depression, and worsening CHF [46].

Anakinra

Anakinra is an IL-1 receptor antagonist used in individuals 
who do not respond to traditional DMARD therapy or treat-
ment with TNF inhibitors. Usual adverse effects include 
injection site reactions, but therapy may also be complicated 
with headache, increased risk of infection, and neutropenia. 
Little information is available relative to specific pharma-
cokinetic and pharmacodynamic changes in elderly individ-
uals [23]. Use of this therapy is limited because administration 
requires daily subcutaneous injections.

Abatacept

Abatacept is a targeted immunoglobulin (CTLA4-Ig) that 
alters the function of T cells through modulation of 

CD28–CD80/86 pathways. Use is reserved for individuals 
who do not adequately respond to prior DMARD or anti-
TNF therapies, and little is known relative to specific 
pharmacokinetic and pharmacodynamic changes in elderly 
individuals [23].

Rituximab

Rituximab, a monoclonal antibody, works by eliminating 
CD20-positive B cells (anti-CD20 mAB). Originally approved 
for treating B-cell lymphomas, rituximab has been used in 
conjunction with methotrexate therapy and is approved for 
use in treating individuals with RA who have not responded 
to anti-TNF alpha agents. No specific information is available 
relative to pharmacokinetic and pharmacodynamic changes 
in the elderly population [23].

Miscellaneous Therapies

Nutritional Supplements

Glucosamine and chondroitin sulfate are nutritional supple-
ments often recommended for use by individuals with OA to 
promote “joint health.” The proposed mechanism of action is 
through modulation of the loss of intra-articular cartilage and 
ultimately the relief of knee pain. A recent study in nearly 
1,600 individuals with OA indicated no difference in knee 
pain between placebo and combined treatment with gluco-
samine and chondroitin sulfate, although a subgroup of sub-
jects with moderate to severe knee pain reported modest 
benefit from the glucosamine and chondroitin sulfate combi-
nation [48]. Insufficient data are available to date to recom-
mend this combination for treatment of OA symptoms and no 
specific information is available regarding its use in the elderly 
population. Typical doses of glucosamine (500 mg) and chon-
droitin sulfate (400 mg) given three times daily appear to be 
safe, but therapeutic results may vary widely. Typical adverse 
effects include GI complaints (abdominal bloating, gas, and 
cramping), although some serious adverse effects such as 
alterations in serum glucose, hyperlipidemia, and renal effects 
have been suggested but not confirmed [49].

Hyaluronic Acid Viscosupplementation

Injection of hyaluronic acid is approved for treatment of OA 
of the knee. This agent works to stimulate intra-articular 
proteoglycan aggregation to modulate cartilage restructuring. 
In a 2005 review of available data, Arrich et al. suggested that 
inadequate data relative to clinically significant pain control 
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and restoration of knee function were available to support the 
use of intra-articular hyaluronic acid [50]. A recent review by 
Conrozier and Chevalier suggested that use over the past 
decade provides the information necessary to select indi-
viduals who will respond best to this therapeutic option [51]. 
Use in OA may provide some delay in disease progression, 
but joint replacement may ultimately provide the most sig-
nificant result and improve patient quality of life [23]. 
Hyaluronic acid viscosupplementation may be an alternative 
for elderly individuals not responding to typical systemic 
therapies and those who are at risk of developing serious 
consequences from surgery and the multiple medications that 
are typically administered as adjuncts during surgery.

Topical Analgesics

In addition to physical (nondrug) treatments including heat 
or ice, massage, and exercise or strength conditioning for 
affected joints, topical analgesics are sometimes used as 
adjuncts to systemic treatments. These products are typically 
classified as rubefacients (e.g., methyl salicylate), cooling 
agents (e.g., camphor and menthol), vasodilators (histamine 
dihydrochloride and methyl nicotinate), and counter irritants 
(e.g., capsaicin). Additional agents are available as nonpre-
scription products, although insufficient evidence exists to 
support an FDA indication for this use as a nonprescription 
product (e.g., trolamine salicylate found in Aspercreme®) [52]. 
A topical NSAID, diclofenac gel, is available in USA and 
other topical NSAIDs are available in other parts of the 
world. Symptomatic relief from a topical diclofenac solution 
has been demonstrated in OA [53]. These agents provide 
delivery of the active ingredients at the site of administration. 
Although the use of topical NSAIDs to date appears to be 
safe and adverse effects have been limited to localized skin 
reactions at the site of administration, these products may 
cause adverse effects in the elderly population similar to 
systemic use NSAIDs due to the absorption of the active 
ingredients. More study is needed if use is to be promoted 
widely. Use of rubefacients in combination with occlusive 
dressings or heating pads has been noted to cause severe 
dermatologic effects including necrosis. Topical capsaicin 
will initially cause localized burning and irritation that typi-
cally subside with prolonged use. It must be consistently 
used three to four times daily to achieve full benefit [52].

Discussion/Conclusion

Clinicians have a wide variety of choices for treating the 
symptoms and slowing the progression of rheumatic diseases. 
Choice is dependent often on the existence of comorbid 

conditions and potential risks of adverse effects or drug 
interactions. Some agents carry specific risks in the elderly 
individual and specific care must be taken to avoid negative 
consequences in these individuals (Table 7.2).

APAP is commonly considered the safest and best toler-
ated agent for controlling the pain of OA. Its use may spare 
the individual from requiring more potentially toxic NSAIDs 
and may be combined with an opioid analgesic to offer addi-
tional symptomatic relief [27]. When short-term use of an 
NSAID is necessary to optimize therapy, use of a COX-2 
selective agent or a nonselective NSAID plus a PPI is recom-
mended to reduce the risk of GI toxicity [36]. Both selective 
and nonselective NSAIDs carry significant risk of negatively 
impacting cardiovascular and renal function and may increase 
symptoms of CHF and renal insufficiency, and raise blood 
pressure in the elderly individual. Although some authors 
suggest use of a nonselective NSAID over a COX-2 selective 
agent in the elderly individuals due to concerns of ischemic 
heart disease or stroke [29, 33], concerns of increased risk of 
ischemic disease and thrombotic risk are present for both 
selective and nonselective NSAIDs. A careful medication 
history is necessary for all patients due to the accessibility 
and wide-spread availability of both APAP and NSAIDs as 
single active agent nonprescription products under trade, 
generic, and store brand labels. Many combination products 
sold as multi-symptom cough and cold remedies, arthritis 
pain formulas, and insomnia products also contain APAP or 
a nonprescription NSAID.

Therapeutic options such as the DMARDs and biologic/
immune-modifying therapies can provide benefit to the 
elderly individual, but with perceived high risk of significant 
adverse events. Prescribers may regard the existence of 
multiple disease states and lowered physiologic reserve seen 
in the elderly population as significant risks and may alter 
prescribing accordingly, using less potentially toxic medica-
tions and single, rather than multiple therapies. A recent 
utilization study, conducted by Tutuncu et al., suggests that 
individuals with elderly-onset RA (EORA) receive less 
aggressive treatment with DMARDs and biologic/immune 
response modifier therapies than those with young onset RA 
(YORA) despite similar length and severity of disease symp-
toms. In this study population, individuals with EORA were 
slightly more likely to receive methotrexate at lower doses as 
is recommended in this population, but were significantly 
less likely to be treated with multiple DMARD treatments or 
biological agents [54].

Economic and health-care systems may present barriers 
to achieving therapeutic goals in the elderly patient with 
rheumatic disease [25]. The lack of Medicare reimbursement 
or formulary selection pressures within Medicare D plans, 
and the coverage gap or “donut hole” experienced by indi-
viduals with moderately expensive medication regiments 
may impact adherence to ongoing therapy. Variations in 
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insurance plan policies relative to provision and coverage of 
certain injectable therapies may require significant efforts 
such as prior authorization and documentation of failure to 
less costly therapies prior to initiation of these advanced 
modalities. Often, delays from mail-order pharmacies that 
are required or economically favored within some managed-
care programs will cause inadequate symptomatic relief, and 
the lack of access to pharmacies in some inner city or rural 
areas may interfere with the timely initiation of therapy.

Ultimately, when selecting a course of therapy of any 
medication for an elderly patient, the clinician must individ-
ualize the regimen. The elderly population is a heterogeneous 
group with expected changes in pharmacokinetic and 
pharmacodynamic parameters that are compounded by the 
accumulation of lifelong influences of lifestyle, genetic 
predisposition to pathologic changes, and insults to specific 

organ systems. Care must be taken when initiating any new 
therapy, and any benefit from the new medication must be 
weighed against the potential risks that may be significant in 
this group with reduced physiologic reserve. The philosophy 
of “start low and go slow” should be the basis for any thera-
peutic intervention.
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Abstract Currently 20,000 nursing homes provide care for 
nearly two million persons in USA. Today, 69% of people 
turning 65 years will need some form of long-term care. 
By 2020, 12 million Americans will need long-term health 
care for short-term rehabilitation, short-term hospice care, 
or longer term custodial care. These are typically the  oldest 
and sickest geriatric patients and the most vulnerable to 
geriatric syndromes including polypharmacy, falls, cogni-
tive impairment, and frailty (failure to thrive). Pain and 
functional impairment related to rheumatic disease are quite 
common in this population. Assessment of these patients 
is complicated by cognitive impairment and comorbidities. 
Pharmacologic management can be challenging, making 
non-pharmacologic approaches imperative. Interdisciplinary 
collaboration adds to the therapeutic options and improves 
function and comfort.

Keywords Activities of daily living • Functional  impairment 
• Polypharmacy • Frailty • Comorbidity

Introduction

According to the US Bureau of the Census, currently 16,100 
certified nursing homes and 39,500 assisted living facilities 
provide care to slightly over 5% of the population aged 65 
years and older. The rate of nursing home use increases with 
age from 1.4% of the young-old to 24.5% of the oldest old. 
Almost 50% of those aged 95 years and older live in nursing 
homes. Today, 69% of people turning 65 years will need 
some form of long-term care and by 2020, 12 million 
Americans will require long-term care [1].

The general public assumes that those providing health 
care for nursing home residents have been trained to deal 
with issues specific to this very complicated patient popula-
tion but often, this is not the case. Caring for these frail 
patients with multiple comorbidities and varying goals of 
care can be challenging, and working within the regulatory 
confines of the nursing home industry can be frustrating. 
Providing quality care to this vulnerable group based on 
comprehensive geriatric assessment, care goals, and solid 
scientific evidence is imperative.

The arthritis foundation estimates that one in six 
Americans has arthritis and that the incidence of osteoarthri-
tis increases with age. The prevalence of arthritis in the old-
est old is so common that arthritis is often not even listed on 
the problem list. One study of 629 residents in five nursing 
homes found an osteoarthritis or rheumatoid arthritis preva-
lence of 23% [2]. These residents were more likely to have 
pain and to require assistance with ADLs and less able to 
ambulate independently [2]. A more recent cross-sectional 
sample of 8,138 residents in 1,406 nursing homes in USA 
found that only 3% of residents had a primary diagnosis of 
arthritis and only 19% had any arthritis diagnosis at all [3]. 
This is a far smaller estimate than the 50% prevalence rate 
estimated for the non-institutionalized population over age 
65 years and implies that the underreporting of arthritis in 
the nursing home population is quite likely.

Comprehensive assessment of the nursing home patient is 
generally recognized as a multidisciplinary evaluation which 
identifies the multiple medical and functional problems of the 
resident. Based on this initial assessment, the need for services 
is determined and a plan of care is developed [4]. The basic 
components of this assessment include function, cognition, 
affect, nutrition, medications, social and functional support, 
advance directives, and end of life care. Of these basic compo-
nents, rheumatologists deal primarily with pain, and functional 
and medication assessments as the key components in caring 
for the nursing home patients with arthritis. Issues of pain 
management, cognition, family and resident care goals, and 
advance directives are a constant thread that runs through all 
decisions and treatment options for these patients.
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Functional Assessment

A functional assessment of every patient admitted to the 
nursing home is required as part of the federally mandated 
minimal data set (MDS) collected over the 2-week period 
after admission. This assessment is performed by profession-
als from the fields of medicine, nursing, rehabilitation, nutri-
tion, social work, and therapeutic recreation. Each discipline 
identifies problems and proposes a plan addressing each 
problem. The basic components include assessments of the 
ability to perform basic ADLs including feeding, toileting/
continence, bathing, transfers, and dressing, as well as gait 
and balance assessments. Dunlop et al. found that in a cohort 
of 5,000 adults older than 65 years with arthritis, 19.7% had 
functional impairment, with 12% specifically with ADL 
impairment based on arthritis alone [5]. Most residents of 
nursing homes are older and frailer and have multiple diag-
noses which can impact functional capacity including visual 
impairment, neurologic disease (e.g., stroke and Parkinson’s), 
cardiac and respiratory disease, and cognitive impairment. 
This cumulative disability complicates both the assessment 
and the treatment options.

Assessment of functional limitations (impairment in 
performance of basic and instrumental ADLs [mobility, 
sleep, and appetite]), psychosocial function (mood, interper-
sonal interactions, beliefs about pain, and fear of pain-related 
activity), and cognitive function (dementia or delirium) is 
necessary.

Several validated tools are available for functional assess-
ment of the older adult which can be helpful to the clinician 
in the nursing home. Most are also used to evaluate function 
in the older adult in other settings and in planning discharge 
to a less intense level of care. Typically, these tools measure a 
patient’s need for assistance in the basic domains of self-care, 
and routine daily tasks such as telephone use, meal prepara-
tion, taking medications, and handling finances, known as 
instrumental activities of daily living (IADLs). Examples of 
commonly used tools include the Instrumental activities of 
daily living (IADL), the timed get-up-and-go test [6], and the 
performance-oriented mobility assessment (POMA) [7].

Functional assessment of the nursing home patient gath-
ered through discussion with caregivers or direct observation 
using the MDS is completed by physical therapy, occupa-
tional  therapy, and nursing staff over the initial 2-week period 
after admission. At the end of this time, regulations require 
an  interdisciplinary plan-of-care meeting which includes the 
 resident and/or his family. At this meeting, problems are 
identified, goals set, and interventions planned. An interdis-
ciplinary care planning meeting is mandated by the federal 
government quarterly or sooner as the resident’s condition 
changes either for the better or worse. Medical providers can 

use this information to determine the extent and causes of 
disability and to plan medical care accordingly. There is 
much to be learned about your patient by attending the plan-
of-care meeting if possible.

Pain Assessment and Management

Pain is underreported, underdiagnosed, and undertreated 
in elderly people, causing suffering, delayed diagnosis, 
and increased disability [8]. There are many reasons why 
this might be so including patient fear, failure to report 
pain (assumed to be part of growing older), concern about 
medication side effects, and insufficient provider educa-
tion. Accurate pain assessment is essential if pain is to be 
managed effectively. This assessment can be even more 
challenging in the older adult with communication diffi-
culties such as those with aphasia or cognitive impairment 
due to Alzheimer’s disease or other dementia. Nursing 
home residents may also have a delay in diagnosis because 
they may have atypical disease presentations, false-positive 
serologies, and/or multiple coexisting conditions that can 
confound the presentation and diagnosis.

Rheumatic diseases, disorders of joints and related struc-
tures, are characterized by pain, inflammation, and degen-
eration as well as metabolic and structural derangement. 
Because these problems are common in older adults, his-
tory and physical examination should be the mainstay of 
assessment of the arthritis in the frail elderly population 
[9]. We also know that the incidence of rheumatic disease, 
especially osteoarthritis, increases in frequency with 
increasing age. Osteoarthritis is probably the most com-
monly seen rheumatic disease in nursing home residents 
and may occur in as many as 57% of all adults aged over 85 
years [10]. In fact, as noted previously, osteoarthritis is so 
common as to not even be noted on many problem lists.

Monoarticular joint inflammation is also commonly seen 
in nursing home residents, frequently related to crystal 
arthropathy or sepsis. Arthrocentesis performed during the 
first 24–48 h of an acute flare is the gold standard for the 
diagnosis of any acute monoarthritis, but often an unrealistic 
option in the nursing home population. These residents may 
only be seen monthly or less by a health care provider who 
may not be comfortable with the procedure and who may not 
have immediate access to diagnostic laboratory testing. In 
this circumstance, these residents are often sent to the  hospital 
emergency department for assessment and treatment. If a 
nursing home resident has fever or other signs of sepsis in 
addition to joint inflammation, a review of advance  directives 
and care goals must be undertaken with the resident or health 
care proxy before a decision to treat or transfer is made. 
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Many nursing home residents with advanced dementia or 
other chronic disabling disease have already determined that 
they would not want prolonged treatment with antibiotics 
and do not want further evaluation or transfer to hospital. 
Many choose comfort measures even in the face of 
 life-threatening infection.

Serologic studies should be reserved for the nursing home 
resident in whom an inflammatory disorder is suspected, 
such as sepsis, crystal arthropathy, rheumatoid arthritis, 
 polymyalgia rheumatica, temporal arteritis, and systemic 
lupus erythematosus [11].

Pain Assessment

A comprehensive assessment of pain should include the 
identification of relevant underlying physical pathologies 
whenever possible and other conditions that may influence 
pain perception, reporting, and management.

The incidence of severe cognitive impairment in the 
 nursing home population over the age of 65 years is  estimated 
at >50%, with rates as high as 65% in smaller private facili-
ties [12]. In addition to many other functional disabilities 
seen in these patients, severe dementia can impact a nursing 
home resident’s ability to report pain accurately. Although 
dementia itself is not specifically associated with pain, these 
nursing home residents are among the oldest and frailest 
often with the most comorbidities including musculoskeletal 
diseases as well as fractures, circulatory problems, hematol-
ogy/oncology problems, and pressure ulcers [13]. This loss 
of ability to process, understand, and describe pain can often 
lead to behavioral expressions of distress including repetitive 
crying out or agitation [14].

Pain assessment tools are commonly used in the nursing 
home population. Self-reporting with descriptors is preferred 
and the use of a pain map or drawing may be helpful. Pain 
assessment tools designed specifically for the nursing home 
patient with communication difficulties include the faces 
pain scale (FPS) and the pain assessment in advanced demen-
tia (PAINAD) scale. The vertical visual analog scale (VAS) 
and the verbal descriptor scale (VDS) have also been used 
successfully and compare favorably to each other [15, 16].

An equally important part of the history is the evaluation 
of comorbid conditions that influence pain perception and 
pain behavior. Especially common comorbid conditions in 
the nursing home population are cognitive impairment, mood 
disturbance, sleep disturbance, anxiety disorders, cardiovas-
cular and cerebrovascular disease, and degenerative neuro-
logic conditions. Clinicians should be aware that the physical 
environment in which a pain history is taken can also influ-
ence pain reporting. For example, pain perception can be 

increased by the anxiety induced by the physician’s assessment 
or by the presence or absence of family members.

Pain management is a goal often more important than the 
cause of the pain itself. Many nursing home residents and 
their families are less concerned about an accurate diagnosis 
than about assuring comfort. Of course, an accurate clinical 
diagnosis allows for more effective pain management; how-
ever, we should always be aware of the treatment goals estab-
lished by the resident or family. Many nursing home residents 
cannot or refuse to be transported to hospital for imaging 
studies or laboratory tests. In situations where the diagnosis 
is less clear, pain management is aimed at the safest and most 
effective approach for the individual.

Pharmacologic Management

Pharmacologic management of pain in nursing home resi-
dents with rheumatic disease is complicated by the fact that 
there are, to date, no evidence-based studies specific to this 
issue. All information is extrapolated from guidelines for 
treating rheumatic diseases and criteria for prescribing medi-
cation to elderly individuals. In general, try to avoid medica-
tions that are considered inappropriate for use in elderly 
individuals, monitoring for side effects as well as drug–drug 
interactions and adherence to patient wishes and values. 
Guidelines for treating pain are available from the American 
Pain Society and the American Geriatrics Society [16–18]. 
In general, using the lowest effective dose and increasing 
dosages slowly are prudent. Nursing home residents are par-
ticularly at high risk for developing adverse events as the 
average nursing home resident in USA uses 7–8 different 
medications [18].

Nursing home residents with mild to moderate arthritis 
pain may experience significant relief with acetaminophen in 
divided, scheduled doses totaling no more than 4 g in 24 h, 
given normal renal and hepatic function. Patients can also be 
tried on extended release formulations, which have the added 
benefit of requiring fewer tablets. Acetaminophen is also 
available in both liquid and suppository forms, greatly 
enhancing options in patients with swallowing difficulties or 
those whose consciousness levels wax and wane.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
commonly used to treat rheumatic diseases but can be 
poorly tolerated in older nursing home residents who are at 
higher risk of gastrointestinal (GI) bleeding. The risk of GI 
bleeding associated with NSAID use in a general popula-
tion is about 1%. For those aged 60 years or older, the risk 
reaches 3–4%, and for those aged 60 years or older with a 
history of GI bleeding, the risk is about 9% [16]. 
Contraindications to the use of traditional NSAIDs include 
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a history of previous GI bleeding, the current use of 
 warfarin or other anticoagulants, or a history of previous 
side effects to NSAIDs including acute confusion, conges-
tive heart failure, or dizziness. The addition of misopros-
tol, H2 blockers, or proton pump inhibitors can reduce the 
risk of GI bleeding, but adds to the  overall risks associated 
with polypharmacy including falls and delirium and do not 
protect against adverse effects of NSAIDs on the liver or 
kidneys. Cox-2 selective drugs can offer some protection 
against bleeding and have no platelet effects, making them 
a safer option for patients taking warfarin [19]. For many 
patients, chronic opioid therapy, low-dose corticosteroid 
therapy (for those with inflammatory conditions), or other 
adjunctive drug strategies (e.g., the use of antidepressants 
or anticonvulsants for neuropathic pain) may have fewer 
life-threatening risks than does long-term daily use of 
high-dose NSAIDs.

Chronic low-dose opioid therapy can be a well-tolerated 
and safe alternative for vulnerable nursing home residents 
[20]. Small doses of oxycodone or long-acting oxycodone 
(oxycontin), and even small doses of morphine can be effec-
tive with minimal side effects. Many nursing home residents 
find that fentanyl transdermal is effective and often associ-
ated with fewer side effects. The most common adverse reac-
tion to all narcotic medication is constipation, so standing 
bowel orders should be written at the same time. Other side 
effects include sedation, confusion, nausea, or decreased 
appetite. There is a higher risk of falling in patients taking 
opioids. Patients and families should be told of the potential 
for tolerance and the possible need for higher doses to achieve 
the same effect, but should be reassured regarding the 
extremely low likelihood of “addiction” in this population. 
Fears of drug dependency and addiction are often politically 
exaggerated by the desire to reduce illicit drug use in the 
broader society. However, fears of drug dependency and 
addiction do not justify the failure to relieve pain, especially 
for those near the end of life.

Propoxyphene, a weak opioid, has been prescribed for 
decades to older patients. Its efficacy is no better than that of 
acetaminophen with all the adverse effects of a narcotic and, 
therefore, should be avoided in this population [21].

Low-dose steroids are another well-tolerated option in the 
frail elder population. The use of steroids in this population 
can provide immediate improvement in quality of life with-
out the concern of long-term side effects; therefore, they are 
necessary in younger patients. The nursing home residents 
who experience inflammation related to rheumatoid arthritis, 
polymyalgia rheumatica, or crystal arthropathy often respond 
well to prednisone doses of <10 mg once a day with fewer 
side effects than with chronic NSAID use. Certainly, one 
should have an awareness of the bone density of nursing 
home residents taking long-term steroids, and caution should 
be used in diabetics.

Non-pharmacologic Management

Non-pharmacologic treatment of pain and rheumatic dis-
ease in nursing home residents used in conjunction with 
pain relieving medication or alone can be an effective 
method for treating rheumatic pain in this population. 
These approaches come with little risk other than cost and 
offer individualized, hands-on techniques offering comfort 
and reassurance to patients. There is a broad range of 
modalities available including physical and occupational 
therapy, group and  individual exercise programs, therapeu-
tic recreation  programs that offer diversion and exercise, 
massage,  acupuncture, relaxation techniques, chiropractic 
techniques, and cognitive behavior therapies.

The physical medicine therapies, including physical 
 therapy and occupational therapy, are available in all nursing 
homes. These therapists are part of the interdisciplinary team 
and perform evaluations on newly admitted residents and 
upon referral. The core of this approach is physical modali-
ties and exercise.

Cryotherapy (ice, chemical cold packs, and ice massage) 
can be very effective if used for the initial management of 
acute musculoskeletal and soft tissue problems including 
sprains, strains, bursitis and tendinitis, and postoperative 
pain. Applications of cold can also help with chronic trigger 
point pain and myofascial pain syndromes [22].

Thermal therapy, the application of heat to relieve pain, 
has long been associated with comfort and relaxation. It is 
used effectively in the nursing home population to relieve 
muscle spasm, increase blood flow to a particular area, and 
loosen stiff joints in preparation for exercise. Heat can be 
applied directly to a painful area with hot packs or paraffin 
baths, or indirectly using hydrotherapy, short waves, or ultra-
sound. The choice between moist and dry heat depends on 
the availability and patient choice. There is little difference 
in effectiveness [22].

Electrical stimulation uses electricity to block pain 
 messages using Melzack and Wall’s 1965 description of gate 
control theory. In addition to blocking pain messages, 
 electrical stimulation releases endorphins which bind to 
 opiate sites blocking pain transmission [23]. A popular (and 
portable) delivery system is a transcutaneous electrical nerve 
stimulator (TENS) unit. There are also implanted nerve 
stimulators.

Manual therapy including traction, massage, osteopathic 
manipulation, and chiropractic manipulation can be used 
cautiously in this population as a gentle hands-on form of 
muscle stretching and distraction. There are  contraindications 
to traction and manipulation, including severe osteoporosis or 
those with spondylosis with osteophytes impinging on nerve 
roots or the spinal cord [23]. Massage is used to relax 
 muscles, improve circulation, loosen trigger points, and 
 provide comfort. There are also specific contraindications to 
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massage including cellulitis, deep vein thrombosis, and 
recent surgical incisions. Massage therapists are licensed in 
many states and many facilities require that therapists be 
licensed before providing care to residents. Massage is not 
covered by most insurance plans including Medicare and 
Medicaid, and is paid for by the nursing home resident or his 
family. There are volunteer massage therapists who provide 
services to dying patients at no cost in some areas.

Bracing or splinting of painful joints is commonly used as 
a pain reliever. Wrist and knee braces are very commonly 
prescribed and most patients tolerate them well. Knee  bracing 
may be the only alternative for a frail nursing home resident 
with unstable knee osteoarthritis who is not a candidate for 
total knee arthroplasty. Lumbar support provides comfort 
and warmth while stabilizing abdominal muscles. Thoracic 
braces for the postural correction of osteoporotic kyphosis 
are uncomfortable and have not been successful at correcting 
posture in the population where fixed deformity is the rule. A 
soft cervical collar may feel good and act as a reminder but 
does little to restrict mobility in the patient with cervical 
instability. In the case of atlantoaxial instability, a firm, 
 custom-fitted collar or halo bracing is the most effective way 
to provide desired activity restriction. An orthotist can be 
helpful in designing custom-fabricated, functional and 
 stabilizing braces, splints, and orthotics for the frail nursing 
home resident suffering with painful joints [23].

Ambulatory assistive devices including canes, crutches, 
walkers of various types, and wheelchairs are ubiquitous in 
the nursing home. Other adaptive equipment for the purpose 
of protecting joints and improving function including 
 reachers, sock aides, button hooks, dressing sticks, built-up 
 utensils, and adaptive cups are also available. Assessment of 
need for this or other specialized equipment is commonly 
performed by the occupational therapist.

All of the above interventions, including pharmacother-
apy, are enhanced with the addition of an exercise program. 
Gone are the days when immobility was recommended for 
painful conditions. It is now widely recognized that physical 
activity significantly improves pain in older patients. 
Moderate levels of training can improve flexibility, balance, 
strength, and general conditioning, thereby reducing the risk 
of falls, a particular threat in the frail population. Even the 
oldest old can improve strength and balance, with resistive 
exercise programs resulting in better performance with 
 transfers, stair climbing, and ambulation [24].

Exercise programs for the nursing home resident can be 
individualized to target specific joints or muscle groups 
which can be effective at both managing pain and improving 
function, for instance, after joint replacement surgery. 
Nursing home residents should also be encouraged to join 
general fitness group exercise programs, many conducted 
entirely in a seated position, as a way of maintaining joint 
range of motion and participating in a group activity. 

Therapeutic recreational activities, designed primarily as 
social stimulation, can also provide exercise in the form of 
games and competition (balloon volley ball and bell ringing). 
Each of these interdisciplinary team members contributes to 
the reduction of pain and the improvement of function in 
nursing home resident suffering with rheumatic disease.

Complementary and alternative medicine (CAM)  practices 
used by patients or requested by families for their loved ones 
include acupuncture; magnet therapies; Reiki and Johrei, 
both of Japanese origin; qi gong, a Chinese exercise practice; 
 healing touch, in which the therapist is purported to identify 
imbalances and correct a client’s energy by passing his or 
her hands over the patient; and intercessory prayer, in which 
a person intercedes through prayer on behalf of another 
[25, 26].

Specialized diets remain popular including those that 
restrict so-called nightshades and acid-free diets. Many 
 supplements are taken by nursing home residents or requested 
by families as a “safer” alternative to traditional medications. 
Glucosamine/chondroitin, fish oil, and ayurvedic remedies 
are very commonly used by older adults as are other herbal 
preparations and supplements [27, 28]. Many of these 
 complementary and alternative practices are unstudied and 
unproven but are increasingly popular with patients and 
 families, and several have come into common usage for 
 nursing home residents with rheumatic pain.

Conclusion

Rheumatic diseases causing pain and functional impairment 
in the frail nursing home population are often underreported, 
underdiagnosed, and undertreated. More valid and reliable 
pain assessments as well as less toxic treatment regimes, 
both pharmacologic and non-pharmacologic, are needed. 
Treatments must be simple and effective and take into 
account the high incidence of comorbidities and compli-
cated medication regimes common to the nursing home 
 resident. Facilities must remain committed to pain relief and 
maximizing function in nursing home residents if we are to 
prove as a society that we value and respect these most 
 vulnerable patients.
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Abstract Post-acute care encompasses a wide range of health 
care services that share the goal of restoring recently hospi-
talized patients to the highest level of functioning possible. 
Post-acute care can be provided in a long-term acute care 
hospital, inpatient rehabilitation facility, skilled nursing 
facility, or home using home health care. While a range of 
similar nursing and rehabilitation services can be provided in 
all settings, admission criteria and payment sources differ. 
Determining the most appropriate setting for care following 
hospitalization is an important decision that should be made 
with input from the patients, their family, the physician, 
nurses, and rehabilitation therapists.

Keywords Post-acute care • Skilled nursing facility • Inpatient 
rehabilitation facilities • Long-term acute care hospital • Home 
health care

Introduction

The need for assistance with personal care or household 
activities is a hallmark of aging. This may become more 
evident following an acute illness or surgery. The proportion 
of individuals requiring help with activities of daily living 
(bathing, dressing, toileting, transferring, continence, and 
feeding) gradually rises from around 5% at age 65 years to 
over 50% at age 90 years. With increasing disability comes 
the need for more assistance and more formal caregiving 
services. The expansion of home care has allowed a greater 
proportion of disabled elderly people to remain at home; 
however, when needs are too great, residential long-term 
care is often required. This chapter discusses the options for 
post-acute care: long-term acute care, acute rehabilitation, 

skilled nursing care in the long-term care setting, and home 
health care, with a focus on issues of relevance to rheumato-
logic practitioners.

Post-acute Settings

Post-acute care encompasses a wide range of health care 
services that share the goal of restoring recently hospitalized 
patients to the highest level of functioning possible. Among 
persons over the age of 70 years who are hospitalized with 
medical diagnoses, 40% will have new or additional dis-
abilities in activities of daily living, and the prognosis for 
functional recovery is poor [1]. About 20% of Medicare 
patients discharged from the hospital use post-acute care, 
with the largest percentage going to skilled nursing facilities. 
In 2007, the Centers for Medicare and Medicaid Services 
(CMS) estimated that total spending on post-acute care was 
about $45 billion [1].

Long-Term Acute Care Hospitals  
or Long-Term Chronic Hospitals

Long-term acute care hospitals (LTACs) are defined as 
those having an average length of stay (LOS) of 25 days or 
more, and facilities must meet all the other conditions of 
participation that are required of acute hospitals to qualify 
for Medicare payment [2, 3]. As a result of this very general 
definition, LTACs can be very heterogeneous. The actual 
facility can be a “hospital within a hospital” or free standing. 
LTACs are designed to provide extended medical and reha-
bilitative care for patients who are clinically complex and 
have multiple acute or chronic conditions. These patients 
usually have multiple comorbidities and are less stable than 
patients admitted to other post-acute settings. Most patients 
transition from acute care hospitals to LTACs, but others are 
admitted without prior hospitalization. Some facilities accept 
direct admits from hospital emergency departments.
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Modern LTACs were developed in the 1980s as a setting 
for the weaning of high cost ventilator-dependent patients. 
Medicare is the major payer for LTACs and these hospitals 
were initially exempted from the prospective payment system 
(PPS) that was established for acute care hospitals and 
were reimbursed based on their average discharge costs [4]. 
In 2003, Medicare implemented a PPS as a cost control 
measure which determined payments according to principal 
diagnosis or long-term care diagnosis-related groups (LTC-
DRGs) [5]. The diagnosis-related group for musculoskeletal 
system and connective tissue was number 2 of the top 15 LTC-
DRGs in 2004 with 5.1% of the discharges [4].

Inpatient Rehabilitation Facilities

Inpatient rehabilitation facilities (IRFs) are free-standing reha-
bilitation hospitals and rehabilitation units in acute care hospi-
tals that provide an intensive rehabilitation program. Medicare 
pays IRFs hospitals at a higher rate than other hospitals because 
IRFs are designed to offer specialized rehabilitation care to 
patients with the most intensive needs. They are licensed as 
hospitals but have many characteristics that differentiate them 
from other levels of care. Under Medicare regulations, IRFs 
must provide 24-h, 7-day-a-week availability of physicians 
and nurses with specialized training or experience in medical 
rehabilitation [6]. In addition, IRFs must have medical, surgi-
cal, and mental health specialists available to provide consul-
tations, as well as access to hospital services necessary for the 
diagnosis and treatment of the comorbidities that can occur 
during the course of a patient’s stay. Professional staff usually 
meets weekly to discuss the patient’s progress, establish goals 
and time frames, and conduct discharge planning.

Patients admitted to IRFs usually have had a recent onset or 
significant exacerbation of a serious illness or injury with new 
impairments that result in reduced abilities to perform activi-
ties of daily living and ambulation. They may require medical 
and postoperative care at a hospital level but are relatively 
stable at the time of admission. In general, patients admitted to 
IRFs need to be able to tolerate at least 3 h of combined reha-
bilitation therapy per day, which include physical therapy, 
occupational therapy, or speech therapy. In addition, family 
members or other care givers may require intensive training to 
allow for a safe discharge back to the community.

Decisions to admit patients to or discharge them from 
IRFs are complex and require the consideration of many fac-
tors. While there are not strict criteria for admission to IRFs, 
certain patient characteristics are considered in determining 
if a patient is appropriate [7]:

 1. The patient is judged to have significant functional deficits 
and medical and nursing needs regardless of diagnosis, 
which requires the following:

 (a) Close medical supervision by a physiatrist or other 
physician qualified by training and experience

 (b) 24-h availability of nurses skilled in rehabilitation
 (c) Treatment by multiple other licensed rehabilitation 

professionals as needed in a time-intensive and medi-
cally coordinated program

 2. The medical stability of the patient and management of 
medical or surgical comorbidities are considered to be

 (a) Manageable in the IRF
 (b) Sufficiently under control so as to permit simultane-

ous participation in the rehabilitation program

 3. The patient presents as capable of fully participating in 
the inpatient rehabilitation program.

 4. The patient has clear functional goals identified to warrant 
the admission that

 (a) Are realistic
 (b) Offer practical improvements
 (c) Are expected to be achieved within reasonable time 

periods

 5. The patient has a high probability of benefiting from the 
program of care.

 6. The patient in most circumstances has a home and avail-
able family or care providers such that there is a likeli-
hood of returning the patient or home or a community-based 
environment.

Medicare is the principal payer for inpatient rehabilitation 
services. Payment is based on a PPS or predetermined 
rate, which is different and higher than the acute hospital 
PPS system. As of May 2004, in order to qualify for payment 
under this system, a percentage of IRF admissions have to 
have one or more of 13 medical conditions [8]. These condi-
tions include stroke, congenital deformity, major multiple 
trauma, amputation, hip fracture, spinal cord injury, traumatic 
brain injury, burns, and neurologic diseases such as Parkinson’s 
disease, multiple sclerosis, and muscular dystrophy. Additio-
nally, there are four musculoskeletal conditions included; 
however, due to the variability in complexity and severity of 
these diagnoses, additional criteria are applied including 
evidence that other less-intensive treatments have been 
attempted before IRF admission:

 1. Active polyarticular rheumatoid arthritis, psoriatic arthri-
tis, and seronegative arthropathies resulting in significant 
functional impairment of ambulation and other activities 
of daily living.

 2. Systemic vasculidities with joint inflammation resulting 
in significant functional impairment of ambulation and 
other activities of daily living.

 3. Severe or advanced osteoarthritis involving two or more 
weight-bearing joints with joint deformity and substantial 
loss of range of motion, atrophy of muscles surrounding 



819 Post-acute Care for Rheumatologists

the joint, significant functional impairment of ambulation, 
and other activities of daily living.

 4. Knee or hip joint replacement, or both during an acute 
hospitalization immediately preceding the inpatient reha-
bilitation stay and also meets one or more of the following 
specific criteria:

 (a) Bilateral knee or bilateral hip joint replacement surgery
 (b) The patient is extremely obese with a body mass 

index of at least 50
 (c) Age 85 years or older

Skilled Nursing Facilities or Nursing Homes

Nursing homes are residential institutions that provide assis-
tance with activities of daily living and nursing care. There are 
over 18,000 nursing homes in USA with over 1.5 million resi-
dents [9]. Long-term care accounts for over $110 billion dol-
lars in health-care expenditures in USA [10]. A wide range of 
assistance is required by residents in the nursing home setting – 
from minimal assistance with activities of daily living to total 
care. Nursing homes are licensed and regulated by state agen-
cies, with considerable federal control through Medicare and 
Medicaid guidelines. There are two levels of care provided by 
nursing homes – skilled nursing care and the more traditional 
long-term care or intermediate level of care. These two levels 
differ in both the type of care provided and the payer source.

The skilled level of nursing home care, sometimes known 
as subacute care, is another setting where medical rehabili-
tation services can be delivered. Over 50% of nursing home 
admissions are hospital discharges, most often to a skilled 
level of care [11]. Criteria for admission are imprecise to 
allow individual providers to make decisions on a case-by-
case basis, according to whether or not they can provide the 
level of care needed. Medicare will pay for skilled nursing 
care, which usually involves short-term rehabilitation stays 
following hospitalization. Overall, this level of care only 
accounts for 4% of nursing home residents [12]. The most 
common diagnosis for a skilled nursing facility (SNF) 
admission in 2005 was a major joint and limb reattachment 
procedure of the lower extremity, typically a hip or knee 
replacement. Hip and femur procedures with comorbid 
conditions were the fourth most common diagnosis [4].

The skilled level of nursing home care has strict criteria 
for admission. The patient must have had a 3-day inpatient 
hospitalization in the past 30 days and the requirement for a 
“skilling” service such as the need for physical, occupational, 
or speech therapy; intravenous antibiotics; complex wound 
care; or a new feeding tube. Medicare managed care plans 
known as Medicare Advantage usually waive the requirement 
for a 3-day hospital stay prior to accessing the skilled benefit. 
Medicare will pay for 100 days of skilled care, assuming that 
the skilled criteria continue to be met. In all, 100% of the first 

20 days of skilled care and then 80% of the remaining 80 days 
are covered by Medicare. The uncovered 20% is paid for by 
Medicare supplemental insurance policies or “Medigap” 
insurance, Medicaid if the resident is financially eligible, or 
private pay.

Nursing facilities were previously reimbursed for skilled 
care on a fee-for-service or cost basis. When hospitals began 
to be reimbursed on a diagnosis-related group (DRG) basis, 
patients were discharged to skilled nursing facilities 
“quicker and sicker.” However, the Balanced Budget Act of 
1997 changed Medicare reimbursement of skilled nursing 
care to a PPS with a variable per diem rate. This rate is based 
on resource utilization group (RUG) categories which are 
heavily weighted toward rehabilitation needs, with residents 
requiring complex nursing care reimbursed at a lower level. 
The per diem rate includes all care provided in the nursing 
facility including medications, blood work, X-rays, wound 
care supplies, ambulance transport, videofluoroscopic swal-
lowing studies, orthotic devices, assistive devices (walkers 
and wheelchairs), and outside physician visits. In general, 
the per diem rate is insufficient to cover all patient needs. 
Some things are “carved out” and reimbursed separately 
such as chemotherapy, hemodialysis, and some X-rays such 
as computed tomography (CT) scans and magnetic resonance 
imaging (MRI).

Care provided in an SNF differs from care provided in an 
IRF in the following ways:

 1. A physician must provide general medical supervision of 
the patient, but his does not necessarily include manage-
ment of therapy services.

 2. Physician visits are required once every 30 days.
 3. No requirement for interdisciplinary team conferences.
 4. Therapy providers can determine independently of one 

another when therapy will end.
 5. Presence of a registered nurse for 24 h is not required.
 6. Rehabilitation nursing is not required.
 7. There is no minimum requirement for therapy services 

per day.
 8. Laboratory, radiological, and emergency visits are not 

required to be available on site.

A summary of the differences between post-acute care pro-
vided in LTACs, IRFs, and SNFs can be seen in Table 9.1.

Nursing home residents in the intermediate level of care 
or traditional long-term care represent a diverse population. 
The largest segment of residents is over the age of 85 years. 
Women are more likely to use nursing homes than men 
and Caucasians are more likely to use nursing homes 
than African-Americans [13]. Over 90% of residents need 
assistance with bathing, with more than 75% needing assis-
tance with dressing, toileting, and transferring [14]. Urinary 
incontinence is one of the main reasons for nursing home 
admission and at least 50% need assistance with feeding. 
Common medical diagnoses in the nursing home include 
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Alzheimer’s disease, multi-infarct dementia, stroke, athero-
sclerotic cardiovascular disease, diabetes, osteoarthritis, 
amputation (usually secondary to diabetes), or chronic 
obstructive pulmonary disease. Osteoarthritis is a common 
cause of pain and disability in the nursing home setting.

Long-term care at the intermediate level is expensive, 
averaging $200 per day and varying by state [15]. Many 
patients or their families pay for this privately but at least 
50% of patients are subsidized by Medicaid. Medicaid 
has strict qualifying criteria based on both the need for 
care and lack of financial resources. The average Medicaid 
reimbursement is only $124 per day, which does not cover all 
the costs of care and not all nursing homes accept Medicaid. 
A small percentage of older persons have long-term care 
insurance policies which provide variable coverage for both 
nursing home care and in-home care.

Home Health Care

In 2006, almost three million beneficiaries used the Medicare 
home health care benefit [4]. After cardiac disease, diseases 
of the musculoskeletal system and connective tissue were 
the second principal diagnosis for home care utilization 
[16]. Many hospital patients are discharged to home with 
home care services for rehabilitation and continued medical 
treatment and monitoring. Home health care supplements 
care that is provided by family members but does not 
replace it. Joint replacement patients account for approxi-
mately 8% of hospital discharges referred to home health 
care. Approximately 3% of community referrals to home 
health care were due to osteoarthritis. Medicare’s pay-
ments for home health care shifted to a PPS in October 2000. 
The PPS makes a single payment for all services provided in 
a 60-day episode of care. Home care costs per visit are sig-
nificantly less than the daily costs of skilled nursing care. In the 
context of total joint replacement, home health care 
reports better outcomes; however, patients discharged to 
skilled nursing care probably have worse functional status 
to begin with [17].

Effectiveness of Post-acute Care 
Rehabilitation

The goals of post-acute rehabilitation are to regain strength, 
fitness, mobility, and function. Decisions as to what type of 
post-acute care setting is best for the patient should be 
based on objective outcomes measures. The success of post-
acute care rehabilitation is dependent on many factors 
including premorbid functional status, socioeconomic status, 
presence of informal care givers, and availability of the 
different options as well as the post-acute experience. In addi-
tion, the choice of setting is usually determined by the phy-
sician, patient factors, and the health-care delivery system. 
For these reasons, it is impossible to compare functional 
outcomes across the continuum of care. In addition, the 
different settings use different outcome measures: Functional 
Independence Measure (FIM) [18] for inpatient rehabili-
tation, the minimum data set (MDS) for skilled nursing 
facilities, and the outcomes and assessment information set 
(OASIS) for home health care.

Hip fractures in the elderly population are common and 
are responsible for significant morbidity and mortality. 
Over 50% of patients will not recover their premorbid level 
of function, putting them at increased risk for long-term 
nursing home placement [19]. Rehabilitation following hip 
fracture can be provided in either an IRF or an SNF, and 
there are no clear-cut guidelines to recommend one setting 
over the other. One study found superior functional outcomes 
and significantly shorter LOS for hip fracture patients treated 
in an IRF [20].

In 2004, over 450,000 total knee replacements and over 
230,000 total hip replacements were performed, most of 
them in people over the age of 65 years [21]. A large majority 
of older patients who have severe symptomatic osteoarth-
ritis choose to undergo total hip arthroplasty or total knee 
arthroplasty for long-term pain relief and improvement in 
function. Studies of health-related quality of life have shown 
remarkable improvement following joint replacement [17]. 
The most appropriate setting for care following a total 
joint replacement remains controversial. Interestingly, the 

Table 9.1 Comparison of long-term acute care (LTAC), inpatient rehabilitation facility (IRF), and skilled nursing facility (SNF)

Type of facility LTAC IRF SNF

Rehabilitation hour 
requirements

Not yet able to tolerate  
rehabilitation of >3 h/day

>3 h/day in two rehabilitation disciplines 
(physical, occupational, or speech 
therapy)

No requirement for rehab 
hours

Comorbidities Many concurrent illnesses  
which may be acute

Few concurrent illnesses Many concurrent illnesses 
which are chronic

Director of care Care directed by multiple  
specialists

Care directed by physiatrist Care directed by primary care 
physician

Physician visits Daily physician visits Daily physician visits Weekly or monthly physician 
visits

Average length of stay Average length of stay = 30 days Average length of stay = 14 days Average length of stay = 20 days
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proportion of total knee replacement and total hip replacement 
patients receiving care in IRFs has dropped significantly since 
2004, probably due to the restrictions placed on Medicare 
reimbursement. However, the proportion of these patients 
receiving care in other post-acute settings is increasing [4].

Conclusion

Post-acute care is an important component of the health-care 
continuum. For hospitalized older patients, it is the link to 
return to their previous level of function following an acute 
illness or surgical procedure. There are multiple settings in 
which this care can occur, ranging from in-home to the nursing 
home. All levels of post-acute care are reimbursed by Medicare, 
but within certain guidelines or criteria. A referral to the 
appropriate setting depends on the services needed, the 
patient’s prior level of function, expectations for recovery, 
and the ability to participate. Additionally, there are regional 
differences in practice patterns and resource availability. 
Ultimately, the decision for post-acute care is made by a 
collaboration between the patient, the patient’s family, and 
the physician.
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Abstract This chapter discusses the implementation and 
first results of a gerontorheumatology outpatient service 
(GOS), the facility of which was set up to meet the grow-
ing healthcare demands of the elderly with musculoskeletal 
problems in the Netherlands. The GOS translates the prin-
ciples of geriatric rheumatology for clinical practice. After a 
short introduction, the rationale for and activities of the GOS 
are described in some detail to inform healthcare providers 
about this tailored approach in geriatric care. The main inclu-
sion criteria, the goals of the intervention, the procedures 
and follow-up actions are outlined as well as the outcomes 
of a first tentative patient and referrer survey. Because the 
service primarily focuses on functional abilities, the instru-
ments used to assess functioning are described in relation 
to the International Classification of Functioning, Disability 
and Health (ICF). The chapter concludes with recommenda-
tions for future developments in geriatric rheumatology.

Keywords Geriatric rheumatology • Gerontorheumatology 
• International Classification of Functioning, Disability and 
Health • Functioning • Gerontorheumatology outpatient 
service

Introduction

Musculoskeletal problems are the most frequently reported 
complaints in the elderly living in the community [1]. 
Because in Western countries the number of people over the 
age of 65 is anticipated to increase substantially in the next 
few decades, it is estimated that the number of elderly 
patients with musculoskeletal conditions doubles [2, 3].

Due to their low incidence in an average general practice 
and their complexity, general practitioners (GPs) may expe-
rience difficulties in diagnosing and treating rheumatic 
conditions [4, 5]. Symptom presentation, disease manifesta-
tion, and comorbidity in older people may pose diagnostic 
problems [6, 7]. In general, because locomotor symptoms 
can be atypical and coincide with complaints associated 
with other (preexisting) diseases or are attributed to aging, 
they are difficult to interpret accurately. Disease manifesta-
tion may pose another diagnostic problem in the elderly. 
Incidence and prevalence of some musculoskeletal condi-
tions increase with age. However, the clinical picture and 
disease manifestations of some well-known conditions can 
also differ depending on the age of onset [8, 9]. On the other 
hand, long-standing conditions may give rise to new prob-
lems in that older patients may be confronted with new limi-
tations. Finally, diagnostics can be troublesome in this 
patient group due to comorbidities. Only in recent years has 
comorbidity in patients with musculoskeletal disorders 
received proper attention. Comorbidity is high in patients 
with rheumatic diseases: at least, half of all patients with 
rheumatoid arthritis (RA) are diagnosed with one or more 
additional chronic conditions [10, 11].

Particularly, coexistence of multiple musculoskeletal con-
ditions is high [1] and the quality of life is seriously impaired 
in this population [12]. In a study we conducted at the Sint 
Maartenskliniek, a hospital in the Netherlands that is special-
ized in the treatment of postural and motor (control) deficits, 
including rheumatic conditions, we assessed the number of 
diagnoses and comorbid conditions in a cohort of 246 patients 
that were referred to our gerontorheumatology outpatient 
clinic over a period of 3 years. The average age of patients 
was 79 years with a female/male ratio of 5:1, with 83% of 
the patients living at home and 17% in a residential home. 
The results, which are listed in Table 10.1, illustrate that 
nearly 50% of the patients we assessed had more than one 
rheumatologic condition and 77% showed one or multiple 
non-rheumatologic comorbid conditions. These findings 
hence underline the complexity and heterogeneity of this 
patient group.
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Accordingly, and given that the number of older patients 
with complex rheumatologic conditions in need of special-
ized care increases substantially in the coming years [13], 
the subspecialty of geriatric rheumatology was developed in 
an attempt to meet the healthcare demands of this growing 
elderly population, which are discussed next.

Geriatric Rheumatology

Geriatric rheumatology, also known as gerontorheumatol-
ogy, blends rheumatology and geriatric medicine with an 
emphasis on interdisciplinary care and treatment. The sub-
specialty’s main goal is to help older patients reach or main-
tain an optimal and adequate level of daily functioning and 
well-being despite the lasting presence of disease or 
impairment.

To sustain independent living for as long as possible 
(which the elderly in most Western societies value highly and 
is propagated by political interventions), it is vital that their 
ability to perform activities of daily living (ADL) is preserved. 
However, empowering patients to remain independent and 
manage their everyday lives will only succeed if their indi-
vidual and distinctive functional needs and possibilities are 
adequately addressed. Such a functional approach cannot rely 
solely on the assessment of the pathology and symptoms of 
the patient’s medical condition. Although necessary to under-
stand the condition and develop a proper treatment, a broader 
perspective on functioning is needed. The patient’s level of 
functioning can only be understood in the light of environ-
mental, social, and psychological features. For instance, if a 
patient’s mobility is impaired, housing conditions may have 
important implications for his or her level of participation. 
Psychological variables should also be taken into account as 
cognitive impairment and depression are common in the 
elderly [14, 15]. Such conditions can aggravate the presented 
functional problems and limit treatment options. The ability 
to cope with the multitude of stressors posed by these condi-
tions may additionally be diminished by a decline in coping 
resources since, among other sources, both income and social 
support networks tend to shrink with age.

In short, a comprehensive assessment of the functional 
abilities of elderly people with musculoskeletal conditions 
should entail more than the traditional disease-specific 
parameters frequently used in rheumatology as an inventory 
of disease activity, pain and function does not fully capture 
the scope of the problems. Rather, this requires an assess-
ment model that is not limited to the boundaries set by the 
functional outcome measures of a single rheumatologic diag-
nosis. The International Classification of Functioning, 
Disability and Health (ICF), the classification system we 
describe next, satisfies these requirements.

International Classification of Functioning, 
Disability and Health

The ICF provides a standard language and framework for the 
description of health and health-related states [16]. As its 
main focus is on functioning, the model can be applied 
regardless of any underlying condition(s) in heterogeneous 
groups and patients with multiple conditions.

As Fig. 10.1 indicates, disability and functioning are 
viewed as outcomes of interactions between health condition 
(diseases, disorders, and injuries) and contextual factors. 
Among the contextual factors are external, environmental 
factors (e.g., social attitudes, architectural characteristics, 
legal, and social structures, climate, terrain, etc.) and inter-
nal, personal factors (e.g., gender, age, coping styles, social 
background, education, profession, past and current experi-
ence, overall behavior pattern, character, etc.) that influence 
the way people experience their condition.

As to the assessment of health condition, because the 
model focuses in on the patient’s functional level regardless 

Table 10.1 Relative distribution (%) of diagnosed rheumatologic 
and non-rheumatologic diagnoses in 246 patients referred to our 
gerontorheumatology outpatient clinic over a period of 3 years

Rheumatologic (%) Non-rheumatologic (%)

0 0 23
1 52 35
2 40 25
3 6 12
4 plus 2 6

Fig. 10.1 The International Classification of Functioning, Disability 
and Health model
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of the underlying disease(s) or condition(s), it is particularly 
suitable for our older patient group in which comorbidities 
are common. In addition to being used to assess the func-
tional implications of rheumatic conditions, the ICF may 
also be applied to gauge the impact of concomitant psycho-
logical and cognitive and emotional problems (e.g., depres-
sion), which tend to be strongly associated with functioning 
in the elderly [15]. Furthermore, the model allows for the 
inclusion of physical risk factors. One such risk factor that is 
often overlooked is the risk of falling, which is high both in 
the elderly [17] and in elderly patients suffering from rheu-
matoid arthritis and functional limitations [18].

Another advantage of the model is that it explicitly takes 
contextual factors into account, which are particularly cru-
cial when assessing functional abilities in the elderly. 
Housing conditions should always be assessed, along with 
social support conditions. Social support from the family, or 
the lack of it, was identified by chronically ill people as an 
important barrier toward active self-management of their 
chronic conditions [19]. An environmental factor that is often 
disregarded is the medical treatment and the prescribed med-
ication in particular. Comorbidity in this population increases 
the risk of exposure to multiple prescribers resulting in frag-
mentation of care [20] and serious health risk for patients. 
Not surprisingly, adherence to medication regimens is poor 
in older people [21].

Finally, the model includes a number of personal vari-
ables that are important determinants of the patient’s func-
tioning and treatment potential. In some older patients, 
limited income, social support, and coping repertoire may 
restrict their participation in active and intensive nonphar-
macological treatments, which have been gaining ground 
in rheumatology. As these interventions emphasize the 
patient’s active involvement and require largely intact 
motor and cognitive skills, this relatively complex treat-
ment is unsuitable for patients with more serious motor and 
cognitive deficits, which thus need to be identified early on 
[22]. Following the principles of geriatric rheumatology 
and based on the ICF model, a first step toward improving 
health care for our elderly population with musculoskeletal 
problems was the development and implementation of a 
specialized service.

Gerontorheumatology Outpatient Service

To put the principles of geriatric rheumatology into practice 
and to help meet the needs of our target group, the depart-
ment of rheumatology of the Sint Maartenskliniek developed 
the gerontorheumatology outpatient service (GOS) [23]. In 
the next sections, we discuss the facility in detail and finally 
present the first results of our implementation.

Aims and Objectives

The service aims at advising GPs on appropriate treatment 
options for their elderly patients with musculoskeletal condi-
tions. Given that health problems in the elderly can be com-
plex, comprehensive history taking and a thorough physical 
examination are indispensable. GPs are hence invited to refer 
all people aged over 75 years with single or multiple problems 
of the locomotor system that may lead to the loss of indepen-
dency or immobility to our service, where an interdisciplinary 
team consisting of a rheumatologist and a nurse practitioner 
(NP) examines the patient extensively following the ICF model. 
The center subsequently informs the referring GP of the results 
and offers recommendations in terms of assessment outcomes 
and the most appropriate or feasible treatment options.

As in geriatrics, in rheumatology the functional conse-
quences of the underlying illnesses or conditions for ADL 
ability are as important as the illness itself. Therefore, in 
developing our service we looked at the ongoing develop-
ments in geriatrics, such as the geriatric evaluation and 
assessment (GEM) [24] and have incorporated components 
of this and other geriatric evaluation tools in the GOS.

Organization and Procedure

Patients are mostly referred by their GPs and occasionally by 
other specialists. They are scheduled for a dual appointment 
with the rheumatologist and the NP at the outpatient clinic. Both 
consultations last approximately 45 min. Three weeks before 
their scheduled visit, patients are contacted by phone by the NP 
who informs them about the GOS procedures. They are also 
told they will receive a questionnaire by mail with the request 
to complete and return the forms ahead of their visit. Figure 10.2 
shows the set-up of our gerontorheumatological service.

The rheumatologist assesses disease and impairment vari-
ables distinguishing between the two main causes of func-
tional impairment, i.e., inflammatory and degenerative 
disorders. Discrimination between specific locomotor and 
other sources of functional impairment is important to set 
goals for tailored interventions aimed at improving the vari-
ous joint disorders. The NP focuses on the patient’s func-
tional ADL abilities and additionally evaluates the levels of 
psychological, social and cognitive functioning as well as 
coping skills and resources. The NP also informs, counsels 
and advises the patient about diseases and diagnoses, home 
adaptations, ADL-relevant aid devices, home-care services, 
special transport facilities, nutrition, welfare organizations, 
and complementary community-based care. Finally, the NP 
and patient talk through the patients’ wishes and needs and 
explore possible solutions while taking the patient’s personal 
capabilities and environmental factors into account.
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Having concluded their consultations, the rheumatologist 
and NP discuss their findings and decide on a further course 
of action that will be tailored to the specific health problems 
and possibilities of the patient.

Assessment According to the ICF Model

During the consultations at the clinic a comprehensive, stan-
dardized assessment of the most important domains in the ICF 
model is made that includes a medical examination, a set of 
self-report questionnaires and structured interviews. Table 10.2 
[25–32] lists all aspects that are assessed with the inventories 
used. For some of the elements standardized answer forms 
were used. Each assessment was valid and reliable and deemed 
most sensitive to detect clinically important changes. Apart 
from mentioned psychometric properties, the subjective ques-
tionnaires were also chosen for their expediency as they were 
to be filled in at home. During the first telephone contact, the 
patient received detailed instructions about the questionnaires, 
which would take approximately 30 min to fill in; the com-
pleted forms were to be returned using the enclosed return 
envelope. A short pilot study had shown that a cohort of 
elderly people living in a residential home did not experience 
any problems completing the questionnaires [33].

In addition to standardized rheumatologic procedures, the 
rheumatologist completes a form detailing rheumatologic 
diagnoses, comorbidity, pharmacotherapeutical treatment and 
reason for referral. On a separate form the modified cumula-
tive illness rating scale [25, 34] is completed, giving an indi-
cation of the burden posed by the combined comorbidities.

To test functioning, to date we have been using three 
 measures, each with different scopes. While the 12-item 
short form health survey (SF-12) [26] is a generic instrument 
allowing comparison between different patient groups, the 
Health Assessment Questionnaire (HAQ) [27] was specifi-
cally developed to gauge rheumatic conditions. The Barthel 
Index [28, 35], originally designed for use in nursing homes 
and which the NP administers during the GOS, strongly 
focuses on functions related to ADL independence.

Both pain and fatigue are common reasons for seeking 
treatment from a primary care physician and in most rheu-
matic conditions levels tend to be high. We assess these 
symptoms using visual analog scales (VAS) during the GOS. 
Finally, to chart fall history, taken to be the best predictor of 
falls in the near future, the patients are asked whether they 
have fallen in the last 6 months.

Depression and social support are measured with self-
administered questionnaires that were developed with the 
elderly population in mind. The Geriatric Depression Scale 
[29] is a 15-item yes/no measure assessing depressed mood 
in the elderly. Cut-off scores are given for clinical depres-
sion. The loneliness scale [30, 36] is an 11-item inventory 
measuring feelings of loneliness as an indicator of lack of 
social support. For the GOS we selected the loneliness scale 
with a yes/no answer format. Again, cut-off scores are given 
for clinically relevant levels of loneliness.

Cognitive status is assessed by the NP using the mini-
mental state examination (MMSE) [31]. This short test 
screens for the presence of cognitive impairment in a number 
of areas. Cognition is defined as mental activity such as 
memory, thinking, attention, reasoning, decision-making, 
and dealing with concepts.

body functions &
structures

health condition
disorders and/or diseases

rheumatologist

activity &
participation

contextual
factors

nurse practitioner

advice
re-referral to GP

further treatment
by a multidisciplinairy team

interdisciplinary
care plan

general practitioner
nursing-home physician

Fig. 10.2 Organization of the 
gerontorheumatologic outpatient 
service
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Finally, the NP assesses the patient’s physical activity 
 levels during an average week using the short questionnaire 
to assess health-enhancing physical activity (SQUASH) [32]. 
Although the instrument can be used as a self-administered 
survey, we used it as a protocol for a guided interview.

Based on the outcomes the rheumatologist and NP deter-
mine the risk factors for each individual patient, which they 
will then discuss together.

Follow-Up Actions

The rheumatologist discusses the findings of the examina-
tions and treatment options with the patient, either by phone 
or on a following visit to the hospital. Three lines of action 
are possible:

 1. The patient is told that further specialist treatment from 
the rheumatologist or NP is not necessary and will be 
referred back to his/her GP who will receive diagnostic 
and treatment recommendations to be delivered in a pri-
mary care setting.

 2. The patient will continue to be monitored by the rheuma-
tologist and NP because of a major inflammatory disease 
or a complex locomotor problem requiring outpatient 
counseling and treatment; often physiotherapy is started 
immediately.

 3. The patient is to receive multidisciplinary rheumatologic 
treatment in the hospital either as an out- or inpatient.

As described in detail in a previous study on our outpa-
tient service [23], after one to three visits to our outpatient 
clinic most patients (69%) were referred back to their GPs 
with additional treatment advice. The remaining patients 

(31%) received further treatment and care by the rheumatol-
ogist and NP. In 12% of the patients the problems warranted 
multidisciplinary ambulatory, clinical, or surgical care.

Evaluation of the GOS

Patients and referring practitioners were asked to evaluate the 
GOS by two separate postal questionnaires 6 months after the 
first referral [23]. Most patients (86%) indicated that they had 
acted upon the information and advice they had received dur-
ing the consultations. Most patients (89%) would recommend 
the service to their peers suffering from similar problems, 
while 92% of them gave an overall positive judgment. Of the 
total of 77 referring GPs, 53 returned the questionnaire 
(response rate: 69%), with 82% indicating that the service 
had been beneficial to their patients. Again 82% stated they 
would recommend the GOS to colleagues and 89% charac-
terized the service as a useful initiative. Although tentatively, 
these qualitative data suggest that the GOS positively affects 
the patient’s quality of life. However, geriatric rheumatology 
has far more ambitious goals and the outpatient service 
should be seen as a first step toward these greater goals.

Future Developments in Geriatric 
Rheumatology

Our research group has defined various targets for gerontorheu-
matology for the coming years [37]. One of the most promising 
avenues for improvement of the care within our subspecialty 
is to prescribe interventions that are tailored to the patient’s 

Table 10.2 Aspects assessed within the framework of the gerontorheumatologic outpatient service

Assessed by Aspect assessed Operation Method

Rheumatologist Rheumatologic diagnosis GOS
Comorbidity GOS
Comorbidity impact Frailty index [25] GOS
Medication GOS
Reason for referral GOS

Nurse practitioner Functioning (overall) SF-12 health survey [26] PQ
Functioning (rheumatology) Health Assessment Questionnaire [27] PQ
Functioning (ADL) Barthel’s Index [28] GOS
Pain VAS GOS
Fatigue VAS GOS
Fall history Reported falls in last 6 months GOS
Depression Geriatric Depression Scale [29] PQ
Social support Loneliness scale [30] PQ
Cognitive status Mini-mental state examination [31] GOS
Level of physical activity SQUASH [32] GOS

GOS = performed during the gerontorheumatology outpatient service consultations; PQ = assessed with postal questionnaire filled in at home
SQUASH short questionnaire to assess health-enhancing physical activity
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primary problems, which were not available for elderly 
patients with musculoskeletal conditions. Such targeted inter-
ventions that address some of the most frequent problems in 
this patient group (i.e., depression, loneliness, falls, non-
adherence) are now in the process of being developed.

The incidence of depression is high in the elderly, and 
more so in the elderly suffering pain. Although depression 
can be treated, depression in the chronically ill elderly 
patients in pain is largely undertreated. A promising new 
treatment is the minimal psychological interventions devel-
oped for elderly patients with chronic diseases [38]. Using 
self-management and cognitive behavioral techniques, this 
intervention aims to decrease depressive feelings in chroni-
cally ill elderly. Also the lack of social support and loneli-
ness may have stark consequences on the patient’s overall 
functioning and feeling of well-being and again specific 
interventions in which the elderly learn to (re)build their 
social networks and reduce their feelings of depression have 
been introduced [39]. The same is true for falling. Fall pre-
vention programs are highly effective in reducing the num-
ber of falls [40]. Finally, non-adherence should also be 
addressed in all patients with polypharmacy. When non-
adherence has been established and is attributable to forget-
fulness, simple devices may help improve adherence.

With timely implementation, these interventions help end 
under treatment. Although it takes some effort to make these 
interventions available for all elderly patients with musculo-
skeletal conditions that are at risk, these perpetuating or 
aggravating factors are all too often neglected or overlooked. 
Or worse still: they are simply seen as unavoidable and natu-
ral results of aging that do not merit special attention. These 
erroneous beliefs can be held by the rheumatologist and the 
patient alike.

Discussion and Conclusions

Musculoskeletal disorders are the most frequent cause of 
disability in today’s elderly. Creating and maintaining opti-
mal level of care and treatment for the increasing numbers of 
elderly with these conditions poses a serious challenge to 
present-day rheumatology. The Nijmegen-based GOS is a 
new approach designed to help meet this challenge. The 
GOS blends the specialties of rheumatology and geriatric 
medicine and emphasizes interdisciplinary care and treat-
ment involving thorough rheumatologic diagnoses, a wide-
ranging assessment of functional abilities, and tailored the 
treatment of identified deficiencies and disorders. The impact 
of the various conditions is assessed using a comprehensive 
approach based on the ICF model. The problems elderly 
rheumatoid patients encounter are complex; striving, as they 
are to maintain optimal health while struggling with the 

many effects of aging and diminishing coping resources. 
Treatment and care are accordingly complex and rely heavily 
on interdisciplinary cooperation and coordination. The main 
goal of the GOS hence is to help patients attain or maintain 
an optimal, adequate level of daily functioning and well-
being despite the lasting presence of their disease and impair-
ments through a comprehensive, interdisciplinary approach 
and tailored treatments or recommendations.

The self-perception of health plays a critical role in the 
ability of an individual to function independently. Although 
physical aspects are important when promoting health and 
empowering patients to manage their everyday lives, the psy-
chosocial aspects of health warrant explicit attention as well. 
Aging is accompanied by a decline in functional reserves 
and capabilities. The impact of this decline depends to a con-
siderable degree on the person’s environmental circum-
stances and on the societal attitudes toward elderly people. 
The consequences of aging can be attenuated by modifica-
tion of risk factors for disease.

As described in this chapter, the GOS is designed to help 
health professionals deal with the growing numbers of elderly 
patients with musculoskeletal conditions. The aim of the ser-
vice is similar to that of regular rheumatologic care: to 
improve and preserve the quality of life by preventing unnec-
essary impairment and disability, preserve independence, 
improve mobility, reduce chronic pain, optimize care quality, 
and reduce care quantity. For the majority of elderly people 
living independently for as long as possible is a very impor-
tant issue. This is why we stress the functional approach of 
the GOS: its strong focus on preserving or improving peo-
ple’s ability to perform activities of daily living. To this end, 
we have adopted a problem-oriented approach to evaluate 
the complaints and to set therapeutic goals.

A first, preliminary evaluation of the GOS by the referring 
physicians and participating patients was favorable and in 
support of the principles of the service. For a proper evaluation 
of a patient’s condition and concomitant problems, spending 
sufficient time with the patient is a critical factor. In our out-
patient clinic, all patients are seen by a rheumatologist and a 
nurse practitioner with both consultations lasting at least 
45 min. This should be taken into consideration when imple-
menting a similar facility in other settings.

However, although the first results show the service to be 
a viable approach, more research is needed to study its impact 
on patients well-being, quality of life, and functional and dis-
ease outcome. Clearly, tailoring interventions to the most 
common or pronounced risk factors in this patient group is 
likely to improve their effectiveness.

The old maxim that “prevention is better than cure” is 
often forgotten when dealing with the elderly in whom dis-
ability is often merely attributed to aging while it is often the 
beginning or worsening of a disease process. As a result, 
many elderly do not get the treatment they need and suffer 
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from unnecessary and preventable loss of function and qual-
ity of life. Although only a first step, a gerontorheumatology 
outpatient service, such as described in this chapter, may 
help amend the latter and hence enhance the lives and inde-
pendence of our elderly and concurrently reduce the socio-
economic burden of our public health and care services.
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Abstract This chapter is designed to review the basics of 
public health, to highlight its relevance to health-care pro-
fessionals, and to outline opportunities for the use of health 
policy in improving and protecting the health of older adults 
with arthritis. Many public health interventions intersect 
with the medical system at the level of the individual patient 
and complement clinical care efforts. Health policies are 
often designed to have broad effects at the community and 
population level and to help achieve national public health 
goals. The unprecedented pace of aging in the US popula-
tion at the start of the twenty-first century offers a unique 
challenge and exceptional opportunity to combine the efforts 
of public health, the health-care system, and health policy to 
combat the toll arthritis takes on our communities, patients, 
and country. Health policies, in concert with public health 
and medical interventions, can be powerful tools to reduce 
the burden and impact of arthritis.

Keywords Health policy • Public health • Aging • Interventions 
• Legislation • Advocacy • Population

Introduction

Adults aged 65 years or older account for a substantial and 
growing proportion of the US population. By 2030, the size 
of this age group is expected to double, representing ~20% 
of the total population and 71.5 million people [1]. Among 
the factors contributing to this phenomenon are demographic 
changes brought on by the “baby boom” of the 1940s and 
1950s, and dramatic gains in life expectancy over the twenti-
eth century [2]. Unfortunately, older adults bear considerable 
health and economic burdens resulting from chronic dis-
eases, including diminished quality of life, disability, and 

health-care costs [3]. People are living longer lives, but for 
many that means more potential years lived with chronic 
health conditions such as arthritis.

Approximately 46 million US adults have arthritis, and 
about 37% are at least 65 years old; so, 17 million older 
adults, or one in every two people aged 65 years or older, 
have arthritis [4]. By 2030, adults aged over 65 years will 
make up more than 50% of the population with arthritis, and 
arthritis will affect more than 34 million older adults 
(Fig. 11.1) [4]. Arthritis-attributable activity limitation cur-
rently affects two in every five older adults with arthritis [5] 
and is also increasing, with a projected impact on 13.5 mil-
lion older Americans by 2030 [4]. As the number and pro-
portion of older adults continue to grow, increasing demands 
on medical and social services are inevitable as is an increase 
in the large and growing public health burden of arthritis.

This chapter is designed to review the basics of public 
health, to highlight its relevance to health-care professionals, 
and to outline opportunities for the use of health policy in 
improving and protecting the health of older adults with 
arthritis.

Public Health and the Role of Health Policy

Both the medical care and public health systems seek to 
apply arthritis interventions, provide relevant information, 
and ensure timely access to interventions. But, in contrast to 
the traditional medical model, which focuses on one patient 
at a time, the public health approach focuses on entire popu-
lations. A coordinated public health approach is essential for 
addressing the enormous societal and individual burden of 
arthritis, and the framework for reducing arthritis burden at 
the population level rests on classic public health values – 
establishing and expanding the science base, working through 
partnerships, reducing health disparities, and emphasizing 
prevention [6, 7].

A key focus of public health is prevention, which is orga-
nized into three levels: primary, secondary, and tertiary. 
Primary prevention consists of efforts to prevent disease onset. 
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Secondary prevention measures are those that seek to identify 
disease at its earliest stage in order to initiate prompt and 
appropriate management to reduce disease impact. Tertiary 
prevention attempts to diminish the impact of established 
disease, restore the highest function possible, and minimize 
disease complications [7]. Most of the currently available 
opportunities in arthritis prevention are from the tertiary pre-
vention category.

Successful primary prevention strategies for arthritis are 
few, but they involve maintaining a healthy weight, occupa-
tional and sports injury prevention, and precautions to pre-
vent tick bites that cause Lyme disease and associated arthritis 
[8]. Secondary prevention strategies for arthritis, early diag-
nosis and appropriate medical treatment, appear underused. 
Improving quality of life, increasing personal sense of con-
trol, and reducing pain and disability are all possible through 
tertiary prevention strategies for arthritis. Self-management, 
through physical activity, weight control, and education, is 
central to disease management for people with arthritis. 
Rehabilitation services, such as physical and occupational 
therapy, and medical and surgical treatments (e.g., joint 
replacement) are also important and effective tertiary pre-
vention strategies for arthritis.

Cross-cutting partnerships are another bedrock of public 
health. To serve the health needs of populations, public health 
has traditionally welcomed a wide variety of partners, includ-
ing those that span different levels of government (e.g., state 
and local), different agencies (e.g., Centers for Disease 
Control and Prevention (CDC) and Administration on 
Aging), and even different and seemingly unrelated fields 
(e.g., city planning and environmental protection). As the 
population ages, the already established relationship between 
the aging field and public health, such as collaborations with 
the Aging Services Network, will become even more impor-
tant [9]. The Aging Services Network, a national human 

 service delivery system, connects federal, state, and local 
agencies to provide services and opportunities for older 
Americans to lead dignified, independent, and healthy 
lives [10].

In addition to prevention and partnerships, monitoring 
population health and population-based interventions are 
fundamental to public health. In fact, the Institute of 
Medicine (IOM) in the USA has outlined three core func-
tions of public health: (1) assessment, (2) assurance, and 
(3) policy development [11]. Assessment involves regular, 
systematic monitoring of the health of a specific population 
(e.g., state, older adults, and country) through the collec-
tion and analysis of health information, dissemination of 
health statistics, needs assessments, and epidemiologic and 
other studies of health and disease. Assurance at its most 
basic level requires working to provide conditions in which 
people can be healthy, including guaranteeing access to ser-
vices and achievement of health goals. Finally, policy 
development activities use the scientific knowledge base in 
decision making about public health and in the develop-
ment of comprehensive health policies to serve the public 
interest [11].

More simply, health policy can be seen as a reflection of 
collective choices made by a society that affect the health-
care delivery system, public health system, or the health of 
the general public. Much of the twentieth-century gain in the 
average US lifespan is attributable to the application of health 
policies and public health activities [2, 12]. For example, 
mid-century vaccination policies helped to eradicate small-
pox globally, and poliomyelitis in the US population [12]. 
Yet, as infectious disease incidence, prevalence, and mortal-
ity decreased, chronic conditions and associated morbidity 
began to increase, requiring that we turn the same attention 
and policy applications to chronic disease prevention and 
health promotion [12].

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

2005 2010 2020 2025 2030

Year

N
um

be
r i

n 
1,

00
0s

   
  

18-44 45-64 65+ years old

2015

Fig. 11.1 Projected prevalence 
of arthritis in the USA, 
2005–2030, by age



9511 Health Policy, Public Health, and Arthritis Among Older Adults

Efforts to prevent chronic disease and promote health 
often work at multiple levels, described as the “socioecologic 
model” [13, 14]. In order to impact health, interventions 
must take into account innate individual traits; individual 
behavior; social, family, and community networks; living 
and working conditions; broad social, economic, cultural, 
health, and environmental conditions; and policies at multi-
ple levels. This last, outer level is the realm of policy inter-
ventions, which affects the other levels. Chronic disease 
programs are increasingly focused on policy as a tool for 
improving population health. Health policy and other inter-
ventions that change the context in which the entire popula-
tion operates are likely to be the most wide-reaching public 
health actions [15].

Health Policy Tools and Examples

Laws have historically been, and continue to be, vital to 
many great public health achievements (e.g., injury reduc-
tion through seat-belt laws and prevention of dental caries 
through municipal water fluoridation), but they are only one 
of several policy tools that are applicable to address the pop-
ulation burden of chronic diseases such as arthritis [16]. The 
World Health Organization (WHO) includes several policy 
tools among its review of effective chronic disease interven-
tions [16]. These include laws and regulations at the local, 
state, and national levels; tax and price interventions; regu-
lations/mandates; ordinances; treaties; advocacy; norm 
changing to create environments conductive to prevention; 
and guidelines. Health policy activities are conducted at 
many action levels (e.g., federal, state, local/community, 
and organizational) often depending on the specific policy 
intervention.

A variety of chronic disease policy efforts can support 
important arthritis outcomes without having to be arthritis-
specific policies. For instance, approximately 66% of US 
adults with arthritis are overweight or obese [17]. So, obesity 
control potentially impacts a large proportion of people with 
arthritis, and policies to decrease obesity benefit the arthritis 
population by extension. Given that there are so many shared 
risk factors (e.g., lack of physical activity, obesity, and poor 
nutrition) among chronic diseases, there are many opportuni-
ties for policies and programs not specifically designed for 
people with arthritis to benefit the arthritis population.

Engaging in physical activity, an important and effective 
intervention for people with arthritis, diabetes, obesity, car-
diovascular disease, and other conditions, can be influenced 
by the built environment [13]. Thoughtful urban planning, 
assuring access to exercise facilities, and requiring mainte-
nance of walking and cycle ways are examples of policy inter-
ventions that can reduce barriers to and increase opportunities 

for physical activity [13]. Community-based  interventions, 
such as providing walkways, focus on risk-factor reduction 
for whole communities – the essence of public health.

Site-specific (e.g., community, school, and workplace) 
public health interventions are often successful because they 
can employ policies and programs in combination, an 
approach that is shown to be effective in tobacco control 
[18]. The combination of health policies, health education, 
and health services at a worksite, for example, creates a 
health-conscience environment which facilitates individual 
and societal improvements in health [15, 16]. Health man-
agement opportunities at the worksite are likely to become 
increasingly important to older Americans with arthritis and 
other chronic conditions as Americans continue to stay in the 
workforce longer [1]. So, policies to ensure that older adults 
who wish to continue to work or that people with impairment 
from arthritis can remain in the workforce (protected by the 
Age Discrimination in Employment Act [19] and Americans 
with Disabilities Act [20], respectively) clearly illustrate the 
potential of broadly written policies to benefit many vulner-
able populations, including people with arthritis, particularly 
older adults with arthritis.

Arthritis-Specific Federal Policy Initiatives

Arthritis-specific policies also exist, including some substan-
tial Federal-level arthritis policies. The National Arthritis 
Act of 1974 (NAA) was the first of five major national efforts 
that can be identified as policy initiatives to address arthritis. 
Establishment of a separate arthritis institute (now know as 
the National Institute of Arthritis and Musculoskeletal and 
Skin Diseases [NIAMS]) at the National Institutes of Health 
(NIH) [21] was the second, and the third national effort to 
address arthritis was the addition of arthritis-specific and 
arthritis-related objectives to Healthy People 2010 [22, 23]. 
Fourth, the National Arthritis Action Plan: A Public Health 
Strategy (NAAP) [7] was written in the late 1990s, and, fifth, 
the CDC received its first congressional direction and fund-
ing to address arthritis.

National Arthritis Act of 1974; National 
Arthritis Plan of 1976

Congress unanimously approved the National Arthritis Act of 
1974 in December of that year, responding to the magnitude 
of the burden of arthritis in the USA [24]. Purposes of the 
NAA included establishing a temporary National Commission 
on Arthritis and formulating a long-range Arthritis Plan; 
making grants to carry out arthritis screening, detection, 
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 prevention, and referral demonstration projects; developing 
comprehensive arthritis centers (i.e., multipurpose arthritis 
centers); and establishing an arthritis data bank (i.e., the 
Arthritis, Rheumatism, and Aging Medical Information 
System (ARAMIS) [25]). Goals of the long-range Arthritis 
Plan were largely centered around physician and public edu-
cation, with a lesser emphasis on improving treatment 
through greater access to arthritis centers and advances in 
biomedical research and intervention development [24].

National Institute of Arthritis  
and Musculoskeletal and Skin Diseases

NIH is the principal biomedical research agency of the fed-
eral government in the USA, sponsoring scientific programs 
carried out through its individual institutes. These institutes 
reflect public priorities in health and demonstrate financial 
commitment to pursuing each institute’s mission, making 
them overt manifestations of health policy. In 1986, all arthri-
tis-related precursors were superseded by the establishment 
of NIAMS, solidifying its arthritis-specific identity. One of 
19 current institutes, NIAMS focuses primarily on the train-
ing of basic and clinical scientists to perform biomedical 
research on the causes, treatment, and prevention of arthritis 
and musculoskeletal and skin diseases; awarding grants to 
meet these goals; and disseminating research findings. Other 
NIH institutes also provide important information and fund-
ing for arthritis research. For example, the National Institute 
on Aging (NIA) has a significant interest in improving the 
understanding, prevention, and treatment of age-related mus-
culoskeletal diseases including osteoarthritis.

Healthy People 2010

The third in a series of 10-year plans detailing health objec-
tives for the USA, Healthy People 2010 (HP2010) was the 
first to include arthritis-specific objectives (Table 11.1). 
These national health objectives set priorities for improving 
the health of all Americans. People with arthritis were 
explicitly highlighted in eight arthritis-specific objectives 
and are also a targeted subgroup of related physical activity 
and nutrition objectives. The arthritis-specific objectives 
address important goals such as reducing pain and arthritis-
attributable personal care and work limitations among peo-
ple with arthritis, and increasing the proportion who receive 
health-care provider counseling for weight reduction and 
exercise. Making arthritis objectives a part of our nation’s 
health goals is a policy approach that raises the visibility of 
arthritis burden and draws attention to public health efforts 
and accomplishments related to arthritis. Healthy People 2020 

(HP2020) will be released near the end of 2010; it is anticipated 
that all but one of the HP2010 objectives will be continued, 
and two new arthritis-specific objectives will be added 
(Table 11.1).

The National Arthritis Action Plan: A Public 
Health Strategy (1998)

The NAAP is organized around three major focus areas 
(surveillance, epidemiology, and prevention research; com-
munication and education; and programs, policies, and sys-
tems), which are designed to establish and enhance a 
coordinated national effort for reducing arthritis and its 
accompanying disability [7]. The NAAP and HP2010 com-
plement each other in that HP2010 objectives set public 
health goals for the future, and the NAAP outlines a public 
health strategy for meeting those goals and reducing the 
population impact of arthritis.

Table 11.1 Healthy people 2010 and 2020 arthritis objectives

2–1 Reduce the mean level of joint pain among adults  
with doctor-diagnosed arthritis

2–2 Reduce the proportion of adults with doctor-diagnosed 
arthritis who experience a limitation in activity due to 
arthritis or joint symptoms

2–3 Reduce the proportion of adults with doctor-diagnosed 
arthritis who have difficulty in performing two or more 
personal care activities, thereby preserving independence

2–4 Increase the proportion of adults with doctor-diagnosed 
arthritis who receive health- care provider counseling

(a) For weight reduction among overweight and obese 
persons

(b) For physical activity or exercise
2–5 Reduce the impact of doctor-diagnosed arthritis on employ-

ment in the working-aged population
(a) Reduction in the unemployment rate among adults with 

doctor-diagnosed arthritis
(b) Reduction in the proportion of adults with doctor-diag-

nosed arthritis who are limited in their ability to work 
for pay due to arthritis

2–6 Eliminate racial disparities in the rate of total knee replace-
ments among persons aged 65 years and older eliminated 
in HP2020

2–7 Increase the proportion of adults with chronic joint symp-
toms who have seen a health-care provider for their 
symptoms

2–8 Increase the proportion of adults with doctor-diagnosed 
arthritis who have had effective, evidence-based arthritis 
education as an integral part of the management of their 
condition

Proposed objectives likely to be added to HP2020
Reduce the proportion of adults with doctor-diagnosed 

arthritis who find it “very difficult” to perform specific 
joint-related activities

Reduce the proportion of adults with doctor-diagnosed 
arthritis who report serious psychological distress
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Health policy interventions play an important role in 
achieving the NAAP vision, and these include educating 
policy makers on the burden and impact of arthritis; ensuring 
arthritis is represented in federal health and disabilities poli-
cies; developing indicators of success regarding prevention 
strategies to guide policy and other decision makers; and 
drafting a policy requiring managed care organizations to 
cover any arthritis treatment or prevention intervention that 
is proven to be cost effective [7]. As part of its plan to imple-
ment these and other useful strategies, NAAP called for fed-
eral staff dedicated to arthritis at NIH, the CDC, and other 
agencies.

CDC Arthritis Program

Due in part to strategies outlined in the NAAP, CDC received 
its first congressional appropriation in 1999 to initiate a pub-
lic health response to arthritis. The CDC Arthritis Program is 
structured to help achieve the arthritis-specific HP2010 
objectives and focuses its efforts on three key areas: strength-
ening the public health science base, fostering the develop-
ment of state arthritis programs, and developing interventions, 
including policy initiatives, to reduce the impact of arthritis.

CDC Arthritis Program Activities

The CDC Arthritis Program is embedded in CDC’s National 
Center for Chronic Disease Prevention and Health Promotion, 
a center with a rich tradition of using policy change to 
improve the health of the American public. During the 1980s, 
CDC’s responsibilities expanded from an infectious disease 
focus to address noncommunicable diseases – principally 
those with a major impact on the nation’s health, such as 
cancer, heart disease, diabetes, and other leading causes of 
death. In 1988, the agency’s expanding role in tobacco and 
other chronic disease risk factors led to the establishment of 
the National Center for Chronic Disease Prevention and 
Health Promotion. Because of its focus on high-prevalence, 
high-impact chronic diseases, the center helped spearhead 
the development of NAAP and the inclusion of arthritis-spe-
cific objectives in HP2010.

Within the National Center for Chronic Disease Prevention 
and Health Promotion, the Arthritis Program is positioned to 
mobilize the public health system to complement efforts of 
the health-care delivery system to meet the needs of people 
with arthritis. CDC’s Arthritis Program focuses on three key 
intervention areas: (1) self-management education, (2) phys-
ical activity, and (3) weight control. State health department 
arthritis programs are essential partners of CDC’s Arthritis 
Program to expand the availability and reach of evidence-

based arthritis self-management education and physical 
activity interventions (Table 11.2).

Arthritis Public Health Activities Intersect  
with Clinical Care

The three intervention areas that make up the cornerstone of 
CDC’s public health approach to arthritis are also explicitly 
endorsed in clinical treatment guidelines of the American 
College of Rheumatology (ACR). ACR guidelines stress the 
importance of patient education, involvement, and self-man-
agement in coping with rheumatologic disease. Exercise pro-
grams are considered “first-line,” nonpharmacologic treatments 
for osteoarthritis (OA) and rheumatoid arthritis (RA) patients, 
and weight management – specifically losing weight among 
those who are overweight or obese – has long been recom-
mended by the ACR for overweight patients with hip or 
knee OA [26, 27].

As this overlap demonstrates, public health’s population 
goals often intersect with the clinical care approach at the 
individual level, particularly with regard to self-management 
(Fig. 11.2). This relationship is innately symbiotic and can 
increase success in attaining both patient-outcome and pub-
lic health goals. For example, research has demonstrated that 
establishing a connection between physician counseling for 
physical activity (individual) and community-based physical 
activity programs (population) may enhance the effective-
ness of physician counseling [28]. Moreover, professional 
advice to lose weight is a strong predictor of weight-loss 
attempts; in one study, obese arthritis patients who were 
advised by a health-care professional to lose weight were 
three times more likely to attempt weight loss than those 
who did not receive counseling [29]. In another striking 
example, patients who were advised by a health-care pro-
vider to take a self-management education course were 
greater than 18 times more likely to have done so [30].

Public health interventions and health policies can also 
enhance specific medical efforts for disease management. For 
instance, many features of the chronic care model (e.g., evi-
dence-based support tools, clinical information systems, mul-
tidisciplinary health-care teams, and patient self-management 
support) can be facilitated through policy interventions at 
multiple action levels [31, 32]. Given the widely recognized 
importance of self-management among people with arthritis 
and other chronic conditions in the control of their disease, 
policy interventions designed to improve the ability of patients 
to manage their conditions clearly complement the one-on-
one efforts of the physician–patient  relationship. The public 
health system, therefore, is working to establish and expand 
the intervention delivery infrastructure to which health-care 
providers can refer their patients.
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Current Areas of Interest and Activity 
Related to Arthritis Health Policy

In addition to setting internal policies, professional and vol-
untary health organizations are frequently successful at 
impacting health policy externally. Changes on a national 
scale are often made through advocacy. Advocacy involves 
the use of information to “change ‘decision makers” percep-
tions or understanding of an issue and to influence decision 

making” [16]. At the international level, the Bone and Joint 
Decade is a multidisciplinary alliance endorsed by the United 
Nations and WHO which aims to “improve the health-related 
quality of life for people with musculo-skeletal disorders” 
throughout the world [33]. This diverse group of stakehold-
ers was founded on the principle of working through partner-
ships to achieve increased awareness, education, advances in 
research, patient care, and advocacy. Members of the US 
Bone and Joint Decade have advocated with federal lawmakers 

Table 11.2 Evidence-based arthritis interventions for community implementation

Characteristics Benefits

Exercise interventions
Arthritis Foundation Exercise Program (AFEP), formerly PACE
Range-of-motion and endurance-building activities; relaxation techniques;  

and health education
Exercises can be modified for participant need
1 h, 2 or 3 times per week

↑ Functional ability, self-efficacy, confidence, 
self-care, mobility, and activities

↓ Depression and pain

Arthritis Foundation Aquatic Program (AFAP)
Joint range of motion; stretching;, breathing; and light aerobic activities
1 h 2–3 times per week

↑ Joint range of motion, strength, physical function, 
and health status

↓ Pain
Enhance Fitness (formerly lifetime fitness program)
Designed for older adults at varying fitness levels
Focuses on flexibility; low impact aerobics; strength training; and balance
1 h group exercise class 3 times a week

↑ Physical and mental functioning, mental health
↑ Energy and ability to fulfill role

Active Living Everyday (ALED)
Teaches skills to identify and overcome barriers; set goals; and create an action plan to 

increase physical activity (PA)
Discusses moderate and vigorous PA, including type; form; frequency; intensity;  

and dose
1 h/week for 20 weeks

↑ Physical activity levels
↑ Cardiorespiratory fitness

Walk with Ease
Designed for people with arthritis who want to increase their physical activity and are 

able to be on their feet for at least 10 min without increased pain
Combines brief education session with stretching and a 10–35-min walk
Classes meet 3 times per week for 6 weeks

↑ Strength, balance, walking speed, and confidence 
in ability to manage arthritis

↓ Pain, fatigue, and disability

Self-management education interventions
Arthritis Foundation Self-Help Program or Arthritis Self-Management Program [formally the Arthritis Self-Help Course (ASHC)]
Techniques to manage pain; fatigue; frustration; isolation; medications; communication; 

diet; decision making; and disease-related problem solving
Appropriate exercise for maintaining and improving strength; flexibility; and endurance
Spanish version available
2–2.5 h/week for 6 weeks

↑ Knowledge and recommended behaviors
↓ Pain and sometimes disability
↑ Quality of life

Chronic Disease Self-Management Program (CDSMP)
Techniques to manage chronic disease; appropriate exercise; use of medications; 

communication with family, friends, health professionals; and nutrition
Spanish version available
2–2.5 h/week for 6 weeks

↑ Exercise, communication with physicians, and 
self-reported general health

↓ Health distress, fatigue, disability, and social/role 
activities limitations

The Arthritis Toolkit
Self-study package of printed and electronic media, based on information covered in the 

Arthritis Foundation Self-Help Program
Includes information sheets, Arthritis Self-Help Book, and relaxation and exercise CDs
Starts with self-test to guide users to sections of the toolkit most likely to meet their 

needs
Available in Spanish

↑ Health status, health behaviors, and self-confi-
dence for managing arthritis

↓ Pain
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for increased access to health care and funding for research, 
prevention, and rehabilitation programs.

Many organizations, such as the ACR, the American 
Academy of Orthopedic Surgeons, the Geriatric Society of 
America, and the American Society on Aging, among others, 
are pursuing national policy goals that are likely to affect 
older adults with arthritis either directly or indirectly. Some 
current areas of activity are focused around health-care cov-
erage, insurance and Medicare benefits, provider reimburse-
ment for arthritis-relevant counseling and other services, 
care coordination, research funding, health care quality, and 
access to care. Organizations and their members have many 
powerful opportunities to apply policy tools internally and 
externally, including changing norms and practice environ-
ments and influencing national policy changes. On the state 
level, arthritis programs within state health departments may 
also focus on furthering policy interventions to improve the 
lives of people with arthritis.

Use of health policy as a tool to reach important goals is 
also a significant component of A National Public Health 
Agenda for Osteoarthritis, released in 2010 [34]. This 
agenda, developed by a coalition of 75 stakeholders, sets the 
stage for focused collaborative action over the next 3–5 years 
to (1) ensure that all Americans have access to proven public 
health interventions to manage their OA; (2) establish poli-
cies, communication initiatives, and strategic alliances for 
OA prevention and management; and (3) initiate research to 
better understand the burden of OA, its risk factors, and 
effective strategies for intervention [34]. Since OA is the 
most common form of arthritis and is particularly prevalent 
as people age, this OA agenda has the potential to catalyze 
changes that will directly improve the lives of older 
Americans with arthritis.

Summary and Conclusion

While the ideas that “Arthritis is an old person’s disease” and 
“Arthritis is just a normal part of aging” are now recognized 
as myth, it is also true that many adults aged 65 years or 
older bear a heavy burden from the physical, psychological, 

social, and economic effects of arthritis [7]. Just as public 
health policies were applied to eradicate certain infectious 
diseases in the mid-twentieth century, policy tools can and 
should now be applied to the control and prevention of 
chronic diseases such as arthritis and to health promotion 
more generally. The rich history of successful health policy 
and a growing recognition of the many policy and environ-
mental factors that contribute to chronic disease provide a 
strong basis for future action.

In addition to explicit policy instruments, where public 
decision makers allocate federal dollars reflects federal 
policy. Two federal agencies, NIH through NIAMS and CDC 
through its Arthritis Program, currently carry out arthritis-
specific congressional mandates. Health-care and public 
health professionals are working hard to benefit the large and 
growing population of older adults with arthritis, while pro-
fessional and voluntary organizations are actively campaign-
ing for broad policies to keep Americans healthy and specific 
policies to enhance and promote the health of people with 
arthritis.

The unprecedented pace of aging in the US population at 
the start of the twenty-first century offers a unique chal-
lenge and exceptional opportunity to combine the efforts of 
public health, the medical system, and health policy to com-
bat the toll arthritis takes on our communities, patients, and 
country. As demonstrated here, health policy applications, 
in concert with public health and medical interventions, can 
be powerful tools to reduce the burden and impact of 
arthritis.
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Abstract Rheumatic diseases and their resultant 
musculoskeletal and cardiopulmonary impairments are 
primary conditions limiting activity and function in older 
adults. Certain rheumatologic conditions such as polymyal-
gia rheumatica, degenerative spinal stenosis, and osteoporo-
sis occur later in life. Other conditions such as rheumatoid 
arthritis, osteoarthritis (OA), and ankylosing spondylitis 
manifest at younger ages but their clinical manifesta-
tions may exacerbate with advancing age and concomitant 
changes in the musculoskeletal and sensory–motor sys-
tems, and with the coexistence of multiple comorbidities 
and polypharmacy. In fact, studies (Dunlop et al., Arthritis 
Rheum 44:212–221, 2001; Covinsky et al., J Am Geriatr Soc 
56:23–28, 2008) indicate that older adults with arthritis are 
more limited in mobility and activities of daily living.

Physical therapy interventions focus on restoration, main-
tenance, and promotion of maximal physical function 
(American Physical Therapy Association, Guide to physical 
therapist practice, 2003). The physical therapy model of 
practice is based on the International Classification of 
Function (ICF) [World Health Organization, International 
Classification of Functioning, Disability, and Health (ICF): 
ICF full version, 2001] and addresses patients’ needs at mul-
tiple levels across a continuum of care (Fig. 12.1). Physical 
therapy interventions for older adults with rheumatologic 
conditions aim to reduce pain; increase and maximize joint 
mobility; muscle strength; flexibility; aerobic capacity and 
to prevent functional loss. Interventions consist of exercise, 
physical modalities (e.g. heat, cold), skilled techniques such 
as joint mobilization/manipulation, and use of orthotics and 
assistive devices, combined with patient education. This 
chapter discusses the physical therapy management of six 
rheumatic conditions: polymyalgia rheumatica, spinal steno-
sis, osteoporosis, rheumatoid arthritis, OA, and ankylosing 
spondylitis.

Keywords Physical therapy • Older adults • Arthritis 
• Polymyalgia rheumatica • Spinal stenosis • Osteoporosis 
• Rheumatoid arthritis • Osteoarthritis • Ankylosing 
spondylitis

Polymyalgia Rheumatica

Polymyalgia rheumatica (PMR) is a systemic inflammatory 
disease of unknown etiology that occurs commonly during the 
seventh decade of life. Vasculitis is the dominant pathology. 
Patients typically present to the clinic with complaints of 
 malaise, symmetrical aching, and muscle stiffness in the neck, 
shoulder girdle and hips, thighs and buttock areas. Stiffness is 
worse in the mornings and with exertion but improves during 
the day [5]. Prolonged sitting or inactivity can exacerbate 
stiffness. Initial symptom presentation is regional and with 
time progresses to other areas. Joint swelling is atypical. 
Laboratory studies frequently reveal elevated erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) con-
centrations. Confirmation of diagnosis is made with rapid 
response to corticosteroid therapy. While some patients 
respond well to steroids and can stop medication within a 
year, others may require small, prolonged doses of steroids 
to manage their symptoms. These patients must be closely 
monitored using measures of CRP to determine clinical 
 progression and need to modify medical therapy. Bone min-
eral density (BMD) should be assessed to detect the presence 
of osteoporosis [6] (Fig. 12.1).

Physical Examination Findings  
and Interventions

Physical therapy interventions are based upon a compre-
hensive physical examination and discussion with patients 
regarding their goals for therapy. Typical examination 
findings include diffuse tenderness in the proximal muscles 

M.D. Iversen (*) 
Northeastern University, 360 Huntington Ave.,  
Boston, MA 02115, USA 
e-mail: m.iversen@neu.edu

Chapter 12
Physical Therapy Management of Select Rheumatic  
Conditions in Older Adults

Maura Daly Iversen and Madhuri K. Kale 



102 M.D. Iversen and M.K. Kale

of the shoulder and hips, soft tissues and joints. Patients 
will likely report morning stiffness lasting more than 
45 min [7], which severely limits physical activities. 
These impairments contribute to disuse atrophy and con-
tractures and may impact balance. Occasionally, synovitis 
of the small joints of the hands, feet, wrists, and knees is 
present [7].

Once symptoms subside, physical therapy is initiated to 
target muscle atrophy, muscle contractures and weakness. 
Stabilization exercises (i.e. bridging, planks) and closed 
chain exercises are useful for addressing proximal weak-
ness. Dynamic rocker board activities and coordination 
activities (progressive reaching/catching in standing) can 
improve muscle strength and balance. Gentle stretching of 
contracted muscles using a 60-s hold, which is more effec-
tive for older adults, [8] combined with active assisted 
range-of-motion (ROM) exercises reduces joint limitations 
and enhances joint motion. Physical activity is important 
for maintenance of bone and muscle strength particularly 
in the presence of corticosteroids whose side-effects 
include increased blood sugars, weight gain, sleeplessness, 
osteoporosis, cataracts, thinning of the skin and bruising, 
and muscle weakness [7]. Monitoring of vital signs in 
response to exercise should be performed during exercise 
to safely progress the exercise routine. Physical therapists 
should also inquire about potential side effects of medica-
tions and inform the patients’ primary care provider should 
these arise. Patient education enables the patient to identify 
signs of a flare and to modify activities based of disease 
activity. This is especially important as flares may occur 
during steroid tapers. Proper instruction in use of assistive 
devices and ambulatory devices such as canes or walkers 
can help maximize function. Please refer to Table 12.1 
for information on pathophysiology and physical therapy 
recommendations [9].

Degenerative Lumbar Spinal Stenosis

Degenerative lumbar spinal stenosis (LSS) is defined as a 
narrowing of the spinal canal, resulting in compression of the 
spinal nerves [10, 11]. LSS is a primary cause of low back 
pain (LBP) and leg pain in people aged 65 years and older 
[12]. In fact, nearly 400,000 Americans, most over the age of 
60 years, suffer from degenerative LSS [13]. Degenerative 
LSS can be caused by facet joint hypertrophy, osteoarthritis 
of the spine, intervertebral disc herniation, spondylolisthesis, 
degenerative disc disease [10] and from microinstability of 
the articular structures surrounding the canal and hypertro-
phy of the cartilage [10]. Degenerative LSS commonly 
occurs at the L4-L5 and L5-S1 segments [10].

Lumbar spinal stenosis is classified by the location of the 
stenosis: central or lateral [13]. Central spinal stenosis refers 
to the narrowing of the central spinal canal, which com-
presses the cauda equina and is mainly caused by disc bulg-
ing and ligament hypertrophy. Lateral spinal stenosis, 
referred to as foraminal stenosis, refers to compression of the 
nerve root at the lateral foramen, caused mainly by osteo-
phyte or bone spur formation [14].

Physical Examination Findings  
and Interventions

Patients typically present with LBP, lower extremity pain and 
fatigue, and neurogenic claudications, which are exacerbated 
by lumbar extension and relieved with lumbar flexion. 
Sensory and proprioceptive changes due to lumbar nerve root 
involvement are believed to cause pain and balance problems; 
leading to decreased walking capacity and function [15]. 

Fig. 12.1 International 
Classification of Function (ICF) [4]
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Table 12.1 Dominant pathology, common impairments/functional limitations, physical therapy interventions and considerations for older adults 
with arthritis

Impairments and functional 
limitations Physical therapy interventions Considerations in older adults

Polymyalgia 
rheumatica 
(PMR)

Muscle aching and stiffness 
of the neck, shoulder 
girdle, hips, thighs and 
buttocks which is worse 
in the morning; improves 
during the day and 
worsens at night. Joint 
swelling is atypical 
though distal hand joints 
and wrist may be tender. 
Fatigue is prevalent

Active flare: Gentle stretching exercises, 
activity modification, patient 
education, assistive devices

Stable disease: Incorporate strengthen-
ing exercises (8–10 repetitions) 
especially to shoulder and hip girdle 
muscles. Aerobic exercises using 
60% of age predicted heart rate as 
standard or modify based on 
individual cardiovascular health. 
Progress as tolerated

Weakness of shoulder and hip girdle 
muscles may be accentuated with 
general deconditioning and age-related 
changes, progress exercises slowly

Monitor for signs of flare and avoid 
dynamic exercise if flare occurs

Assess dynamic balance, obtain data on 
bone health from rheumatologist or 
primary physician, especially in 
presence of long-term steroid use

Degenerative 
lumbar spinal 
stenosis

Low back pain, lower 
extremity pain and fatigue 
and neurogenic claudica-
tion, which are exacer-
bated by lumbar extension 
and relieved with lumbar 
flexion. Sensory and 
proprioceptive changes, 
flexed standing posture, 
stiffness of the lumbar 
spine

Aerobic, strengthening, stretching, 
lumbar stabilization exercises, spinal 
manipulation and mobilization, 
posture and balance training, 
physical modalities, braces, traction 
and transcutaneous electrical nerve 
stimulation (TENS)

Recumbant bicycle exercise may be better 
tolerated due to flexed posture

Use of heat to increase extensibility of tissues 
prior to exercise recommended

Osteoporosis Diminished height, kyphosis, 
flatten lumbar curve, tight 
shoulder, hip and leg 
muscles, muscle 
weakness, reduced 
aerobic capacity and 
balance

Posture alignment and re-education, 
strength, flexibility, core stability, 
function, home safety and indepen-
dence in activities of daily living and 
ambulation and are based on the 
patients’ physical examination 
findings

Use of heat to increase extensibility of tissues 
prior to exercise recommended

Gradual increase in resistance and repetitions 
for strengthening exercises, monitor of 
signs of stress fractures

Rheumatoid 
arthritis (RA)

Symmetrical and bilateral 
joint involvement, joint 
pain, swelling, stiffness, 
contracture muscle 
weakness and fatigue

Acute flare: Active ROM exercises to 
involved joints: 2 repetitions/joint/
day

Resting orthoses, assistive devices with 
built up handles or platform 
attachments

Subacute: Active ROM exercises: 8–10 
repetitions/joint/day

Isometric exercises: 4–6 contractions of 
6-s duration. Isotonic exercises with 
light resistance (avoid if joints are 
unstable, in presence of tense 
popliteal cysts or internal joint 
derangement). Aerobic training 
(15–20 min, 3×/week).

Stable Disease: Active ROM and 
flexibility exercises. Static and 
dynamic strength training [avoid 
dynamic exercises if joints are 
unstable or in presence of tense 
popliteal cyst(s)]. Aerobic training 
15–20 min, 3×/week. Cardiac 
evaluation is recommended. 
Establish heart rate parameters and 
use perceived rating of exertion 
scale. Orthoses and assistive 
devices, as needed

Monitor vital signs frequently during exercise 
to ensure safety (concern for asymptom-
atic cardiovascular disease)

With use of isometric exercises, ensure proper 
breathing to reduce cardiovascular load

Cardiac evaluation is recommended. Establish 
heart rate parameters and use perceived 
rating of exertion scale (e.g. BORG)

Can implement aerobic exercise in 3 U of 
10 min/day

(continued)
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Table 12.1 (continued)

Impairments and functional 
limitations Physical therapy interventions Considerations in older adults

Osteoarthritis 
(OA)

Involves weightbearing 
joints, joint pain and 
malalignment, muscle 
weakness especially of 
quadriceps

Mild: Active ROM exercises with daily 
activities, 3–5 repetitions of 
flexibility exercise and 8–10 
repetitions of static exercises of 6-s 
duration each. Dynamic exercises 
especially to quadriceps and 
hamstrings (8–10 repetitions). Low 
impact aerobic activities (pool, 
bicycling) 20 min, 3×/week

Balance activities (BAPS and tilt 
board), single limb stance

Moderate: Static and dynamic 
exercises – reduce to 5 repetitions; 
3–5 repetitions of flexibility 
exercises. Low impact aerobic 
exercises (pool, bicycling – 20 min, 
3×/week). Balance and propriocep-
tion activities – bilateral

Use of cane or lateral heel wedge foot 
orthosis, neoprene knee sleeve

Severe: Low to no impact aerobic 
exercises (pool) Note: advise 
functional activities to keep moving, 
Few to no repetitions of dynamic 
exercises. Patient education very 
important

Heat therapy to increase tissue extensibility 
prior to exercise

Use of pool and low impact exercise 
(elliptical machines) may be better 
tolerated

In patients with ligamentous laxity and 
malalignment, caution should be taken 
with prescribing quadriceps strengthening 
exercises. Orthoses, crutches or walker

Ankylosing 
spondylitis

Involves the axial skeleton, 
hip, shoulder and knee, 
Reduced spinal flexibility, 
decreased chest expan-
sion, breathlessness, pain, 
limited lumbar range-of-
motion, kyphosis, flatten 
lumbar lordosis, forward 
trunk flexion, aortic valve 
involvement

Passive range-of-motion exercises, 
strengthening exercises of the trunk, 
the back, the abdomen, the legs, 
inspiratory muscle training, aerobic 
conditioning, aquatic exercises and 
postural exercises and patient 
education

Monitor vital signs regularly, promote proper 
posture during exercise

Adapted from Iversen et al. [9]

Patients with LSS also have difficulty in detecting lumbar 
movements, potentially leading to increased postural sway 
and risk of falls [14, 15].

Intensity of LBP on physical examination varies. Patients 
with LSS often present with stooped standing posture, stiffness 
of the lumbar spine, decreased lumbar range of motion and hip 
joint motion, secondary to iliopsoas and rectus femoris tight-
ness [15]. Symptoms of sensory deficits, motor weakness, and 
pathological reflexes appear with walking. Elderly patients 
with severe degenerative stenosis of the lumbar spine have 
restricted walking capacity and exercise intolerance, therefore, 
leading to decreased function and quality of life [14–16].

Physical therapy management of LSS can include: thera-
peutic exercise such as aerobic conditioning, strengthening, 
stretching, lumbar stabilization exercises, spinal manipulation 
and mobilization, posture and balance training, physical 
modalities, braces, traction, and transcutaneous electrical nerve 
stimulation (TENS). Physical modalities are used as adjuncts 

to therapy and are used in combination with therapeutic exer-
cise, balance, and mobility training. Table 12.1 provides clini-
cal features and physical therapy intervention for LSS [9].

Therapeutic exercise is effective in addressing impair-
ments in patients with mild to moderate symptoms [17, 18]. 
Exercises are based on the pathoanatomic changes and 
patients’ physical examination findings [18]. Spinal exten-
sion decreases the intervertebral foramina cross sectional 
area [15] therefore, flexion-based lumbar stabilization exer-
cises such as William’s flexion and McKenzie’s exercise 
combined with abdominal strengthening are used to reduce 
pain and symptoms [19]. Placement of a blood pressure cuff 
under the lower back during performance of pelvic tilts can 
help quantify the muscle force generation of the trunk and 
provide feedback to patients during the exercise. Body 
weight supported treadmill walking, cycling and swimming 
frequently are used to enhance aerobic capacity and strength 
[18–20]. Body weight supported ambulation decreases the 
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compressive forces on the spine; thereby increasing its cross-
sectional diameter. Unfortunately, this mode of exercise is 
available only in the clinical setting. Stationary cycling 
(either recumbent or traditional seated posture) places the 
spine in a flexed position and is well tolerated and proven to 
enhance aerobic conditioning, strength and mood [18]. 
Manual therapy, in the form of manipulation or mobilization, 
can be used to restore normal range of motion and when fol-
lowed by lumbar stabilization exercises, to enhance function 
[21]. Spine mobility can be improved by stretching tight 
structures such as hip flexors, adductors, and myofascial tis-
sues. Postural education reinforces spinal alignment during 
exercise and with activities of daily living. Aquatic exercises 
minimize stress on the spine and the buoyancy of the water 
can facilitate motion [22]. Table 12.2 summarizes studies of 
physical therapy intervention for LSS [18, 23–27].

The Maine lumbar spine study [28] assessed the 4- and 
8-to-10-year outcomes of surgical and nonsurgical treat-
ments for patients with LSS and demonstrated that patients 
treated nonsurgically reported decreased back and leg pain. 
There was no detailed description of therapeutic exercise 
included in the report. Published reviews of clinical trials of 
exercise interventions for nonsurgical management of LSS 
indicate variable effectiveness [20–22, 28].

Osteoporosis

An estimated 2.1 million fractures occurred from osteoporo-
sis in 2005, resulting in direct medical costs of $17 billion; by 
2025, the rate will climb to 3 million fractures and $25 billion 

Table 12.2 Studies of exercise and physical therapy interventions in older persons with lumbar spinal stenosis (LSS)

Author (year) Design Sample Intervention Results

Onel et al. 
(1993) [24]

Prospective 
case series

145 pts with neurogenic 
claudication secondary 
to LSS

One month of inpatient physical 
therapy including ultrasound, 
infrared, William’s flexion or 
McKenzie extension exercises 
plus calcitonin

91% were pain free with 
motion, 55% improved in 
lumbar extension to 
“normal ROM”; Lumbar 
flexion was normal in 
70% post Rx compared to 
40% prior to Rx; 
improvements in walking 
capacity, and SLR

Note: No validated outcome 
measures used

Whitman et al. 
(2006) [25]

Multi-center 
RCT, 
single-
blinded

58 pts with degenerative LSS 
(mean age = 70 years), 
symptoms better with 
sitting

Rx A: 6 weeks manual therapy,  
3×/week plus BWS treadmill 
walking for 45–60 min and 
flexibility exercise 3 repetition 
times 30 min

Rx B: 6 weeks of lumbar flexion 
exercises, BWS treadmill walking 
for 45–60 min and subtherapeutic 
ultrasound

Both groups performed home 
exercises. Patients assessed at 
6 weeks and 1 year

Greater proportion pts in Rx A 
reported perceived recovery 
at 6 weeks. At 1 year 62% of 
Rx A and 41% Rx B meet 
recovery criteria

Murphy et al. 
(2006) [26]

Prospective 
case series

57 pts with LSS (mean 
age = 65.2 years)

All pts received usual care consisting 
of: distraction manipulation, 
neural mobilization, “cat and 
camel” exercises individualized 
based on impairments. Mean 
#Rxs = 2–3×/week for 3 weeks 
then 1–2×/week for 3 weeks. 
Assessed at end of Rx and at 
secondary point

55 completed (96.5%). Roland 
disability score changed  
5.1 pts in 66.7% of pts; Pain 
intensity decreased 1.6 pts 
and worst pain by 3.1 pts. 
Mean follow up was 
16.5 months

2 pts went onto surgery. No 
complications of Rx

Pua et al. 
(2007) [27]

RCT 68 pts with degenerative LSS 
(mean age = 58.8 years)

6-week intervention
All pts received 15 min of intermit-

tent lumbar traction and 
flexibility exercises

Rx A: Cycling for 30 min, 1–2×/
weeks at 50–60 rpm

Rx B: BWS treadmill walking for 
30 min, assessed 3 and 6 weeks

No difference between groups at 
3 weeks
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in costs are expected [29]. Approximately one-quarter of 
older adults who sustain a hip fracture experience permanent 
loss of independence and 15–25% die in the following year 
[29]. Medications can decrease fractures in at-risk patients by 
40–50% when used as prescribed [30]. However, few patients 
use their medications regularly [31]. Many fractures could be 
avoided through preventive measures, such as earlier imple-
mentation of physical therapy to address physical impair-
ments and factors associated with fall risk, coupled with 
targeted use of effective pharmacotherapy.

Physical Examination Findings  
and Interventions

Typical history and physical examination findings include: a 
history of smoking; early menopause ( age <45 years); dimin-
ished height, slight build; kyphosis, flatten lumbar curve, 
tight shoulder, hip and leg muscles, muscle weakness, reduced 
aerobic capacity and diminished balance. Table 12.1 summa-
rizes clinical features and physical therapy interventions [9].

Physical therapy can be provided as primary prevention 
or as a tertiary intervention. The primary goals of physical 
therapy are to reduce fracture risk, maximize strength, 
improve balance and function, and ultimately maximize 
independence. Interventions address posture alignment and 
re-education, strength, flexibility, core stability, function, 
home safety, and independence in activities of daily living 
and ambulation. As always interventions are directed by the 
physical examination findings.

Physical therapy interventions are directed towards 
decreasing bone loss rather than increasing bone mass [32, 
33]. Various studies have shown that a combination of exer-
cises with supplemental calcium and vitamin D is more 
effective in reducing bone loss than exercises alone [34, 35]. 
The effects of exercise on BMD are reversible and progres-
sive exercises are more effective than nonprogressive exer-
cises in maintaining BMD, hence regular follow-ups and 
progression of exercises should be performed [35–37].

Research studies [35–39] indicate no significant differ-
ences in outcomes using high and low impact aerobic exer-
cises, however, low impact aerobic exercises are typically 
safer and better tolerated in older adults. Very high impact 
exercise and extreme ranges of motion should be avoided 
with the frail elderly [40]. The National Osteoporosis 
Foundation (NOF) recommends 30 min of weight-bearing 
functional activities (e.g. brisk walking) for most days of the 
week[40] in combination with 1–2 sets of closed chain and 
open chain strengthening exercises of the trunk and hip girdle. 
Either free weights or theraband can be used for resistance.

Postural re-education focuses on proper spinal alignment 
in sitting, standing, and lying. Flexibility exercises combined 

with posture education may maximize proper posture. 
Strength training with or without resistance, core stability 
exercises and dynamic and static balance exercises are 
employed to enhance strength and improve balance, thereby 
reducing the risk of falls. Scapular adduction exercises, wall 
slides, repeated sit-to-stand exercises are simple, safe and 
effective for older adults. Initial examination of scapular 
movement should be conducted prior to implementing scap-
ular exercises. Manual facilitation techniques can be used to 
promote proper scapular patterns of movement during exer-
cises. Examples of core strengthening exercises include pel-
vic tilts, bridging, and cat and camel exercises. Sequencing 
of core stabilization exercises is necessary to ensure proper 
execution of exercises prior to progression. Static and 
dynamic balance exercises include single leg stance activi-
ties and weight shifting exercises. Table 12.3 summarizes 
studies for exercise intervention for postmenopausal women 
with osteoporosis [34–39].

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a systemic, inflammatory disorder 
characterized by exacerbations and remissions that affects 
the joints in a symmetrical and polyarticular pattern [41]. 
The wrists, hands [metacarpophalangeal (MCPs) and proximal 
interphalangeal (PIPs)], feet, ankles, knees, and spine are com-
monly involved. The predominant pathology in RA is synovial 
inflammation, which may lead to chronic synovitis and poten-
tially joint destruction. RA is more common in the cervical 
spine. Systemic manifestations of RA may involve the cardio-
vascular system, pulmonary system, the integument, and 
the nervous system. Rheumatoid arthritis significantly limits 
function and restricts independence.

Physical Examination Findings  
and Interventions

During history taking, patients commonly report joint pain 
and tenderness, fatigue, malaise, and during periods of flare, 
fever. Physical examination findings include: reduced aerobic 
capacity compared to healthy adults of similar age [42], adap-
tive shortening of soft tissues, tendons, and joint capsules. 
Joints may be hot, swollen and boggy and extra-articular 
edema may be present [43]. These symptoms reduce joint 
mobility and function. With progressive disease, cartilage 
loss leads may contribute to joint subluxation particularly of 
the hands and feet. Older adults with RA, particularly those 
who have a history of corticosteroid use are at higher risk of 
osteoporosis [42].
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Table 12.3 Exercise interventions with and without calcium supplements in post-menopausal women with osteoporosis

Author (year)
Study 
design Sample Intervention Outcomes

Iwamoto et al. 
(2001) [35]

RCT 35 Osteoporotic 
postmenopausal 
women with mean 
lesser than 30% 
below the young 
adult mean (mean 
age 64.9 years)

Three groups. Duration 2 years:
(1) Training: Brisk walking and 

gymnastic exercises 5×/week for 
2 years with Ca and Vit D 
supplements

(2) Detraining: Brisk walking and 
gymnastic exercises 5×/week for 
1 year with Ca and Vit D supple-
ments for 2 years

(3) Control: No exercises. CA and  
Vit D supplements for 2 years

Significant increase in lumbar spine 
BMD in training group at year 1 
(4.33%) and year 2 (4.29) as 
compared to controls

Significant increase in lumbar spine 
BMD in detraining group at 1 year 
(4.5%) compared to controls

Difference in BMD between detraining 
group and controls not maintained 
over year 2

Rhodes et al. 
(2000) [36]

RCT 44 Independently 
community 
dwelling elderly 
females (mean age 
68.8 years)

Two groups. Duration 1 year:
(1) Supervised progressive resisted 

exercises for 1 h, 3×/week
(2) Continuation of daily activities

No significant changes observed in femoral 
neck, Ward’s triangle. Trochanteric or 
lumbar BMD in exercisers and controls. 
Significant increase in specifically 
exercised muscle groups, quadriceps 
(19%), pectorals (29%) and biceps (20%) 
observed

Ebrahim et al. 
(1997) [39]

RCT 165 Post-menopausal 
women with h/o 
upper arm fracture 
in past 2 years 
(considered at risk 
of future osteo-
porotic fracture) 
(mean age 
67.3 years)

Two groups. Duration 2 years:
(1) Brisk walking 3×/week for 40 min 

and education on general health 
and diet

(2) Education on general health and 
diet and simple upper limb 
exercises

Net 2% increase in femoral BMD decrease in 
rate of decline in brisk walkers. No 
significant difference in spine and 
femoral BMD in exercisers and placebo 
group. Brisk walkers had increased 
number of falls

Hartard et al. 
(1996) [34]

NRCT 34 Postmenopausal 
women with over 
30% bone loss, 
seen on lumbar 
spine and femoral 
neck X-rays (mean 
age 64.4 years)

Two groups. Duration 6 months:
(1) 1–2 sets of high intensity strength-

ening exercises at 70% 1RM for 
large muscle groups of the body 
performed 2×/week

(2) No physical exercise

No significant difference in lumbar spine 
BMD in exercisers and control group. 
However control group had 6.2% decline 
in lumbar BMD as opposed to 0.3% 
increase in exercisers

Femoral neck BMD declined significantly in 
control group (0.07%) as compared to 
exercisers who had only 0.01% decline

44–76% increase in strength of exercisers
Korpelainen 

et al. 
(2006) [37]

RCT 120 Elderly women 
with low BMD at 
the radius and hip 
(2SD below the 
reference value at 
both sites) (mean 
age 72 years)

Two groups. Duration 30 months:
(1) Supervised impact exercises 

including jumping and balance 
exercises for 60 min × 6 months, 
followed by 20 min daily 
HEP × 6 months

(2) No exercise and education

Significant decline of trochantric BMC from 
baseline in both groups. BMC in controls 
was significantly greater than exercisers. 
Significant decline in femoral neck BMD 
in control group. Significant decline in 
radial BMD in both groups. Non-
exercisers had significantly greater 
decline in distal radial BMD

MD. More fall-related fractures in control 
group

Yamazaki et al. 
(2004) [38]

NRCT 50 Postmenopausal 
women with 
osteopenia/
osteoporosis (mean 
age 64.8 years)

Two groups. Duration 1 year:
(1) Brisk walking at predetermined 

speed with greater than 8,000 steps 
or 1 h; 4×/week. Dietary advice for 
calcium consumption of >800 mg

(2) No exercises. Dietary advice for 
calcium consumption of >800 mg

Lumbar BMD increased in exercise group 
(1.71%) and decreased in controls 
(−1.92%) however, no significant 
difference at 12 months

However significant percentage change in 
BMD exercisers at 12 months

RCT randomized control trial, NRCT non-randomized control trial study, BMD bone mineral density, BMC bone mineral content

Subluxation of the MCPs and interphalangeal joints and 
ulnar deviation of the hands and wrists is common. Prolonged 
flexed positions of the hands and other joints may shorten 
soft tissue and contribute to contractures. Loss of plantar fat 

pads and atrophy of the foot intrinsic muscles may lead to 
pain with ambulation and weightbearing. These symptoms 
coupled with subluxation of tendons, can produce hammer 
toes and metatarsal subluxation [44]. Excessive pronation of 
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the forefoot may result from overstretching of inflamed soft 
tissue and weaken foot intrinsic muscles, lengthening the 
medial arches.

Functional limitations and gait abnormalities arise from 
joint contractures, subsequent joint malalignment and mus-
cle weakness. Muscle weakness can be attributed to myosi-
tis, type I and type II muscle fiber atrophy [45], from 
inactivity, or from aging. If myositis is present, active resis-
tive exercise should be avoided [46]. Muscle changes may 
be exaggerated with natural age-related changes (see 
Chap. 25). Table 12.1 provides a summary of clinical  
features and physical therapy intervention for RA [9].

A comprehensive physical therapy examination informs 
the intervention. Interventions are based on disease state 
(acute flare, subacute, or stable disease) as well as disease 
severity and the patient’s goals for intervention [47]. 
Intervention goals typically include: maximizing strength, 
flexibility, endurance, and mobility, and to promote indepen-
dence while reducing the risk for further joint destruction 
and deformity. Physical therapists use an array of interven-
tions to address patient goals including: exercise, orthoses, 
adaptive ADL equipment, ambulatory aids, modalities com-
bined with patient education.

Patient education encompasses information on energy 
conservation techniques. Patients are encouraged to sleep 
8–10 h per night and take frequent rests during the day, par-
ticularly during a flare [47]. Information regarding proper 
joint positioning in neutral rather than flexed postures helps 
reduce joint deformity. Patients are taught to reduce physical 
activity levels during flares when their joints are red, hot, 
painful, and inflamed. Once these acute symptoms subside, 
patients can engage in aerobic and strengthening exercises. To 
best implement strengthening and progressive exercises, ther-
apists should teach patients what to expect regarding discom-
fort during or after exercise. For example, acute pain during 
exercise is bad and indicates a need to modify the exercise. 
Mild muscle aching that resolves in less than two hours can 
be expected as activity levels increase [42]. One challenge 
of therapy is to help patients incorporate exercise into daily 
routines and identify their preferences for exercise regimens 
(e.g., social support, group vs. individual programs, etc.). 
Social support for exercise enhances adherence [48]. A recent 
review of the literature indicates high quality evidence for the 
beneficial effects of patient education and joint protection in 
RA [49].

Patients in an acute flare may benefit from gentle daily 
active ROM exercises and isometric exercises to maintain 
strength and improve function, without placing stress on the 
soft tissues or additional shear forces on the joint [45, 50]. 
Caution should be taken, especially in older adults with RA, 
when prescribing sustained isometric exercises of large mus-
cles as these exercises increase cardiovascular load [42]. During 
a flare, cold therapy is recommended to reduce inflammation 

and relieve pain and passive stretching should be deferred until 
the inflammation subsides [42]. Heat should be avoided as it 
may exacerbate inflammation [50]. Performing ROM exercises 
early in the day when the joints are stiff may be difficult so 
patients should be encouraged to perform these during a warm 
shower or in the evening [9, 51].

Resting splints and dynamic splints for the hands and 
wrists can be used to maintain joint alignment and support 
inflamed structures. One study reported no differences with 
respect to pain, stiffness or grip strength with the use of 
dynamic splints [52] and suggests these splints may reduce 
dexterity. However, Stern et al. [53] found no difference in 
hand dexterity in a study evaluating three types of dynamic 
splints. Clinically splints are often prescribed. Also, extra 
depth shoes, shoes which have an additional 1/4 to 3/8 in. of 
volume, and shoes made of heat moldable material, can be 
worn to accommodate forefoot changes [54]. Extra depth 
shoes combined with a semi-rigid orthotic are more effective 
in reducing pain that extra depth shoes alone [55].

When the inflammation subsides, heat or cold can be used 
to relieve pain. Local heat prior to exercise reduces join 
stiffness and facilitates movement. While the evidence for 
physical modalities such as thermotherapy, ultrasound, paraf-
fin, TENS, and low-level laser therapy is limited, there is 
some evidence to support their effectiveness in reducing pain 
and increasing extensibility of soft tissue [49, 56]. At this 
time, ROM exercises performed each day can increase and 
active resistive exercises should be incorporated. Resistive 
exercises of moderate intensity demonstrate improvements in 
strength and function without exacerbating joint damage [49]. 
Non- or low-impact aerobic exercises such as walking, 
cycling, or aquatic exercises are particularly important to 
incorporate as many patients suffer from deconditioning either 
as a direct result of the disease, from medication side effects, 
from natural changes, or a combination of these factors [57]. 
Aquatic exercise regimes use the water’s buoyancy to reduce 
load and its compressive forces to diminish joint swelling and 
pain [58]. The ideal water temperature to reduce pain, muscle 
spasm, and joint stiffness is 37°–40°C [46]. The outcomes of 
moderate to high intensity exercise is less well-studied and 
are therefore, less frequently prescribed. One recent trial [59] 
suggested some benefits for patients but among those who 
began the trial with changes in the hips and knees there was 
some progression of disease and recommend caution in pre-
scribing exercise to patients who already have significant joint 
damage, particularly in the large weight bearing joints [60].

Assistive devices may be prescribed to help patients man-
age activities of daily living and ambulation. Often platform 
attachments can reduce and distribute weight-bearing forces 
over the forearm reducing discomfort. Cone type handgrips 
and those with wider, flatter hand grips can help improve 
handling, are more comfortable, and maintain better hand 
positioning.
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Osteoarthritis

Osteoarthritis (OA) is a progressive disease, primarily of the 
cartilage which commonly affects the apophyseal joints of 
the spine, the distal and PIP joints, the carpometacarpal joint, 
the first metatarsal phalangeal joint, and the knee, hip, and 
patellofemoral joints [61]. Among these joints, the knee is the 
most often involved. Repeated biomechanical stress and 
inflammation leads to cytokine release and cartilage degen-
eration. Eventually, the entire joint is involved, including the 
subchondral bone. Table 12.1 provides clinical features of 
OA. Risk factors for OA include biomechanical, environ-
mental, genetic, and biochemical factors (e.g. cytokines) [9].

Physical Examination Findings  
and Interventions

Patients with OA report joint stiffness, and pain when loading 
the affected joints, particularly during stair climbing. Night 
pain may be present. Often pain increases with activity and is 
relieved with rest. Stiffness occurs with prolonged positioning 
(e.g., sitting), but is most prevalent in the morning and gener-
ally subsides within an hour. OA pain may result from inflam-
mation and subsequent stretching of the joint capsule, release 
of inflammatory cytokines in the synovial fluid, muscle 
spasms and pressure on the subchondral bone [43].

Proprioceptive changes may be diminished with OA and 
with age [62] leading to joint instability/hypermobility and 
abnormal joint loading. In fact, persons with knee OA dem-
onstrate poorer knee proprioception than their healthy older 
counterparts [63]. Muscle contractures and weakness also 
contribute to altered joint alignment (varus or valgus), 
reduced ROM, and unequal distribution of biomechanical 
forces across the joint, accelerating cartilage degeneration 
[43]. To reduce medial compartment pressures due to varus 
positioning, either an uniloader type knee orthoses (KO) or 
lateral wedge insoles can be prescribed.

Patella malalignment and abnormal tracking may lead to 
retropatellar pain (pain with walking upstairs or after pro-
longed sitting) and chondromalacia patellae [43]. Joint 
motion may be limited from osteophyte formation, periar-
ticular muscle spasm, cartilage damage, or muscular imbal-
ance. Crepitus may be palpable during passive joint motion. 
With more advanced disease, localized joint and soft tissue 
swelling and warmth may be evident on examination [64]. 
With hip OA, pain at the joint line is common but can also be 
reported in the groin, anterior thigh, knee, or buttocks. Hip 
ROM is restricted in all planes but especially with internal 
rotation. These restrictions may significantly impact mobility 
and personal hygiene.

In the spine, OA is referred to as spondylosis and can 
occur in any region and commonly presents as decreased 
ROM, especially neck rotation with cervical OA, pain and 
stiffness with movement [65]. When the hands are affected, 
the physical examination will reveal Heberden’s nodes at the 
medial and dorsolateral aspects of the distal interphalangeal 
joints and/or Bouchard’s nodes at the PIP joints. Joint 
effusions eventually lead to ankylosis and limited hand 
function.

Interventions focus on maximizing function, strength and 
aerobic capacity. Heat, followed by passive ROM exercises 
and joint mobilization, is used clinically to decrease contrac-
tures that may negatively impact gait and energy consump-
tion [43]. Proper posture (use of a plumb line is helpful with 
posture assessment) and positioning during extended inac-
tivity or sleep, along with active ROM exercises are employed 
to maximize joint range and muscle strength. A recent study 
of manual therapy [66] versus active resistive hip exercises 
plus endurance training, ROM and stretching reported greater 
improvements for the manual therapy group compared to 
exercise group (81 vs. 50%, respectively). In the presence of 
severe contractures, serial casting or splinting combined with 
active exercises can also be employed.

Functionally based exercises, such as timed repetitive sit-
to-stand, help maintain hip and knee strength and improve 
balance and can be sued as a quick clinical assessment tool 
for determining improvements with exercise. A recent review 
of studies [67] examining the impact of exercises such as 
double limb stance to single limb stance, standing on uneven 
surfaces and use of tilt or rocker boards on joint propriocep-
tion suggest minor improvements in proprioception. Caution 
needs to be used when prescribing these exercises in patients 
with lax or misaligned knees especially with tibiofemoral 
OA in which quadriceps strengthening may exacerbate 
symptoms.

Aerobic exercise such as walking, aquatic exercises, and 
cycling performed 3–4 times per week improves endurance 
and reduces fatigue, and has modest effects on muscle 
strength [68–71]. Clinicians and researchers believe that 
inactivity is a risk factor for OA, not just a result of OA. Over 
the past 10 years, aerobic exercises have gained greater 
importance in the treatment of OA, particularly for hip and 
knee OA. Aerobic activities such as stationary bicycling 
improve walking speed, aerobic capacity, and pain [72].

Ankylosing Spondylitis

Ankylosing Spondylitis (AS) is a chronic systemic inflam-
matory disorder of insidious onset predominantly affecting 
the axial skeleton and sacroiliac joints but may involve 
the shoulders and hip joints. This disease generally occurs 
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before the age of 45 and is characterized by morning stiff-
ness, and pain, which worsens with inactivity and is relieved 
with movement [73]. The common pathology is inflamma-
tion of the tendons and ligaments of the joints at their inser-
tion into bone, or enthesitis.

Physical Examination Findings  
and Interventions

During the early stages AS may cause sacroiliitis, plantar 
fasciitis, achilles tendonitis or patellar tendonitis and back 
pain [74]. Sacroiliitis often presents as concomitant buttock 
pain. Peripheral joints may be effected especially hip, shoul-
der, or knee. As the disease progresses there is loss of spinal 
motion, flattening of the spinal segments, and exaggerated 
kyphosis. Stiffness, pain, and restrictions/loss of spinal 
mobility limit function. Occasionally skin lesions and aortic 
valve involvement may be present. Spinal ankylosis may 
occur, dramatically impacting spinal ROM, chest expansion 
and pulmonary compliance. Eventually, the spine may fuse 
in a permanent flexed posture. A rigid thorax may be noted 
on examination likely associated with kyphosis due to bony 
ankylosis and osteopenia of the thoracic vertebrae, costover-
tebral, costotransverse, sternoclavicular, and sternomanu-
brial joints [43]. Table 12.1 provides clinical features and 
physical therapy interventions for AS [9].

Goals of therapy are to maximize ROM, maintain and 
maximize spinal mobility, and a neutral posture. Exercises 
should include passive ROM activity, strengthening of the 
muscles of the trunk, the back, the abdomen, the legs, and 
improving overall fitness. Ankylosing spondylitis is associ-
ated with exercise limitation and breathlessness attributed to 
poor chest expansion, deconditioning, and decreased periph-
eral muscle function secondary to pain and limited motion. 
Inspiratory muscle training should be considered to improve 
cardiovascular pulmonary performance. Short interval train-
ing may be most effective. Rehabilitation is most effective if 
it is started before significant ankylosis occurs. In a cohort 
study of patients with AS, exercise was associated with sig-
nificant improvements in pain, stiffness and functional dis-
ability only in patients who had AS for less than 15 years 
[75].

Aquatic therapy combined with exercise provides short-
term benefits on pain, stiffness, and spinal mobility [76]. 
Patient education regarding proper (neutral) spine position 
during activities of daily living, and avoidance of flexed pos-
tures, coupled with information about the disease process 
and its physical management appears to enhance spinal flex-
ibility [77]. Results of studies from supervised physical ther-
apy interventions yield greater benefits than individually 
tailored programs [78].

The key to long-term improvement is self-management 
and hence patients should be advised to incorporate regular 
exercise such as recreational activities and regular back 
stretching as part of their daily routine. Uhrin et al. [75] have 
demonstrated that unsupervised recreational exercise is ben-
eficial in decreasing pain, stiffness, and functional disability 
in patients with AS only when patients performed at least 
30 min/day (200 min/week) and back exercises are useful is 
performed at least 5 days/week.

Conclusions

Physical therapy is a recognized, comprehensive, and essen-
tial component of the management of arthritis. Older adults 
with arthritis may be greater risk of complications from their 
disease due to the concurrent changes with aging. Frequent 
monitoring of cardiovascular pulmonary systems during 
exercise is recommended along with a prolonged warm-up 
and cool down. Special attention to bone integrity is also 
warranted. Initiated early and consistently, physical therapy 
may maximize function and independence and reduce 
impairments associated with arthritic conditions.
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Abstract Joints aspiration and injections are common 
practice in the elderly medicine and can be used to diag-
nose and treat some of the musculoskeletal conditions. 
Joint injection is a relatively safe procedure if associated 
with good knowledge of anatomy and awareness of the 
potential complications and contraindications. Different 
approaches can be used for arthrocentesis, but the dis-
cussed techniques in this chapter are the ones used 
most commonly by the authors. Appropriate training 
involves knowledge of anatomy and practical skills are key 
requirements.

Keywords Arthrocentesis • Joints injections • Joints aspira-
tion • Soft tissue injection • Intra-articular injection

Introduction

In elderly care, arthrocentesis (joints injections and aspiration) 
is common practice and can be used to diagnose and treat 
many musculoskeletal conditions. Joint injection is usually a 
very effective and well-tolerated procedure. However, to be 
performed safely and effectively, it requires a good knowledge 
of regional anatomy, indications for treatment, and awareness 
of the potential complications and contraindications, which 
are described in this chapter. This chapter also describes 
the pharmacological agents, and different techniques and 
approaches used for most common injections, which are 
necessary to practice joint injection with confidence.

Indications

Joints aspiration and injections have different indications. Joints 
aspiration is usually used to provide synovial fluid sample 
for laboratory analysis most commonly to exclude septic 
arthritis or diagnose crystal arthropathy. However, aspiration 
of synovial fluid can also have a therapeutic benefit by 
relieving pressure symptoms. Joints injections are used to 
deliver pharmacological agents locally to treat various mus-
culoskeletal conditions. Painful osteoarthritis (OA) is per-
haps the most common indication of therapeutic joint 
injection in the elderly. However, a flare of rheumatoid arthri-
tis (RA), seronegative spondyloarthropathy, and crystal 
arthropathy in a single or few joints may benefit from 
joint injection. Bursistis, tenosynovitis, tendonopathy, adhe-
sive capsulitis, and entrapment neuritis (e.g., carpal tunnel 
syndrome) are also common nonarticular indications for soft 
tissue injection in the geriatric age group.

Medications Used for Joints and Soft  
Tissue Injections

Corticosteroids

Corticosteroids are the most commonly used drugs for 
 injecting inflamed joints. Corticosteroids decrease inflamma-
tion by inhibiting neutrophilic chemotaxis and increase the 
synovial fluid viscosity [1] which results in the improvement 
of the symptoms and function. Among the different steroid 
perpetrations, long acting crystalline corticosteroid with 
intermediate potency, such as methylprednisolone acetate, is 
usually preferred for therapeutic joint injection as they are 
taken up slowly by the synovial cells and offer long periods 
of action (Table 13.1). Triamcinolone is another commonly 
used intermediate potency corticosteroid. The two forms of 
triamcinolone are triamcinolone hexacetonide (TH) and 
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 triamcinolone acetonide (TA). The choice of which one to 
be used is often arbitrary and depends on the availability of 
the drug, and where the rheumatologist was trained [2]. The 
dose of 20 mg of TH is equivalent to 40 mg of TA with regard 
to biological effect. However, the absorption of TH from the 
joints is slower due to its lower solubility [3]. This could give 
longer effect, but could predispose for subcutaneous fat 
 atrophy at the injection site. Long  acting highly potent corti-
costeroid (Table 13.1) could lead to skin atrophy and skin 
depigmentation if used for joint injection while the less 
potent short acting ones are not very beneficial. Hydro-
cortisone is generally used for soft tissue injections, as it is 
less  associated with soft tissue atrophy because of its lower 
potency.

Local Anesthetics

There are many reasons to use local anesthetics during 
joint injection. They may provide pain relief and confirm 
the right placement of injection. They can assist in differen-
tiating between local and referred joint pain, as local pain 
should be associated with pain relief after injection. Local 
anesthetics can be used on their own or in combination with 
corticosteroids. It was reported that mixing the local anes-
thetic with steroid could lead to crystallization. However, in 
the authors’ experience, this is rarely a problem. Some clini-
cians prefer to use the combined premixed preparations. 
Different types of local anesthetics with different durations 
of action can be used (Table 13.2). However, lidocaine is the 
most commonly used one due to its rapid onset of action. 
There is usually no real need to locally anesthetize the skin 
before injection unless using a needle with smaller gauge, as 
for hip injections.

Hyaluronates

Hyaluronic acid derivatives act by replacing the synovial 
fluid in the joint to function as a lubricant and shock absorber. 
It may also have a positive biochemical effects on cartilage 
cells as well. They were reported to be useful for relieving 
pain in osteoarthritis [4] with various effect from 1 week to 
1 year long [5, 6] and may stay longer than corticosteroid 
[7, 8]. However, because of their cost and the uncertainness 
about efficacy, they are usually reserved for the patients who 
did not improve with previous corticosteroid injections and 
are unfit for surgery. If knee effusion is present, it is recom-
mended to aspirate the fluid before hyaluronic acid injection 
to minimize its dilution. There are different preparations of 
hyaluronates and the dose and frequency of administration 
depend on the preparation.

Side Effects and Complications

Joint and soft tissue injections are generally safe procedures 
that can be performed in outpatient clinics. General compli-
cations, such as cellulitis following skin puncture, is rarely 
seen as long as proper antiseptic techniques are followed. 
The risk of septic arthritis after injection is also rare (5 cases 
per 10,000 procedures) [9–12]. Bleeding and hemoathrosis 
could also be seen in patients with bleeding disorder or those 
on an anticoagulant. The injection process itself could cause 
tissue damage, for example tendon rupture, and therefore 
injections should not be performed if there is moderate to 
high resistance to the syringe plunger (Table 13.3).

Some of the complications can be due to the medication 
side effects. One reported complication after injecting joints 
with corticosteroids is post injection flare, which is thought 

Table 13.1 Different corticosteroid agents with their doses and characteristics

Pharmacological agent Relative potency Duration of action Dose (mg/ml)

Hydrocortisone acetate 1 Short 25
Methylprednisolone acetate 5 Intermediate 40
Triamcinolone acetonide 5 Intermediate 40, 10
Dexamethasone sodium phosphate 20–30 Long 4
Betamethasone sodium phosphate  and acetate 20–30 Long 4

Table 13.2 Different local anesthetics with their doses and characteristics

Agent Concentration (%) Maximum dose (ml) Onset of action (min) Duration of action (hr)
Joints preferred  
to be used for

Lidocaine HCl 1 20 1–2 1 Large joints
Lidocaine HCl 2 10 1–2 1 Small joints
Bupivacaine HCl 0.25 60 30 8 Large joints
Bupivacaine HCl 0.5 30 30 8 Small joints
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to be due to crystal-induced localized reaction. As a result, 
patients may encounter worsening of joint pain starting few 
hours after the procedure for up to 24–48 h. However, very 
prolonged flare should raise the suspicion of an iatrogenic 
septic arthritis and patients should be investigated accord-
ingly. Occasionally, facial flushing, skin and fat atrophy can 
be seen after steroid injections [13, 14]. Special care should 
be taken in diabetic and osteoporotic elderly, where multiple 
high doses of steroid injection could exaggerate these preex-
isting conditions.

Complications with hyaluronic acid derivatives injections 
may also be seen. Pseudogout attacks have been reported 
after hyaluronate injection [15, 16]. Hyaluronic acid deriva-
tives may cause an acutely hot joint which may mimic septic 
arthritis especially with Synvisc (rate 1.5% per injection), 
but the rate could be lower for the non-cross-linked prepara-
tions. Allergic and granulomatous reactions are also reported 
complications [17].

Precautions and Contraindications

General medical review of the elderly before injection is 
advised. Checking the International Normalization ratio 
(INR) and platelet level is recommended, but the use of 
warfarin is not an absolute contraindication for joint injec-
tion. However, it is better to avoid injection of deep joints, 
for instance the hip, where post injection compression is 
difficult. Generally speaking, it is safe to inject joints if the 
INR <2.5, and we would recommend using as large gauge 
needle as possible.

Overlying skin infection and bacteremia are other con-
traindications, where septic arthritis is more likely to develop. 
It is also not recommended to inject/aspirate prosthetic joints 
because of the high infection risk. Prosthetic joints arthro-
centesis should be performed by an orthopedic surgeon in an 
aseptic environment. Joints with suspected septic arthritis 
should be diagnostically aspirated, and never be injected 
with steroid until infection is excluded. It is recommended 
that individual joints are not injected with steroid more than 
three times per year [18]; however, there is no conclusive 
evidence that frequent steroid injection may damage carti-
lage. It is also not recommended to inject joints that did not 
show any response to the previous 2–4 injections. Referred 
pain should be considered if the joint was resistant to steroid 
injections. Precaution should be taken to aspirate before 
injection to confirm that needle is not in a vessel. Misplaced 
injections could also damage the nerves especially in the 
elbow and wrist, and therefore deviation from the protocols 
should be done with care.

General Technical Considerations

Patient verbal and/or written consent should be taken after 
detailed explanation of the procedure, potential risk, and side 
effects. The procedure should always be recorded in the 
patient notes. Necessary equipment for the procedure 
(Table 13.4) should be prepared before the start. Using asep-
tic nontouch technique is mandatory to avoid infection. 
This can be made by washing hands thoroughly, wearing 
gloves and sterilizing the skin using alcohol swaps. However, 

Table 13.3 Side effects and complications of joint injections

Side effect Frequency Note

Corticosteroid  
post injection 
flare

Uncommon Start from few hours 
extends to 24–48 hrs 
after injection. 
Prolonged flare 
should raise the 
suspicion of septic 
arthritis

Septic arthritis Rare Incidence higher in 
immunocompromised 
patients

Bleeding Rare Review if the patient is 
taking warfarin. Safe if 
INR <2.5. Avoid deep 
joints and small gauge 
needles

Tendon rupture Rare Never inject against 
resistance. Achilles 
tendon injection is 
contraindicated

Fat and  
skin atrophy

Not  
uncommon

Avoid very highly potent 
long acting steroids

Misplaced 
intravascular 
injection

Rare Always aspirate before 
injection

Nerve damage Rare More common in wrist and 
elbow injections. If 
parastesia is felt during 
needle insertion, 
withdraw it and do not 
inject

Cartilage damage Rare Avoid injecting same joint 
more than three times  
per year

Allergic reaction to 
local anesthesia

Rare Check carefully the allergy 
history of the patient 
before injection

Table 13.4 Required equipment for joint injection and aspiration

Alcohol wipes
Povidone-iodine (Betadine)
Ethyl chloride spray
Needles
Syringes
Local anesthetic
Corticosteroid preparation
Laboratory tubes



116 A.S. Zayat and R.J. Wakefield

pivodine iodine could be used if aiming to inject unclean 
area, such as groin or feet. Using ethylene chloride spray to 
freeze the skin can provide effective noninvasive local 
anesthesia. Aspiration of the synovial fluid before injection 
may improve the outcome of steroid injection in RA patients 
[19]; however, avoiding complete dryness by leaving some 
fluid is advantageous by minimizing the risk of needle displace-
ment [20]. If high resistance is encountered while injecting, 
slightly withdrawal of the needle or replacement could be 
helpful. Covering of injection site using adhesive tape is 
important in preventing local infections.

Post Injection Care

Patient should be advised to rest the affected joint and to 
avoid vigorous activity, such as attending the gym for at least 
24 h, as this can improve the injection outcome [21]. This is 
particularly important if injecting around a tendon or liga-
ment. Sometimes, patients are advised to have nonsteroidal 
anti-inflammatory agent (NSAID) for the first 24–48 h and to 
apply ice at the injection site. The patient or his/her caregiver 
should be educated about the symptoms and signs of infec-
tion if occured at the injection site, and emergency contact 
line should be provided.

Joints and Soft Tissue Injection  
Techniques

The Shoulder

Shoulder pain and loss of range of movement are among the 
most common joint problems in the elderly [22, 23]. Approxi-
mately 70% of the cases of shoulder pain involve the rotator 
cuff [23]. However, glenohumeral OA, acromioclavicular 

OA, and frozen shoulder are not uncommon. Different 
approaches are used depending on the indication and the 
underlying pathology.

Glenohumeral Joint Injection

Glenohumeral joint is a synovial ball-and-socket joint with 
limited space for injection (Fig. 13.1). However, the aim is to 
inject into the intra-capsular space and not necessarily inside 
the intra-articular cavity. Shoulder OA, RA, and frozen 
shoulder are the main indication of glenohumeral injection. 
We recommend injecting from the posterior approach as this 
has no overlying neurovascular structures.

Technique

1. Prepare 1.5 ml of methylprednisolone 40 mg/mL or 
equivalent and 2.5 ml of lidocaine (1%) in a 5 ml volume 
syringe, using 21–23 gauge, 1.5 in. needle.

 2. Place the patient in sitting position with his back to you. 
Ask the patient to sit with his elbow flexed and his hand 
on his lap so that the muscles of shoulders are relaxed.

 3. Feel the joint margin with the thumb and mark a point 
1.5–2 cm inferior and medial to the acromium. Advance the 
needle approximately 2.5 cm in the direction of corocoid 
process. Inject the plunger with very little or no resistance.

 4. Ask the patient to actively move his shoulder a few times 
after finishing the injection and this should be painless 
after the local anesthetic takes an effect.

Subacromial–Subdeltoid Bursal Injection

Subacromial–Subdeltoid (SA–SD) bursa separates the cora-
coacromial arch and deltoid muscle from the rotator cuff. 
SA–SD bursa injection is a very common procedure used for 

Fig. 13.1 Glenohumeral joint 
injection – posterior approach.  
Cp coracoid process, Ap tip of 
acromion process
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several shoulder pathologies (e.g., subacromial bursitis, 
impingement syndrome, rotator cuff tendonitis, adhesive 
capsulitis, and calcific tendonitis). Injection of local anes-
thetics and impingement tests can be helpful in diagnosis.

Technique

 1. Prepare 2 ml methylprednisolone 40 mg/ml (or equiva-
lent), and 3 ml lidocaine (1%) in a 5 ml volume syringe 
using 21–23 gauge,1.5 in. needle.

 2. Ask the patient to sit with his elbow flexed and his arm in 
internal rotation. Feel depression below acromial process 
postero-laterally with thumb. Insert the needle aiming to 
position slightly anterior and inferior to the acromial pro-
cess (Fig. 13.2). Little or no resistance should be encoun-
tered while injecting as SA–SD bursa has a potentially 
large space.

Acromioclavicular Joint Injection

Acromioclavicular joint (ACJ) OA is a very common condi-
tion in the elderly [24]. However, most of them are clinically 
asymptomatic [25]. ACJ is a synovial plane joint with a very 
small joint space, therefore only small amount of fluid can be 
injected inside.

Technique

 1. Prepare 0.25 ml of methylprednisolone 40 mg/ml (or 
equivalent), and 0.25 ml of lidocaine (2%) in a 2 ml volume 
syringe, using 25 gauge, 5/8 in. needle.

 2. While the arm in external rotation, palpate and mark the ACJ.
 3. Insert the needle directing inferiorly and slightly posteri-

orly to the depth of 3/8–5/8 in. aiming toward the center 
of the joint space.

Suprascapular Nerve Block

Suprascapular nerve block could be useful to manage radiat-
ing shoulder pain from the neck. It could be tried if the shoul-
der pain has not responded to shoulder joint injection.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml (or 
equivalent), and 2 ml of bupivacaine(0.5%) in a 10 ml 
volume syringe, using 23 gauge, 1 in. needle.

 2. Place the patient in sitting position with his back to you. 
Ask the patient to sit with his elbow flexed and his hand 
on his lap so that the muscles of shoulders are relaxed. 
Ask the patient to flex the neck forward.

 3. Feel the spine of the scapula. Mark the point midway 
between the acromium and medial end of the spine of the 
scapula. Insert the needle 2 cm superior and medial to that 
point aiming toward the suprascapular fossa.

Biceps Tendon Injection

The long head of biceps arises from the capsule to pass inside 
the bicipital grove in front of the glenohumeral joint. Bicipital 
tendonitis present with localized pain over the tendon. The 
aim is to inject around the tendon and not the tendon itself 
due to rupture risk.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 1 ml of lidocaine (1%) in a 2 ml volume syringe, 
using 25 gauge, 5/8 in. needle.

Fig. 13.2 Subacromial–subdeltoid (SA–AD) bursal injection. AP acro-
mion process



118 A.S. Zayat and R.J. Wakefield

 2. While the arm is externally rotated, palpate the tendon 
inside the bicipital groove. Mark the most tender point of 
the tendon.

 3. Directing the tip of needle upward and parallel to the 
bicipital groove at about 30° and advance the needle until 
the resistance increases sharply, which means the tendon 
has been entered. Withdraw the needle gently until no 
resistance felt, then inject the syringe.

The Elbow

Olecranon Bursa Injection

Acute and chronic olecranon bursitis caused by repetitive 
trauma, rheumatoid, or crystalloid arthritis are the main indi-
cation of olecranon bursa injection. If crystalloid arthritis is 
suspected, diagnostic aspiration is indicated. Special care 
should be taken because of the proximity of ulnar nerve.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 3 ml of lidocaine (1%) in a 5 ml volume syringe, 
using 19 gauge, 1 in. needle (gauge 21–23 if aim is to 
inject only), in addition to 20 ml syringe, and sterile spec-
imen container for fluid aspiration.

 2. Place the patient in supine position with the elbow flexed 
90° and placed over the chest. The needle is inserted 
directly into the area of maximal fluctuance of the bursa 
between the two halves of the triceps tendon, where it 
should be easily aspirated and injected.

Elbow Joint Injection

Elbow joint effusion is a relatively common problem. 
Aspiration of synovial fluid could be necessary to exclude 
septic or crystal arthritis. Therapeutic injection could be 
similarly beneficial. Although there are several described 
approaches, the described approach is most commonly used 
by the authors.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 1 ml of lidocaine (1%) in a 2 ml volume syringe, 
using 21–23 gauge 1 in. needle.

 2. Place the patient in supine position with the elbow flexed 
90° and placed over the chest. Palpate and mark the cleft 

between the lateral epicondyle and olecranon process. 
Insert the needle perpendicular to the skin and parallel to 
the radius. Injection medial to the olecranon process 
should be avoided as the ulnar nerve passes in the ulnar 
groove between the medial epicondyle and olecranon 
process.

Tennis Elbow Injection

Lateral epicondylitis is caused by tendonopathy of the com-
mon extensor origin of the forearm muscles. Diagnosis is 
made by the presence of increased pain against resisted 
extension of the wrist.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml (or 
equivalent), and 2 ml of lidocaine (2%) in a 5 ml volume 
syringe, using 25 gauge 5/8 in. needle.

 2. Place the patient in a supine position with the elbow flexed 
to 90° and placed over the chest. Palpate and mark the 
most tender point in the common extensor tendon. 
Advance the needle until reaching the bone surface, with-
drawing slightly then inject.

The Wrist and Hand

Carpal Tunnel Injection

Corticosteroid injection can be very beneficial in mild to 
moderate sensory carpal tunnel syndrome (Fig. 13.3). 
However, if there is muscle wasting or weakness, then a sur-
gical opinion should be sought. The median nerve (MN) lies 
below the palmaris longus tendon. In the 15% of cases where 
the tendon is not visualized, estimation of the position of ten-
don as it would lie just lateral to the extensor carpi radialis 
(ECR) tendon is helpful. Injection under ultrasound guid-
ance is the best and safest practice.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or 
equivalent) and 1 ml of lidocaine (1%) in a 2 ml volume 
syringe, using 25 gauge 5/8 in. needles.

 2. Place the patient in sitting position facing you and  stabilize 
the palm facing upward and dorsiflexed to 30°. The pal-
maris longus tendon is visualized by asking the patient to 
oppose the thumb and little finger. Insert the needle at an 
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angle of approximately 45° at the distal palmar crease 
toward the index finger and below the palmaris longus 
tendon (from the ulnar side). If the patient feels any par-
asthesia, withdraw the needle slightly and reposition it as 
it is an indication of penetrating the median nerve.

 3. Continue to apply wrist splint for at least 2 weeks after the 
injection. Pain in the injected area may continue for 
2–3 days after the injection.

Metcarpophalangeal and Proximal  
Interphalangeal Joints Injection

Injection of the finger joints is mainly indicated for hand 
OA. Only small amount of steroid can be injected due to the 
limited joint space. Multiple injections of different joints can 
be done in the same session.

Technique

 1. Prepare 0.25 ml of methylprednisolone 40 mg/ml (or 
equivalent) and 0.25 ml of (2%) lidocaine in a 1 ml  volume 
syringe, using 25 gauge 5/8 in. needles.

 2. Palpate and mark the joint line which is located about ¼ 
inch distal to the MCP prominence. With the joint slightly 
flexed, insert the needle perpendicular to the skin from the 
dorsolateral side to avoid the neurovascular bundle.

Ganglion

Aspiration and local corticosteroid injection could be effec-
tive for ganglions smaller than 3 cm, where no neurovascular 
compression is suspected. However, it is associated with a 
high recurrence rate and surgery is often required.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 1 ml of lidocaine (1%) in a 2 ml volume syringe, 
using 19 gauge, 1.5 in. needle, in addition to 20 ml syringe 
for aspiration.

 2. Hold the joint in a position that makes the ganglion most 
prominent. Insert the needle in the area of maximum fluc-
tuance and aspirate with back and forth movement to evac-
uate a multifoci cyst. The content should be very viscous 
and translucent fluid. Steroid could be injected thereafter.

First Carpometacarpal Joint

OA of the first Carpometacarpal (CMC) joint is a very com-
mon condition in the elderly usually present with squaring 
of the hand associated with tenderness at the first CMC 
prominence.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml (or 
equivalent) and 0.5 ml of (2%) lidocaine in a 2 ml volume 
syringe, using 25 gauge 5/8 in. needles.

 2. Palpate and mark the joint line by localizing it in the ana-
tomical snuffbox. Flex the patient thumb across his palm 
and hold it firmly. Insert the needle in the joint space between 
the extensor pollicis longus and the common sheath of the 
abductor pollicis longus and extensor pollicis brevis.

Trigger Finger Injection

Digital flexor tenosynovitis is a common condition associ-
ated with RA and psoriatic arthritis. It could be detected by 
finding a palpable tender nodule over the flexor tendons 
proximal to the MCP joint.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent) and 1 ml of (2%) lidocaine in a 2 ml volume syringe, 
using 25 gauge 5/8 in. needle.

Fig. 13.3 Carpal tunnel injection. PL palmaris longus, ECR extensor 
carpi radialis



120 A.S. Zayat and R.J. Wakefield

 2. Position the palm looking upward and the fingers extended 
and thumb abducted, insert the needle with 45° inclina-
tion distal to the proximal crease over the MCP joint and 
advance it proximally aiming to the nodule. When the 
needle inside the tendon sheath the resistance to the 
plunger will disappear.

De Quervain’s Tenosynovitis Injection

Repetitive strain is the main cause of inflammation of abduc-
tor pollicis longus and extensor pollicis brevis common 
sheath. This leads to movement associated pain, swelling, 
and crepitus at the radial side of the wrist beneath the base of 
the thumb.

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent) and 1 ml of (2%) lidocaine in a 2 ml volume syringe, 
using 25 gauge 5/8 in. needles.

 2. Insert the needle just distal to the point of maximal ten-
derness, and advance it proximally along the line of the 
tendon directing toward the radial styloid.

The Hip

Hip Injection

The scope of hip injection is mainly diagnostic. However, 
therapeutic injection could be performed. Because the hip is 
a deep joint, it is more successfully injected under ultrasound 
or radiological guidance.

Greater Trochanteric Injection

Patients with trochanteric bursitis or greater trochanteric 
pain syndrome usually present with hip pain over the greater 
trochanter when they lie on the affected side. A steroid 
injection can be very effective in resolving the symptoms; 
however, many injections actually treat a number of poten-
tial underlying pathologies, including tears of the gluteal 
muscles, and other nearby bursitis. Occasionally, pain at 
this site may be part of a wider chronic pain syndrome, 
such as fibromyalgia. Injection in this situation may be less 
successful.

Technique

 1. Prepare 2 ml of methylprednisolone 40 mg/ml (or equiva-
lent) and 5 ml of (1%) lidocaine in a 10 ml volume syringe, 
using 21–23 gauge 2 in. needles.

 2. The patient is placed in lateral recumbent position lying 
on the unaffected side with hip flexed to about 30°. Greater 
trochanter can be identified as bony protrusion at the 
proximal lateral end of the femur. Palpate and mark the 
most tender point. Insert the needle perpendicular to  
the skin until it reaches the hard bony surface, withdraw 
the needle slightly, aspirate then inject.

The Knee

Knee Injection

Therapeutic knee injection (Fig. 13.4) with corticosteroids is 
a very common procedure in the elderly with OA. Supra-
patellar pouch (SPP) is a horseshoe-like bursa that extends 
behind the upper half of patella and quadriceps tendon and in 
front of femur and connected to the knee joint space. Both 
the patellofemoral and femorotibial joints are incorporated 
within the same joint cavity. The aim during knee injection is 
to place the needle in the SPP, thus insuring delivering the 
drug to the knee. Both lateral and medial approaches can be 
used for knee injection.

Technique

 1. Prepare 2 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 8 ml of lidocaine (1%) in a 10 ml volume syringe, 
using 21–23 gauge 1.5 in. needle in addition to 20 ml 
syringe, sterile specimen container for fluid aspiration.

Fig. 13.4 Knee injection. SPP suprapattelar pouch
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 2. The patient should be in supine position. The knee should 
be relaxed in a slightly flexed position. Bending the knee 
over a towel or paper roll is helpful. Palpate either the 
lateral or medial border of the patella. Identify the point 
where the top 1/3 meets the bottom 2/3. Insert the needle 
under the patella in a slightly cranial position toward the 
SPP just proximal to the upper pole of the patella.

 3. Aspirate the synovial fluid then inject the steroids, unless 
the fluid was purulent which may indicate septic arthritis. 
Use compression dressing and the joint should be rested 
for 24–48 h.

The Foot

Ankle Injection (Tibiotalar)

OA, RA, crystal, and spondyloarthropathy commonly affect 
the ankle joint (Fig. 13.5).

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 1 ml of lidocaine (2%) in a 2 ml volume syringe, 
using 21–23 gauge, 1.5 in. needle.

 2. Place the patient in supine position. The joint line is first 
identified by flexing and extending the joint. A point is 
taken just medial to the tibialis anterior tendon or between 
the tibialis anterior tendon and extensor hallucis tendon. 
The dorsalis pedis artery (DPA) lies lateral to the extensor 
hallucis tendon. The needle should be directed tangent to 
the curve of talus.

Plantar Fasciitis Injection

Plantar fasciitis injection could be very effective in patients 
presented with tenderness in the medial aspect of the heel 
especially with putting the heel on the ground first thing 
in the morning; calcaneal spur is a common concurrent 
finding. The plantar fascia arises from the medial and  lateral 
tubercle of the calcaneus, and the inflammation is usually 
found at the medial head of the calcaneus. Plantar fasciitis 
injection can be very effective in temporarily resolving 
the symptoms or even curing the condition. The injection is 
often painful and may lead to fat pad atrophy which reduces 
shock absorption. For this reason, injecting the fat pad 
directly at the foot base or very frequent injections should 
be avoided. Rupture of plantar fascia is also a reported 
complication [26]. Ultrasound-guided injection has been 
used with better results and associated with lower recur-
rence of heel pain [27, 28].

Technique

 1. Prepare 1 ml of methylprednisolone 40 mg/ml (or equiva-
lent), and 1 ml of lidocaine (2%) in a 2 ml volume syringe, 
using 21–23 gauge, 1.5 in. needle.

 2. Place the patient in lateral decubitus position on the 
affected limb side with lower leg extended, and the upper 
leg flexed at the hip and knee. Palpate the medial calca-
neal tuberosity and mark the maximum tender point. 
Insert the needle medially perpendicular to the skin and 
slightly distal to the medial calcaneal tuberosity. Advance 
the needle aiming toward the medial calcaneal tuberosity, 
until it touches the bony surface.

 3. Apply wrap bandage firmly for 48–72 h. Precaution 
should be taken to avoid injecting in the superficial layer, 
or injecting very distally risking the plantar nerves.

Posterior Tibialis Tendon Sheath Injection

Tarsal tunnel syndrome and posterior tibilais tenosynovitis 
are the main indication of this injection. Posterior tibialis 
tendon lies in a tenosynovial sheath and curves around the 
medial malleolus. Posterior tibialis tenosynovitis causes pain 
aggravated by resisted inversion and plantar flexion.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml(or equiv-
alent), and 0.5 ml of lidocaine (2%) in a 2 ml volume 
syringe, using 25 gauge, 5/8 in. needle.

Fig. 13.5 Tibiotalar injection. TA tibialis anterior, EHL extensor halu-
cis longus, ED extensor digitorum, DPA dorsalis pedis artery
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 2. Place the patient in supine position with affected leg 
straight and externally rotated and foot inverted. Palpate 
and mark the tendon just under the posterior edge of the 
medial malleolus.

 3. Insert the needle tangent to the skin in the direction of the 
tendon, aspirate before injection to avoid intra-arterial 
injection, and injection should be against no or little 
resistance. Parasthesia could be a sign of neurovascular 
bundle engagement. One possible complication is the rup-
ture of posterior tibialis tendon if the needle is misplaced 
or injection is done under resistance.

Morton’s Neuroma

Many patients are present with symptoms suggesting Morton’s 
neuroma. However, it is uncommonly diagnosed with certainty. 
Clinical diagnoses should be supported with radiological 
findings to confirm diagnosis. The nerve located between the 
third and fourth toes is the most commonly affected.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml (or 
equivalent), and 0.5 ml of lidocaine (2%) in a 2 ml volume 
syringe, using 25 gauge, 5/8 in. needle.

 2. Palpate and mark the place of entry which should be half 
way between the MTP heads and ½ in. proximal from the 
Web space from the dorsal side. Insert the needle perpen-
dicular to the skin and advance it through the resistance of 
transverse tarsal ligament. A giving away sensation is felt 
when the needle passes through the ligament.

Metatarsophalangeal Joint Injection

Aspiration and injection could be very beneficial for the 
diagnosis and management of gout flare affecting usually the 
first MTP joint. It can also be indicated for inflammatory 
MTP joints arthritis.

Technique

 1. Prepare 0.5 ml of methylprednisolone 40 mg/ml (or 
equivalent), and 0.5 ml of lidocaine (2%) in a 2 ml volume 
syringe, using 25 gauge, 5/8 in. needle.

 2. Palpate and mark the MTP joint space medial or lateral to 
the extensor tendon from the dorsal side. Medial approach is 
preferred for the first MTP. Insert the needle perpendicular 
to skin with mild plantar flexion of the MTP joints. 

Aspiration of the first MTP joint content before injection is 
important diagnostically if crystal arthropathy is suspected.

Ultrasound-Guided Injections

One of the major changes in rheumatology practice, over 
the last few years, has been the use of musculoskeletal ultra-
sound. In particular, it can be useful for accurate needle 
 positioning in joint and deep structures, such as the hip joint. 
Also it could be the procedure of first choice for structures 
near neurovascular bundles or if there is a risk on nerve injury 
as in the case of carpal tunnel injection (Fig. 13.6).

Advantage of Ultrasound Guided Over  
Blinded Injections

Palpation-guided injection is associated with high incidence 
of misplacement which can be as high as 50% or more [29, 
30]. Ultrasound-guided injections are reported to be accurate 
and safe in up to 90–100% of the time [31–33]. The ultra-
sound can have three main benefits if used for injection, 
firstly it confirms the diagnosis. Secondly, it helps to aspirate 
any joint or lesion fluid which could carry a valuable diag-
nostic benefit. Lastly, it improves the accurate placement of 
the drug in the lesion which leads to better results. Ultrasound-
guided injection should be indicated for the patient with poor 
response to previous blinded injections to ensure accurate 
placement of medications [33]. It is also preferable to use 
ultrasound guidance for hyaluronic acid derivative injection 
as it requires accurate intra-articular placement.

Techniques

Ultrasound-guided arthrocentesis is not necessarily performed 
according to the traditional approaches described previously, 
but the approach is made upon the access window found in 
ultrasound and structures visualized, giving that it is done by 
expert who is aware of the anatomy.

Indirect Technique

This technique involves defining and marking the point of 
entry using ultrasound and involves measuring the depth of 
the place of injection. Taking off the probe, appropriate ster-
ilization technique and injection is followed.
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Real Time Technique

This technique requires using sterile gel and probe sleeves if 
available. The needle is inserted under ultrasound monitor-
ing of its progression in the screen. Lateral approach could 
be used, where the needle is inserted perpendicular to the 
beam in longitudinal view, where the needle appears as a 
hyperechoic thin band. Coaxial approach could be used, 
where the needle is inserted in transverse scan and appears as 
a small hyperechoic circular object. Attention should be 
given to the tip of the needle. However, if the needle tip can-
not be visualized clearly, injecting a small amount of the ste-
roid containing microbubbles, due to mixing with local 
anesthetic, can be used. This gives a clear hyperechoic 
shadow which can confirm the placement. In the case of 
injecting a deep tissue, such as the hip joint, the needle may 
be difficult to visualize. In this situation, the needle position 

can be known by moving the needle slightly forward and 
backward which moves the tissue around.

Conclusion

Joints injections with corticosteroid can be very useful in 
treating many resistant rheumatologic problems. Joints aspi-
ration is also very important to exclude conditions like septic 
and crystal arthritis. Joints injection is a relatively safe 
procedure that can be managed by clinician in the outpatient 
clinic. Some rare complications could be encountered; 
however, if the precautions are taken, the procedure should 
be safe and convenient. The injection becomes more effec-
tive when combined with pharmacological, physiotherapy, 
and occupational rehabilitation regimen.

Fig. 13.6 Ultrasound-guided 
injection of the median nerve.  
MN median nerve
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Abstract Physical activity offers an effective, nonphar-
macological means to improve the health of older adults, 
including those with arthritis. Clinical practice guidelines 
identify a substantial therapeutic role for physical activity 
in osteoarthritis and rheumatoid arthritis. For older adults, 
including those with arthritis, regular physical activity 
 counteracts the reduction in fitness, stamina, and loss 
of muscle strength associated with aging, prevents the 
 development of physical limitations, and can reduce falls 
and reduce the risk of developing many chronic conditions. 
Evidence from randomized clinical trials in patients with 
osteoarthritis (OA) and rheumatoid arthritis (RA) supports 
both muscle strengthening exercise and aerobic activity to 
improve function and relieve joint symptoms, including 
pain. These have led to recommendations for older adults 
both with and without arthritis that encourage physical 
activity. Despite the documented benefits of physical activity, 
persons with arthritis are generally not physically active, 
and their physicians often do not encourage them to engage 
in regular physical activity. In order to help overcome these 
challenges, physician assessment and promotion of physical 
activity should be a key component of disease management 
for arthritis patients.

Keywords Physical activity • Osteoarthritis • Rheumatoid 
arthritis • Function • Pain

Physical Activity in Older Adults  
with Arthritis

Physical activity has been recognized as an impor-
tant  component of a healthy lifestyle for more than 
50 years. Clinical practice guidelines identify a substantial 

 therapeutic role for physical activity in osteoarthritis (OA) 
[1] and  rheumatoid arthritis (RA) [2]. Physical activity can 
prevent the development of functional limitations and mit-
igate  further loss of function due to many chronic diseases, 
including arthritis. For older adults, there is substantial 
evidence that physical activity reduces the risk of falls and 
injuries resulting from falls [3, 4]. Despite these important 
health benefits, older adults are less likely than younger 
adults to engage in optimal levels of physical activity [5]. 
Among older adults, persons with arthritis are particularly 
inactive and are at risk for poor health outcomes [4, 5]. In 
a national US survey, 24% of persons with arthritis were 
classified as inactive compared to 14% of adults without 
arthritis [5].

Recent public health efforts target increasing everyday 
physical activity that can be easily incorporated into daily 
life to improve health outcomes [6]. Physical activity and 
exercise, a type of physical activity, are defined as follows. 
Physical activity is “any bodily movement produced by 
 contraction of skeletal muscle that substantially increases 
energy expenditure above the basic level” [7]. Exercise is 
“planned, structured, and repetitive, with the intent of 
improving or maintaining one or more facets of physical fit-
ness or function” [7]. Both physical activity and exercise 
generally refer to large muscle activities that may be aerobic 
(e.g., walking or running) or anaerobic (weight lifting). Both 
physical activity and exercise are characterized by their fre-
quency (e.g., the number of times per week), duration (e.g., 
the length of a bout of exercise), and intensity (e.g., moder-
ate-intensity physical activity is equivalent to walking as 
though you are late to an important meeting causing you to 
breathe a little harder and possibly perspire). Four major 
types of physical activity include muscle contraction, range 
of motion, weight bearing, and aerobic exercise. The pattern 
of physical activity refers to the alternation of the various 
intensity levels/types of physical activity with rest over a 
specified amount of time. For example, the weekend warrior 
is sedentary all during the work week, but takes to the ath-
letic field on Saturdays and Sundays for extensive bouts of 
physical activity.
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History of Health Benefits  
from Physical Activity

Physical activity was not always regarded as part of the 
 ongoing management of arthritis. In fact, studies done in the 
1950s promoted rest therapy for persons with actively 
 inflammatory RA [8]. Patients with active RA were 
 hospitalized for bed rest and observed over a 2–4 week 
period. Swollen and tender joint counts diminished during 
the follow-up period, leading the authors to conclude that 
“rest therapy” was a means to reduce the pain and inflamma-
tion of RA. While the signs and symptoms of actively 
inflamed joints can be reduced by this means, we now know 
that cartilage, bone, and soft tissue destructive process can 
still continue unabated. Furthermore, there are particularly 
troublesome effects of immobility on bone, muscle, and 
nerve that this study did not address.

The earliest studies that connected physical activity with 
health benefits were related to occupational activities in the 
general population. In 1953, Morris et al. published a land-
mark study that investigated cardiovascular disease among 
occupations that limited walking [9]. Persons with jobs that 
primarily involved sitting, such as bus drivers or telephone 
operators, had about twice the rates of cardiovascular disease 
as persons with more ambulatory occupations, such as bus 
conductors and mail carriers. A striking finding was that bus 
drivers had higher death rates from cardiovascular disease 
than bus conductors even after accounting for waist size as a 
measure of central body fat. Recent work in older adults 
documents a dose–response between lower mortality and 
greater energy expenditure attained through increased daily 
physical activity [10].

In rheumatology, physical activity research initially 
focused on patients with RA. Prior to the 1980s, standard 
medical advice regarding physical activity for persons with 
RA recommended passive range of motion and rest. This 
conventional wisdom was challenged by research conducted 
in Scandinavia in the 1970s that demonstrated patients with 
RA could improve their physical performance capacity 
through physical training programs without increasing their 
disease activity or causing deterioration of their joint status 
[11]. These early findings motivated new research into the 
safety and efficacy of aerobic activity in RA to control symp-
toms and maintain function [12, 13]. Aerobic exercise 
(dance-based classes, pool exercise, and walking) resulted in 
decreased joint pain, decreased levels of depression and anx-
iety [12], and increased physical performance and quality of 
life without increasing pain or disease activity [12, 13]. 
Muscle strengthening was soon identified to be beneficial for 
RA patients. The 1994 landmark study by Roubenoff et al. 
[14] used magnetic resonance imaging (MRI) evaluation of 
thigh muscles to document that the average body cell mass 

was significantly lower and resting energy expenditure higher 
for RA patients compared to healthy age-, sex-, race-, and 
weight-matched controls. Importantly, this study also 
 demonstrated that it was possible to reverse some of these 
harmful changes associated with RA inflammation by using 
adequate protein intake and strength training to promote the 
incorporation of protein into muscle mass.

What can be said about persons without inflammatory dis-
ease? Again, physical activity is beneficial for older adults. 
Reports from the Frailty and Injuries: Cooperative Studies of 
Intervention Techniques (FICSIT) studies in the early 1990s 
provided strong evidence for the benefit of  exercise to improve 
function in older adults [15]. This  multisite population-based, 
randomized controlled trial  compared the effects of 6-month 
exercise interventions (endurance training, strength training, 
or combined endurance and strength training), and 3-month 
endurance training interventions (stationary cycle, walking, 
or aerobic  movement). These studies specifically evaluated 
frail adults over age 65 with leg weakness and impaired gait 
to examine the effect of intensive physical training on func-
tion and physiologic outcomes. FICSIT demonstrated that 
high- resistance weight training produced significant gains in 
 muscle strength, muscle size, and functional mobility among 
frail residents of nursing homes up to 96 years of age [16]. 
Overall, the FICSIT studies demonstrated that physical 
 training, even at low intensities, improves function, including  
gait speed, balance, sit-to-stand times, and stair-climbing 
capabilities even among institutionalized frail elders. The 
public health implications for these outcomes are enormous, 
given the  private and societal cost of assisting functionally 
limited elders.

Epidemiology of Physical Activity  
for Persons with Arthritis

Arthritis is highly prevalent among the US adults and is a 
leading cause of disability for older adults [17]. By the year 
2030, it is expected that 60 million US adults will have 
 arthritis, which represents approximately a 30% increase 
from 2005 levels. The Centers for Disease Control and 
Prevention (CDC) reports that nearly 18 million Americans 
in 2005 experienced limitations due to their arthritis [17]. 
Although physical activity has recognized public health 
 benefits and can help to mitigate functional limitations [4], 
almost one in four of adults with arthritis are inactive [5].

Engagement in physical activity is influenced by individ-
ual characteristics that are informative for tailoring and 
targeting interventions. Specifically, physical inactivity 
increases with age and lower educational levels, and is 
more frequent among Hispanic and blacks compared to 
whites, consistent with the general population [5, 18, 19]. 
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Over half of adults over age 65 with arthritis are inactive 
(not participating in at least moderate physical activity for 
at least one 10 minute session per day). Older women are 
particularly inactive (58 vs. 50% men) per national data 
from the 2002 National Health Interview Survey  [18].

Key factors related to physical activity levels for persons 
with arthritis are those that are potentially modifiable. Physical 
activity levels are greater among individuals whose weight is 
normal rather than overweight or obese [19], and have greater 
self efficacy [20] in terms of confidence to successfully 
 perform a specific behavior. Physical activity decreases with 
greater levels of anxiety or depression and functional 
 limitations [18]. Social support [18] that comes from inside or 
outside the home is a strong correlate of physical activity. 
Notably, physician support that promotes physical activity is 
particularly important for adults with arthritis [21].

Detriments of Inactivity for Older  
Adults with Arthritis

Problems related to inactivity among older adults with arthritis 
largely mirror those issues related to aging. With aging there 
is decreased cardiac output that leads to a decrease in maximal 
aerobic power. This process is further exacerbated by cardio-
vascular disease. However, asymptomatic aging does not 
reduce cardiovascular function to an extent that would lead 
to the loss of function. Metabolism, endurance, muscle 
 contraction velocity, and muscle strength remain relatively 
high until 40, 50, and 60 years of age, respectively [22]. A 
gradual loss of muscle fiber begins at approximately 50 years 
of age; by age 80, the cumulative fiber loss can be as high as 
50%. Independence and physical function are threatened 
after age 60 when there can be substantial decreases in 
 muscle function [23]. This phenomenon may be due in part 
to the biological changes of aging, the effects of acute and 
chronic diseases, sedentary lifestyles, and nutritional 
 inadequacies [15, 16]. A 12-year study of “aging muscle” in 
healthy sedentary men utilizing computerized tomography 
(CT) showed significant reductions in the cross-sectional 
area of the thigh, quadriceps femoris muscle, and flexor 
 muscles [24]. These findings suggest that a quantitative loss 
in muscle cross-sectional area is a major contributor to the 
decrease in muscle strength seen with advancing age.

Both inactivity and aging result in the loss of fast-twitch 
muscle fibers, reduction in muscle mass, and reduced ability to 
respond quickly to changes in position needed to prevent falls 
and protect joints. Older adults that have lost muscle function 
experience an approximate fourfold increase in the likelihood 
of falls [22]. Frailty is characterized by generalized weakness, 
impaired mobility and balance, and poor endurance. The 
 biological correlates of frailty are  sarcopenia, osteopenia, and 

activation of the inflammatory system (C-reactive protein, 
interleukin-6, and tumor necrosis factor alpha) and the 
 coagulation system (factor VIII and D-dimer) [25].

Physical immobility is a major consequence of arthritis. 
Persons with arthritis often avoid physical activity to prevent 
pain or an increase in pain, but this may lead to higher levels 
of disability. Inactivity related to sitting may be particularly 
harmful. In contrast to standing which requires high muscle 
fiber recruitment and skeletal muscle contractions resulting 
in energy expenditure, sitting substantially reduces the 
body’s overall metabolic energy expenditure [26]. Supporting 
the mass of the body required by standing or slow  ambulation 
raises the whole body energy expenditure 2.5 times that of 
sitting. Occupational studies find that standing workers 
expend approximately twice the energy expenditure as seated 
workers [26].

Animal studies indicate that sitting may have different and 
distinct biological effects from insufficient or low activity lev-
els. Immobilizing leg muscles (even for short lengths of time) 
can cause specific alterations in the expression of genes regu-
lating skeletal muscle lipoprotein lipase (LPL), and therefore 
can cause acute effects on the control of plasma triglyceride 
levels and cholesterol metabolism [27]. Studies that prevented 
ambulatory activity of the hind limbs in rats showed that 
approximately 90–95% of the heparin-releasable (LPL) activ-
ity normally present in rat muscle with ambulatory activity 
was lost, and thus is dependent on local contractile activity 
[27]. It follows that sitting may not only exacerbate the con-
sequences of inactivity, such as poor aerobic capacity, obe-
sity, and increased risk for cardiovascular disease, but may 
also contribute additional harmful metabolic consequences.

Recent Studies Documenting  
Benefits of Physical Activity

Participation in regular physical activity provides important 
physiologic benefits for older adults. It can counteract the 
reduction in fitness and loss of muscular strength and endur-
ance associated with aging [22, 28]. Physical activity has 
been demonstrated to prevent the development of functional 
limitations or mitigate the progression of limitations [4]. It 
can improve the quality of life in older adults [4, 29]. In the 
general population of older adults, regular physical activity 
does not increase the risk of developing osteoarthritis [30] 
and reduces the risk of developing other chronic conditions, 
including cardiovascular disease, thromboembolic stroke, 
hypertension, type 2 diabetes mellitus, obesity, colon cancer, 
breast cancer, and depression [29, 31]. Physical activity can 
reduce falls and injury from falls [3]. There is evidence that 
physical activity prevents or delays cognitive impairment 
and improves sleep [32].
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Importantly, physical activity improves the health of 
adults with arthritis. Regular physical activity can decrease 
bone loss and promote healthy joint cartilage [33], improve 
physical function, reduce many arthritis symptoms,  including 
pain and fatigue, and it can convey psychological benefits 
[34]. Importantly, there is a growing body of evidence that 
physical activity can prevent or delay the development of 
disability in terms of losing ability to perform basic activities 
of daily living (ADL) that jeopardizes the independence of 
older adults with arthritis [35, 36].

For individuals with osteoarthritis (i.e., more than 33% of 
the US adults over age 65 [37]) there is strong evidence from 
randomized controlled clinical trials (RCTs) that physical 
activity is beneficial to relieve joint symptoms and improve 
function. Traditionally, muscle strengthening exercise (e.g., 
isometric, isotonic, and isokinetic exercise) was advised to 
maintain muscle mass and strength [38]. Current evidence 
supports the value of aerobic activity (e.g., brisk walking) in 
relieving joint symptoms and improving function. RCTs, 
including persons with knee or hip OA, demonstrate that both 
aerobic exercise and muscle strengthening can reduce pain, 
improve physical performance, and may prevent or delay 
 disability [36, 39, 40]. Additionally, the Ettinger et al. [39] 
landmark knee OA RCT showed that aerobic exercise (walk-
ing program) resulted in significantly better cardiovascular 
fitness and favorable differences in depression when com-
pared to control (education) [36, 39, 40]. However, muscle 
strengthening alone did not improve cardiovascular fitness or 
reduce depression. These findings support the need for physi-
cal activity that includes both aerobic and muscle strengthen-
ing components. Consistent across these RCTs is evidence 
for a dose–response effect; participants with knee or hip OA 
who performed more exercise had better outcomes [38].

For individuals with RA, the consideration of physical 
activity extends beyond relieving joint pain and other 
symptoms. Persons with RA experience altered protein and 
energy metabolism associated with inflammation. RA patients 
may experience protein breakdown rates that are substantially 
higher than in adults without RA; this disparity is exacerbated 
with older age [41]. Muscle strengthening exercises can play 
an important role to reverse hypermetabolism and loss of lean 
body mass that may occur as a result of chronic inflammation. 
Dynamic strength training can increase neuromuscular 
 performance and strength while decreasing pain and fatigue 
in persons with RA [41, 42]. Indeed, intensive dynamic train-
ing has been shown to be more effective than more traditional 
range of motion or isometric exercises in augmenting muscle 
strength, joint mobility, and aerobic capacity in persons with 
well-controlled RA. However, increases in muscle strength 
which occur during the training period are largely lost during 
periods of detraining, indicating the importance of routine 
muscle strengthening activities.

Aerobic exercise is also beneficial for individuals with RA, 
including severely disabled persons on aggressive  medical 
regimens, including corticosteroids. RA studies that investi-
gated aerobic programs (e.g., modified dance or  low-impact 
aerobics) show improved aerobic capacity,  functional status, 
and decreased depression, anxiety and fatigue levels without 
increasing disease activity [43, 44]. In a randomized controlled 
trial, RA patients in a high intensity weight bearing exercise 
program demonstrated significantly less radiographic joint 
damage after 2 years than persons receiving usual care [45].

Physical Activity Recommendations  
for Older Adults with Arthritis

In 1996, the US Surgeon General identified physical inactivity 
as a public health problem and recommended that all US 
adults participate in regular, moderate-intensity physical 
activity [46]. Physical activity recommendations for adults 
developed by major health organizations were synthesized in 
2007 by the American College of Sports Medicine and the 
American Heart Association (ACSM/AHA) [32, 47] and 
updated in 2008 by the Department of Health and Human 
Services (DHHS) [48]. Adults who are physically active are 
healthier, are less likely to develop chronic disease, and have 
lower risk of premature death than adults who are inactive. 
Adults with arthritis compose a large part of the population 
targeted for physical activity improvement simply due to the 
high prevalence of arthritis in the USA (approximately 1 in 5 
adults) and their potential for inactivity-related disability [17, 
49]. A work group of the ACR concluded that some level of 
physical activity is necessary to maintain joint health for both 
normal and arthritic joints [50]. The DHHS 2008 updated 
physical activity recommendations emphasize that adults, 
including persons with OA, participate in moderate-intensity 
aerobic activity and muscle-strengthening activities, and 
avoiding inactivity as follows [48]:

Some physical activity is better than none. All adults •	
should avoid inactivity.
Participate in at least 150 min a week of moderate-intensity •	
activity (equivalent to a brisk walk). Aerobic activity should 
be performed in episodes of at least 10 min, and preferably, 
it should be spread throughout the week. Persons who 
tolerate more intense activity achieve  equivalent health 
benefits by doing at least 75 min  vigorous-intensity activity 
a week. More extensive health benefits are gained by 
engaging in physical activity beyond these amounts.
Perform muscle-strengthening activities that are moder-•	
ate or high intensity and involve all major muscle groups 
on 2 or more days a week.
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When adults with chronic conditions do activity  according 
to their abilities, physical activity is safe. For persons with 
arthritis, this means activities that are low impact, not painful, 
and have low risk of joint injury. Swimming, walking, and 
strength-training are good examples of this type of activity.

It is imperative to get inactive older adults with arthritis 
moving because even insufficient activity has health benefits 
over no activity. Recognizing that there is a general 
 dose–response between physical activity and health benefits, 
persons with arthritis who are active should aim to meet or 
safely exceed the minimum recommendations.

Challenges and Opportunities to Meeting 
Physical Activity Recommendations

Even in the absence of arthritis, older adults face a multitude 
of obstacles to being physically active. These barriers can 
include high cost, reluctance to go out alone/use of public 
changing facilities, program availability, lack of interest, 
caregiving burdens, health concerns, and safety issues. The 
phenomenon known as “social physique anxiety” (negative 
feelings associated with being seen in unflattering clothing/
activities) has emerged as an important barrier to physical 
activity in older women [51].

Not surprisingly, for persons with arthritis, pain is the 
most commonly mentioned barrier to exercise participation 
among individuals who need to increase activity [21]. 
Ironically, exercise-related pain relief can be an important 
motivator to increase activity. Arthritis patients who exercise 
regularly often cite exercise-related reductions in pain as 
motivation to continue exercising [21]. Persons with arthritis 
who experience the benefits of being active are more likely 
to participate in programs that are adapted to accommodate 
the disease. Many persons who are not exercising have 
stopped exercising since developing their arthritis. Regardless 
of physical activity status, arthritis patients frequently 
 indicate a desire for arthritis-specific programs [52]. Most 
importantly, receiving tailored advice from a health care 
 provider is consistently identified as an exercise enabler for 
persons with arthritis [21].

Physician Promotion of Physical Activity

The United States Preventive Services Task Force recom-
mends that physicians counsel their patients to “incorporate 
regular physical activity into their daily routines.” Despite 
this recommendation, the frequency of physician advice/sup-
port for physical activity in regular clinical practice is low. 

Regarding patients with arthritis, national data from the 2004 
Behavioral Risk Factor Surveillance System (BRFSS) on 
over 22,000 persons with self-reported arthritis indicated 
that less than half (49.4%) said their physician suggested 
physical activity for their arthritis or joint symptoms [53]. 
This may be explained in part by providers not being 
 sufficiently prepared to counsel patients and/or feeling time-
constrained during patient encounters [54]. Evidence exists 
that physician influence can positively impact on the physical 
activity behavior of patients, and may be as effective as more 
elaborate practice-based programs aimed at increasing activity 
levels [54]. Routine inquiries into the amount of patient 
physical activity, similar to inquiries about their usual 
 medication intake, along with supportive encouragement 
indicate to patients the importance of physical activity even 
in the absence of explicit counseling. Given the growing 
public health awareness of the benefits of physical activity, 
any physician discussion about physical activity can promote 
patient behavior change, similar to what has occurred for the 
cessation of smoking.

When it comes to physical activity counseling, one size 
does not fit all. Persons with arthritis have substantial 
 variability in disease activity, muscle strength, aerobic capacity, 
mood, coping skills, and social and physical environments. 
Rather, a tailored message that makes advice specific to the 
individual, along with interventions that incorporate pain 
management strategies and coping skills are more likely to 
be accepted and acted upon by the individual with arthritis. 
In addition, physicians should not hesitate to take advantage 
of expertise from other health professionals (e.g., physical 
therapists and occupational therapists) as well as the wealth 
of community resources (e.g., Arthritis Foundation self-
management and physical activity programs, YMCA, and 
other health club programs) that promote healthy physical 
activity behavior.

Physical activity offers an effective, nonpharmacological 
means to improve the health of older adults, including those 
with arthritis. Physician assessment and promotion of physical 
activity should be a key component of disease management 
for arthritis patients.
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Abstract Systemic lupus erythematosus (SLE) is increasingly 
being recognized among the elderly. The so-called late-onset 
lupus seems to conform a quite defined patient subgroup 
with a frequency that ranges from 4–18% in different stud-
ies. According to several authors, late-onset lupus patients 
tend to have less of a female predominance. More insidious 
and less defined disease manifestations among this patient 
population may turn the diagnosis into a clinical challenge; 
therefore, many other diagnoses need to be excluded. It has 
been suggested that late-onset patients have a more benign 
disease course as they usually have less major organ system 
involvement, fewer clinical relapses, and lower degrees of 
disease activity. Mucocutaneous, renal, and neurological 
involvement has been reported to be less frequent among 
these patients. Treatment modalities have not been spe-
cifically studied in this patient subgroup; pharmacological 
interventions need to be tailored not only to the clinical 
manifestations of the disease, but also to the presence of 
other comorbidities and the drugs’ safety profiles. Despite 
this apparent benign course, patients whose disease begins 
later in life may not have such a good prognosis in terms of 
survival. It is possible that these patients’ poor long-term 
outcomes result from the impact SLE, along with other 
comorbidities, has in this older patient population.

Keywords Systemic lupus erythematosus • Late-onset 
lupus • Elderly • Disease activity • Damage • Mortality

Introduction

The distribution of the population among Western societies 
has changed dramatically over the last few decades result-
ing in an increase proportion of people over 50 and beyond 
[1, 2]. As a result, clinicians are challenged to confront a 

number of elderly patients with complex rheumatologic 
conditions, systemic lupus erythematosus (SLE) among 
them. The latter is the prototypic chronic autoimmune dis-
ease characterized by multisystemic involvement. It can, 
therefore, display a broad spectrum of clinical and labora-
tory manifestations that, oftentimes, represents a clinical 
challenge. Moreover, its clinical course and long-term prog-
nosis are unpredictable suggesting the interplay of endoge-
nous (e.g., the genetic background) as well as exogenous 
(e.g., the socioeconomic background) factors.

One of the most widely examined variable influencing the 
phenotype of SLE is age. Age of onset is probably related to 
the genetic burden present in the individual; in fact, the 
genetic risk score as developed by Taylor et al. has been 
shown to be significantly lower in patients with late-onset 
disease as compared to those whose disease starts earlier in 
life [3]. Although SLE is usually regarded as a disease pre-
dominantly affecting women during their reproductive years 
of life, it has been increasingly recognized in elderly popula-
tions [4–7]. Moreover, as age at disease onset has been sug-
gested to have a modifying effect in both the clinical course 
and the outcome of the disease, the so-called late-onset lupus 
population constitutes a specific patient subgroup. These 
patients seem to have a more insidious disease onset, be less 
likely to have major organ involvement, and have lesser 
degrees of disease activity [8–10]. However, despite this 
apparently benign course, recent studies have addressed the 
negative impact age at disease onset has in terms of both 
morbidity and mortality [11–13].

In this chapter, we address the epidemiology of late-onset 
lupus, clinical and laboratory profile, treatment approach, 
and disease prognosis.

The Epidemiology of Late-Onset Lupus

Although initially considered rare, SLE is increasingly recog-
nized among the elderly. As depicted in Table 15.1 [4–7,  
12–19], the frequency of late-onset lupus ranges from 4 to 18% 
of all SLE cases. Higher proportions seem to be apparent 
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among Caucasians and other White European populations 
[12, 13] while lower frequencies have been reported among 
African Americans [12]. However, many studies have not 
specifically addressed the patients’ ethnicity and, what is 
also noteworthy, many others are from countries where 
some degree of racial admixture is present [14, 15]. 
Therefore, it is possible that the ethnic distribution and the 
frequency of late-onset lupus change as new studies 
become available.

The frequency of late-onset lupus can also be modified by 
the cut-off age used to define it. In most studies, the age limit 
was established arbitrarily at 50 years [5, 6, 12–18, 20]. In 
other reports, however, an older cut-off age for the definition 
of late-onset lupus was used [4, 7, 19, 21]; therefore, no con-
clusions can be reached as to its frequency based on these 
studies. What seems apparent, nevertheless, is that late-onset 
lupus is increasingly being recognized; whether this is the 
result of a more accurate case ascertainment or a true incre-
ment in the incidence of the disease in an aging population 
remains to be determined.

SLE is a disease that predominantly affects women; 
however, a less female predominance has been reported in 
SLE patients whose disease first presents later in life. The 
female/male ratio has been reported to be as low as 1.1:1 
[21]; however, ratios ranging from 2:1 to 42:1 [5–7, 10, 11, 
15, 17, 22–25] have been described as well. This lower 
female predominance may relate to a less obvious influence 
of the hormonal milieu in this subgroup of patients; instead 
an aging immunological system more reactive to autoanti-
gens may be, at least in part, the answer not only for the 
occurrence of this and other inflammatory disorders of the 
elderly, but also for their somewhat atypical presentation 
and course.

Clinical and Laboratory Profile

Many studies have suggested that late-onset lupus patients 
differ from those with early onset disease in their clinical 
presentation, pattern of organ involvement, and the severity 
of their disease.

Usually, the disease starts insidiously with the first clini-
cal manifestations being vague. Arthralgias, myalgias, weak-
ness, fatigue, fever, and weight loss are the most common 
initial clinical manifestations [4, 22]. More specific clinical 
features, such as malar rash [18, 20, 22] and other mucocuta-
neous manifestations [15], arthritis [6, 18], and nephritis [15, 
18], are less frequent at disease onset. Furthermore, the num-
ber of the American College of Rheumatology criteria for 
the classification of SLE [26, 27] are usually fewer compared 
to those patients with earlier onset disease [10, 12]. These 
nonspecific signs and symptoms as well as the presence of 
other musculoskeletal, endocrine, and metabolic comorbidi-
ties [12] can pose diagnostic problems. Indeed, the diagnosis 
of SLE in many of these older patients is delayed up to sev-
eral years and established only after an extensive clinical 
evaluation and laboratory work-up is performed. This diag-
nostic delay varies in different reports, but ranges from 1 to 
5 years [4, 5, 10, 13, 15, 16, 21, 24, 25, 28, 29].

Table 15.2 [4–7, 10, 12–14, 16–24, 28–35] summarizes 
studies in which a comparison between the different clinical 
manifestations present in patients with late-onset lupus and 
those with earlier onset disease was performed. According to 
the meta-analysis by Ward and Polisson [9] patients with 
late-onset lupus have a lower frequency of mucocutaneous 
manifestations, including malar rash, photosensitivity, alope-
cia and cutaneous vasculitis. They also tend to have Raynaud’s 
phenomenon, lymphadenopathy, renal and neuropsychiatric 

Table 15.1 Frequency of late-onset lupus a

Authors and year of publication Country of origin Study type
Total number of 
patients studied Frequency (%)

Dimant et al. (1979) [19]b USA Longitudinal cohort 234  7
Baker et al. (1979) [13] USA Medical records review 258 12
Catoggio et al. (1984) [4]c UK Longitudinal cohort 71 18
Shaikh and Wang (1985) [16] Malaysia Medical records review 425  4
Font et al. (1991) [6] Spain Longitudinal cohort 250 16
Costallat and Coimbra (1994) [14] Brazil Medical records review 272  4
Mak et al. (1998) [5] Hong Kong Medical records review 102 13
Formiga et al. (1999) [15] Spain Medical records review 100 12
Voulgari et al. (2002) [7]c Greece Medical records review 489 18
Mok et al. (2005) [17] Hong Kong Longitudinal cohortd 285  8
Bertoli et al. (2006) [12] USA Nested case-control study 

within a longitudinal cohort
217 12

Lalani et al. (2010) [18] Canada Cross-sectional 1,528 11
a Defined as age ³50 years, except as noted
b ³51 years of age
c ³55 and older
d New-onset disease
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Table 15.2 Disease manifestations in late-onset lupusa

Authors and year  
of publication

Country  
of origin Ethnic group Study type

Total number  
of patients  
studied Salient findings

Dimant et al.  
(1979) [19]

USA Caucasian and  
African  
American b

Longitudinal  
cohort

234 Lower frequency of oral ulcers, Raynaud’s 
phenomenon, cutaneous vasculitis, 
neuropsychiatric manifestations, leucopenia, 
and proteinuria; higher frequency of discoid 
lupus, photosensitivity and pulmonary 
fibrosis

Baker et al.  
(1979) [13]

USA Caucasian  
and African 
Americanb

Medical records  
review

258 Lower frequency of lymphadenopathy, 
Raynaud’s phenomenon, neuropsychiatric 
manifestations, alopecia, and skin rash; 
higher frequency of pulmonary 
manifestations

Wilson et al.  
(1981) [30]

USA Caucasian  
and African 
Americanb

Longitudinal  
cohort

 66 Lower frequency of significant renal involve-
ment, pleuropericarditis, and arthritis

Ballou et al.  
(1982) [28]

USA Caucasian  
and African 
Americanc

Medical records  
review

138 Similar frequency of major clinical manifesta-
tions, including renal, central nervous 
system, and cutaneous manifestations. Older 
patients were less likely to be African 
American

Gossat and Walls  
(1982) [32]

Australia Caucasianb Medical records  
review

 14c Lower frequency of serositis and thrombocy-
topenia; higher frequency of neuropsychiat-
ric manifestations and constitutional 
complaints, such as fever, weight loss, and 
malaise

Catoggio et al.  
(1984) [4]

UK Caucasianb Longitudinal  
cohort

 71 Lower frequency of arthritis; higher frequency 
of interstitial lung disease

McDonald et al.  
(1984) [33]

UK Caucasianb Longitudinal  
cohort

 10c High frequency of neurologic manifestations

Hochberg et al.  
(1985) [31]

USA Caucasian  
and African 
American

Medical records  
review

150 Caucasian patients had lower frequency of 
nephritis and higher frequency of Sjögren’s 
syndrome. Insufficient data on African 
Americans

Font et al.  
(1991) [6]

Spain Caucasianb Longitudinal  
cohort

250 Lower frequency of arthritis, malar rash, 
photosensitivity, and renal involvement; 
higher frequency of myositis

Takayasu et al.  
(1992) [34]

Brazil Admixedb Medical records  
review

199 Lower frequency of cutaneous manifestations 
and alopecia; higher frequency of muscular 
involvement

Costallat and  
Coimbra  
(1994) [14]

Brazil White and  
non-White

Medical records  
review

272 Lower frequency of nephrotic syndrome; higher 
frequency of pericarditis

Koh and Boey  
(1994) [29]

Singapore Asian (Chinese)  
and Caucasian

Medical records  
review

 76 Higher frequency of peripheral neuropathy, 
myalgia and pancytopenia

Shaikh and Wang  
(1995) [16]

Malaysia Asian (Malay) Medical records  
review

425 Lower frequency of renal central nervous 
system involvement; and of relapses higher 
frequency of pulmonary involvement; 
higher proportion of males

Ho et al. (1998) 
 [22]

Hong Kong Asian (Chinese) Medical records  
review (Case-
control study)

125 Lower frequency of major organ involvement; 
and of major relapses

Mak et al. (1998)  
[5]

Hong Kong Asian (Chinese) Medical records  
review

102 Lower frequency of cutaneous manifestations; 
higher frequency of serositis; similar 
frequency of major organ involvement

Pu et al. (2000)  
[21]

Taiwan Asian (Chinese) Medical records  
review (Case-
control study)

194 Lower frequency of malar rash; higher 
frequency of discoid rash

Voulgari et al.  
(2002) [7]

Greece Caucasiansb Medical records  
review

489 Lower frequency of malar rash

(continued)
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Table 15.2 (continued)

Authors and year  
of publication

Country  
of origin Ethnic group Study type

Total number  
of patients  
studied Salient findings

Boddaert et al.  
(2004) [10]

France Caucasian, African 
and Asian (Indian)

Medical records  
review (Case-
control study)

161 Lower frequency of arthritis, malar rash and 
renal involvement

Sayarlioglu et al.  
(2005) [24]

Turkey Caucasianb Medical records  
review

120 Similar clinical manifestations; lower frequency 
of fever; higher frequency of pulmonary 
fibrosis

Mok et al.  
(2005) [17]

Hong Kong Asian (Chinese) Longitudinal  
cohort

285 Lower frequency of malar rash and photosensi-
tivity; higher frequency of Raynaud’s 
phenomenon

Bertoli et al.  
(2006) [12]

USA Caucasian, African  
American and  
Hispanic

Nested case-control  
study within  
a longitudinal 
cohort

217 Lower frequency of renal involvement; higher 
frequency of neurological involvement and 
vascular events

Padovan et al.  
(2007) [35]

Italy Caucasian Longitudinal  
cohort

255 Higher frequency of peripheral neuropathy

Mak et al.  
(2007) [23]

Hong Kong Asian (Chinese) Medical records 
review

287 Similar frequency of renal involvement

Appenzeller et al.  
(2008) [20]

Brazil African Americans  
and Caucasian

Nested case-control  
study

76 Lower frequency of arthritis, malar rash; higher 
frequency of hemolytic anemia and 
thrombocytopenia

Lalani et al.  
(2010) [18]

Canada Caucasian, Asian,  
African- 
American,  
Native  
American,  
Hispanic, Jewish  
and Middle  
Eastern.

Cross-sectional 1,528 Lower frequency of renal involvement, malar 
rash, neurologic, hematologic, and 
immunologic manifestations

a Compared with younger-onset disease patients
b Assumed
c Number is for late-onset patients only

involvement less frequently. On the contrary, serositis, 
 pulmonary involvement (particularly interstitial lung dis-
ease), and Sjögren’s syndrome are more frequently found in 
this patient group. Although the published data may be influ-
enced by selection and confounding biases as well as by the 
demographic characteristics of the patients studied, there is 
the overall sense that late-onset lupus patients have less 
major organ involvement, particularly renal involvement [6, 
10, 12, 16, 18, 30, 31]. Disease relapses have also been found 
to be less frequent in these patients [16, 18, 22].

Late-onset lupus patients also seem to display a distinct 
autoantibody profile. As depicted in Table 15.3 [4–6, 10, 12, 
14–22, 24, 28–30, 34–38], anti-DNA [6, 10, 15, 30], anti-
RNP [4, 10, 36], and anti-Smith antibodies are found with 
low frequency in this patient group [12, 14, 36, 37], whereas 
rheumatoid factor [22, 25, 30, 36] and anti-Ro and anti-La 
antibodies tend to be positive more frequently [4, 5, 9, 14, 
20]. The increased frequency of these antibodies may relate 
to the higher frequency of secondary Sjögren’s syndrome 

reported in this patient group [9, 31, 39, 40]. Late-onset lupus 
patients also have hypocomplementemia less frequently, 
albeit not consistently compared to younger lupus patients 
[9, 15, 16, 19, 28–30, 36] which is not surprising given their 
less severe disease manifestations.

Because of the slow disease onset and, oftentimes, non-
specific manifestations earlier in the course of the disease, 
late-onset lupus can be misdiagnosed. The differential diag-
nosis [41] includes other inflammatory rheumatic diseases, 
such as rheumatoid arthritis, polymyalgia rheumatica, and 
different vasculitides. Other nonrheumatic entities, such as 
infections and malignancies, should also be ruled out. Given 
that elderly patients usually have a number of comorbid 
conditions for which pharmacological therapy is frequently 
required, the differential diagnosis should also include 
drug-induced lupus. The latter has many features in com-
mon with SLE but characteristically develops in individuals 
who have no history of systemic autoimmune disease. The 
syndrome is characterized by the presence of arthralgias, 
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Table 15.3 Serologic findings in late-onset lupusa

Author and year of 
publication Country of origin Study type

Total number of 
patients studied Serologic findings

Dimant et al. (1979) [19] USA Longitudinal cohort 234 Lower frequency of 
hypocomplementemia

Wilson et al. (1981) [30] USA Longitudinal cohort 66 Lower frequency of anti-DNA 
antibodies and hypocomplement-
emia; higher frequency of 
rheumatoid factor

Ballou et al. (1982) [28] USA Medical records review 138 Lower frequency of hypocomplement-
emiaSimilar frequency of 
anti-DNA antibodies

Catoggio et al. (1984) [4] UK Medical records review 71 Lower frequency of anti-RNP 
antibodies; higher frequency of 
anti-Ro and anti-La antibodies

Maddison (1987) [36] UK Medical records review 112 Higher frequency of anti-La and 
anti-Ro antibodies

Font et al. (1991) [6] Spain Longitudinal cohort 250 Lower frequency of anti-Ro antibodies 
and high titers of anti-DNA 
antibodies; higher frequency of 
antiphospholipid antibodies

Takayasu et al. (1992) [34] Brazil Medical records review 199 Similar frequency of positive auto-
antibodies

Domenech et al. (1992) 
[38]

UK Medical records review 247 Lower frequency of anti-DNA 
antibodies

Cervera et al. (1993) [37] Spain Longitudinal cohort 1,000 Higher frequency of anti-DNA 
antibodies and rheumatoid factor; 
lower frequency of other 
antibodies

Koh and Boey (1994) [29] Singapore Medical records review 76 Similar frequency of positive 
auto-antibodies; higher frequency 
of hypocomplementemia

Costallat and Coimbra 
(1994) [14]

Brazil Medical records review 272 Higher frequency of anti-DNA and 
anti-Ro antibodies but lower 
frequencies of other antibodies

Shaikh and Wang (1995) 
[16]

Malaysia Medical records review 425 Lower frequency of positive 
autoantibodies and 
hypocomplementemia

Mak et al. (1998) [5] Hong Kong Medical records review 102 Lower frequency of hypocomplement-
emia; higher frequency of anti-La 
antibodies

Ho et al. (1998) [22] Hong Kong Medical records review 125 Higher frequency of anti-DNA and 
anti-Ro antibodies and of 
rheumatoid factor

Formiga et al. (1999) [15] Spain Medical records review 
(case-control study)

100 Lower frequency of anti-DNA 
antibodies and 
hypocomplementemia

Pu et al. (2000) [21] Taiwan Medical records review 194 Similar frequency of antinuclear and 
anti-DNA antibodies and 
hypocomplementemia

Boddaert et al. (2004) [10] France Medical records review 
(case-control study)

161 Increased frequency of rheumatoid 
factor; lower frequency of 
anti-RNP, and anti-Sm antibodies; 
lower levels of CH50

Sayarlioglu et al. (2005) 
[24]

Turkey Medical records review 120 Similar autoantibody profile

Mok et al. (2005) [17] Hong Kong Longitudinal cohort 285 Similar autoantibody profile
Bertoli et al. (2006) [12] USA Nested case-control 

study within a 
longitudinal cohort

217 Lower frequency of anti-Smith 
antibodies

Padovan et al. (2007) [35] Italy Longitudinal cohort 255 Higher frequency of anti-DNA 
antibodies and rheumatoid factor

(continued)
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Table 15.3 (continued)

Author and year of 
publication Country of origin Study type

Total number of 
patients studied Serologic findings

Appenzeller et al. (2008) 
[20]

Brazil Nested case-control 
study

76 Similar frequency of ANA; higher 
prevalence of anti SSA/Ro

Lalani et al. (2010) [18] Canada Cross-sectional 1,528 Lower frequency of anti-RNP,  
anti-Sm antibodies and hypoco-
mplementemiaSimilar frequency 
of anti-DNA antibodies

a Compared to younger-onset disease patients

myalgias, pleurisy, rash, and fever in association with the 
presence of antinuclear antibodies; central nervous system 
and renal involvement are rare. Although antinuclear anti-
bodies occur in the majority of these patients, anti-double 
stranded DNA antibodies are rare [25]; the typical finding 
includes the presence of antihistone antibodies, which may 
be present in up to 95% of patients [42]. The absence of 
antinuclear antibodies should not preclude the diagnosis of 
drug-induced lupus; in these cases, the resolution of symp-
toms within weeks (or months) of discontinuation of the 
offending drug is of particular value in the diagnosis of this 
condition [43]. Since first recognized almost 50 years ago in 
association with hydralazine therapy [44], numerous medi-
cations have been added to the list of drugs associated with 
the induction of lupus. Depending mostly in the number of 
cases reported, such associations range from weak (only 
few cases reported) to strong (procainamide, hydralazine) 
[45, 46]. Typically, drug-induced lupus does not require 
specific treatment as the clinical and serological manifesta-
tions of this condition usually subside once the suspected 
drug is discontinued [25].

Treatment Approach

There is no unique treatment for SLE; instead, the treatment 
is aimed at the suppression of the immune and inflamma-
tory response and, therefore, of the clinical manifestations 
of the disease. For instance, nonsteroidal anti-inflammatory 
drugs and low dose glucocorticoids are initially used for the 
treatment of joint manifestations and serositis. However, 
there are inherent risks associated with the use of these 
compounds in the elderly particularly if their renal function 
is already borderline and they already have experienced 
bone loss and vascular disease [47–50]. For those patients 
with arthritis and skin manifestations, hydroxychloroquine 
is the drug of choice. Antimalarials have also been associ-
ated with a lower occurrence of disease flares [51] less 
damage accrual [52] and lower mortality rates [53]. 
Methotrexate can also be used for the treatment of arthritis. For 
more severe clinical manifestations, high dose  glucocorticoids 

and immunosuppressive compounds may be required. 
Drugs, such as cyclophosphamide, azathioprine, and 
mychophenolate mofetil, are reserved for the treatment of 
severe hematological manifestations and when the lungs, 
central nervous  system, and kidneys are involved and thus 
they are rarely required [10, 17, 19, 24].

Although the treatment of lupus manifestations does not 
differ as a function of age, regular pharmacological inter-
ventions may be less appropriate in these older patients. 
Age, the presence of other comorbid conditions and the 
exposure to multiple concomitant medications can modify 
the drugs’ pharmacokinetics. A singular drug absorption, 
distribution and metabolism can be responsible not only 
for an inadequate treatment response, but also for a differ-
ent safety profile [54]. For instance, in an early study, it 
was reported that the prevalence of glucocorticoid-related 
complications in late-onset lupus patients was as high of 
40% [13]. Moreover, most pharmacological interventions 
in SLE have been tested in relatively young patients. No 
randomized clinical trials have been specifically under-
taken in this elderly patient group; furthermore, as late-
onset lupus is relatively uncommon, this is not expected to 
occur. Therefore, the treatment of elderly lupus patients 
should be tailored to the disease manifestations present; 
however, careful surveillance for the appearance of adverse 
events is necessary.

Disease Prognosis

Late-onset lupus is usually regarded as a disease with a 
milder course and better prognosis compared to younger 
patients. This belief is mainly supported by the fact that 
late-onset patients tend to have less major organ involve-
ment as well as lower degrees of disease activity. However, 
when the intermediate and long-term outcome of the disease 
is considered the prognosis that emerges is quite different. 
Indeed, to assess the prognosis of SLE patients adequately, 
four aspects of the disease need to be addressed: disease 
activity, organ damage, health-related quality of life, and 
survival [55, 56].
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Indices to measure disease activity in SLE have been 
 validated and their reproducibility, validity, and sensitivity to 
change compared [57]. As shown in Table 15.4 [10–12, 14, 
15, 17, 18, 20, 21, 23, 24, 28, 35], in only few studies disease 
activity in late-onset lupus patients has been evaluated. In 
two of them [12, 15], disease activity was found to be lower 
in patients whose disease began later in life. This is not unex-
pected since late-onset lupus patients tend to have less major 
organ involvement and variable laboratory findings, hypoco-

mplementemia among them, which constitute elements of 
disease activity indices [58, 59].

Despite this apparent benign course, this group of patients 
may not have such a good prognosis in terms of morbidity. 
The health status of lupus patients does not only relate to 
disease activity, but also to damage resulting from the dis-
ease itself, concomitant morbidities, and treatment compli-
cations. Several studies have shown the negative impact that 
age, in particular age at disease onset, has on damage accrual 

Table 15.4 Disease outcomes in late-onset lupusa

Authors and year of publication Country of origin Study type
Total number of 
patients studied Salient findings

Disease activity
Formiga et al. (1999) [15] Spain Medical records review 100 Lower disease activity at presenta-

tion and during the first year 
since diagnosis

Bertoli et al. (2006) [12] USA Nested case control study 
within a longitudinal 
cohort

217 Lower disease activity at cohort 
enrollment and over time

Padovan et al. (2007) [35] Italy Longitudinal cohort 255 Similar disease activity
Appenzeller et al. (2008) [20] Brazil Nested case-control study 76 Lower disease activity at cohort 

enrollment and over time
Lalani et al. (2010) [18] Canada Cross-sectional 1,528 Higher disease activity per the 

SLAM (but not the SLEDAI). 
Similar number of patients 
flaring per year

Damage accrual
Maddison et al. (2002) [11] International  

(North America, 
Europe, Korea)

Medical records review 
(Case-control study)

241 Higher damage accrual

Sayarlioglu et al. (2005) [24] Turkey Medical records review 120 Similar damage accrual
Mok et al. (2005) [17] Hong Kong Longitudinal cohort 285 Similar damage accrual
Bertoli et al. (2006) [12] USA Nested case-control study 

within a longitudinal 
cohort

217 Late-onset lupus is a predictor of 
any damage

Padovan et al. (2007) [35] Italy Longitudinal cohort 255 Higher damage
Mak et al. (2007) [23] Hong Kong Medical records review 287 Higher renal damage
Appenzeller et al. (2008) [20] Brazil Nested case-control study 76 Higher damage
Lalani et al. (2010) [18] Canada Cross-sectional 1,528 Damage accrual higher but not 

significant
Health-related quality of life
Bertoli et al. (2006) [12] USA Medical records review 

(Case-control study)
217 Similar health-related quality of life

Mortality
Ballou et al. (1982) [28] USA Medical records review 138 Similar mortality
Costallat and Coimbra (1994) [14] Brazil Medical records review 272 Lower mortalityb

Pu et al. (2000) [21] Taiwan Medical records review 
(Case-control study)

194 Higher mortality rate

Boddaert et al. (2004) [10] France Medical records review 
(Case-control study)

161 Higher mortality rate

Mok et al. (2005) [17] Hong Kong Longitudinal cohort 285 Higher mortality rate
Bertoli et al. (2006) [12] USA Nested case-control study 

within a longitudinal 
cohort

217 Late-onset lupus is a predictor of 
mortality

Appenzeller et al. (2008) [20] Brazil Nested case-control study 76 Higher mortality rate
a Compared to younger-onset disease patients
b Compared to childhood-onset patients
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[5, 11, 12, 17, 20, 23–25]. Using the Systemic Lupus 
International Collaborating Clinics/American College of 
Rheumatology Damage Index [60], Bertoli et al. found late-
onset lupus to be a predictor of any irreversible damage in 
patients from the LUMINA cohort [12]; damage seems to be 
more evident in the ocular (cataracts), musculoskeletal 
(deforming arthritis and osteoporosis with fractures), cardio-
vascular (coronary artery disease and ventricular dysfunction) 
[11], and renal (end-stage renal disease) [19, 23] domains. It 
is possible that these observations are merely reflecting the 
result of the interaction of aging per se plus the specific effect 
of lupus in this older population [11]. For example, both age 
and SLE [61] are well-recognized risk factors for the occur-
rence of coronary artery disease. Late-onset lupus is also 
associated with the occurrence of other comorbidities not 
included in the damage index, such as hypothyroidism, hyper-
tension, and venous thrombotic events [12, 62].

Survival has dramatically improved in SLE patients during 
the past few decades [63]; however, a higher proportion of 
patients with late-onset lupus die compared to patients with 
early onset disease [10, 12, 17, 20, 21]. Age, especially age at 
disease onset, has consistently been reported as a risk factor 
for early mortality among SLE patients [10, 12, 62]. The pro-
portion of deaths related to active lupus is similar [12] or even 
lower [10] in late-onset lupus patients compared to younger 
patients; factors other than the disease itself may therefore 
account for this poorer outcome. The presence of comorbid 
conditions, especially those resulting in higher degrees of 
damage accrual may be, at least in part, responsible for the 
higher mortality rates found in this patient group [10, 49, 64]. 
In fact, cardiovascular disease accounted for the mortality 
excess observed in late-onset lupus patients in the study by 
Bertoli et al. [12]. The studies of disease activity, damage, 
health-related quality of life and mortality are summarized in 
Table 15.4 [10–12, 14, 15, 17, 18, 20, 21, 23, 24, 28, 35].

Conclusions

SLE is being increasingly recognized among elderly popula-
tions. The so-called late-onset lupus seems to conform a 
quite defined subset of patients; a more insidious and less 
defined disease presentation, less of a female predominance 
along with less severe clinical manifestations are distinctive 
among these patients. Although the disease runs a more 
benign course, the intermediate (damage accrual) and long-
term (survival) prognosis is worse among the elderly com-
pared to its younger counterpart. The interaction of the 
disease per se and the accrual of comorbid conditions, espe-
cially cardiovascular disease, may be responsible for the 
higher mortality rates reported in this patient group. 
Treatment decisions, therefore, should be cautiously taken 

according not only to the clinical manifestations, but also to 
the presence of other comorbidities and concomitant phar-
macological interventions.
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Abstract As the number of people who are over the age of 
60 years is growing in the general population, the prevalence 
of disability from rheumatoid arthritis (RA) is also on the 
rise. This is an important health concern for patients, their 
families, and society. This review highlights various aspects 
of elderly onset RA (EORA), including differences from 
younger onset RA (EORA), diagnostic and prognostic factors, 
differential diagnosis, and treatment modalities. There are 
challenges associated with diagnosis and treatment in the 
early onset rheumatoid arthritis patients. Knowledge about 
various aspects of early onset rheumatoid arthritis and 
further research into better diagnostic and therapeutic methods 
will help diminish the affects of this disabling disease in the 
older population.

Keywords Elderly onset rheumatoid arthritis • Younger 
onset rheumatoid arthritis • Diagnosis • Prognosis treatment

Introduction

Rheumatoid arthritis (RA) is a progressive, systemic inflam-
matory disease that targets synovial tissues. Left unchecked 
and untreated, RA can cause significant morbidity and accel-
erated mortality. RA is the most common inflammatory 
arthritis in adults, with a peak age of onset between 40 and 
60 years of age. However, as remission is uncommon, it has 
become appreciated that the prevalence of RA increases at 
least through age 85. The prevalence of rheumatoid arthritis 
among persons 60 years of age and older has been estimated 
at around 2% [1]. In the general population of elderly persons, 
arthritic complaints are most frequently associated with 
osteoarthritis (OA), classically considered a degenerative 
and noninflammatory form of arthritis. However, various 
forms of inflammatory arthritis, including RA, gout, calcium 

pyrophosphate deposition disease (CPPD) or pseudogout, 
polymyalgia rheumatica (PMR), and even inflammatory 
forms of OA are commonly encountered as well. A major 
concern shared among various arthritic disorders is their 
potential to diminish elderly patients’ functional status, and 
therefore, their independence. Pain, stiffness, and even con-
stitutional symptoms can contribute to immobility, weakness, 
and increased falls. These can in turn lead to decreased 
quality and even quantity of life.

Even though there has been progress in deciphering the 
cellular and molecular mechanism of RA, the etiology is 
still not fully defined. RA is characterized by synovial and 
vascular proliferation with the formation of pannus tissue 
[2]. The synovium thickens due to increased number of acti-
vated immune cells. These cells produce a host of inflamma-
tory mediators, notably proinflammatory chemokines and 
cytokines that help drive synovial proliferation. The secre-
tion of these cytokines as well as enzymes, such as matrix 
metalloproteinases (MMPs), can cause tissue destruction with 
damage to articular cartilage and adjacent bone–repetition 
above [3].

Clinical Features

Two clinical presentations of RA can be broadly defined in 
the elderly population [4]. The first, commonly known as 
elderly onset RA (EORA), refers to the de novo development 
of rheumatoid arthritis in persons older than an arbitrary age, 
typically 60 or 65 years. The second presentation of RA 
encountered in elderly patients is RA that develops before 
the age of 60 or 65 and that persists into older age; this is 
commonly known as younger onset RA or YORA. In the 
literature, there is some controversy about whether and how 
those with YORA might differ from those with EORA as 
regards disease characteristics, such as typical signs and 
symptoms of disease and key outcomes.

It has been suggested that EORA is commonly charac-
terized by disabling morning stiffness and marked pain 
predominantly affecting the upper extremities. The physical 
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examination may be particularly remarkable for pronounced 
synovitis of the shoulders and the wrists as well as the meta-
carpophalangeal (MCP) joints and proximal interphalangeal 
(PIP) joints, with marked limitation of motion and soft tissue 
swelling. Involvement of large joints, in particular shoulder 
joints, has been said to be a striking and characteristic feature 
of EORA [5, 6]. As compared to YORA patients, those with 
EORA have been reported to have a more acute onset and 
more highly elevated erythrocyte sedimentation rate (ESR) 
levels [7, 8]. Sex differences exist between the two types of 
RA. With YORA, women are three to four times more likely 
to be affected than are men; in EORA, there is a diminution 
of such a female predominance [9].

It is important to make note of several factors when con-
sidering differences between EORA and YORA. A particu-
larly relevant one is disease duration, as that impacts many 
relevant disease characteristics in RA. Given that the peak 
age of onset of RA is between 40 and 60 years of age, a 
significant number of YORA patients have suffered disease 
activity for a considerable amount of time, from years to 
even decades. As a result, they are much more likely to have 
an advanced stage of the disease. Many have received therapy 
with multiple therapeutic agents, and some have undergone 
orthopedic surgical procedures. The physical examination of 
these patients may reveal varying degrees of both active 
polyarticular synovitis as well as the sequelae of joint 
damage, namely, deformities such as ulnar deviation of the 
hands along with swan-neck and/or Boutonniere deformities, 
flexion contractures of the elbows, and wrist subluxation. 
In addition, systemic manifestations, such as rheumatoid 
lung, vasculitic ulcers, peripheral neuropathy, and even 
secondary amyloidosis, all reflecting longstanding inflam-
matory disease, may occur more commonly among YORA 
than EORA. This can complicate the care of this population 
of RA patients.

Differential Diagnosis

The differential diagnosis of RA in the elderly may be 
particularly complicated since the sensitivity and specificity 
of rheumatologic laboratory tests may differ in older versus 
younger patients. For example, it is well established that the 
prevalence of auto-antibodies, including serum rheumatoid 
factor (RF) increases with advancing age. This affects the 
utility of RF for the diagnosis of RA in the older population 
[4, 9]. It has been suggested that anti-cyclic citrullinated 
antibodies that react with a common epitope identified by 
anti-filaggrin, anti-perinuclear, and anti-keratin antibodies, 
may have greater specificity in an older population [10].

The ESR and C-reactive protein (CRP) tend to be elevated 
in active inflammatory conditions and are often used in RA 

to help quantify the activity of rheumatoid synovitis. In addition, 
persistent elevations in these acute phase reactants are associ-
ated with a less favorable prognosis in RA patients. However, 
the ESR tends to increase nonspecifically in older persons. In 
some cases, elevations may relate to other comorbid condi-
tions, such as infection, congestive heart failure, hypercholes-
terolemia, or malignancy. Even among healthy persons, 
“normal” values for ESR increase with advancing age.

Perhaps of greatest relevance to the accurate diagnosis of 
RA among older persons is the presence of various other 
articular conditions that may have signs and symptoms very 
similar to RA. Included herein are PMR and CPPD, which 
has also been referred to as “pseudo-RA”; gouty arthritis, 
and OA including inflammatory forms of OA. Several of 
these, such as OA and gout, are more prevalent among the 
elderly than is RA. The rigor with which these other condi-
tions are excluded certainly affects the ability to accurately 
assess the medical literature as it pertains to EORA. For 
example, if it is highly likely that some published series of 
EORA included patients who did not have RA, but rather had 
one of these other arthritides. This has important implica-
tions as regards “characteristic” presentations of EORA, 
including its expected outcome.

Radiographic evaluation may not always be helpful as a 
diagnostic test in older patients suspected of having EORA. 
This is particularly true among those with a recent onset of 
symptoms because in the early stages of the disease only 
soft tissue swelling and periarticular osteopenia are present. 
Finding radiographic characteristics of RA, such as uniform 
joint space loss, marginal erosions, and intra-articular defor-
mities may be seen in more established disease.

Potential prognostic factors have not been studied as exten-
sively in EORA as they have for RA in general. Interestingly, 
the overall outcome for patients with EORA has been reported 
to be both better [6, 10] and worse [5] than YORA. This 
disparity may well relate to confounders in the published 
literature, such as diagnostic inaccuracy, failure to control for 
disease duration, and the presence of more comorbid medical 
conditions among older persons. A frequently cited feature of 
EORA, acute onset of symptoms, has also been associated 
with a worse [11], equal [12], and a better [13] prognosis as 
compared to EORA with a more insidious onset. In several 
reports, EORA patients who are seropositive for RF have been 
demonstrated to have either similar or worse prognosis when 
compared with younger seropositive RA patients [8, 14]. 
However, more aggressive disease was seen in RA patients not 
stratified for age that have high positive titers of RF, radio-
graphic evidence of bony erosions, arthritis of more than 20 
joints, rheumatoid nodules, HLA-DR4 allele, and elevated 
acute phase reactants [15]. The pro-inflammatory cytokine 
pattern could also play a role in the prognosis of EORA. It has 
been suggested that the lower levels of serum TNF-a might 
play a protective role in elderly RA patients [16].
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Aging Factors

Several factors should be considered while interpreting the 
results in elderly. Changes in the immune system associated 
with aging, such as T cell functional characteristics, defects 
in apoptosis, decreased specific antibody responses and 
antigen processing, cytokine imbalances, and thymic invo-
lution, may all play a role in the way a disease is manifested 
in the elderly [17]. Disease duration may contribute to a 
poor prognosis in the elderly by having a negative impact on 
the functional status of elderly patients, for example YORA 
as compared to EORA. Comorbidity is another factor that 
contributes to the apparent worse prognosis among older 
patients. Intercurrent illnesses and their therapies might 
cause patients to be less tolerant of the inflammation and 
other burdens caused by RA itself. Hormonal changes, espe-
cially those associated with estrogen, progesterone, and 
androgen levels in the older population might also affect RA 
in the elderly [17].

Treatment

The primary goals of treatment for RA – to alleviate pain, 
prevent or limit joint damage, optimize the quality of life, 
avoid complications of therapy, and improve or preserve 
function – are similar in both EORA and YORA. However, 
the efficacy and toxicity of drugs commonly used in RA may 
have some differences between the populations. Thus, the 
optimal therapeutic management of RA in elderly patients is 
complicated by a greater chance for diagnostic uncertainty, 
increasing the presence of comorbid conditions that affect 
drug metabolism or toxicity, and changes in pharmacokinetics 
that occur with normal aging. These all may lead to an 
increased frequency and/or severity of adverse drug events in 
older persons as compared with younger populations [4, 9].

In recent years, many new agents for the treatment of RA 
have been investigated, and a considerable number are under 
study at present. It is important to note that the elderly popu-
lation is generally underrepresented in clinical trials despite 
the fact that the prevalence of RA is high and increasing in 
this age group. One of the most notable trends in the past 
decade regarding the treatment of RA has been the growing 
consensus that the institution of an aggressive approach early 
in the course of the disease may be the best way to prevent 
irreversible joint damage and to spare patients years of pain 
and discomfort. Current strategies include early aggressive 
treatment with one or more disease modifying anti-rheumatic 
drugs (DMARDs), along with symptomatic therapy with 
nonsteroidal anti-inflammatory drugs (NSAIDs) and low-
dose prednisone. In addition, biologic agents, which had 
been reserved for RA patients with refractory disease, are 

being used much earlier in the disease course. Studies 
proving the value of these approaches have not generally 
recruited large numbers of older persons. There are probably 
several factors that contribute to this, including the greater 
prevalence of comorbid disease among older persons. 
However, there is some information concerning the treatment 
of older RA patients with all of the therapies available.

NSAIDs can reduce pain and, at higher doses, inflamma-
tion for many RA patients; however, they do not slow joint 
damage [18]. A major consideration with the use of NSAIDs 
in the elderly is the increased risk of adverse effects. 
Important toxicities that are of particular concern because 
they may occur more commonly and/or be associated with 
worse sequelae in the elderly include: upper gastrointestinal 
bleeding, renal insufficiency, worsening of hypertension, 
worsening of congestive heart failure, and central nervous 
system dysfunction [19]. The most appropriate methods 
for routine monitoring of toxicity from NSAIDs remains 
controversial, and the side effects can be unpredictable. 
Cyclooxygenase-2 (COX-2) specific inhibitors (COXIBs) 
have been proven to be safer compared with nonselective 
NSAIDs from the gastrointestinal standpoint and have 
comparable efficacy to traditional NSAIDs [19]. However, 
coxibs’ impact on renal function and blood pressure is 
comparable to nonselective NSAIDs and careful monitoring 
of blood pressure is warranted after initiation of these agents 
as it is for any NSAID [20, 21]. There is some recent data 
suggesting that certain coxibs especially at higher doses may 
increase the rate of thrombotic and cardiovascular events 
[22] although this issue remains controversial. Coxib and 
NSAID usage is advised to be initiated with the lowest 
recommended dose especially in low weight subjects because 
higher plasma may be detected in elderly patients [23].

Oral glucocorticoids at lower doses, which are often 
defined at less than 7.5 or 10 mg prednisone equivalent per 
day, are often used to help control inflammation, and thereby 
improve symptoms, such as pain and stiffness. They have 
recently been shown to potentially slow progression of joint 
damage as assessed by serial radiographic analysis of the 
joints [18]. Some patients may benefit from the use of low-
dose oral steroids when there is a flare of RA disease activity 
and while other therapies are being initiated. In fact, in the 
past, the use of low-dose prednisone was advocated as the 
second-line therapy in elderly patients with RA based on ste-
roids rapid mode of action and the sense that elderly patients 
may functionally deteriorate faster than younger population 
[24, 25]. A moderate to excellent improvement with prednisone 
therapy was reported in 80 of 91 patients with EORA [25]. 
However, in the long run, steroids do not seem to have as 
prolonged or notable an effect on functional status as is seen 
with other types of therapy. More importantly, steroid therapy 
can be hazardous especially in elderly patients since it poses 
an increased risk for adverse effects, including osteoporosis, 
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infection, glucose intolerance, gastrointestinal erosive disease, 
and hypertension. There is data that suggests that with the 
long-term use of low-dose prednisone, the risk of osteoporosis 
may outweigh the clinical benefit [26]. Therefore, strategies, 
such as the use of bone protective agents and monitoring of 
toxicity, are warranted with chronic usage of steroids.

DMARD therapy can change the course of RA, resulting 
in sustained improvement in physical function, decreased 
inflammatory synovitis, and potential slowing or prevention 
of structural joint damage in a subset of treated patients. 
Methotrexate (MTX) is the most commonly used DMARD 
for the treatment of RA, in patients of all ages. With a solid 
efficacy record and well-defined toxicity profile, it is the first 
DMARD used in most RA patients. Among elderly RA 
patients, who may have preexisting renal dysfunction, atten-
tion to renal function is required, and the doses used may 
need to be modified. There is indeed evidence that clinicians 
are more cautious with the use of MTX among older persons, 
and do use a lower dose, despite the same level of disease 
activity, than they use for younger RA patients [27]. 
Hydroxychloroquine (HCQ) and sulfasalazine (SSZ) are 
used most commonly in patients with milder or more slowly 
progressing disease as they are in general considered less 
efficacious than MTX. Leflunomide is approved for use as 
monotherapy or in combination with MTX, although the 
latter approach is not commonly used among older persons 
due to concerns for toxicity [28]. Other combinations that 
are sometimes used in patients with insignificant clinical 
improvement on single therapy include MTX + HCQ + SSZ 
or placebo [28]. Cyclosporin and azathioprine are reserved 
for refractory patients who have failed other agents. Close 
follow-up and regular monitoring are typically required for 
patients on DMARDs. Some studies, including patients older 
than 65 years of age, have found no significant effect of age 
on termination of DMARD treatment [29, 30]. In addition, a 
tendency toward less efficacy and toxicity of DMARDs has 
been reported in older compared to younger patients [29, 30]. 
However, in these studies prolonged disease duration might 
be the factor for early discontinuation of therapy rather than 
age, since it is well documented that many patients fail to 
remain long term on any given DMARD.

A better understanding of the immunopathogenesis of 
autoimmune diseases and advancing developments in biop-
harmaceutical technology has led to the introduction of 
several biologic therapeutic agents. In RA, the introduction 
of biologic agents has dramatically changed the treatment 
paradigm. Biologic agents are designed to specifically target 
and inhibit various components of the immune system and 
inflammatory response that are considered central to the 
pathogenesis of RA. To date, the greatest success has been 
achieved with inhibitors of the pro-inflammatory cytokine 
TNF. Currently, there are five anti-TNF agents available for 
clinical use: infliximab, a chimeric anti-TNF-a monoclonal 

antibody (mAb); etanercept, a soluble dimeric TNF-receptor/
IgG-Fc piece fusion construct; adalimumab, a human anti-
TNF-a mAb; certolizumab pegol, the Fab fragment of a 
humanized anti-TNF-a mAb linked with polyethylene 
glycol residues, and golimumab, a human anti-TNF-a mAb. 
Early studies were conducted in patients with chronic refrac-
tory RA, but more recently patients with early RA have also 
been studied. Treatment with the TNF inhibitors has resulted 
in rapid and sustained improvement in signs and symptoms 
of disease. In addition, functional status has been markedly 
improved with all three agents [31–33]. Perhaps most notably, 
joint damage as measured by X-ray progression, appeared to 
be inhibited by the use of these drugs [34–36]. The optimal 
treatment paradigm for RA appears to be a TNF-inhibitor in 
conjunction with MTX, as there appears to be a synergy with 
the combination for all key clinical outcomes.

While studies of TNF inhibitors specifically in elderly RA 
patients have not been conducted, some older persons have 
been included in the clinical trials. In a retrospective analysis 
of four double-blind studies of etanercept, it was noted that 
197 of the total of 1,128 patients were older than 65 years. 
Treatment appeared to be as effective in older persons as it 
was in younger patients, and tolerability was also comparable 
[37]. In fact, older patients reported a lower rate of injection 
site reactions, headache and rash compared to younger 
patients. TNF inhibitors clearly represent a major advance in 
the treatment of severe inflammatory arthritis. However, a 
greater frequency of conditions generally considered to be 
contraindications to TNF inhibitor use (e.g., congestive heart 
failure, chronic infection) that are found in the older popula-
tion may limit their usage [37]. Indeed, analysis of use of 
TNF inhibitors in clinical practice showed that despite 
comparable disease activity and comparable tolerability, 
rheumatologists tended to use TNF inhibitors less frequently 
for older persons. In that study, EORA patients were matched 
with YORA patients based on their disease duration and 
compared in order to assess the types of treatment measures 
used in the two groups. It was shown that EORA patients 
received biologic therapy and combination DMARD therapy 
less frequently than YORA patients, despite identical disease 
duration and comparable disease severity and activity [27]. 
This suggests that there may be a need to use more aggressive 
therapeutic regimens in the geriatric population.

In addition to TNF inhibitors, other biologic agents have 
been approved for use in RA. Anakinra is an interleukin-1 
(IL-1) receptor antagonist. It tends to be used in patients who 
are refractory to other treatments and either did not have a 
good response to or had contraindications to the use of TNF 
blockers. The overall magnitude of reductions in clinical 
symptoms and signs were relatively modest when compared 
to those reported in TNF-a blocking agents, and the drug is 
not frequently used [31, 32]. Anakinra should not be used in 
combination with TNF blockers as this results in greater 
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toxicity without additional benefit. Injection site reactions 
are the most frequently reported adverse event with anakinra 
[38]. Abatacept (CTLA4-Ig) is a fusion protein designed to 
modulate the T cell co-stimulatory signal mediated through 
the CD28-CD80/86 pathway. It inhibits full activation of T 
cells. Clinical trials have provided evidence for the efficacy 
of abatacept in patients with active RA, despite prior treat-
ment with MTX or anti-TNF therapies [39, 40]. Rituximab is 
a chimeric anti-CD20 mAb that has been approved for the 
treatment of B-cell lymphoma since 1997. Rituximab causes 
selective and rapid transient depletion of the CD20+ B cell 
population. It was subsequently shown to be effective in RA 
patients, including those who fail to respond to TNF inhibitor 
therapy [41, 42]. Neither abatacept nor rituximab have been 
studied specifically among elderly RA patients.

Summary

Changes in immune activity, physiological deterioration, 
and other factors associated with aging affect the patho-
logical process of RA and account for the differences in 
characteristics between EORA and YORA. These changes 
also influence the prescription and efficacy of medications 
in the elderly. Since the prevalence of RA is increasing in 
the elderly population, it is important to further study 
various aspects of EORA and also include the elderly in 
more clinical trials. Identification of an optimal EORA 
management plan could significantly improve the quality of 
life of older patients.
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Abstract The aging process is complex and there is a high 
degree of variability in the rate at which an individual ages. 
Presently, the aging process and its effects in the body are 
not fully understood. In general, there are some differ-
ences in pharmacokinetic and pharmacodynamics effects of 
medications when comparing younger and older patients. 
Some of the most important changes that occur with aging 
are within the liver and kidneys. Although liver function 
tests such as serum bilirubin, cholesterol, and alkaline 
phosphatase are not significantly different between older 
and younger adults, decreased hepatic blood flow, liver 
mass, and enzymatic activity are seen in many older adults. 
However, these changes are not necessarily clinically sig-
nificant and do not take place in all elderly patients. Renal 
dysfunction requires that some drugs such as methotrexate 
are dose-adjusted in the elderly patients. Pharmacodynamic 
changes in older patients may result in an altered sen-
sitivity to drugs as well, resulting in increased adverse 
events or decreased/increased clinical response. Overall, 
there are not many clinically important pharmacodynamic 
changes when examining disease-modifying antirheumatic 
drugs (DMARDs) or biologic agents used in rheumatoid 
arthritis.

Currently, the available data suggests that conventional 
DMARDs and biologic agents are similarly effective in the 
old and the young. Hence, older RA patients should not be 
excluded from the usual use of these agents to obtain opti-
mal control of disease. While most studies suggest effective 
and safe outcomes associated with the use of DMARDs/
biologics in the elderly, it is important to keep in mind the 
possibility of an increased incidence or severity of drug tox-
icity, particularly among the frail elderly who are an espe-
cially vulnerable group of patients. Frail older patients may 
have poor cardiac, renal, and/or liver function, and a 

decreased immune function (hence a higher risk for infections). 
Consequently, their treatment should be approached cau-
tiously, keeping in mind the pharmacokinetic and pharmaco-
dynamic changes that may occur with aging.

This chapter briefly reviews the data regarding the use of 
conventional DMARDs and biologic agents in rheumatoid 
arthritis patients with an emphasis on their use in older 
patients where data is available.

Keywords Rheumatoid arthritis • Elderly • Disease-
modifying antirheumatic drugs • Biologic agents

Introduction

Rheumatoid arthritis (RA) is a chronic systemic autoim-
mune disorder, with the potential to lead to disability, pre-
mature mortality, as well as poor quality of life [1, 2]. RA is 
the second most common disease after osteoarthritis to 
involve the joints and affects approximately 1% of the gen-
eral population, with the peak of RA onset between the ages 
of 40 and 60. The incidence of RA increases dramatically 
with age, with a fivefold increase from the age of 35–75. In 
fact, approximately one-third of RA patients are >65 years 
at onset [3, 4]. This increased incidence of older onset RA 
may be accounted by immunosenescence seen with aging; 
as there is a deterioration of humoral/cellular immune 
homeostasis, rendering the older patients more susceptible 
to infections, autoimmune disorders, and cancer.

Over the past decade, the number of agents to effectively 
manage RA has increased. In addition to conventional 
disease- modifying antirheumatic drugs (DMARDs) such as 
methotrexate and sulfasalazine, introduction of biologic 
agents have significantly improved the management of RA. 
The goal of early aggressive therapeutic management in RA 
is to improve quality of life and prevent disability by modify-
ing the natural course of the disease. It is also possible that 
mortality from disease may be decreased. Although there is 
wide-spread consensus that all RA patients should be treated 
with DMARDs or biologic agents early in the course of the 
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disease [5], the results of some studies suggest that older 
patients are less likely to receive DMARD or biologic ther-
apy when compare with younger patients [6, 7]. Schmajuk 
et al. evaluated 5,864 RA Medicare beneficiaries to deter-
mine the rate of DMARD use in older patients. Older RA 
patients were categorized into three age groups: 65–74, 
75–84, and ³85 years. When compared with the youngest 
age category, the older RA patient groups were 52% (75–
84 years) and 74% (³85 years) less likely to receive 
DMARDs. Tutuncu et al. demonstrated that older onset RA 
patients (³60 years) were less likely to be started on combi-
nation of DMARDs or biologic agents when compared with 
younger onset patients (40–60 years of age) (combo 
DMARDs 30.9% vs. 40.5%, biologics 25% vs. 33.1% [older 
vs. younger onset]; p-value <0.0001). Factors such as non-
compliance, presence of comorbidities, and polypharmacy 
may explain why administration of drugs in older RA patients 
is done cautiously. Despite this, a majority of the limited 
studies available show similar safety and efficacy outcomes 
associated with the use of DMARDs and biologic agents in 
older and younger RA patients [8–12]. Thus, the old should 
not be excluded from receiving these treatments.

As more DMARDs and biological treatments are approved 
for the treatment of RA, more data is needed to ensure their 
safety and efficacy in the older RA population. In the follow-
ing chapter, we briefly review the physiologic changes (phar-
macokinetic and pharmacodynamic) that occur with aging 
and the consequences of these changes. We will then discuss 
the use of commonly used DMARDs (methotrexate, sul-
fasalazine, leflunomide, antimalarials: hydroxychloroquine 
and chloroquine) and biological agents (etanercept, inflix-
imab, adalimumab, anakinra, abatacept, and rituximab) and 
their safety and efficacy outcomes in the older RA patients. 
Older RA patients have been defined by multiple age cut-
points in the literature (i.e., >55, >60, and >65 years) [6, 8, 
13, 14]. For the purposes of this chapter, we define older RA 
patients as those who are ³60 years.

Physiologic Changes with Aging

Aging can be characterized by both structural and functional 
changes of organ systems, leading to the inability to maintain 
homeostasis. It is well established that biologic age and 
chronological age are not interchangeable concepts. Some 
individuals may have a rapid deterioration in the function of 
specific organ systems with age, while others do not. 
However, some important age-related changes in pharma-
cokinetics and pharmacodynamics do exist and can cause 
differences in response and adverse events of DMARDs/bio-
logic agents and nonsteroidal anti-inflammatory drugs 
(NSAIDs) in older RA patients [15].

Pharmacokinetics

Pharmacokinetics describes the action of the body on a drug 
over time, which is governed by absorption, distribution, 
metabolism, and excretion of drugs.

Absorption

There are several changes seen as an individual ages that 
could potentially affect the rate of drug absorption: decreases 
in saliva, gastric acid, and pepsin production, decreased gas-
trointestinal motility, and increased gastric emptying time. 
However, the absorption of drugs is not usually affected with 
aging, since most drugs are absorbed by passive diffusion 
from the gastrointestinal tract. There is an exception. 
Indomethacin’s absorption decreases by 23% in older patients. 
This was shown in a study by Oberbauer et al. of 26 patients 
(16 patients >65 years and 10 patients <65 years) [16]. 
Overall, changes in absorption kinetics among and antirheu-
matic drugs per se have few if any clinical consequences.

Distribution

Distribution describes the reversible dissemination of a drug 
throughout the body. All medications are carried in the blood 
to different tissues, which may be altered in the older person 
due to a decrease in cardiac output. One way to assess car-
diovascular functional decline is by the calculation of maxi-
mal oxygen consumption (VO

2
max) (i.e., the amount of 

oxygen a person can utilize during maximum exercise). 
VO

2
max decreases after the age of 25 at the rate of 1% per 

year [17]. In addition, VO
2
max is dependent on physical 

activity, which is known to decrease with age.
Protein binding is important in the distribution of medi-

cations. Medications, when bound to serum proteins, are 
inactive. Human serum albumin is one of the main proteins 
acting as a drug carrier. Although serum albumin levels 
decrease in older patients, the effect of this decrease on 
steady state free drug concentration is negligible and has 
little clinical significance, because the free fraction of the 
drug remains the same even as the total albumin concentra-
tion decreases [18]. There is an exception with the use of 
naproxen. In a small pharmacokinetic study of naproxen 
(eight young patients and six older patients), it was shown 
that serum unbound naproxen concentrations were increased 
in the older patients. The authors advised that older patients 
should be started at lower doses of naproxen [19]. When the 
patient receives several medications concomitantly, these 
drugs can compete for binding, with one drug displacing 
another and resulting in higher, transient, free serum levels 
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[20]. Since older patients often require multiple medica-
tions, these transient changes in free drug fractions may 
have clinical consequences (e.g., higher concentrations of 
warfarin when patients are on salicylate), leading to the 
need for caution in patients using multiple medications. 
This circumstance has not been adequately tested with 
DMARDs.

Body water and fat content is also important in the distri-
bution of medications. Total body water decreases by 
10–15% and body fat increases by approximately 18–36% 
with aging [21]. There is a decrease in total body water, both 
intracellular water and extracellular water with age [22, 23]. 
The extracellular space is even lower in older patients with 
conditions such as heart failure, cirrhosis, and nephritic syn-
drome (more frequently seen in the older population) [22]. 
Sufficient data is lacking regarding changes in the volumes 
of distribution of DMARDs with age to make definitive 
statements. It is prudent, however, to keep these age-related 
effects in mind, as it has been important with some non-
rheumatic drugs, such as diazepam, where altered distribu-
tion has resulted in decreased clearance and a much 
prolonged half-life [15].

Metabolism

The principal site of drug metabolism is within the liver. The 
clearance of a drug depends on the ability of the liver to 
extract drug from the hepatic blood flow. There is a 12–40% 
reduction in hepatic blood flow [21] and a 25–35% decrease 
in hepatic mass in the older person [24, 25]. Theoretically, 
decreases in hepatic mass and blood flow with aging can 
result in decreased liver metabolism, particularly for drugs 
with low extraction ratios, which are blood flow dependent 
[15, 26]. Despite this consideration, hepatic extraction and 
metabolism are infrequently of consequence for DMARDs 
or NSAIDs in the older person, due to these drugs’ high 
extraction ratios (not blood flow dependent).

Phase I and phase II reactions in the liver are essential in 
the metabolism of most medications. Aging impairs many 
phase I reaction p-450 cytochrome enzymes (oxidation, 
reduction, hydrolysis, demethylation, and hydroxylation) 
[27, 28] by decreasing enzymatic activity, although the exact 
mechanism is unclear. There is little change in phase II reac-
tions (e.g., glucuronidation) with aging. Since the main 
metabolizing pathways to inactivate drugs for elimination 
occur through phase II reactions, changes in hepatic metabo-
lism in the older patient do not usually have significant 
effects on clinical care [29]. It should be noted, of course, 
that severe liver disease and cirrhosis do affect the use of 
medications in the healthier older patients, just as they do in 
younger patients, though perhaps more so in the frail elderly 
patients [30].

Elimination

Drug elimination refers to the ability of the body to clear a 
drug from the body. Total elimination is the additive clear-
ance across all excretory organs, including kidneys, lungs, 
salivary, biliary systems, and so on. However, most drugs 
particularly water-soluble drugs and their metabolites 
(including methotrexate and NSAIDs) are principally elimi-
nated through the kidneys [16, 31, 32].

It is well established that kidney function declines with 
aging. In fact, the glomerular filtration rate (GFR) decreases 
by approximately 1 ml per minute per year between ages 40 
and 80 due to a decrease in renal mass and blood flow [21, 
33]. Serum creatinine levels are not reliable to assess kidney 
function in the older person because muscle mass decreases 
with age. One might measure actual GFRs using iodothala-
mate or its equivalent, although this is not really practical. 
Lacking this measurement, formulas such as the Modification 
of Diet in Renal Disease formula can be used to calculate 
GFR as they account for age, weight, and gender [34]. Age-
associated reductions in renal function might decrease drug 
elimination in some older patients and this needs to be con-
sidered when using antirheumatic medications in the older 
patients (i.e., methotrexate, sulfasalazine, etc.). Since renal 
function decreases with age, the methotrexate dosage regi-
men may need to be adjusted in older RA patients. A study 
comparing methotrexate pharmacokinetics of older RA 
patients with younger patients revealed a longer elimination 
half-life of methotrexate in the older RA group [21]. The free 
and total clearances of methotrexate were also lower in the 
older patients (see the Methotrexate section for more 
details).

Pharmacodynamics

Pharmacodynamics describes a drug’s physiological and 
biochemical effects on a subject and the downstream clinical 
sequelae on efficacy and adverse events. An important phar-
macodynamic concept in the older person is the possibility 
that a drug may cause either increased toxicity or an attenu-
ated/improved response. Examples of age-related changes 
can be seen clearly with the use of warfarin, where older 
patients’ sensitivity to the drug may lead to increased num-
ber of adverse events [35]. It has also been shown that the 
older patient can have a decreased response to salbutamol 
and propranolol [36, 37]. Older RA patients using salicylates 
were found to suffer from more adverse events despite using 
lower doses of this drug [38]. The precise mechanisms of 
these effects are not fully understood, although some 
researchers speculate that the number or affinity of receptors 
change with age. It may be, for example, that there are 
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decreased numbers of receptors for certain physiologic pro-
cesses per cell as people age, leading to a higher sensitivity 
per receptor and greater responses or adverse events at lower 
drug concentrations or vice versa [39].

Drug resistance may explain a decreased clinical 
response to a medication. This is particularly important in 
chronic conditions such as RA. Although the mechanism of 
resistance is not completely understood, it may be attrib-
uted to alteration in drug-efflux transporters and intracel-
lular metabolism as well as genetic predisposition [40]. 
Hence, more efficient efflux mechanisms can lead to lower 
concentrations of drug within cells. One strategy to over-
come resistance is to increase the dose of a medication, 
although this can, of course, lead to increased toxicity 
(especially in frail elderly patients). In addition, inhibitors 
of cell-efflux enzymes or increases in cell-influx enzymes 
can be used to overcome resistance. This strategy has not 
been a common method for overcoming drug resistance in 
rheumatology. It should be noted that some of the success 
of the combination of hydroxychloroquine, sulfasalazine, 
and methotrexate might occur because hydroxychloroquine 
is known to inhibit the efflux of sulfasalazine and metho-
trexate [41].

Summary

Few pharmacokinetic and pharmacodynamic actions are 
modified by aging. There is little evidence that absorption is 
affected by age. Distribution is also not significantly changed 
in the older adults. Although most drugs are metabolized by 
Phase I reactions, which are little influenced by age, some 
non-DMARD drugs are metabolized by phase II reactions, 
which are affected by age. Elimination can be affected by 
age and has been shown to influence some DMARDs such as 
methotrexate. Consequently, caution still needs to be used 
when DMARDs and biologic agents are used to treat older 
RA patients.

Commonly Used DMARDs in Rheumatoid 
Arthritis

Antimalarials

The first report of efficacy in RA with antimalarial therapy 
was in 1951. In the late 1970 s, the popularity of antimalari-
als decreased due to concern for ocular toxicity. This senti-
ment has reversed with the recognition of the rarity of this 
adverse event when appropriate doses of antimalarials are 

given and vigilance is exercised. Two antimalarial medica-
tions are usually used for the treatment of RA: hydroxychlo-
roquine and chloroquine; hydroxychloroquine is used more 
often in North America and chloroquine is used more fre-
quently in Central and South America.

Currently, the mechanism(s) of action for hydroxychloro-
quine and chloroquine are not well understood. However, 
several theories have emerged to explain their action in RA 
patients. These agents may block the activation of toll-like 
receptors (TLR) TLR9, TLR3, and TLR7 and act as anti-
inflammatory agents [42, 43]. In addition, the literature sug-
gests that antimalarial therapies may interfere with lysosomal 
action within cells, thereby decreasing the production of 
cytokines and other inflammatory mediators [44]. In general, 
the mechanism of action of hydroxychloroquine and chloro-
quine are very similar [45, 46].

However, one study specifically evaluating chloroquine 
found an overall decrease in TNF-messenger RNA and secre-
tion of TNF [47]. In addition, Oerlemans et al. demonstrated 
chloroquine resistance was associated with the overexpres-
sion of multidrug resistance-associated protein 1, thus it may 
theoretically increase drug resistance [48].

Clinical Pharmacology

Approximately 75% of hydroxychloroquine and chloroquine 
are rapidly absorbed. Hydroxychloroquine has an elimina-
tion half-life of 7–40 days and its metabolites are 50% bound 
to albumin [49]. Hydroxychloroquine is metabolized by the 
liver (30–60%) and eliminated through the kidneys (45%), 
intestine (5%), skin (7.3%), and feces (24%).

For antimalarials, the onset of action is slow and it may 
take 6–9 months to fully assess efficacy [50]. It is felt that it 
is important that the dose of hydroxychloroquine be less than 
or equal to 6.5 mg/kg per day [51]. Hydroxychloroquine can 
be given once daily and is usually given at doses between 
200 and 400 mg and chloroquine can be given at a dose of 
250 mg per day.

Efficacy

Hydroxychloroquine is efficacious in treating RA, although 
it is less efficacious than sulfasalazine or methotrexate. In a 
double-blind, randomized trial of hydroxychloroquine 
(400 mg per day) or placebo in 126 RA patients, hydroxy-
chloroquine demonstrated a clinically and statistically sig-
nificant improvement over placebo in joint score, pain, grip 
strength, and patient and physician global assessments [52]. 
To date, there is no data supporting a decrease in radiographic 
progression of RA [53]. However, when used in combination 



15517 Disease-Modifying Antirheumatic Drug Use in Older Rheumatoid Arthritis Patients

with methotrexate and sulfasalazine, hydroxychloroquine is 
shown to have a synergistic effect.

Interestingly, antimalarials decrease dyslipidemia, can be 
used as an anti-coagulant in high doses, and reduce the risk 
of developing diabetes in patients with RA [54–56].

Safety

Antimalarials are generally well tolerated and have minimal 
serious side effects. In a study of 1,042 patients with various 
rheumatologic diseases, among which 558 patients had RA, 
57% of the patients received chloroquine and 43% received 
hydroxychloroquine. The hazard ratio (HR) for discontinua-
tions due to toxicity was lower for hydroxychloroquine 
(HR = 0.6, 95% CI 0.4, 0.9), while hydroxychloroquine was 
associated with a higher HR for discontinuations due to inef-
ficacy (HR = 1.4, 95% CI 1.1, 1.9) compared with the chloro-
quine group. Thus, use of hydroxychloroquine is associated 
with less toxicity, but at the same time, is less effective than 
chloroquine [57].

Although the most common side effects include head-
ache, nausea, and skin rash, the rare (0.5%) but most con-
cerning adverse reaction is hydroxychloroquine or 
chloroquine-related retinopathy [51]. There is a relation-
ship between total dose and toxicity, with cumulative doses 
of 500 g hydroxychloroquine being associated with more 
retinopathy [58]. However, in a study of 270 RA patients 
who received chloroquine treatment, the frequency of 
maculopathy increased with increased total dose only in 
the older age group (age >63) [59]. Risk factors for 
hydroxychloroquine retinopathy include daily dosage of 
hydroxychloroquine (exceeding 6.5 mg/kg), cumulative 
dosage (above 500 g), duration of treatment, coexisting 
renal or liver disease, patient age, and concomitant retinal 
disease [60]. In a retrospective study of 139 patients (54, 
49, and 36 cases of RA, systemic lupus erythematosus, and 
scleroderma, respectively) who received chloroquine treat-
ment, ocular toxicities (retinopathy and corneal deposi-
tion) were seen more frequently in those with lower 
creatinine clearance (66.9 ± 26.9 vs. 72.3 ± 20.0 ml/min, 
p-value: 0.046); age did not play a role in this analysis [61]. 
It must be noted, however, that there is a high prevalence of 
macular degeneration in the older population, and hydroxy-
chloroquine and chloroquine may make appropriate screen-
ing difficult.

Decreased hepatic toxicity is seen with concomitant use 
of hydroxychloroquine with methotrexate. In fact, efficacy is 
increased with the combination of these two drugs when 
compared with single therapy. There is evidence that the effi-
cacy of hydroxychloroquine and methotrexate is maintained 
for an additional 3 months after methotrexate is discontinued 
[62]. These effects may be due to increased gastric emptying of 

methotrexate when used in combination with antimalarials 
and changes in the pharmacokinetics of methotrexate in 
methotrexate–hydroxychloroquine combination [63]. In a 
small randomized, crossover study in 10 healthy subjects, 
the mean area under the concentration–time curve for metho-
trexate was increased (p-value : 0.005) when methotrexate 
was coadministered with hydroxychloroquine, compared 
with methotrexate alone [64].

Although antimalarials are generally well tolerated, gas-
trointestinal toxicities (such as dyspepsia, nausea, etc.) and 
rarely myopathy and cardiotoxicity can occur. Older age may 
be a risk factor for developing ocular toxicity in RA patients 
receiving antimalarials, since it is seen to occur more com-
monly in patients with renal impairment and older patients 
are more prone to this condition. In addition, the relatively 
high frequency of cataracts and macular degeneration in the 
older person might make it difficult for appropriate hydroxy-
chloroquine toxicity screening.

Leflunomide

Leflunomide or N-(4-trifluoromethylphenyl)-5-methylisoxazole-
4-carboxamide is an isoxazole immunomodulatory agent that 
inhibits pyrimidine synthesis and results in cell cycle arrest, 
especially in rapidly dividing cell such as activated lymphocytes 
[65]. Leflunomide was originally developed specifically for RA 
by Bartlett and Schleyerbach in 1985 [66]. It was approved by 
the Food and Drug Administration (FDA) for RA treatment in 
1998 and is indicated in early or late disease with moderate-to-
severe RA.

Clinical Pharmacology

Approximately 50% of leflunomide is absorbed in the gas-
trointestinal tract and is converted into its active metabolite 
A77 1726 (referred as M1). A77 1726 is responsible for most 
of the drug’s biologic effects in vivo. It is highly protein 
bound with a low volume of distribution and has a rather 
long half-life of 15–18 days. Approximately two-thirds of 
M1 is excreted in the feces and one-third in the urine.

A77 1726 prevents lymphocytic proliferation by inhibit-
ing dihydroorotate dehydrogenase, a mitochondrial enzyme 
vital to the de novo synthesis of pyrimidine. Leflunomide 
also inhibits the activity of tyrosine kinases, nuclear factor 
kappa-B [NFk(kappa)B], and chemotaxis via intracellular 
adhesion molecules and vascular cell adhesion molecules 
[67–69]. Since the mechanism of action of leflunomide is 
different from methotrexate, these drugs can be used in the 
combination to treat RA [70].
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Efficacy

Leflunomide is used (about 10% of prescriptions) to treat 
RA, with good evidence that it decreases the rate of radio-
graphic progression. Four multicenter double-blind RA 
clinical trials demonstrated that leflunomide monotherapy 
is efficacious [65, 71–73]. Leflunomide is superior to pla-
cebo and is as efficacious as sulfasalazine and methotrexate 
in RA. Leflunomide improves functional scores (Health 
Assessment Questionnaire–Disability Index [HAQ–DI]) by 
0.37 at 12 months [74] and demonstrates an improved 
American College of Rheumatology (ACR) response (spe-
cifically, ACR20) vs. placebo at 24 weeks.

There are no specific studies in the literature evaluating 
the efficacy of leflunomide in older RA patients. A lefluno-
mide consensus report stated that there was no need for dose 
reduction when using leflunomide in older RA patients, 
although the prescriber should be cautious about comorbidi-
ties (specifically renal insufficiency) and drug interactions. 
These recommendations were based on expert opinion and 
meta-analyses of available data, though no subanalysis of 
older RA patients was presented.

Safety

When RA patients are treated with leflunomide, the most 
common side effects include gastrointestinal symptoms: 
diarrhea (17%), nausea (9%), abdominal pain (5%), and 
increased hepatic enzymes (5–10%) [75]. Many adverse 
events are transient and require no change in dosing regi-
mens, while others can be managed by dose reduction and 
symptomatic treatment. However, due to the long half-life of 
leflunomide and its M1 metabolite (usually between 15 and 
18 days, although highly variable), a dose reduction from 20 
to 10 mg will not cause a rapid improvement of adverse 
events. Cholestyramine (8 g three times daily for 11 days) 
may be required to diminish adverse effects rapidly; shorten-
ing the clearance time to 3 months [74].

Although there are no studies specifically directed to eval-
uating adverse events in older RA patients treated with 
leflunomide, two small studies have reported associated side 
effects. Chan et al. reported 18 cases of pancytopenia associ-
ated with leflunomide in Australia since 2000. Median age of 
these patients was 65.5 years (range 18–79 years), 16 of 18 
patients were above the age of 60; 14 patients used concomi-
tant methotrexate. Five of the eighteen patients died second-
ary to pancytopenia and three of those five patients were 
above the age of 60. The authors felt that older age (>60 years) 
and concomitant use of methotrexate may increase the risk 
for pancytopenia [76].

One study evaluated the incidence and predictors of 
peripheral neuropathy in leflunomide-treated patients [77]. 

Of 113 consecutive patients started on leflunomide, eight 
patients were newly diagnosed with peripheral neuropathy, 
while two patients had worsening of their existing peripheral 
neuropathy (9%). Patients with neuropathy were more likely 
to be older, diabetic, and taking concomitant neurotoxic 
medications. No multivariate analysis was not done to evalu-
ate whether age was an independent risk factor for lefluno-
mide-induced peripheral neuropathy.

In summary, there are no adequate data to examine the 
comparative efficacy and toxicity of leflunomide in older ver-
sus younger RA patients. Treatment guidelines for older RA 
patients are similar to those for the general population, while 
being cognizant of commonly associated comorbidities (e.g., 
renal insufficiency and nonalcoholic steatohepatitis) in the 
older patients that may change treatment regimens.

Methotrexate

The results of several randomized clinical trials in the 1980s 
led to the FDA’s approval of methotrexate for use in RA 
patients [78–81]. Since that approval (and even before), 
methotrexate has been accepted as a first-line agent for 
RA treatment in the USA for patients of all ages. The results of 
one study showed that older-onset RA patients (>60 years) used 
methotrexate more often when compared with younger-onset 
RA patients having the same disease duration (N: 2,101; 63.9 
vs. 59.6%; p-value < 0.01). However, the methotrexate dose 
used in older RA patients was lower than that used in younger 
RA patients (median 11 vs. 16 mg) [6].

Clinical Pharmacology

Several mechanisms for the action of methotrexate have been 
proposed. Methotrexate competitively inhibits dihydrofolate 
reductase (DHFR) and also inhibits aminoimidazole carbox-
amide ribonucleotide (AICAR) [82]. DHFR reduces dihy-
drofolic acid to tetrahydrofolic acid, a cofactor necessary for 
DNA synthesis [83]. Through AICAR, methotrexate also 
decreases monocyte and neutrophil chemotaxis. Secondary 
effects through these mechanisms include decreased mono-
cyte proliferation and increased apoptosis. Other downstream 
effects include the inhibition of cyclo-oxygenase/lipoxyge-
nases and synovial metalloproteinases [84].

Methotrexate is administered weekly and it may be given 
orally, subcutaneously, or intramuscularly. Oral methotrex-
ate has an absolute bioavailability of 70–75%, although there 
is great variability. Methotrexate is 50% protein bound, and 
a small fraction (up to about 10%) is monohydroxylated to 
7-OH-methotrexate in the liver. Once in the cells, it is poly-
glutamated to methotrexate glutamates of varying lengths 
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[85]. These remain in cells for prolonged periods and are 
responsible for prolonged enzyme inhibition [86, 87].

Methotrexate has an elimination half-life of 8–24 h. It is 
principally eliminated renally, with about 50–80% removed 
through glomerular filtration [86, 87], while 9–26% is elimi-
nated through the bile [86, 88]. Since renal function decreases 
with age, the methotrexate dosage regimen may need to be 
adjusted in older RA patients, although it is also possible that 
there is a compensatory increase in biliary clearance so that 
the decreased renal clearance is partially compensated [89]. 
The results of a study comparing methotrexate pharmacoki-
netics of older RA patients (65–83 years) with younger 
patients (21–45 years) revealed a longer elimination half-life 
of methotrexate in the older RA group [90]. The free and 
total clearances of methotrexate were 169 and 95.9 ml/min in 
the older patients versus 225 and 126 in the younger RA 
patients, respectively (p-values <0.001). Overall, methotrex-
ate clearance had a stronger correlation with creatinine clear-
ance than with age. Therefore, dosing regimen should be 
adjusted in patients with renal insufficiency, without a pri-
mary focus on age per se.

NSAIDs sometimes increase serum methotrexate concen-
trations by inhibiting renal clearance of methotrexate [85, 86], 
although this has not necessarily resulted in increased toxicity 
at the low doses of methotrexate used in rheumatology [91]. 
Given the relative decrease in renal function with aging, older 
RA patients should be monitored more closely when using 
methotrexate and NSAIDs together [92]. No specific pharma-
cokinetic/pharmacodynamic interactions were reported with 
concomitant use of the cyclo-oxygenase-2 inhibitor celecoxib 
and methotrexate [93]. Pharmacodynamic interactions can 
occur when methotrexate and folate antagonists are used 
together [92]. For example, cotrimoxazole and other folate 
antagonists can interact with methotrexate to produce life-
threatening pancytopenia [85, 94, 95].

Efficacy

Methotrexate is one of the most effective medications for the 
treatment of RA [96, 97]. Patients receiving methotrexate 
remain on it longer than any other nonbiologic DMARD 
(NBD) and studies have shown that >50% of RA patients 
continue its use for at least 5 years [98]. Also, among NBDs, 
methotrexate has a relatively rapid onset of action and slows 
the rate of radiographic progression compared with some 
other NBDs [31, 99, 100].

In a cohort study of 235 RA patients investigating the 
effect of age on methotrexate efficacy and toxicity, Wolf 
et al. reported no difference in methotrexate efficacy in older 
(> 65 years) versus younger groups [101]. In addition, a 
review of 11 methotrexate clinical trials, comprising 496 RA 
patients (69% below the age of 60), showed that age did not 

affect methotrexate efficacy. There were similar reported 
tender/swollen joint counts, erythrocyte sedimentation rates, 
and pain levels for the patients in the older and younger 
groups [102].

Interestingly, one study showed that a lower weekly 
methotrexate dose was used in a group of older-onset RA 
patients when compared with younger-onset RA patients 
(median = 11 mg vs. 16 mg), with equal efficacy in the two 
groups [6]. As renal function decreases in the older patients, 
resulting in the potential for lower methotrexate renal clear-
ance and higher methotrexate concentrations, this difference 
may actually be due to a differential pharmacokinetic effect.

Safety

Methotrexate is tolerated well by most patients, with 10–30% 
of patients discontinuing the drug due to toxicity [85, 97, 99, 
103]. Some adverse effects (AEs) mimic the symptoms of 
folate deficiency (e.g., nausea, diarrhea, and abdominal 
pain); possibly due to the antifolate activity of methotrexate 
[99], thus folic acid supplementation helps to reduce these 
symptoms. Unfortunately, it does so at the expense of an 
approximately 10% loss in efficacy [104].

Both mild and moderate infections have been associated 
with methotrexate usage, though there are no apparent differ-
ences in the incidence of infections between older and 
younger RA patients [105]. In a recent study, Shunsuke et al. 
speculate that methotrexate-associated pneumocystis jiroveci 
pneumonia (PCP) is more commonly seen in older RA 
patients based on case reports and anecdotal literature review. 
Of the 15 cases in their review, 13 patients were above the 
age of 60; in most cases, PCP occurred within 1 year of ini-
tiating methotrexate [106].

Hepatotoxicity, including elevated liver enzymes, liver 
fibrosis, and cirrhosis, is another side effect of methotrexate. 
In a review by Nyfors in 1980 of psoriatic arthritis patients, 
hepatic toxicity was more common in the older patients; 
however, age-related renal function changes were not 
accounted for in this study [107].

Pulmonary side effects secondary to methotrexate can be 
worrisome. However, these are rare complications when 
methotrexate is used in RA. Acute hypersensitivity pneu-
monitis, the most common of the methotrexate-induced lung 
diseases, occurs in less than 1% of patients. Patients can pres-
ent with dyspnea, hypoxia, fevers, nonproductive cough, and 
infiltrates on chest X-ray [108]. Although some reports show 
that age is not related to an increase risk of methotrexate pul-
monary toxicity in RA patients [109, 110], a multicenter 
study by Alarcon et al. showed a sixfold increase in metho-
trexate-induced pulmonary toxicity in RA patients above 
the age of 60 compared with younger RA patients [111]. 
In addition, Engelbrecht et al. described six older RA patients 
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with acute methotrexate pneumonitis (ages ranged between 
58 and 75 years) [112]. Thus, it is our view that rheuma-
tologists should keep these uncommon-to-rare pulmonary 
complications of methotrexate in mind when prescribing it 
in the older RA patients.

There is much debate regarding a possible increased risk 
of cancer in RA patients receiving methotrexate treatment. 
RA patients on methotrexate have developed Hodgkin’s and 
non-Hodgkin’s lymphomas and leukemia [86, 103, 113]; 
however, it is not clear whether these are related to the dis-
ease itself, whether it occurs secondary to methotrexate treat-
ment, or whether this is due to a combination of an underlying 
Epstein–Barr virus infection plus methotrexate [114–116].

In summary, the results of most studies suggest that meth-
otrexate is just as effective in older RA patients as in younger 
RA patients. When evaluating safety, older RA patients being 
treated with methotrexate do not seem to be at a higher risk 
for AEs [105]. However, particularly in frail older individu-
als who have potentially occult, compromised renal function, 
careful monitoring with complete blood count, liver, and 
renal function testing is advisable.

Sulfasalazine

In 1938, Professor Nana Svartz created sulfasalazine by com-
bining an antibiotic (sulfapyridine) with an anti-inflammatory 
agent (salicylic acid) [117, 118]. The drug was rarely used 
until 1980 when McConkey et al. published findings showing 
sulfasalazine’s superior efficacy when compared with intra-
muscular gold and penicillamine in RA patients [119].

Clinical Pharmacology

Sulfasalazine is a combination of sulfapyridine and 5-amino-
salicylic acid (ASA). It is felt that sulfapyridine and sul-
fasalazine are the active agents in RA, while 5-ASA is the 
principle active agent in inflammatory bowel disease [120]. 
Approximately 20–30% of sulfasalazine is absorbed (mainly 
in the small intestine), while 5-ASA is not [121]. Sulfasalazine 
undergoes enterohepatic circulation, resulting in a sulfasala-
zine parent compound bioavailability of 10%. The other 70% 
of sulfasalazine reaches the colon intact and is metabolized 
by bacteria to sulfapyridine and 5-ASA. Sulfapyridine is 
metabolized in the liver (acetylated and hydroxylated) and 
its metabolites are excreted in the urine.

The half-life of sulfasalazine per se for fast acetylators is 
6 h, whereas in slow acetylators the half-life is 14 h [122]. 
Some studies demonstrated more toxicity in slow acetylators 
compared with fast acetylators, principally an increase in 
gastrointestinal side effects [123–125]. The clinical pharma-
cokinetics of enteric-coated sulphasalazine (Salazopyrin-EN) 

were evaluated in 12 older and 8 young ‘active’ RA patients 
(mean age 74.4 vs. 40.5; range 71–83 years vs. 35–46 years). 
This study revealed that the time to reach maximum concen-
tration of drug, elimination half-life, and volume of distribu-
tion of sulfapyridine were increased in the older patient after 
a single dose of Salazopyrin-EN at 2 g was given. These dif-
ferences compared with younger patients disappeared with 
continued sulfasalazine use. The acetylator status, rather 
than age, determined maximum concentration of the drug, 
elimination half-life, “steady-state” serum concentration, 
apparent volume of distribution, and total clearance of sul-
fapyridine. It was concluded that acetylator phenotype rather 
than age plays a significant role in the pharmacokinetics of 
sulfasalazine [124].

Efficacy

With the increased use of methotrexate and the advent of mul-
tiple DMARDs used in combination and the appearance of 
biologics over the last 10–15 years, sulfasalazine is no longer 
a first-line agent. Sulfasalazine is usually used in combination 
with other DMARDs, rather than as monotherapy.

Sulfasalazine is an effective medication which improves 
both clinical and laboratory measure of RA disease activity 
and slows radiographic progression [126, 127]. It has a more 
rapid onset of action (4–6 weeks) and greater efficacy than 
hydroxychloroquine [128–130]. Sulfasalazine is as effica-
cious as intramuscular gold, penicillamine, and leflunomide, 
with less toxicity [128].

Wilkieson et al. retrospectively evaluated 352 RA patients 
in five clinical trials to examine the medium- to long-term 
efficacy of sulfasalazine in the older patients [131]. The 
patients were categorized into three groups: <45 years, 
between 45 and 65 years, and >65 years. The >65-year-old 
RA patients’ baseline values for erythrocyte sedimentation 
rate, C-reactive protein (CRP), morning stiffness, and pain 
were increased compared with the two other groups. 
However, each group improved significantly compared with 
baseline values with sulfasalazine treatment.

Safety

Seventeen to thirty percent of sulfasalazine treated patients 
discontinue therapy due to AEs during the first year. AEs 
most frequently occur within the first few months of therapy; 
this incidence can be decreased by starting at a low dose with 
gradual dose escalation – increasing by 500 mg every week 
to a maximum dose of 2–3 g [128]. Common AEs include 
gastrointestinal disturbances (nausea, vomiting, and gastric 
distress), dizziness, skin rash, decreased sperm count, and 
anorexia. In a small study of 50 sulfasalazine naïve patients 
who were randomized to receive uncoated and enteric-coated 
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sulfasalazine, enteric-coating of sulfasalazine improved gas-
trointestinal tolerance [132]. Wilkieson et al. did not find any 
age-related differences in toxicity in their review [131]. 
Another study also compared the AE profile in older and 
younger RA patients and found no differences [133].

In summary, the efficacy of sulfasalazine is similar in 
older and young RA patients and acetylator phenotype type 
is more important than age in defining sulfasalazine-induced 
toxicities. Simple measures, such as starting sulfasalazine at 
low doses and using enteric-coated tablets, decrease the inci-
dence of sulfasalazine-induced toxicity.

Biologic Response Modifier Drugs

Biologic response modifiers (BRMs) are the newest class of 
drugs used to treat RA. BRMs are proteins designed to tar-
get-specific components of the immune system that are 
thought to play pivotal roles in the inflammatory processes 
[85]. Cytokines (proteins that regulate the immune system 
and participate in intercellular signaling) including tumor 
necrosis factor-a (TNF-a), interleukin-1 (IL-1), and inter-
leukin-6 (IL-6), and extracellular receptors such as CD20 are 
examples of such targeted molecules.

At the present time, the FDA has approved five classes of 
biologic DMARDs for the treatment of RA. These include 
TNF-a blocking agents (etanercept, infliximab, adalimumab, 
golimumab, and certolizumab), an IL-1 receptor antagonist 
(anakinra), a selective co-stimulation modulator (abatacept), 
an anti-CD20 B-cell antagonist (rituximab), and an IL-6 
receptor antagonist (tocilizumab). The following sections are 
designed to give an overview on these BRM agents, their 
clinical pharmacology (Table 17.1), and efficacy and toxicity 
profiles in RA patients. The effects of these BRMs on the 
older person will be emphasized (Table 17.2) [8, 134–138]. 
Golimumab, certolizumab (TNF-a inhibitors), and tocili-
zumab (an IL-6 antagonist) are the newest biologic DMARDs 
approved for the treatment of RA, and to date there has been 
minimal to no data published on their safety and efficacy out-
comes in older RA patients. Thus, these last three biologic 
agents are not discussed in this chapter.

Anti-TNF Agents

Mechanism(s) of Action

TNF-a plays a very important role in the pathogenesis of 
RA. It is a soluble and cell-bound trimeric protein produced 
mainly by monocytes and macrophages. Newly synthesized 
TNF-a is inserted into the cell membrane and subsequently 

cleaved off through the action of TNF-a converting enzyme. 
It is then activated and binds to TNF receptors on a variety of 
target cells, thereby setting up a signaling cascade. TNF-a 
has many functions including roles in the synthesis of adhe-
sion molecules, matrix metalloproteinases, RANK ligand 
expression, promotion of angiogenesis, activation of cells (T 
cells, B cells, and macrophages), and anti-tumor effects 
(hence the name tumor necrosis factor) [85]. In addition, 
TNF-a triggers the production of other proinflammatory 
cytokines. Hence, the inhibition of TNF-a blocks the effect 
of proinflammatory cytokines and/or enhances the effect of 
anti-inflammatory cytokines such as IL-4 and IL-10 [85]. 
FDA-approved biologic agents, etanercept, infliximab, and 
adalimumab, are designed to block the action of TNF-a.

Anti-TNF Agents as a Class

Efficacy

Some studies report no functional improvement in the older 
patients (Table 17.2). The following is a summary of results 
from various published, controlled, randomized trials and 
observational studies that have assessed the use of TNF 
blocking agents in older (³ 65 years) RA patients.

In a longitudinal population-based cohort study of patients 
who were started on infliximab, etanercept, or adalimumab, 
Genevay et al. reported similar efficacy in older (age 
³65 years; N = 344) and younger RA patients (age <65 years; 
N = 1,227) [136]. Disease activity scores (DAS; specifically 
DAS-28) decreased significantly in both groups at the 
6-month, 1-year, and 2-year time points. However, the 
European League Against Rheumatism (EULAR) Responses 
at 1 year was different between the two groups. Older RA 
patients were more likely to be classified as poor responders 
(60.2 vs. 51.5%; p-value < 0.01), and less likely to be classi-
fied as good responders (7.2 vs. 11.2%; p-value < 0.05). In 
addition, the effect size of HAQ-DI was significantly lower in 
the older RA group at the 6-month, 1-year, and 2-year time 
points. The older RA group was subgrouped further (³65 to 
<70 years, ³70 to <75 years, and ³75 years), and the authors 
showed that TNF-a inhibitors did not improve the HAQ-DI 
in the 74 patients aged ³75 (DHAQ-DI: −0.01 at 6 months 
and 0.03 and 0.2 at 1 and 2 years, respectively). No such 
effect was noted for the other older subgroups and their results 
were no different than in the young RA patients. The authors 
speculate that the presence of comorbidities such as osteoar-
thritis could perhaps decrease the apparent effectiveness of 
these drugs in the oldest subpopulation (i.e., the presence of 
tender joints due to osteoarthritis rather than RA might result 
in an apparent lack of response by EULAR criteria or DAS-
28) [136]. Note that these results complicated by the above 
and being the results of subanalyses of small numbers should 
be considered no more than hypothesis generating.
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In an Italian retrospective study examining the safety and 
efficacy of TNF-a inhibitors in 295 RA patients, similar 
results were obtained. In this study, 190 older RA patients 
(³65 years) were compared with 105 younger RA patients 
(<65 years). Similar efficacy was reported in both groups. 
However, minimal functional improvement (HAQ-DI) was 
observed in the older RA group when compared with the 
younger RA group (1.21 vs. 0.66 at 2 years; p-value < 0.0001) 
[137]. In addition, CRP levels decreased less in the older 
group (p-value < 0.05).

Specifically designed studies are needed to further exam-
ine these preliminary findings in older RA patients.

Safety

Anti-TNF agents are generally well tolerated in RA patients 
and this article will refer selectively only to areas of special 
interest in the older patient.

Infections Among TNF-Inhibiting Agents as a Class  
in the Older RA Patient

Tuberculosis and Opportunistic Infections

Opportunistic infections and serious bacterial infections have 
been observed with the use of anti-TNF agents. In particular, 
the anti-TNF antibodies (infliximab and probably adali-
mumab) have been associated with the reactivation of latent 
tuberculosis (TB) [139].

Other Infections Among TNF-Inhibiting Agents as a Class 
in the Older RA Patient

There is controversy regarding the relative rate of infections in 
older RA patients. Some studies found no increase in serious 
infections. In a retrospective analysis of 623 patients treated 
with TNF-a inhibitors, no serious infections were observed in 
the 20 patients who were above 70 years. Age was not associ-
ated with an increased rate of infection risk. For the older 
patients (³70 years), the incidence of infections was 35 per 100 
patient-years (vs. 39 per 100 patient-years for the rest of the 
patients) [134]. In contrast, previous joint surgery (p-value: 
0.0003), number of previous DMARDs (p-value: 0.04), and 
concomitant use of steroids (p-value: 0.03) were associated 
with infections in patients receiving TNF-a inhibitors. In a 
study by Genevay et al., the authors investigated reasons for 
permanent anti-TNF therapy discontinuation in older RA 
patients in three small clinical research sites. No differences in 
the rate of serious infections were seen between the younger and 
older groups (12 patients ³65 years vs. 4 patients <65 years) 

[136]. In this study, tolerance was analyzed by examining the 
discontinuation of TNF-a inhibitors independent of the rea-
son for discontinuation. Drug discontinuation was similar in 
both groups. (Time to discontinuation “half life” was 3.08 
and 3.04 years in the older RA and younger RA groups, 
respectively). Schneeweiss et al. found no increase in the 
number of serious bacterial infections when comparing older 
patients (³65 years) receiving TNF-a inhibitors (etanercept, 
infliximab, adalimumab) with patients receiving methotrex-
ate [140].

Other studies have associated older age with a higher rate 
of infections. In a study investigating the use of TNF-a inhib-
itors in severe inflammatory arthritis, older patients were 
more likely to develop serious infections [141]. In this study, 
59% of the patients received infliximab, whereas 41% 
received etanercept (total N: 88; patients with RA: 82). The 
mean age of patients with serious infections was 65 years 
(range: 53–76 years) versus 51 years for the cohort as a whole 
(range: 23–78). These infections included miliary TB, septic 
arthritis, ear infections, and pneumonia. Minor infections 
were also reported. Based on the results, the authors suggest 
that TNF-a inhibitors be used cautiously in older patients. In 
a cohort of 39 RA patients (³70 years) treated with anti-TNF 
agents, septicemia occurred in 10.2% of the patients (N = 4) 
[135]. The first study was not designed to analyze the effect of 
age on the outcomes of anti-TNF therapy and the second study 
had a very small sample size with no control group.

In summary, at this time the issue of whether TNF-
inhibiting agents as a class are associated with an increased 
incidence of infections in older patients remains unsettled.

Cancer Among the Older RA Patients

Most studies do not find an increased incidence of the whole 
group of solid cancers among TNF-inhibiting agents as a 
class [139]. However, in a recent observational study of 
13,001 RA patients, Wolfe et al. reported a higher incidence 
of skin cancer (excluding melanoma) among RA patients 
treated with biologic agents overall (p-value < 0.0001). In 
particular, this association was statistically significant among 
those treated with infliximab (p-value < 0.001), but did not 
reach significance for etanercept or adalimumab [142]. 
Physicians should be cognizant that skin cancer increases 
with age (with or without biologic agents) and monitor older 
patients closely.

The incidence of lymphoma due to anti-TNF therapy has 
been a topic of debate. Some studies report elevated rates of 
lymphoma in RA patients taking TNF inhibitors [143], but 
this increasing risk of lymphoma with TNF inhibitors may 
be confounding by indication. Patients with more severe 
disease (hence more prone to lymphoma) are more likely to 
receive TNF-blocking therapy [145, 146]. Again, subset 
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analyses among older versus younger RA patients regarding 
the association of lymphomas have not been published.

The available data on the safety and efficacy of TNF-a 
inhibitors as a class in the older RA population has been con-
sistent for the most part. Table 17.2 presents a summary of 
previously published studies on the older patients.

Other Safety Concerns

Some studies have shown new onset or worsening of conges-
tive heart failure (CHF) with the use of anti-TNF agents 
[144, 147–149]. Earlier data with high-dose infliximab, some 
less convincing data with etanercept, and data from the 
FDA’s AEs reporting system seem to indicate that TNF-
inhibiting agents have higher risk of worsening CHF and 
mortality [144, 147–150]. Listing et al. in 2008 showed that 
the risk of CHF and death when using TNF inhibitors was 
confined to those with a previous history of CHF [150]. 
While the data are not definitive, reasonable caution, evalua-
tion of ejection fraction and clinical history may allow cau-
tious use of TNF inhibitors in those with cardiovascular 
disorders but no history of overt CHF.

Specific Anti-TNF Agents

Adalimumab

Adalimumab is a fully human monoclonal antibody, indistin-
guishable from naturally occurring human IgG1. It possesses 
a high specificity and affinity for both soluble and mem-
brane-bound TNF-a. The recommended dose is a 40 mg 
subcutaneous injection every other week [151].

Clinical Pharmacology

Adalimumab has a half-life of 10–13.5 days and its clear-
ance decreases with increasing age. In addition, adalimum-
ab’s clearance is inhibited by 29% when given in a single 
dose with methotrexate [152].

Efficacy

Few studies have evaluated an age-effect in the treatment of 
RA patients with adalimumab. The use of adalimumab in 
519 RA patients (³65 years; 107 patients ³75 years) revealed 
no overall difference in effectiveness comparing older 
patients and younger patients treated with adalimumab [152]. 
No peer-reviewed data regarding this effect has been 
published.

In summary, only package insert data are available regard-
ing the effect of adalimumab on older patients.

Safety

Although, the package insert reported a higher frequency of 
serious infection and malignancy among adalimumab-
treated subjects, the occurrence of these events was not sig-
nificant [152].

In summary, peer reviewed data are not available regard-
ing adalimumab’s safety in the older patients.

Etanercept

Etanercept is a soluble dimeric protein consisting of the 
extracellular portion of the human TNF receptor linked to 
the Fc portion of human IgG1. It binds to and inactivates 
soluble and cell-bound TNF-a. Dosing is 25 mg twice 
weekly or 50 mg every week. One study demonstrated that 
subcutaneous injection of 50 mg bi-weekly compared with 
50 mg weekly does not improve efficacy in RA [153].

Clinical Pharmacology

The mean half-life of etanercept is 4.3 days, has a clearance 
of 160 ml/h [154], and is believed to be cleared by the reticu-
loendothelial system. There is no apparent relationship of 
etanercept level with efficacy [153]. According to the etaner-
cept package insert, the pharmacokinetics of etanercept does 
not change with age, although this data is not independently 
published [154].

Efficacy

In a post hoc analysis of patient-reported outcomes, Schiff 
et al. reported similar short-term and long-term outcomes in 
older and younger RA patients treated with etanercept [8]. 
This study included the results from controlled, double-blind 
studies (up to 2 years) of early RA, late RA, and DMARD 
resistant RA of varying durations and the subsequent open-
label extension studies (up to 4 years). Patients in each of 
these studies were divided into two age groups: ³65 and 
<65 years. Across the various trials, the HAQ-DI improved 
in both older and younger RA patients from baseline to 
3–6 month follow-ups (HAQ-DI range: 0.39–0.92 in older 
vs. 0.57–1.00 in younger patients).

When evaluating worsening of function, a higher propor-
tion of the older patients exhibited worsening by the mini-
mally clinically important difference (MCID: ³0.22 
HAQ-DI): 2–16% of older versus 2–6% of younger patients. 
Also, fewer older patients, compared with younger ones, 
achieved either an HAQ-DI score of 0 or HAQ-DI score <0.5 
after treatment initiation (4–27% of older patients achieved 
HAQ-DI of 0 vs. 10–33% of the younger). As this a second-
ary analysis and older patients started at a higher baseline 
HAQ-DI, this result needs to be interpreted very cautiously. 
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In fact, the authors concluded that patients exhibit similar 
and rapid improvements in function irrespective of their age.

In another study, evaluating the safety and efficacy of 
etanercept treatment in older RA subjects participating in 
four randomized clinical trials (RCT) (and two long-term 
extensions), Bathon et al. reported similar improvement 
among older and younger subjects being treated with etaner-
cept [10]. Change in HAQ-DI was similar in older and 
younger patients during both controlled and open-labeled 
extension studies. In the open label extension, mean improve-
ment in the older RA patients was 0.46 U (MCID: 0.22).

In another retrospective study of RA, Fleischmann et al. 
found that etanercept had substantial benefits regardless of 
age. At 1 year after etanercept therapy, 69% of patients 
<65 years (total N = 875) and 66% of patients ³65 years (total 
N = 184) achieved ACR20 (p-value: 0.480) [11].

In summary, etanercept was equally effective in older and 
younger RA patients.

Safety

Results from an integrated database of over 4,000 subjects 
enrolled in 18 RA trials, 2 psoriatic arthritis trials, and 2 
ankylosing spondylitis trials (13.8% ³65) revealed that 
the rate of serious AEs was higher in older patients, inde-
pendent of etanercept [12]. After normalizing the data by 
 subtracting the background of serious AEs and AEs, the 
incidence of serious AEs, infectious events, cardiovascular 
events, malignancies, and deaths were not significantly 
raised in older subjects in comparison with younger sub-
jects. The authors concluded that etanercept is well tolerated 
in the older patients with no increased risk of AEs. In another 
study, the overall rates of serious AEs and cancers were 
higher in the older group, but etanercept treatment per se 
had no effect [10].

In a retrospective study, after adjusting for time of obser-
vation, Fleischmann et al. reported a higher number of med-
ically important infections (“associated with hospitalization 
or intravenous antibiotic treatment”) in the older RA patients 
(N = 197; age ³65) than in younger patients (N = 931; age 
<65) (0.09 vs. 0.04 events/patient-year; p-value: 0.003); 
again not related to etanercept use [11].

In summary, age but not etanercept treatment was associ-
ated with more AEs.

Infliximab

Infliximab is a chimeric monoclonal antibody against soluble 
and membrane-bound TNF-a consisting of murine variable 
and human IgG1 regions. It improves RA by reducing the 
effective levels of intra-articular TNF-a and affecting down-
stream inflammation.

Infliximab is given by multiple intravenous infusions in a 
dosage of 3–10 mg/kg (initially at weeks 0, 2 and 6; subse-
quently in intervals of 4–8 weeks).

Clinical Pharmacology

Infliximab has linear pharmacokinetics (i.e., its dose and 
blood concentration is proportional to its effect) [155]. It has 
a half-life of 8–9.5 days and its elimination is probably 
accomplished through degradation via nonspecific proteases 
[155]. The pharmacokinetics of infliximab is altered by the 
formation of human anti-chimeric antibodies (HACA) [156, 
157]. Maini et al. showed that HACA occurred in 53, 21, and 
7% when patients were treated with 1, 3, and 10 mg/kg dos-
ages of infliximab, respectively. These numbers dropped to 
15, 7, and 0% during concomitant therapy with low-dose 
methotrexate (7.5 mg per week). In addition, the group with 
higher incidence of HACA (group with no concomitant 
methotrexate therapy) had a higher clearance of infliximab 
from the serum. During 6 weeks of therapy with 1 mg/kg of 
infliximab, trough serum concentration dropped to 0.1 mg/ml 
when no methotrexate was administered, but remained at 
2 mg/ml when methotrexate was used [156].

In a study investigating the relationship between inflix-
imab’s serum concentrations and clinical improvement from 
infliximab therapy in RA patients, St. Clair et al. found that 
decreasing the dosing interval from 8 to 6 weeks yielded 
higher trough serum levels of infliximab than increasing the 
dose equivalently, but retaining the 8-week dosing interval 
for RA and that higher levels were associated with better 
response [157].

Efficacy

According to the package insert for infliximab, no overall 
differences were observed in infliximab effectiveness in 181 
patients aged 65 or older compared with younger patients 
[158]. There is no independent publication of these data.

Recently, in a study of 26 patients with persistently active 
RA, infliximab was shown to exert beneficial effects on bone 
metabolism in RA patients [159]. A significant increase in 
bone mineral density (as measured by dual energy X-ray 
absorptiometry) was observed from baseline to 12 months 
after initiation of infliximab. Given the increase in incidence 
of osteoporosis with age, this may add to the beneficial effect 
of infliximab in the older patients; however, more studies 
need to be done to confirm this.

Safety

The package insert reported similar safety in 181 patients 
aged 65 or older compared with younger patients who were 
treated with infliximab [158]. A numerical but not statistical 
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effect of age was found, and this was independent of inflix-
imab therapy. As for etanercept, independent published peer-
reviewed data are missing.

In postmarketing safety surveillance of infliximab in 
5,000 Japanese RA patients (mean age of 55.1), Takeuchi 
et al. reported that age (60–70 years) was a significant pre-
dictor of bacterial pneumonia [160]. In this study, 2.2% of 
patients developed pneumonia (mean age: 63.5; range: 
40–79 years). In addition, patients who developed PCP 
(0.4%) and TB (0.3%) also were older, with mean ages of 64 
(50–80 years) and 66.1 (43–76 years) years, respectively. 
The study was not designed to analyze the effect of age on 
patients being treated with infliximab, so research is needed 
to corroborate these findings.

According to another observational study evaluating 83 
patients with RA (13% above the age of 70), there was a 6.5-
fold higher incidence of severe infections leading to with-
drawal in older patients (18.2% of the older patients vs. 2.8% 
of the younger patients), though this difference was not sta-
tistically significant (p-value: 0.08) [138].

In summary, published data regarding the effect of inflix-
imab on the older RA patients are inadequate and inconclusive.

Summary

Specific data regarding the use of etanercept in the older RA 
patient are reassuring, although they apply to clinical trials 
rather than to the general older population.

On the other hand, peer reviewed data regarding the use of 
infliximab and adalimumab in the older RA patients are inad-
equate and the use of these agents in this population needs to 
be viewed with caution until such data become available.

Other Biologic Response Modifiers

Other biologic agents are effective in the treatment of RA. 
However, to our knowledge, no adequately controlled trials 
or postmarketing studies have investigated the use of these 
agents in the older RA patients. The following is a summary 
of what fragmentary data are available.

Abatacept

Abatacept is the first in a new class of BRMs known as selec-
tive co-stimulation modulators.

Abatacept is a soluble fusion protein that consists of the 
extracellular domain of human cytotoxic T-lymphocyte-
associated antigen 4 linked to the modified Fc portion of 

human IgG1. Abatacept binds to CD80 and CD86 thereby 
blocking the interaction of CD28–CD80/86 and inhibiting 
the activation of T-cells [161]. Abatacept’s dosage is based 
on patient’s weight: patients weighing less than 60 kg receive 
500 mg/month, those weighing between 60 and 100 kg 
receive 750 mg/month, and those patients >100 kg receive 
1,000 mg/month [161].

Clinical Pharmacology

Abatacept has a terminal half-life of 13.1 days in RA patients. 
Its systemic clearance is 0.22 ml/h/kg. According to the 
package insert for abatacept, the clearance is unaffected by 
age [162]. No peer-reviewed data are available regarding its 
clinical pharmacology in the older RA patient.

Efficacy

Several randomized controlled trials (RCTs) have demon-
strated the safety and efficacy of abatacept in the treatment of 
RA patients [163, 164]. In addition, abatacept is effective in 
the treatment of nonresponders to methotrexate and anti-
TNF agents [165, 166]. In clinical studies, a total of 323 
patients over the age of 65 (53 patients >75 years) received 
abatacept. The overall efficacy was similar between older 
and younger patients treated with abatacept [162]. No peer-
reviewed data are available.

Safety

The package insert for abatacept reports a higher frequency 
of serious infection and malignancy among the older RA 
patients [162]. No peer-reviewed data are available.

In summary, no peer-reviewed data are available regard-
ing the use of abatacept in the older RA patients, leaving the 
package insert as the only source of information regarding 
this aspect of using abatacept.

Anakinra

IL-1 was one of the first cytokines described to regulate cell-
mediated and humoral immunity. It is produced by mac-
rophages, monocytes, and dendritic cells. As TNF, IL-1 is 
considered a key proinflammatory cytokine in the develop-
ment of RA [166].

Anakinra is an anti-IL-1 antibody that competitively 
inhibits the binding of IL-1 to the IL-1 type 1 receptor. 
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The recommended dose of anakinra for the treatment of 
RA is 100 mg/day subcutaneously.

Clinical Pharmacology

Anakinra has a terminal half-life of 4–6 h [167]. However, the 
terminal half-life is significantly longer in patients with severe 
renal impairment than those with normal renal function 
(p-value < 0.05) [168]. Age does not appear to be a significant 
factor for the mean plasma clearance of anakinra [167].

Efficacy

According to the package insert for anakinra, no overall dif-
ferences in efficacy were observed between older and younger 
patients (N = 635 patients ³65 years; 135 patients ³75 years) 
[167]. No published, peer-reviewed data are available.

Safety

In a study investigating the use of anakinra in 755 RA patients 
with approximately 68% of patients having one or more 
comorbidities (high risk), Schiff et al. reported a similar inci-
dence of infections in high-risk patients treated with anak-
inra (2.5%) when compared with serious infections observed 
in anakinra-treated patients in the entire population (2.1% as 
reported in literature [169, 170]. The authors of this and other 
studies suggested that the use of anakinra is reasonably safe 
and well tolerated in a diverse population of patients with 
RA, including those with comorbid conditions and those 
using multiple combinations of concomitant therapies. By 
implication, this should apply to older RA patients, but spe-
cific data are not available.

In summary, there are no data available in the peer-
reviewed literature specifically examining efficacy in older 
versus younger RA patients given anakinra, leaving only the 
package insert as a source of guidance.

This also applies to safety. We have extrapolated from 
published data by implication, indicating that older patients 
are probably not at significantly greater risk than younger 
RA patients. Here, as elsewhere, data are missing for specific 
comparisons.

Rituximab

Rituximab is a chimeric monoclonal antibody against CD20 
B-cell antigen. It was first used to treat large B-cell lymphoma, 
and it has recently been approved for the treatment of RA.

Clinical Pharmacology

It has a terminal half-life of 19–22 days [170]. Rituximab is 
given intravenously and patients are given an infusion of 
Rituximab 1 g every 2 weeks for a total of two infusions, and 
this can be repeated in 6 months or with a flare of disease. 
The Image study showed no clinical difference between 
1,000 and 500 mg (both given twice), although there was a 
difference in radiographic outcome [171].

Efficacy

Use of rituximab is reserved for patients with inadequate 
response to at least one anti-TNF agent [139]. In a thorough 
review of the medical literature, it was found that rituximab 
was effective in the treatment of moderate-to-severe RA 
[172]. According to this review, rituximab can be used as a 
monotherapy; however, combination with methotrexate may 
have better clinical outcomes.

Safety

Among some adverse effects seen with the use of rituximab 
are infusion hypersensitivity reactions, infections, and car-
diovascular events. The effect of prolonged B-cell depletion 
on IgG/IgM levels and the subsequent risk of infection is 
unclear [173].

Overall, no studies have specifically evaluated the use 
of rituximab in the treatment of older RA patients. 
However, many studies have been published evaluating 
rituximab use (in addition to chemotherapy) in diffuse, 
large B-cell lymphoma patients [174]. Some of these stud-
ies suggest that cardiac events (mainly supraventricular 
arrhythmias) and pulmonary events such as pneumonia and 
pneumonitis were more likely to occur in older lymphoma 
patients [174].

Summary

Overall, this chapter points to those areas where there is 
knowledge regarding the effect of age on the clinical pharma-
cology of aging. It also reviews the knowledge about the use 
of DMARDs (both non-biologic and biologic) in the older RA 
patient. What is clear is that there is a great scarcity of appro-
priate peer-reviewed data regarding how to use the biologic 
DMARDs in the older RA patient, a situation requiring sig-
nificant research for the best patient care.
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Abstract Osteoarthritis is the most prevalent joint disease in 
the elderly population. In this chapter, the authors discuss the 
classification criteria and the modifiable and non- modifiable 
risk factors for osteoarthritis. The relationship between age-
associated changes in the musculoskeletal system and the 
development of osteoarthritis is also explained.

Keywords Osteoarthritis • Classification • Elderly • Risk 
factors • Epidemiology

Introduction

Osteoarthritis (OA) is the most prevalent form of arthritis in 
the elderly population. It is a group of overlapping distinct 
diseases that may have different etiologies, but exhibits 
 similar biologic, morphologic, and clinical outcomes. The 
disease not only affects the articular cartilage, but also 
involves the entire joint, including the subchondral bone, 
ligaments, capsule, synovial membrane, and periarticular 
muscles. OA may be initiated by multiple factors, including 
genetic, developmental, metabolic, and traumatic factors. OA 
changes progressively involve all of the tissue in the diar-
throdial joint. Ultimately, OA manifests itself by  morphologic 
and biochemic changes of both cells and matrix that lead to 
loss of articular cartilage, sclerosis, and eburnation of the sub-
chondral bone, osteophytes, and subchondral cysts. Multiple 
risk factors are known to affect the progression of OA, 
including joint instability, malalignment, obesity, increasing 
age, associated intra-articular crystals deposition, muscle 
weakness, and peripheral neuropathy. These factors can be 
segregated into larger categories that include hereditary 
 factors, mechanical factors, and effects of aging. We will 
review the pertinent epidemiology, risk factors, and its 
 relationship with aging.

Epidemiology of Osteoarthritis

OA has long been associated with advancing age. As the 
aged population of USA continues to grow, so has the 
 prevalence of clinical OA to nearly 27 million according to a 
2005 census data [1], compared an estimate of 21 million in 
1995 [2]. The impact of OA on the Western society is 
 highlighted by the significant cost and morbidity of total 
joint arthroplasty of the hip and knee, the two most common 
procedures to treat OA, with more than 478,000 total knee 
joint replacements and 234,000 total hip joint replacements 
carried out in 2004, which is expected to increase with our 
aging population [3].

Osteoarthritis typically affects almost all major joints of 
the body and its presentations vary clinically and 
 radiographically. The American College of Rheumatology 
(ACR) has developed Criteria for Classification of Osteoar
thritis (Table 18.1), and a set of criteria for the three most 
common joints usually affected by OA:the hand, hip, and 
knee. These three joints have been the subjects of  numerous 
small- and medium-scale epidemiologic studies. We will 
 discuss the prevalence, incidence, and progression of OA in 
each joint with reference to its radiographic and clinical defi-
nitions. It is important to first note some of the definitions 
typically used in epidemiologic studies, which include radio-
graphic, clinical, and symptomatic OA. Radiographic OA 
refers to joint space narrowing and the presence of osteo-
phytes in plain radiographs. The Kellgren–Lawrence (KL) 
radiographic grading scale has been used in most epidemio-
logic studies of OA since its inception in the 1960s and has 
been considered as the “gold standard” for the assessment 
of OA in epidemiologic studies. The scale describes five 
levels of grading radiographic OA: from (0) normal joint 
with no features of OA, (1) doubtful with minute osteo-
phytes, (2) minimal with definite osteophytes but unim-
paired joint space, (3) moderate with the presence of 
diminution of joint space, and (4) severe OA with all of the 
above plus the presence of sclerosis of the subchondral bone 
[4]. Several emerging alternative modalities and/or  algorithms 
of the KL scale have been proposed, validated, compared, 
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and used in some epidemiologic studies and include the 
Ahlback scoring system based on joint space narrowing and 
bone attrition [5], measurements of minimum joint space [6], 
Croft’s modification of the KL grading system [7, 8], and the 

radiographic index grade according to Lane [9]. A systematic 
appraisal of these modalities confirmed the superiority of the 
KL grading system and minimum joint space narrowing 
compared to the other indices in association with pain  
as well as strong predictors of future joint replacement [10]. 
On the contrary, symptomatic OA is defined as the presence 
of pain, aching, or stiffness in a joint with radiographic OA 
as described above, while clinical OA is defined as joint pain 
with characteristic physical examination findings such as the 
presence of Bouchard’s or Heberden’s nodes on hands [11]; 
crepitus on active joint motion, bony enlargement, and 
 tenderness on the knees [12]; and limitations and pain during 
internal rotation of the hip [13].

Hip Osteoarthritis

Hip pain, groin pain, aching, and stiffness are the various 
symptoms described by patients, especially in those presenting 
with severe radiographic changes (Table 18.2) [14]. Results 
of the Third National Health and Nutrition Examination 
Survey (NHANES III) showed that a total of 14.3% of patients 
aged 60 years and older self-reported hip pain, where men 
reported hip pain less frequently than women. Among women, 
16% of nonHispanic white women reported hip pain com-
pared to 14.8% black women and 19.3% of Mexican
American women [15]. However, it should be noted that the 
source of hip pain for this study was not supported by radio-
graphic data and that the source of pain may also be nonar-
ticular in nature. The Johnston County Osteoarthritis Project, 
on the contrary, reported a prevalence of 36% reporting hip 
symptoms defined as “pain, aching, or stiffness in the hip on 
most days” in subjects aged 45 years and older. Radiographic 
hip OA had a prevalence of 27%; however, only 9.7% had 
symptomatic hip OA, of which 2.5%  exhibited moderate to 
severe radiographic OA by KL score. Of note, the prevalence 
of the above findings was significantly higher in the 65 years 
and older age groups. Women overall had a higher prevalence 
of hip symptoms compared to men, but did not differ much in 
radiographic and symptomatic OA [16]. What is notable 
about this study is the finding that AfricanAmericans were at 
least as likely, if not more likely, to have radiographic and 
symptomatic hip OA than Caucasians, in contrast to earlier 
studies that showed that African-Americans were much less 
likely than Caucasians to undergo total hip replacement for 

Table 18.2 ACR criteria for OA of the hip [13]

Clinical and radiographic
1. Hip pain for most days of the prior month
2. Erythrocyte sedimentation rate £20 mm/h (laboratory)
3. Radiographic femoral and/pr acetabular osteophytes
4. Radiographic hip joint space narrowing
1, 2, 3 or 1, 2, 4 or 1, 3, 4 required for the presence of OA

Table 18.1 American College of Rheumatology (ACR) criteria for 
classification of osteoarthritis (OA) [12]

I. Idiopathic
A. Localized
 1.  Hands: e.g., Heberden’s and Bouchard’s nodes (nodal), erosive 

interphalangeal arthritis (non-nodal), and scaphometacarpal
 2.  Feet: e.g., hallux valgus, hallux rigidus, contracted toes 

(hammer/cock-up toes), and talonavicular
 3. Knee

 a. Medial compartment
 b. Lateral compartment
 c. Patellofemoral compartment (e.g., chondromalacia)

 4. Hip
 a. Eccentric (superior)
 b. Concentric (axial, medial)
 c. Diffuse (coxae senilis)

 5. Spine (particularly cervical and lumbar)
 a. Apophyseal
 b. Intervertebral (disc)
 c. Spondylosis (osteophytes)
 d. Ligamentous (hyperostosis [Ferestier’s disease or DISH])

 6.  Other single sites: e.g., shoulder, temporomandibular, 
sacroiliac, ankle, wrist, and acromioclavicular

B.  Generalized: includes three or more areas listed above 
(Kellgren–Moore)
1. Small (peripheral) and spine
2. Large (central) and spine
3. Mixed (peripheral and central) and spine

II. Secondary
A. Posttraumatic
B. Congenital or developmental diseases

1. Localized
 a.  Hip disease: e.g., Legg–Calve–Perthes, congenital hip 

dislocation, slipped capital femoral epiphysis, and shallow 
acetabulum

 b.  Mechanical and local factors: e.g., obesity (?), unequal 
lower extremity length, extreme valgus/varus deformity, 
hypermobility syndromes, and scoliosis

2. Generalized
 a.  Bone dysplasias: e.g., epiphyseal dysplasia, spondylo-

apophyseal dysplasia
 b.  Metabolic diseases: e.g., hemochromatosis, ochronosis, 

Gaucher’s disease, hemoglobinopathy, Ehlers–Danlos disease
C. Calcium deposition disease

1. Calcium pyrophosphate deposition disease
2. Apatite arthropathy
3. Destructive arthropathy (shoulder, knee)

D. Other bone and joint disorders: e.g., avascular necrosis, rheuma-
toid arthritis, gouty arthritis, septic arthritis, Paget’s disease, 
osteopetrosis, osteochondritis dissicans

E. Other diseases
1.  Endocrine diseases: e.g., diabetes mellitus, acromegaly, 

hypothyroidism, hyperparathyroidism
2. Neuropathic arthropathy (Charcot joints)
3.  Miscellaneous: e.g., frostbite, Kashin–Beck disease, caisson 

disease
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OA [17]. The development of KL grade 2 or more from a 
baseline of 0 or 1 can be used to define incident hip OA [18]. 
However, a group of experts from the Barcelona Consensus 
Group reviewed available Medline literature to come up on a 
consensus on measuring progression of hip OA. They 
 concluded that a minimum joint space measurement provided 
the most appropriate assessment for progression, defined as 
³0.5 mm loss in minimum joint space width [6]. The  incidence 
of hip OA, on the contrary, was 65% in another study of 
Caucasian women followed for over 8 years who had 
 radiographic hip OA at baseline. The progression was assessed 
by using criteria such as the increases in KL grade and total 
osteophytes scores, a decrease in minimum joint space of at 
least 0.5 mm, total hip replacement, or increase in lower 
extremity disability score. The risk of progression was appar-
ently higher in those with hip symptoms at baseline [19].

Knee Osteoarthritis

Knee pain is the most common painful condition presenting in 
older adults (Table 18.3) [20]. The Johnston County 
Osteoarthritis Project described knee symptoms as “pain, 
 aching, or stiffness” of one or both knees [21]. In the primary 
care setting, the majority of these patients with the above 
 complaints are clinically diagnosed with OA; a plain  radiograph 
usually confirms the diagnosis [22]. However, the classic radio-
graphic feature of joint space narrowing within the tibiofemo-
ral compartment does not correlate efficiently with the symptom 
of knee pain. These findings were  supported by a study by 
Lanyon and colleagues where joint space width change was 
not associated with increase in the frequency of pain. Instead, 
the presence of at least a grade 1 osteophyte in either the patel-
lofemoral compartment or the tibiofemoral compartment was 
most highly associated with knee pain [23]. Comparing the 
prevalence of radiographic knee OA to that of symptomatic 
knee OA (defined as knee pain with radiographic evidence of 

OA), a total of 19.2% in the Framingham Osteoarthritis Study 
[24] and 27% in the Johnston County Osteoarthritis Project 
[21] had radiographic evidence of knee OA in subjects 45 years 
and older. Interestingly, the  prevalence of symptomatic knee 
OA decreased to almost more than half, namely 6.7 and 16.7% 
in the Framingham Osteoarthritis Study and the Johnston 
County Osteoarthritis Project, respectively, supporting the 
notion that not all radiographic evidences of knee OA follow 
symptomatic knee OA. Moreover, in the elderly population of 
60 years and older from the NHANES III populationbased 
study, a total of 37% had radiographic evidence of knee OA, 
while only 12.1% were found to have symptomatic knee OA 
[25]. In all the three population-based studies, as expected, the 
prevalence of knee OA consistently increased with age, while 
women had more radiographic and symptomatic OA compared 
to men. African-Americans in both Johnston County and 
NHANES III studies were more likely than Caucasians to have 
radiographic knee OA. The same study (Johnston/NHANES 
study or both) concluded that non-Hispanic African-Americans 
(52.4%) had a much higher prevalence of radiographic knee 
OA compared with non Hispanic Caucasians (36.2%) or 
MexicanAmericans (37.6%) [26]. More recent studies focus-
ing on other causes of knee pain using newer imaging modali-
ties such as musculoskeletal ultrasound and magnetic resonance 
imaging (MRI) identified other structural changes such as bone 
marrow edema, effusion, synovial thickening, periarticular 
lesions, full-thickness cartilage defects, and subchondral bone 
defects contributing to typical clinical OA symptoms [27, 28]. 
In one study, for example, MRI evaluated the association 
between age and structural changes in the knee articular carti-
lage. Cartilage defects in all compartments of the knee (medial 
tibial, medial femoral, lateral tibial, lateral femoral, and patel-
lar) using a grading system from 0 to 4 from the presence of 
focal blistering and intracartilaginous low signal intensity area, 
irregularities on the surface layer, and the presence of deep 
ulceration to severe full-thickness chondral wear with exposure 
of subchondral bone were assessed. In the 372 subjects in the 
study, there was a prevalence of 54% of any knee cartilage 
defects in subjects aged 45 years and older compared to 31% in 
subjects younger than 45 years old. This MRI-based study sug-
gested that knee articular cartilage defects occur more com-
monly in older  subjects even though some of them may not 
show any  evidence of radiographic OA [29].

Hand Osteoarthritis

Hand pain apparently affects more than 80% of the elderly 
population. However, unlike the knee and hip joints which 
are weight-bearing joints and offer much of their morbidity 
due to ambulation, hand OA is unique in the sense that it 
affects  dexterity as a result of the complex movement of hand 
muscles demanding frequent high muscle forces of the hand 

Table 18.3 ACR criteria for OA of the knee [12]

Clinicala

1. Knee pain for most days of the prior month
2. Crepitus on active joint motion
3. Morning stiffness £30 min in duration
4. Age ³38 years
5. Bony enlargement of the knee on examination

Clinical and radiographicb

1. Knee pain for most days of prior month
2. Osteophytes at joint margine (radiographic)
3. Synovial fluid typical of OA (laboratory)
4. Age ³40 years
5. Morning stiffness £20 min
6. Crepitus on active joint motion
a1, 2, 3, 4 or 1, 2, 5 or 1, 4, 5 required for diagnosis
b1, 2 or 1, 3, 5, 6 or 1, 4, 5, 6 required for diagnosis
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joint such as forming a grip [30]. Furthermore, surgical 
options for hand OA are limited and not as well established 
as hip and knee arthroplasty. As noted by the ACR diagnostic 
criteria, hand OA is defined as pain, aching, or stiffness and 
clinical criteria noted by the presence of hard tissue enlarge-
ment (Table 18.4) [11]. However, most  epidemiologic stud-
ies include the  radiographic definition of hand OA [31]. This 
is defined as KL grade of 2 or more  involving the distal inter-
phalangeal joint (DIP), proximal interphalangeal joint (PIP), 
and the carpometacarpal joint (CMC) or the base of the 
thumb [32]. The overall prevalence of hand OA in the 
Framingham Study was 27.2%, with no significant  difference 
between  prevalence in males (25.9%) and females (28.2%) 
[33]. Furthermore, the Rotterdam study further  elucidated 
 agespecific frequency of specific joint groups and found that 
in those aged 55 years and above, the prevalence of hand 
radiographic OA distribution increases with age, with the 
highest frequency involving the DIP (47.3%), followed 
closely by the CMC (35.8%), the PIP (18.2%), and the 
 metacarpophalangeal joint (MCP) (8.2%) joints, respectively 
[34]. For symptomatic hand OA, the overall prevalence was 

6.8% as reported in the Framingham study, with a much 
higher prevalence in  reporting hand pain with radiographic 
changes in females (9.2%) than in males (3.8%) [33].

Development of radiographic OA abnormalities in the 
hand is often slow and unpredictable. OA symptoms of the 
hand wax and wane independent of radiographic progression. 
Moreover, it should be noted though that there is a significant 
proportion of subjects who satisfy the OA criteria based on 
the KL grading score, but there is a drop in these subjects who 
satisfy symptomatic OA criteria. Pain in hand OA should be 
approached as a disease of the whole functioning hand [35]. 
Similarly, like other OA affected joints, periarticular structures, 
bone marrow lesions, synovial thickening, and other factors 
may explain the presence or absence of pain in these patients 
diagnosed with clinical hand OA. Further understanding of 
the pathogenesis of OA, and application of new diagnostic 
imaging modalities such as ultrasound, MRI, and computed 
tomography (CT) scans should assist in the understanding of 
these symptoms. In particular, the use of functional MRI 
studies (dGEMRIC, NaMRI, or T1RHO) that detect 
 biochemical changes in the extracellular matrix (ECM) 
 proteins in cartilage would open doors for future  epidemiologic 
studies with regard to the true prevalence and, hopefully, the 
incidence of OA at different sites in the aging population.

Risk Factors for Development  
of Osteoarthritis

The etiology of OA is multifactorial and involves the  complex 
interplay of both systemic and local factors (Fig. 18.1) [36]. 
Furthermore, these risk factors may present in varying 

Table 18.4 ACR criteria for OA of the hand [11]

Clinical
1. Hand pain, aching, or stiffness for most days of prior month
2. Hard tissue enlargement of ³2 of 10 selected hand jointsa

3. MCP swelling in £2 joints
4. Hard tissue enlargement of ³2 DIP joints
5. Deformity of ³1 of 10 selected hand jointsa

1, 2, 3, 4 or 1, 2, 3, 5 required
a10 selected hand joints include bilateral second and third proximal 
interphalangeal (PIP), second and third distal interphalangeal (DIP), 
and first carpometacarpal (MCP) joints

Fig. 18.1 Risk factors for 
development of osteoarthritis 
(OA). Systemic factors, intrinsic 
and extrinsic factors acting on 
the joint contributing to 
osteoarthritis (OA) susceptibility 
and progression
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degrees as they apply to different joints, at different stages of 
the disease, and more importantly affect the radiographic 
versus symptomatic features of the disease differently [37].

Non-modifiable Systemic Risk Factors

Age

Most epidemiologic studies agree that age is the strongest 
risk factor for the development of osteoarthritis [38]. Aside 
from the biomechanical and biochemical changes that occur 
in age-related OA, an attempt to explain objectively the mor-
phologic alterations of the articular cartilage and subchon-
dral bone using MRI of the knee joint showed that there was 
an increase in cartilage defect severity and prevalence, carti-
lage thinning, and bone size with increasing age [29].

Gender and Hormones

Most population-based studies have demonstrated that 
women have a higher frequency of knee complaints along 
with higher prevalence of radiographic and symptomatic 
OA compared to males. This has been usually observed at 
around menopause where hormones begin to fluctuate and 
their  protective effects on OA are assumed to cease. At a 
molecular level, several studies have demonstrated the pres-
ence of estrogen receptors in bone [39], cartilage [40], liga-
ments [41], synovium [42], and muscles [43] in humans. 
The  interrelationship between OA and estrogen has come 
from indirect evidence demonstrating that hormone replace-
ment therapy lowered the frequency of radiographic OA of 
both the hip and the knee [44, 45]. Two cross-sectional 
studies utilizing MRI showed that estrogen replacement 
therapy was associated with significant reduction in 
 subchondral bone lesions and increase in knee articular car-
tilage volume  compared to subjects who are not on replace-
ment therapy during a 5-year period [46, 47]. Furthermore, 
animal studies using surgically induced ovarian insuffi-
ciency have  confirmed the negative effects of estrogen 
 deficiency on cartilage homeostasis and subchondral 
bone turnover, leading to the development and progression 
of OA [48].

Geography/Race/Ethnicity

Three population-based studies done in USA have addressed 
prevalence patterns of OA among Caucasians, African-
Americans, and MexicanAmericans. Earlier studies have 

suggested that African-Americans have the same or even a 
lower prevalence of OA [49, 50]. However, recent large 
population-based studies have shown that African-
Americans were more likely than Caucasians and Mexican-
Americans to develop radiographic evidence of knee OA 
[26]. In the developing countries, OA still remains the most 
common arthritic disease compared to the Western societies 
[51]. For example, a study in Beijing, China, showed that 
older Chinese women have a higher prevalence of knee OA 
compared to women from the Framingham Osteoarthritis 
Study [52].

Genetic Factors

Hereditary influence in OA has been noted for more than 
three decades [53]. In an early twin study on women with 
OA, a genetic risk accounted for at least 50% of OA cases of 
the hands and hips, and only a modest proportion of that of 
the knees [54]. Genetic analysis of mutations in the ECM 
proteins and use of wide genome association studies (GWAS) 
of large OA populations have identified several genes that 
contribute to OA. These studies have yielded common 
 synonymous mutations that confer risk factor for primary 
OA, genetic susceptibility to OA at different sites (Table 18.5) 
[55, 56]. For example, a variable tandem repeats polymor-
phism in the aggrecan gene has been implicated in cartilage 
disorders, such that an allele with 27 such repeat confers pro-
tection from OA, whereas larger or smaller numbers of allele 
repeats predispose to the disease [57]. Systematic, gene-
wide linkage and gene-expression studies have highlighted 
several ECM proteins (collagen II, COMP, matrillin3, and 
asporin); cytokines involved in inflammation [COX-2, inter-
leukin-1 (IL-1) gene cluster, interleukin-6 (IL-6), interleu-
kin-10 (IL-10), and interleukin-4 receptor (IL-4R); protease 
and its inhibitors (ADAM12, TNA, and AACT); and growth 
factors (bone morphogenic factors and growth/differentia-
tion factor-5 (GDF5))], and other pathways involved in 
chondrocyte and/or osteoblast differentiation or proteolytic 
activity [LRP5, secreted frizzled-related protein 3 (FRZB) 
involved in Wnt signaling; estrogen receptors1 (ESR1) and 
2 (ESR2), iodothyroninedeiodinase enzyme type2 (DIO2), 
and other genes that are associated with OA prevalence 
(BMP2, antigen CD36, prostaglandin-endoperoxidase syn-
thetase-2 (COX2), and NCOR2) or OA progression [carti-
lage intermediate layer protein (CILP), osteoprotegerin 
(OPG), CLEC3B, ESR1, a disintegrin, and metalloprotei-
nase domain-12 (ADAM12)], or both [55, 56]. Most of these 
encode proteins involved in signal transduction pathways 
that may provide new information on the pathogenesis of 
OA and its relationship to aging and response to tissue injury 
at each joint.
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Congenital/Developmental Conditions

Developmental deformities such as Legg–Calve–Perthes 
 disease and slipped capital femoral epiphysis, acetabular hip 
dysplasia, and the less common chondrodysplasias have been 
shown to contribute to early onset OA [58]. Legg–Calve–
Perthes disease and slipped capital femoral epiphysis have 
been associated with the development of hip OA later in life 
[59, 60]. Acetabular hip dysplasia, which is a more common 
but milder form of hip developmental abnormality, was 
 associated with a threefold increased risk of incident hip OA 
in women [61], suggesting its importance as a risk factor in 
patients with early onset OA.

Modifiable Risk Factors

Obesity

As the prevalence of obesity worldwide rises, so does OA. 
Studies have proven that being overweight antedates the 
development of the disease. In those diagnosed with OA, 
high Body Mass Index (BMI) increased the radiographic 
progression of OA [62, 63]. Obesity has been linked strongly 
to tibiofemoral OA of the knee, but not as strongly associated 
with either hip or patellofemoral joint OA [64]. Much debate 
has been presented as to whether the effects of obesity are 
due to its biomechanical effects as opposed to being part of a 
metabolic syndrome exerting its effects systemically [65]. 
Early studies have noted the role of adipose tissue as a poten-
tial source of IL-6, a cytokine that can induce the production 
of C-reactive protein. Increase in serum C-reactive protein 
levels in turn is found to be a significant predictor of progres-
sion of knee OA [66]. Most recent studies have indirectly 
correlated the effects of weight on OA by  concluding that 
weight loss was strongly associated with a reduction in risk 
of development of radiographic knee OA, pain, and disabil-
ity in patients with already-established knee OA [67, 68].

Bone Mineral Density

Evidence from more than a decade ago showed that there 
was a negative association between osteoporosis and OA. 
Women with evidence of radiographic hip OA had an 8–12% 
increase in BMD compared to women without OA [69]. This 
is also supported by another earlier study demonstrating that 
higher BMD was associated with women who have OA of 
the knee [70]. Interestingly, using the same population of the 
Framingham study, it was found that high BMD increases 
the risk for knee OA; it actually may have a protective effect 
against progression once the disease has already been 

 established. On the contrary, a decrease in the BMD on the 
same population of subjects with established OA of the knee 
was associated with an accelerated rate of disease progres-
sion of OA [71]. However, an indirect measure of the above 
observations was not consistently observed by a recent study 
on the effects of risedronate therapy that showed a decrease 
in bone and cartilage biomarkers but with no improvement of 
knee OA symptoms and radiographic progression [72].

Nutrition

Metabolic effects of vitamin D on bone formation have been 
well established. Earlier studies have suggested that vitamin 
D receptors can be found in chondrocytes in OA cartilage 
and may possibly play a direct effect on vitamin D supple-
mentation [73]. The Framingham study reported that the risk 
of progression increased threefold for persons in the middle 
and lower tertiles of both vitamin D intake and serum levels. 
However, this study failed to show that radiographic  incidence 
of OA was prevented by intake of supplemental vitamin D 
[74]. In a later longitudinal study on hip OA, low vitamin D 
levels were associated with new onset incident hip OA, as 
measured by joint space narrowing [75].

Crystal Arthropathies

In most patients with OA, calcium crystals are relatively 
common but often under-recognized risk factors in the 
 development and progression of the disease [76]. These 
 crystals are often found in advanced OA; however, calcium 
pyrophosphate dihydrate (CPPD) and apatite crystals (HA) 
can also be found in early OA stages. They can be mitogenic, 
stimulate the release of cytokines and chemokines, and 
 activate metalloproteinases, contributing to the pathogenesis 
of OA [77]. Recent studies have implicated the role of innate 
immunity through the activation of inflammasome by these 
crystals, which leads to increase in the production of 
IL-1b(beta), a pivotal cytokine involved in the OA pathogen-
esis and disease progression [78].

Local Extrinsic Risk Factors

Trauma and Physical Activity

Early studies have shown that moderate longdistance 
 running and jogging did not seem to increase the risk of OA 
[79]. However, there is emerging evidence that elite athletes 
may be predisposed to OA in the later years [80]. Moreover, 
injuries such as transarticular fractures, meniscal tear requiring 



180 C. Bialog and A.M. Reginato

miniscectomy, or an anterior cruciate ligament (ACL) tear 
are considered high risks for the eventual development of 
OA and chronic symptoms of musculoskeletal pain [81, 82]. 
In the Framingham study, where physical activities in the 
elderly population were characterized by leisure-time walking 
and gardening, subjects who engaged in relatively high levels 
of activity had a threefold increased risk of developing 
 radiographic knee OA compared to sedentary subjects within 
8 years of follow-up [83].

Occupational Demands

Repetitive use of a particular joint in specific work environ-
ments is associated with an increased risk of OA with the 
involved joint. In the Framingham study, men whose job 
required carrying and kneeling or squatting in mid-life 
were twice at risk for developing knee OA in contrast to 
those whose jobs did not require this kind of physical work 
[84]. In specific work environments, there was a high prev-
alence of hip OA among farmers [85] and a high prevalence 
of Heberden’s nodes in cotton mill workers [86], while 
building and construction work was associated with knee 
OA in men [87].

Local Intrinsic Risk Factors

Muscle Strength

It has always been long assumed that muscle atrophy or 
weakness of the quadriceps muscles is a result of disuse and 
avoidance of the muscles due to knee pain. However, this 
concept was recently challenged by Slemenda et al. [88]; 
their study showed that women who had asymptomatic 
radiographic knee OA had no muscle atrophy but instead had 
quadriceps muscle weakness, suggesting that weakness 
rather than atrophy is a risk factor for the development of 
symptomatic knee OA. Another longitudinal study confirmed 
that quadriceps muscle weakness was not only associated 
with painful knee OA but was also itself a risk factor for 
structural damage to the joint [89]. Muscle strength and its 
relationship with OA of the hand was addressed in the 
Framingham study where after adjusting for age, physical 
activity, and occupation, greater grip strength was associated 
with an increased risk of radiographic hand OA. Men whose 
maximal grip strength fell in the highest tertile had a three-
fold increased risk of OA in the proximal interphalangeal, 
metacarpophalangeal, or thumb-base joints [90]. The authors 
suggest that maximal force exerted on specific joints might 
influence the development of OA on those joints.

Alignment

Alignment of the lower extremity joints is a major determi-
nant of load distribution. Anything that alters the alignment 
of the leg affects the load distribution at the knee, leading to 
the development of OA and a higher subsequent risk of pro-
gression [37, 91]. A prospective cohort showed that knees 
with varus alignment at baseline had a fourfold increase in 
the odds of medial progression of knee OA, while those 
with valgus alignment at baseline had a nearly fivefold 
increase in the odds of lateral progression. Progression of 
the disease was also found to be greater in knees with severe 
baseline radiographic findings using KL grading compared 
to those who had mild to moderate disease [91, 92]. 
However, incident knee OA is not well established in the 
presence of malalignment. The Rotterdam study found that 
among subjects whose knees were graded KL 0 and 1, those 
with valgus alignment had a 54% increased risk and those 
with varus alignment had a twofold increased risk for the 
development of radiographic knee OA compared to normal 
controls [93, 94]. On the contrary, a more comprehensive 
approach in the Framingham study using four measures of 
knee joint alignment, namely anatomic axis, condylar 
angle, tibial plateau, and condylar tibial plateau ankle, 
found no association with an increased risk of incident 
radiographic knee OA, suggesting that malalignment might 
not be a primary risk factor for the occurrence of radio-
graphic knee OA but rather a marker of disease severity 
and/or its progression [94].

Other Biomechanical Factors: Knee Laxity, Leg 
Length Discrepancy, and Proprioception

Laxity or looseness of the knee, without any associated injury 
or disease, is considered a potential risk factor of knee OA. 
One cross-sectional study suggested that increased laxity of 
the knee may precede development of the disease and may 
predispose the patient to developing the disease. They found 
that varus–valgus knee laxity was greater in nonarthritic 
knees of patients who have idiopathic disease compared to 
that in knees of control subjects [95].

Limb length inequality (LLI) and its association with 
OA development was addressed in subjects from the 
Johnston County Osteoarthritis Project. They found that 
those who had an LLI of at least 2 cm were almost twice as 
likely to develop radiographic knee OA, 40% of whom 
were more likely to develop knee symptoms, compared to 
persons with equal leg lengths [96]. The authors of the 
above study also evaluated symptoms of knee and hip pain 
in the same population of interest. Participants with LLI 
were more likely to develop knee and hip symptoms. 
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However, after adjusting for other factors, the LLI was 
moderately associated with knee  symptoms and less 
strongly with hip symptoms. This study, however, implied 
that LLI might be a modifiable risk factor for therapy of 
people with knee and hip symptoms [97].

Proprioception is the conscious perception of body 
 position, loading, and movement [98]. Proprioceptive  deficits 
were found to be greater in people with knee OA compared 
with that in people of similar age without the deficit [99, 
100]. A recent 30-month longitudinal follow-up study failed 
to demonstrate any associations between proprioceptive 
 acuity and development or progression of symptomatic and 
radiographic OA [101].

Aging and Osteoarthritis

In humans and other animals, OA development appears to 
be not only strictly time dependent, but to hold pace with the 
aging process [102]. OA and aging are time-related  processes 
that occur in parallel but do not always have a cause–effect 
relationship (Fig. 18.2). The articular cartilage is optimized 
to support fitness maximally during the reproductive period 
of the individual [103]. Articular cartilage changes with 
aging are partly due to age-related decrease in the ability of 
the chondrocytes to maintain and repair tissue, manifested 
by a decrease in mitotic and synthetic activity. A character-
istic feature of OA chondrocyte is the deviant behavior of 
these chondrocytes that resemble terminal differentiated 

chondrocytes as seen in the growth plate cartilage during 
endochondral bone formation, and they actively produce 
matrix-degrading enzymes that result in cartilage degenera-
tion and OA [104] In the young articular cartilage, this 
 differentiation program is actively blocked. The loss of this 
differentiation block may be the result of changes in aging 
chondrocyte in response to growth factors such as 
 transforming growth factor-beta [TGF-b(beta)] and insulin 
growth factor-1 (IGF-1), increase in oxidative stress caused 
by reactive oxygen species (ROS), and decline in 
 mitochondrial functions associated with aging [105]. The 
mechanical wear and tear process of the aging articular 
 cartilage with its very limited intrinsic capacity to repair 
itself, aging of the chondrocyte, decline in the number of 
mesenchymal stem cell pool to repair itself, and other aging 
features may contribute to the development and progression 
of OA. Changes in the ECM with age, loss of aggregating 
proteoglycans, accumulation of glycation end products in 
cartilage leading to activation of receptor for advanced 
 glycation end products (RAGE), and an increase in covalent 
crosslinking of collagen fibrils, mainly of type II collagen, 
increase during aging, which make the ECM of articular 
cartilage less deformable and more brittle to mechanical 
induced damage (Fig. 18.3). In addition to these severe 
changes in the ECM, the chondrocytes also display 
 abnormalities such as inappropriate activation of anabolic 
and catabolic activities, and alterations in the chondrocyte 
cell number through process such as proliferation and apop-
tosis in the damaged cartilage, further contributing to OA 
 development in the aging cartilage [102, 105, 106].

Fig. 18.2 Homeostatic balance in articular cartilage during aging. 
Tissue homeostasis and maintenance occur throughout life with a 
 balance between chondrocyte senescence, cell loss, and cell replace-
ment. Multiple factors including altered microenvironment, oxidative 
stress, altered hormonal and cytokine microenvironment, increases in 

 inflammation, and altered chondrocyte stem cells’ pool and fate could 
result in senescent or apoptotic cells. In aging, the balance may shift so 
that loss of functional chondrocytes in cartilaginous tissue outweighs 
the ability of stem cells to replace chondrocyte and maintain the 
 cartilaginous tissue in optimal health
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Conclusions

Aging is the main risk factor of primary OA, and OA is 
strongly correlated with aging. Our present understanding of 
the etiopathogenesis of OA suggests a multifactorial phenom-
enon. Others would consider OA as total joint failure owing to 
changes not only in cartilage, but also in other joint structures 
such as ligaments, subchondral bone, synovium, and periar-
ticular muscle, and even alterations in nerve conductions. New 
developments in imaging modalities, genetic studies, and its 
application in the epidemiologic studies will provide new 
information on the pathogenesis of OA, and further elucidate 
the role of these and other factors in the development and 
 progression of OA. As these advances progress, classification 
criteria for OA will most likely change in the future as exem-
plified by a recent attempt to reclassify primary OA into three 
subsets according to their genetic, hormonal, and aging contri-
butions [106]. Its usefulness, however, has been criticized 
[107], owing to the complexity of the disease process along 
with the numerous confounding variables in most if not all 
population studies. Indeed, the importance of our understand-
ing of the epidemiology of OA, its establishment, and identifi-
cation of its risk factors with newer imaging modalities will 
somehow make future developments in the quest for newer 
and effective therapeutic interventions, and change the current 
approach of palliating symptoms of OA into an approach of 
modifying or possibly halting the disease process.
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Abstract Osteoarthritis, previously known as degenerative 
joint disease, osteoarthrosis, and hypertrophic osteoarthritis , 
is a chronic and sometimes progressive condition of the 
joint characterized by changes in articular cartilage and 
associated with adjacent changes in subchondral bone, bone  
joint  margins, synovium, ligaments, capsule, and or muscles. 
Although almost half of the patients with imaging evidence of 
osteoarthritis are asymptomatic, the remaining half have asso-
ciated pain, stiffness, swelling, and loss of function. The diag-
nosis can be confirmed by radiograph, but the radiograph is 
often not essential to make the diagnosis. Treatment involves 
non-pharmacologic, pharmacologic, and surgical measures.

Keywords Osteoarthritis • Elderly • Treatments  
• Pharmacologic therapy • Non-pharmacologic therapy

Epidemiology

Osteoarthritis (OA) is the most common joint disorder. OA 
often becomes symptomatic between 40 and 50 years of age 
and is nearly universal by age 80 years. Only half of the 
patients with pathologic or radiographic changes of OA have 
symptoms. It was estimated that there were 27 million  people 
with clinical OA in USA in 2005 [1]. With an aging popula-
tion, this number is estimated to increase dramatically. It is 
of note that the elderly people average 8.7 comorbidities, 
 complicating their OA and interfering with its control [2].

OA is classified as primary (idiopathic) or secondary to 
some known cause [3]. Primary OA may be localized to 
 certain joints (e.g., chondromalacia patellae is a variant of OA 
that occurs most often in young women). If primary OA 
involves multiple joints, it is classified as primary generalized 
OA. Primary OA is usually subdivided by the site of 

involvement  (e.g., hands and feet, knee, and hip). Secondary 
OA appears to result from conditions that change the micro-
environment of the cartilage and subchondral bone. These 
include significant trauma; congenital joint abnormalities; 
metabolic defects (e.g., hemochromatosis and Wilson’s 
 disease); postinfectious arthritis, endocrine defects, and 
 neuropathic diseases; and abnormal structure and function of 
hyaline cartilage (e.g., RA, gout, and chondrocalcinosis). OA 
may involve virtually any joint in the body but is most com-
monly symptomatic in the knee, hip, and hands. The relation-
ship of OA of the spine to symptoms is often not clear, as 
radiographic spinal OA is nearly universal with aging.

Below age 40 years, most OA results from trauma, and is 
more often found in men. The incidence of OA increases 
between the ages of 40 and 70 years, predominantly in 
women. After age 70 years, men and women appear equally 
affected. By 80 years of age, about 80% of people have a 
symptomatic form of OA. Overall, OA involves 12% of the 
adult US population. OA is involved in about 30% of physi-
cian visits and is a major drain on health care resources. 
Almost half the elderly people report pain in either hip or 
knee, or both [4].

Risk factors leading to OA involve genetic, demographic, 
and biomechanical factors. There is an increasing body of evi-
dence including familial aggregation and twin studies that 
indicates that primary OA has a strong hereditary component 
[5]. It is likely that the genetics are polygenic in nature. Among 
the demographic characteristics is a direct relationship between 
the prevalence of OA and advancing age. Other demographic 
features include genetics and systemic factors such as obesity. 
There is a clear relationship between obesity in women and 
OA of the knee [6]. The relationship is not as firm with knee in 
men, hip or spine in both sexes. Nearly 50% of obese women 
with symptomatic OA of one knee will develop symptomatic 
OA of the other knee within 2 years. Biomechanical factors 
include trauma, varus or valgus deformity, overload, and insta-
bility. Overload has been demonstrated in farm workers requir-
ing repeated bending. Interestingly, long-distance running per 
se is not related to the incidence of OA, but is related to 
 progression once OA is present. Instability resulting in OA has 
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been demonstrated in hypermobility syndromes. In general, 
there is an indirect relationship between bone density and OA 
of the lower extremities; that is, there is less OA of the lower 
extremities in those with osteoporosis. An abnormal meniscus 
is related to knee OA and is often related to progression of 
knee OA. Interestingly, the strongest predictor of progression 
of knee OA is varus or valgus deformity. The addition of 
 obesity to varus or valgus deformity accelerates disease 
 progression of knee OA.

Pathophysiology

Despite the relationship of OA to age, a normal joint has  little 
friction with movement and does not wear out with typical 
use, most overuse, or most trauma. Hence, OA is not a “wear 

and tear” disease. Normal hyaline cartilage is  avascular, 
without blood supply, and contains no nerves. The cartilage 
structure is 95% water with the structural matrix and chon-
drocytes included in the remaining 5% [7] (Fig. 19.1).

Chondrocytes, similar to nerve and muscle cells, are 
among the longest living cells in the body. Chondrocytes 
produce the structural matrix, remove the matrix and 
rebuild it. The matrix is composed of collagens (mostly 
collagen type II) and proteoglycans (mostly aggrecan). In 
order to maintain normal tissue turnover, the chondrocytes 
produce degradative enzymes (e.g., metalloproteinases and 
aggrecanase) and the inhibitors of these enzymes to limit 
their activity (e. g., tissue inhibitor of metalloproteinase, 
TIMP).

Cartilage health and function depend on its ability to 
absorb the pressures of compression with load and of 
 re-expansion when the load is removed [8]. This unrelaxed 

Fig. 19.1 Histology of cartilage 
is exemplified by a lapine model 
of osteoarthritis using safranin O 
with fast green counterstain. 
(a) Normal: the surface is 
smooth, there is a heavy red stain 
of proteoglycans, there is 
no increase or decrease in 
chondrocytes, and there is 
one well-defined tidemark. 
(b) Osteoarthritis: the cartilage 
surface is disrupted, there is a 
proliferation of chondrocytes, 
many chondrocytes are pyknotic 
indicating cell death, the red stain 
of proteoglycans is sparse and 
only present around chondro-
cytes, and the tidemark duplicates 
and is invaded by blood vessels 
(magnification ×10)
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and relaxed shear modulus of cartilage is similar to the action 
of an automobile shock absorber. The compression and 
 re-expansion of cartilage allow the flow of nutrition into the 
joint and the removal of waste through the synovial cavity. 
Nearly all cartilage nutrition comes through the synovial cav-
ity rather than the subchondral bone. In addition, the shock 
absorber quality minimizes the compressive loads received by 
the  subchondral bone. The biomechanics involves a relaxed 
(rapid compression) modulus, followed by an unrelaxed (slow 
compression) one.

Although the evolution of OA involves the subchondral 
bone at an early stage, it is probable that most OA begins in 
the cartilage by disruption of the normal metabolic process 
through biomechanical factors, biochemical abnormalities, 
and/or an impaired repair mechanism [9]. Through the stim-
ulus of inflammatory mediators, such as interleukin 1 (IL-1), 
chondrocytes begin a process of producing a less functional 
collagen (e.g., collagen type I), smaller and less space occu-
pying proteoglycans, more degradative enzymes, and multi-
ple mediators of inflammation (e.g., IL-1, tumor necrosis 
factor, and nitric oxide). In the attempt to repair damaged 
cartilage, chondrocytes attempt to divide but may undergo 
programmed cell death (apoptosis). The cartilage loses its 
biomechanical properties. Eventually, the surface of the car-
tilage becomes disrupted with fissures and ulcers, exposing 
subchondral bone that becomes dense and ivory-like in its 
appearance (eburnation).

The entire joint is involved in OA. As the biomechanics of 
the joint change, subchondral bone stiffens, localized areas 
of bone undergo infarction, and subchondral cysts may 
develop [10]. The juxta-articular bone becomes osteoporo-
tic. The bone repairs with subchondral sclerosis and responds 
with osteophytes at the joint margins that often appear to sta-
bilize the joint. Some of the bony changes are not directly 
contiguous with the joint, appearing as an increased signal 
on magnetic resonance imaging (MRI). Although it is often 
called “bone marrow edema,” it probably represents small 
bony infarcts.

There is communication between the synovium and 
 cartilage. The synovium becomes inflamed, proliferates, and 
becomes thickened. The synovium may produce an increased 
volume of synovial fluid with less viscosity due to reduced 
size of synovial fluid hyaluronic acid. The synovial fluid then 
carries inflammatory mediators to and from the joint 
surfaces.

The joint capsule also thickens and contracts, and periar-
ticular tendons and ligaments become stressed, resulting in 
periarticular bursal inflammation, tendinitis, and joint 
 contractures. Periarticular muscles become relatively 
 inactive, undergo atrophy, and become less supportive. 
Menisci frequently develop fissures and fragment, a herald 
of progressive joint deterioration.

Symptoms and Signs

The onset of symptoms of OA is most often insidious, usually 
beginning in one or a few joints (Table 19.1). Although OA is 
often bilateral, there is most often an asymmetry of symptoms. 
Pain is most often the earliest symptom, sometimes described 
as a deep ache. Pain of weight-bearing joints are usually wors-
ened by standing and walking, and relieved by rest. Although 
cyclic, pain can become constant. The nociceptor pain may 
become persistent. Persistent pain is often associated with 
central neurogenic sensitization  establishing a peripherally 
stimulated, but centrally mediated, chronic pain syndrome. 
Stiffness follows awakening or inactivity but usually lasts for 
<30 min and is relieved by motion of the joint. As OA pro-
gresses, joint motion becomes restricted, with tenderness and 
crepitus or grating sensations. Proliferation of bone, ligament, 
tendon, capsules, and  synovium, along with varying amounts 
of joint effusion,  ultimately produces joint enlargement 
 characteristic of OA. Flexion contractures may develop. 
Depression is common in the elderly population [11]. Although 
acute pain with/without a synovial effusion can occur, it is not 
common. Similarly, severe synovitis is uncommon.

The origin of pain in OA is rarely clear, but sometimes 
can be attributed to anatomic changes in the joint (Table 19.2). 
Patients with OA report that pain from OA is intermittent and 
variable, pain is inexorably associated with loss of function, 
and pain from other sites influences the perception of pain, 
and that the patients use adaptation and avoidance strategies 
to modify their pain [12]. Muscle weakness is a common 
finding [13].

In the hand, the joints most often affected include the  distal 
interphalangeal (DIP) joints, proximal interphalangeal (PIP) 
joints, and the trapeziometacarpal or first carpometacarpal 
(first CMC) joint (Fig. 19.2). Hard tissue enlargement of the 
DIP joints, or Heberden’s nodes, cause deformity and loss of 
function. When present, pain in DIP OA is commonly associ-
ated with inflammation. Hard and/or soft tissue  enlargement 
of the PIP joints, or Bouchard’s nodes, are more often 
 associated with deformity than pain. The first CMC involve-
ment is associated with subluxation, “knobby” enlargement at 

Table 19.1 Osteoarthritis: symptoms and signs

Symptoms Signs

Pain Joint (hard tissue) enlargement
Altered function Altered gait
Stiffness Tenderness
Swelling Crepitus
Weakness Limitation of Motion
Deformity Deformity
Grinding/clicking Instability
Instability/buckling
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the base of the thumb, and pain with function, such as holding 
a pen. A subset of patients with interphalangeal OA have ero-
sive changes with increased inflammation. Cysts adjacent to 
the PIP or DIP joints represent a herniation of synovial fluid 
from the joint, usually on the dorsal radial or ulnar aspects 
of the joint. The thumb first CMC is involved in 20% of hand 
OA, but the MCP joints and wrists are usually spared. The first 
CMC OA is commonly associated with hypermobility. At this 
time, it is uncertain if erosive interphalangeal OA and nodal 
interphalangeal OA represent separate entities or opposite 
parts of the spectrum of OA of the hand.

Pain from knee OA is most severe upon weight-bearing. 
When localized, it is often identified along the medial joint 
line or distal to the patellofemoral attachment. Medial joint 
pain usually correlates with anatomic changes, as the medial 
compartment is involved in 70% of knee OA. Pain is most 
severe with early ambulation and climbing stairs,  particularly 
climbing down stairs. Knee instability or buckling is 
 common and associated with significant morbidity [14]. 

Synovial effusions are not common, but when present can 
be detected along the medial joint margin and in the supra-
patellar bursa. A distended joint from synovial effusion 
leads to flexion of the knee and the synovial fluid may 
migrate into the semimembranosus bursa posteriorly 
(Baker’s cyst). Tenderness on palpation and pain on passive 
motion are relatively late signs. Muscle spasm and contrac-
ture add to the pain. Intra-articular loose bodies (joint mice), 
pedunculated osteochondromatosis, or displaced torn 
menisci can catch or cause locking on joint motion.

Pain from hip OA may be felt in the inguinal area, tro-
chanter, referred to the knee, or along the tensor fascia lata 
(meralgia paresthetica). Hip OA is associated with a gradual 
loss of range of motion, particularly extension and internal 
rotation. Internal rotation of less than 15° is common [15]. 
The extremity shortens as the femoral head migrates superi-
orly in the acetabulum. The patient develops a characteristic 
gait, where they shift weight to the contralateral uninvolved 
hip (antalgic gait). Falls are common [16].

Ankle OA is most often traumatic in origin. Pain may 
markedly limit activities and there is an associated reduction 
in motion of the ankle joint. Foot OA can involve the talo-
navicular joint, subtalar joints, or metatarsophalangeal joints 
(MTPs). The first MTP (bunion) subluxes medially with 
relaxation of the transtarsal ligament and bony enlargement, 
resulting in a pronator forefoot deformity. There may be dif-
ficulty with “toe off” on ambulation associated with reduced 
function of the first MTP (hallux rigidus). The lateral four 
MTPs may sublux dorsally with thinning of plantar fat pads, 
resulting in MTP pain on weight-bearing (cock-up toes).

There is often loss of function of the cervical spine with 
OA. Pain from the cervical spine is often related to foraminal 
impingement and may be radicular into the upper extremity. 
There is often a clicking or cracking sensation on motion of 
the neck, which is of no clinical significance. Although not 
common, spinal stenosis can occur at the cervical level with 
long track signs. In elderly people, large anterior osteophytes, 
often related to the OA variant, diffuse idiopathic skeletal 
hyperostosis (DISH), can cause dysphagia related to altered 
esophageal function [17].

The relationship between lumbosacral OA and symptoms 
is often unclear. In general, back pain is most severe after pro-
longed sitting or when rising from a reclined or seated posi-
tion. In contrast to hip OA, pain tends to lessen with ambulation. 
With continued ambulation, pain may recur due to spinal 
stenosis (pseudo-intermittent claudication). Lumbar spine OA 
symptoms are most often mechanical in nature, but may be 
related to myelopathy or radiculopathy. Pain from facet joint 
OA is often aggravated by extension of the spine, such as 
swimming. Pain from disc disease is often in the  low-back 
region. Disc herniation into the spinal canal or into the  foramen 
often causes radicular pain. Spinal stenosis can occur from 
facet enlargement. Spinal stenosis can be related to loss of 

Table 19.2 Pain in osteoarthritis: potential sites of origina

Synovial inflammation
Subchondral bone ischemia (“bone angina”)
Distention of the joint capsule
Periarticular muscle spasm (e.g., nocturnal myoclonus)
Osteophyte distention of periosteum or impingement of spinal canal/

foramina
Stress at ligamentous insertion
Inflammation of bursae with/without calcification
Outer 1/3 of menisci
aNote: there are no nerves in cartilage, inner 2/3 of the menisci, or 
 synovial cavity. Hence, pain from these anatomic sites are induced indi-
rectly through the above anatomic sites

Fig. 19.2 Hand osteoarthritis in a patient is exemplified by hard tissue 
changes of the distal interphalangeal joints, hard and soft tissue changes 
of the proximal interphalangeal joints, deformity of digital rays, and 
knobby deformity of the first carpometacarpal joints
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bowel and/or bladder function. Enlarging osteophytes may 
impinge the spinal nerves as they leave the spinal canal, caus-
ing severe radicular pain (lateral recess impingement).

Imaging

OA is characteristic on the plain radiograph (Fig. 19.3). The 
osteophyte is the most helpful radiographic finding for diag-
nosis. However, joint space narrowing is associated with pro-
gression of disease. Joint space narrowing of the knee is 
often related to a combination of loss of articular cartilage 
with changes in the adjacent meniscus. With loss of articular 
cartilage, there are abnormal pressures on the subchondral 
bone, resulting in subchondral remodeling with cyst forma-
tion and sclerosis. Abnormal pressures across the joint result 
in loss of bone stock (attrition), most common in the medial 
compartment of the knee. Abnormal pressures across the 
joint can also result in thickening of the bony cortex (calcar) 
on the side of the increased stress. This is particularly noted 
in the medial calcar of the hip and the anterior calcar of the 
ramus of the mandible.

Computed tomography (CT) is not commonly employed 
in the diagnosis of OA, but allows definition and visualiza-
tion of bony structures. It is particularly useful for demon-
strating subchondral abnormalities (e.g., infection, fracture and 
benign or malignant tumors).

MRI is also not commonly employed in OA for diagnosis, 
but can define meniscal abnormalities, cartilage defects, 

 cruciate ligament abnormalities, and subchondral high signal 
bone lesions (Fig. 19.4). The latter is often associated with 
pain and progression of OA [18]. MRI is also useful in defin-
ing soft tissue inflammation, periarticular tendon abnormali-
ties, and inflamed bursa. Progressive cartilage loss can be 
quantitated by MRI [19].

The bone scan with radio-labeled bisphosphonates will 
localize to the synovitis and subchondral remodeling of OA. 
High uptake of the bisphosphonates to a joint in bone scan 
has been related to progressive OA [20].

Ultrasonography is becoming more available and is 
 generally less expensive than other imaging techniques for 
detection of the joint abnormalities of OA [21]. Ultra-
sonography is also helpful in guiding placement of an intra-
articular needle.

Diagnosis

OA should be suspected in patients with joint specific pain 
and loss of function, particularly in older adults. There may 
be crepitus on motion, joint contracture, reduced function, 
joint tenderness, or signs of low-grade inflammation with 
joint effusion. Not everyone with a diagnosis of OA needs 
imaging studies; however, osteophytes on the plain radiograph 
can be obtained to confirm the clinical finding. Imaging 
should help if another diagnosis is suspected.

Laboratory studies are normal in OA but may be required 
to help rule out other disorders (e.g., gout and rheumatoid 

Fig. 19.3 Anteroposterior 
radiograph of the knee demon-
strates (a) normal joint; (b) 
osteoarthritis: the knee is 
partially flexed; there are grade 2 
medial femoral and tibial 
osteophytes, grade 2 medial 
tibiofemoral compartment 
narrowing, and grade 1 medial 
tibial plateau sclerosis
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arthritis) or to diagnose an underlying disorder causing 
 secondary OA. A number of biochemical markers are under 
investigation to help with diagnosis and to determine risk of 
progression or response to therapy [22].

The presence of a joint effusion raises the question of 
another diagnosis, and aspiration with synovial fluid analysis 
is appropriate. In OA, synovial fluid is usually clear, slightly 
yellow, viscous, and has <2,000 white blood cells/dL, mostly 
monocytic cells. A variety of crystals can be detected in the 
synovial fluid. Gouty arthritis can be diagnosed by the detec-
tion of sodium urate crystals. Calcium pyrophosphate dehy-
drate crystals can be associated with an acute arthritis 
(pseudogout), but can be present in OA without acute inflam-
mation. Hydroxyapatite or basic calcium phosphate crystals 
can be seen with special stains and microscopic examination. 
Indeed, careful examination of synovial fluid in OA will 
reveal crystals in almost 70% of patients [23].

One must be careful to exclude a secondary cause of OA. 
For example, OA beyond the joints discussed above may 
suggest an underlying primary disorder, such as endocrine, 
metabolic, neoplastic, and biomechanical disorders.

Therapy

When the diagnosis of OA is established, the basic therapeutic  
program needs to be outlined for the patient (Table 19.3). 
Treatment goals are relieving pain and preserving function. 
To date, there is no therapy that has been established to have 
disease modification. Several treatment guidelines have been 
published [24–26] that agree on the majority of therapeutic 
options whether the guidelines are based on expert opinion 
or systematic literature reviews. Since there are few pub-
lished studies on multimodal therapy, none of the guidelines 
include combination therapy, other than combining physical 
(non-pharmacologic) and medicinal (pharmacologic) pro-
grams. However, since no single therapy is ideal for a major-
ity of those with symptoms, multimodal therapy continues to 
be in common use, as it should be.

The basic program includes education and physical mea-
sures, particularly in the elderly people [27]. The patient 
needs to be educated on the nature of OA, how it impacts their 
life, activities of daily living, and instrumental activities of 
daily living. The patient needs to know how their OA impacts 

Fig. 19.4 Magnetic resonance 
imaging of the knee reveals 
considerable subchondral bone 
high and low signal of remodel-
ing and sclerosis. Posteriorly, the 
cartilage of the lateral compart-
ment is thickened with thinning 
and irregular cartilage in the 
medial compartment
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their limitations, continued activity, societal and family 
 relations, and their prognosis. Indeed, patient-driven physical 
measures rather than those delivered by health  professionals 
are more effective and preferred. Weight control is important 
for control of symptoms and possibly for prevention of pro-
gression of OA to weight-bearing joints. Weight loss when 
overweight in the inactive elderly patient is a particular prob-
lem; however, the combination of diet and modest exercise is 
the only program that has been effective in weight control. 
Patients need to be made aware of self-help programs, such as 
those available through the Arthritis Foundation.

The non-pharmacologic program is critically important 
and needs to become a part of their life style. Patients need to 
dispel the concept that modest physical activities are harm-
ful. Indeed, strengthening of the para-articular structures 
actually supports the joint, rather than damages the joint. For 
example, inactivity in animal models leads to cartilage atro-
phy and worsening OA. Exercise should involve isometric, 
isotonic, isokinetic, and postural muscle strengthening with 
range of motion to preserve flexibility. In addition, low 
impact aerobics are necessary for endurance. This emphasis 
on the exercise program does not discard the benefit of peri-
ods of rest during the day. Multimodal therapy includes coor-
dinated care. For example, a physical therapist and 
occupational therapist can supplement patient education and 
improve compliance. Water exercises may be of value, par-
ticularly for OA of the hip. There are a variety of orthotics 
that can supplement the physical program. Patients may ben-
efit from using cane in one hand for OA of the contralateral 

hip or knee. The cane needs to be of the proper height to be 
of benefit: i.e., when standing, the elbow should be bent at 
about 20°. Unless there is instability from neurologic dis-
ease, the cane should have only one post. When disability is 
more severe, a walker may be needed to maintain function. 
Shoe inserts (e.g., lateral wedged insoles and shoe lift to par-
tially correct leg length discrepancies), cervical collar, 
crutches, knee cages, and thumb splints are some of the 
devices that are helpful in selected patients. Additional pro-
grams that are often helpful include thermal modalities, tran-
scutaneous neural stimulation, and acupuncture.

The non-pharmacologic program also includes modifying 
activities of daily living and the environment. A patient with 
lumbar spine, hip, or knee OA should avoid soft deep chairs 
and recliners from which posture is poor and rising is diffi-
cult. A straight-back chair, such as a kitchen or dining room 
chair without slumping, is preferred. Regular use of popliteal 
pillows while reclined encourages contractures and should 
also be avoided, whereas a pillow between the knees in those 
with low-back pain is often of value. Bed mattresses need to 
be firm and a worn mattress is a common cause of low-back 
pain particularly when rising in the morning. Few mattresses 
maintain their support for much over 5 years and virtually all 
8-year-old mattresses should be replaced.

Pharmacologic therapy is added when the non-pharmaco-
logic program is not adequate, but does not replace it. 
Pharmacologic agents in use for OA can be divided by route 
of administration: oral, topical, and intra-articular (IA). 
Pharmacologic agents could also be divided by class of 
agent: analgesics, anti-inflammatory drugs with analgesic 
properties, psychoactive drugs, and agents with less clearly 
defined mode of action.

Present therapeutic guidelines with analgesic properties 
recommend acetaminophen at doses up to 4,000 mg/day as 
the safest initial pharmacologic program. Although most 
patients have tried acetaminophen prior to visiting the physi-
cian, they rarely have tried the maxi mum recommended 
dose. Careful review of the all medications is necessary to 
avoid doses of acetaminophen over 4,000 mg/day.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are often 
considered for addition or in place of acetaminophen in the 
presence of refractory pain. The risk of NSAID-associated 
gastrointestinal adverse reactions and significant comorbidity 
limit their use in the elderly patients, those on concomitant 
use of oral corticosteroids, those on aspirin (ASA) or antico-
agulants, and those with prior gastrointestinal peptic ulcers, 
bleeding, or obstruction. As with any  medication, the mini-
mum dose should be used as the adverse events increase with 
increasing dose or concomitant use of over-the-counter (OTC) 
NSAIDs. A cyclooxygenase-2 (COX-2) selective inhibitor or 
coxib can minimize the gastrointestinal adverse effects of 
the NSAID, but not in the presence of ASA. A protein 
pump inhibitor (PPI) or misoprostil can minimize the upper 

Table 19.3 List of therapeutic options for osteoarthritis

Non-pharmacologic
Education
Weight control
Strengthening exercise
Aerobic exercise
Physical/occupational therapist
Self-help programs
Water therapy
Assistive devices (e.g., cane, collar, and orthotics)
Thermal therapy
Acupuncture
Transcutaneous neural stimulation

Pharmacologic
Acetaminophen
Oral nonsteroidal anti-inflammatory drugs (including coxibs)
Topical nonsteroidal anti-inflammatory drugs
Intra-articular depocorticosteroids
Intra-articular hyaluronates
Neutraceuticals
Serotonin norepinephrine enzyme inhibitors
Tramadol
Opioids
Topical capsaicin
Muscle relaxants
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 gastrointestinal side effects of all NSAIDs and is recom-
mended in the  presence of antithrombotic doses of ASA 
325 mg/day or less [28]. Ibuprofen, and perhaps other nonse-
lective NSAIDs, should not be administered within 3 h of 
ASA, as it will obviate the anticoagulant effect of ASA. 
Although some of the coxibs have increased the risk of car-
diovascular events, the true risk of all NSAIDs remains 
unclear, and care is needed in the patient with cardiovascular 
risk. Oral NSAIDs should not be used in patients with altered 
renal function, such as a creatinine clearance <30 ml/min. The 
other more common risks with the use of oral NSAIDs include 
edema, hypertension, and abnormal liver function tests.

Topical NSAIDs have been in use for many years. 
Diclofenac gel 1% is now available in USA for use in OA of 
superficial joints such as a hand (3 g daily) and a knee (5 g 
daily) [29]. Another topical diclofenac combined with dimeth-
ylsulfoxide (DMSO) is also available. The major adverse 
effect is local skin irritation of the topical NSAID prepara-
tions. Systemic absorption of the topical NSAID is a fraction 
of the oral dose and gastrointestinal risk is minimal. There is 
also minimal risk of other oral NSAID-related adverse 
effects.

Oral corticosteroids are not recommended in the therapy of 
OA. IA depocorticosteroids help relieve pain and increase joint 
flexibility for variable periods of time [30]. They may be of 
greater value when synovial effusions or signs of inflammation 
are present. With proper aseptic technique, infection is rare. 
The IA depocorticosteroids are crystalline in form and can 
induce a crystal-induced synovitis within 24 h of injection. 
This crystal flare resolves within 24 h with topical cooling. On 
occasion, there is loss of skin color over the injection site from 
subcutaneous steroid. Benefit from the IA depocorticosteroid is 
achieved within days of injection and may last for 1 to several 
months. In a 2-year study, there was no increase in progression 
of disease [31]. IA depocorticosteroids are recommended to 
not be used more than four times a year in any given joint.

Hyaluronic acid (hyaluronan, HA) is a natural secretion of 
the synovium. Joint infections are rare when reasonable asep-
tic techniques are employed. The molecule is a simple, con-
served long chain high molecular weight disaccharide in the 
normal joint. In OA, HA is most often of low molecular 
weight, losing its biomechanical and anti-inflammatory prop-
erties. Injection of moderate to high molecular weight HA 
into the joint has been used for knee OA for several years [32]. 
Several products are available as extracts of chicken (or 
rooster) combs or bacterial fermentation. They are adminis-
tered in a series of one to five injections, varying by product. 
Benefit has been demonstrated for months and sometimes 
over a year after the series of injections. Significant pain 
reduction is often not achieved until weeks following the ini-
tial injection, in contrast to that with depocorticosteroids 
where benefit is appreciated within days of injection. The 
injections are generally well tolerated. Repeat series has been 

associated with pseudoseptic and granulomatous reactions, 
particularly if the agent has been cross-linked.

There are several neutraceuticals that are used for  treatment 
of OA. Their use has been controversial. Glucosamine 
1,500 mg/day has been evaluated in several studies for knee 
OA [33]. Whereas glucosamine hydrochloride in divided doses 
has failed in several studies, crystalline glucosamine sulfate as 
a single dose has demonstrated symptom improvement and 
potential disease modification in European studies. In contrast, 
chondroitin sulfate 1,200 mg/day has demonstrated less con-
sistent results [34]. In general, it is recommended that if there 
is no improvement in symptoms by 6 months, glucosamine or 
chondroitin sulfate should be discontinued. Both these neutra-
ceuticals are safe, with no known short- or long-term adverse 
reactions. Flavocoxid 250–500 mg every 12 h daily is a com-
bination of flavonoids approved for the clinical dietary man-
agement of the metabolic processes of OA. Clinical data 
supporting a benefit from flavocoxid are limited, but there are 
no recorded adverse reactions over placebo [35].

Tramadol up to 300 mg/day is a dual-acting weak m(mu) 
receptor inhibitor with serotonin reuptake inhibition. It has 
been shown to have an additive effect with acetaminophen 
[36]. Because of frequent central nervous system (CNS)-
induced side effects, particularly in the elderly people, the ini-
tial dose should be 25–37.5 mg at night, with gradual increase 
to benefit or maximum dose. Tramadol has been associated 
with seizures at high dose and addiction in prone individuals.

Narcotics and narcotic derivatives have a role in nonmalig-
nant chronic pain [37, 38]. There is a subset of patients with 
OA where narcotics are of benefit and appropriate. However, 
in the elderly patients, they are frequently poorly tolerated 
due to CNS side effects or constipation. Propoxyphene 
( propoxyphene is no longer available in the US) and meperi-
dine are to be avoided in the elderly patients.

Topical capsaicin 0.025 and 0.075% have been studied in 
OA of superficial joints [39]. Upon penetration of the skin, 
capsaicin depletes peripheral nerve endings of substance P 
and calcitonin gene-related peptide. In general, capsaicin is 
poorly tolerated because of a burning sensation for the initial 
several days due to its physiologic activity.

Muscle relaxants have been used for supplemental ther-
apy, but most are sedating and of limited use.

More recent research has been directed at analgesia. Oral 
administration of a serotonin and norepinephrine reuptake 
inhibitor shows promise [40]. Although agents directed at 
neurogenic pain have been of limited value in OA, IA injec-
tion of an inhibitor of nerve growth factor is showing prom-
ise in clinical trials.

When the non-pharmacologic and pharmacologic thera-
pies are not effective, the patient may be a candidate for sur-
gery. Although no clear-cut criteria exist for when surgery is 
indicated, joint replacement surgery for hip and knee OA has 
been quite successful in all age groups and even in the 
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 presence of obesity. However, in older age men, there is an 
increased risk of mortality, and older age is related to worse 
function, particularly in women [41]. Arthroscopy has had 
limited value in the elderly patients. There is active research 
into cartilage repair for OA [42, 43].

Prognosis

OA is usually slowly progressive and symptoms are cyclic in 
nature. Most patients do well with non-pharmacologic and 
pharmacologic therapy. A subset of patients (estimated at 
10%) has progressive disease and requires surgical interven-
tion within months or a few years. To date, there are a few 
clues on how to detect those with progressive disease: 
women, increasing age, joint deformity, smoking, lower limb 
muscle weakness, obesity, subchondral bone marrow lesions 
by MRI, and high localization of nuclide by bone scan. 
Although the impact of OA continues to be significant in 
human and economic terms, the multimodal approach to 
therapy with the ability to perform joint replacement surgery 
has changed the severity and impact of disease.
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Abstract As a group, the systemic vasculitides are surprisingly 
common in the elderly population. Although large vessel vas-
culitis such as temporal arteritis or giant cell arteritis, is a  
more common form, medium- and small vessel vasculitis are 
more frequently being recognized. Morbidity and mortality is 
higher in this group as compared to large vessel vasculitis. The 
clinical features, diagnosis, and management of this group are 
discussed based on presently available information.

Keywords Vasculitis • Aging • Immunosuppression • Giant 
cell arteritis • Antineutrophil cytoplasmic antibodies • Wegener’s 
granulomatosis • Churg–Strauss syndrome • Microscopic poly-
angiitis • ANCA-associated renal  vasculitis • Leukocytoclastic 
vasculitis

Introduction

Systemic vasculitides are a heterogeneous group of diseases 
that have inflammation in the blood vessel wall as a central 
feature. Because the underlying pathogenesis is still poorly 
understood, vasculitis is cataloged by the size of the predomi-
nant vessel involved [1–3] (Table 20.1). Large vessel involve-
ment, which includes temporal arteritis and Takayasu’s 
arteritis, is reviewed elsewhere. Medium-sized vessel or mus-
cular artery involvement is the characteristic feature of polyar-
teritis nodosa. Small-vessel vasculitis or small artery disease 
includes Wegener’s granulomatosis (WG), microscopic poly-
angiitis (MPA), and Churg–Strauss syndrome (CCS). 
Antineutrophil cytoplasmic antibodies (ANCA) are found in 
these forms of vasculitis and these three conditions are known 
as ANCA-associated vasculitis. The last category affects pre-
dominantly the smallest vessels (arterioles, capillaries, and 
venules) and is called leukocytoclastic vasculitis (LCV) or 
hypersensitivity vasculitis. This group consists of vasculitis 

manifested by cutaneous involvement and is  associated with 
numerous medical conditions and external agents. Included 
are specific subsets such as Henoch–Schönlein purpura (HSP) 
and essential cryoglobulinemic vasculitis, which are of inter-
est in the elderly population. Additionally, vasculitis can be 
categorized as primary when there is no identifiable associated 
condition or agent, and secondary when an association such as 
an infectious agent, a medical condition, a medication, or an 
exogenous agent is found. In the elderly people , infections, 
malignancy, and medications are the most likely associations 
with secondary vasculitis.

In this chapter, we will review information about the 
medium- and small-vessel vasculitides as it pertains to the 
elderly population. We will attempt to discern specific char-
acteristics relating to epidemiology, clinical characteristics, 
and response to treatment that can optimize recognition and 
management.

Epidemiology

Primary vasculitis is uncommon, with an annual incidence of 
19.8 per million as noted in an inception cohort from 
Norwich, United Kingdom. Males were more commonly 
affected and the peak median age was 65 years. In the 65–74 
years age group, the peak incidence was 60.1 per million 
(Fig. 20.1) [3]. In an epidemiological study in Northwestern 
Spain, the most common primary form is large-vessel vascu-
litis, i.e., temporal arteritis, comprising 41.2% of all vasculi-
tis and ANCA-associated vasculitis, being less than 10% of 
the cases [4]. In an epidemiological study in southern Greece, 
MPA was more common than WG in the older population 
[5]. An overall increase in cases of vasculitis between the 
time periods of 1981 and 1985 when compared to 1996–2000 
(1.9 million to 9.3 per million) has been noted [3, 6]. Time to 
diagnosis has been reduced, and use of ANCA assays and 
increased awareness of vasculitis may have contributed to 
this change. Although studies show a slight male predomi-
nance in small-vessel vasculitis, at above the age of 75 years, 
females were more commonly affected [7].
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Antineutrophil Cytoplasmic Antibodies

Antibodies to cytoplasmic enzymes have been a salient 
feature of certain small- and medium-vessel vasculitis. They 
were initially described in patients with pauci-immune 
 glomerulonephritis and were subsequently found to be pres-
ent in WG, MPA, and CSS [8]. For this reason, these three 
conditions have been called ANCA-associated vasculitis. 
Antibodies can be generated to many cytoplasmic enzymes 
but serine-proteinase3 (PR3) [9] and myeloperoxidase (MPO) 
[10] appear to be the most significant. The immunofluores-
cent pattern in WG is predominantly a diffuse speckled cyto-
plasmic staining (cANCA), while MPA and CCS present 
more commonly as a perinuclear pattern (pANCA). Correlation 
with disease activity does occur, but not consistently

The role of these antibodies in the pathogenesis of the 
disease is unknown as it is not present in all patients. 
Anticytoplasmic antibodies are also noted in many chronic 
inflammatory conditions, although more likely unrelated to 
PR3 or MPO. [11].

Approximately 90% of patients with active WG are 
ANCA positive; with a cANCA flourescent pattern; most are 
PR3-ANCA but a small number may have MPO-ANCA. Of 
the MPA patients, 50–80% will have a positive MPO-ANCA, 
usually with a pANCA fluorescent pattern. Churg-Strauss 
syndrome has a lower frequency with approximately 50% 
being positive with a predilection for MPO-ANCA.

Many autoantibodies are known to increase with age [12]. 
But ANCA does not appear to increase in prevalence as have 
been noted with rheumatoid factors and antinuclear anti-
bodies. The prevalence appears to be the same as in younger 
patients and, therefore, it is a very useful test for the diag-
nosis of ANCA-associated vasculitis in the elderly popula-
tion [13, 14].

Wegener’s Granulomatosis

Wegener’s granulomatosis is characterized by a granuloma-
tous inflammatory process associated with a predominantly 
small-sized vessel vasculitis and some medium-sized vessel 
involvement. The presentation most commonly includes 
upper respiratory airway involvement with chronic sinusitis 
and nasal mucosal inflammation. Progression to nasal septal 
perforation or collapse of the nasal cartilage suggests exten-
sive disease. Pulmonary involvement is manifested by cough, 
pleuritic pain, and hemoptysis, and is present in two-thirds of 
the patients at some point of their disease. Radiological find-
ings consist of pulmonary infiltrates, nodules, and cavitary 
lesions. Glomerulonephritis is the third most common fea-
ture and is manifested by an abnormal urine sediment and 
proteinuria.

Table 20.1 Classification of primary vasculitis by type of vessel 
involvement

Primary vessel/secondary 
vessel Type of vasculitis

Large-sized/medium-sized 
artery

Temporal arteritis
Takayasu’s arteritis

Medium-sized/small-sized 
artery

Polyarteritis nodosa
Kawasaki’s disease

Small-sized/medium-sized 
artery

Wegener’s granulomatosis
Microscopic polyangiitis
Churg–Strauss syndrome

Arterioles, capillaries, and 
venules

Henoch–Schönlein purpura
Cryoglobulinemic vasculitis
Cutaneous leukocytoclastic vasculitis

Fig. 20.1 Age-specific 
incidence of Wegener’s 
granulomatosis, Churg–Strauss 
syndrome, microscopic 
polyangiitis, and polyarteritis 
nodosa in the Norwich Health 
Authority, 1988–1997. From 
Watts et al. [3] Used with 
permission
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Early ocular involvement eventually is seen in  approximately 
20% of patients. Proptosis due to accumulation of retro-orbital 
granulomatous material is characteristic but uncommon. Other 
ocular manifestation includes diplopia, visual loss, scleritis, 
and conjunctivitis. Musculoskeletal symptoms are common 
and present in the majority of patients. Other possible sites of 
involvement include the trachea with granulomatous inflam-
mation and potential subglotic stenosis; skin disease including 
palpable purpura, ulcers, vesicles, papules, and subcutaneous 
nodules; and neurological involvement including mononeuri-
tis multiplex and CNS abnormalities [15, 16].

Successful treatment with prednisone and cyclophosph-
amide has lead to remission in over 75% [17]. Maintenance 
therapy with less toxic agents has been attempted (with some 
success) with azathioprine [18] methotrexate [19], mycophe-
nolate [20], and rituximab [21].

The diagnosis is based on characteristic histopathologic find-
ings of granulomatous inflammation in affected tissues and a 
necrotizing granulomatous vasculitis. Biopsy of the kidney may 
reveal a segmental necrotizing glomerulonephritis with minimal 
or absent immune complex deposition. Despite treatment, 
relapse occurs in 50% of patients and a mortality of 13% [15].

Wegener’s Granulomatosis in the Elderly 
Population

Limited medical literature is available which specifically 
addresses the unique issues related to WG in the elderly popu-
lation. Three small studies [22–24] are available for evaluation 
(Table 20.2) [7, 16, 22–24]. Weiner et al. [22] describes 12 
patients (eight males and four females) above age 60 years and 

noted few clinical differences except for poorer renal function 
at diagnosis. A delay in diagnosis was documented. The mor-
tality was higher (86% vs. 10% within 2 years) and they were 
less likely to get cyclophosphamide (58% vs. 82%). Higher 
mortality was attributed to delay in diagnosis and reluctance to 
treat aggressively. Krafcik et al. [23] describes 33 patients 
(19 males and 14 females) above age 60 years and also noted 
diminished renal function at the time of diagnosis. The authors 
felt there was less upper respiratory symptoms and more pul-
monary infiltrates in the elderly people. Comorbid conditions 
were frequent and included diabetes mellitus, chronic obstruc-
tive pulmonary disorder (COPD), and coronary artery disease 
(CAD). They did not notice a delay in diagnosis compared to 
the younger patient group. Mortality was high with 54% vs. 
19% death rate within within the first year. Use of cyclophos-
phamide was similar in the aged group compared to that in 
younger patients, 94% vs. 97%. Three of five elderly patients 
died due to infections. Caution regarding the use of “inten-
sive” therapy was recommended by the authors. Huong Du 
et al. [24] describes 11 patients (six males and five females) 
above the age of 60 years and found diminished renal function 
in the elderly patients but no other significant clinical differ-
ences. Mortality was higher in the elderly group at 12% vs. 4% 
within a year of disease onset, most occurring early in the 
course of the disease (Fig. 20.2) [24]. The use of cyclophosph-
amide was similar. Intensive therapy was recommended in the 
elderly patients similar to that in younger patients because of 
the high mortality rate [24].

Several reports address patients with WG above the age of 75 
years under the term ANCA-associated vasculitis [7, 25, 26]. In 
this age group, patients were more often women. Mortality was 
high and related to diminished renal function (Fig. 20.3) [7]. 
The patients with WG had less upper  respiratory symptoms and 

Table 20.2 Comparison of the clinical characteristics between elderly and general cohorts of patients with Wegener’s granulomatosis

Renal insufficiency  
at onset

Serious 
infection

Mean age Number % Elderly elderly vs. young patients Mortality Comments

Elderly WG
Krafcik et al. [23] 68 33 49 64% vs. 35% 42% vs. 41% 54% in 1st year Striking early mortality. 

High CNS involvement
Weiner et al. [22] 65 12 26 50% vs. 24% – 86% by 2nd year Diminished renal function at 

onset. Delay in diagnosis
Huang Du et al. [24] 66 11 30 72% vs. 42% 27% vs. 15% 61% by 3rd year

Elderly ANCA-associated vasculitis
Hoganson et al. [7] 78 22 28 73% vs. 65% 33%/- 40% No delay in diagnosis. Age 

and disease activity 
predictors of mortality

WG cohorts
Hoffman et al. [15] 41 158 – 18% 46% 20% Disease- and treatment-

related morbidity is 
often profound

Reinhold-Keller et al. 
[16] (Two groups)

43 and 49 155 – 35 and 48% 26% 14% Impaired renal function, 
age, and lung function 
are predictors of survival
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overall more nonspecific symptoms (fever, fatigue, nonspecific 
inflammatory features, and functional impairment). The clinical 
picture was not dissimilar for younger patients, except for the 
higher mortality and worse renal function in the very elderly 
group. Death seemed more likely within the first 6 months of 
disease. Of the five deaths, three were due to direct complica-
tions of the vasculitis and two due to infections [7].

Based on this limited information, it would seem that 
treatment should be equally aggressive as in younger 
 population but perhaps of shorter duration despite the risks 

of relapse. A switch to less toxic agents such as azathioprine, 
 methotrexate, mycophenolate, or rituximab should be done 
at the earliest opportunity. Antimicrobial prophylaxis could 
be considered and close follow-up for infectious complica-
tions are necessary. No randomized controlled studies exist 
to support this approach.

Churg–Strauss Syndrome

Churg–Strauss syndrome or allergic granulomatosis is a 
vasculitis characterized by small-vessel involvement, 
extravascular granulomas in the setting of asthma, and 
hypereosinophilia. It is a rare condition with ANCA associ-
ation specifically to myeloperoxidase [27]. Other organ sys-
tem involvement include neuropathy, cutaneous lesions, and 
cardiac, gastrointestinal, and renal involvement in approxi-
mate descending frequency. Arthralgias are common but 
arthritis is rare. Allergic rhinitis and sinusitis are frequent. 
Laboratory studies reveal a nonspecific inflammatory state 
with hypereosinophilia (>1,500/mm3) and a positive MPO-
ANCA [27]. Three phases have been described: A prodromal 
period of asthma and other allergic manifestations lasting 
many years, a subsequent development of peripheral and tis-
sue eosinophilia, and lastly, a systemic vasculitis. A late-
onset asthma associated with pulmonary infiltrates requiring 
glucocorticoids can be the presenting picture in some 
patients [28].

Diagnosis is based on the presence of eosinophilic-laden 
tissue infiltrates and a small-vessel necrotizing vasculitis. 
Arteriography does not show medium-sized vessel abnor-
malities. Management includes glucocorticoids and in severe 
cases, cyclophosphamide is added. Remission is seen in 89% 
and relapse occurs in 25.5% [29]. Mortality is approximately 
20% and attributable to vasculitis. No specific information is 
available about this vasculitis as it relates to the elderly 
population.

Microscopic Polyangiitis

MPA or microscopic polyarteritis affects small arteries and 
secondarily, arterioles, capillaries, and venules. The primary 
target organs are the lungs and kidneys. Pulmonary involve-
ment is common and symptoms can vary from dyspnea to 
hemoptysis. Renal involvement is recognized by an abnor-
mal urinary sediment and proteinuria. On renal biopsy, a 
necrotizing segmental glomerulonephritis with little or no 
immune complex deposition is found. The absence of anti-
basement membrane antibodies of the glomeruli as detected 
by the immunofluorescence technique distinguishes it from 

Fig. 20.2 Survival curves of patients with Wegener’s granulomatosis 
derived from age-based subsets. Modified from Huong Du et al. [24] 
Used with permission

Fig. 20.3 Survival curves of patients with ANCA-associated vasculitis 
taking into account age and the Birmingham vasculitis activity score 
(BVAS). The group of patients >75 years of age with a BVAS > 20 had the 
worst outcome. Modified from Hoganson et al. [7] Used with permission
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Goodpasture’s syndrome [30]. Granulomatous inflamma-
tion is not found in lungs or kidneys. Other organs involved 
include the skin in the form of palpable purpura and occa-
sionally livedo, infarctions, and ulcerations, and peripheral 
neuropathy in the form of mononeuritis multiplex. 
Aneurysms of medium-sized vessels are absent on angiog-
raphy. Over half the patients have an MPO-ANCA, but 
rarely PR3-ANCA may be detected. Treatment of patients 
with MPA include glucocorticoids and cyclophosphamide. 
Relapse occurs in 34% of patients and the 5-year survival 
rate is 74% [27].

MPA was separated from polyarteritis nodosa (PAN) 
because of involvement of arterioles, capillaries, and venules 
which is not seen in PAN [2]. PAN affects primarily medium-
sized vessels, without glomerulonephritis or pulmonary 
involvement. In contrast to MPA, PAN is not associated with 
ANCA. There are no studies specifically related to MPA in 
the elderly patients and these patients are often included in 
ANCA-associated vasculitis.

Polyarteritis Nodosa

PAN is a systemic necrotizing vasculitis that predominantly 
affects medium-sized arteries and secondarily small-sized 
arteries. It can be a primary disease or can be associated 
with viral infections, particularly hepatitis B virus (HBV) 
[31]. Clinical descriptions prior to 1993 have included cases 
of microscopic polyangiitis and are less reliable. 
Reclassification of previously reported patients with these 
conditions as defined by the Chapel Hill Consensus 
Conference on systemic vasculitis nomenclature [2] has 
been undertaken. A systematic review of the French 
Vasculitis Cohort attempting to clarify the clinical presenta-
tion of PAN revealed that general nonspecific symptoms 
were common. In descending order, involvement of periph-
eral nerves, skin, bowel, and the musculoskeletal system 
occurs but virtually any organ system can be invoted. 
Radiologically, renal arterial microaneurysms were docu-
mented in 66.2% of patients. The subset of patients with 
vasculitis associated with HBV had more frequent periph-
eral neuropathy, abdominal pain, cardiomyopathy, orchitis, 
and hypertension than those without HBV infection mark-
ers. Non-HBV-related PAN patients had more relapses but 
lower mortality. Age greater than 65 years, hypertension, 
and gastrointestinal manifestations were independent pre-
dictors of death.

Laboratory findings were nonspecific and reflected the 
acute inflammatory process. ANCA were rarely noted in this 
group [31]. The diagnosis depends on demonstration of 
microaneurysmal and stenotic lesions on imaging studies of 
abdominal and renal arteries and demonstration of a local-

ized neutrophilic inflammatory destruction of the medium-
sized arterial wall on biopsy.

The management includes a combination of gluco-
corticoids and cyclophosphamide. The relapse rate is 21.8% 
for HBV-related PAN and 28% for non-HBV-related PAN, 
and mortality is 26 and 39.6%, respectively, at 10 years [31]. 
The analysis of four prospective trials (278 patients) includ-
ing ANCA-associated vasculitis and PAN confirmed an 
increased mortality rate compared to that in the general pop-
ulation. The survival was better in those who received cyclo-
phosphamide, but this drug was also associated with a greater 
frequency of side effects. Five Factors Score (FFS) and the 
Birmingham Vasculitis Activity Score (BVAS) have improved 
the ability to evaluate therapeutic response [32].

A review of 22 patients over the age of 65 years with PAN 
compared to 25 patients below this age revealed an increased 
frequency of weight loss and more skin lesions in the younger 
group. No other clinical, arteriographic, or histopathologic 
differences were noted. Mortality was higher in the elderly 
group and was most pronounced in the first 6 months of dis-
ease [33]. In another review of 38 patients aged 65 years or 
greater compared to 60 younger patients, peripheral neuropa-
thy, hypereosinophilia, antinuclear antibodies, and rheuma-
toid factors were found more frequently in the elderly patients. 
It was noted that the elderly patients underwent arteriographic 
studies less frequently. A 5-year survival rate of 69.8% was 
seen which was lower than that seen in the younger subset of 
patients. Infections were a major cause of morbidity and mor-
tality, and were thought to be related to treatment, particu-
larly cyclophosphamide. The authors recommended that 
glucocorticoids be used initially as monotherapy [34].

ANCA-Associated Renal Vasculitis

Sole or predominant renal involvement is a common presen-
tation of ANCA-associated vasculitis and is a major determi-
nant of morbidity and mortality. Approximately 20% of 
ANCA-associated vasculitis develop end-stage renal failure 
[56] but may be as high as 33–40% in patients aged 70 years 
or over [35, 36]. Renal involvement greatly influences both 
morbidity and mortality [37]. Acute renal insufficiency is a 
common problem in the elderly population. A study of acute 
renal insufficiency in patients above 60 years of age who 
underwent a renal biopsy revealed that the most common pri-
mary diagnosis was pauci-immune crescentic glomerulone-
phritis, found in 31.2% of cases. ANCA-associated 
vasculitides, both WG and MPA, have similar histologies 
with pauci-immune crescentic glomerulonephritis and are 
indistinguishable on biopsy [38].

In a review of 240 consecutive patients cataloged as 
ANCA-related renal vasculitis, 114 patients were above the 
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age of 65 years. No differences in ear, nose, throat, and CNS 
involvement were found in the two age groups. Age was the 
most important prognostic indicator followed by renal dis-
ease and infections. Elderly patients had more severe renal 
disease, positive ANCA, and less multisystemic disease. They 
were also more likely to present with exclusive renal involve-
ment. There is usually no delay in diagnosis and no difference 
in disease duration compared to that in younger patients. They 
respond as well to treatment as younger patient do and are as 
likely to undergo relapse [39]. More studies are needed in this 
subset of patients since the median age for ANCA-related 
renal vasculitis appears to be increasing [40].

In a study of the outcome in ANCA-related glomerulone-
phritis, the primary determinants were baseline glomerular 
filtration rate and the presence of chronic irreversible renal 
lesions. Active lesions such as fibrinoid necrosis and cres-
cent formation are associated with renal function recovery 
and may be reversible. This is a potent argument for renal 
biopsy prior to deciding the type and length of immunosup-
pressive therapy [41].

In patients with ANCA-related renal vasculitis, adverse 
events associated with therapy were a major contributor to 
death. First-year mortality was 29%, similar to that in other 
studies in the older population with renal impairment. The 
mortality in the first 6 months was dramatic. Infection is more 
likely in the elderly population and this may be related to a 
combination of diminished renal function and myelosuppres-
sion seen in older patients. The most common cause of death 
was pneumonia, irrespective of age. Increased risk of pneumo-
cystis pneumonia in patients with WG receiving glucocorti-
coids and cyclophosphamide is well documented [42]. 
Leucopenia is more common in patients on cyclophosphamide, 
regardless of age. Corticosteroids increase the risk of infec-
tions, but did not appear to increase the risk of infections in 
patients with ANCA-associated renal vasculitis [39].

Renal function declines progressively with age. In all, 
30% of healthy older adults (>70 years) have a glomerular 
filtration rate of <70 ml/min. There is an increase in half-life 
of cyclophosphamide by 24% in patients with renal insuffi-
ciency and a dose reduction of 20–30% is recommended. 
Interestingly, patients on hemodialysis, however, have only a 
slight lowering in the half-life of cyclophosphamide due to a 
25% loss of the cyclophosphamide dose to the dialysate. The 
timing of the cyclophosphamide dosing in relation to the 
hemodialysis is important. The dialysis should not be initi-
ated earlier than 12 h after cyclophosphamide infusion since 
drug removal into the dialysate is greatest during the early 
distribution phase of the medication. By giving the cyclo-
phosphamide infusion after 12 h of hemodialysis, the loss 
would be limited to the prolonged terminal elimination phase 
only. A study of renal function can help determine whether a 
25% dose reduction of cyclophosphamide in the elderly pop-
ulation is indicated [43].

Leukocytoclastic Vasculitis

Leukocytoclastic vasculitis (LCV) is an immune complex-
mediated disorder that affects the arterioles, capillaries, and 
venules. Clinically, it affects the skin with purpura-like 
lesions, but can present with ulcerations and nodules. Most 
LCVs appear in association with an underlying disease 
including connective tissue diseases, gastrointestinal disor-
ders, malignancies, and infections, but can be due to drugs 
and environmental agents [44]. In the elderly patients, medi-
cations, malignancies, and infections stand out as likely 
associations.

Henoch–Schönlein purpura is an IgA predominant 
immune complex disease that affects children, but on occa-
sions can also be seen in adults. Organs involved include gas-
trointestinal, renal, and peripheral nerves. Adults present 
with more organ involvement than children [45] and require 
more aggressive therapy. In a review of eight patients above 
the age of 64 years, disease appears to be limited to skin and 
renal involvement, with only one patient with gastrointesti-
nal symptoms [46]. Skin biopsy is simple and very helpful 
for diagnosis. Renal biopsy can demonstrate IgA deposition 
in the glomeruli.

Cryoglobulinemic vasculitis appears similarly with skin, 
kidney, joint, and peripheral nerve involvement and is 
strongly associated with IgM immune complexes related to 
hepatitis C antigens. Only a small minority of LCV are truly 
idiopathic [47, 48]. These immune complexes have the 
peculiar property of precipitating when exposed to lower 
temperatures. Other uncommon viral associations include 
HBV and human immunodeficiency virus (HIV). Nonviral 
causes include malignancies such as non-Hodgkin lym-
phoma, chronic lymphocytic leukemia, multiple myeloma, 
and Hodgkin’s lymphoma. Among CTD, Sjogren’s syn-
drome and systemic lupus erythematosus can demonstrate 
cryoglobulins.

Management is directed at the underlying disorder when 
possible. Glucocorticoids usually suffice to control tissue 
injury but on occasions, immunosuppressive therapy and 
plasmapheresis are required [49].

Special Considerations in the Management 
of Vasculitis in the Elderly Population

Disease in the elderly population poses special problems that 
are not seen in younger patients. In the case of multisystemic 
diseases such as vasculitis, there is layering of new injury 
onto organs that are already suffering from diminished func-
tion and chronic damage. These organs are fragile substrates 
for further insult. The proper partitioning of organ dysfunction 



20320 Medium- and Small-Vessel Vasculitis

between a reversible or inflammatory injury and an  irreversible 
damage is crucial in the management of these patients. A 
thorough baseline evaluation of the target organs is a prereq-
uisite for rational subsequent decisions. Aggressive manage-
ment may cause more harm to the patient than the vasculitis 
when organ function is perceived to be potentially respon-
sive to treatment. In an excellent article, Dr. Carol Langford 
of the Cleveland Clinic has thoughtfully reviewed the man-
agement of the geriatric vasculitis patient [50]. We will 
attempt to build upon this foundation.

Baseline Organ Function

Deterioration of organ function is part of aging. Renal func-
tion declines progressively with age. Thirty percent of 
healthy older adults (>70 years) have a glomerular filtration 
rate below 70 ml/min [51]. Injury by vasculitis will drop 
renal function further and lead to renal insufficiency. Renal 
function is pertinent to treatment as well and must be taken 
into account in dosing of cyclophosphamide [43] and metho-
trexate. Reduction of cyclophosphamide by 25% is recom-
mended in the elderly people, but may not be necessary in 
patients on hemodialysis [43]. Azathioprine is not contrain-
dicated in renal failure and dose adjustment is not necessary. 
Renal biopsy is relatively safe in the elderly patients [52] and 
has been recommended to be performed routinely in those 
with clinical evidence of dysfunction by some investigators 
[53]. In younger patients, it is accepted that the underlying 
condition of the organs is good and, therefore, recovery is 
likely. This assumption cannot be made in the elderly patients 
and a more nuanced approach is required.

Cardiac and pulmonary function should be evaluated, par-
ticularly when there are indications of dyspnea, cough, 
arrhythmias, pulmonary infiltrates, and hypoxemia [54]. 
Consider gastroesophageal reflux as a cause of wheezing, 
cough, and dyspnea.

Comorbid Conditions

Elderly patients frequently have preexisting conditions such 
as atherosclerosis, heart failure, diabetes mellitus, chronic 
obstructive lung disease, hypertension, and diminishing kidney 
function. Deterioration of organ function may be attributed 
to vasculitis when it is the result of worsening heart disease, 
COPD, infection, or pre-renal insufficiency. Pauci-immune 
crescentic glomerulonephritis superimposed on diabetic 
glomerulosclerosis is common in the elderly people. Loss of 
function in this setting may be incorrectly attributed to the 
vasculitic  disorder [55].

Infection

Infections are a major complication and a cause of  considerable 
morbidity and mortality. In WG, infections are reported fre-
quently, at 76% of hemodialysis-dependent patients [56]. In 
long-term follow-up of Wegener’s granulomatosis, infections 
occurred in 31% of patients (Table 20.3) [57]. It is felt to be the 
number one cause of death in patients with WG [58]. It is dif-
ficult to separate the many factors that increase the susceptibil-
ity to infections; age, preexisting conditions, senescent immune 
system, treatment, and the vasculitis itself play a role. Both 
viral and bacterial infections including reactivation of herpes 
zoster and pneumonia are the most common. In a WG cohort, 
the majority of infections occurred within the first 3 years, with 
20% of all infections within the first year. Cyclophosphamide 
and glucocorticoids are independently associated with a higher 
risk of a major infection [57]. These problems have been mini-
mized by reduction of immunosuppressive therapy, 
Pneumocystis jivoreci prophylaxis with sulfamethoxazole/
trimethoprim, and timely immunizations with inactivated vac-
cines for pneumonia and influenza. Live vaccines such as that 
for the prevention of herpes zoster are to be avoided. Patients 
on hemodialysis for ANCA-associated vasculitis are particu-
larly susceptible to infections while experiencing less relapses 
of disease [56]. Earlier discontinuation of immunosuppressive 
therapy, at 6 months, may be appropriate in this group.

Glucocorticoids

Glucocorticoids are used regularly in the management of vascu-
litis. Adverse events associated with glucocorticoids are well 

Table 20.3 Major infectious episodes in 35 patients with Wegener’s 
granulomatosis

Totals Subtotals

Viral infections 19
Herpes zoster  9
Cytomegalovirus  3
Herpes simplex  2
Hepatitis B  2
Othera  3

Bacterial infections 33
Pneumonia 16
Prostatitis  5
Cellulitis  4
Septicemia  2
Otherb  5
Total 52
aHerpes simplex (2), AIDS/toxoplasmosis (1), sincytial respiratory 
virus bronchiolitis (1)
bGastrointestinal infections (2), septic arthritis (1), suppurative lymph-
adenitis (1), septic fever (1), spondylodiscitis (1). Modified from 
Charlier et al. [57] Used with permission
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known and have been studied extensively in  rheumatoid arthritis 
[59]. The impact on the elderly  population was noted in a study 
in which 58% of 43 patients with giant cell arteritis developed 
major steroid-related complications [60, 61] (Table 20.4). 
The adverse effects are broad and include bone, gastrointestinal, 
ocular, cardiovascular, and psychiatric symptoms; glucose 
metabolism; and infection. In a mailed survey, respondents on 
chronic glucocorticoid regimen for rheumatoid arthritis had at 
least one dose-dependent adverse event, including weight gain, 
cataracts, and fractures among the most serious [62]. The impact 
on the elderly population would be expected to be greater.

Osteoporosis

Demineralization of bone is a common problem with age and 
the use of glucocorticoids [63]. The risk of bone loss was 
found to increase within 3–6 months after the start of oral 
glucocorticoid therapy. The consequence is an increased 
incidence of fractures [61, 62]. The relative risk of fracture in 
patients with PMR is fourfold in both men and women [61]. 
In a cross-sectional cohort of patients with ANCA-associated 
vasculitis, 57% were found to be osteopenic and 21% were 
osteoporotic [64]. Initial evaluation of bone density and vita-
min D status should be performed in all patients and fol-
lowed by management of bone calcium deficiency with 
calcium, vitamin D, and biphosphonates when indicated. An 
evaluation of fall risk is important as well.

Glucose Intolerance and Diabetes Mellitus

Glucose intolerance increases with age. At age 70 years, 
32% of Europeans demonstrate either glucose intolerance or 
frank diabetes [65]. In patients with PMR, the risk of diabe-
tes mellitus was twofold greater than that in a comparative 
population. The average daily dose of glucocorticoids was 
9.6 mg in this study [61]. This would be lower than the 
dose in patients with active vasculitis, so the incidence of 
glycemic dysfunction is probably higher in the latter patients. 

Monitoring blood sugars and instituting an exercise and 
weight reduction program is necessary in patients who receive 
glucocorticoid treatment.

Cataracts

A causal relationship between glucocorticoid use and poste-
rior subscapular cataracts has been well documented, but 
less so for the nuclear cataract [66]. In a population-based 
study, a >2.5-fold increased risk of cortical cataracts was 
found in glucocorticoid users compared with none users 
[67]. This increase in risk has been seen in the long-term 
follow-up of PMR patients [61]. An ophthalmologic evalua-
tion before and at regular intervals during treatment would 
detect cataract formation or progression and minimize the 
functional impact of this problem.

Myopathy

Proximal weakness of the limbs and neck flexors has been 
described in patients on glucocorticoids. The serum muscle 
enzymes are normal, there is an absence of inflammation, 
and only a selective atrophy of type 2 muscle fibers is 
observed on histologic examination of the muscle. This is in 
contrast to inflammatory myopathy, which is associated with 
elevated muscle enzymes, inflammatory changes, and 
destruction of muscle fibers on biopsy. In rats given high 
doses of glucocorticoids, similar noninflammatory changes 
are seen in the muscle biopsy. The impact of glucocorticoids 
on critically ill intensive care patients may be similar to that 
described in these rats, but the evidence is still contradictory 
[68]. Close monitoring for hyperglycemia and avoiding pro-
tein deprivation may be important during the critical periods 
of disease. It should be noted that the myopathy improves 
with the tapering of the glucocorticoid dose.

Polypharmacy

Polypharmacy is a common situation in the elderly people 
when a new illness such as vasculitis appears. The unique phar-
macokinetics and pharmacodynamics seen in the elderly peo-
ple is associated with increased drug reactions and interactions 
[69]. Some dramatic interactions include those caused by urate-
lowering agents such as allopurinol and febuxostat. Inhibition 
of xanthine oxidase can lead to the unintentional accumulation 
of active metabolic products of azathioprine. Doses need to 
be reduced to 25% of the  original dose in order to avoid 
bone  marrow suppression. Trimethoprim/sulfamethoxazole, 

Table 20.4 Risk of adverse events among patients with polymyalgia 
rheumatica compared with age- and sex-matched individuals from the 
same community a

Event

Risk ratio

Males Females

Diabetes mellitus 2.0 2.2
Vertebral fracture 3.9 4.8
Femoral neck fracture 2.8 2.7
Hip fracture 2.0 1.7
Modified from Gabriel et al. [61] Used with permission
aRisk ratio determined by Cox proportional hazards regression analysis
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which is used as prophylaxis for pneumocystis pneumonia, 
will increase the serum levels of methotrexate to potentially 
toxic levels. Use of immunosuppressive drugs can lead 
to cytopenias, infections, anemias, and bleeding. Frequent 
monitoring of the hematologic parameters and organ toxicity 
is  recommended. Overall, simplification of the preexisting 
therapeutic regimen and awareness of potential complications 
should be performed early and throughout the management of 
patients with vasculitis.

Conclusions

Based on available information, the clinical presentation of 
small- and medium-vessel vasculitis appears to be similar in 
the elderly compared to the younger population. In the 
elderly population, however, mortality is higher, particularly 
in the first 6 months to a year, most likely because of the 
strain placed on the fragile systems and especially the dimin-
ished reserve function of the kidneys. As epidemiological 
studies have revealed the fact that small- and medium-vessel 
vasculitides are more likely to occur with advancing age, 
more attention must be directed to the complexities of the 
diagnosis and management of this group.

Treatment regimens must be tailored to meet the specific 
demands of the elderly population. Quality of life issues, the 
role of comorbid conditions, and the acceptance of irrevers-
ible injury must be taken into account. Alternate but less 
aggressive regimens with equal ability to improve outcomes 
must be sought. For example, in a review of the management 
of CCS with cyclophosphamide and glucocorticoids, no dif-
ference in relapse or serious adverse events was found when 
comparing regimens of 6 and 12 months duration [70].

Aggressive early management can be followed by a more 
benign regimen. In a temporal arteritis treatment protocol, 
one group initiated therapy with three boluses of glucocorti-
coids at 15 mg/kg of ideal body weight/day for 3 days fol-
lowed by a maintenance dose of prednisone and a second 
group followed the standard initial oral dose of prednisone at 
40 or 60 mg, with subsequent tapering based on the clinical 
needs. This initial parenteral maneuver allowed lower main-
tenance doses subsequently in this first group [71].

A thorough evaluation of baseline organ status can pay 
high dividends in subsequent decision making. Irreversible 
organ injury detection will avoid subsequent fruitless therapy 
with increasingly toxic medications. Increased surveillance 
regarding infections, and periodic evaluation for adverse 
effects of glucocorticoids such as osteoporosis, cataracts, 
and muscle weakness may also improve outcomes and 
impact therapeutic decisions (Table 20.5). A frank conversa-
tion with the patient will help set realistic expectations and 
influence the treatment regimen.

Evidence-based medicine in older people is limited and rec-
ommendations are usually extrapolated from studies heavily 
influenced by the less common healthy older subjects or by 
arbitrary exclusion of certain age groups [72]. Studies must be 
designed using a more representative population and with new 
endpoints beyond the traditionally accepted ones (mortality, 
relapse, cure rate, and infectious complications) to encompass 
outcomes related to quality of life and reversible organ injury. 
As it becomes clear that many forms of vasculitis primarily 
impact the elderly population, study designs and appropriate 
treatment plans can be developed.
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Abstract The incidence of gout increases with age and it 
is related to comorbidities and longevity. It is especially 
important for those caring for our aging population to 
provide accurate diagnosis, and adequate and effective 
treatment [1]. Hyperuricemia and gout are associated with 
cardiovascular disease and other features such as the meta-
bolic syndrome [2] occur more often as renal function (and 
urate clearance) declines as it does during aging. Acute 
painful gouty arthritis can be induced with the use of needed 
drugs in elderly patients such as diuretics. Gout, although 
uncommon in premenopausal women, occurs commonly 
in women past the menopause. This is in part due to the 
loss of the urate-lowering effect of estrogen. Although the 
general features of effective treatment have changed little, 
some detail can allow improved use of current modalities. 
In addition, some newer agents are becoming available and 
are important to understand.

Keywords Gout • Hyperuricemia • Aging

Accurate Diagnosis

Correct diagnosis is the first step in planning for medical 
care. Use of classical clinical features for diagnosis can be 
correct most of the time, but even meeting the American 
College of Rheumatology (formerly the American 
Rheumatism Association) classification criteria for gout is 
only about 80% specific [3]. Relying on serum urate level for 
acute diagnosis can be misleading as serum urate level may 
be lower than usual during attacks. Furthermore, many older 
patients with hyperuricemia have other causes of joint pain. 
Crystal identification in the joint fluid is widely accepted as 
the only definitive diagnostic test, but this is often not 

attempted. If a patient’s course and response are not what 
you expected from your clinical impression, aspiration of a 
joint effusion or a tophus is necessary.

Therapy for Acute Gouty Arthritis

Use of hourly colchicine is still widely cited in the text 
books, even though it was only based on a single placebo 
controlled study [4]. This almost invariably causes side 
effects including severe diarrhea. This regimen or nonsteroid 
anti-inflammatory drugs (NSAIDs) can be especially diffi-
cult to use in the elderly patients with varying degrees of 
diminished renal function. Local injections of depot corti-
costeroids can be dramatically effective and can avoid sys-
temic side effects in patients with inflammation in one or 
two joints. Colchicine 0.6 mg tid can be used for a few days 
if started early in an attack [4]. Systemic corticosteroids or 
adrenal corticotropic hormone (ACTH) can be given for pol-
yarticular flares if the patient is unable to tolerate oral treat-
ments. One new approach for acute gout is the use of COX-2 
selective NSAIDs, as shown in a trial with etoricoxib [5]. 
The use of COX-2 selective agents is associated with fewer 
gastrointestinal (GI) side effects, but is not necessarily safer 
in the presence of renal disease. In frail elderly patients with 
relative contraindications to many drugs, local cold packs 
with joint rest can help in natural resolution, which usually 
takes 10–14 days.

Treatment of the Underlying Hyperuricemia

Probably the most exciting new developments are in the 
management of hyperuricemia. A number of recent reports 
have clarified that one should aim for a target serum urate 
level of less than 6 mg/dl, as this is clearly below the level of 
about 6.8 mg/dl at which urate crystals precipitate from solu-
tion at body temperature [6]. Levels <6.0 mg/dl have been 
shown to decrease flares up. Although urate-lowering agents 
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are often prescribed, they are rarely titrated up to doses that 
achieve the desired serum urate level, thus the clinical benefit 
is underscored. Allopurinol can be given in doses up to 
800 mg/dl, or even more if needed, but it is often given at 
300 mg or less. In elderly patients with renal impairment, 
initial doses should be lower and increased gradually. The 
xanthine oxidase inhibitor is by far the most widely used 
urate-lowering agent, but recent studies have shown that 
some unexpected drugs are uricosuric and might be of value 
as adjuncts or in allopurinol allergic patients. These include 
losartan, fenofibrate and nicotinic acid [7, 8]. Some diet 
changes that can also lower serum urate level by 1–2 mg/dl 
include decreased consumption of meats and fish rich in 
purine, decreased carbohydrate intake, use of vitamin C or 
cherries, avoidance of fructose sweeteners, and avoidance of 
alcohol, especially beer [9, 10].

Agents under various stages of clinical development 
include pegylated uricase for intravenous use [11, 12]. 
Probably of greatest interest is the new xanthine oxidase 
blocker, febuxostat.

Febuxostat

This potent agent is a new class of xanthine oxidase (XO) 
inhibitor that is a totally different molecule than allopurinol 
and a more selective inhibitor of XO. Febuxostat is a non-
competitive inhibitor of xanthine oxidase and blocks the con-
version of hypoxanthine and xanthine to uric acid. Febuxostat 
given by mouth has minimal effects on other enzymes 
involved in purine and pyrimidine metabolism [13, 14]. 
It is mainly metabolized by glucuronide formation and oxi-
dation via the cytochrome p450 system in the liver. The drug 
and its metabolites are eliminated by urinary excretion. The 
drug is highly bound to plasma proteins. Thus, there is  
at least a theoretical concern that the free drug level may 
be increased in elderly patients with malnutrition and low 
serum albumin.

Febuxostat is generally well tolerated with mild or mod-
erate liver impairment at the dose of 80 mg/dl. Dosing 
changes are not required in the elderly patients. There are no 
clinically significant interactions with other commonly used 
medications in the elderly patients. Coadministration with 
desipramine suggested that febuxostat causes some mild 
inhibition of the CYP2D6 isoenzyme that was not clinically 
significant.

In a 4-week study on gout patients with serum urate levels 
over 8 mg/dl, 40, 80, and 120 mg of febuxostat all three doses 
lowered serum urate to less than 6 mg/dl in 76 and 94% at 28 
days compared to 0% in the placebo group. In 6 months exten-
sions, 74–81% of patients had serum uric acid (SUA) level 
less than 6.0 mg/dl, most were taking febuxostat 80 mg/day.

In a large study involving 762 patients, doses of 80 or 
120 mg of febuxostat were more likely to reach a target of 
three consecutive serum urate levels less than 6 mg/dl than 
was seen with 100 mg of allopurinol. Of those on 120 mg, 
62% met this end point [15].

Tolerability during studies has been excellent. Diarrhea 
and mild elevation of liver function tests have been seen in 
less than 10% patients. Some of these occurred during coad-
ministrating with colchicine for flare prophylaxis. Monitoring 
should focus on periods while patients are on both agents.

One of the major attractions of febuxostat will be its likely 
efficacy and safety in patients with allopurinol hypersensitiv-
ity. To date, eight patients with rashes while on allopurinol 
have been treated with febuxostat [14]. One patient had a 
transient facial rash that resolved quickly without stopping 
febuxostat. Another patient had a trunk rash; febuxostat was 
withheld briefly, and then resumed with recurrence of rash. 
Extensive experience on allopurinol allergy will probably be 
obtained now that febuxostat is on the market. Other rashes 
have been reported in patients taking febuxostat, but none 
have been severe.

Febuxostat should be considerably easier to use than 
allopurinol in patients with renal disease as renal insuffi-
ciency with creatinine level up to 2.0 mg/dl does not affect 
tolerability or efficacy. Because febuxostat rapidly lowers 
SUA levels, gout flares can occur in patients treated with the 
drug. Prophylaxis with colchicine 0.6 mg/day can decrease 
the likelihood of these flares. The risk for flares diminishes 
over time, but colchicine prophylaxis should probably con-
tinue until any visible tophi are gone and the serum urate 
level is less than 6 mg/dl for 6 months. Since febuxostat 
works rapidly, serum urate level can be checked every 2 
weeks to adjust the dose of febuxostat until the uric acid level 
of <6 mg/dl is achieved.

Febuxostat is a very potent urate-lowering agent that is 
consistently more effective than 300 mg of allopurinol. This 
agent will provide an important new alternative for use in the 
comprehensive management of gout.

Compliance of Gout Medications in Elderly 
Patients

Briesacher et al. [16] have carried out a study to compare 
drug adherence rates among patients with gout, hypercholes-
terolemia, hypertension, hypothyroidism, osteoporosis, sei-
zure disorders, and type 2 diabetes mellitus in a longitudinal 
study. A total of 706,032 adults with at least one of the seven 
medical conditions and with incident use of drug therapy for 
that condition were studied using Health Care Claims data 
from 2001 to 2004. Drug adherence was measured as the sum 
of the days’ supply of drug therapy over the first year observed. 
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Covariates were age, sex, geographic residence, type of health 
plan, and a comorbidity score calculated using the Hierarchical 
Condition Categories risk adjuster. Bivariate statistics and 
stratification analyses were used to assess unadjusted means 
and frequency distributions. During the first year of drug 
therapy, the adherence rate for gout patients was only 36.8%, 
compared to 80, 68.4, 65.4, 60.8, 54.6, and 51.2% for those 
with hypertension, hypothyroidism, type 2 diabetes, seizure 
disorders, hypercholesterolemia, and osteoporosis, respec-
tively. This uniform comparison of drug adherence revealed 
modest variation across six of seven diseases, with the outlier 
condition being gout. We should do a better job to educate 
our elder patients when we give them the medications 
for gout.

Disease-Related and All-Cause Health Care 
Costs of Elderly Patients with Gout

Even though gout is an ancient disease, its prevalence has 
increased in recent decades, especially among older adults. 
Wu et al. [17] published a study in 2008 aimed to assess 
health care utilization and costs from a third-party payer per-
spective, to evaluate health care costs related to tophi, and to 
explore the relationship between elevated SUA level, an indi-
cator of disease control, and health care utilization.

Data were extracted from the Integrated Healthcare 
Information Services (IHCIS) claims database (1999–2005). 
The data included approximately 40 private health plans in 
USA for approximately 13 million beneficiaries, 4% of 
whom are aged 65 years or older. Patients were included in 
the study if they had two diagnoses of gout ([ICD-9-CM] 
code of 274.xx) on separate medical claims or one gout diag-
nosis plus at least one gout-related pharmacy claim (i.e., 
allopurinol, probenecid, colchicine, or sulfinpyrazone). 
Additionally, the patients were at least 65 years old at the 
first diagnosis date (study index date) and had 1 year of con-
tinuous eligibility both before and after the study index date. 
A comparison sample of elderly members without gout was 
selected using a 1:1 match to gout patients based on age, 
gender, and geographic region.

Patients with possible tophi were identified from at least 
one medical claim with an ICD-9-CM code 274.8x 
(274.81 = gouty tophi of the ear; 274.82 = gouty tophi of 
other sites except ear; and 274.89 = gout with other speci-
fied manifestations) during the 12-month study period fol-
lowing the study index date. Additionally, a subgroup of 
gout patients with at least one SUA measurement was 
selected. Patients were divided into three groups according 
to their SUA level on the earliest test date (SUA index date): 
low (<6 mg/dl), moderate-high (6–8.99 mg/dl), and very 
high (> or =9 mg/dl).

Health care utilization was categorized into inpatient 
 services, outpatient services, emergency room services, other 
medical services, and use of prescription drugs. Medical 
 services were classified by the place of service indicated in 
the claim. Medical services costs and pharmacy costs were 
defined as the amount paid to the provider plus member cost 
share (e.g., co-payments).

Two types of costs were assessed in the analysis: total all-
cause health care costs and gout-related costs, defined as costs 
associated with a claim with a primary or secondary diagnosis 
of gout (ICD-9-CM code 274.xx). Differences in total all-
cause health care costs were calculated by comparing gout 
patients and gout-free members during the 12-month period 
following the study index date; gout patients with and without 
tophi during the 12-month period following the study index 
date; and gout patients across the three SUA categories during 
the 12-month period following the SUA index date. Multivariate 
regression analyses were used to control for patients’ baseline 
demographics, prior comorbidities indicated by the Deyo–
Charlson Comorbidity Index, and number of medications used 
during the 12 months prior to the study index date.

The study revealed that over the 7 years of claims data 
through 2005, there were 11,935 gout patients aged 65 years 
or older. The average age of the study sample was 71.4 years. 
These patients were predominantly male (73.5%). In the 12 
months following the study index date, the mean unadjusted 
per-patient gout-related health care cost was $876 (standard 
deviation $3,373) in 2005 dollars, 5.9% of the total all-cause 
health care cost of $14,734 (SD $27,401) for gout patients. 
Unadjusted total 12-month all-cause health care cost for the 
gout-free members was $9,219 (SD $20,186). After statisti-
cal adjustment for comorbidities, the difference in total 
12-month all-cause health care costs between gout patients 
and gout-free members was $3,038 (P < 0.001).

In the second subgroup analysis, a diagnosis with possible 
tophi was found in 2% (n = 240) of gout patients in the sample. 
After statistical adjustment for comorbidities, the difference in 
total 12-month all-cause health care costs between gout patients 
with and without tophi was $5,501 (P < 0.001), and the differ-
ence in total adjusted 12-month gout-related costs between 
patients with and without tophi was $1,710 (P < 0.001).

In the subgroup analysis among the 2,237 (18.7%) patients 
with at least one SUA measure, 28.3% had a low SUA level, 
52.4% had a moderate-high SUA level, and 19.3% had a very 
high SUA level. For patients with low, moderate-high, and 
very high SUA levels, regression-adjusted gout-related costs 
in the 12 months following the SUA index date represented, 
respectively, 2.9, 2.7, and 3.9% of total regression-adjusted 
health care costs. As expected, the group with a very high 
SUA level had significantly higher regression-adjusted total 
12-month all-cause health care costs and gout-related costs 
compared with those with a low SUA level ($3,103 and $276 
higher, respectively).
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In summary, the study demonstrated that elderly patients 
with a diagnosis of gout have higher all-cause health care 
utilization and costs compared with matched elderly patients 
without a diagnosis of gout. Gout-related costs represent 
about 6% of total health care costs in elderly patients. Very 
high SUA levels (i.e., ³9 mg/dl) and diagnoses suggesting 
possible tophi are associated with increased utilization and 
costs in elderly gout patients.

Conclusions

In conclusion, gout is an inflammatory arthritis due to mono-
sodium urate. The condition is prevalent among geriatric 
patients and can present as acute mono- or oligoarticular dis-
ease, or as a chronic polyarthropathy resembling osteoarthri-
tis or rheumatoid arthritis. Gout in the geriatric patient is a 
common disease affecting both men and women. It has sig-
nificantly increased disease-related and all-cause health care 
costs. Its accurate diagnosis and adequate and effective treat-
ment will be very beneficial to the overall health of elderly 
patients and decrease health costs in general for our society.
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Abstract Crystal arthropathies commonly affect the elderly 
people and have been associated with the development of 
osteoarthritis. This chapter will detail the clinical features of 
and treatment for calcium pyrophosphate deposition disease 
and other forms of calcium-containing crystal-associated 
arthropathies.

Keywords Calcium pyrophosphate dihydrate • Basic calcium 
phosphate • Hydroxyapatite • Calcium oxalate • Steroid 
crystals • Osteoarthritis • Musculoskeletal ultrasound • Aging

Introduction

Advancing age is the strongest risk factor for deposition of 
calcium-containing crystals such as calcium pyrophosphate 
dihydrate (CPPD), basic calcium phosphate (BCP), hydroxy-
apatite (HA), and calcium oxalate (CaOX) crystals in the 
elderly people. The deposition of calcium-containing crys-
tals in connective tissue may be asymptomatic or associated 
with several clinical syndromes. We will discuss recent epi-
demiology, pathogenesis, and etiology of calcium-containing 
crystals and less common crystals, and how to best manage 
these diseases in the elderly people. Osteoarthritis (OA) is 
also considered a disease of the aging population and both 
CPPD crystals and BCP have been linked to OA. We will 
discuss their relationship with aging.

Calcium Pyrophosphate Deposition Disease

Calcium pyrophosphate deposition disease comprises a 
spectrum of clinical syndromes with alternative names 
representing specific clinical and radiographic features 

of limited applicability and include chondrocalcinosis, 
pseudogout, and pyrophosphate arthropathy. Chondro-
calcinosis represents radiographic calcification in the hya-
line and/or fibrocartilage, commonly present in CPPD 
deposition disease, but this is neither absolutely specific 
for CPPD nor universal among affected patients. 
Pseudogout is the name given to the acute arthritis associ-
ated with CPPD crystal-induced synovitis. It is one of the 
major causes of acute monoarticular and oligoarticular 
arthritis in the older patients. However, the majority of 
individuals with CPPD crystal deposition never experience 
such episodes. Pyrophosphate arthropathy refers to the 
joint disease or radiographic abnormality accompanying 
CPPD crystal deposition disease, which is evidence of 
aberrant inorganic pyrophosphate metabolism in the patho-
genesis of CPPD deposition disease.

Epidemiology

The incidence of chondrocalcinosis increases with various 
factors, such as trauma, but is most closely linked with 
advanced age and OA. Radiographic surveys of the knees, 
hands, wrists, and pelvis have demonstrated an age-related 
increase in the prevalence of calcium pyrophosphate deposi-
tion according to age: 15% prevalence between ages 65 and 
74 years, 36% prevalence between ages 75 and 84 years, 
and 50% prevalence in patients greater than 84 years of age 
[1–4]. The Framingham study noted that the overall pres-
ence of radiographic chondrocalcinosis was 8.1% in patients 
over 63 years of age. In people older than 60 years, the prev-
alence of chondrocalcinosis in knee joints was 20%. This 
value increased to greater than 50% in patients older than 90 
years of age [5]. Similarly, an English community study 
found the incidence of chondrocalcinosis to be 3.7% in 
patients aged 55–59 years and 17.5% in patients aged 80–84 
years [6]. In a recent study, chondrocalcinosis was estimated 
to be present in nearly 50% of the population older than 80 
years [7].
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Clinical Manifestations

The clinical spectrum of CPPD crystal deposition dis-
ease includes asymptomatic disease, pseudogout, pseudo-
rheumatoid arthritis, pseudo-OA with or without superimposed 
acute attacks, pseudo-neuropathic joint disease, and spinal 
and other soft tissues involvement [8] (Fig. 22.1). Familial 
forms of pseudogout present with three phenotypes: early 
onset, polyarticular (poor prognosis); later onset, oligoarticu-
lar (better prognosis); and OA of variable severity (“pyro-
phosphate arthropathy”). The chronic pseudogout forms 
include pseudo-rheumatoid arthritis, pseudo-ankylosing 
spondylitis, and pseudo-neuropathic joint disease, involving 
chronic synovitis, deformities, and morning stiffness.

Most joints in which CPPD crystal deposition is readily 
apparent on radiographs are asymptomatic. Patients with 
apparent asymptomatic disease may have manifestations of 
an arthritic disorder such as higher frequency of wrist com-
plaints and genu varus deformity compared to age-matched 
control group without radiographic chondrocalcinosis [1]. 
Pseudogout is characterized by self-limited acute or subacute 
attacks of arthritis involving one or several extremity joints 
(monoarticular and/or oligoarticular arthritis, respectively) 
[9]. These attacks closely resemble gouty arthritis; pseudog-
out presents as intermittent flares and often is asymptomatic 
between flares. Trauma, surgery, or severe medical illness 
frequently provokes attacks of monosodium urate (MSU) 
and CPPD crystal-induced arthritis. Unlike gout, acute CPPD 
attacks typically start in the larger joints, such as the knees, 

wrists, and ankles, and rarely affect the great toe. Several 
unusual sites (e.g., the hip joints, trochanteric bursa, and deep 
spinal joints) may also be affected. However, differences in 
pattern of joint involvement in these two types of crystal-
induced arthritis are insufficient to permit definitive diagnosis 
without demonstration of the specific crystal type in the 
inflammatory joint fluid. Systemic findings such as fever, 
leukocytosis with a left shift in the differential count, and 
elevated sedimentation rate and c-reactive protein can occur, 
resembling pyogenic arthritis, osteomyelitis, and/or systemic 
sepsis in the elderly patient. Diagnosis must be confirmed 
with aspiration, Gram stain, and cultures of synovial fluid 
and evaluation of synovial fluid under polarized light micros-
copy. The diagnosis can be difficult to confirm secondary to 
the weakly birefringent nature of pseudogout crystals. It has 
been suggested that some CPPD crystals lack birefringence, 
thus making the diagnosis even more elusive [10]. Technical 
difficulty in identifying crystals is compounded by the idea 
that CPPD crystals may shed from articular cartilage inter-
mittently; aspiration between episodes of shedding may not 
provide evidence of crystals from the joint aspirate. Guidelines 
have been developed to assist in the diagnosis of CPPD dis-
ease. The diagnosis is absolutely confirmed when CPPD 
crystals are identified in synovial fluid aspirate by polarized 
light microscopy and chondrocalcinosis is seen on X-ray(s). 
Coexistence of MSU and CPPD crystals in a single inflam-
matory effusion is neither uncommon nor unexplained, given 
the increase in frequencies of both hyperuricemia/gout and 
chondrocalcinosis among elderly patients [11].

Fig. 22.1 Clinical presentations of CPPD deposition diseases. 
(a) Pseudo-RA with ulnar deviation, interosseous muscle atrophy, and 
metacarpophalangeal and wrist involvement. (b) Pseudo-arthritis. 
(c and d) Crowned dens-syndrome with calcification around the dens. 

Axial (c) and reformatted coronal (d) CT scan images at C1–C2 level 
with calcification of transverse ligament (arrowheads) and surrounding 
odontoid process (arrows)
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Pseudogout involving multiple joints can further confound 
the diagnosis. CPPD disease should always be on the differen-
tial in the elderly patient presenting with a clinical picture that 
resembles “sero-negative” rheumatoid arthritis (RA), with 
morning stiffness, synovial thickening, localized edema, and 
restricted motion due to active inflammation or flexion con-
tracture. They may present with prominent systemic features 
such as leukocytosis, fever, mental confusion, and inflamma-
tory oligo- or polyarthritis. The diagnosis of CPPD may still 
be possible even if the rheumatoid factor is positive, given the 
increasing likelihood of elevated levels of rheumatoid factor in 
the older population. In this setting, aspiration of joint fluid 
and radiography will assist in clarification of the diagnosis. 
Pseudogout typically does not cause the erosive disease that is 
often identified with RA. The term pseudo-RA has been coined 
to describe this nonerosive, asynchronous, inflammatory 
arthritis in which CPPD crystals are demonstrated in the syn-
ovial fluid. Approximately 50% of patients with CPPD disease 
show progressive joint degeneration  usually involving several 
joints, with episodes of acute inflammatory arthritis [12].

CPPD deposition disease can also mimic polymyalgia 
rheumatica (PMR). One group compared a cohort of pseudo-
PMR (PMR/CPPD) patients with actual PMR patients [13]. 
They found that increased age at diagnosis, presence of knee 
osteoarthritis, tendinous calcifications, and ankle arthritis 
carried the highest predictive value in patients presenting 
with PMR-like symptoms. However, the PMR/CPPD variant 
can be difficult to distinguish because both conditions can 
have elevated systemic inflammatory markers and both are 
steroid responsive.

CPPD crystal deposition involving the spine has been 
associated with a number of clinical manifestations. Spine 
stiffness, sometimes associated with bony ankylosis, can 
resemble ankylosing spondylitis or diffuse idiopathic skeletal 
hyperostosis (DISH). Such symptoms are more commonly 
seen in familial CPPD deposition disease rather than in the 
elderly people. However, crystal deposition in the ligamen-
tum flavum at the cervical spine levels has been associated 
with a condition called Crowned-dens syndrome [14, 15]. 
Although such calcification often remains asymptomatic, 
they can be associated with acute attacks of neck pain and 
stiffness, fever, and increased erythrocyte sedimentation 
rate, sometimes mimicking PMR and/or giant cell arteritis 
(GCA) or cervical neurological symptoms. Similarly, depo-
sition in the posterior longitudinal ligament at the lower 
levels of the spine may lead to spinal cord compression syn-
dromes or symptoms of either acute nerve compression or 
chronic spinal stenosis [16, 17].

Chronic hypomagnesemia, hypophosphatesic, hyperpara-
thyroidism, and hemochromatosis have been linked to chon-
drocalcinosis and pseudogout. Hypothyroidism has been 
associated with CPPD crystal deposition disease but the rela-
tionship less clearly demonstrable. In general, patients older 
than age 55 years newly diagnosed with CPPD do not need 

extensive evaluation for alternate metabolic causes unless 
there are other indications to do so. On the contrary, hyper-
parathyroidism and hypothyroidism tend to occur in older 
populations and it has been recommended that all patients 
with chondrocalcinosis should be screened despite age [18].

In addition to age, familial and metabolic syndromes pro-
vide a predisposition for CPPD disease. In the familial form, a 
gain-of-function mutation for the multipass transmembrane 
protein ANKH results in an increase in the transport of inor-
ganic pyrophosphate from the cell. Patients with ANKH muta-
tions are more likely to have early onset CPPD disease [19]. 
Similarly, patients with Gitelman’s disease, an inherited renal 
tubular disorder resulting in hypomagnesemia, hypokalemia 
with normal or high urinary potassium excretion, hypocalciuria, 
and normal blood pressure develop CPPD disease.

CPPD deposition can occur in other soft tissues such as 
bursae, ligaments, and tendons and may be sufficient to cause 
local nerve compression, such as carpal tunnel syndrome, 
[20–22] in the elderly patients.

Osteoarthritis and CPPD Disease

CPPD and OA are both prevalent in the elderly people and 
may potentially be connected. The exact role of CPPD in the 
pathogenesis of OA remains controversial. Thus far, it has 
been difficult to conclude if crystals preferentially form in 
damaged cartilage or if crystals cause changes that lead to 
osteoarthritis, or if the processes are unrelated.

Patients who received knee replacement surgery were 
found to have a 25–43% incidence of CPPD crystals in syn-
ovial fluid [23–25]. Positive correlations between the pres-
ence of CPPD/chondrocalcinosis and osteophytes have been 
identified as well [24, 26, 27]. Evaluation of the Boston 
Osteoarthritis Knee (BOK) study and the Health, Aging, and 
Body Composition (Health ABC) study suggested that there 
is a protective association between chondrocalcinosis and 
cartilage loss [28]. However, most studies claim that calcium 
crystals are linked to the cause of OA or that they worsen OA 
[24, 26, 27]. Cadaveric evaluations of 7,855 tali within 24 h 
of death have linked joint destruction of the ankle to pres-
ence of CPPD and BCP crystals. The ankle joint was evalu-
ated because osteoarthritis of the ankle joint is relatively 
uncommon. This study also confirmed crystals to be more 
common with advanced age [29, 30].

Additional support between OA and CPPD disease has 
come from pyrophosphate arthropathy. In contrast to OA, 
pyrophosphate arthropathy involves atypical joints such as 
elbows, wrists, and shoulders. Patients with familial forms of 
CPPD have exemplified this relationship because they 
develop severe and premature degenerative arthritis in atypi-
cal joints not commonly involved in OA [31, 32].
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Precipitators of Acute Pseudogout  
in the Elderly People

Diuretics are known to exacerbate gout, but they can also 
exacerbate pseudogout. Additionally, the incidence of chon-
drocalcinosis increases with chronic diuresis. It is hypothe-
sized that both loop and thiazide diuretics inhibit magnesium 
reabsorption by the renal tubules and can lead to hypomag-
nesemia and subsequent CPPD disease. This is of particular 
interest in the aging population as hydrochlorothiazide 
(HCTZ) is a common first-line antihypertensive agent and 
the elderly patients are more prone to congestive heart failure 
that requires chronic diuresis with loop diuretics.

In addition, multiple case reports have been described of 
pseudogout caused by bisphosphonate administration. Intra-
venous pamidronate, oral etidronate, and alendronate therapy 
have all been described in the elderly patients [33–36]. The over-
all mechanism behind this link is not completely understood but 
bisphosphonates are structurally similar to pyrophosphate. 
Clearly, the elderly population is more likely to require treatment 
with bisphosphonate for osteoporosis or diseases such as Paget’s.

Isolated and recurrent episodes of acute pseudogout have 
been associated with joint injections of hyaluronate [37, 38]. 
The mechanism of action is unknown: it has been speculated 
that phosphate present in the hyaluronate preparation may 
lower calcium concentrations, leading to CPPD crystal shed-
ding in patients with chondrocalcinosis. A similar phenom-
enon has been described with hypocalcemia following 
parathyroidectomy [39, 40] or after intra venous administra-
tion of pamidronate. Pseudogout attacks have also been 
described in neutropenic patients undergoing treatment with 
granulocyte colony stimulating factor [41, 42].

In addition to pharmaceutical exacerbation of pseudog-
out, surgical procedures and trauma can precipitate attacks. 

Joint lavage has been described to increase the incidence of 
pseudogout [43]. It has been hypothesized that joint lavage 
with fluid induced “crystal shedding” from CPPD crystals 
embedded in the joint tissue. Patients who underwent menis-
cectomy of the knee 20 years ago had a 20% incidence of 
chondrocalcinosis in the knee that was operated compared to 
4% chondrocalcinosis in the contralateral nonoperated knee 
[44]. Overall, the surgery most linked with CPPD pseudog-
out attack is parathyroidectomy [39, 40]. However, the inci-
dence of chondrocalcinosis or pseudogout attacks after 
parathyroidectomy has not been described.

CPPD Diagnosis

The “goldstandard” for establishing the diagnosis of CPPD 
crystal deposition disease is largely based upon the demon-
stration of CPPD crystals with characteristic rhomboid shape 
that display weakly positive birefringence under polarized 
light microscopy obtained from tissue or synovial fluid and/
or radiographic evaluation of affected joint(s). Screening of 
other frequently affected joints is recommended for patients 
in whom the diagnosis is suspected but X-rays of pertinent 
affected joints have not yielded a definitive diagnosis.

More recently, the use of new imaging modalities such as 
musculoskeletal ultrasound (MSKUS) provides the capacity 
to visualize crystal deposits within the joint structures. Even 
though no alternative technique to synovial fluid aspiration 
can be recommended, MSKUS has the capacity to visualize 
intra-articular crystal deposits with a characteristic ultra-
sonographic appearance. MSKUS crystals are deposited in 
the hyaline articular surface with hyperechoic enhancement 
of the outer surface of the hyaline cartilage (so-called double 
contour sign). In contrast, CPPD crystals are deposited 

Fig. 22.2 Musculoskeletal ultrasound images of gout and pseudogout. 
(a) Musculoskeletal ultrasound image of the first metacarpophalan-
geal joint (MTP). The presence of tophi (thin arrows) and character-
istic deposition of MSU crystals as hyperechoic enhancement in the 
superficial surface of the articular cartilage, as the “double contour 
sign” of gout (thick arrow). c cartilage, m metatarsal, p phalanx, t tendon. 

(b) Musculoskeletal ultrasound image of the knee. The presence of 
CPPD crystals as hyperechoic enhancement in the intermediate layer of 
the articular cartilage (thick arrows) with characteristic features as 
“beads in the rosary” of CPPD disease. c cartilage, Sfp suprapatellar fat 
pad, mc medial condyle, lc lateral condyle. Images kindly provided by 
Angel Checa, MD, Division Rheumatology, Drexel University
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within the intermediate layer of the hyaline cartilage with 
hyperechoic enhancement that resembles “beads in a rosary” 
[45, 46]. These ultrasonographic changes in the intermediate 
hyaline cartilage precede the radiographic changes seen in 
chondrocalcinosis. MSKUS may prove an alternative method 
for diagnosis of gout or pseudogout (Fig. 22.2), and in some 
cases may preclude the need for synovial fluid analysis. 
However, the limitations of MSKUS are that it cannot dif-
ferentiate the type of tophi deposition and/or exclude infec-
tion requiring diagnostic arthrocentesis. The clinical 
usefulness of MSKUS in the diagnosis and management of 
gout or pseudogout, however, will need to be established in 
prospective long-term studies.

CPPD Treatment

The management of an acute pseudogout attack (Fig. 22.3) 
is quite similar to that of gout. The effectiveness of colchi-
cine in CPPD deposition disease is less predictable than in 
gout. Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
usually the treatment of choice, and if one or two large joints 
are involved, arthrocentesis with corticosteroid injection is 
the best option. If NSAIDs and colchicine are contraindi-
cated, systemic corticosteroids may prove to be effective. 
However, bear in mind that systemic steroids can exacerbate 

acute delirium in the elderly patients, especially if they have 
underlying dementia.

Although NSAIDS are the treatment of choice, they are 
often contraindicated in the elderly patients. Colchicine and 
NSAIDS are contraindicated in patients with renal failure. 
Additionally, NSAIDS place the elderly patients at higher risk 
for developing renal insufficiency and increased sodium and 
water retention, leading to hypertension. In patients taking 
angiotensin-converting enzyme inhibitors, the adverse renal 
effects of NSAIDS may be also magnified. Gastric irritation 
and peptic ulcer disease are other side effects to take into con-
sideration. In particular, the elderly patients who are already 
on agents such as aspirin and coumadin for cardiovascular dis-
ease may not be good candidates for NSAIDS. NSAIDS have 
been linked to cognitive decline, dizziness, and delirium in 
some patients as well. For these reasons, it is important to 
monitor elderly patients on NSAIDS periodically for creati-
nine levels, signs of gastrointestinal bleeding, or anemia [47].

In contrast to MSU crystal deposition disease, there is no 
specific target therapy for lowering CPPD tophi load in the 
elderly patients who suffer from pseudogout. In an acutely 
inflamed monoarticular attack of pseudogout, drainage of 
fluid from the knee may be therapeutic in itself. If infection 
is ruled out, it is often easiest to treat by local injection of 
corticosteroids rather than committing an elderly patient to 
systemic steroid therapy. Crucial in the management of 
pseudogout in the elderly patients is the search for associated 

Fig. 22.3 Proposed algorithm for the management of pseudogout in the 
elderly people. ** Solumedrol-100–150 mg/day; corticotropin (ACTH) 
(H.P. acthar-r-gel) 25–40 USP units SC or IM once. NSAIDs nonsteroidal 

anti-inflammatory drugs, PO by mouth, IM intramuscular, USP United 
States Pharmacopedia, SC subcutaneous (Corticotropin zinc and corti-
cotropin aqueous Acthar (R) have been discontinued by the manufacturer)



218 E.B. Matson and A.M. Reginato

diseases, such hyperparathyroidism and hypothyroidism, as 
well as avoidance of tacrolimus, which facilitates or causes 
chondrocalcinosis. Correction of the underlying metabolic 
disorder, especially when undertaken early, may reduce the 
severity of pseudogout. However, no pharmacological treat-
ments prevent CPPD crystal formation and deposition in tis-
sues. The only commercially available agents of potential 
use are magnesium, calcium, and probenecid.

Magnesium

This cofactor of pyrophosphatases converts inorganic pyro-
phosphates into orthophosphates. In addition, it can increase 
the solubility of CPPD crystals. Early detection and manage-
ment of hypomagnesemia are recommended because it 
occurs in patients who have well-defined conditions and situ-
ations: Gitelman’s syndrome, thiazide and loop diuretics use, 
tacrolimus use, familial forms of renal magnesium wasting, 
short bowel syndrome, and intestinal failure in patients 
receiving home parenteral nutrition. Long-term administra-
tion of magnesium in some patients with chronic hypomag-
nesemia decreased meniscal calcification [48].

Dietary Calcium

Epidemiological studies showed a lower incidence of chon-
drocalcinosis in Chinese subjects. The authors speculated 
that this lower prevalence may be due to the high levels of 
calcium found in the drinking water in Beijing, which may 
affect parathyroid hormone secretion. If further studies con-
firm this hypothesis, use of dietary calcium could become a 
cheaper approach to pseudogout prevention [49].

Probenecid

This inhibitor of transmembrane pyrophosphate transporter 
is thought to possibly prevent extracellular pyrophosphate 
elaboration. However, this observation has not been con-
firmed by case reports or clinical trials [50].

Colchicine or Corticosteroids

In one small series of ten patients with recurrent episodes 
of pseudogout, colchicine 0.6 mg bid was associated with a 
marked reduction in the number of episodes at 1 year compared 

to without therapy [51]. Low dose colchicine, 0.6 mg/day, 
may be useful in preventing flares in the more chronic forms 
of pseudogout. Similarly, low dose prednisone, 5 mg/day, may 
also be useful in preventing flares.

Hydroxychloroquine or Methotrexate

For patients with chronic pseudo-rheumatoid CPPD deposi-
tion disease, hydroxychloroquine was shown to be better 
than placebo in a double-blind placebo-controlled study [52]. 
This study showed that hydroxychloroquine given at 200 mg 
po bid is effective in pseudogout that is refractory to other 
medications. Methotrexate given at 10–20 mg/week in asso-
ciation with folic acid (5–10 mg/week) was also found to be 
very effective, although the mean period before improve-
ment was as long as 7.4 weeks. Investigators observed sig-
nificant decreases in pain severity, frequency of attacks, and 
biomarkers of inflammation. Tolerance in older patients 
proved to be acceptable, and no significant adverse effects 
were reported [53].

Biologic Therapy

There are no published cases of pseudogout successfully 
treated with TNF-a (alpha) inhibitors. In a recent report, a 
patient with pseudogout that affected multiple joints 
responded to anakinra (100 mg/day SC) with resolution of 
the signs and symptoms of disease, and normalization of 
inflammatory markers after 2 weeks of treatment [54].

The current treatment for patients in whom joint degenera-
tion is the major manifestation of CPPD may require surgical 
intervention when non-pharmacological and pharmacological 
management have failed.

Basic Calcium Phosphate or Hydroxyapatite 
Deposition Diseases

Basic calcium phosphate and HA crystals are common but 
rarely diagnosed due to the cumbersome and expensive 
methods required to identify the crystals. BCP crystals are 
unable to be identified by light microscopy unless they con-
gregate into clumps that can appear as a stack of “shiny 
coins.” Multiple techniques including X-ray diffraction and 
electron microscopy with energy dispersive analysis have 
been shown to be specific for BCP crystal identification; 
however, the expense and technical knowledge required to 
conduct these techniques are prohibitive.
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BCP and CPPD crystals may coexist in synovial fluid. 
Similar to CPPD disease, BCP crystal disease is often con-
current with OA and can cause calcification of articular car-
tilage. BCP may be even more common than CPPD crystals 
with an occurrence of 30–50% in OA synovial fluid. The 
rates vary with the technique used to identify the crystal [23]. 
Additionally, BCP crystal disease has been linked to increased 
severity of OA. The presence of BCP crystals in knee joints 
radiographically signified more severe arthritis with larger 
effusions [55]. Similarly, BCP crystals in OA synovial fluid 
correlated with higher Kellgren–Lawrence scores by radiog-
raphy [23].

Milwaukee shoulder syndrome is a BCP-related destruc-
tion of shoulder articular cartilage and surrounding tissues 
that is commonly bilateral and occurs in elderly women 
more than men. Aspiration of the shoulder joint typically 
reveals a serosanguinous fluid. Fluid samples can be 
assessed for HA crystals by staining with alizarin red dye, 
which produces a characteristic “halo” or orange-red stain 
by light microscopy [56]. Surgical treatment of Milwaukee 
shoulder is difficult due to increased age of the population 
affected and the severity of the shoulder destruction. 
Usually, a conservative approach of analgesics, recurrent 
shoulder aspirations, and steroid injections is the best treat-
ment option.

CPPD and BCP Pathogenesis

Calcium and phosphate ions in biologic fluids exist in con-
centrations near the point at which mineral salt precipitation 
can occur. The balance between extracellular inorganic pyro-
phosphate (ePPi) and extracellular inorganic phosphate (ePi) 
levels in local tissues regulates both normal and pathological 
mineralization. The normal ratio of ePPi/ePi is tightly regu-
lated in the extracellular matrix. Lower values (ePPi < ePi) are 
associated with increased BCP crystal formation, while higher 
values (ePPi > ePi) are associated with CPPD crystal forma-
tion in the connective tissue matrix. Crystal formation may 
reflect elevated levels of either calcium or pyrophosphate 
(PPi), extracellular matrix changes that enhance local CaPPi 
supersaturation or a combination of these factors [57].

Three molecules closely regulate the ePPi/ePi levels: tis-
sue nonspecific alkaline phosphatase [58], enzyme ectonu-
cleotide pyrophosphatase/phosphodiesterase-1 (ENPP1) 
[59], and the ePPi transporter ank [60] (Fig. 22.4). ENPP1 
overactivity was observed in cartilage extracts from patients 
with CPPD disease [61]. ENPP1 is expressed in the cell 
membrane of chondrocytes and is capable of catalyzing the 
production of PPi by the extracellular hydrolysis of nucleo-
side triphosphates such as ATP [62]. One function of PPi 
appears to be binding to and inhibiting the growth of BCP 

Fig. 22.4 Enzymes involved in extracellular pyrophosphate (ePPi) and 
phosphate (ePi) generation leading to matrix calcification with calcium 
pyrophosphate dihydrate (CPPD) or hydroxyapatite (HA) crystal in 
aging and osteoarthritis. Excess PPi generation in aging and osteoar-
thritic cartilages is mediated in part by increased activity of the enzyme 
ectonucleotide pyrophosphatase/phosphodiesterase-1 (ENNP1) and 
ANK-mediated PPi channeling, leading to elevated ePPi and CPPD 

matrix calcification. Depending on the availability of substrate PPi and 
the activities of pyrophosphatases (PPase) and tissue-nonspecific alka-
line phosphatase (TNAP), the availability of nucleoside triphosphates 
(ATP, GTP, and ITP) and the activity of nucleoside triphosphatase 
(NTPAse), and other factors such as substantial local Mg++ concentra-
tion leads to HA matrix calcification, as opposed to CPPD matrix 
calcification
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Fig. 22.5 Role of interleukin-1b (beta) in crystal-induced arthritis by 
monosodium urate (MSU), calcium pyrophosphate dihydrate (CPPD), 
and hydroxyapatite (HA) deposition diseases. Monosodium urate (a), 
calcium pyrophosphate dihydrate (b), and hydroxyapatite (c) crystals 
precipitate or are shed from connective tissue of affected joints. These 
crystals are phagocytosed and internalized by monocytes, and activate 
the Natch domain, leucine-rich repeat, and PYD-containing protein-3 
(NALP3) inflammasome. NALP3 activation and recruitment of both 
the caspase-recruitment domain (CARD) and caspase-1 (Casp1) lead 
to the processing of pro-interleukin-1 (Pro IL-1b) into its biological 

active form interleukin-1b (IL-1b; Phase 1). IL-1b acts on the 
 synovial-joint resident cells via activation of the interleukin-1 recep-
tor (IL-1R) complex, leading to the recruitment of myeloid differen-
tiation primary-response protein 88 (MyD88) via Toll/interleukin-1 
receptor domain containing adaptor protein (TIR) to the activation of 
nuclear factor k (kappa)B (NF-kB) and other cytokines, chemokines, 
metalloproteinases (MMPs), and inducible nitric oxide synthetase 
(iNOS) involved in neutrophil recruitment and amplification of 
the inflammatory response, leading to an acute inflammatory arthritis 
(Phase 2)

crystals. Loss-of-function mutation of ENPP1 gene in a 
mouse strain (“tiptoe-walking” mouse) was associated with 
excessive axial skeletal mineralization with BCP crystals 
and eventual myelopathy [63].

Another line of evidence confirming the importance of 
extracellular ePPi/ePi ratio, thereby promoting or preventing 
soft tissue, cartilage, and periarticular mineralization, has 
come from another mouse disorder, murine progressive anky-
losis [60]. Loss-of-function mutations in the ank gene in 
homozygous mice results in decreased extracellular PPi levels 
and extensive peripheral and axial skeleton ankylosis with 
BCP material in the aging animal. Gain-of-function mutations 
in the human homolog of the ank gene (ANKH) in familial 
CPPD disease in five pedigrees of this putative PPi transport 
channel with chondrocalcinosis phenotype have confirmed 
the role of the transmembrane protein as a PPi transporter or 
regulator of a channel transporting PPi or PPi in chondrocytes 
[64–66]. In addition, mutations in or just upstream from the 
ANKH gene have been identified in individuals with idio-
pathic or sporadic form of CPPD deposition disease [67].

Crystal-Induced Inflammation

Crystal release from soft tissue and joints induces inflamma-
tion through mechanisms that involve toll-like receptors 
(TLRs), interleukin (IL)-1, and the NALP3 inflammasome 
[68]. Conflicting data have been reported regarding the role of 
TLRs in crystal-induced inflammation, although some of the 
observed differences may be accounted for by the different 
animal models from which these disparate data were derived 
[69–71]. However, the IL-1 receptor (IL-1R), which signals 
through its TLR adaptor protein myeloid differentiation fac-
tor 88 (MyD88), is critical for mediating inflammation 
induced by MSU, CPPD, and possibly BCP crystals [71, 72]. 
These crystals stimulate the activation of neutrophils and 
monocytes via the NALP3 inflammasome, which in turn leads 
to the activation of caspase-1 and IL-1 processing (Fig. 22.5). 
This pivotal role of the inflammasome and IL-1 signaling in 
response to certain crystals has been exploited by successful 
use of the IL-1R antagonist (anakinra) to treat refractory cases 
of gout and pseudogout [54, 73].
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Oxalate Crystal Disease

Oxalate crystal deposition disease can be identified in 
patients with primary hyperoxaluria types 1 and 2 (PH 1 
and 2) and in patients with end-stage renal disease (ESRD) 
on long-term hemodialysis (secondary oxalosis) [74, 75]. 
PH1 and 2 manifest at a young age and will not be discussed 
in additional detail. Secondary oxalosis can also be caused 
by increased oxalate absorption in patients with inflamma-
tory bowel disease; toxicity due to methoxyflurane, ethylene 
glycol, and ascorbic acid; and infection with Aspergillus 
niger [76]. The form of oxalosis most likely to pertain to the 
elderly people would be secondary oxalosis related to ESRD 
and hemodialysis. Without crystal identification, oxalate 
crystal-related arthritis may be difficult to distinguish from 
CPPD-, apatite-, or MSU-related disease. Calcium oxalate 
crystals can lead to chondrocalcinosis by plain X-ray. Oxalate 
crystals have a characteristic strong birefringence with an 
“envelope” shape.

Arthritis related to oxalate crystals most commonly 
involves the proximal interphalangeal and metacarpophalan-
geal joints with or without flexor tenosynovitis. Cases of 
acute podagra, or effusions of the large joints have been 
described as well as bursitis. Patients may also have skin 
lesions such as miliary calcified skin deposits on the digits 
and nose, or necrotic skin nodules [77]. Compared with all of 
the crystalline diseases, skeletal involvement is most com-
mon with oxalate crystals and can be difficult to distinguish 
from osteodystrophy related to ESRD. Radiographic charac-
teristics include diffuse osteosclerosis, hyperostosis, frac-
tures, pseudofractures, and erosions. Intervertebral discs 
may be prone to destruction by oxalate crystals, leading to 
back pain in dialysis patients [78].

Management of hyperoxalosis is difficult and includes 
avoiding high oxalate foods such as chocolate, rhubarb, tea, 
and spinach. Colchicine, NSAIDS, increased frequency of 
dialysis, and intra-articular corticosteroids are minimally 
effective [74, 79].

Depot Corticosteroid Crystals

Many elderly patients with advanced OA have limited options 
for surgical management due to medical comorbidities. In 
these cases, corticosteroid injections can be particularly useful 
in alleviating pain. Inflammation due to the corticosteroid itself 
is possible and typically occurs within 8 h of the injection, 
whereas an infection might develop over a longer period of 
time. Triamcinolone hexacetonide is more likely to cause this 
inflammatory reaction than other types of corticosteroid injec-
tions. Diagnosis is based on aspiration and identification of 
pleomorphic crystals with negative and positive birefringent 
characteristics [80].

Conclusions

Calcium-containing crystal-associated arthropathies are a 
complex array of entities that target the elderly population 
with higher frequency. Challenges still exist with diagnosis 
and identification of the crystals in question as well as treat-
ment due to coexistent conditions and polypharmacy that are 
common in our older patients. The overall morbidity associ-
ated with calcium-containing crystal-associated arthropa-
thies and the coexistent osteoarthritis is great, and focused 
identification of the disease process with tailored treatment 
can achieve the goal of decreasing symptoms and improving 
quality of life. The pattern of arthritis and comorbid condi-
tions as well as arthrocentesis with crystal identification 
under polarized microscopy and imaging modalities such as 
plain X-ray and MSKUS should all be utilized to achieve 
this goal whenever possible.
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Abstract Polymyalgia rheumatica (PMR) and giant cell 
arteritis (GCA) occur almost exclusively in persons aged 
³50 years. The prevalence in USA is 0.3% for PMR and 
0.1% for GCA. GCA occurs in at least 15% of PMR patients. 
About 40% of GCA patients exhibit symptoms of PMR.

PMR is characterized by sudden onset of shoulder and/or 
pelvic girdle pain with malaise and signs of inflammation. 
Typical symptoms for GCA are headache, swollen and 
tender temporal arteries, and jaw claudication. Ophthalmic 
complications such as anterior ischemic optic neuropathy, 
amaurosis fugax, or diplopia often occur in untreated disease. 
Large-vessel GCA particularly involves the proximal arm 
arteries. Symptoms may be less typical than in classic 
temporal arteritis.

ESR and CRP are highly elevated. Magnetic resonance 
imaging (MRI) or ultrasound shows glenohumeral synovitis, 
subdeltoid bursitis, biceps tenosynovitis, hip synovitis, and/or 
trochanteric bursitis in PMR. Ultrasound and MRI scans 
 display inflammatory wall swelling; ultrasound also detects 
stenoses and occlusions in acutely inflamed temporal arteries. 
Imaging is also a valuable tool for large-vessel GCA. 
Temporal artery histology displays mononuclear infiltrates, 
granulomas, and/or giant cells in acute temporal arteritis. 
Imaging may replace histology in experienced centers if 
 findings are typical.

Corticosteroids remain the mainstay of treatment. Starting 
doses are 15–25 mg/day of prednisone for PMR and 
40–70 mg/day for GCA. Dose reduction should be conse-
quent, always trying to reach the lowest effective dose. 
Methotrexate can be provided for those who need >10 mg/
day of prednisone. Low-dose aspirin reduces the incidence 
of ophthalmic complications in acute disease.

Keywords Giant cell arteritis • Polymyalgia rheumatica  
• Ultrasonography • Magnetic resonance imaging • Histology 
• Treatment

Epidemiology

Polymyalgia rheumatica (PMR) and giant cell arteritis 
(GCA), which is also called temporal arteritis, occur 
more often than previously thought. The estimated preva-
lence among adults in USA is 711,000 for PMR and 
218,000 for GCA [1]. GCA occurs in at least 15% of 
PMR patients. About 40% of GCA patients exhibit symp-
toms of PMR. Two-third of the patients are female [2]. 
The disease occurs almost exclusively in persons aged 
50 years or older. Most patients are aged between 70 and 
75 years.

Clinical Presentation

The following features represent a typical case of PMR:

Bilateral shoulder and/or pelvic girdle pain• 
Malaise and weight loss• 
Morning stiffness• 
Elevated erythrocyte sedimentation rate (ESR) and • 
C-reactive protein (CRP)

The new European League Against Rheumatism 
(EULAR) and American College of Rheumatology (ACR) 
classification criteria allow to classify polymyalgia rheu-
matica if ³ 4 points for clinical criteria or ³ 5 points for clini-
cal and ultrasound criteria are present together with new 
onset of bilateral shoulder pain, age ³ 50 years and elevated 
CRP and/or ESR (Table 23.1). The specificity of the criteria 
increases with use of ultrasound [3].
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In addition, patients with typical GCA exhibit the following 
features:

New onset of bilateral headache• 
Swollen and tender temporal arteries with reduced pulse• 
Jaw claudication• 
Amaurosis fugax, diplopia, or blindness due to anterior • 
ischemic optic neuropathy (AION).

Arteritis may be classified as temporal arteritis if three of 
the five following features are present [4]: Age ³50 years, 
new onset of localized headache, temporal artery tenderness 
or reduced pulse, ESR ³50 mm/h, and positive histology.

Headaches occur in 74%, tenderness and/or reduced 
temporal artery pulse in 64%, jaw claudication in 37%, and 
ophthalmologic complications in 32% of cases. ESR is 
³50 mm/h in 85% [5–7]. ESR and/or CRP is normal only in 
rare cases of acute disease [8].

The differential diagnoses listed in Table 23.2 should be 
particularly considered in PMR.

The differential diagnosis of temporal arteritis includes 
other diseases that cause headache. AION may be due to 
vasculitis, but it is more frequently related to embolism or 
arteriosclerosis in the same age group. Patients with non-
vasculitic AION exhibit headaches less frequently, and ESR 
or CRP tend to be lower (Table 23.3).

Imaging

In PMR, positron emission tomography (PET) displays 
increased fluorodeoxyglucose uptake not only in the 
shoulder and the hip region, but also often at the recessi 
paraspinosi of the cervical and thoracic spine [9]. Due to 
its high costs, PET is not feasible for routine diagnosis in 
most cases. Magnetic resonance imaging (MRI) shows 
more detailed anatomic pathology, such as small subdel-
toid bursitis, small glenohumeral joint effusions, and 

Table 23.3 Clinical features that aid in distinguishing vasculitic from embolic/arteriosclerotic AION [6]

Feature Arteritic AION Non-arteritic AION

Local symptoms Headache, jaw claudication, scalp tenderness None
General symptoms Malaise, weight loss, low-grade fever None
Time of vision loss Variable Often after awakening
Concomitant disease None Diabetes mellitus
ESR Elevated Normal or slightly elevated
Fundoscopy: optic disc Size normal, more often pale Smaller, more often hyperaemic
Natural history Improvement rare (about 10%) Improvement more often, up to 43%

Table 23.1 EULAR / ACR classification criteria for polymyalgia rheumatica

Feature ³ 4 of 6 points ³ 5 of 8 points

Morning stiffness > 45 minutes 2 2
Rheumatoid factor and/or a-CCP antibodies negative 2 2
Pelvic girdle pain/impaired motion of hip joint 1 1
Joint pain in other joints than shoulders and hips 1 1

Ultrasound: Bilateral shoulder effusion, bursitis and/or tenosynnovitis 1
Ultrasound: Uni- or bilateral shoulder condition and uni- or bilateral hip
synovitis and/or trochanteric bursitis

1

Table 23.2 Differential diagnosis of PMR

Diagnosis Features different to PMR Diagnostic procedures

Rheumatoid arthritis Joint swelling, particularly of hands, fingers, and toes Rheumatoid factor, anti-CCP antibodies, radiography 
of hands and forefeet

Localized shoulder disease  
(e.g., calcifying tendinitis)

Less general symptoms, lower CRP/ESR Shoulder radiography, ultrasound

Polymyositis More weakness than pain, slower response to steroids CK elevated
Malignancy CRP/ESR often less elevated Clinical examination, chest radiography, abdominal 

ultrasound, etc.
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tenosynovitis at the long biceps tendon [10]. Furthermore, 
hip joint synovitis and trochanteric bursitis occur in the 
pelvic region [11]. Even small cervical interspinous syno-
vitis has been recently described by MRI [12]. Ultrasound 
of the shoulders and of the hip region can display the same 
findings as MRI [13, 14]. This technique is cheaper, and 
an increasing number rheumatologists are performing 
ultrasound in their clinical practice. Inter-sonographer 
reliability is fairly good even at the shoulder, in which 
ultrasound examination is supposed to be more difficult 
than in most other joints [15, 16].

Imaging also plays an important role in GCA. Duplex 
ultrasound of temporal arteries delineates characteristic 
hypoechoic (dark) wall swelling of the common superficial 
temporal arteries and its branches in active GCA. It also 
depicts stenoses and acute occlusions of temporal arteries 
[17]. Less experience exists with contrast-enhanced MRI, 
but it also reveals were inflammation [18]. Wall changes usu-
ally disappear within 2–3 weeks with corticosteroid therapy 
[17]. Temporal artery ultrasound, MRI, and histology are 
positive in about 85% of patients with active GCA, respec-
tively. Ultrasound and MRI reach specificities of >95% with 
regard to the diagnosis [19–21]. Therefore, these methods 
may replace histology in clinically clear cases of GCA in 
experienced centers.

MRI and ultrasound as well as PET, computed tomography 
(CT), angiography, and magnetic resonance angiography 
(MRA) have been used to delineate extracranial arteries in 
GCA (see below; large-vessel GCA) [22–28]. MRI, CT, and 
ultrasound delineate characteristic circumferential pathogno-
monic wall thickening. Angiography and MRA show charac-
teristic smooth stenoses. Angiography allows angioplasty and 
stenting in large arteries. PET depicts characteristic fluorode-
oxyglucose uptake in inflamed large arteries. The uptake in 
the arteries should exceed the uptake in the liver [29]. 
Ultrasound has the highest resolution but fails to visualize 
large parts of the thoracic aorta. Table 23.4 compares imaging 
techniques in the diagnosis of GCA.

Histology

There is still a place for temporal artery biopsy for suspected 
temporal arteritis in centers that are less experienced with 
imaging, in particular with ultrasound of the temporal 
and axillary arteries, and in cases with ambivalent clinical and 
imaging findings. Positive histology includes at least one of 
the following: Mononuclear cell infiltrates, granulomas, and/
or giant cells [4]. Histology can be falsely negative in GCA 
because of skip lesions. Nevertheless, the length of biopsy 
probably does not need to exceed 1 cm [30, 31]. Histology 
seems to be positive for a longer time than imaging after start 
of treatment [32]. Severe histologic changes correlate with the 
incidence of neuro-ophthalmic complications [33, 34].

Large-Vessel GCA

GCA often involves extracranial arteries. This entity has 
been called “large-vessel GCA” [35, 36]. The subclavian and 
axillary arteries and the thoracic aorta are most commonly 
involved. Other arteries such as vertebral, renal, femoral, and 
popliteal arteries may also exhibit vasculitis. Temporal artery 
histology or ultrasound is positive in only about 60% of cases 
with large-vessel GCA [35, 36]. Ultrasound, MRI, MRA, 
CT, angiography, and PET exhibit characteristic wall changes 
as mentioned above. Large-vessel GCA has been diagnosed 
more often because of increased use of imaging.

About 45% of our patients with newly diagnosed GCA 
have large-vessel GCA in terms of proximal arm vasculitis. 
In comparison to classic cranial GCA, the prevalence of 
PMR is similar (about 45%), patients with large-vessel GCA 
are younger (66 vs. 72 years), more are female (83 vs. 65%), 
and the time interval between onset of symptoms until diag-
nosis is 7 vs. 2 months [35, 36]. Nevertheless, the presence 
of proximal arm vasculitis is protective for the development 

Table 23.4 Comparison of imaging studies in diagnosis of GCA [23]

Noninvasive
Visualization  
of the artery wall Plaque imaging

Diagnostic value 
for thoracic aorta

Diagnostic value 
for main branches 
of the aorta

Diagnostic value  
for temporal arteries

Angiography − − + ++ ++ −
Ultrasound ++ ++ ++ − ++ ++
CT + + ++ ++ + −
MRI + ++ − ++ ++ +
MRA + − − ++ ++ −
PET + − − ++ + −
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of severe ischemic eye complications, particularly for AION 
[36]. The course of large-vessel GCA is similar to that of 
classic temporal arteritis. Symptoms of arm claudication 
usually disappear within months and years as well as wall 
thickening of the proximal arm arteries, in particular of the 
axillary arteries [37].

Aortic aneurysms occur up to 17 times more frequently in 
patients with temporal arteritis/GCA within 10 years after 
diagnosis [38, 39]. Therefore, chest radiography should be 
performed annually in patients with GCA. In ambivalent 
cases, chest echocardiography and/or CT can be done.

Treatment

Corticosteroids are still the mainstay of treatment, although 
they have never been studied in a placebo-controlled trial. 
The response to corticosteroid treatment is very fast, within 
hours to few days. Therefore, treatment is very rewarding 
both for the patient and for the physician. The starting dose 
for the treatment of PMR is 10–25 mg prednisolone or 
prednisone. Most clinicians start with a dose of 15 mg per 
day. The starting dose for GCA is 40–70 mg/day. In case 
of ophthalmic complications, prednisolone, prednisone, or 
methylprednisolone is applied intravenously with doses of 
300–1,000 mg/day for 3–5 days, followed by a daily dose 
of around 70 mg/day [7]. Several dose reduction schemes 
have been suggested [40]. We reduce the dose by 10 mg/
week if the starting dose is 70 mg/day, and by 5 mg/week if 
the starting dose is 40 mg/day. After having reduced the dose 
to 20 mg/day, we reduce by 2.5 mg every week until a daily 
dose of 10 mg is reached. Then we reduce the dose by 1 mg 
every month. For PMR, one may start with 15 mg/day and 
reduce the dose every week for 1 mg or with 25 mg and 
reduce the dose every week for 2.5 mg until one reaches a 
daily dose of 10 mg. Several other schemes are possible. 
They should be simple both for the patient and the non-
rheumatologist who may care for the patients in the inter-
vals. Dose reduction depends mainly on two parameters: 
Symptoms (e.g., polymyalgia, malaise, and headache) and 
signs of inflammation (e.g., CRP and ESR). If one or both of 
these parameters are positive, the prednisone dose may be 
increased by two steps, e.g., from 6 to 8 mg/day with perhaps 
slower dose reduction thereafter. There should be no fixed 
dose. Physician and patient should always try to reduce the 
dose. With this in mind, many patients become corticosteroid 
free within 2 years or even earlier. Other patients will need 
corticosteroid treatment for a longer time. There is no parameter 
to predict dose and duration of corticosteroid therapy. Some 
patients complain of polymyalgic symptoms that are caused 
by other diseases than by PMR, e.g., by osteoarthritis of the 
shoulder. Moreover, elevated ESR and/or CRP levels may 
have causes different to PMR, too.

While on corticosteroids, blood pressure, eye pressure, 
glucose level, and bone mineral density need to be controlled.

Only little effect on the disease activity has been shown 
for other drugs than for corticosteroids. Nonsteroidal anti-
inflammatory drugs (NSAIDs) may be helpful for minor 
polymyalgic symptoms but they are not useful for active 
disease.

Methotrexate has shown some effect on reducing the 
corticosteroid dose, but one must be aware of possible side 
effects [41–43]. We suggest to give methotrexate (15–20 mg/
week orally or subcutaneously) to patients in whom reducing 
the daily prednisone dose below 10 mg is not possible.

The TNF-alpha inhibitor infliximab has no benefit, neither 
for PMR nor for GCA [44, 45]. Other disease-modifying 
anti-rheumatic drugs (DMARDs) have not been sufficiently 
investigated.

Low-dose aspirin reduces the incidence of eye complica-
tions in GCA, in particular of AION, in the acute phase of 
the disease [46, 47]. It has been suggested to treat patients 
with low-dose aspirin for the first 3 months of the disease. 
There is no data that provide evidence for a prolonged treat-
ment. Ischemic eye complications mainly occur in the acute 
phase of the disease. They are rare if patients receive 
adequate treatment [37]. Patients need to receive gastro 
protection, e.g., with omeprazole, when treated with both 
aspirin and corticosteroids.
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Abstract The syndrome of the black swan was first described 
following a unique case of recurrent venous thrombosis, fetal 
loss, and the presence of anticardiolipin (aCL) antibodies 
more than 20 years ago. The diagnosis of the antiphospho-
lipid syndrome (APS) is based on the presence of clinical 
criteria, including vascular thrombosis and/or pregnancy 
morbidity and laboratory findings of lupus anticoagulant 
(LAC) and/or aCL antibodies. APS is a multisystem disease 
and much has been elucidated on its pathogenesis over the 
last quarter century. APS is classified as primary or secondary 
based on the presence or absence of an autoimmune disease, 
of which systemic lupus erythematosus (SLE) is the most 
common. Since most patients with APS are diagnosed in 
young or middle age, there are few published cases of APS 
in the elderly. In this chapter, we summarize the classifica-
tion criteria of APS, discuss the morbidity and mortality, and 
review the prevalence of antibodies in this disease, focusing 
on the elderly. Further information on the treatment of APS 
will also be described but not emphasized.

Keywords Antiphospholipid antibodies • Anticardiolipin 
antibodies • Antiphospholipid syndrome • Lupus anticoagulant 
• Elderly

Introduction

The main features of the antiphospholipid syndrome (APS), 
first described and subsequently characterized in 1983 by 
Graham Hughes and his team include recurrent arterial 
and venous thromboses, fetal losses, thrombocytopenia, 
and the presence of persistently positive antiphospholipid 
(aPL) antibodies [1–3]. APS is often recognized as “primary” 

(PAPS), in the absence of underlying autoimmune disease 
and “secondary” or SAPS when it is associated with another 
connective tissue disease [4, 5].

APS is now recognized as a major cause of acquired 
hypercoagulability and as a major cause of morbidity (and 
probably mortality) in systemic lupus erythematosus (SLE) 
[1–3]. In fact, in SLE, as many as 50% of the patients will 
make one or more aPL antibodies. Study of APS is a rapidly 
changing field because of advances in laboratory detection, 
identification of new anti-plasma protein antibodies, and 
further understanding of the pathogenesis of APS [6–11]. 
The importance of APS lies in the fact that once detected, it 
is a treatable condition [12]. The difficulty is that for many 
patients the diagnosis is often delayed, sometimes for years, 
with consequent disability, loss of livelihood, inability to 
start a family, or even death. In addition, APS – like SLE – is 
truly multisystem in nature and any organ or system in the 
body may be affected. The spectrum of clinical features 
associated with APS continues to expand and are the subject 
of much interest among experts in the field. While the cardinal 
features remain arterial and venous thrombosis, pregnancy 
morbidity and thrombocytopenia and the presence of persis-
tently positive aPL antibodies, other clinical associations 
have been described, including renal artery stenosis and other 
renal complications [13, 14]. In this chapter, we discuss the 
prevalence and significance of aPL antibodies and APS in 
the elderly. We also include sections on current classification 
criteria for APS, morbidity and mortality, as well as preva-
lence of aPL antibodies in healthy young individuals.

Classification Criteria for APS

The definition of aPL antibodies and of the APS itself has 
changed recently. The “classic” aPL antibodies – the LAC 
and aCL antibodies – remain the most important, both  
in terms of clinical care and research, but have now  
been joined by many other antibodies, including anti-b
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 glycoprotein I, anti-prothrombin, anti-annexin A5, anti-
phosphatidylserine, antiphosphatidylethanolamine, and 
others [9–11, 15–20]. However, the newer aPL antibodies 
are not well standardized and require further evaluation of 
clinical associations before they become accepted into 
clinical practice [21]. In the last few years, even the aCL 
test has undergone change, with more data that the IgA 
isotype may have clinical importance, including in African-
Americans [22–26].

An international consensus statement on classification 
criteria for definite APS was first published after an inter-
national meeting in Sapporo, Japan and was subsequently 
validated [2]. Those criteria included two clinical out-
comes: first, thrombosis either arterial, venous, or vasculo-
pathic; and second, pregnancy morbidity, either recurrent 
early (<10 weeks) losses, one or more late fetal losses, or 
preterm birth due to severe placental insufficiency or preec-
lampsia. The laboratory criteria require the presence of 
LAC and/or moderate to high titer aCL of the IgM or IgG 
isotype on two occasions. These criteria showed acceptable 
sensitivity and specificity at validation studies [27]. 
Subsequently, and as the result of discussions by a forum  
of specialists at the International Congress on Antiphospho-
lipid Antibodies (in Sydney, Australia) in 2004, the revised 
version of the Sapporo criteria was published [3]. The clini-
cal criteria remained unchanged. However, some changes 
were incorporated in the laboratory criteria (depicted in 
Table 24.1). The classification criteria have helped to focus 
research, but do not include nonthrombotic manifestations 
of APS, such as thrombocytopenia, chorea, transverse 
myelitis, and valvular heart disease [3]. The omission of 
IgA aCL and of IgA anti-b

2
 GPI from the laboratory criteria 

was recently addressed at the preconference workshop 
at the 13th International Congress on Antiphospholipid 
Antibodies in Galveston, Texas. Based on recently accumu-
lated evidence, the task force decided to recommend testing 
for IgA anti-b

2
 GPI when other aPL tests are negative and 

APS is highly suspected [28]. Other well-recognized fea-
tures of APS, such as thrombocytopenia, hemolytic anemia, 
transient ischemic attacks, transverse myelitis, livedo retic-
ularis, valvular heart disease, demyelinating syndromes, 
chorea, and migraine [29, 30, 31], are not yet part of the 
classification criteria. In clinical practice, however, the phy-
sician should still consider the diagnosis and commence 
treatment according to clinical judgment. Other conditions 
can be associated with aPL antibodies but are not neces-
sarily associated with APS clinical manifestations. Thus, 
aPL antibodies may be found in infections such as human 
immunodeficiency virus (HIV) and malignancy and may also 
follow exposure to certain drugs [32–36]. APL antibodies 
in these circumstances are not necessarily pathogenic and 
these conditions should, therefore, be considered in any 
differential diagnosis of APS.

Morbidity and Mortality in APS

APS has a significant impact on survival. A retrospective study 
of 52 patients with aCL antibodies followed over 10 years, 
29% of those developed APS and the mortality rate was 10% 
[37]. In another study, Jouhikainen et al. compared 37 LAC-
positive SLE patients with age- and sex-matched SLE patients 
without LAC [38]. During a median follow-up of 22 years, 
30% in the LAC group died in contrast to 14% in the control 
group [38]. Among patients with venous thromboembolism, 
the mortality in a Swedish population was 15% at 4 years in 
those with aCL antibodies and 6% in those without antibodies 
(p = 0.01) [39]. The largest prospective study of 1,000 SLE 
patients showed that after 10 years of follow-up there were 68 
deaths of whom 18 (26.5%) died from thrombosis associated 
with aPL antibodies [40]. The most common thrombotic 
events were cerebrovascular accidents (11.8%), coronary 

Table 24.1 Current classification criteria for definite diagnosis of the 
antiphospholipid syndrome [3]

Patient can be classified as having APS if one clinical criteria and at 
least one laboratory criteria are present

Clinical criteria
(a) Vascular thrombosis

• One or more clinical events of arterial, venous or small vessel 
thrombosis in any tissue or organ

• Thrombosis must be confirmed by imaging or Doppler or 
histopathology, with exception of superficial venous thrombosis

• The histopathology study does not have to demonstrate 
significant evidence of inflammation of the blood vessel

(b) Pregnancy morbidity
• One or more unexplained deaths of morphologically normal 

fetuses, at the 10 or more weeks of gestation, with a normal 
fetal morphology confirmed by ultrasound or direct examina-
tion of the fetus

• One or more newborn premature losses of morphologically 
normal to the 34 weeks of gestation or before, due to:
– Severe preeclampsia or eclampsia defined according to 

definitions standard or
– Recognized placental insufficiency

• Three or more consecutive spontaneous abortions without 
explanation before 10 weeks of gestation, excluding hormonal 
or anatomical alterations from the mother or chromosomic 
alterations of both parents

Laboratory criteria
• LAC in the plasma, in two or more separate occasions in a period 

of 12 weeks, detected according to the guidelines of the 
International Society of Thrombosis and Haemostasis (Scientific 
Subcommittee on lupus anticoagulant/phospholipids dependent 
antibodies)

• IgG or IgM or aCL Abs in plasma or serum, in medium–high titers 
(>40 GPL or MPL units, respectively), in two or more separate 
occasions in a period of 12 weeks, measured by standardized ELISA

• IgG or IgM or anti-b
2
 GPI antibodies present in the serum or 

plasma (in titer above the 99th percentile), present in two or more 
separate occasions in a period of 12 weeks, measured by standard-
ized ELISA, according to recommended procedures
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occlusions (7.4%), and pulmonary emboli (5.9%) [40]. There 
is also increasing evidence that thrombosis contributes to the 
damage accrued in patients with SLE, which in turn may con-
tribute to morbidity as well as mortality. In patients with lupus, 
two recent studies have clearly demonstrated that APS with 
thrombotic manifestations independently contribute to irre-
versible organ damage as well as to mortality in lupus patients 
[41, 42]. Thus, Ruiz-Irastorza’s study of over 200 SLE patients 
extending over 25 years demonstrated both higher damage 
scores and increased mortality in APS patients, most of whom 
had suffered arterial thromboses [42].

Prevalence of aPL Antibodies in Disease

The frequency of aPL antibodies in patients with venous 
thrombosis has been determined in multiple cross-sectional 
studies [43–46]. Prospective studies have clearly demon-
strated that aPL antibodies are predictive of both deep vein 
thrombosis and recurrent thromboembolism and death [47]. 
Other aPL antibodies have been studied. For example, in one 
trial, anti-prothrombin antibodies have been associated 
with venous thrombosis in middle-aged men [48].

In patients with unselected venous thromboembolism, the 
prevalence of aCL varies from 3 to 17% and LAC from 3 to 
14%. The highest prevalence of 17% was found by Schulman 
et al. who tested 897 patients with venous thromboembolism 
as part of a treatment trial with a follow-up of 4 years, in 
whom aCL were tested 6 months post-deep vein thrombosis 
(DVT). Interestingly, of 20 recurrent episodes, aCL was 
 negative in 14 at the time of the recurrent episode [39].

Transient ischemic attacks (TIAs) and strokes are the most 
common types of arterial thromboses in APS patients. The asso-
ciation of aPL antibodies with stroke has been mainly found in 
young men of <50 years [49–55]. In the situation of stroke, 
Nencini et al. found 18% of young patients, mean age 38, were 
positive for aPL (LAC and aCL), whereas the Antiphospholipid 
Antibodies in Stroke Study (APASS) study found 9.7% of first 
stroke patients had a positive aCL [56, 57].

Multiple prospective studies have demonstrated an asso-
ciation of aPL antibodies with myocardial infarction, and the 
prevalence of aCL antibodies to be between 5 and 15%. These 
studies underscore the importance of “nonclassic” aPL anti-
bodies such as anti-oxLDL [58, 59]. There is a wide range of 
prevalence of aPL antibodies in otherwise healthy women 
who have had pregnancy morbidity, ranging from 7% to as 
high as 42%, various reasons may explain these differences 
[60, 61]. Studies in normal pregnant women report similar 
prevalence to those in non-pregnant women or blood donors 
[60, 61]. In a previous study by Harris and Spinatto, we 
found a prevalence of 4.3% IgM aCL antibodies in a popula-
tion of 1,500 “normal” pregnant women [62]. In autoimmune 

diseases, especially SLE, the prevalence of aPL antibodies is 
much higher when compared with normal populations. There 
have been several large studies of the prevalence of aPL 
antibodies in SLE patients [63]. Perhaps the largest is the 
Euro-Lupus study that found a prevalence of 24% IgG aCL 
antibodies, 13% IgM aCL, and 15% LAC in a cohort of 1,000 
patients with SLE [63]. Recently, Pérez-Vázques et al. 
showed that the prevalence of APS increased from 10 to 23% 
after 15–18 years in a large cohort of SLE patients [64].

Prevalence of aPL Antibodies

Case–control studies represent the backbone of clinical 
studies in APS. Such studies are dependent on the accurate 
ascertainment of the frequency of aPL antibodies in normal 
controls. Several large studies have reported quite low fre-
quencies (between 0 and 13%) in normals [65–71]. For 
example, in 543 blood donors under the age of 65, Fields et al. 
showed an aCL antibody prevalence of 2% [72]. The high vari-
ability in the prevalence of aPL antibodies reported in nor-
mal controls may be in part due to methodological issues and 
in the way normal ranges are established and in the reli-
ability of the assays used. To correctly ascertain the “ normal 
range,” control groups must be sufficiently large and to ade-
quately represent the studied population in terms of race, 
pregnancy status, sex, and age. Because the distribution of 
aPL antibodies is not Gaussian, but positively skewed, 
nonparametric tests are preferred instead of the “mean ± 2 
SD” in defining the normal range [73, 74]. Another impor-
tant stumbling block in understanding and comparing clinical 
studies is the lack of uniformity in assay methods. Progress 
in standardization has been made, with international criteria 
for the identification of LAC and aCL [2, 3] but reports of 
large inter-laboratory variability still exist [21]. In addition, a 
major shortcoming of the aCL enzyme-linked immunosor-
bent assay (ELISA) is the frequency of “false-positive” results, 
particularly in sera from patients with syphilis and other 
infectious or autoimmune diseases [30–36]. False-positive 
aCL results could lead to misdiagnosis or unnecessary further 
investigations. Despite the recommendations on how the 
test should be performed, there is still large inter-laboratory 
variation [75–88]. Furthermore, more complicated has been 
the interpretation of the results of the aCL tests. The majority of 
the aCL ELISA tests are calibrated to the Louisville reference 
standards and reported in GPL, MPL, and APL U/ml for 
IgG, IgM, and IgA antibody classes, respectively. With 
values between the cutoff and 20 U/ml termed “low 
positive,” values between 20 and 80 U/ml “medium posi-
tive,” and greater than 80 U/ml “high positive” [87, 89–91]. 
Clinical reports have suggested that thrombosis and fetal 
loss are more frequent in patients with “high” compared with 
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those with “low” aCL level [12, 91–94]. Furthermore, these 
patients are at higher risk of a recurrence of the events 
[92–95].

Studies have examined the prevalence of aCL antibodies 
in the “normal” population, but the clinical significance of 
those low titers has not been addressed properly. In addition, 
recent reports show an apparent large number of individuals 
with low to moderate titers of aCL antibodies, particularly 
of the IgM isotype with no clinical signs of APS. The signifi-
cance of these results is unknown. In a study carried out by 
Budd et al., the prevalence of IgM aPL antibody titers in a 
large number of healthy donors (n = 982) was examined using 
three different assays. The normal range cutoffs for the three 
assays were recalculated using the 95th percentile. The prev-
alence of low positive results in this group of samples related 
to the redefined cut-off for the group was between 0.95 and 
1%. Then, an indeterminate zone (between the 95th and the 
99th percentile) was established. The prevalence of aPL 
positive test in this group of healthy young individuals was 
between 3.8 and 3.9% in the three assays. The study con-
cluded that the low positive range should be reassigned 
“indeterminate” and recommend that samples falling into 
this category should be retested to confirm positivity at a 
later date [96]. Hence, the differences between the reports 
may be due to: the particular assay(s) used in each study, the 
selection of the populations, and/or the way the cut-off points 
were calculated.

aPL Antibodies in the Elderly

The aging process in humans and in experimental animals 
has been associated with several cellular and humoral aber-
rations [97, 98]. It is well documented that alterations in the 
humoral immune response during aging include a high 
incidence of autoantibodies such as rheumatoid factor (RF), 
antinuclear antibodies (ANA), and antibodies to DNA and 
thyroid tissue antigens [99, 100]. This overt autoimmune 

phenomenon has been linked with the aging process itself, 
since it is usually not associated with clinical disease [97]. 
Therefore, it has been suggested that a correction for age 
should be considered in the evaluation of the autoantibody 
profiles. However, other reports have not confirmed the prev-
alence of autoantibodies in elderly individuals with the 
exception perhaps of RF [101–103]. Because studies of aPL 
antibodies may include clinical outcomes that occur predom-
inantly in the older population (myocardial infarction and 
strokes, for example), the prevalence in normal older people 
must be established. Recent work suggests that aPL anti-
bodies are more common in elderly people when compared 
with younger individuals, and this difference is even more 
notorious in elderly individual suffering with chronic diseases 
versus healthy elderly [104–107] (Table 24.2). These studies 
are, however, quite contradictory and controversial. In a 
study by Budd et al. discussed in the previous section, the 
authors compared the prevalence of IgM aPL antibodies in a 
group of 159 “normal” elderly individuals >60 years using 
three different aPL ELISAs (two aCL tests and one assay 
that uses a phospholipid mixture instead of cardiolipin as an 
antigen to coat the microliter plates as this has been shown to 
have greater specificity to confirm APS) and found that the 
prevalence of aPL antibodies was not different when com-
pared with normal healthy young individuals (Table 24.2) 
[96]. In a publication by Manoussakis et al., the authors eval-
uated the concomitant expression of several serum autoanti-
bodies in a healthy elderly population, including for the first 
time aCL antibodies [104]. The study examined serum sam-
ples from 64 apparently healthy individuals (32 men and 32 
women, mean age 81). Several autoantibodies were deter-
mined in the sera including aCL antibodies, anti-ssDNA was 
found in 17.2% of the individuals, whereas anti-dsDNA was 
found positive in 14.1% of the sera examined. aCL antibod-
ies were positive in an extremely high number of subjects 
(51.6%). Notably, the above autoantibodies were exclusively 
of IgG isotype. aCL antibodies were found positive only in 
2.3% of non-elderly healthy individuals (n = 261). The authors 
found increased levels of IgA and IgG immunoglobulins, and 

Table 24.2 Summary of data on prevalence of APL antibodies in the older population

Authors/publication Year Number of studied Mean age aPL positivity

Manoussakis et al. [104] 1987 64 80 aCL: 50%
Fields et al. [72] 1989 300 70 aCL: 12%
Chakravarty et al. [105] 1990 100 75 aCL: 0%
APASS [57] 1993 257 66 aCL: 4.3%
Schwed et al. [60] 1994 1014 66.7 aCL: 7.1% (associated with carcinoma and alcohol 

abuse)
Juby et al. [106] 1998 364 >65 aCL: 0%, healthy elderly and 13.3 % chronically 

ill elderly
Kato and Kawakami [108] 2000 1 87 aPL positive associated with cortical blindness
Richaud-Patin et al. [107] 2000 44 85.8 aCL IgG: 4.5%; aCL IgM: 64.0%; anti-b

2
 GPI: 

31.8%
Budd et al. [96] 2006 159 >60 aCL IgM: 5% in three different aPL ELISAs
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IgM was significantly decreased in 9.4% of the individuals. 
This study documents the high incidence of autoantibodies 
in the elderly, including for the first time aCL antibodies 
[104]. Furthermore, the authors concluded that the relative 
impairment in IgM autoantibody production observed pos-
sibly indicates the involution of their senescent immune sys-
tem. On the other hand, Fields et al. showed – in a study of 
300 elderly subjects – that 12% of the subjects were positive 
for aCL antibodies [72]. In addition, Chakravarty et al. 
reported that, when the cut-off level of aCL detection was 
set up to mean + 5 SD, none of their series of 100 elderly 
patients were positive [105]. These reports imply that indi-
viduals highly positive for aPL antibodies are not frequently 
found in the elderly. On the other hand, a fairly recent study 
by Juby et al. showed that while none of their 63 healthy 
elderly showed positive aCL antibodies, 18.7% of their 
unselected elderly people were positive [106]. Furthermore, 
they showed that 44% of dementia patients suffering from 
multi-infarct dementia had aCL antibody, compared with 
20% of Alzheimer’s type patients. However, the demented 
patients group consisted of only 34 patients, and this asso-
ciation requires additional studies for confirmation. In addi-
tion, a large part of individuals that low- or mid-positive for 
aCL antibodies, in these studies may have been positive for 
“b

2
 glycoprotein I-independent” aCL antibodies, which are 

unrelated to the increased risk of thrombosis. Prospective 
studies with a large number of clearly defined subjects, 
using “b

2
 glycoprotein I-dependent” aCL assays and reli-

able LA tests are required to determine whether the pres-
ence of aCL antibodies are a risk factor for thrombosis in 
the elderly population.

The APASS Group also found a prevalence of aCL in 
4.3% of 257 hospitalized non-stroke patients with a mean 
age of 66 [57]. This was similar to the prevalence of 7.1% for 
at least one positive aCL in 1,014 in patients studied by 
Schved et al. with a mean age of 66.7; the most frequent 
associations were with carcinoma or alcohol abuse [60]. 
Interestingly, Kato and Kawakami reported in 2000 the case 
of an 87-year-old patient who presented with cortical blind-
ness resulting from cerebral infarction [108]. While the 
symptom itself is of interest and is described in detail, the 
occurrence of primary APS at such a high age seems rare and 
deserves special attention. In most cases, only young or middle-
aged patients with unexplained fetal loss or thrombosis are 
screened for the presence of aPL antibodies, and elderly 
primary APS patients may be lost in the vast population of 
elderly patients with infarctions or dementia, occurring from 
general causes such as atherosclerosis [109]. Hence, it needs 
to be determined whether it is desirable to measure aPL anti-
bodies in elderly patients with infarctions or dementia. In 
those situations, more stringent anticoagulation therapies 
may be beneficial to prevent the progression of dementia in 
patients positive for aPL antibodies.

From another point of view, recent studies suggest that 
the presence of aPL antibodies comprises an additional risk 
for progression of atherosclerosis [110]. Premature athero-
sclerosis, in addition to the hypercoagulable state, may result 
in cerebral infarctions and the resultant dementia in elderly 
patients. Considering the large number of factors associated 
with atherosclerosis, a clinical study for addressing the 
association between aPL antibodies and atherosclerosis 
may be difficult to undertake, although the demand for such 
studies may be high. A diagnosis of APS in the elderly – 
hereby defined as patients over the age of 60–65 – poses cer-
tain challenges, particularly if the patient in question does 
not have a prior history of SLE, APS, or thrombotic compli-
cations. Hence, caution must be applied to make sure other 
causes or diseases are not responsible for the patient’s clinical 
findings, thrombotic, or otherwise. In addition, non-APS 
strokes secondary to atherosclerosis and other cardiovascular 
problems such as hypertension need to be considered in the 
differential diagnosis as should the presence of malignancy. 
It is well known that underlying neoplasias can increase the 
risk of thrombosis, particularly venous thrombosis. In addition, 
paraneoplastic or “marantic” endocarditis can mimic the 
presence of APS valvulopathy in the heart [111, 112]. In an 
editorial published in 1998, Piette and Cacoub emphasized 
the potential hazards associated with a diagnosis of APS in 
elderly patients [111]. The authors indicated that in reported 
series, the first vascular events usually occur in young adults 
and rarely in patients >60 years [111]. Thus age distribution 
not only reflects a possible bias, i.e., the younger the age at 
first thrombosis, the higher the likelihood of having exten-
sive coagulation tests performed to determine its cause, 
but also the uncertain significance of positive tests for aPL in 
the elderly. In addition, aPL antibodies are commonly found 
in a wide range of situations that frequently occur in the 
elderly, such as long-term administration of diverse drugs 
[113], RF [114], monoclonal gammopathy of uncertain origin 
[115], advanced renal or hepatic dysfunction [116, 117], 
polymyalgia rheumatica/temporal arteritis [118], myelopro-
liferative disorders, lymphomas, and solid cancers [113, 118, 
119]. In a prospective epidemiological study performed in 
the Department of Internal Medicine on 1,014 patients, 70 
(mean age 69) had aPL positive; among these, cancer was 
found in 14 and was the most frequent associated disease 
[119]. In the Italian registry on aPL, of 360 patients, four 
developed non-Hodgkin’s lymphoma during follow-up 
[120]. Malignancies are a major concern indeed, given that 
venous thrombosis, especially when recurrent, may be their 
presenting manifestation. Once APS is diagnosed, either as 
the primary disorder responsible for thrombosis or neuro-
logic disease or as a contributing phenomenon in the patient’s 
illness, care must be exercised in prescribing anticoagulation 
particularly with warfarin, given the high risk of intracranial 
bleeding especially observed in the elderly. A somewhat less 
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risky and viable approach would be the treatment of these 
patients with low molecular weight heparin (LMWH). We 
strongly believe in adding hydroxychloroquine (Plaquenil®) 
to the patient’s treatment regimen in addressing the therapy 
of APS. In the final analysis, whether one would proceed 
forward with warfarin, LMWH, or just the use of low-dose 
aspirin 81 mg daily, in combination with hydroxychloro-
quine, depends on a number of factors. These would include 
the patients overall health status, history of bleeding in the 
past, including gastrointestinal hemorrhage, presence or 
absence of atrial fibrillation, a smoking history, previous 
strokes, risk of falling down at home, which can facilitate or 
directly precipitate intracranial bleeding, etc. Needless to 
say, the therapeutic approach to APS in the elderly necessi-
tates in addition to diagnostic accuracy, treatment individual-
ization in every patient. In conclusion, additional data on 
aPL antibodies in the elderly are needed. Within this popula-
tion, several cross-sectional studies have suggested that 
the presence of aCL might be an independent risk factor for 
a precise thrombotic event, such as ischemic stroke. In indi-
vidual patients, however, the diagnosis of APS requires more 
than a single low-positive determination.

To date, primary APS should be regarded as a disease 
that affects mainly young or middle-aged adults. In elderly 
patients presenting with thrombosis and repeatedly positive 
tests for aPL antibodies, a possible underlying disorder 
needs to be considered, especially hematological or solid 
malignancy. Ongoing studies will demonstrate whether 
other biological markers, such as more specific tests for 
APS including anti-b

2
 glycoprotein I antibodies or anti-

prothrombin antibodies, might help to distinguish among 
different subtypes of aPL antibodies, those who belong to the 
autoimmune/thrombogenic subset from those who are just an 
epiphenomenon.

In daily practice, because of its potential hazards, long-term 
anticoagulation should be discussed on an individual basis in 
elderly patients with APS.
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Abstract Metabolic bone diseases, particularly  osteo porosis, 
are extremely consequential in the elderly population. The 
chapter details some of the recent advances in the diagnosis 
and treatment of osteoporosis, osteomalacia, and Paget’s dis-
ease. The role of nondrug therapies will also be explored.

Keywords Osteoporosis • Paget’s disease • Osteomalacia  
• Bisphosphonates • Metabolic bone disease • Nondrug 
therapies

Osteoporosis

Definitions

Bone remodeling is the removal and replacement of bone 
tissue by bone cells and is important for maintaining the bio-
mechanical competence of the skeleton. Bone remodeling 
includes bone resorption and bone formation. Bone resorp-
tion begins with the activation of osteoclasts and the break-
down of bone tissue via acids and lysosomal enzymes. A 
resorption cavity is created by the osteoclast, which is then 
filled by the production and mineralization of osteoid by 
osteoblasts during the formation phase [1]. Osteoporosis 
results in bone resorption exceeding bone formation, with a 
net loss of bone and/or deterioration in bone structure [2].

Osteoporosis has been defined as a skeletal disorder charac-
terized by compromised bone strength, predisposing a person 
to an increased risk of fragility fracture [3]. A fragility fracture 
can be defined as a fracture that occurs in the absence of major 
trauma (e.g., a fall from standing height); it is the result of 
reduced bone strength [4]. The wrist, hip, and spine are the 
most common sites for osteoporotic fragility  fractures; how-
ever, fragility fractures of the rib humerus, tibia, and  pelvis can 

also occur particularly in the elderly [5]. The occurrence of a 
fragility fracture is often the first sign of poor bone quality; 
having a prior fragility fracture is associated with an increased 
risk of future fracture (RR = 1.86; 95% CI = 1.75–1.98) [4]. 
Independent predictors of hip fracture include age, sex, bone 
mineral density (BMD), parental history of hip fracture, smok-
ing, rheumatoid arthritis, alcohol intake greater than 3 U per 
day, a prior fragility fracture, or use of oral glucocorticoids and 
have been used to predict 10-year fracture risk [6, 7].

Impact

The number of hip fractures worldwide has been estimated to 
increase to 6.3 million in 2050 [8], more recent work suggests 
that the rate of hip fractures has declined, at least in women, 
perhaps due to increased detection and treatment of high-risk 
individuals [9, 10]. The 1-year mortality rate after hip frac-
ture has been reported to be 20–25% [11]. For patients living 
in nursing homes at the time of fracture, the mortality rate 
after hip fracture can be as high as 39% [11]. Hip fractures 
can have a dramatic impact on quality of life [12–14]. A fear 
of falling may limit activity in individuals who have frac-
tured, which can further impact physical function and mood 
[12]. After a hip fracture, approximately 50% of community-
living individuals do not regain their prefracture level of 
health and mobility and many are dependent on assistive 
devices [15]. One study revealed that 80% of women 75 years 
and older would prefer death than experience the loss of inde-
pendence and reduced quality of life associated with a hip 
fracture and subsequent nursing home admission [16]. 
Vertebral fractures, even those that are asymptomatic, are 
also associated with increased mortality and can cause sig-
nificant morbidity, including pain, sleep disturbance, depres-
sion, fear of future fracture and falling, and reduced quality of 
life [17]. Only about 30% of vertebral fractures are diagnosed 
in clinical practice because a diagnosis depends on a report of 
pain or height loss that triggers the clinician to order a radio-
graph [14]. Even then, many fractures are often not reported 
when present on X-ray [18].
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Osteoporosis in Males

Osteoporosis and consequent hip fractures are associated 
with a higher mortality rates in males as well as higher rates 
of institutionalization postfracture compared with women 
[19, 20]. The prevalence of vertebral fractures among men 
and women has also been reported to be similar; prevalent 
vertebral deformities were found in 23.5% of females and 
21.5% males in the Canadian Multi-center Osteoporosis 
Study [21]. It has been suggested that men are less likely 
than women to receive osteoporosis diagnosis or treatment 
after fragility fracture [22–28]. Males who are referred for 
bisphosphonate therapy present with more severe osteoporo-
sis, indicating that a gender bias may exist with respect to 
osteoporosis management after fracture [29]. The prevalence 
of male hypogonadism increases with age and has been asso-
ciated with an increased risk of fracture [30, 31]. Men with 
hypogonadism appear to respond to bisphosphonate treat-
ment [32].

Diagnosis of Osteoporosis

Clinical evaluation for osteoporosis begins with an assess-
ment of the presence of risk factors known to be predictive 
of fractures (Table 25.1) [7]. BMD can be measured using 
densitometry and has been incorporated as an independent 
predictor in new fracture risk assessment guidelines [7, 33, 
34]. Measurements of BMD are expressed as standard devi-
ation units or SD units relative to the mean of a healthy 
young reference population (T-score). BMD measurements 

can be acquired at the radius when accurate measurements 
at the hip and spine cannot be obtained, particularly in those 
with hip replacements; wrist BMD can be used for diagnosis 
but not for monitoring change [35]. Spine BMD values can 
be falsely elevated with aging due to degenerative changes, 
compression fracture, and/or calcification of the aorta, par-
ticularly in males [36]. The decision to perform BMD test-
ing is based on the patient’s clinical risk factor profile; 
recommendations for testing (Table 25.2) [37] have been 
developed by the National Osteoporosis Foundation (NOF). 
These recommendations for testing include evaluation for 
secondary causes of osteoporosis (Table 25.1). The NOF 
have adapted the World Health Organization absolute frac-
ture risk model (FRAX) for determining which patients 
should initiate osteoporosis therapy (Table 25.2) [33]. 
The FRAX conveys fracture risk as a 10-year probability of 
any type (spine, wrist, and hip) of osteoporotic fracture, and 
it is based on economic modeling that incorporated hip frac-
ture risk in the US population in the calculation of cost-
effective treatment thresholds [38]. There is minimal utility 
in using Z-scores to determine fracture risk; the FRAX, 
the International Society for Clinical Densitometry and 
Osteoporosis Canada utilizes T-scores to determine fracture 
risk. There are a few limitations associated with using new 
treatment guidelines and FRAX. The guidelines should not 
be used to restrict treatment options as there is still need for 
clinical judgment. Treatment decisions must still be made 
on an individual level, as some factors, such as fall risk, may 

Table 25.1 Factors independently associated with a significant increase 
in fracture risk and included in the FRAX [7]

Factors associated with fracture risk
Femoral neck BMD
Age
Gender
Prior fragility fracture
Parental history of hip fracture
Current tobacco smoking
History of long-term oral glucocorticoid use(≥5mg/d for ≥ 3 months)
Body mass index
Consumption of >2 U of alcohol daily
Rheumatoid arthritis
Other secondary causes of osteoporosis, such as:
•	 Untreated	hypogonadism
•	 Inflammatory	bowel	disease
•	 Organ	transplantation
•	 Diabetes	mellitus	type	I
•	 Untreated	hyperthyroidism	or	over-treated	hypothyroidism
•	 Prolonged	immobility

Table 25.2 The national osteoporosis foundation provides indications 
for BMD testing and for pharmacological therapy for osteoporosis [49]

NOF recommendations

Indications for BMD testing
•	 Women	>	age	65	and	men	≥ age 70
•	 Women	who	are	peri-	or	postmenopausal	and	<	age	65	and	men	

50–69 years of age who have risk factors
•	 Fracture	after	the	age	of	50
•	 Presence	of	secondary	causes	of	bone	loss,	e.g.,	rheumatoid	

arthritis or oral glucocorticoid use ³5 mg/day for ³3 months
•	 Individuals	being	considered	for	pharmacological	therapy	for	

osteoporosis
•	 Conditions	where	effect	of	osteoporosis	treatment	is	being	

monitored, or where evidence of bone loss would lead to treatment
•	 Postmenopausal	women	discontinuing	estrogen	therapy

Indications for pharmacological therapy
Postmenopausal women and men over the age of 50 who have at least 

one of the following:
•	 Fracture	of	the	hip	or	vertebrae
•	 BMD	T-score	£ −2.5 at the femoral neck, total hip or spine, 

assuming exclusion of secondary causes of osteoporosis
•	 Femoral	neck	or	spine	BMD	T-score	of	−1	to	−2.5	and	a	≥ 3% 

10-year probability of hip fracture of >3% or a ≥ 20% 10-year 
probability of any major osteoporosis-related fracture ³20% based 
on the USA – adapted WHO fracture risk model [33]
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not be considered in treatment algorithms [38]. Risk factors 
that are included may not be well-defined, such as previous 
fracture or duration/dose of glucocorticoid therapy. The cal-
culated fracture risk can vary substantially across different 
populations or with small changes in included variables, and 
some individuals may be identified as candidates for therapy 
despite low fracture risk or normal bone density [38]. Other 
methods of assessing skeletal health include biochemical 
markers of bone turnover, vertebral morphometry assess-
ment, peripheral densitometry, quantitative computed 
tomography scans at central and peripheral sites, and quan-
titative ultrasound at peripheral sites.

Nutrition

Adequate calcium and vitamin D status are essential for the 
prevention of bone loss. Between October and March, cuta-
neous vitamin D production is minimal in northwestern 
Europe, the northern USA, and Canada due to inadequate UV 
exposure, so dietary or supplementary vitamin D becomes 
the primary source [39, 40]. Further, with aging the skin’s 
ability to convert UV rays to vitamin D is reduced and even 
those in southern climates who are elderly may be deficient 
[41]. Among community-dwelling postmenopausal women 
presenting with acute hip fracture, 50% were vitamin-D defi-
cient (£30 nmol/L) [42]. The prevalence of calcium and vita-
min D supplementation has been reported to be low among 
individuals living in long-term care, even among those with a 
history of hip fracture [43, 44]. A meta-analysis revealed that 
oral vitamin D supplementation using a dose of 700–800 IU 
has been shown to reduce the risk of nonvertebral fractures by 
23%, but supplementation with 400 IU of vitamin D was not 
sufficient to prevent fracture [45]. A subsequent meta-analy-
sis demonstrated that the relative risk of hip fracture with cal-
cium plus vitamin D (400–800 IU) supplementation was 0.82 
(95% CI 0.71, 0.94) compared with placebo [46]. An addi-
tional meta-analysis explored the issue of dose; 1,200 mg of 
calcium and 800 IU of vitamin D provided better fracture risk 
reduction than lower doses of calcium and vitamin D [47, 
48]. Consistent among meta-analyses is the finding that the 
effect of vitamin D supplementation on hip fracture incidence 
was most evident in elderly women living in institutional set-
tings [46–48]. The concerns raised about trials to date include 
poor compliance, particularly in community-dwelling older 
adults, incomplete assessment of vitamin D status, and the 
absence of vertebral fracture as an outcome [49–51].

Vitamin D supplementation in elderly individuals living 
in LTC has been shown to reduce falls by up to 20% [52]. It 
has been suggested that the active form of vitamin D, 
1,25-hydroxyvitamin D, binds to a specific nuclear receptor 
in muscle and that the reduction in fall risk is attributable to 

improved muscle function [52]. Although the upper limit of 
vitamin D is recommended by the National Osteoporosis 
Foundation for adults over the age of 50 years. intake was orig-
inally established as 2,000 IU, to facilitate the achievement of 
optimal 25(OH)D levels, some older adults may require intakes 
at or above the upper limit [47, 53, 54]. The Institute of 
Medicine vitamin D upper intake level for individuals over the 
age of 50 years is 4000IU per day, with a recommended dietary 
allowance of 600IU for those between 51 and 70 years and 
800IU for those older than 70 years (55). Given the prevalence 
of vitamin D deficiency in the elderly [56, 57] and recent find-
ings of superior fracture prevention at 800 IU, a minimum of 
800–1,000 IU of vitamin D is recommended by the National 
Osteoporosis Foundation for adults over the age of 50 years.

For individuals over the age of 50 years, the Institute of 
Medicine upper intake level for calcium is 2000mg per day, 
with a recommended dietary allowance of 1000mg for males 
and 1200mg for females between 51 and 70 years and 
1200mg for all adults over the age of 70 years (55). Calcium 
intake of greater than 1200mg per day, including dietary and 
supplemental calcium, is not recommended due to limited 
additional benefit and potential for adverse outcomes includ-
ing renal stones, bloating, or constipation [49]. Therefore, 
dietary calcium intake should be evaluated prior to prescrib-
ing supplemental calcium. Further, attention to dietary intake 
and oral protein and energy supplementation after hip frac-
ture have been shown to reduce mortality and unfavorable 
outcomes [50, 51]. Although it is possible that any reduction 
in gastric acid secretion, either age-related or drug-induced 
(e.g., proton pump inhibitors and histamine

2
 receptor antago-

nists), could result in reduced calcium absorption, the studies 
in this area are limited and inconsistent [58]. However, there 
is evidence that calcium carbonate absorption, but not cal-
cium citrate absorption, is impaired in the fasting state in 
patients with low or absent gastric acid  production [59].

Exercise and Fall Prevention

Exercise is an essential component of a fracture prevention 
program. The effect of exercise on bone density in adults is 
generally manifested as a prevention of bone loss rather than 
an increase in bone mass [60–62]. Exercise is associated 
with physical and psycho-social benefits for individuals with 
osteoporosis in addition to bone mass preservation. For 
example, a home-based exercise program designed for 
elderly women with vertebral fractures was shown to improve 
quality of life [63]. Exercise may also be considered an 
approach for reducing the likelihood of falls [64]. Whole 
body vibration has recently been investigated as a potential 
therapy for improving bone mass, muscle strength, and 
 balance in individuals with osteoporosis, but the data should 
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be interpreted cautiously as many of the studies to date have 
had weak methodology [65–67]. Prolonged immobilization 
should be avoided to prevent additional bone loss. The fol-
lowing components should be included in an osteoporosis-
specific exercise program: weight-bearing aerobic exercise, 
postural retraining, progressive resistance training to improve 
muscle strength and maintain bone mass, exercises/stretches 
to	improve	flexibility,	and	balance	training	[68]. Care should 
be taken to follow principles of safe movement when initiat-
ing an exercise program in an individual with osteoporosis, 
particularly those with vertebral fractures.

Fall prevention strategies in the elderly may indirectly 
prevent fractures by reducing falls. The following interven-
tions have been shown to reduce falls: risk factor screening 
and intervention programs, muscle strengthening and bal-
ance training, tai chi and home hazard assessment, and mod-
ification and correction of vision [64]. Community-based 
exercise programs may be sufficient to reduce fall risk; 
twice-weekly participation in a community exercise pro-
gram improved dynamic balance and strength in women 
with osteoporosis [69]. Exercise programs that include chal-
lenging balance exercises and did not include a walking pro-
gram were the most effective for reducing falls [68]. Hip 
protectors have shown promise in reducing the rate of hip 
fractures in individuals living in long-term care, but there is 
insufficient evidence of their efficacy in community-living 
older adults [71, 72]. Adherence with wearing hip protectors 
may be a limitation. Frail older adults at high risk of fracture 
may require specific training in the safe performance of 
activities of daily living, and consultation with an occupa-
tional therapist may be warranted [68]. Individuals who 
have suffered fragility fractures have specific rehabilitation 
needs. Key elements of a rehabilitation program with the 
goal of reducing falls and future fractures in individuals with 
vertebral fractures include strengthening of the back exten-
sors and abdominal muscles, postural retraining, balance 
training,	 and	 exercises	 to	 improve	 flexibility	 [68, 74]. 
Rehabilitation exercises should be performed with an erect 
trunk, either standing with one hand using a wall for support 
or in a supported, seated position [68]. Unsupported sitting 
for	upper	extremity	exercises	and	forward	flexion	exercises	
should be avoided in individuals with vertebral fractures 
[68]. After a hip fracture, physical therapy goals include 
safe	transfers,	improved	ambulation,	leg	strength,	flexibility,	
and balance [68]. However, there is limited evidence from 
randomized controlled trials for specific mobilization strate-
gies or exercise programs after hip fracture surgery [74]. It 
has been suggested that leg extensor power in the fractured 
leg is a determinant of walking speed and stair-climbing 
ability in recovery [75, 76]. Interventions that have shown 
improvements in leg strength or mobility include weight-
bearing exercise, quadriceps strengthening, and muscle 
stimulation [74, 77]. Increasing rehabilitation program 

intensity did not improve outcomes and resulted in a higher 
dropout rate [74].

Therapeutic Options

Bisphosphonates (including alendronate, ibandronate, 
 risedronate, and zoledronic acid) are class of drugs that tar-
get osteoclasts to inhibit bone resorption. Alendronate, rise-
dronate, etidronate, and ibandronate have been shown to 
prevent vertebral fractures [78]. Risedronate has been shown 
to be effective for the secondary prevention of vertebral, non-
vertebral, and hip fractures [79]. Alendronate is effective for 
the secondary prevention of vertebral, nonvertebral, and hip 
fractures [80]. Osteonecrosis of the jaw has been suggested 
as a potential side effect related to bisphosphonate use; most 
case reports of osteonecrosis of the jaw associated with bis-
phosphonates are reported in patients with multiple myeloma 
or metastatic breast cancer on high doses of intravenous bis-
phosphonates [81]. Recommendations for addressing the 
risk of osteonecrosis of the jaw have been published [82]. 
Case reports have suggested that the risk of atypical long 
bone fractures is increased with long-term bisphosphonate 
use [83, 84]; however, these risks have not been substanti-
ated by registry data; A Task Force convened by the American 
Society for Bone and Mineral Research maintained that the 
occurrence of atypical fractures associated with bisphospho-
nate use is rare especially compared to the number of frac-
tures prevented by bisphosphonates, and to date a causal 
association has not been established. The risk appears to rise 
with increasing duration of use and bilateral fractures may 
occur [85]. For patients who have been taking bisphospho-
nates who present with groin or thigh pain, radiography or 
bone scanning (or both) should be considered, and bisphos-
phonate use should be discontinued until the investigations 
are completed.

Raloxifene is a selective estrogen receptor modulator 
(SERM); it has estrogen agonist effects in bone and 
estrogen antagonist effects in the uterus and in breast tis-
sue. Raloxifene is associated with a reduction in verte-
bral fracture risk; however, there is no prospective 
evidence to support a reduction in nonvertebral fractures 
[78, 86]. Raloxifene has been associated with an increased 
risk of pulmonary embolism, venous thromboembolism, 
and mild cardiac events and can cause hot flashes [78]. 
There are no randomized controlled trial data on the use 
of raloxifene to prevent hip fracture, so in the frail elderly 
at high risk for hip fracture bisphosphonates should be 
considered [78]. Data from the Women’s Health Initiative 
revealed that estrogen–progestin therapy reduced the risk 
for hip fracture and colorectal cancer in postmenopausal 
women; however, the risks for coronary heart disease 
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events, breast cancer, pulmonary embolism, and strokes 
were increased [87], and thus the risks outweigh the ben-
efits particularly for the elderly [88]. Calcitonin is a nat-
urally occurring hormone that is administered via a nasal 
spray or injection. It has been shown to reduce pain asso-
ciated with acute vertebral fracture and prevent vertebral 
fracture as well as reduce pain from fractures [78, 89, 
90]. Teriparatide, the 1–34 component of parathyroid 
hormone, has an anabolic effect on bone and has been 
shown to increase spine BMD and reduce the incidence 
of new vertebral and nonvertebral fractures [78, 91]. It 
has also been shown to reduce new vertebral fractures 
and have a positive effect on markers of bone turnover 
among individuals with osteoporosis who have a history 
of glucocorticoid therapy [92]. Teriparatide is used for a 
maximum of 2 years and can be followed by treatment 
with a bisphosphonate [93]. Denosumab is an inhibitor 
of receptor activator for nuclear factor κ B [RANK] 
ligand. It has been shown to reduce markers of bone 
resorption and the risk of vertebral, non-vertebral and 
hip fractures in postmenopausal women with osteoporo-
sis [94–96]. It has also been shown to increase bone den-
sity and reduce fracture risk in men with non-metastatic 
prostate cancer receiving androgen deprivation therapy 
[97, 98]. and to increase bone density in women with 
non-metastatic breast cancer receiving adjuvant aro-
matase inhibitors [99]. The efficacy of denosumab, or 
changes in creatinine or calcium do not appear to vary by 
kidney function [100].

For the prevention and treatment of osteoporosis in 
postmenopausal women, bisphosphonates, raloxifene, 
denosumab, and parathyroid hormone (PTH 1–34) are 
considered first-line therapeutic options [49]. For women 
over the age of 75 or for men, bisphosphonates and para-
thyroid hormone (PTH 1–34) are considered first-line 
osteoporosis therapy [49, 101]. Individuals with multiple 
comorbidities and reduced life expectancy, such as those 
living in long-term care, are often overlooked when it 
comes to osteoporosis management [102]. However, there 
is evidence that the risk of new vertebral compression frac-
tures can be reduced as early as 1 year after treatment ini-
tiation, which can have a substantial impact on pain, 
quality of life, and function [101, 103]. For example, rela-
tive and absolute risk reduction (RRR and ARR) reported 
for secondary prevention of vertebral fracture with alen-
dronate treatment were 45 and 6%, respectively, with a 
number needed to treat of 16 [80]. Further, there is data 
indicating that even among women aged 80 and older, rise-
dronate can reduce fracture risk; the number needed to 
treat to prevent one new vertebral fracture was 12 [104]. 
Adequate calcium and vitamin D are an essential adjunct 
to pharmacological therapy. Support for patients can be 
found at: http://www.nof.org/.

Osteomalacia

Osteomalacia is a metabolic bone disease characterized by 
defective mineralization of newly formed bone (osteoid) [105] 
as well as muscle and bone pain [106] and can occur as a result 
of numerous causes. The most common cause of osteomalacia 
is vitamin D deficiency and resultant hypophosphatemia, mild 
hypocalcemia, negative calcium balance, and secondary 
hyperparathyroidism [105, 107]. Vitamin D deficiency is often 
the result of inadequate dietary sources, insufficient sunlight 
exposure, or malabsorption [108]. Other potential causes of 
osteomalacia are listed in (Table 25.3).

Vitamin D deficiency is prevalent in older adults despite 
being easily preventable with adequate nutrition or supple-
mentation [39]. A recent study revealed that 99 of 104 cente-
narians had undetectable levels of serum 25-hydroxyvitamin 
D [109]. Housebound and institutionalized patients are par-
ticularly at risk of vitamin D deficiency due to the lack of 
sunlight exposure. Dietary vitamin D is the primary source in 
northwestern Europe and the northern part of the USA and 
Canada between the months of October and March because 
cutaneous vitamin D production with sun exposure is mini-
mal [39]. In addition, individuals who have gastrointestinal 
disorders are more likely to experience malabsorption, and 

Table 25.3 Causes of osteomalacia [107;133–135]

Potential causes of abnormal vitamin D metabolism and/or osteomalacia
•	 Vitamin	D	deficiency
•	 Chronic	renal	failure
•	 Inborn	errors	of	vitamin	D	metabolism
•	 Fluoride
•	 Chronic	etidronate
•	 Products	containing	aluminum	(i.e.	antacids,	phosphate	binders	

or total parenteral nutrition)
•	 Anticonvulsants	and	cholestryamine
•	 Hypophosphatasia
•	 Fibrogenesis	imperfect
•	 Hypophosphatemia	associated	with	renal	phosphate-wasting	in	

tumor-induced osteomalacia, with renal osteodystrophy 
resulting from aluminum toxicity during dialysis or with 
hereditary disorders such as X-linked hypophosphatemic 
rickets or autosomal dominant hypophosphatemic rickets

Table 25.4 Clinical presentation of osteomalacia

Diffuse bone pain and tenderness
Muscle weakness
Waddling gait
Fragility fractures of the ribs, vertebrae and long bones
Radiographic evidence:
•	 Decreased	bone	density
•	 Non-specific	thinning	of	the	cortex
•	 Looser	pseudofractures
•	 Trabeculae	of	vertebral	bodies	may	appear	less	clear
•	 Concavity	of	the	vertebral	bodies
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the diagnosis of vitamin D deficiency and osteomalacia in 
these patients is often overlooked [108].

Osteomalacia is often asymptomatic. Characteristic  features 
of osteomalacia are listed in Table 25.2 [108]. Although radio-
graphic evidence of osteomalacia is often present, patients 
may present with bone pain and radiographs may appear nor-
mal. Osteomalacia in the elderly can often be mistaken for 
other diseases, such as osteoporosis, metastatic disease, Paget’s 
disease, rheumatoid arthritis, fibromyalgia, and ankylosing 
spondylitis [106–108]. Ultimately, patients presenting with 
nonspecific bone pain and/or muscle weakness should be 
assessed for vitamin D deficiency (Table 25.4).

Calcidiol or 25 di-hydroxy-vitamin D is the vitamin D 
metabolite, which best indicates body stores, and is therefore 
the most widely accepted objective measure of vitamin D 
nutritional status [110]. A serum 25 dihydroxy-vitamin D 
level	of	<20–25	nmol/L	is	considered	to	be	associated	with	an	
increased risk of osteomalacia; however, the defined optimal 
level is controversial and ranges from 40 to 80 nmol/L [110, 
111]. The optimal lower limit for serum 25(OH)D has been 
suggested to be the level where serum PTH is not further sup-
pressed by increasing vitamin D intake or 75–80 nmol/L 
[112, 113].

Treatment of osteomalacia depends on the primary cause; 
vitamin D deficiency, hypocalcemia, and hypophosphatemia 
should be addressed if present. Nutritional vitamin D defi-
ciency requires treatment with 50,000 IU of vitamin D 
weekly plus 1,000 mg of calcium per day for several weeks 
to replete body stores, followed by long-term supplementa-
tion with 400–1,000 IU of vitamin D per day [105]. It has 
been suggested that treatment should continue until the bone 
is healed, which can take as long as 6–12 months [107]. 
Higher doses of ergocalciferol 10,000–50,000 IU per day 
and 1–2 g of calcium per day are necessary in patients with 
intestinal malabsorption, and levels of 25-hyroxyvitamin D 
and calcium should be monitored [114]. Options for patients 
who do not respond to daily ergocalciferol include daily 
administration via intramuscular injection of 10,000 IU of 
ergocalciferol, or daily oral 0.5–1.0 mg doses of calcitriol 
[107]. Calcidiol (0.05–0.125 mg per day) is indicated in the 
case of liver disease where synthesis of 25-hydroxyvitamin 
D is impaired [107]. Oral or intravenous calcitriol (0.25–1.50 
mg/day) and calcium supplementation (up to 1.5 g/day) can 
be used in patients with renal insufficiency [107]; however, 
individuals who are given calcitriol therapeutically should be 
carefully monitored to avoid hypercalcaemia and calciphy-
laxis [107, 114]. Vitamin D replacement with ergocalciferol 
or cholecalciferol has been used in osteomalacia of renal 
tubular acidosis [115].

Elderly adult, particularly those who are housebound and 
institutionalized, individuals taking anticonvulsants or other 
high-risk individuals should be supplemented with a mini-
mum of 800 IU per day of vitamin D and 1,200 mg per day 
of calcium for the prevention of osteomalacia [114, 116]. 

Recent research suggests that higher intakes are not associ-
ated with adverse outcomes and some older adults may ben-
efit from 1,000 to 2,000 IU daily [54, 106]. Vitamin D is 
usually given in the form of cholecalciferol, however, in indi-
viduals with renal or hepatic failure, calcitriol should be used 
[117]. Clinical practice guidelines for the management of 
chronic kidney disease (CKD) suggest that monitoring for 
biochemical abnormalities (e.g., calcium, phosphorus, para-
thyroid hormone, and alkaline phosphatase) begin in CKD 
stage 3 and that treatment with vitamin D analogs or calcit-
riol be considered in stages 3–5, if parathyroid hormone is 
above the normal limit despite the correction of other poten-
tial contributors [59, 118]. In CKD stage 5D, vitamin D ana-
logs, calcitriol, or calcimimetrics (alone or in combination) 
is suggested for lowering PTH, if it is elevated [32, 59, 118]. 
Individuals who are given calcitriol therapeutically should 
be carefully monitored to avoid hypercalcaemia and calci-
phylaxis [107, 114].

Paget’s Disease of Bone

Paget’s disease is characterized by increased bone remodel-
ing at one or more skeletal sites mediated by osteoclast 
hyperactivity, leading to bone that is more vascular and 
structurally abnormal [119]. Pagetic osteoclasts are larger 
than normal and their activity is increased, which stimu-
lates the recruitment and bone formation activity of osteo-
blasts at the pagetic site, resulting in rapid formation of 
disorganized woven bone that leads to an increased likeli-
hood of bowing, skeletal deformity, bone pain, arthritis, 
and fractures, among other complications [119, 120]. 
Paget’s disease has been associated with an increased like-
lihood of developing back pain, hearing loss, and osteoar-
thritis, the need for hip arthroplasty, and osteosarcoma 
[121, 122]. The etiology of Paget’s disease is not clear; 
both genetic predisposition and environmental triggers 
have been linked to its pathophysiology [120, 123].

The prevalence of Paget’s disease in the USA has been 
estimated at 1.5–3% of the population greater than 60 years 
[124], and the prevalence rates have been reported to increase 
with age [125, 126]. Geographic variation in the prevalence of 
Paget’s disease has been observed; the reported prevalence 
in Britain was higher than in European countries or in the 
USA [124]. A decline in the prevalence and radiographic and 
biochemical severity of Paget’s disease has been suggested 
[120, 124].

The most commonly affected bones are the tibia, femur, 
pelvis, skull, and vertebrae. Patients with Paget’s disease are 
often asymptomatic, but elevated alkaline phosphatate and 
skeletal deformity, including an increase in bone size or a 
change in bone shape, are characteristic features [120]. An 
increase in skin temperature may occur due to augmented 
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vascularity at the affected skeletal site. Deformities of the 
skull can result in hearing loss or headache. Bone pain that 
can be of mild–moderate severity can occur; it is usually 
present at rest, and when in long bones of the lower limb, 
increases with weight bearing [120]. A diagnosis of Paget’s 
disease is established via medical history and radiography 
[120]. Painful areas should be examined via plain radio-
graphs, but skeletal scintigraphy can be used to assess the 
totality of skeletal involvement [120, 127]. For disease moni-
toring, total alkaline phosphatase is typically used [120]. In 
Paget’s patients with preexisting liver disease or with levels 
of total alkaline phosphatase in the normal range, bone-spe-
cific alkaline phosphatase can be used for disease monitoring 
[127]. There is little data to support a target level of total 
alkaline phosphatase for monitoring treatment; a decrease in 
total or bone-specific alkaline phosphatase of 25% has been 
suggested [127].

Treatment is indicated in patients with Paget’s disease 
who (1) have metabolically active Paget’s disease and symp-
toms (e.g., bone pain or neurologic symptoms related to bony 
deformity) at a site where pagetic activity has been estab-
lished; (2) have surgery planned at a metabolically active 
pagetic site; (3) have hypercalcemia, such as in conditions of 
high bone turnover and immobilization; (4) are at risk of dis-
ease progression and future complications (e.g., hearing loss, 
arthropathy, and neurologic compression) [119, 127]. If 
symptoms recur or alkaline phosphatase activity is observed 
to increase during disease monitoring, retreatment can be 
effective, but should not be offered until 6 months post-initial 
treatment course [127].

The treatment of Paget’s disease involves suppression of 
bone turnover, and available options include bisphospho-
nates and calcitonin [119, 120, 127]. Alendronate and rise-
dronate have been shown to normalize serum alkaline 
phosphatase levels in 63 [128] and 73% [129] of patients, 
respectively, with the maintenance of biochemical remis-
sion for 18 months or longer in most patients [129]. 
Intravenous zolendronic acid (one 5 mg infusion) has been 
shown to reduce biochemical markers of bone turnover 
among patients with Paget’s disease into the normal range 
and maintain normal bone turnover for 24 months [130]. 
Other bisphosphonate options include oral administration 
of etidronate or intravenous pamidronate [120, 128, 131]. 
Salmon calcitonin can be used for the treatment of Paget’s 
disease, and generally leads to a 50% reduction in serum 
alkaline phosphatase levels [132], but may require contin-
ued therapy at a lower dose for the maintenance of benefit, 
and is typically less effective than the newer potent bispho-
sphonates [119]. Non-pharmacologic management options 
include assistive aids or physical therapy may be employed 
to improve function or reduce pain in individuals with 
 complications such as gait disturbance, muscle imbalance 
or weakness, or pain [120]. Support for patients is available 
at: http://www.paget.org/.
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Abstract Infections have long been known to be leading 
causes of morbidity and mortality in the elderly population. 
Immunosenescence of both the innate and adaptive immune 
systems contributes largely to this and we have examined the 
studies which show changes in toll-like receptors (TLRs), 
cytokines, dendritic cells, antibody response, and T-cells. 
Theses changes, in addition to functional changes, lead to 
increased infections in the elderly population.

Keywords Infection • T-cells • Immunosenescence

Introduction

Infections occur more frequently in the elderly population and 
are more severe with a prolonged course due to the frequent 
comorbid conditions in this population. In some cases, limited 
mobility, indwelling devices, and chronic conditions make 
patients more susceptible to infections. We will examine the 
immunological changes in this age group that make the infec-
tions they contract more serious, often becoming a major cause 
of morbidity and mortality in the geriatric population. The 
leading causes of death in USA in 1900 were pneumonia, 
tuberculosis, and diarrhea. Today, infections have been 
replaced by heart disease, cancer, and stroke in the over-
sixty-five age group as the leading causes of death, although 
the 7th most common cause of death is still pneumonia [1]. 
While infections may not be the main killers today, secondary 
to improvement in treatment, aging and the changes occurring 
in their immune systems make the geriatric population more 
susceptible than a healthy adult. The adaptive immune system 
was originally thought to be the main cause of decline in the 
immune status of the elderly people, but it is now understood 
that the innate immune system plays a large role in this decline 
as well [2]. Pneumonia and urinary tract infections are the 

more frequent infections seen in the geriatric population, but 
these patients are also at an increased risk of rheumatic infec-
tions, including septic arthritis and septic bursitis [3–5].

Immunosenescence, deterioration of the immune system 
through aging, is multifactorial with changes in the hemato-
poietic stem cell (HSC), and innate and adaptive immunity 
(see Chap. 1). While there is a decline in immune response in 
the elderly population, leading to an increase in infections 
and worse outcomes with infections, aging is also associated 
with an increase in conditions causing systemic inflamma-
tion, such as cancer or autoimmune diseases, which may also 
play a role in the changes seen in the immune response [2].

HSCs, the basis from which all lymphocytes develop, 
undergo changes with aging, and it is thought that the changes 
in these stem cells translate into changes seen in aging 
lymphocytes. Genetic control has been identified as a cause 
for alterations in the HSC seen with aging and several genes 
involved have been identified [6–9]. Harrison studied mice 
and HSCs, where young and old cells from the same strain 
are combined and transplanted back into the mouse. This 
study was conducted with several different strains of mice, 
and varying results were obtained based on the different 
strains. In one strain, the older cells repopulated faster than 
the young and in another strain, the young repopulated faster 
than the old [10]. It is thought that intrinsically, long-term 
exposure to reactive oxygen species and other toxins lead to 
changes that impair function and then lead to accumulation 
of mutations with age [11, 12]. Defects in genomic DNA are 
another possible cause of aging HSC, and high radio sensi-
tivity could make maintenance and repairs susceptible to 
defects. It is thought that the quality of the HSC, as opposed 
to age, in addition to intrinsic and extrinsic factors is the 
main determinant of age-related changes [6].

Innate Immunity

The innate immune system is our initial defense against 
pathogens and begins to work within minutes of the encounter. 
At times and secondary to several factors, the innate immune 
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system is unable to clear the pathogens completely. When 
this occurs, the adaptive immune system, acting in concert 
with the innate immune system, actively participates against 
this foreign invasion. The epithelial surface is the first line of 
defense and contains chemical substances to inhibit micro-
bial growth such as the alpha-defensins in the gastrointestinal 
(GI) tract and beta-defensins in the respiratory and genitouri-
nary (GU) tract [13]. Mammalian innate immune response is 
very similar to that of Drosophila. It has been shown in aging 
humans as well as in aging Drosophila melanogaster that 
there is increased activation of the innate immune system, 
and an increase in antimicrobial peptides. Drosophila had 
higher levels of these peptides through more persistent 
stimulation of the immune response, which was thought to 
possibly be due to a decline in response to the microbe, 
leading to a prolonged activation of the innate immune 
system [14, 15]. The commensal bacteria – nonpathogenic 
bacteria – which work to keep pathogenic organisms from 
attaching to epithelia are another line of defense. However, 
once the epithelium is breeched, macrophages are activated [13].

Toll-like receptors (TLRs) function in the innate immune 
system by recognizing specific components of pathogens, the 
pathogen-associated molecular patterns. With their recogni-
tion, cascades of pro- and anti-inflammatory events begin. 
These pathogen-associated molecular patterns include lipopoly-
sacharide (LPS), viral ribonucleic acid, and bacterial and viral 
deoxyribonucleic acid among others. LPS, which is a compo-
nent of all Gram-negative bacterial cell walls and signals 
through TLR4, has been studied in aging humans, and the 
results have been mixed. Some studies have shown an increase 
in cytokine production in response to LPS in aging popula-
tions, while others have shown no change or a decrease [16]. To 
further evaluate TLR changes with age, Van Duin and Shaw 
evaluated cytokine production in specific cell lineages and 
found TNF-alpha and IL-6 to be unchanged in aged humans 
when activated by TLR2/6, TLR4, and TLR5. In contrast, 
TLR1/2 activation produced only approximately 50% of the 
TNF-alpha and IL-6 in the aged. The authors postulated that 
this may be due to a decrease of 36% in the surface expression 
of TLR1 in aged humans, and the results could contribute to 
increased susceptibility to infection in older populations [16].

Dendritic cells (DCs) function throughout the body, in 
many different subtypes as antigen presenting cells. In a 
recent paper by Agarwal et al., an unpublished observation 
found no difference in the number of myeloid dendritic cells 
or plasmacytoid dendritic cells in young and aged humans [17]. 
This is in conflict with a study from Shodell and Siegal that 
showed decreased plasmacytoid dendritic cells in aged 
humans [18]. Agarwal et al. also found no differences in 
in vitro generation, morphology, or cell surface phenotypes 
of monocyte-derived dendritic cells from the elderly people. 
While peripheral DC numbers appear to be the same in the 
young and aging population, there is a decrease in DCs in 

Peyer’s patches and a change in the Langerhans cells in the 
gingival epithelium of the elderly people [19, 20]. In the 
aging thymus, the proportion of thymic dendritic cells 
remains the same, but the total number declines along with 
the total thymic cellularity [21]. As Agarwal et al. concluded, 
the changes seen in the number of DCs with aging seem to be 
based upon their subtypes. In terms of their function, imma-
ture DCs have been found to be more efficient in antigen 
capturing and tolerance induction, while mature DCs func-
tion better in antigen presentation and inducing immunity 
[22, 23]. Agarwal et al. evaluated pinocytosis in DCs and 
found that it is decreased in aging. This decrease in antigen 
uptake could then affect T-cell response through altered 
antigen processing.

It has also been determined that DCs in the elderly popula-
tion may have decreased expression of co-stimulatory mole-
cules and IL-12, which may contribute to a decline in T-cell 
proliferation with aging [24]. IL-10, an anti-inflammatory 
cytokine, is increased in aging, which may inhibit DC matu-
ration and macrophage function; although in a recent study, 
IL-10 and its effect on HSCs were examined in mice and was 
found to contribute largely to stem cell self-renewal [24, 25].

Natural killer (NK) cells are lymphocytes that secrete 
enzymes for the purpose of killing tumor cells and microbes. 
This is done not by recognizing an antigen, but by directly 
activating NK receptors. They also function through recogni-
tion of inhibitory signals via NK receptors and mean corpuscu-
lar hemoglobin (MCH) class-I molecules [26]. NK cells 
function normally in healthy older adults, but have been shown 
to have decreased functional capacity in elderly people who 
are frail or have chronic diseases [27]. The overall number of 
NK cells is increased in the elderly people, suggesting that 
their individual effectiveness is decreased and in order to main-
tain their optimal function, more NK cells are required [28].

In addition to changes in function and induction in aging 
TLRs and NK cell production and proliferation, there is also 
an increase in inflammatory responses [16, 28, 29]. This 
increased inflammatory response has been studied in mice 
which were exposed to LPS and were found to have increase 
in neutrophil infiltration and in IL-1b (beta), macrophage 
inflammatory protein (MIP)-2, and CXC chemokines [30].

Phagocytosis is also affected with aging, and neutrophils 
have changes in superoxide anion production and chemot-
axis, and a reduction in apoptosis [2]. While the expression 
of phagocytic receptors is not decreased, their ligation leads 
to change in intracellular signals [31]. Macrophage functions 
are also impaired with aging. The number of peripheral 
monocytes is unchanged, but there is a decline in the number 
of their precursors, and their ability to phagocytize is 
affected [32]. TLRs on macrophages have been shown to 
have impaired function and could contribute to defective 
production of cytokines [32]. The expression of MHC-II by 
macrophages and its function as antigen-presenting cells 
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(APC) are decreased with aging [32]. In the aging mice, the 
MHC-II gene is not expressed to the same degree in response 
to interferon (IFN)-gamma compared to that in young 
mice [33]. Aged macrophages also produce higher amounts 
of prostaglandin E2, which lead to inhibition of MHC-II [32].

Adaptive Immunity

T-lymphocytes mature and differentiate primarily in the 
thymus. The involution of the thymus begins at birth and 
continues through middle age. It is thought that thymic invo-
lution contributes to the decrease in T-lymphocyte-mediated 
immune response through a decrease in naïve T-cell produc-
tion and a shift in the ratio of naïve T-cells to memory T-cells 
[34]. The overall number of T-cells does not decline in the 
elderly population, but they have been proven to have limited 
replications, thus a limited life span [35]. Defects in their 
proliferation in response to antigen in aged humans have 
been demonstrated, and it is thought to be based on limited 
cellular replications [36–38]. In addition to their shortened 
life span, a change in their surface molecules, cytokines, or 
signaling pathways may contribute to this decline in function 
[39–42]. These changes are thought to contribute to increased 
risk of infections in the elderly population, a more severe 
course, in addition to the reactivation of chronic infections 
[39–42]. These changes also contribute to poorer immune 
response to vaccination [43–46].

While many aspects of the immune system have been 
shown to be altered by the aging process, the T-lymphocyte 
has been shown to be one of the more dramatically affected. 
As stated above, with the aging of the thymus, the number of 
naive T-cells declines, while the number of memory T-cells 
increases. Recent studies have examined the different sub-
groups of memory T-cells and the effects of aging on them. 
Three kinds of T-cells, central memory T (Tcm), effector 
memory T (Tem), and terminally differentiated T (Ttd) cells, 
have been identified based on their receptor expression. Tcm 
cells have immediate effector function in addition to their 
replicative response to antigen [47]. They contain L-selectin, 
the co-stimulatory receptors CD27 and CD28, CD62-L, and 
CC-chemokine receptor 7. The Tem cells have immediate 
effector function, but do not have CCR7 as the Tcm cells do. 
Ttd cells are highly differentiated cells without the expres-
sion of CD27 or CD28 and have been shown to accumulate 
with age [48]. Saule et al. looked at the different populations 
of memory T-cells as related to age and found a decline in the 
absolute number of CD4+ and CD8+ cells, but an increase in 
the proportion of CD4+ cells with age. The study showed 
that naïve T-cells are the predominant CD4+ cells in children, 
with Tcm cells being predominant in adults and continual 
increase of Tem cells with aging. Ttd cells were not found in 

all subjects, and in those that had them, their numbers were 
low. Saule found that the ratio of CD4+ naïve:memory cells 
changes with age and that memory cells exceed naïve cells at 
approximately age 37 years. The ratio of CD8+ naïve:memory 
cells also changes with age, but the memory cells exceed the 
naïve cells at age 29.5 years. They found that the number of 
CD8+ naïve T-cells declines at double the rate of the CD4+ 
naïve T-cells. The authors speculate that thymic output of 
CD4+ T-cells could be superior to that of CD8+ T-cells, 
accounting for the more rapid decline in the CD8+ T-cells 
[49]. Lages et al. examined regulatory T-cells in aging and 
their effect on chronic infections. The CD4+ regulatory cells 
played a role in maintaining self-tolerance, as well as in 
decreasing effector T-cell activation, proliferation, and 
cytokine production [50–52]. T regulatory (Treg) cells are 
associated with the cytotoxic T-lymphocyte-associated 
protein 4 [CTLA]-4, glucocorticoid-induced TNFR family-
related protein (GITR), and FoxP3, and were studied in mice 
and humans to determine changes associated with aging. In 
this study, they found elderly patients, both healthy and sick, 
to have increased proportion of Treg cells, leading to the 
inhibition of the immune system in aged subjects. This 
decreased T-cell function could then lead to reactivation of 
chronic infections [53].

Humoral immune response is decreased in aged subjects, 
and this can contribute to increase in infections and severity 
of infections in this population. The elderly patients have a 
decrease in antibody production in response to antigens in 
addition to a decrease in the protective effects from immuni-
zations. The decrease in antibody production is thought to be 
multifactorial; the T-cell signaling to B-cells that is required 
for antibody production is thought to contribute [54]. The 
memory cells in aged subjects are defective and thus the 
production of effective antigen-specific B-cell expansion is 
reduced, in addition to reduced IgG production [55]. Also, 
the stimulation of CD4+ cells is decreased in aged subjects 
and leads to a decrease in their cytokine production [56]. 
IL-2 is one of these cytokines and is involved in the immune 
system’s response to microbes, in addition to distinguishing 
between self and non-self and B- and T-cell interaction [57]. 
Naïve T-cells produce mainly IL-2 and memory T-cells 
produce mostly IL-4, so as aging occurs, along with an 
increase in memory T-cells, there is also an increase in IL-4 
and decrease in IL-2. There is an absence of germinal center 
somatic hypermutation, which leads to a decrease in the 
immune system’s ability to recognize foreign antigens [58]. 
There is also a lack of intrinsic V

H
 repertoire shift, which is 

another method of diversifying the antibody response [59]. 
B-cell numbers in the bone marrow of mice show a decline 
with aging as well as a change in the type of B-cells seen in 
the periphery [60]. Moreover in humans, there is a decline in 
the number of peripheral B-cells [61]. There is an increase in 
B-1 B cells with age as well as chronically activated B-cells 
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and a decrease in turnover rates [62]. In addition, there is a 
decline in the ability of B-cells to undergo class switching, 
which is the body’s ability to make immunoglobulins with 
different effector functions [63] (Table 26.1).

In addition to the changes in the immune system contrib-
uting to worse and frequent infections, Gavazzi and Krause 
postulate that infection is a cause of aging. They feel that 
tissue destruction by microorganisms may lead to the aging 
process, in addition to a lifetime of infection followed by 
inflammation being harmful over time. They theorize that 
latent or chronic infections which become activated periodi-
cally or cause low levels of chronic inflammation may be 
causing tissue destruction by inhibiting regeneration of cells, 
leading to slow but progressive damage [3].

Aging and Infections

Aging patients experience many changes including declines 
and changes in HSCs and the innate and adaptive immune 
systems. In addition, they have chronic conditions including 

cancer and diabetes which compromise their immune system. 
Their overall functional ability is also a contributor to their 
overall health, as immobility and dysphagia may also affect 
their state of well-being. These changes make them more 
susceptible to infection and they tend to endure more serious 
courses [64]. While urinary tract infections and pneumonia 
are the more common infections in the elderly people, infec-
tious arthritis is not uncommon.

Infectious arthritis at any age, especially in elderly indi-
viduals, is a serious disease and is considered as a medical 
emergency. The condition is accompanied by considerable 
morbidity and mortality. If untreated, it can lead to rapid 
joint destruction and irreversible loss of joint function. The 
reported incidence varies from 3 to 6 cases/100,000 person-
years in the general population to 60–75 cases/100,000 
person-years among elderly individuals debilitated by 
frequent comorbidities and diminished immunity, and in 
patients with underlying connective tissue disorders such as 
rheumatoid arthritis. Among elderly patients with septic 
arthritis, a history of rheumatologic and/or systemic disease 
is present in over 60% of cases. Clinical presentation tends to 
be atypical, which explains the often-considerable delay in 
diagnosis. On average, there is a 24-day delay before estab-
lishing the diagnosis of pyogenic arthritis, and several months 
for tuberculous arthritis. Staphylococcus aureus remains the 
most common microorganism isolated from the infected 
joint, with about 20% of isolated strains being methicillin 
resistant. However, the incidence of methicillin-resistant 
organism varies significantly depending on the geographic 
locations. Group B streptococcus is responsible for approxi-
mately 10% of septic arthritis. Mortality has not changed 
significantly in the past 25 years, and remains at 10% for 
monoarticular septic involvement and close to 20–25% for 
polyarticular septic involvement. Large joints such as knee, 
ankle, and shoulder are commonly affected, but any joint 
may be involved.

The therapeutic management of infectious arthritis in the 
elderly population follows the same principles as those for 
the general population. Appropriate intravenous antibiotic 
therapy should be initiated as soon as a high index of suspi-
cion is present. The choice of antibiotics should be guided by 
results from bacterial cultures and should be maintained for 
at least 4–6 weeks. Joint aspiration and drainage should be 
performed as often as necessary – usually daily during the 
first several days and then weekly. In some cases, it is appro-
priate to place a surgical drain in the infected joint to avoid 
the need for repeated aspiration. Predisposing risk factors for 
infectious arthritis in the elderly individuals should always 
be taken into consideration (Table 26.1).

In a review by Gavet et al., there was a higher incidence 
of septic arthritis seen in patients aged over 80 years when 
compared with patients between 60 and 79 years old, suggesting 
an elevated risk associated with an increase in age [5]. The 
joints affected tend to be previously damaged and are often 

Table 26.1 Risk factors contributing to an increase frequency of 
infection in the elderly individuals

Immunosenescence

•	 Changes	in	the	hematopoietic	stem	cell	system

° Dysregulation in genetic control, i.e., gene mutation

° Defects in genomic DNA

•	 Alteration	in	innate	immunity

° Toll-Like Receptor dysregulation, i.e., TLR1 resulting in an 
increased inflammatory response

° Dendritic cell (DC) dysfunction and dysregulation

° Decrease numbers of DCs in Peyer’s patches

° Change in Langerhans cells in gingival epithelium

° Decline in the total number of thymus DCs

° Decreased antigenic uptake by DCs

° Decreased expression by DCs of co-stimulatory molecules and 
IL-12

° Decreased functional capacity of NK cells

° Altered phagocytic activity by neutrophils, monocytes, and 
macrophages

° Decreased MHC-II expression by macrophages

•	 Aberrant	adaptive	immunity

° Decrease in T-lymphocyte immune response

° Decrease in naïve T-cell production

° Shift in the ratio of naïve T-cells to memory T-cells

° Decrease in T-cell proliferation

° Decline in T-cell function

° Increase in regulatory T-cells

° Decrease in humoral immune responses

° Resulting in diminished antibody responses

° Defective memory B-cell function

Presence of disorders associated to systemic inflammation
•	 Malignancy
•	 Autoimmune	diseases,	i.e.,	diabetes,	rheumatoid	arthritis,	and	lupus
Functional deficiency associated to old age
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afflicted by osteoarthritis or rheumatoid arthritis. The most 
frequent organism seen in septic arthritis in both young and 
old patients is Staphylococcus aureus, but Gram-negative 
organisms are also frequently found in septic joints in the 
elderly individuals. Between 25 and 50% of nongonococcal 
bacterial infections in non-prosthetic joints occur in patients 
aged over 60 years [65]. There are also reports of septic 
arthritis in rheumatoid arthritis patients receiving anti-TNF 
therapies involving common (e.g., Staphylococcus) and 
uncommon (e.g., Listeria) organisms [66].

The presence of prosthetic joints, especially in the elderly 
people , is a risk factor for the development of polymicrobial 
septic arthritis [67]. The 2-year cumulative probability of 
success of treating polymicrobial versus monomicrobial 
prosthetic joint infections was shown to be 63.8 and 72.8%, 
respectively. In addition, patients with polymicrobial pros-
thetic infections compared to those with monomicrobial 
prosthetic infections have higher frequency of methicillin-
resistant Staphylococcus aureus and anaerobes, and also have 
poorer outcome [67, 68]. Principles of management in the 
elderly individuals are not different than in younger patients.

Tuberculosis (TB) is another major concern in the aging 
population, particularly in immigrants and those in the devel-
oping countries (see Chap. 5). The mycobacterium triggers a 
T-cell response with granuloma formation. In immunosenes-
cence, the granulomas may be broken down, leading to 
dissemination of the microorganisms. Approximately 90% 
of cases of TB in the aged are from reactivation, and while 
75% of cases are pulmonary, other locations for disease 
increase with age [69, 70]. TB arthritis commonly affects 
larger joints, but in the elderly, it is not uncommon for it to 
affect knees, wrist, and ankles [71]. In addition, TB commonly 
affects the thoracic and lumbar spine in the elderly indi-
viduals, while cervical involvement is rare [72].

Overall, any type of infection including bacterial – 
nosocomial and non-nosocomial, viral (e.g., influenza and 
cytomegalovirus), and fungal (e.g., coccidioimycosis) infec-
tions is present in increased prevalence in elderly individuals, 
and contribute significantly to morbidity and mortality in this 
population [73–75].

Immunosenescence has long been known to contribute to 
increased frequency and severity of infections in the elderly 
individuals. But it has only been over the past few decades 
that we have begun to understand the changes that occur. 
Recent studies, while sometimes conflicting in their conclu-
sions, have shown us that the elderly subjects undergo 
alterations in both innate and adaptive immunity. While 
the adaptive immune system has been studied more, the 
innate immune system undergoes changes in TLR and 
the cytokines produced in response to antigens. Dendritic 
cells have been extensively studied and undergo changes 
specific to their subtypes. The adaptive immune system 
undergoes many changes including alteration in the ratio of 
naïve:memory T-cells and decreased antibody production in 

addition to changes in cytokine production. These changes, 
combined with changes in the functional status of most 
elderly individuals, lead to increase in frequency and severity 
of infections.
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Abstract Muscle disease symptoms and myopathies are 
not uncommon in the elderly population. Inflammatory and 
noninflammatory myopathies lead primarily to proximal 
extremity or axial weakness and are superimposed upon 
the intrinsic age-related changes that occur in muscle mass, 
strength, and function (sarcopenia). This chapter surveys the 
more common myopathies in the elderly population based 
upon a review of the process of sarcopenia, and how these 
age-related changes in muscle structure and function affect 
the results of the standard assessments of muscle disease in 
the elderly individual.

Keywords Muscle • Myopathy • Myositis • Sarcopenia

The contributions made by healthy muscles to maintain basic 
metabolic processes and functional status cannot be underesti-
mated. Muscle disease symptoms and myopathies are not 
uncommon in elderly individuals, and when present, they mag-
nify the effects of age-related decline on muscle structure, 
strength, and function. This chapter will survey the more 
 common myopathies seen in the elderly population, highlight-
ing the differences in presentation and/or therapy between the 
elderly and younger adults. The discussion of these inflamma-
tory and noninflammatory conditions will be based upon a 
review of the changes that occur in muscle with aging, and how 
these changes can alter the results of the standard assessments 
of muscle disease symptoms in the elderly individual.

Sarcopenia and Muscular Debility with Age

The word sarcopenia was coined in 1988 from the Greek 
word for loss of flesh [1] to refer to the intrinsic age-related 
loss of lean body (muscle) mass. Population estimates of 
sarcopenia, based on the measure of relative muscle mass 

(derived from either anthropometric data or instruments 
[computed tomography (CT) scanning, magnetic resonance 
(MR) imaging, dual energy X-ray absorptiometry (DXA), or 
bioelectric impedance analysis], and defined as appendicular 
muscle mass in kg/height in meter2), calculate its prevalence 
of up to 30% in those over 60 years of age and more than 
50% in those aged over 80 years [2–4], with moderate to 
severe sarcopenia in 45% of elders [5].

The definition of sarcopenia continues to evolve, expanding 
beyond an early characterization based solely on a threshold 
for low muscle mass – less than 2 standard deviations below 
that of a healthy young adult [6] – to one that should incorpo-
rate the physiologic and functional consequences associated 
with aging muscle [7]. Loss of muscle strength (“dynape-
nia”) with age (“presbydynami”) better predicts adverse 
outcomes and functional loss than does loss of muscle mass. 
Loss of strength has been linked to impaired func- 
tional status, falls, disability, and increased mortality [8–10]. 
Impaired strength may lead to immobility, a shared risk 
 factor for multiple, common geriatric syndromes which 
themselves predispose to frailty [11, 12]. It has been argued 
that sarcopenia itself should be considered a geriatric syn-
drome [2], as it is associated with the findings common to 
other conditions so classified: multiple etiologic factors, 
working through multiple pathogenic pathways, leading to a 
unified clinical phenotype [11].

An individual’s peak isometric strength occurs in their 
late twenties, and correlates with the time of maximal cross-
sectional fiber size [13]. By the time one reaches age 65 
years, approximately one-third of isometric strength is lost, 
with more rapid decline occurring at higher ages [14]. 
Strength declines more rapidly than muscle mass, the latter 
demonstrated by loss of muscle cross-sectional area [15], 
detectable histomorphologically as well as radiologically 
[16]. Muscle aging is associated with a net loss of muscle 
fibers [13, 17, 18] as well as a decrease in muscle fiber 
size [19], both changes preferentially affecting type II (fast 
twitch, glycolytic fibers) more than type I fibers. These losses 
not only contribute to declining muscle strength but also to a 
decrease in muscle power – the measure of work performed 
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over time. Animal models have demonstrated that with age 
comes a decline in muscle force-producing capacity, maxi-
mum velocity of shortening, and generalized slowing of con-
traction and relaxation [20]. With a loss of strength and 
power, there is a decreased ability to develop rapid joint 
torques [21, 22], necessary for rapid-onset muscular activi-
ties requiring moderate strength to recover balance and avoid 
falling when evading obstacles. Type II fibers, which experi-
ence the greatest functional and volume loss with age, are the 
first to be recruited in this situation.

A combination of age-related neurologic, muscular, and 
behavioral alterations is thought to contribute to the devel-
opment of sarcopenia, and is summarized in Table 27.1  
[2, 23–36]. Neurologically, the age-related change with the 

largest morphologic impact is the decrease in the number 
and/or size of large, anterior horn motor neurons with age, 
innervating primarily type II fibers, mostly seen after the age 
of 60 years [23]. Affected fibers undergo denervation, fol-
lowed by reinnervation by axonal sprouting from intramus-
cular neurons. This process leads to a net loss of functioning 
motor units [37], affecting type II more than type I fibers, 
fiber type grouping, and fiber remodeling as fibers assume 
the histochemical status of the innervating neuron. However, 
the relatively low percentage of motor neuron loss with 
advanced age (10–15%) [32] alone is not sufficient to explain 
the structural and functional declines in muscle with age. 
Cellular markers of regeneration have been documented in 
both aging motor neurons and muscle [32], suggesting that 
cellular responsiveness to muscle fiber atrophy and loss is 
present but insufficient to overcome progressive loss of 
 muscle mass and function. Muscular alterations with age 
include changes in both vascular and cellular density and 
microstructure, as well as decreased myocellular anabolic 
and restorative capacity in response to age-related alterations 
in the systemic and intramuscular levels of hormones, recep-
tors, and cytokines. For example, low levels of IGF-1 in men 
and high IL-6 levels in women are predictive of sarcopenia 
[29]. IL-6 contributes to muscle loss through its ability to 
activate the ubiquitin–proteasome pathway, accelerating 
muscle protein degradation. Vitamin D has pleotrophic effects 
on muscle development and growth: when bound to its 
nuclear vitamin D receptor (VDR), it induces de novo protein 
synthesis that regulates cellular proliferation, and when 
bound to membrane VDR, it activates protein kinase C and 
the release of calcium into the sarcoplasmic reticulum. Aging 
has been associated with a decrease in both serum vitamin D 
levels and muscle VDR number and/or expression, changes 
that primarily affect Type II fibers [38, 39]. The major behav-
ioral alteration is the age-related decline in physical activity, 
“kinesophobia,” contributing to muscle atrophy. Only 
20–25% of older adults meet Centers for Disease Control 
(CDC) criteria for sufficient levels of physical activity [40, 
41], and only 5–6% of older males and 1–3% of older females 
do activities that increase muscle strength [42]. Disuse decon-
ditioning, as a consequence of enforced immobility through 
limb casting or prolonged bed rest, can have devastating 
effects on muscle strength in the elderly population, who may 
enter such a period with little muscle mass reserve. Strict bed 
rest may lead to a decline in strength of 1–1.5% per day [43]. 
Antigravity muscle groups and large muscles of the lower 
limbs lose strength twice as fast as small muscle groups. 
Resistance exercise training, particularly of back extensors, 
quadriceps, and hip extensors, and ankle plantar flexors can 
regain losses induced by bed rest within several weeks [44]. 
As strength losses are recovered sooner than immobility-
induced loss of bone mass, there is a risk of bone fracture 
with reambulation, especially in those who at baseline have 
low bone mass – the elderly people.

Table 27.1 Neuromuscular factors contributing to the development of 
sarcopeniaa

Neurologic
• Cellular/structural

° Decreased number and size of spinal a (alpha) motor neurons

° Decreased number of nerve terminals and fragmentation of the 
neuromuscular junction

° Decreased number of acetylcholine receptors

° Deterioration of myelin and axonal atrophy

° Loss of motor neuron synaptic input
• Metabolic

° Altered axonal flow

° Decreased neurotransmitter release

° Decreased motor unit firing rate

° Decreased local production of IGF-1, ciliary neutropic factor, 
and other neurotropins

° Impaired excitation-contraction uncoupling

Muscular
• Cellular/structural

° Age-related vascular changes in muscle

° Cumulative effects of contraction-induced injury

° Decreased satellite cell number (type II fibers)

° Mitochondrial alterations (accumulated mtDNA mutations; 
decreased mtDNA copy numbers, decreased mRNA concentra-
tions in genes encoding muscle mitochondrial proteins, 
decreased oxidative enzyme activities, and decreased protein 
synthesis rates)

• Metabolic

° Decreased levels of anabolic stimuli (estrogen, testosterone, 
DHEA, GH, IGF-1, IGF-binding protein-3, mechano-growth 
factor [IGF-1Ec, or muscle-specific IGF-1])

° Decreased levels of systemic 1,25-(OH)
2
-vitamin D and local 

vitamin D receptors

° Decreased DHPRa (alpha)
1S

 transcription

° Downregulated Notch and MAPK/pERK satellite cell 
activation pathways

° Increased apoptosis

° Increased catabolic stimuli (including low-grade systemic 
inflammation [increased IL-6/TNF-a (alpha)/IL-1])

° Increased myostatin

° Increased muscle proteolysis

° Insulin resistance

° Unrepaired oxidative DNA damage
aData extracted from and reviewed in [2, 23–36]
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The results of clinical studies that investigate potential 
intrinsic causes of muscle aging should be interpreted with 
caution in light of coexistent constitutional states and 
acquired medical disorders in the elderly people that may 
affect muscle. These influences include gender, genetic 
impact on muscle metabolism, and chronic medical condi-
tions including obesity, lifestyle choices, and nutritional 
 disorders [2]. Intrinsic muscle aging should be distinguished 
from protein and energy-store wasting from starvation 
 (correctible with refeeding), and wasting in the presence of 
hypermetabolic states or inflammatory diseases. Severe 
wasting from cytokine-driven inflammatory or malignant 
conditions is referred to as cachexia [9].

Not all older persons decline functionally despite the 
above-described intrinsic changes in muscle structure and 
function. The muscular system is the largest reservoir of 
 protein in the body, accounting for up to 45% of body weight 
[42, 45]. Individuals vary in their muscle mass and functional 
reserve, and only when the effects of sarcopenia cross an 
arbitrary threshold individualized to the patient do functional 
and physical consequences occur. This threshold is analo-
gous to when individuals assume a higher risk for osteoporo-
tic fracture when their bone density falls below a threshold 
level (Table 27.2) [7]. In the symptomatic patient, suggested 
physical performance measures to screen for sarcopenia 
include those within the Short Performance Physical Battery 
(balance, timed 4-m walk, and timed chair stands), and mea-
surement of gait speed over 400 m (<0.8 m/s) [2, 7, 46].

Exercise is the most effective treatment to reverse the 
effects of sarcopenia, and can increase muscle mass and 
strength even in the oldest old [19, 47–49], although the 
magnitude of the reported effect varies based on the study’s 
exercise method, duration, intensity, and the population eval-
uated. Increase in muscle mass is predominately produced 
through hypertrophy. Increased physical activity is associ-
ated with reduced markers of inflammation [50], and both 
aerobic and resistance exercise training will stimulate an 
increase in muscle protein synthesis, muscle satellite cell 
activation, and muscle fiber area [51]. The most important 
variable is exercise intensity, and the most dramatic effects 
are seen with high intensity resistance (strength) training 
[47, 49]. Whereas aerobic exercise improves metabolic func-
tions with benefits seen more in type I fibers, resistance exer-
cise improves neuromuscular integration, muscle strength, 
and muscle hypertrophy to a greater extent [51, 52]. Regimens 
demonstrate that strength can increase 50–200% despite an 
increase in muscle mass of only 10–20%, supporting a role 
played by factors other than just muscle hypertrophy [15]. 
Strength training has been shown to reduce fall risk by 
10–49% in older adults [53, 54]. There is no agreed upon 
single guideline for resistance training for the treatment of 
sarcopenia. Components of an exercise prescription for the 
elderly individual entering strength training should include 

some form of a baseline stress test, instructions on proper 
warm-up activities and postexercise cool-down stretching, 
review of breathing techniques during lifting, and a plan of 
exercise prioritizing muscle groups of the spine and lower 
extremities [19, 45, 47]. Resistance exercise variables include 
number of sets and repetitions, repetition velocity, rest inter-
vals, intensity, frequency, and duration [52]. It generally 
takes twice as much time to recover muscle strength as it did 
to lose it, and strength decreases rapidly when resistance 
training programs stop.

Obtaining and maintaining gains from exercise require 
increased protein intake. The anabolic effect of dietary pro-
tein, particularly essential amino acids such as leucine, is 
mediated through its ability to increase circulating levels of 
IGF-1, and by increasing protein synthesis through activa-
tion of the mTOR signaling pathway [55]. The recommended 
adult daily allowance for protein intake of 0.8 g/kg body 
weight is inadequate to maintain a positive nitrogen balance 
in the elderly people [56, 57], and certainly insufficient to 
support the metabolic needs of the exercising elder. Daily 
protein intake of 1.2–1.5 g/kg may be required to prevent 
sarcopenia [56] in order to overcome the reduced capacity of 

Table 27.2 Comparing the descriptors used for tissue strength, vigor, 
and disease: bone and muscle

Descriptor Bone Muscle

Measurable 
quantity

Bone density Muscle mass

Clinical measure Bone density: dual 
energy X-ray 
absorptiometry 
(DXA)

Appendicular muscle 
mass: MRI, DXA, 
CT, bioelectrical 
impedance analysis 
(BIA)

Definition of tissue 
strength

Bone density + bone 
quality

Muscle mass + muscle 
quality

Contributors to 
tissue qualitya

Architecture, 
turnover, 
damage 
accumulation, 
mineralization

Myofiber composition, 
innervation, 
contractility, fatigue 
characteristics, 
vascularity, energy 
availability and 
utilization, muscle 
activity

Clinical condition 
from decline in 
tissue strength, 
and threshold

Osteoporosis: bone 
density 
measured by 
DXA, at or less 
than 2.5 
standard 
deviations 
below (T score 
£ −2.5) peak 
values for 
young adults 
(World Health 
Organization)

Sarcopenia: appendicu-
lar muscle mass, 
relative to measure 
of body mass, less 
than 2 normal 
standard deviations 
below the gender-
specific mean for 
young adults (Carla 
Task Force: less 
than the 20th 
percentile, adjusted 
for covariables) [7]

a Tissue quality: sum total of tissue characteristics that influence the 
 tissue’s resistance to failure, and not accounted for by measurement of 
tissue mass
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aging muscle to increase protein synthesis in response to 
anabolic stimuli [57]. As the safety and efficacy of this 
 recommendation is yet to be confirmed by long-term clinical 
trials, a protein intake of 1.0–1.2 g/kg is suggested to main-
tain dietary protein requirements without risking renal insult 
[55]. Strategies recommended to maximize protein absorp-
tion and anabolic effect include protein consumption imme-
diately after the time of resistance exercise, consumption of 
meal content high in protein, consumption of meal protein 
mixture high in branched chain amino acids (e.g., leucine) 
and quickly digestible and absorbable proteins, and “puls-
ing” the majority of daily protein intake during one meal per 
day [8, 31, 57].

Other than vitamin D supplementation [58], the use of 
medication and hormonal therapies to improve muscle mass 
and strength in the elderly people has led to less than encour-
aging results. Studies involving inhibitors of angiotensin 
converting enzyme (ACE) and of HMG-CoA reductase 
 (statins) have demonstrated promising effects on muscular 
outcomes, but not to the clinical effect, or depth of study, to 
recommend them as part of routine treatment for sarcopenia 
[59]. Despite the known decline in the levels of various 
 anabolic stimuli with age, hormonal and substrate replace-
ment therapies are currently not routinely recommended 
due to their lack of efficacy, side effect profile, and/or lack 
of  sufficient data on their ability to improve disability and 
physical performance. Tested therapies have included cre-
atine, growth hormone, testosterone, estrogens, tibolone (a 
synthetic steroid with estrogenic, androgenic, and progesto-
genic activity), and IGF-1 [7, 59]. Therapies in development 
or postulated based on preclinical data include selective 
androgen receptor modifiers, myostatin inhibitors, cytokine 
inhibitors [7, 56], and those directed at reversing the age-
related decline in satellite cell capacity for activation and 
proliferation [36].

Clinical Evaluation of Muscle Disease 
Symptoms in the Elderly Population

The age-unrestricted list of conditions that can cause muscle 
disease symptoms is extensive. Candidate conditions are 
typically categorized as collagen vascular, neurologic, drug-
induced, endocrine, inborn or acquired metabolic, electro-
lyte-related, infectious, and cancer-related conditions. The 
approach to the individual with myopathic symptoms is not 
age specific, but the results must account for age-related 
variations within each component of the evaluation.

As most extremity muscle bulk is proximal, symptoms of 
myopathic weakness tend to be associated with shoulder and 
hip girdle motions. Patients may report the inability to 
 perform a specific task due to weakness, or poor stamina in 

performing tasks once readily accomplished. Independence 
with activities of daily living (ADLs), maintenance of 
 balance and gait, and freedom from falling should be 
addressed in the elderly patient as all are sustained in part by 
maintenance of muscle strength. Muscle pain is an uncom-
mon symptom of a primary myopathy, and in the elderly 
patient, it should suggest polymyalgia rheumatica [60], or a 
regional or generalized musculoskeletal disorder, such as a 
rotator cuff tendinopathy or fibromyalgia syndrome.

Documenting the severity of initial and serial assessments 
of muscle strength should be accomplished using the Medical 
Research Council (MRC) grading scale of 0–5 [61]. The 
healthy elderly individual should be able to sustain muscle 
contraction against full resistance for the 2–4 s normally 
allotted to test individual muscles. More physiologically 
complex yet standard functional assessments, such as arising 
from a chair without the use of the arms, measuring the time 
necessary to perform this maneuver 5–10 times, or squatting 
from the standing position and then arising without assis-
tance, should be accomplished without difficulty by normal 
younger adults but may be difficult even for the healthy 
elderly people. Wheeler and colleagues [62] showed that 
healthy elderly women had more difficulty rising from the 
standard examination room chair, and tended to place their 
feet further back before rising and use more vastus lateralis 
muscle activity compared to young adult controls. The distri-
bution of weakness may provide clues as to broad categorical 
etiologies: symmetric proximal extremity weakness with a 
normal neurologic examination suggests a myopathy, 
whereas distal weakness, distal and proximal weakness, or 
asymmetric weakness suggests an underlying neuropathic 
problem or inclusion body myositis. Compared with objec-
tive muscle weakness, muscle tenderness is a less common 
finding in most primary myopathies. Muscle tenderness in 
the elderly people, without demonstrated significant weak-
ness, may be seen with fibromyalgia (diffuse muscle tender 
points) and regional musculoskeletal disorders (focal find-
ings). It is also seen in some patients with polymyalgia rheu-
matica (symmetric proximal extremities) [60].

Routine laboratory measurements of electrolytes (sodium, 
potassium, calcium, magnesium, and phosphorous) and 
muscle enzymes (primarily creatinine kinase [CK] and 
 aldolase, and secondarily aspartate aminotransferase [AST], 
alanine aminotransferase [ALT], and lactate dehydrogenase 
[LDH]) are an essential component of muscle disease evalu-
ation. In the elderly individuals, there is an age-related 
decrease in CK and aldolase-specific activity per unit DNA 
in muscle [63]. One longitudinal study over 2 years demon-
strated that the mean value of CK in those aged older than 60 
years was 12–21% lower than the mean for a reference popu-
lation aged 20–50 years [64]. Despite this fall in mean CK 
levels with age, the diagnostic accuracy of an elevated CK 
level in patients over 65 years of age with histologically 
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proven myopathy was equal to that in patients aged less than 
65 years in two retrospective studies [65, 66]. The ability of 
CK to be detected in standard assays is a function of extra-
cellular glutathione in vivo: glutathione prevents excessive 
oxidation of CK, preserving it for its average lifetime in the 
circulation (22 h). During states of extracellular glutathione 
depletion (multiorgan failure or critical illness), serum CK 
levels can drop to levels below the lower limit of normal, 
despite ongoing muscle wasting [67]. CK levels must be 
interpreted with caution in patients with myopathic illness 
under these circumstances.

Electromyogram (EMG) assessment of voluntary motor 
unit action potentials (MUAPs) and spontaneous muscle 
electrical activity can categorize muscle symptoms as arising 
primarily from either muscle or nerve, and provide informa-
tion on the distribution, severity, and, if done serially, the 
progression of myopathic changes. MUAP duration best dis-
tinguishes between a myopathy and neuropathy: total dura-
tion increases in neuropathies but decreases in myopathies 
[68]. Other myopathic findings include MUAPs of small 
amplitude, and polyphasic composition. Increased needle 
insertional activity (increased in damaged muscles and 
decreased in muscles replaced by fat or scarring) and sponta-
neous activity (fibrillation potentials [a degenerating muscle 
fiber with an unstable membrane fires spontaneously at a 
regular rate] and positive sharp waves [needle touching dam-
aged, degenerating fibers]) are features of an inflammatory 
myopathy. In the elderly people, there is a slight tendency 
toward prolonged MUAP duration above the age of 55 years 
[69], and a small increase in the proportion of polyphasic 
potentials [70]. These changes are due to the process of den-
ervation followed by intramuscular axonal spouting from 
neighboring axons and reinnervation as described above. 
This process occurs slowly, thus the typical features of active 
degeneration – fibrillations and positive sharp waves – are 
not seen with aging alone [70]. EMG assessment of a cool 
limb will also produce a higher percentage of increased dura-
tion, polyphasic potentials [71], and reduced spontaneous 
activity [72]. This must be taken into account during EMG 
testing in the elderly individuals, who are at increased risk 
for cool limbs from circulatory insufficiency and reduced 
insulation (subcutaneous fat).

The aforementioned clinical features – history, examina-
tion, laboratories, and EMG – infrequently provide a diagno-
sis of a specific muscular disorder. Muscle biopsy is then 
necessary to make or confirm a diagnosis and to provide a 
basis for therapy. In most clinical circumstances, satisfactory 
muscle samples for evaluation can be provided by either 
open or percutaneous techniques [73–75]. A combination of 
complementary tissue stains is chosen to evaluate general 
muscle morphology and fiber typing and distribution, and 
screening tests are chosen for evaluating enzyme deficien-
cies and storage diseases [76]. Based on autopsy and muscle 

biopsy studies, muscle biopsy specimens from the elderly 
individuals show an increased frequency of type II muscle 
fiber atrophy, type II fiber-specific decline in muscle satellite 
cell content, neurogenic changes (including fiber type group-
ing, angular atrophic fibers, and target or “targetoid” fibers), 
and changes indicating mitochondrial dysfunction (ragged 
red fibers and fibers staining negative for cytochrome c oxi-
dase [COX] with concomitant increase in succinate dehydro-
genase [SDH] activity) [30, 65, 77–79]. Findings of necrosis, 
cytoplasmic bodies, ring fibers, and fibers with increased 
central nuclei have been noted in muscle specimens from 
those over the age of 70 years [77]. Clinically, the diagnostic 
accuracy of muscle biopsy findings for inflammatory myo-
pathy in patients aged 65 years and older approximates that 
of younger adults [65, 66].

Myopathies in the Elderly Population

Table 27.3 provides a more specific list of conditions that 
should be considered in the elderly patient suspected of 
 having a myopathy. These diseases, both primary muscular 
diseases and diseases or drug-related syndromes with symp-
tomatology in the muscular system, represent a more focused 
list of inflammatory and noninflammatory conditions and 
assume that a comprehensive evaluation has excluded elec-
trolyte disturbances and organ failure syndromes as causes 
of weakness. These disorders can also be separated into those 

Table 27.3 Myopathies more specific for the elderly patient

Primary muscle diseases
• Idiopathic inflammatory myopathies

° Sporadic inclusion body myositis

° Polymyositis

° Dermatomyositis
• Late-onset muscular dystrophies

° Facioscapulorhumeral dystrophy

° Oculopharyngeal dystrophy

° Late-onset limb girdle dystrophy
• Late-onset mitochondrial myopathy
• Paraspinal myopathies

° Bent spine syndrome (camptocormia)

° Dropped head syndrome
Diseases or conditions of extramuscular origin with proximal muscle 

weakness
• Endocrine/metabolic diseases

° Thyroid disease

° Osteomalacia
• Amyloid myopathy
• Drug-induced myopathies

° Corticosteroids

° Alcohol

° Colchicine

° Lipid lowering agents
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causing primarily proximal muscle weakness or spinal 
 weakness. The discussion to follow will survey these 
 diseases, highlighting clinical findings of presentation or 
therapy that are more distinctive in older patients.

Idiopathic Inflammatory Myopathies

As a group, the idiopathic inflammatory myopathies (IIM) 
are the most common cause of primary myopathy in the 
elderly people [65, 77]. These conditions – polymyositis 
(PM), dermatomyositis (DM), and sporadic inclusion body 
myositis – share, to varying degrees, findings of slowly 
 progressive muscle weakness which is usually symmetric 
and proximal, elevated serum levels of muscle enzymes, 
characteristic changes of an inflammatory myopathy on 
EMG, and abnormal muscle pathology, with degenerating 
and regenerating myocytes, and inflammatory cells in and 
around muscle cells and sometimes around vessels. 
Extramuscular manifestations in common include constitu-
tional symptoms and dysphagia; polyarthralgias/polyarthri-
tis and cardiopulmonary involvement are more likely to 
occur in PM and DM. Other unique features that serve to 
define the clinical subsets of IIM include certain demo-
graphic characteristics, skin manifestations, myositis-spe-
cific antibodies, and pathologic criteria.

Sporadic Inclusion Body Myositis  
and the Hereditary Inclusion Body 
Myopathies

The term inclusion body myositis (IBM) was first used in 
1971 to describe patients with IIM whose muscle biopsies 
displayed degenerating muscle fibers with rimmed vacuoles 
and unique, tubulofilamentous nuclear and cytoplasmic 
inclusions [80]. Patients with IBM are now separated into 
two distinct sets based on patterns of inheritance, clinical 
findings, muscle biopsy changes at the light- and electron-
microscopic levels, and immunoreactivities demonstrated in 
the filaments [81–84]: sporadic IBM (s-IBM) and the heredi-
tary inclusion body myopathies (h-IBM). These two patient 
subsets share similar features on muscle biopsy, but unlike in 
s-IBM, there is an absence of inflammatory change in muscle 
biopsy specimens from patients with h-IBM, hence the term 
inclusion body “myopathy” not “myositis.”

S-IBM is the most common inflammatory myopathy in 
patients over the age of 50 years [85–89], although it has 
been reported in younger ages [90]. Older age of onset has 
been associated with faster progression of weakness [91].  
As  contrasted against PM and DM, s-IBM affects males 

 two-to-three times as frequent as females [92, 93], and is 
more  common in Caucasians than in other races [93, 94].  
The course of painless, proximal muscle weakness and 
 atrophy develops insidiously, commonly over years. Distal 
limb muscle involvement is seen in 50%, occurs early, and 
may predominate in up to a third of patients [92, 95]. A char-
acteristic pattern of (often asymmetric) finger and wrist flexor, 
knee extensor, and ankle dorsiflexor weakness has been 
described [85, 92] and may be specific enough to make the 
diagnosis even when rimmed vacuoles and other characteris-
tic histologic muscle biopsy findings are absent [85]. Although 
interosseous muscles of the hand are generally spared [91], 
characteristic involvement of the flexor digitorum profundus 
and the flexor pollicis longus impairs the ability to oppose the 
thumb and index finger and perform fine motor movements, 
leading to significant disability. The prominent involvement 
of the hip flexors and quadriceps muscles may be severe 
enough in some patients that patellar reflexes are diminished, 
simulating an underlying neuropathy. Quadriceps weakness 
and knee giving-way may lead to an increased frequency of 
falling. Pharyngeal muscles are often part of the initial clini-
cal presentation [91]. Muscle enzymes are normal in approxi-
mately 20% and elevated no more than 12 times normal in 
most patients. EMG findings are atypical in 30%, including 
the absence of inflammatory changes or the presence of a 
prominent neuropathic component. A small percentage of 
patients may have an associated autoimmune, infectious 
(most commonly viral), or other  systemic inflammatory dis-
ease [90]. Diagnostic criteria for IBM (s-IBM), incorporating 
pathologic and clinical findings, are listed in Table 27.4 [96].

Rehabilitation strategies, more so than medical treat-
ments, play key roles in disease management. A physical 
therapy program of strength training should be prescribed 
for all patients with s-IBM [97], and will not elevate serum 
CK levels. The presence of foot drop or knee instability 
requires splinting or bracing, respectively, to prevent con-
tractures and to aid in ambulation. Dysphagia should prompt 
evaluation to assess the need for intravenous immunoglobu-
lin (IVIg), esophageal dilation, injections of botulinum toxin, 
or cricopharyngeal myotomy. Standard medical therapy for 
IIM – corticosteroids with or without immunosuppressive 
agents – does not stop disease progression. This lack of 
improvement with medical therapy has been described as a 
clinical hallmark of the disease. A small subgroup of patients 
with s-IBM has mild to modest improvement or stabilization 
of findings with standard therapy in CK levels, degree of 
muscle fiber inflammatory changes histologically [98], or 
strength [93, 99–101]. Common findings noted in many of 
these responding patients include coexistence of an associ-
ated autoimmune disease (e.g., systemic lupus erythemato-
sus), higher CK levels or degree of inflammation noted 
histologically at baseline, and the absence of significant 
replacement of muscle by fat and fibrosis [95, 100, 101].  
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The limited number of clinically improved patients in these 
studies, and the variable durations of patient improvement 
and documented follow-up do not allow for subgroup analy-
sis sufficient to recommend that a therapeutic trial is war-
ranted for any specific combination of clinical and laboratory 
findings. However, due to the possibility of improvement, 
and if the risks in an individual patient with s-IBM are 
acceptable, a 3–6-month medication trial with corticoster-
oids with or without immunosuppressives may be consid-
ered. IVIg can be considered for the patient with severe 
dysphagia or rapidly progressing leg weakness [90].

The mechanisms that underlie the pathogenesis of s-IBM 
are not well understood. It should no longer be considered 
solely a myodegenerative disorder, and often cited reports of 
intramuscular accumulation of beta-amyloid and tau proteins 
have been refuted [102, 103]. Current evidence suggests a 

more complicated pathophysiologic process that involves a 
genetic contribution (strong association with the HLA-B8-
DR3-DR52-DQ2 haplotype [90]), immunologic activity  
(T and B cells surrounding and displacing myofibers, B cell 
maturation and differentiation within muscle in the absence 
follicles, and active myeloid dendritic cells), and other 
 abnormalities of unclear relationship to the immune system 
(nuclear degeneration, sarcoplasmic accumulation of nor-
mally nuclear nucleic-acid binding proteins, and loss of 
 fast-twitch sarcomeric proteins) [104, 105].

Polymyositis and Dermatomyositis

The clinical and laboratory findings that lead to a diagnosis of 
either PM or DM are not age specific, and are based on crite-
ria initially set forth by Bohan and Peter [106, 107]: symmet-
ric limb-girdle and anterior neck flexor muscle weakness, 
skin rash (in patients with DM), elevation of skeletal muscle 
enzymes, EMG evidence of an inflammatory myopathy, and 
muscle biopsy evidence of an inflammatory infiltrate, cellular 
necrosis, and regeneration. These criteria describe a hetero-
geneous group of disorders which lead to chronic muscle 
inflammation [108, 109]. While muscle biopsy specimens 
from patients with an IIM will stain positive for MHC class I 
molecules in the sarcolemma, differentiating these conditions 
from dystrophies and certain metabolic myopathies causing 
mononuclear cell infiltrates, dermatomyositis has distinct 
pathologic features: perimysial (more so than perifasicular) 
myofiber injury/atrophy, endothelial cell damage and tubu-
loreticular inclusions, and higher intramuscular expression of 
type I interferon-inducible genes [110]. Advances in autoan-
tibody detection have identified clinical subgroups of patients 
with either PM, DM, or myositis associated with malignancy. 
These myositis-specific autoantibodies define more homoge-
neous populations within the spectrum of the IIM, each with 
distinct clinical findings and immunogenetic associations 
(Table 27.5) [111]. The syndromes marked by these autoanti-
bodies are more commonly seen in younger adults, with mean 
age at diagnosis between 36 and 46 years [94], but can be 
seen in the elderly individuals also.

Incidence rates of PM–DM are bimodal, peaking in child-
hood and then again in adults of mean age 45–64 years 
[112]. The mean age is higher (60 years) for those with 
malignancy-associated myositis, and conversely, the elderly 
individuals with PM–DM have a higher incidence of malig-
nancy [94]. Three retrospective studies of patients identified 
clinically with either PM or DM – two by hospital records 
[112, 113] and one study of both outpatients and inpatients 
[66] – have specifically addressed the frequency of age 
greater than 65 years at diagnosis. Of the 380 patients repre-
sented in these reports, 76 (20%) were 65 years or older 

Table 27.4 Inclusion body myositis diagnostic criteriaa

    I. Diagnostic classification
A. Definite IBM

Patients must exhibit all muscle biopsy features including 
invasion of non-necrotic fibers by mononuclear cells, vacu-
olated muscle fibers, and intracellular (within muscle fibers) 
amyloid deposits or 15–18-nm tubulofilaments. None of the 
other clinical or laboratory features are mandatory if muscle 
biopsy features are diagnostic

B. Probable IBM
If the muscle shows inflammation (invasion of non-necrotic 
muscle fibers by mononuclear cells) and vacuolated fibers but 
without other pathologic features of inclusion body myositis, 
then a diagnosis of probable inclusion body myositis can be 
given if the patient exhibits the characteristic clinical (A1,2,3) 
and laboratory (B1,3) features

II. Characteristic features
A. Clinical features

1. Duration >6 months
2. Age of onset >30 years of age
3.  Muscle weakness: must affect proximal and distal muscle 

of arms and leg, and patient must exhibit at least one of the 
following features:
a. Finger flexor weakness
b. Wrist flexor > wrist extensor weakness
c. Quadriceps weakness (<MRC grade 4)

B. Laboratory features
1. Serum creatine kinase <12 times the upper limit of normal
2. Muscle biopsy

a.  Inflammatory myopathy characterized by mononuclear 
cell invasion of non-necrotic muscle fibers

b. Vacuolated muscle fibers
c. Either:

(i)  intracellular amyloid deposits (must use fluorescent 
method of identification before excluding the 
presence of amyloid), or

(ii) 15–18-nm tubulofilaments by electron microscopy
3.  EMG must be consistent with features of an inflammatory 

myopathy (however, long-duration potentials are commonly 
observed and do not exclude diagnosis of sporadic IBM)

aAdapted from Tawil and Griggs [96]. Used with permission
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(range 6.5–29%). The female-to-male ratio in these 76 
patients of 1.6:1 is different than the range of 2–2.5:1 in 
younger adults with PM–DM.

Few studies address the differences in clinical manifesta-
tions, response to therapy, and prognosis between the elderly 
and younger adults with PM–DM [66, 114–116]. In a compre-
hensive review of an elderly cohort, Marie and colleagues [66] 
retrospectively analyzed 79 consecutive patients with PM–DM 
presenting to a university’s clinic or hospital over a 14-year 
period. Of the patients, 29% were 65 years of age or older 
(nine men and 14 women, median age 69 years), and 11 had 
dermatomyositis and 12 had polymyositis. Comparing the 
elderly with younger patients, there were no differences in the 
duration of symptoms prior to diagnosis, or in frequencies of 
myositis diagnoses, Raynaud’s phenomenon, dysphonia, 
 cardiac impairment, interstitial lung disease, and peripheral 
neuropathy. There was a statistically higher frequency 
(p < 0.05) in the elderly cohort of esophageal dysfunction (35% 
vs. 16%) and bacterial pneumonia (21% vs. 5%), as well as a 
trend (p = 0.12) toward ventilatory insufficiency. Aspiration 
from esophageal dysfunction, combined with ventilatory 

insufficiency, was a postulated factor leading to the higher 
 frequency of pneumonia. The diagnostic accuracy of an 
 elevated CK or aldolase, myopathic EMG findings, and char-
acteristic inflammatory changes on muscle biopsy was similar 
to that in younger patients, but older patients had a statistically 
higher frequency of elevated acute phase reactants and lower 
levels of hemoglobin, total protein, and albumin. These latter 
findings may be owing to concurrent malignancy.

The frequency of malignancy in patients with PM–DM 
increases with age [113, 117–122] and is supported by the 
study of Marie [66]: 11 of the 23 elderly patients (49%) had 
a malignancy at the time of presentation vs. only 9% of 
younger patients. There were no differences in cancer occur-
rence by gender. Of the malignancies, 50% were colon can-
cer, and 10 of the 11 elderly patients with DM had a 
malignancy. The literature supports an association, based 
mainly on case–control and cohort studies, of DM with 
malignancy [109]: up to 15% of patients with DM will have 
or develop an internal malignancy. The risk for malignancy 
in PM in elderly patients is greater than that for those in the 
general population, but to a lower extent than in patients with 

Table 27.5 Associations of the myositis-specific autoantibodiesa

Autoantibody frequency

Autoantibody Target autoantigen and function Clinical phenotype Adult IIM JDM

Anti-ARS

Anti-Jo-1
Anti-PL-7
Anti-PL-12
Anti-EJ
Anti-OJ
Anti-KS
Anti-Ha
Anti-Zo

ARS – intracytoplasmic protein 
synthesis

Histidyl
Threonyl
Alanyl
Glycyl
Isoleucyl
Asparaginyl
Tyrosyl
Phenylalanyl

ASS: myositis, mechanic’s hands, Gottron’s 
papules, arthritis, fever, and high 
frequency of interstitial pneumonitis

30–40 1–3

Anti-SRP SRP – intracytoplasmic protein 
translocation (six polypep-
tides and RNP 7SLRNA)

Acute onset necrotizing myopathy (severe 
weakness high CK); may be refractory to 
treatment

5 <1

Anti-Mi-2 Helicase protein – nuclear 
transcription (forms the 
NuRD complex)

Adult DM and JDM (hallmark cutaneous 
disease, milder muscle disease with good 
response to treatment)

<10 <10

Anti-p155/140 TIF1-g (gamma) (p155) – nuclear 
transcription + cellular 
differentiation

CAM in adult DM; severe cutaneous disease 
in adult DM and JDM

13–21 23–29

Anti-p140 Likely to be NXP-2 – nuclear 
transcription + RNA 
metabolism

JDM with calcinosis NA 23

Anti-SAE SAE – posttranslational 
modification (targets include 
transcription factors)

Adult DM; may present with CADM first 5 NA

Anti-CADM-140 Intracytoplasmic MDA5 – innate 
immune

CADM; rapidly progressive interstitial 
pneumonia

Overall – unknown NA

aAdapted from Gunawardena et al. [111]. Used with permission
ARS aminoacyl-tRNA synthetase, ASS antisynthetase syndrome, CADM cancer-associated dermatomyositis, CAM cancer-associated myositis, 
JDM juvenile dermatomyositis, MDA5 melanoma differentiation-associated gene-5, NuRD nucleosome remodeling histone deacetylase, NXP-2 
nuclear matrix protein NXP-2, SAE small-ubiquitin-like modifier activating enzyme, SRP signal recognition particle, TIF1-g (gamma) transcrip-
tional intermediary factor 1-gamma, NA not applicable/no data
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DM [123]. Thus, in the elderly with PM–DM, heightened 
awareness for the possibility of an underlying malignancy 
must be maintained. Although an intensive clinical evalua-
tion to exclude an occult malignancy is not without patient 
risk and is not cost effective in all patients, patients should 
complete gender-specific healthcare maintenance evalua-
tions and investigations directed to determine the source of 
any abnormal sign or symptom uncovered through a com-
prehensive review of systems and physical examination.

The response to therapy and outcome of elderly patients 
with PM–DM are poorer than that in younger adults. 
Despite a similar distribution of most therapeutic modali-
ties (steroids, azathioprine, intravenous immunoglobulin, 
and methotrexate) between younger and older adults in the 
study of Marie [66], only 13.6% of elderly patients achieved 
complete remission of PM–DM versus 41% of younger 
patients. This trend is supported in previous reports [116, 
120]. The age-specific mortality rate is also higher in older 
patients with PM–DM [114, 118]. Older age is but one of 
many described poor prognostic factors in PM–DM includ-
ing presence of malignancy, gender, disease severity, dys-
phagia, bacterial pneumonia, delays in initiating therapy, 
and resistance to therapy (reviewed [66]). It is, therefore, 
not surprising that the elderly patients reported by Marie 
[66], who overall had a higher frequency of malignancy, 
dysphagia, bacterial pneumonia, and inability to induce 
remission with therapy vs. younger patients, had a higher 
mortality rate as well: 48% vs. 7%. Malignancies were 
directly responsible for six of the eleven deaths (54%) in 
the elderly patients, and bacterial pneumonia for four 
(36%). As the development of aspiration and ventilatory 
insufficiency are associated with bacterial pneumonia, an 
early assessment of esophageal and lung involvement in 
patients presenting with PM–DM can lead to detection of 
subclinical muscle involvement, early intervention for 
which may reduce subsequent morbidity and mortality.

Late-Onset Muscular Dystrophies

Muscular dystrophies are genetically determined, degener-
ative myopathies which usually present before adulthood. 
These diverse groups of inherited muscle protein disorders 
are characterized by their patterns of inheritance and pene-
trance, age of onset, progression, severity, and muscles 
involved [124]. Weakness proceeds slowly, and arrest of 
progression has been described [125]. Depending on the 
particular disease, some patients may proceed into older 
adulthood with minimal or undetectable symptoms before 
the cumulative effects of muscle degeneration lead to 
 functional decline. Three late-onset muscular dystrophies 
are described, each causing proximal limb weakness [124, 

125]: facioscapulohumeral dystrophy, oculopharyngeal 
dystrophy, and late-onset limb girdle dystrophy. These 
 dystrophies are associated with normal or mild elevations 
of serum CK and a nonspecific myopathic pattern on EMG. 
Muscle biopsy findings are nondiagnostic and can show 
loss of muscle fibers, variation in fiber size, and degrees of 
muscle fiber necrosis. Therapy is limited to patient and 
family education, palliative measures to prevent aspiration, 
and empiric physical therapy.

Facioscapulohumeral dystrophy is an autosomal 
 dominant disease that typically begins with facial muscle 
weakness (e.g., inability to close eyes tightly or whistle), 
sparring the extraocular and pharyngeal muscles. Weakness 
tends to proceed caudally, involving muscles of the shoul-
der (scapular winging) and then pelvic girdles, although 
early tibialis anterior involvement is characteristic. 
Extramuscular features include sensorineural hearing loss 
and retinal vasculopathy. Diagnosis can be made by molec-
ular genetic testing of blood.

Oculopharyngeal dystrophy is also inherited through an 
autosomal dominant pattern with complete penetrance, and 
is the only dystrophy that presents more commonly in the 
elderly population. It is classified as a polyalanine disorder, 
with the mutation in poly(A)-binding protein 1 (PABPN1) 
[126]. Symptoms begin in the fifth or sixth decade of life. 
Proximal upper and lower extremity weakness is a late 
 finding, following onset of symptoms with ptosis (bilateral, 
but can be asymmetric) and dysphagia. Supportive care 
includes surgery to correct ptosis and cricopharyngeal myo-
tomy for severe dysphagia. The pathologic hallmark is 
unique, filamentous intranuclear inclusions that have been 
shown to contain aggregations of mutated PABPN1. 
Diagnosis is made through molecular genetic testing.

Limb girdle dystrophy represents a group of disorders with 
heterogeneous phenotypes, but with predominant scapular 
and pelvic girdle involvement (legs earlier and more severely 
than the arms). The presence of dysrhythmia or contractures 
suggests a laminopathy. Mutations in at least 19 genes have 
been described, encoding proteins for calpain 3, caveolin, 
dysferlin, lamin, sarcoglycans, and telethonin. Autosomal 
dominant (with incomplete penetrance) and recessive inheri-
tance patterns are observed, thus the clinical phenotype does 
not allow for accurate prediction of the genotype. A specific 
diagnosis is based on the combination of results from DNA 
mutation testing and muscle protein analysis.

Late-Onset Mitochondrial Myopathy

Ragged red fibers are the histologic hallmark of mitochon-
drial dysfunction, and represent the end result from a diverse 
set of conditions including normal aging, sporadic inclusion 
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body myositis, and other neuromuscular diseases, and myo-
pathies from drugs that cause mitochondrial damage [78, 82, 
127, 128]. The mitochondrial myopathies/encephalomyopa-
thies are a heterogeneous group of disorders displaying spe-
cific clinical manifestations, maternal inheritance, excessive 
ragged red fibers on muscle biopsy, altered energy state of 
resting muscle, mutations in mitochondrial DNA (mtDNA), 
and deficiencies in the activities of oxidative phosphoryla-
tion enzymes [129]. Most patients present symptomatically 
within the first three decades of life. Johnston and colleagues 
[129] have described a syndrome of late-onset mitochondrial 
myopathy in nine patients aged 69 years and older. All 
patients had progressive proximal muscle weakness of insid-
ious onset, and 6 of 9 had limb muscle fatigability, mainly in 
the lower limbs. MRC muscle strength was usually 4− to 4+, 
but two patients had maximum strength of only grade 3. 
Serum levels of CK were mildly elevated in five patients and 
myopathic changes were seen on EMG in six patients. 31P 
magnetic resonance spectroscopy showed an altered energy 
state of resting gastrocnemius muscle. There were excessive 
ragged red fibers on muscle biopsy which mostly stained 
negative for cytochrome c oxidase, and multiple mtDNA 
deletions were detected. This condition is thought to repre-
sent an exaggerated form of accumulation of mtDNA muta-
tions that occurs with aging, which manifests clinically as a 
proximal myopathy [130].

Paraspinal Myopathies of the Elderly 
Population

Severe weakness isolated to paraspinal muscles is uncom-
mon and is usually a manifestation of another underlying 
neurologic disease, muscular dystrophy, or myopathy [131, 
132]. Weakness is evident when in the erect position, and the 
postural abnormality resolves when supine or with passive 
extension. Conditions reported to be associated with this 
finding include inflammatory and noninflammatory myopa-
thies (including polymyositis, inclusion body myositis, and 
certain endocrine/metabolic myopathies), fascioscapu-
lohumeral and limb girdle dystrophies, neurologic diseases 
of the motor neuron (amyotrophic lateral sclerosis [ALS] 
and postpolio syndrome) and peripheral nerves (chronic 
inflammatory polyneuropathy), Parkinson disease, and as a 
paraneoplastic phenomena [132, 133]. Involvement of the 
cervical spine is termed dropped head syndrome, while the 
phenotype of thoracolumbar spinal weakness is referred to as 
bent spine syndrome.

Although kyphosis is a frequent finding in the elderly 
individuals, it is usually limited to the thoracic spine and 
rarely involves the lumbar spine. Bent spine syndrome, or 

camptocormia (from the Greek for active forward trunk 
bending), is the consequence of chronically progressive lum-
bar and thoracic kyphosis in the absence of an architectural 
abnormality of the vertebral column to account for the pos-
tural change [134]. The majority of cases of muscular origin 
are due to an idiopathic, elderly-onset, axial myopathy [132]. 
Those affected are predominately elderly women, and a posi-
tive family history of similar symptoms is reported in up to 
three-fourths of patients [134, 135]. CK levels are normal or 
mildly elevated. EMG testing can reveal myopathic and/or 
neuropathic changes in paravertebral muscles, and mild 
myopathic changes (some with inflammatory infiltrates) with 
marked increase in connective tissue and fatty infiltration are 
seen in muscle biopsy specimens from affected patients. 
Radiographic, CT, and MR scanning analyses show diffuse 
muscle atrophy limited to the spinal muscles, without evi-
dence of significant bony changes, in a pattern of muscle 
involvement distinct from that caused by spinal stenosis 
[135]. Treatment for this primary axial myopathy is largely 
supportive, including exercise therapy, orthoses [136], and 
use of assistive devices for ambulation. Patients with second-
ary forms or with myositis on biopsy may respond to 
corticosteroids.

A more limited form of spinal weakness of the neck 
extensors causes dropped head syndrome [131, 133, 137, 
138]. Weakness leads to the inability of keeping the head 
from dropping on the chest. CK is usually normal but may be 
elevated, and EMG testing of affected muscles shows myo-
pathic changes. Muscle biopsy may reveal inflammatory 
infiltrates and nonspecific mild myopathic abnormalities. 
Dropped head syndrome from isolated myositis may respond 
to steroid therapy.

Endocrine/Metabolic Diseases

Thyroid Disease

Thyroid disease is prevalent in the elderly population. In a 
study of 968 urban, ambulatory subjects over the age of 55 
years attending community health fairs in 1987–1988, thy-
roid dysfunction was diagnosed (by sensitive serum thyrotro-
pin assay and follow-up response to protirelin challenge) in 
8.9% [139]. The overall prevalence was greater in women 
(10.3%) than in men (5.7%), in Caucasians vs. blacks, and in 
those older than 75 (15.2%) years of age compared with the 
55–64 years age group (9.1%). For all patients, hypothyroid-
ism was diagnosed more frequently than hyperthyroidism 
(6.9% vs. 2%). In the elderly population, both conditions are 
more common in women than in men [140–142], and either 
condition can lead to myopathic symptoms.
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The diagnosis of hypothyroidism in the elderly population 
can be difficult, as they present with fewer signs and symp-
toms, and a diminished frequency of the classical signs of 
chilliness, paraesthesias, weight gain, and cramps compared 
to younger patients [141]. Weakness is a common sign and 
symptom in the elderly population with hypothyroidism, 
occurring in 53% of patients over the age of 70 years in one 
prospective study [141]. The frequency of this finding, how-
ever, was not statistically different than that in younger 
patients with hypothyroidism in this study. The myopathy of 
hypothyroidism affects proximal muscle groups and may be 
associated with muscle pain, cramps, and stiffness as well as 
weakness, and may suggest polymyalgia rheumatica or fibro-
myalgia. A delay in muscle relaxation after hand grip or 
muscle percussion – pseudomyotonia – may be seen [143, 
144]. Severe myopathy and rhabdomyolysis are rare [145], 
but myopathic symptoms may be the sole presenting feature 
of hypothyroidism [144]. The severity of the myopathy par-
allels the degree and duration of the hormone deficiency. CK 
levels are usually elevated, and EMG may either be normal 
or show features of an inflammatory myopathy [146]. 
Multiple, nonspecific morphologic changes have been 
reported in muscle biopsy specimens from patients with 
hypothyroidism, including fiber size variation, type 1 fiber 
predominance, type 2 fiber atrophy, internalization of nuclei, 
sporadic necrosis and regeneration, glycogen accumulation, 
disrupted mitochondria, perimysial mucin deposits, dilated 
sarcoplasmic reticulum, proliferation of T-tubules, and cen-
tral core lesions [143, 144, 147]. Laboratory, EMG, and 
biopsy characteristics may therefore suggest PM [148]. 
Thyroid hormone replacement therapy leads to rapid 
improvement of myopathic signs and symptoms, with com-
plete recovery over several weeks or months [143], although 
weakness may take longer to improve than chemical and 
EMG abnormalities [146].

Hyperthyroidism may also cause a proximal myopathy. 
The reported prevalence of hyperthyroidism in the elderly 
population is up to 4% [142], but those over the age of 60 
years account for 10–17% of all hyperthyroid patients [140] 
and 35% of all patients with thyrotoxicosis [149]. Similar to 
patients with hypothyroidism, one prospective cohort study 
of hyperthyroid patients aged greater than 70 years demon-
strated a paucity of clinical signs compared with a younger 
adult population [142], emphasizing the difficulty in making 
a diagnosis. In this study, weakness was demonstrated in 
27% of the elderly patients, significantly less than that in the 
younger group (61%), but the frequency of muscular atrophy 
was similar (16% vs. 10%, respectively). When compared to 
euthyroid control elderly patients, the frequency of both 
weakness and muscle atrophy was statistically higher in the 
hyperthyroid elderly patients. Clinically, the proximal 
 myopathy of hyperthyroidism develops insidiously and 

 progresses slowly, but may lead to marked weakness and 
muscle atrophy [140]. Paradoxically, serum CK levels are 
usually normal or minimally elevated. EMG and muscle 
biopsy features may show a myopathic process [147]. As 
with hypothyroid patients, therapy is directed at correcting 
the underlying thyroid dysfunction.

Osteomalacia

Osteomalacia is a metabolic bone disease of under- 
mineralized collagen matrix in which unmineralized matrix 
(osteoid) accumulates at bone surfaces. This disease most 
often affects the elderly individuals in whom the most com-
mon etiology is vitamin D deficiency, superimposed on age-
related decrease in muscle vitamin D receptor number and/or 
function. In this way, presentation may mimic that of osteo-
porosis. Nonspecific bone pain and tenderness with or with-
out fractures are the dominant symptoms, but muscle 
weakness is not uncommon [150]. Patients with severe weak-
ness may mimic the presentation of PM. The myopathy is 
characteristically proximal in distribution, and in the lower 
limbs may produce a waddling gait. CK levels are typically 
normal, and a myopathic pattern may be seen on EMG. 
Minimal inflammatory infiltrates may be found with other 
myopathic features on muscle biopsy [150]. The myopathy 
usually responds to administration of vitamin D with or 
without supplemental calcium, or phosphate depending on 
the etiology of osteomalacia [150].

Amyloid Myopathy

Muscle involvement in patients with amyloidosis is a com-
mon finding in this rare disorder. Typical manifestations in 
skeletal muscle include pseudohypertrophy, palpable nodu-
lar masses within muscle, and a “wooden consistency” firm-
ness of muscles [151]. These abnormalities may be severe 
enough to lead to weakness, pain, and immobility. Jennekens 
and Wokke [151] report two patients with biopsy-proven 
amyloid myopathy without these more typical features. 
Multiple myeloma was diagnosed 2 years earlier in one 
patient and at the time of myopathy presentation in the other. 
These patients presented with progressive proximal muscle 
weakness and dysphagia beginning at ages 67 and 52 years. 
Atrophic muscles were noted by either examination or CT 
images. Both patients had elevated serum CK levels four 
times that of normal, and EMG in each showed changes of 
an inflammatory myopathy. Muscle biopsies revealed extra-
cellular amyloid deposits around muscle fibers and some 
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small vessels. Postmortem specimens in one patient revealed 
 amyloid deposits in blood vessel walls in muscle. A proxi-
mal myopathy from amyloid is rare, having been reported 
in at least three other patients [152], but should be consid-
ered in elderly patients with proximal myopathy without 
pseudohypertrophy.

Drug-Induced Myopathies

Although the exact percentage is not known, the prevalence 
of drug-induced myopathy in the elderly individuals is not 
trivial. The elderly people are at risk for drug-induced myo-
pathies as the medications commonly causing myopathic 
symptoms are given for diseases which themselves have an 
increased incidence with age, and such drugs usually require 
a cofactor (e.g., renal insufficiency), some of which are age 
related [77]. The scope of this review does not allow for an 
in-depth discussion of all possible drug-induced myopathies, 
and the reader is referred to a recent review [153]. Summary 
comments below are limited to selected drugs with risk for 
toxic myopathy in the elderly population.

Myopathy is a well-known side affect of corticosteroids 
[154]. The myopathy is generally seen with larger doses, 
longer duration, and more frequent dosing. The likelihood is 
also higher with the use of fluorinated steroids. Proximal hip 
girdle muscles are mainly affected, but shoulder girdle and 
diffuse muscle involvement may be seen. Respiratory mus-
cles can be affected, even when limb muscles remain strong 
[155]. Typical findings include normal serum CK levels, a 
myopathic EMG without inflammatory changes, and muscle 
biopsy findings of excessive type II (IIb) muscle fiber atro-
phy or normal changes for age. Steroids induce a decrease in 
muscle protein synthesis and an increase in protein degrada-
tion [156]. Antianabolic effects include inhibition of amino 
acid transport into muscle; inhibition of the ability of insulin, 
insulin-like growth factor I (IGF-I), and certain amino acids 
to stimulate the initiation of mRNA translation; and down-
regulation of myogenin and the degradation of MyoD, tran-
scription factors required for differentiation of satellite cells 
into muscle fibers. Catabolic effects of steroids occur by pro-
teolysis of muscle contractile proteins through the ubiquitin 
proteasome [157, 158], lysosomal (cathepsins), and calcium-
dependent (calpains) systems. Muscle wasting leads to 
increased urinary creatine excretion, detected as an increase 
in % creatinuria [154]: urine creatine divided by the sum of 
urine creatine plus creatinine in a 24-h specimen should be 
<6%, but is elevated in a steroid myopathy. This test is useful 
when trying to distinguish steroid myopathy from myalgias 
without myopathy in the setting of a normal CK level. 
Therapy for steroid myopathy involves steroid taper and 
reconditioning exercises.

The elderly people are not immune to alcohol-related 
health problems. Nearly 10% of the elderly people self-report 
unhealthy drinking [159]. Alcoholic myopathy may present 
in three forms [160]. A subclinical form is manifested solely 
by elevation of muscle enzymes which return to normal dur-
ing abstinence. Acute alcoholic myopathy is associated with 
acute intoxication. There may be profound weakness, myal-
gias, and rhabdomyolysis, with marked elevation of CK and 
myoglobinuria. Findings of an inflammatory myopathy are 
seen on EMG, and biopsy shows necrosis with varying 
degrees of inflammation. With conservative care, the CK 
may rapidly drop in over days to a week. This observation is 
important to keep in mind so that the patient may be kept 
from the inappropriate early use of corticosteroids, as the 
syndrome may mimic severe polymyositis at onset. Alcohol 
more commonly causes a chronic proximal myopathy. 
Chronic alcohol use may lead to muscle atrophy, more in the 
legs than arms, with evaluation showing normal CK levels, 
noninflammatory myopathic EMG, and type II fiber atrophy 
on muscle biopsy.

Colchicine is an uncommon cause of drug-induced myo-
pathy [161]. Patients present with proximal muscle weak-
ness, elevated CK, and a nonspecific vacuolar myopathy on 
biopsy. Renal insufficiency is a major risk factor, making 
even low daily prophylactic doses (e.g., in the treatment of 
gout) in this situation prone to causing neuromyotoxicity. 
Colchicine dose should always be adjusted for the degree of 
renal function [162].

All lipid lowering agents, except for bile acid sequestrants 
(resins) and plant sterols, may cause either myalgias or myo-
pathy. Nicotinic acid may uncommonly cause myalgias and 
elevated CK levels. Ezetimibe (an inhibitor of the intestinal 
intraluminal sterol transporter) has been documented in case 
reports to cause tendinopathy and myopathy, either alone or 
when given with statins. Fibric acid derivatives can cause 
muscle cramps, an acute or subacute painful myopathy, and 
elevated CK levels with or without signs of myoglobinuria. 
Myopathy from fibrates is more likely to occur in a patient 
with renal insufficiency [163]. Among the lipid-lowering 
therapies, fibrates appear to have a higher relative risk for 
myopathy than do statins [164].

Statin drugs have been associated with myalgias (cramp-
ing, aching or stiffness, transient or persistent, with normal 
CK level) in 5–10%, myositis (elevated CK) in ~1%, and 
rhabdomyolysis in ~0.1% of treated patients. Statins have 
also been reported to cause tendon-associated pain [165], 
and it is estimated that up to 25% of statin users may develop 
exercise-induced muscle pain, cramping, or fatigue [166]. 
The elderly individuals are at higher risk for the develop-
ment of statin-induced myopathy. Other risk factors include 
patient characteristics (female sex, renal insufficiency, 
hepatic dysfunction, hypothyroidism, and grapefruit juice 
intake) and properties of the statin (higher dose, lipophilicity, 
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potential for drug–drug interactions with other medications 
metabolized by cytochrome P450 [especially CYP3A4] 
pathways) [167, 168]. There is tremendous variation in the 
time necessary to normalize an elevated CK level after the 
statin is discontinued, but it may take weeks. Persistent 
symptoms and/or elevated CK level despite statin discon-
tinuation may indicate an underlying other myopathy [169]. 
There is no agreed upon case definition for statin-induced 
myopathy, contributing to the inconsistent recommenda-
tions from national organizations (American College of 
Cardiology (ACC); American Heart Association (AHA); 
National Heart, Lung and Blood Institute (NHLBI); FDA; 
and National Lipid Association) on how to screen for statin-
related toxicity and manage symptoms [168]. There is 
 agreement that the statin be discontinued if the CK is >10-
fold the upper limit of normal, but differing recommenda-
tions as to when to measure CK (at baseline +/− at regular 
follow-up intervals, or just with symptoms) and how to man-
age statin therapy at lower levels of CK elevation. Treatment 
strategies include reducing the statin dose, changing to non-
daily statin dosing, changing to a statin metabolized by a 
route other than by the CYP3A4 pathway, changing to a 
non-statin lipid lowering agent, and adding supplemental 
coenzyme Q-10 [168, 170]. The precise mechanisms of 
 statin-induced myopathy are incompletely understood, but 
may include induction of apoptosis, induction of atrogin-1 
(a ubiquitin ligase active in proteolysis), instability of myo-
cyte membranes from decreased cholesterol content, deple-
tion of isoprenoids (isoprenylation being responsible for the 
posttranslational modification of up to 2% of cellular pro-
teins) or coenzyme Q10, mitochondrial dysfunction, and 
increased hepatic uptake of statins in the setting of SLC01B1 
gene variants [168, 171–175].
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Abstract Scleroderma has a median age of onset in the 
fifth decade of life; however, there are many individuals who 
develop scleroderma later or who are aging with this disease. 
It is important that clinicians are able to recognize features 
of scleroderma in the elderly and distinguish these from 
well-established imitators. The age of scleroderma onset can 
impact the course of disease and increase the risk for organ-
specific complications such as pulmonary vascular disease. 
As individuals age with scleroderma, physicians should 
focus on careful monitoring of each organ system and com-
prehensive medical care. Treatment principles should be 
customized to an individual’s disease, and the importance of 
nutrition, mobility, and social support emphasized.

Keywords Scleroderma • Systemic sclerosis • Raynaud’s 
phenomenon • Elderly • Late-age onset

A Case of Late-Age Onset Scleroderma

Mrs. JG is an 80-year-old African-American woman who 
gives a history of a healthy adult life. She begins to experi-
ence pain in many joints which becomes quite severe, pre-
dominately in her hands. At first, primary generalized 
osteoarthritis is suspected as the cause, a diagnosis influ-
enced by her age. However, she develops cold hands and 
digital skin color changes typical of Raynaud’s phenomenon. 
On examination, she has sclerodactyly and subtle but diffuse 
skin tightening on her face, arms, lower legs, and chest. She 
is noted to be losing weight secondary to poor appetite asso-
ciated with severe acid reflux and episodic vomiting. A diag-
nosis of diffuse scleroderma is made. Despite treatment, her 
skin progresses rapidly and multisystem complications 
emerge. She develops severe lower gastrointestinal dysmo-
tility with episodes of abdominal pain, pseudo-obstruction, 

and progressive weight loss. Lung function tests demonstrate 
a mild reduction in forced vital capacity. About 2 years later, 
she develops severe dyspnea and lower extremity edema. 
She is found to have heart failure associated with a  
Cardiomyopathy and secondary pulmonary hypertension. 
There are  several admissions to the hospital to manage her 
cardiopulmonary disease and volume overload, medication 
toxicity, and gastrointestinal complications. All the while, 
she is becoming very frail, deconditioned, and fully depen-
dent on family for daily care. She develops significant depres-
sion, and comfort measures are implemented.

Introduction

Scleroderma is a challenging enough disease to manage in a 
young population, but it can seem like a daunting and formi-
dable task in an octogenarian. Although the mean age of 
onset of scleroderma is the fifth decade, as our case demon-
strates, late-age onset of this disease does occur. It is impor-
tant to recognize the features of scleroderma in an elderly 
patient, which may be unique compared to that in younger 
patients. In addition, management of the complications of 
scleroderma has improved and, therefore, more scleroderma 
patients are surviving in their later years. Rheumatologists 
will also be challenged with the population that has lived 
with the disease for many years and are subsequently faced 
with late-developing complications. A systematic approach 
to the geriatric patient with signs and symptoms that suggest 
scleroderma is important. Scleroderma in the elderly patient 
presents challenges of a complex systemic disease superim-
posed on other chronic medical conditions whose incidence 
also increases with age. The perils of polypharmacy, frailty, 
and nutrition all become paramount when dealing with an 
illness that has the potential to insult multiple organ systems. 
In this review, we will discuss what is known about sclero-
derma in the elderly patients and the differential diagnosis 
for common symptoms and signs of the disease, and suggest 
an approach to diagnosis and management.
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Classification and Demographics

Scleroderma is a complex, multisystem disease that can 
present phenotypically in a variety of ways [1]. Classification 
of these patients into specific subsets helps with manage-
ment by providing insight into the probable course and 
various clinical outcomes of a particular patient. 
Traditionally, scleroderma is subdivided by the most out-
ward and obvious manifestation of the disease: skin involve-
ment [2]. Diffuse scleroderma describes patients with skin 
thickening of the trunk and both proximal and distal extrem-
ities, while limited scleroderma patients have skin findings 
confined to the distal limbs, digits, and face. The limited 
cutaneous scleroderma subtype includes the variants, called 
the CREST (calcinosis, Raynaud’s, esophageal dysmotility, 
sclerodactyly, and telangiectasias) syndrome and systemic 
sclerosis sine scleroderma, (visceral disease in the absence 
of skin thickening). In general, patients with diffuse sclero-
derma are more likely to have serious internal organ disease 
and less likely to survive compared to those with limited 
scleroderma [3, 4].

Scleroderma has been described in a variety of age groups 
ranging from the very young to the very old [5]. Scleroderma 
in childhood is rare, with children under the age of 16 years 
accounting for less than 5% of all cases [6]. The majority of 
scleroderma cases have an age of onset in the fourth or fifth 
decade of life [7]. Surprisingly, there is little data available 
that define differences in disease expression by age of onset 
of disease [8]. Most consider limited scleroderma to be more 
common in late-age onset disease compared to that in diffuse 
disease [9]. However, this view may be biased by the fact 
that limited scleroderma patients are more likely to be diag-
nosed when they are older, given the subtle findings of lim-
ited disease which may not become evident until late 
complications are obvious. Therefore, incidence rates of dis-
ease onset in the seventh and eighth decades are certain to 
include cases of missed diagnoses likely due to subtle or 
slow progression [7].

The true incidence and prevalence of late-age onset scle-
roderma are not known. At the Johns Hopkins Scleroderma 
Center, an academic specialty center, 9.5% of over 2,000 
scleroderma patients in our cohort have an age of onset 
after 65 years. Of these patients, 69.7% have limited dis-
ease and 30.2% have diffuse disease. Age of onset is defined 
as the presence of the first non-Raynaud’s symptom. Two 
percent of the cohort has an age of onset after 75 years. Of 
these patients, 80.9% have limited scleroderma and 19% 
have diffuse disease. These numbers are close to what has 
been reported in another cohort of scleroderma patients at 
Thomas Jefferson in Philadelphia. In their cohort of 769 
scleroderma patients, they found that 1.7% had an age of 
onset after 75 years [8].

Features of Scleroderma

It is critical for physicians to be aware of clues to a diagnosis 
of scleroderma in their geriatric patients. In older patients, 
these features may be subtle and confused with other more 
common systemic diseases. We will review some clinical 
features that should make one consider scleroderma in the 
differential diagnosis of the clinical problem.

Raynaud’s Phenomenon

Raynaud’s phenomenon is one of the well-established hall-
marks of scleroderma present in over 95% of patients with 
the disease [1]. The first challenge is distinguishing true 
Raynaud’s phenomenon from the more common problem 
of cold hands, which is present in up to 30% of the popula-
tion [10]. Elderly patients tend to have more cold intoler-
ance than younger age groups [11]. There is a high 
prevalence of hormonal derangement, large-vessel athero-
sclerotic disease, and peripheral neuropathy in the older 
population that can cause or mimic cold hands and is a dis-
tinct entity from Raynaud’s phenomenon. The distinguish-
ing feature of Raynaud’s phenomenon is clear color changes 
of the skin on the digits in addition to cold sensation. This 
can be triggered by cold temperature or emotional stress. 
A history of typical color changes is adequate to make a 
diagnosis of Raynaud’s phenomenon, and cold provocative 
tests are not recommended.

The age of onset for Raynaud’s phenomenon has very 
important prognostic implications. Primary Raynaud’s phe-
nomenon, defined by symmetrical events in the absence of 
digital ulcerations and with a normal vascular examination, 
including nailfold capillaries, has a mean age of onset of 14 
years [12]. Raynaud’s phenomenon associated with a connec-
tive tissue disease (CTD) tends to have a later age of onset, 
with median age greater than 30 years [13]. In one study, of 
patients with primary Raynaud’s phenomenon, 24% had an 
age of onset after 20 years and only 5% had an age of onset 
after 40 years. This is in contrast to those with Raynaud’s phe-
nomenon associated with CTD, of whom 64% had an age of 
onset after age 20 years and 39% after age 40 years [14]. It has 
been repeatedly shown that older age (>40 years) of onset of 
Raynaud’s phenomenon is more likely to be associated with 
an underlying CTD [14]. This suggests that age of onset is a 
clinical clue, and one should consider secondary causes of 
Raynaud’s phenomenon if it is of new onset in the geriatric 
patient. Once a diagnosis of Raynaud’s phenomenon is made 
in the elderly patient, this obligates consideration of a broad 
differential diagnosis for secondary causes (Table 28.1) and a 
clear concise approach to the work up.
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In addition to late age of onset, there are several other 
features characteristic of Raynaud’s phenomenon associated 
with CTD. Digital ischemia with tissue ulceration, abnormal 
nailfold capillaries, presence of autoantibodies, and other 
signs of autoimmune disease on examination should prompt 
the clinician to pursue an active investigation for CTD. In 
one series, 28% of patients considered to have primary 
Raynaud’s had the presence of antinuclear antibodies com-
pared to 80% of patients with Raynaud’s associated with a 
definite connective tissue disease [13].

CTD is a common, but not the only, cause of secondary 
Raynaud’s phenomenon. There are a number of other diagnoses 
that need to be considered in the elderly patient presenting with 
Raynaud’s phenomenon (Table 28.1) [1, 5, 15]. Epidemiologic 
data for older patients with Raynaud’s phenomenon are lacking. 
One study looked at patients with Raynaud’s presenting to a 
vascular center [16]. Late-age onset Raynaud’s phenomenon in 
this population was defined as onset after age 60 years. Among 
patients presenting with late-age onset Raynaud’s phenomenon, 
80% had an associated identifiable disease. Of these patients, 
33% had an associated CTD and 15% had scleroderma. The 
late-age onset group had a slightly higher incidence of a hyper-
viscosity syndrome or malignancy. They also had a significantly 
higher incidence of atherosclerosis at 29% compared to their 
younger counterparts at 5.5% [16]. As the population ages, the 
differences between early and late-age onset Raynaud’s phe-
nomenon will need continued exploration to further define how 
this process is unique in elderly patients.

Specific features are present on examination and labora-
tory evaluation that should be clues to a diagnosis of sclero-
derma in a patient presenting with Raynaud’s phenomenon. 
Abnormal nailfold capillary microscopy is commonly pres-
ent in scleroderma. Giant capillaries, extensive avascular 
areas, and confluent hemorrhages have all been described as 
nailfold changes associated with scleroderma [17]. One 
study showed that abnormal capillaroscopy with megacapil-
laries had a sensitivity of 100% for scleroderma, and normal 
nailfold capillaroscopy had a 96.7% negative predictive 
value for scleroderma [18]. Therefore, close examination of 
the nailfold capillaries should be a routine part of the evalu-
ation of a patient presenting with Raynaud’s phenomenon, as 
it can provide a wealth of information about the presence or 
absence of systemic disease.

The character of Raynaud’s is severe in scleroderma. 
Patients may describe numbness and painful attacks causing 

significant hand disability. Frank digital ischemia with either 
pitting or ulcers (Fig. 28.1) is the hallmark of scleroderma 
vascular disease. In the setting of severe Raynaud’s phenom-
enon, one needs to evaluate carefully for early evidence of 
scleroderma such as skin changes, abnormal lung function, 
and cardiac or renal involvement. Mucosal and cutaneous 
telangiectasias (Fig. 28.2) are frequently missed but an 
important clue to the presence of scleroderma.

Once the diagnosis of Raynaud’s phenomenon is deter-
mined to be due to scleroderma, there are important consid-
erations to define proper management, particularly in the 
elderly patients. Part of the management plan must include 

Table 28.1 Differential diagnosis of Raynaud’s phenomenon [1, 5, 15]

Vascular Metabolic Structural Drugs
Connective tissue 
disorder Circulating factors

Atherosclerosis
Emboli
Thoracic outlet syndrome

Thyroid disease
Paraneoplastic

Vibration
Carpal tunnel syndrome

Chemotherapy
Sympathomimetics
Cocaine

Lupus
Scleroderma
Systemic vasculitis
Dermatomyositis

Cryoglobulinemia
Cold agglutinins
Dysproteinemia

Fig. 28.1 Digital ulcer

Fig. 28.2 Oral telangiectasias in limited scleroderma
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an investigation for the coexistence of macrovascular 
 disease. This may be overlooked if just focusing on the 
small vessel process. It is our experience that digital lesions 
on the toes or ischemic leg lesions in a patient with sclero-
derma are often associated with macrovascular disease from 
another cause, usually atherosclerosis. Indeed, there is evi-
dence that compared to age-matched controls, scleroderma 
patients may have more carotid and peripheral arterial 
 disease [19]. One study showed that the ulnar artery may be 
a specific target for narrowing in scleroderma [20]. In our 
experience, diabetic patients with scleroderma are more 
likely to have lower extremity vascular disease with ulcer-
ations and are at higher risk for digital or lower limb ampu-
tation. Evidence of large-vessel disease would prompt the 
pursuit of correctable lesions because intervening may 
improve treatment outcomes. Associated inflammatory or 
occlusive vascular disease from hypercoagulable states also 
need to be considered in all age groups.

The management of Raynaud’s phenomenon in the elderly 
patient needs to be a careful balance of directed pharmaco-
logic and non-pharmacologic therapy. A summary of phar-
macologic agents that can be used in the management of 
Raynaud’s is presented in Table 28.2 [21]. Most of these 
drugs have not been fully tested in clinical trials for the treat-
ment of Raynaud’s. The best management is actually non-
pharmacologic strategies such as warm temperatures and 
stress control. If this is not sufficient, then we recommend 
treatment with calcium channel blockers and further medical 
therapy as indicated. For patients who are intolerant or fail 
drug therapy, surgical intervention may be considered. 
Surgical options include digital sympathectomy and repair 
of macrovascular disease.

Systemic Disease

Scleroderma is a systemic disease that involves multiple 
organ systems in addition to the vasculature. This makes 
scleroderma a particularly challenging disease to identify 
in the elderly population because of comorbid conditions 
that mimic scleroderma organ disease. The most common 
gastrointestinal feature is acid reflux with early satiety.  

In addition, dysmotility of the lower bowel is a frequent 
problem. This may present with constipation alternating 
with diarrhea or with pseudo-obstruction. There can be 
 significant pulmonary involvement with interstitial lung 
disease secondary to fibrosing alveolitis. Pulmonary 
 hypertension associated with interstitial lung disease or as 
a primary process has been recognized as a common criti-
cal and deadly manifestation of this disease and often has a 
late age of onset [22]. Cardiac features of scleroderma have 
clinical manifestations that are common to many diseases 
of the heart seen in the elderly and include pericarditis, 
restrictive cardiomyopathy, arrhythmias, and heart failure 
[23]. Musculoskeletal symptoms such as inflammatory 
arthritis and myopathy can be particularly problematic in 
the elderly patient, leading to falls, chronic discomfort, and 
morbidity with loss of ability for self-care.

Of the above-mentioned features, typically the most 
 outward and obvious manifestation of scleroderma is the 
skin. The skin in scleroderma generally appears thickened 
and tight. In early phases, it may appear puffy and edematous 
(Fig. 28.3). The distribution of skin involvement will vary. 
Skin involvement in the limited form of scleroderma may be 
restricted to the hands alone or extend to include the fore-
arms and face. Diffuse disease in addition to the involvement 
of hands and face includes skin thickening of the trunk and 
thighs. There is typically sparing of the skin on the back in 
scleroderma. The presence of thick skin on the mid-back 
should prompt the search for alternative diagnoses.

Scleroderma Imitators in the Elderly 
Population

The skin of scleroderma has several mimics which should 
be considered in the elderly patient, particularly if a 
patient is lacking other key scleroderma features such as 

Table 28.2 Pharmacologic options for the management of  
Raynaud’sa [21]

Calcium channel blockers
Phosphodiesterase inhibitors
Nitrates
Angiotensin receptor inhibitors
Selective serotonin receptor inhibitors
Prostaglandins
aThis list is not inclusive of all agents that may be used for the treatment 
of Raynaud’s. Many of these agents have not been tested in formal 
clinical trials

Fig. 28.3 Edematous, puffy phase of skin changes on hand in early 
scleroderma



27928 Scleroderma in the Elderly Population

 telangiectasias, Raynaud’s phenomenon with abnormal 
 nailfold capillary microscopy, autoantibodies, or sclero-
derma-related organ involvement. There is a vast spectrum 
of fibrosing skin diseases to which the elderly population is 
susceptible because of age, comorbidities, and polyphar-
macy. These include fibrosis due to toxic exposures or 
 radiation, diseases of deposition, and inflammatory and para-
neoplastic processes (Table 28.3) [24, 25].

Scleromyxedema and scleredema are both disorders associ-
ated with deposition of excess collagen and mucin in the skin 
which may be confused with scleroderma [24]. Scleromyxedema 
tends to affect the face, neck, extremities, and the middle por-
tion of the back, a key distinguishing feature from scleroderma 
[24, 26, 27]. The texture of the skin in scleromyxedema is 
unique in that it has a distinct papular, indurated appearance. 
It appears to have a “cobblestone” surface [24, 26]. The skin of 
scleredema has a similar distribution to scleromyxedema and 
typically involves the neck, face, and back, with sparing of the 
hands. Although the skin in scleredema is also indurated, it 
lacks papules and instead has a more doughy and woody char-
acter [24, 28]. If diagnosis of scleromyxedema or scleredema is 
considered, one must look for the presence of a paraproteine-
mia. Each of these skin processes that mimic scleroderma is a 
unique entity, yet both have been associated with monoclonal 
gammopathies and multiple myeloma [24, 27, 28].

Another rare syndrome associated with scleroderma-like 
skin changes and gammopathy is POEMS syndrome. This is 
an unusual, systemic syndrome characterized by polyneu-
ropathy, organomegaly, endocrinopathy, monoclonal gam-
mopathy, and skin changes [29]. The skin manifestations 
may mimic scleroderma with thickening, edema, and pig-
mentary abnormalities [25, 29]. Once again, the presence of 
a plasma cell dyscrasia is a key feature.

The prevalence of monoclonal gammopathy of undeter-
mined significance (MGUS) has been reported to be four 
times higher in patients 80 years of age or older compared to 
those aged 50–59 years [30]. However, the prevalence of 
these scleroderma-like disorders in the elderly people is not 
known. When caring for geriatric patients, it is important to 
recognize the skin diseases that can be associated with these 
paraproteinemias and may masquerade as scleroderma.

A variety of paraneoplastic syndromes can present with a 
clinical picture that resembles scleroderma [31]. Palmar fas-
ciitis can present with impressive hand contractures and 
edema that at first glance may look like scleroderma. There 
may even be an associated inflammatory arthritis, swaying 

the clinician in the direction of a systemic autoimmune 
process [32]. This scleroderma mimic has been associated 
with a multitude of solid tumors including ovarian, endome-
trial, pancreatic, and lung tumors [33, 34]. The presence of 
palmar fasciitis should always prompt an investigation for a 
malignancy, which is the driving force.

Eosinophilic fasciitis (EF) is another scleroderma mimic 
that may be associated with malignancy. Reports of its asso-
ciation with lymphoma, multiple myeloma, and rarely solid 
tumors have appeared in the literature [35–37]. Clinically, 
EF appears acutely and progresses rapidly with erythema-
tous indurated areas on the extremities and sparing of the 
hands and face [24, 38, 39]. Evaluation with full-thickness 
biopsy and MRI will help confirm a diagnosis of EF [40, 41]. 
Therefore, when an older patient presents for the first time 
with skin features that resemble scleroderma, a reasonable 
malignancy workup should be pursued, particularly if there 
are features atypical for scleroderma.

Nephrogenic systemic fibrosis (previously nephrogenic 
fibrosing dermopathy) is a scleroderma mimic not associated 
with cancer; however, it can be an equally devastating process. 
This is an important process for clinicians to be aware of, par-
ticularly when caring for older patients who may have renal 
insufficiency or are on renal replacement therapy. It occurs 
exclusively in patients with renal disease, predominately those 
on dialysis. These patients develop symmetric, lumpy-nodular 
skin thickening of the extremities, typically with sparing of the 
face [42]. The skin involvement is rapid and dramatic with 
irregular plaques that have a peu d’orange appearance or 
brawny discoloration [42]. This eventually leads to a deep 
fibrotic process involving the joints as well, and results in 
debilitating contractures [24, 42]. Once thought to be a pro-
cess limited to the skin, there are reports of systemic involve-
ment including skeletal muscle, lungs, and kidneys [43]. There 
is a strong association between nephrogenic systemic fibrosis 
and gadolinium containing contrast [42]. Histologically, gado-
linium has been demonstrated in the tissue of patients with this 
disease [42]. This led the U.S. Food and Drug Administration 
to issue a public health advisory and required the addition of 
boxed warnings for all gadolinium-based contrast agents 
aimed specifically at patients with renal insufficiency [44, 45]. 
Nephrogenic systemic fibrosis is a diagnosis that needs to be 
considered particularly in elderly patients with renal impair-
ment presenting with a fibrosing skin disease.

In addition to the more unusual skin conditions described 
above, there are a number of common skin problems in older 

Table 28.3 Scleroderma mimics [24, 25]

Drug/toxin induced Inflammatory Metabolic Deposition Malignancy associated

Bleomycin
Polyvinyl chloride
Organic solvents
Silica
Postradiation fibrosis

Eosinophilic fasciitis
Lupus
Dermatomyositis

Porphyria cutanea tarda
Hypothyroidism

Scleromyxedema
Scleredema
Amyloidosis
Nephrogenic fibrosing dermopathy

POEMS syndrome
Paraneoplastic
Graft-versus-host disease
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adults that may be confused with scleroderma. These include 
peripheral vascular disease, venous stasis, lichen sclerosis, 
diabetes, and radiation-induced skin changes. It is the careful 
clinician with background knowledge of the imitators of 
scleroderma who will be able to recognize the subtle differ-
ences among these fibrosing skin diseases.

Impact of Age at Disease Onset

Thus far, we have discussed the clinical features of sclero-
derma and common mimics of this disease in a geriatric 
population. Once a diagnosis of scleroderma has been made 
in an older patient, recognizing unique features of the  disease 
course will assist when prioritizing therapeutic strategies, 
selecting diagnostic testing, and counseling patients and 
families on expectations. While the literature documents 
many cases of late-age onset scleroderma, there is no univer-
sal, predictable phenotype of the older patient with sclero-
derma. It is wise to be aware of all risk factors for mortality 
in the older patient with a new diagnosis of scleroderma, as 
it helps define the appropriate treatment needed for each 
 specific organ system.

Mortality

Mortality from scleroderma increases with age. In one large 
epidemiologic study of mortality from scleroderma in the 
USA, the death rate in women was the highest in the age 
group 65–74 years at 21.3 per million and in men aged 
75–84 years at 7.5 per million. Interestingly, both women 
and the oldest age group, greater than 85 years of age, had 
substantially lower death rates from scleroderma at 11.7 and 
4.1 per million, respectively [46]. Another study, looking at 
a cohort of French Canadian scleroderma patients, found 
that for every increase in year of age, there was a 5% increase 
in mortality from scleroderma [47]. Older scleroderma 
patients are more likely to die in the hospital. One study 
looked specifically at in-hospital mortality for scleroderma 
patients over 2 years, and found that for every 10 year 
increase in age, in-hospital mortality increased by 15% [48]. 
However, this group did not specifically provide data regard-
ing the very old (>85 years).

These data explore the question of mortality from sclero-
derma in the elderly population as a group, but do not con-
sider if age of disease onset influences survival. However, 
other studies have suggested that this may indeed be the case. 
A group looking at patients in Michigan with scleroderma 
found that age of diagnosis, defined as first non-Raynaud’s 

symptom, significantly influences survival. The risk of death 
increased in their cohort by 5% for each 1-year increase in 
age at diagnosis [49].

Pulmonary Hypertension

Age is only one of many poor prognostic risk factors for 
survival in scleroderma. Interstitial lung disease, defined as 
forced vital capacity (FVC) <70%, and pulmonary hyperten-
sion are both independent risk factors for mortality [50]. In 
one study, pulmonary and/or cardiac manifestations of sclero-
derma accounted for 65% of the deaths [51]. In our experience 
at the Johns Hopkins Scleroderma Center, when comparing 
patients with early and late-age disease onset (using 65 years 
of age as the cut-off), the degree of interstitial lung disease 
appears to be similar between the two groups. Of early-onset 
patients, 20.5% have an FVC less than 60% compared to 
20.6% of late-onset patients. The most impressive difference 
between these two groups is the presence of pulmonary arte-
rial hypertension (PAH), defined as right ventricular systolic 
pressure as measured by Doppler echocardiography of greater 
than 45 mm Hg. In the early-onset group, 18.9% had PAH 
compared to 30.1% in the late-onset group. The relationship 
between age and PAH was formally explored in the Johns 
Hopkins Scleroderma cohort in 2003. This study found a 50% 
increase in the risk of PAH for every 10 years of age at onset 
of scleroderma. The highest risk of PAH was seen in sclero-
derma patients with disease onset in the seventh decade. 
Patients with age of disease onset greater than 60 years had a 
twofold greater risk of PAH compared to their younger coun-
terparts [22]. Clearly, PAH is an important feature of late-
onset scleroderma. It is critical that clinicians are aware of this 
deadly disease complication and appropriately screen for PAH 
at regular yearly intervals.

The Aging Scleroderma Patient

In addition to those with a new diagnosis of scleroderma in 
their golden years, one must consider the aging scleroderma 
patient who has survived to become an octogenarian. The 
natural history of diffuse scleroderma tends to be monopha-
sic [1]. Patients with diffuse disease generally have an 
aggressive, rapid, and progressive course early with intense 
skin thickening [52]. The skin progression mirrors signifi-
cant internal organ involvement [1]. During the first 3 years 
of disease, patients are at the greatest risk of developing 
severe, catastrophic skin, kidney, lung, and gastrointestinal 
tract involvement, if they are going to develop it at all [53]. 
One study which examined the natural history of  scleroderma 
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suggested that lung involvement occurred in 25% of patients 
in the first 3 years, but the risk remained high for up to 15 
years after disease onset. However, up to 10% of patients can 
have progressive interstitial pulmonary involvement even 40 
years after the time of disease onset [54]. Over time, diffuse 
scleroderma of skin may begin to regress and soften. The 
fortunate patients in this group, which may be up to two-
thirds, are more likely to survive even though they may have 
suffered significant organ damage during the rapid phase of 
their disease [55]. There is also an ill-fated group of diffuse 
scleroderma patients who will continue to have progressive 
active and generally catastrophic disease.

This general timeline for the course of diffuse sclero-
derma has important implications when caring for the aging 
scleroderma patient. It provides the clinician a framework of 
expectations in the disease course. It has been our experience 
that the patients with diffuse scleroderma who survive their 
early, active disease experience a phenotypic progression as 
they age. As mentioned earlier, their skin may resolve or 
become atrophic in areas. The regression of thickened skin 
may leave fibrous bands on forearm and upper arms, and 
atrophic changes on the hands and fingers [1]. Another phe-
nomenon we have observed in diffuse scleroderma is an 
increase in the number of skin telangiectasias with time. 
Increases in number of skin telangiectasias have also been 
associated with the presence of pulmonary vascular disease, 
and may be a marker for the development of this late-onset 
scleroderma complication [56].

In many ways, as the skin regresses and the telangiectasias 
multiply, diffuse scleroderma patients begin to resemble limited 
scleroderma or CREST patients physically. In fact, many of the 
late-developing complications of the disease begin to overlap 
between these two groups. Limited scleroderma has a more 
indolent course. These patients may have a longer time course 
between the onset of Raynaud’s phenomenon and the first symp-
tom of disease, which is usually gastrointestinal involvement 
[57]. There is no early, active phase of progressive skin disease 
in the limited cutaneous subtype as we see in diffuse disease.

However, in both limited and diffuse cutaneous sclero-
derma, identification of progressive cardiopulmonary disease 
is paramount, particularly in the aging patient. A subset of 
patients with long-standing interstitial lung disease will 
develop pulmonary hypertension as a late and terminal com-
plication [58]. PAH occurs more frequently in patients with 
late-age onset disease and is a major mortality risk factor in 
scleroderma independent of interstitial lung disease [22, 59]. 
The threat of pulmonary vascular disease is always present in 
the elderly scleroderma patient. It may be in the form of 
PAH-associated interstitial lung disease or it may occur inde-
pendently [59]. This diagnosis must be considered by any 
clinician caring for elderly scleroderma patients, and routine 
monitoring for pulmonary vascular disease with periodic 
lung testing and echocardiographic studies is critical for 

these patients even if their disease has appeared to be 
 quiescent for a long period of time.

Heart involvement in the aging scleroderma patient is also 
a complex issue. Clinical detection of heart disease tends to 
occur later in disease and is associated with higher mortality 
[60]. Myocardial disease is thought to be secondary to the 
combination of microvascular disease, tissue fibrosis, and 
immune-mediated inflammation [23]. Subsequent left ven-
tricular systolic dysfunction, diastolic dysfunction, and right 
heart failure from elevated pulmonary pressures can all occur 
[23]. Pericardial disease can be asymptomatic or present as a 
fibrinous pericarditis. Tamponade physiology with acute 
hemodynamic compromise is a life-threatening complication 
that has also been reported [61]. Arrhythmias are all too com-
mon in scleroderma, particularly ventricular ectopy [62]. One 
study showed that the group of scleroderma patients who are 
at highest risk involves those with both cardiac and peripheral 
myopathy; of whom 24% had sustained ventricular tachycar-
dia and 48% died suddenly [63]. A recent study suggested 
that the prevalence of atherosclerotic coronary disease in 
scleroderma is similar and not increased compared to those 
without scleroderma [64]. Coronary vasospasm has also been 
reported in scleroderma [65]. It is not clear what effect aging 
has on the scleroderma heart, but as the older scleroderma 
patient accumulates traditional risk factors for heart disease 
and dysfunction, it is wise to assume that cardiac dysfunction 
is common among the elderly population.

Management

Scleroderma Treatment Principles

There are several key principles which govern the manage-
ment of scleroderma. First, define the patient’s clinical 
 phenotype. This is a heterogeneous disease with a great deal 
of variability in its clinical expression. Understanding and 
identifying each patient’s unique features will allow for 
 customization of therapy. Next, establish the clinical stage of 
disease. Recognize where your patient fits into the progres-
sion of disease. Define if the disease is early and active or 
late with chronic damage. This allows for systematic target-
ing of organ systems. Finally, therapy should be constantly 
redesigned and reevaluated. It should be specific and focused 
for each organ-specific problem. The principle of organ-
based therapy is the cornerstone of scleroderma treatment 
strategies. There are no studies to date which define a unique 
approach to the elderly patient with scleroderma. Therefore, 
the best strategy is good general medical care. We will dis-
cuss therapeutic options for two organ systems most com-
monly involved in scleroderma, lung and skin. For more 
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specific therapeutic strategies, please refer to the textbook 
entitled Systemic Sclerosis, eds Clements and Furst [66].  
A summary of general organ system approaches for care is 
 provided in Table 28.4 [67].

Pulmonary

Progressive interstitial lung disease (ILD) is a well-established 
complication of scleroderma. Routine pulmonary function 
testing should be performed for screening. If a decline in FVC, 
diffusion capacity (DLCO), or total lung capacity (TLC) is 
detected, a diagnosis of progressive ILD should be strongly 
considered, and a high resolution CT scan should be com-
pleted to evaluate for evidence of active alveolitis. Ground 
glass changes or the presence of underlying fibrosis is sugges-
tive of underlying alveolitis. If active fibrosing alveolitis is 
present, and the patient is an appropriate host, there are several 
treatment options to consider. Cyclophosphamide is consid-
ered the standard treatments for progressive ILD in sclero-
derma [68]. However, its benefit has been modest and relapses 
after treatment can occur. Safety is an important consideration 
in the management of the elderly scleroderma patient who 
may have added risks when using cyclophosphamide. Safer 
and more effective treatments for fibrosing alveolitis are under 
investigation, including mycophenolate mofetil and azathio-
prine. To minimize toxicity, treatment with  immunosuppressive 
therapy is attempted to be limited to one year. Alternatively, 
another approach is to limit cyclophosphamide to low dose for 
several months, followed by mycophenolate or  azathioprine. 
Cyclophosphamide may be used with monthly infusions or 
daily oral delivery. However, relapses may occur which require 
long-term treatment. Therapy should be tailored to the indi-
vidual patient with careful consideration of comorbidities, 
drug interactions, and functional status. Therefore, age alone 
should not be the deciding factor as to whether or not to treat, 
or which drug to use.

PAH is another manageable complication of scleroderma. 
Our current approach is to treat PAH if right heart catheteriza-
tion confirms the presence of elevated pulmonary pressures 
and the patient is symptomatic. If a patient is asymptomatic 
with echocardiographic evidence of right ventricular systolic 
pressure (RVSP) of <30–40 mmHg, we will follow these 
patients regularly for the development of symptoms or a 
change in RVSP. If the patient has a RVSP >45 mmHg and 
symptoms, then right heart catheterization is done to confirm 
the diagnosis and to assess cardiac function. If PAH is pres-
ent, then specific pharmacologic therapy should be initiated. 
There are three categories of drugs that are FDA approved. 
For PAH prostacyclines include epoprostenol, treprostinil, 
and iloprost [69]. Endothelin receptor antagonists include 
bosentan, ambrisentan, and sitaxsentan (not available in 
USA). Phosphodiesterase type 5 inhibitors include sildenafil 
[69]. For patients with Class I or II heart failure symptoms, it 
is our practice to initiate therapy with an endothelin receptor 
antagonist or phosphodiasterase inhibitor. For patients with 
more severe symptoms, class III or IV, we start with a similar 
approach. However, often it is necessary to use combined 
therapy with both an endothelin receptor antagonist and a 
phosphodiesterase inhibitor; if this is not sufficient, we will 
add intravenous or inhaled prostacyclin to the regimen. There 
are several new promising therapies for PAH being explored 
as we begin to understand more about the pathogenesis of 
PAH in scleroderma [69]. Ultimately, most scleroderma 
patients require lung transplantation for longer survival, an 
option not available to the elderly patient. Thus, PAH remains 
a major cause of death among elderly scleroderma patients.

Skin

The skin changes in scleroderma are the most physically 
obvious and cosmetically distressing symptoms of the dis-
ease. It is also associated with significant morbidity from a 

Table 28.4 Scleroderma organ-specific therapies [67]

Lungs: fibrosing 
alveolitis Heart

Skin: early  
edematous stage

Muscle: inflammatory 
myopathy

Kidneys:  
renal crisis Joints: arthritis

Immunosuppressive 
therapy

Congestive heart failure 
therapy

Immunosuppressive 
(cytotoxic) therapy

Intravenous 
immunoglobulins

Physical therapy

Corticosteroids

Immunosuppresive 
therapy

ACE inhibitorsa Corticosteroids

Methotrexate

TNF inhibitorsb

Pulmonary hypertension 
therapy

Arrhythmia therapy
Gastrointestinal system: 

dysmotility
Proton pump inhibitors
Prokinetic therapy
Antibiotic therapy

aACE angiotensin converting enzyme
bTNF tumor necrosis factor-alpha
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musculoskeletal perspective, as deeper tissue fibrosis leads to 
discomfort and loss of function. Contractures of the joints, 
particularly of the fingers, wrists, and elbows, can lead to 
decreased mobility. With early, active skin involvement in dif-
fuse cutaneous scleroderma, an immunosuppressive approach 
has traditionally been taken [70]. The hope is to turn off 
inflammation early in disease to prevent later consequences 
of fibrosis. The drugs with the most experience in this arena 
are methotrexate, mycophenolate mofetil, and cyclophosph-
amide [70, 71]. New therapies that are being tested include 
the use of intravenous gammaglobulin,  inhibition of B cells 
with rituximab, tyrosine kinase inhibitors, and biologic agents 
that specifically block pro-fibrotic cytokines (e.g., anti-IL 13 
and anti-TGF beta). Aggressive therapy with immunoabla-
tion with and without stem cell rescue is under investigation. 

Non-pharmacologic therapies are critical for the skin, 
including avoidance of sun injury, use of topical emollients, 
and rapid care of skin wounds and infections. Joint contrac-
tures and musculoskeletal symptoms need to be addressed 
with careful attention to avoid falls and for home safety. 
Patients may require help with daily care. This is best done 
with a team approach including the family and appropriate 
specialists. Patients should be enrolled in physical and occu-
pational therapy to help with training in activities of daily 
living and to maintain strength and flexibility.

Geriatric Treatment Principles

In an older population of scleroderma patients, although 
careful consideration of therapy for each organ system is of 
the utmost importance, it is equally as important to take a 
step back and view the patient holistically [67]. Scleroderma 
is a systemic disease that can affect every aspect of the 
patient’s emotional and physical life. Depression is common 
and often not recognized in the elderly patient [72]. Multiple 
drugs may be needed to manage these patients, including 
potent pain medications. Scleroderma is a painful disease; 
we know that polypharmacy is a dangerous trap for 
patients of any age, but the elderly are particularly sensitive. 
Medication side effects can lead to delirium and falls. 
Gastrointestinal disease is common and malnutrition is often 
a complicating factor. Careful attention to good caloric intake 
and mineral balance is important. Nutrition and ensuring 
adequate access to meals are also important parts of the treat-
ment plan. Osteoporosis screening and appropriate treatment 
are key in all patients with inflammatory disease, but particu-
larly in an older population with scleroderma. 

Frequent patient visits, careful monitoring of drugs, and 
clear open lines of communication with the patient and their 
family will set the stage for comprehensive and effective 
care. It should not be forgotten that the geriatric scleroderma 

patient is likely to have non-scleroderma illnesses superim-
posed and complicating their management.

Scleroderma is a challenging disease to diagnose,  monitor, 
and manage in the elderly population. Treatment strategies 
can be complex and require intensive monitoring and con-
stant revision. There is still much to be learned about the 
effects of frailty, comorbid illness, and aging on this disease.
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Abstract Sjögren’s syndrome is an important disease for 
the geriatric population in part because it often affects the 
elderly. In addition, it is a major women’s health issue that 
is often overlooked and neglected. It is important to distin-
guish the condition from age-related exocrine gland pathol-
ogy and drug-induced ocular and oral dryness. Age-related 
physiological and pathological changes may exacerbate 
the patient’s symptoms. Understanding the pathogenesis 
of this disease may also provide important clues of the 
relationship among aging, autoimmunity, and cancer. This 
chapter focuses the discussion on the effect of aging on the 
clinical manifestation and treatment consideration in the 
geriatrics population.

Keywords Sjögren’s syndrome • Aging • Autoimmunity  
• Cancer

Definition

Sjögren’s syndrome is a progressive systemic autoimmune 
disease that affects primarily the exocrine system. The dis-
ease is characterized by lymphocytic infiltration causing 
exocrine gland dysfunction, resulting in mucosal dryness 
and other complications. The syndrome may occur in 
 conjunction with another rheumatic disease, particularly 
rheumatoid arthritis, and is then referred to as secondary 
Sjögren’s syndrome. The 2002 revised version of the 
European criteria proposed by the American-European 
Consensus Group included six features: ocular symptoms, 
oral symptoms, ocular signs (positive Schirmer’s test or 
Rose Bengal score), histopathology of minor lip salivary 
gland biopsy (greater or equal to one lymphocyte focus of 
50  lymphocytes per 4 mm2 of glandular tissue), salivary 
gland involvement (unstimulated salivary flow or parotid 

sialography), and autoantibodies to Ro (SSA) or La (SSB) 
antigen. A patient is classified as having primary Sjögren’s 
syndrome if (a) four of the six criteria are met, including 
either positive histopathology or serology and (b) the person 
has three of the four objective (nonsymptom) criteria. A per-
son is classified as having secondary Sjögren’s syndrome if 
there is another connective tissue disease, either ocular or 
oral symptoms, plus two of the four objective criteria. The 
presence of anti-Ro and anti-La antibodies is not part of the 
classification criteria for secondary Sjögren’s syndrome as 
these antibodies are relatively nonspecific in the presence of 
other autoimmune diseases. It is also important to remember 
that there are exclusion criteria. Particularly important to 
the elderly population where polypharmacy is the norm is 
that the exclusion criteria also include symptoms/signs that 
can be attributed to the use of drugs with anticholinergic 
side effects. Of note, existing classification criteria are based 
on middle-aged (40–60 years) patient populations and their 
utility in the elderly patients has not been confirmed.

Epidemiology

Although Sjögren’s syndrome can occur at almost any age, 
women in their fourth to sixth decades of life are most likely 
to be diagnosed with the disease. In about 50% of the cases, 
the syndrome is associated with another connective tissue 
disease such as rheumatoid arthritis, lupus, scleroderma, or 
inflammatory myopathy. The estimated prevalence of 
Sjögren’s syndrome in the general adult population is thought 
to be around 2–3%, with between 0.4 and 3.1 million adults 
in the USA affected by the disease. The prevalence of 
Sjögren’s syndrome in the elderly in the community is uncer-
tain. One British study reported a frequency of 3.3% in the 
geriatric population [1]. Another detailed study involving 
Greek nursing home residents showed that 13% have a lip 
salivary gland biopsy score of at least 1+, and 5% fulfilled 
the classification criteria of primary Sjögren’s syndrome [2]. 
Interestingly, despite the common pathological findings and 
the presence of anti-Ro and anti-La antibodies, few of these 
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individuals reported significant symptoms, suggesting that 
the disease may be distinct from that found in their younger 
counterparts.

Clinical Features

Sjögren’s syndrome is characterized by the slow destruc-
tion of exocrine glands. The destruction of lacrimal glands 
by lymphocytes leads to diminished tear production 
(xerophthalmia) and ultimately the damage of conjuncti-
val epithelium (keratoconjunctivitis sicca). Similar 
changes also occur to salivary glands causing excessive 
dryness in the mouth (xerostomia) and the oropharyngeal 
tract, resulting in difficulty in swallowing and phonation. 
Despite the emphasis of the ocular and oral involvement, 
Sjögren’s syndrome is in fact a systemic disease that often 
involves nonexocrine glands. Women are nine times more 
likely to be afflicted by the disease than men, suggesting 
that hormonal or X chromosome-related factors may be 
important to this pathogenesis of this disease. Sjögren’s 
syndrome is particularly problematic for the elderly as 
this population has limited physiological reserve and the 
disease further exacerbates many age-related physiologi-
cal changes in the body.

Patients with Sjögren’s syndrome generally experience 
a slowly declining clinical course, with on average a 6-year 
lag time between initial symptom onset and diagnosis. 
Sicca symptoms (dry eyes and dry mouth) are common in 
the elderly. In one population-based study involving over 
2,000 US older adults aged 64–84, it was found that 27% of 
this cohort reported dry eye or dry mouth symptoms to be 
present often or all the time, and 4.4% have both [3]. Others 
have estimated that one in six community-dwelling older 
individuals experience dry mouth as a symptom [4]. When 
evaluating an elderly patient for possible Sjögren’s syn-
drome, it is therefore particularly important to consider 
nonimmune-based age-related changes such as fatty infil-
tration and fibrosis in salivary glands, as well as obtaining 
a full drug history on the use of diuretics for hypertension 
or congestive heart failure, and drugs with anticholinergic 
side effects including many antipsychotics and tricyclic 
antidepressants. Secondary causes of sicca symptoms and/
or parotid gland enlargement include viral infections (e.g., 
mumps, influenza, Epstein–Barr, Coxsackie A, cytomega-
lovirus, and hepatitis and HIV), lymphoma, sarcoidosis, 
endocrinopathy (e.g., diabetes and hypogonadism), head 
and neck radiation therapy, graft-versus-host disease, 
chronic sialadenitis, and sialolithiasis. Older patients, par-
ticularly those with memory or cognitive decline, also may 
not complain of dry eyes or dry mouth. Patients with sali-

vary gland involvement or their relatives may notice a more 
frequent need to ingest liquids with meals or at night. The 
patients may also experience difficulty with chewing (often 
attributed to poorly fitted denture) and  swallowing dry 
foods, problems with phonation, difficulty wearing den-
tures, abnormal taste, a burning sensation in the mouth, 
increasingly less tolerance to acidic or spicy foods, and fre-
quent dental fillings. Parotid gland swelling is more com-
monly seen in primary Sjögren’s syndrome, and usually 
begins unilaterally. Older adults with ocular involvement 
may complain about red eyes, a sensation of grit or sand in 
their eyes, or burry vision that they attribute to age-related 
decline in eyesight.

Symptoms such as arthralgia, myalgia, and easy fatiga-
bility that affect more than 70% of Sjögren’s syndrome 
patients are also commonly experienced by the general 
geriatrics population. Although Sjögren’s syndrome is not 
a principal cause of aches and pain in the elderly, the diag-
nosis should be considered in patients with concurrent 
sicca symptoms. Besides dry eyes and dry mouth, lack of 
lubrication in other parts of the body may cause significant 
hardship in the elderly. Dryness of the esophagus may lead 
to dysphagia and weight loss. Similarly vaginal dryness is 
common in the elderly due to estrogen deficiency and the 
added effect of Sjögren’s syndrome can result in signifi-
cant misery for the female patients. Elderly women are 
often reluctant to inform their doctors of any sexual dys-
function and it is up to the clinicians to be cognizant of the 
potential problem.

Extraglandular disease can be divided into two catego-
ries: periepithelial and extraepithelial involvements. 
Periepithelial diseases include interstitial nephritis and inter-
stitial cystitis that may affect up to 5% of primary Sjögren’s 
syndrome patients. This may be difficult to diagnose as renal 
dysfunction is expected in normal aging. Many patients with 
renal interstitial disease develop a clinical picture of renal 
tubular acidosis and some may also develop renal stones. 
Kidney or bladder biopsy may be need to document the cause 
of renal or bladder symptoms in these patients. As many as 
25% of Sjögren’s syndrome patients may have enlarged liver 
associated with intrahepatic bile duct inflammation, and 
some of them may also have positive antimitochondrial anti-
bodies. Interestingly, sicca symptoms also occur in half of 
the patients with primary biliary cirrhosis. Subclinical 
periepithelial pulmonary disease, including obstructive bron-
chiolitis, is surprisingly common in Sjögren’s syndrome 
patients but is generally mild.

Extraglandular extraepithelial manifestations are the 
results of immune complex deposition in specific organs. 
In the case of the skin, patients may develop palpable 
 purpura from dermal vasculitis. Patients with kidney dis-
ease can develop immune complex glomerulonephritis. 
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Peripheral sensorimotor neuropathy and cranial nerve 
palsy from neurovasculitis are well known in Sjögren’s 
syndrome. A variety of focal or diffuse central nervous 
system disorders have been attributed to Sjögren’s syn-
drome including seizure, hemiparesis, transverse myelitis, 
and encephalopathy. This can be a particularly difficult 
problem in the elderly where stroke, peripheral neuropa-
thy, dementia, and other brain disorders are particularly 
common.

Thyroid disease is common in normal aging and is even 
more prevalent in Sjögren’s syndrome patients. Compared 
to the 10–15% prevalence rate of hypothyroidism in older 
adults, up to 50% of Sjögren’s syndrome patients have ele-
vated thyroid stimulating hormone level. One well-known 
complication of Sjögren’s syndrome is the development of 
pseudolymphomas and lymphomas. Older data have sug-
gested that the risk of lymphoma in primary Sjögren’s syn-
drome patients may be 44-folds that of the general 
population. However, whether older patients who are more 
likely to have secondary Sjögren’s syndrome also experi-
ence the same degree of lymphoma risk is unclear. The 
transformation to malignant lymphoma may be heralded by 
the loss of autoantibodies and a decrease in the hypergam-
maglobulinemia in these patients. Sjögren’s syndrome 
patients with immune complex disease may be particularly 
at risk for the lymphoma complication. The basis for the 
lymphoma risk in Sjögren’s syndrome patients is unclear, 
but it is believed that chronic B-cell hyperreactivity may be 
a factor in the development of the predominantly B-cell can-
cer in this population.

Immunological changes are common in Sjögren’s syn-
drome patients. Polyclonal hypergammaglobulinemia is 
generally found early in the disease. Specific autoantibod-
ies including antinuclear antibodies (80%), rheumatoid 
factor (70%), anti-Ro (70%), and anti-La (40%) are also 
frequently positive in these patients. Interestingly, patients 
with anti-Ro/-La antibodies but do not have full-blown 
Sjögren’s syndrome have significantly greater decrease in 
salivary flow rate as they aged, compared to age-matched 
controls [5].

Very few studies have specifically examined the clinical 
and immunological features of elderly onset primary 
Sjögren’s syndrome. One Spanish study compared 31 
elderly onset (>age 70 years) Sjögren’s syndrome patients 
with 192 of their younger-onset cohort [6]. Although 
elderly onset Sjögren’s syndrome patients may be more 
likely to be male, have less parotid gland enlargement, 
articular involvement, cutaneous vasculitis, anti-Ro anti-
bodies, and higher prevalence of peripheral neuropathy, 
interstitial pneumonitis, and hepatitis, the small sample 
size means that none of these results reached statistical 
significance.

Treatment of Sjögren’s Syndrome  
in the Geriatric Patient

Xeropthalmia

Sjögren’s syndrome patients with chronic dry eyes should be 
counseled to avoid aggravating environmental factors such 
as low humidity seen with excessive air-conditioning and 
airline travel. Activities that can provoke tear film instability 
such as prolonged reading, computer use, and fatigue should 
also be limited. Medications that decrease tear production, 
such as tricyclic antidepressants and antihistamines, should 
be avoided in elderly patients with Sjögren’s syndrome.

There are multiple artificial tear preparations available in 
the market that help alleviate the dryness by replacing the 
tears. Replacement therapy with ocular ointment is usually 
used at night due to possibility of visual blurring with use 
during the day [7].

Although artificial tears provide symptomatic relief, they 
do not have any direct impact on the underlying disease pro-
cess. Due to the preservatives in these solutions, patients 
may develop intolerance with long-term use. Newly intro-
duced preservative-free preparations maybe better tolerated 
in these patients. Slowing tear drainage with punctal plugs 
placed by an ophthalmologist may be helpful in some patients 
to increase efficacy of artificial tears [7].

Use of topical corticosteroid preparations has been found 
to be useful in patients with severe symptoms, despite the 
use of artificial tears. In a retrospective study of 21 Sjögren’s 
syndrome patients, 57% reported complete relief of symp-
toms after the use of 1% methylprednisolone three to four 
times a day for 2 weeks, with the rest reporting partial relief 
[8]. Long-term use was associated with complications such 
as increased intraocular pressure and development of cata-
racts. A larger study in 2007 of 53 Sjögren’s syndrome on 
patients treated with 2-week pulse methylprednisolone 
therapy showed similar efficacy with no significant adverse 
effects [9].

Cyclosporin ophthalmic emulsion is the latest addition 
to the list of agents available for the treatment of dry eyes. 
Studies on cyclosporin were initiated when it was recog-
nized that inflammation is a key factor in the pathogenesis 
of dry eyes. Cyclosporin is believed to work by suppressing 
the cell-mediated immune responses responsible for ocular 
inflammation. A randomized, controlled, double-blinded 
clinical trial in 2000 showed that cyclosporin ophthalmic 
emulsion was safe and effective in patients with keratocon-
junctivitis sicca refractory to conventional treatments [10]. 
Restasis® (Allergan, Inc.) cyclosporin ophthalmic emulsion 
(0.05%) was approved by the FDA in 2002 for the indi-
cation of increasing tear production in patients with 
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 keratoconjunctivitis sicca. The cost of this drug may be a 
barrier to use in elderly patients without appropriate insur-
ance coverage [11].

Use of cholinergic agents such as pilocarpine has shown 
some promise in the treatment of keratoconjunctivitis in terms 
of symptomatic improvement; however, there is no improve-
ment in tear production with the use of this drug [12].

Xerostomia

In Sjögren’s syndrome patients with chronic dry mouth, it 
is crucial to maintain good dental health to prevent com-
mon dental complications such as dental caries, gum dis-
ease, and dental erosions. Patients should be counseled on 
the importance of regular visits to their dentists to prevent 
such complications. Along with prevention, improving sal-
ivary gland function is crucial in the treatment of xerosto-
mia. Salivary secretion can be physiologically stimulated 
with sugar-free candy and chewing gum without any related 
adverse effects [13]. Physiological stimulation thus 
becomes important in elderly patients who cannot tolerate 
the pharmacological stimulants.

Saliva substitutes are also helpful in providing lubrica-
tion and increasing moisture in oral surfaces. Although these 
agents provide symptomatic relief, they do not prevent any 
of the oral complications caused by xerostomia [14].

There are two pharmacological agents used for the 
treatment of xerostomia, pilocarpine (Salagen®), and cevi-
meline (Evoxac®). Pilocarpine is a nonspecific muscarinic 
M receptor agonist that stimulate salivary secretions while 
cevimeline is a newer and more selective M receptor ago-
nist. Use of these drugs may be limited in many elderly 
patients due to their adverse effect profiles. In 1999, a ran-
domized, placebo-controlled study of Sjögren’s syndrome 
patients showed that pilocarpine 5 mg tablets four times a 
day was well tolerated and reduced symptoms of both dry 
eyes and dry mouth [15]. Cevimeline 30 mg tablets three 
times a day was found to be safe and effective for the treat-
ment of xerostomia and keratoconjunctivitis sicca in a ran-
domized, placebo-controlled study from 2002 [16]. Due to 
the cholinergic effects of pilocarpine and cevimeline, these 
are contraindicated in patients with asthma, acute angle 
glaucoma, and acute iritis. The use of these drugs is often 
limited in the elderly population due to common cholin-
ergic adverse effects such as increased sweating, urinary 
frequency, visual blurring, flushing, and abdominal pain. 
Higher frequency of co-morbid conditions seen with aging 
also limits the use of these drugs in this population. These 
should also be used with caution in patients with cardio-
vascular diseases.

Low-dose oral interferon-a also has been studied in 
xerostomia related to Sjögren’s syndrome, however, failed to 
show any efficacy [7].

Systemic Manifestations

Use of systemic corticosteroids is usually reserved for the 
treatment of systemic manifestations. Although there has 
been some evidence of improvement in sicca symptoms with 
daily dosing of low-dose prednisone [17], long-term use is 
not recommended due to cumulative adverse effects related 
to steroid use.

Usefulness of hydroxychloroquine in the treatment of 
xerostomia and xerophthalmia has been controversial. 
However, hydroxychloroquine is felt to be effective for mus-
culoskeletal symptoms related to Sjögren’s syndrome. A 
1996 retrospective study of hydroxychloroquine in Sjögren’s 
syndrome patients showed improvement in arthralgias, myal-
gias, sicca symptoms, and laboratory markers including 
erythrocyte sedimentation rate (ESR) and immunoglobulin 
levels [18].

There is no clear evidence for the use of systemic immu-
nosuppressants such as methotrexate, leflunomide, azathio-
prine, and cyclosporin A in the treatment of Sjögren’s 
syndrome. However, these maybe useful in overall immu-
nosuppression, especially in patients with secondary 
Sjögren’s syndrome associated with other autoimmune 
conditions such as systemic lupus erythematosus and rheu-
matoid arthritis.

Cyclophosphamide is used in severe disease manifesta-
tions such as renal involvement and neurological involve-
ment. In a 2004 retrospective study, over 90% of patients 
with myelopathy and multiple mononeuropathies had 
 partial recovery or stabilization with the use of cyclophos-
phamide [19].

Studies to look at the use of tumor necrosis factor a 
(TNF-a) inhibitors for the treatment of Sjögren’s syndrome 
failed to show improvement in exocrine manifestations as 
well as systemic manifestations such as fatigue and arthral-
gias [20, 21]. There were also no significant drops noted in 
the levels of inflammatory markers.

Use of rituximab in the treatment of Sjögren’s syndrome 
seems to be promising. A phase II open labeled study from 
2005 showed improvement in subjective sicca symptoms as 
well as increase in salivary gland function [22]. However, 
27% of patients had evidence of human antichimeric anti-
bodies (HACAs) with a majority developing a serum sick-
ness-like disorder. Of the patients with mucosa-associated 
lymphoid tissue (MALT), lymphoma related to Sjögren’s 
syndrome, 43% achieved remission.
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Knee osteoarthritis, 175–177
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disease manifestations, 137–138
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treatment, 140
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characterization, 198
diagnosis, 199
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efficacy, 157
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Mouth dryness. See Xerostomia
Muscle aging, 259
Muscle disease symptoms, clinical evaluations

extracellular glutathione depletion, 263
motor unit action potentials (MUAP)  

assessment, 263
muscle tenderness, 262
myopathic weakness, 262

Muscle strengthening exercise, 126, 128
Musculoskeletal ultrasound (MSKUS), 216–217
Mycophenolate mofetil (MMF), 22
Myofascial pain, 48

Myopathies
amyloid myopathy, 269–270
dermatomyositis (DM), 265–267
drug-induced myopathy

alcoholic myopathy, 270
colchicine, 270
corticosteroids, 270
lipid lowering agents, 270
statin drugs, 270–271

endocrine/metabolic disease
osteomalacia, 269
thyroid disease, 268–269

idiopathic inflammatory myopathies (IIM)
hereditary inclusion body myopathies (h-IBM), 264
sporadic inclusion body myositis (s-IBM), 264–265

late onset mitochondrial myopathy, 267–268
late onset muscular dystrophies, 267
medium-and small-vessel vasculitis, 203–204
paraspinal myopathies, 268
polymyositis (PM), 265–267

Myositis. See specific types

N
Nephrogenic systemic fibrosis, 279
Nicotinic acid, 270
Non-modifiable systemic risk factors

age, 177
congenital/developmental conditions, 179
gender and hormones, 177
genetic factors, 177
geographic/racial/ethnicity, 177

Nonsteroidal anti-inflammatory drugs (NSAIDs), 7–8, 21, 63, 64, 68, 
75–76, 217

Nursing home patient
arthritis, 73
functional assessment

components, 74
interdisciplinary care planning meeting, 74
limitations, 74
mandated minimal data set, 74
validated tools, 74

pain assessment
cognitive impairment, 75
monoarticular joint inflammation, 74
non pharmacological management, 76–77
osteoarthritis, 74
pharmacological management, 75–76
tools, 75
treatment goals, 75

Nursing homes, 81–82

O
Oculopharyngeal dystrophy, 267
Opioid analgesics, 63–65
Opioid therapy, 76
Osteoarthritis (OA)

aerobic exercise, 109
aging and, 181–182
calcium pyrophosphate dihydrate (CPPD), 213
clinical features, 103–104, 109
diagnosis, 191–192
epidemiology

classification, 187
clinical, 173–174
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Osteoarthritis (OA) (cont.)
criteria for classification, 173
demographic characteristics, 187
radiographic, 173
symptomatic, 173

functionally based exercises, 109
hand, 175–176
hip, 174–175
imaging

bone scan, radio-labeled bisphosphonates, 191
computed tomography (CT), 191
MRI, 191
osteophyte, 191
ultrasonography, 191

knee, 175–177
patella malalignment and abnormal tracking, 109
pathophysiology, 104

cartilage structure, 188
chondrocytes, 188
juxta-articular bone, 189
synovium, 189

prognosis, 195
proprioceptive changes, 109
range-of-motion (ROM) exercises and joint mobilization, 109
risk factors, 109

biomechanic, 180–181
local extrinsic, 179–180
local intrinsic, 180
modifiable, 179
non-modifiable systemic, 177–179

symptoms and signs
joint enlargement characteristics, 189
nociceptor pain, 189
stiffness, 189

therapy
acetaminophen, 193
capsaicin, 194
education and physical measures, 192
flavocoxid, 194
glucosamine, 194
hyaluronic acid, 194
IA depocorticosteroids, 194
muscle relaxants, 194
non-pharmacologic program, 193
NSAIDs, 193–194
pharmacologic, 193
tramadol, 194
weight control, 193

Osteomalacia, 15, 269
asymptomatic, 246
characteristic features, 242
25 dihydroxy-vitamin D level, 246
treatment, 246
vitamin D deficiency, 245–246

Osteoporosis
definition, 241
diagnosis

absolute fracture risk model (FRAX), 242
BMD measurements, 242
fracture risk factor assessment, 242

exercise, 243–244
fall prevention strategy, 244
fragility fracture, 241
impact

hip fractures, 241
vertebral fractures, 241

males, 242
medical costs, 105–106
medium-and small-vessel vasculitis, 204
morbidity and mortality, elderly, 12
nutrition, 243
pathophysiology, 13–14
physical examination findings and interventions

bone mineral density, 106
goals, 106
high and low impact aerobic exercise, 106
postmenopausal women, 106, 107
postural re-education, 106

senile osteoporosis, 11–12
therapeutic options

bisphosphonates, 244
calcitonin, 245
raloxifene, 244
teriperatide, 245

Oxalate crystal deposition disease, 221

P
Paget’s disease of bone

characterization, 246
prevalence, 246
treatment, 247

Palmar fasciitis, 279
Paraproteinemia, 279
Paraspinal myopathies, 268
Pharmacotherapy considerations

antirheumatic medication selection
acetaminophen, 62
corticosteroids, 65
DMARD therapies, 65–66
hyaluronic acid viscosupplementation, 67–68
NSAIDs, 63, 64
nutritional supplements, 67
opioid analgesics, 63–65

economic and health-care system, 68–69
pharmacodynamics, 61–62
pharmacokinetic changes

drug absorption, 60
drug distribution, 61
elimination, 61
metabolism, 61

risks and special concerns, 69
topical analgesics, 68

Physical activity, older adults with arthritis
aerobic exercise, 125
challenges and opportunities, 129
characterization, 125
definition, 125
detriments of inactivity

frailty, 127
immobility, 127
immobilizing leg muscles, 127

epidemiology, 126–127
health benefits

FICSIT studies, 126
muscle strengthening, 126

muscle contraction, 125
pattern, 125
physician advice/support, 129
physiologic benefits, 127–128
range of motion, 125
recommendations, 128–129
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social physique anxiety, 129
weight bearing, 125

Pilocarpine, 290
PMR. See Polymyalgia rheumatica (PMR)
POEMS syndrome, 279
Polyarteritis nodosa (PAN), 201

diagnosis, 31
therapy, 31

Polymyalgia rheumatica (PMR)
case features, 225
classification criteria, 225
diagnosis, 101
differential diagnosis, 226
epidemiology, 225
histology, 227
imaging, 226–227
physical therapy interventions

bone and muscle strength maintenance, 102
pathophysiology, 103
physical examination findings, 101–102
recommendations, 103

signs and symptoms, 102
treatment, 228

Polymyositis (PM)
autoantibodies, 265, 266
diagnosis, 265
incidence rates, 265
malignancy, 266–267

Post acute care
home health care, 82
inpatient rehabilitation facilities

musculoskeletal conditions, 80–81
patient characteristics, 80
prospective payment system, 80

long-term acute care hospitals, 79–80
rehabilitation, 82–83
skilled nursing facilities, 81–82

Primary antiphospholipid syndrome (PAPS), 231
Progressive interstitial lung disease (ILD), 282
Propoxyphene, 76
Proprioception, 181
Prospective payment system (PPS), 80
Pseudogout

acute, 216
characterization, 214
chronic, 214
CPPD, 213
familial forms, 214

Psoriasis and Psoriatic arthritis, 20
Public health, 93–94
Pulmonary arterial hypertension (PAH), 280–282

Q
Quantiferon-TB Gold In Tube (QFT-IT) test, 39

R
Raloxifene, 244
Raynaud’s phenomenon

abnormal nailfold capillary microscopy, 277
age of onset, 276
connective tissue disease (CTD), 276–277
diagnosis, 277–278
differential diagnosis, 276, 277
distinguishing feature, 276

pharmacologic agents, 278
Regulatory T cells (Tregs), 3, 5
Rheumatoid arthritis (RA), 33

aging, 7
aquatic exercise, 108
clinical features and physical therapy intervention, 103, 108
epidemiology, 35–36
history, 39
latent tuberculosis infection

biologic therapy, elderly RA patients, 41
detection, 39–40
diagnosis, 39
screening, guidelines, 41
TST vs. QFT-IT, 40–41

neuropsychiatric manifestations, 28
non-or low-impact aerobic exercises, 108
patient education, 108
physical examination findings, 106
range-of-motion exercises and isometric exercises, 108
resistive exercises, 108
resting and dynamic splints, 108

Rituximab, 67, 290

S
Sarcopenia

behavioral alteration, 260
bone and muscle strength, descriptors for, 261
definition, 259
disuse deconditioning, 260
impaired strength, 259
muscle aging, 259
muscular alterations, 260
neuromuscular factors, 260
treatment

exercise, 261
protein intake, 262
strength training, 261
therapies, 262

Scleroderma
age at disease onset, impact of

mortality, 280
pulmonary arterial hypertension (PAH), 280

aging scleroderma patient
heart diseases, 281
PAH, 281
skin telangectasias, 281
skin thickening, 280

classification and demographics, 276
clinical features

Raynaud’s phenomenon, 276–278
systemic disease, 278

eosinophilic fasciitis (EF), 279
gadolinium, 279
management

geriatric treatment principles, 283
organ specific therapies, 282
PAH, 282
progressive interstitial lung disease (ILD), 282
skin, 282–283
treatment principles, 281–282

monoclonal gammopathy of undetermined significance (MGUS), 
279

nephrogenic systemic fibrosis, 279
palmar fasciitis, 279
paraproteinemia, 279
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Scleroderma (cont.)
POEMS syndrome, 279
scleromyxedema, 279

Scleromyxedema, 279
Secondary antiphospholipid syndrome (SAPS), 231
Selective estrogen receptor modulator (SERM), 244
Selective serotonin reuptake inhibitors (SSRIs), 52
Senile osteoporosis, 11–12
Septic arthritis, 10
Short questionnaire to assess health-enhancing physical activity 

(SQUASH), 89
Sjögren’s syndrome (SS)

chronic inflammatory process, 29
clinical features

cancer, 289
esophagus dryness, 288
exocriine glands destruction, 288
extraepithelial diseases, 288–289
immunological changes, 289
lymphoma complications, 289
periepithelial diseases, 288
sicca symptoms, 288
thyroid disease, 289
vaginal dryness, 288

clinical manifestation, 29
definition, 287
diagnosis, 30
epidemiology, 287–288
neurologic involvement, 29
pathophysiologic mechanism, 30
prevalence, 29
primary Sjögren’s syndrome, 287, 288
secondary Sjögren’s syndrome, 287, 289, 290
therapy, 30
treatment, in geriatric patient

systemic manifestations, 290
xeropthalmia, 289–290
xerostomia, 290

Skilled nursing facility (SNF), 81–82
Social physique anxiety, 129
Sporadic inclusion body myositis (s-IBM)

diagnosis, 264
standard medical therapy, 264

Statin-induced myopathy, 270
Statins, 21–22
Sulfasalazine, 66

clinical pharmacology, 158
efficacy, 158
safety, 158–159

Systemic lupus erythematosus (SLE), 231
autoantibodies, 28
brain MRI, abnormalities, 28
classification, 136
diagnosis, 28, 136
disease activity, 141
late-onset lupus (see Late-onset lupus)
organ function decline, 28
pharmacological interventions, 140
prevalence, 28
survival, 142
therapy, 29
treatment, 140

Systemic sclerosis, 21, 278
Systemic vasculitis, 30

T
Temporal arteritis. See Giant cell arteritis (GCA)
Teriperatide, 245
Thermal therapy, 76
Thymic involution, 6–7
Thyroid disease

hyperthyroidism, 269
hypothyroidism, 268–269

T lymphocytes
apoptosis, 4
immune replicative senescence, 6
impaired IL–2 production and proliferation, 5
memory and naïve human T cells, 4–5
regulatory T lymphocytes, 5
T-cell migration, 5
Th1 and Th2 responses, 5
Th17 cells, 5

Tricyclic antidepressants (TCAs), 51–52
Tuberculosis, RA

biologic therapy, elderly patients
recommendations, 41
risk during, 37–38
risk prior to, 37

clinical and radiological characteristics, 38
epidemiology, 35–36
history, 35

U
Ultrasound guided arthrocentesis

advantages, 122
indirect technique, 122
real time technique, 123

V
Varicella-zoster virus (VZV), 5
Venlafaxine, 52
Visual analogue scales (VAS), 88

W
Wegener’s granulomatosis

characterization, 198
diagnosis, 199
in elderly

vs. general patients, clinical characteristics, 199
survival curves, patients, 200

Widespread pain
fibromyalgia syndrome (see Fibromyalgia syndrome (FMS))
pathogenesis, 46
psychiatric conditions, 48

X
Xanthine oxidase (XO) inhibitor, 210
Xeropthalmia, 289–290
Xerostomia, 290
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