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Abstract | The population of elderly individuals with rheumatoid arthritis (RA) is expanding, due mainly to
increasing life expectancy. A variety of theories have been proposed to explain the ageing process, including
accumulation of DNA damage and resultant changes in biological processes. Such changes can influence the
development and/or course of disease. Furthermore, alterations in biological function determine the biological
age—as opposed to chronological age—of an individual, which strongly influences their ability to cope with
disease. Moreover, comorbidities are more frequent in elderly individuals. Together, these factors complicate
treatment of disease and necessitate careful patient management. Indeed, although evidence from clinical trials
suggests that DMARDs and biologic agents have good efficacy and are well tolerated in elderly patients with RA,
such individuals are often undertreated and inadequately managed. Unfortunately, insufficient data are available
for the development of evidence-based guidelines for this population, as elderly patients are often excluded from
clinical trials owing to age restrictions or comorbidities. Thus, additional clinical studies in elderly patients are
warranted, with treatment regimens tailored according to vitality or frailty parameters. This Review focuses on
the pathophysiological aspects of ageing and their implications for the management of RA in elderly patients.
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Introduction

Evidence-based treatment recommendations for rheu-
matoid arthritis (RA) have been developed mostly for
middle-aged patients and have not been validated for
elderly patients (considered as those aged >65 years
unless otherwise stated). However, as life expectancy
increases, the number of elderly patients with RA is
increasing, and thus new strategies are needed to opti-
mize therapy in this population. Limited data are avail-
able regarding the treatment of RA in individuals aged
65 years and older due to age-based selection criteria or
because such patients often have comorbidities, factors
which restrict their inclusion in intervention studies.'
Ageing in humans is a multidimensional process com-
prising changes in physical, psychological and social
factors over time. Alterations in these dimensions,
particularly biological changes, can affect disease sus-
ceptibility, progression and coping, as well as the effec-
tiveness and safety of therapies. This Review introduces
the general aspects of ageing that are of relevance to
immune-mediated diseases and discusses the influ-
ence of ageing on the development, phenotype, and
management of RA.
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Mechanisms of ageing

Ageing remains a mysterious process; the causes of
ageing, the factors that determine the rate at which it
occurs, and which changes account for the increased
chance of dying beyond middle age are still unclear. Three
main theories have been proposed to explain the ageing
process: the molecular phenomena theory, the disposable
soma theory, and the evolutionary theory. The theories
are not necessarily mutually exclusive, and no particular
hypothesis can be deemed the most accurate.

The molecular phenomena theory of ageing

A variety of molecular phenomena participate in ageing
at the cellular level, although accumulation of DNA
damage with age is thought to be of particular impor-
tance. Chromosomal telomeres shorten with each cell
division, which eventually leads to cell-cycle arrest
and cellular senescence,? thus limiting the capacity for
regeneration and renewal of cells and tissues. Moreover,
genotoxic stressors, such as radiation and reactive oxygen
species produced during normal metabolic activity,
can cause progressive accumulation of DNA damage.
The quality and efficiency of the DNA repair processes
themselves might also be affected and decrease with
age, further compromising the integrity of the genome.’
Accumulation of DNA damage and mutations can lead
to cellular damage or dysfunction—for example, unbal-
anced expression of oncogenes and tumour suppressor
genes that results in oncogenic transformation—and/or
to cell death. Together, such processes are responsible
for the biological phenotype of ageing and can influence
both the development and management of disease.
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The disposable soma theory of ageing

The disposable soma theory explains ageing from the
perspective of developmental biology.** According
to this theory, ageing is the price of survival. In the
body, energy must be distributed to multiple processes
over time, which could lead to processes that are less
important for survival of the species being compro-
mised in favour of those deemed more important. As
reproduction is the most important biological process
for survival of the species, maintenance and repair pro-
cesses are focused on reproductive organs and germ-
line cells, with the function of somatic cells and other
tissues declining over time as a result of insufficient
repair and renewal. For example, the thymus, an organ
that is essential for the development and selection of
T cells, gradually involutes—whereby thymic tissue is
replaced by fat—once adulthood is reached and the
T-cell repertoire has been established.

The evolutionary theory of ageing

Evolution is driven by natural selection of genetic factors
that provide a benefit to survival by enabling an organ-
ism to reproduce and pass on their genes more effec-
tively. Genetic variants that have negative effects only in
older age—when the organism is likely to have already
successfully reproduced and raise offspring, and might
even have become infertile—are less likely to drive evo-
lution if they have only a limited effect on the propaga-
tion of genetic material and therefore the overall survival
of the species; likewise, variants that delay ageing and
promote longevity will not be selected for unless they
increase the overall reproductive success of the species.
Thus, according to the evolutionary theory of ageing,
genes that are advantageous at a younger age can
become disadvantageous at an older age and contribute
to the phenotype of ageing.® For example, high levels of
testosterone aid male fertility at young age, but can later
lead to alopecia, which represents a decline in hair follicle
function and is seen as a sign of ageing. Another example
is the human immune system, which was optimized by
evolution primarily at a time when life expectancies were
much shorter than today. Thus, our immune system now
needs to be effective for much longer than when our
species was young, which poses a challenge: over many
decades, the immune system must be balanced between
being strong enough to defend against infections, but
not so strong as to result in autoinflammation and auto-
immunity. Indeed, in old age, immune processes can
become detrimental, providing inadequate protection
from infection or promoting autoimmunity.

Successful versus unsuccessful ageing

Biological age, an important geriatric concept, is the rate
at which an individual ages in terms of their physical
and mental functionality, and is indicative of their health
and life expectancy. The degree of correlation between
biological age and chronological age—that is, an indivi-
dual’s age in years—can vary widely among individuals,
especially elderly individuals.” For example, one 80-year-
old person might still have a large social network and be
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= As a consequence of increasing life expectancies worldwide, the number

of elderly people with rheumatoid arthritis (RA) is growing

= Evidence-based guidelines for management of RA in elderly individuals are

lacking owing to insufficient clinical data

= Data suggest that elderly individuals with RA are undertreated and inadequately
managed, despite DMARDs and biologic therapies being effective and

seemingly well tolerated in this population

= Therapeutic decision making in elderly patients with RA needs to incorporate

consideration of patient frailty and comorbidities

= The level of disease activity set as the therapeutic goal might differ according
to the patient’s biological age or presence of particular risk factors for infection

physically active, whereas another individual with the
same chronological age but a higher biological age would
have generally poor health, limited mobility and a small
social network. In this context, unsuccessful ageing can
be viewed as biological age exceeding chronological age.
Conversely, individuals with a biological age matching or
less than their chronological age would be seen as having
aged successfully. Discrepancies between biological and
chronological age are accounted for by ‘geriatric giant
conditions, comorbidities, and frailty.

Geriatric giant conditions

Isaacs® first described geriatric giant conditions, wherein
the use of the word ‘giant’ reflects both the large number
of elderly individuals affected and the considerable
effect of the conditions on an individual’s indepen-
dence. Geriatric giant conditions include cognitive
limitations, depression, sensory limitations (particu-
larly affecting vision and hearing), mobility restrictions,
and incontinence.

Comorbidities and polypharmacy

The prevalence of comorbidity and resultant poly-
pharmacy increases with age and adds to the risk of
unsuccessful ageing; in the Netherlands, approximately
60% of 60-year-olds have at least two health conditions,
and the frequency of comorbidity increases by 10% for
each additional decade of life up to 80 years of age.’
Comorbidities are associated with increased use of multi-
ple therapeutics and, therefore, an increased risk of drug
interactions. In elderly patients with RA, for example,
disease management is often complicated by both non-
rheumatic comorbidities, such as cardiovascular disease,
diabetes mellitus and neoplastic conditions, and the
coexistence of multiple rheumatic conditions, including
an association between RA and severe osteoarthritis.

Frailty

Frailty, which can be considered as the opposite of vital-
ity, adds to the risk of unsuccessful ageing,'* and thus is a
concept relevant to geriatric medicine. Frailty manifests
as weakness, unintentional weight loss, exhaustion, low
physical activity, and slower walking speed; according
to Fried and colleagues,'' an individual is considered
frail if they simultaneously demonstrate three or more
of these five phenotypes. Frailty might reflect a loss of
functional homeostasis, which results in a reduced ability
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Ageing of the immune system ‘

'

Effects on innate immunity

= Reduced cell migration,
phagocytosis and capacity
for killing of microbes

= Increased production of
proinflammatory cytokines

(IL-1, IL-6, TNF)

= Chronic low-grade

inflammation

Effects on adaptive immunity

= Gradual decrease in naive T-cell and B-cell numbers

= Relative increase in memory T-cell and B-cell populations

= Reduced TCR diversity and TCR repertoire contraction

= High turnover of CD8* T cells leading to increased
CD4+:CD8* ratio

= Increased CD28- T-cell populations

= De novo expression of NK receptors on CD28- T cells

= Increased CD70 and LFA-1 expression, influencing

l

T-cell activation and migration

‘ Increased risk of inflammatory and autoimmune diseases ‘

Figure 1 | Major changes of the immune system with ageing. Ageing has profound
effects on both the innate and adaptive branches of the immune system: innate
immune mechanisms tend to become more active, whereas functioning of the
adaptive immune system generally declines. Immunosenescence is associated
with a more pronounced, chronic proinflammatory activity in the innate branch

of the immune system and a decrease in naive lymphocyte counts with a relative
increase in memory cells in the adaptive branch. Together, these changes might
contribute to the development of chronic inflammatory and autoimmune disease.
Abbreviations: LFA-1, lymphocyte function-associated antigen 1 (also known as
CD11a/CD18 or integrin a,/B,); NK, natural killer (cell); TCR, T-cell receptor.

to withstand or compensate for illness without a loss of
function. For example, an 80-year-old person is less likely
than a younger person to regain pre-existing functional
capacity after a hip fracture, and subsequent events
could lead to progressive disability and dependence.
Frail individuals have an increased frequency of nega-
tive health outcomes including accidental falls, reduced
mobility, decreased functional capacity, reduced efficacy
of vaccination, markedly increased mortality and dis-
ability after surgery, higher rejection rates following renal
transplantation, and death."""* Inflammatory mediators
and hormones might contribute to the perpetuation of a
negative cycle of frailty.'¢-

Changes in the immune system with age
Ageing has profound effects on all cells and tissues
of a living organism, especially those of the immune
system." Both the innate and adaptive branches of the
immune system undergo marked changes with age and
contribute to the process of immunosenescence—the
gradual decrease in the capacity of the immune system
to resolve infection and establish long-term immuno-
logical memory (Figure 1). With age, innate immune
mechanisms tend to become more active, whereas
functioning of the adaptive immune system generally
declines. The precise molecular and cellular mechanisms
underlying this shift towards innate immunity remain
largely unknown.

Alterations in the innate immune system

As the innate immune system ages, levels of TNF, IL-6,
C-reactive protein (CRP) and other inflammatory
molecules increase. In addition, increased numbers
of natural killer (NK) cells are produced and greater
amounts of proinflammatory cytokines are released by
monocytes and dendritic cells.** These changes create

a proinflammatory environment that might accelerate
development of and complicate diseases such as RA.***
Other ageing-related alterations in functioning of the
innate immune system, such as reduced cytotoxicity of
NK cells or decreased phagocytotic capacity of mono-
cytes, might compromise the immediate response to bac-
terial and viral pathogens and the integration of innate
and adaptive immune responses.

Alterations in the adaptive immune system
The reduced effectiveness of the adaptive immune
response with ageing can be observed as decreased
tuberculin skin test responses in elderly people.?® At the
cellular level, ageing affects expression of B-cell markers
and B-cell responses, as well as the T-cell repertoire.”’
Lymphocyte numbers decrease with age, although the
reduction is greater for CD8* T cells than CD4* T cells
or B cells.?® This effect could be the result of a decline in
the generation of novel naive T cells as a consequence
of thymic involution and a decrease in the amount of
haematopoetic tissue within the bone marrow.*’ In addi-
tion, the composition of the T-cell population switches
from comprising mostly naive cells to mainly effector
memory and late-stage effector memory cells (Figure 2).*
Expression of CD28—a molecule that transmits impor-
tant co-stimulatory signals that lead to T-cell activation
and proliferation—on T cells is progressively lost with
age.’*? This decline in CD28 expression is caused by the
loss of a CD28-specific transcriptional initiator complex,*
as a result of repeated antigen stimulation and/or cytokine
signalling,’*** and is amplified by factors such as persis-
tent infection with latent viruses, including cytomegalo-
virus.*>* Loss of CD28 thus reflects clonal expansion
of antigen-responsive T cells, which can include those
responsive to self antigens.*’ CD28" T cells do not prolif-
erate but survive longer than their CD28* counterparts,
and have been shown to be resistant to apoptosis through
expression of Bcl-2 and FLICE-like inhibitory protein
(FLIP, also known as CASP8 and FADD-like apoptosis
regulator).””*® The consequences of this loss of CD28
seems to differ between CD4* T cells and CD8" T cells:
in CD8"* T cells, the loss can lead to dysfunction or to a
shift towards a regulatory phenotype,* whereas in CD4"*
T cells, CD28 deficiency is associated with the acquisi-
tion of novel NK-cell-like functionalities,* possibly due to
alterations in T-cell DNA methylation patterns that occur
with age.***! Moreover, loss of CD28 in CD4" T cells is
associated with increased production of proinflammatory
cytokines and a propensity to migrate into tissues.’
Interestingly, CD4*CD28" T-cell populations are expanded
in several chronic autoimmune diseases, including RA;**
repeated (auto)antigen stimulation might underlie this
phenomenon. Despite the loss of CD28 associated with
ageing, abatacept—a biologic agent, based on cytotoxic
T-lymphocyte antigen 4, that blocks T-cell activation and
is approved for the treatment of RA—does not seem to
have reduced efficacy in populations of elderly patients,***
even though its primary mechanism of action is thought to
be competitive binding to CD28 ligands and thus indirect
interference with CD28 engagement and signalling.
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The possible involvement of adipokines

Changes in the levels of adipokines—cytokines that
are secreted by adipose tissue—that occur with ageing
could also contribute to or influence the pathogenesis
of immune-mediated inflammatory disorders, includ-
ing RA. Adipose-tissue dysfunction, indicated by dys-
regulation of adipokine expression, is associated with
poor prognosis in the most elderly subset of patients
with RA.* Nevertheless, how age-related changes in
adipokine levels influence both the risk and manifes-
tation of chronic inflammatory disorders such as RA,
and whether adipokines are protective or harmful in
RA, are not clear.*”* Leptin levels are generally believed
to be elevated in patients with RA,* and serum leptin
levels and synovial fluid:serum leptin ratios might also
correlate with duration and/or activity of disease.*
The adipokine leptin could influence RA disease pro-
cesses because it can directly affect articular tissues,
and can also directly modify immune-cell activation,
proliferation, maturation, and production of inflamma-
tory mediators.*® In particular, leptin can modulate the
activity of regulatory T cells, which are potent suppres-
sors of autoimmunity.® Levels of adiponectin, another
adipokine, are also increased in RA and correlate with
disease severity.®! This association might reflect the
ability of adiponectin to increase inflammation and
extracellular matrix degradation within joints.*

Consequences of immunosenescence

With age, increases in susceptibility, morbidity, and
mortality are observed for several infectious diseases,
including influenza, pneumococcal infections (mainly
involving Streptococcus pneumonia), tuberculosis, and
urinary tract infections.’>>* Higher rates of infection
in adults >65 years of age are due in part to immuno-
senescence and possibly to comorbidities and nutri-
tional deficiencies. Vaccination has helped decrease the
rates of infection, morbidity and mortality in elderly
individuals, but this benefit has been hampered by the
reduced immune responses to vaccination associated
with immunosenescence in this patient population.®
For example, influenza vaccine efficacy is 70% to 90% for
non-elderly people (aged <65 years) but only 17% to 53%
in elderly individuals,*>**>* and patterns are similar for
tetanus, S. pneumonia, and hepatitis B.**” Interestingly,
the lymphoid apparatus in the nose and upper airways is
less affected by immunosenescence than other lymphoid
tissues,” which suggests that utilization of the nasal route
could improve vaccine efficacy in elderly people.

Aside from infectious diseases, several types of
tumours also become more frequent and aggressive
with age, such as melanoma.®**? Although accumulation
of DNA damage could partially explain this observa-
tion, weakened immune surveillance in elderly indivi-
duals also seems to be important.® In addition, as the
immune system ages, the risk of autoreactivity and
thus certain immune-mediated inflammatory diseases
increases. Indeed, autoantibodies, including rheuma-
toid factor (RF) and antinuclear antibodies,* are more
frequently detected in older than younger adults, and
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Figure 2 | Post-thymic differentiation of naive T cells after antigen presentation

by professional APCs. a | Schematic representation of T-cell differentiation stages.
Naive and memory T cells are required to maintain immune competence after
thymic involution. Naive T cells are maintained by homeostatic proliferation, and
express CCR7 and CD45RA (but not CD45R0). Upon APC-dependent antigen
encounter, naive T cells are activated via TCR and CD28 signalling, and can
differentiate into memory T cells. Three phenotypically and functionally distinct
subsets of CD4* or CD8* memory T cells are now recognized based on expression
of CD45R0 and CCRY. First, antigen-experienced, IL-2 producing T, cells, which
express both CD45R0 and CCR7 and home to lymph nodes. Second, antigen-
experienced, T, 1, T,2 or T 17 (producing IFN-y, IL4 or IL-17, respectively) T, cells,
which express CD45RO0 but have lost the expression of CCR7 and thereby acquired
the capacity to migrate to nonlymphoid tissues. Third, late-stage, T,,,., cells, which
are CD45R0-/CCR7-, have cytotoxic activity, and are prone to CD28 loss and
acquisition of novel functionalities usually associated with natural killer cells.

b | Flow cytometry detection of these T-cell populations in a sample of peripheral
blood from a healthy individual. Although absolute T-cell numbers decline with
ageing, a sample from an elderly individual, analysed in the same way, would be
expected to contain increased proportions of the memory T cell populations

(Tew Tew @nd T4 CellS) relative to naive cells. Abbreviations: APC, antigen-
presenting cell; CCR7, CC chemokine receptor 7; TCR, T-cell receptor; T,
central memory T (cell); Te,,, effector memory T (cell); Tz, CD45RA-reverted
effector memory T (cell); T,1, type 1 T-helper (cell); T, 2, type 2 T-helper (cell);
T,17, type 17 T-helper (cell).

some immune diseases such as polymyalgia rheumatica
and giant cell arteritis do not onset until after 55 years of
age, but become increasingly common thereafter.® Such
phenomena might be attributable to a loss of endogenous
immune-regulatory mechanisms with ageing.

Immunosenescence and RA

Although RA can occur in individuals of any age, its
incidence continues to increase with age at least into the
seventh decade of life and possibly beyond.?* Crowson
et al.*® reported that the cumulative lifetime risk of
developing RA is <1% before 50 years of age, but greatly
increases for both genders starting at approximately
60 years of age and then plateaus after 80 years of age.
Interestingly, RA is characterized by accelerated ageing
of the immune system, including insufficiency of telo-
merase activity, deficiency of DNA repair mechanisms,
impaired regeneration of T cells, contracted diversity of
the T-cell repertoire, and increased frequency of CD28~
T cells.?*326768 These signs of accelerated ageing of the
immune system are evident in patients with early RA
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and are not influenced by duration or treatment of dis-
ease.”>® Changes associated with accelerated ageing of
the immune system could lead to the selection of a T-cell
repertoire with increased self-reactivity and conversion
of self-reactive naive T cells into memory-like cells.”

The bias towards autoreactivity in both the naive and
effector peripheral T-cell repertoires in RA could be the
result of unbalanced homeostatic T-cell proliferation
of naive T cells in the periphery —the primary mecha-
nism for replenishment of T cells in adults.”""* Increased
apoptosis as a consequence of deficient DNA repair”
and proliferative-stress-induced senescence result-
ing from telomere shortening,” possibly secondary to
telomerase insufficiency,*” might cause lymphopenia-
induced T-cell proliferation and remodelling of the
T-cell repertoire, which could contribute to develop-
ment of autoimmunity and accelerated aging in RA.
Autoreactivity is thought to arise from the peripheral
homeostatic proliferation of naive T cells owing to posi-
tive post-thymic selection dependent on the affinity of
T-cell receptors for self-peptide-MHC complexes on
antigen-presenting cells.” This positive selection of
naive T cells implies that T cells with lower specifici-
ties for self-peptides do not receive sufficient survival
signals and gradually disappear from the T-cell reper-
toire, causing it to diminish. Homeostatic proliferation
in the periphery is sufficient to induce T-cell differen-
tiation leading to the generation of late-stage effector
cells (Figure 2). The accumulation of late-stage effec-
tor memory cells with proinflammatory characteristics
could promote chronic inflammation and development
of autoimmunity in the elderly:”® as we have alluded
to previously, late-stage effector cells frequently lose
CD28 expression, but can acquire de novo expression
of NK-cell receptors (recognizing MHC class I) and
have increased expression of CD70 and LFA-1.32437475
Such changes could impart NK-cell-like functionality,
facilitate interaction with somatic cells and lower T-cell
activation thresholds.

The phenotype of RA in the elderly
Elderly-onset RA versus young-onset RA

RA in older people can represent the persistence of a
disease that manifests clinically at a younger age (usually
before the age of 60 years), referred to as young-onset
RA, or a disease that develops at an older age (after
60 years of age), which is referred to as elderly-onset
RA. Compared with young-onset RA, elderly-onset RA
is characterized by a more balanced gender distribu-
tion, a higher frequency of acute onset, and more fre-
quent involvement of large joints;’*”* the involvement
of the shoulders is often the primary manifestations of
elderly-onset RA, complicating its differential diagnosis
with polymyalgia rheumatica. Indeed, the disease can
initially be diagnosed as polymyalgia and treated with
corticosteroid monotherapy, with arthritic symptoms
manifesting more clearly upon tapering of the corti-
costeroid dose.””® Erythrocyte sedimentation rates and
CRP levels are higher, whereas the prevalence of RF is
lower in elderly-onset RA than in young-onset RA.”

Furthermore, the levels of proinflammatory cytokines
differ between young-onset and elderly-onset RA, with
higher IL-6 and lower TNF concentrations observed in
the latter.! Whether the disease outcomes are better or
worse for elderly-onset RA than young-onset RA remains
unclear, and the available evidence is conflicting.’*%
These observations demonstrate the complexity of RA
pathogenesis and that our understanding of the contri-
bution of ageing of the immune system to this process
remains incomplete. Nevertheless, the ageing-related
changes in the immune environment described above
are likely to influence the pathogenesis and phenotype
of elderly-onset RA.

Comorbidities in elderly patients with RA
Cardiovascular disease

Regardless of the age at which RA first manifests, the
disease can be associated with comorbidities that
complicate the phenotype of the disease. Some of the
comorbidities associated with RA might be linked to
the autoimmune mechanism underlying the disease, the
adverse effects of RA therapies, or a combination of
these factors, whereas others might be unrelated either
to RA or its treatment.®* Mortality rates are higher in
the RA population than in the general population, pri-
marily as a result of increased prevalence of ischaemic
heart disease and heart failure in the former.®>-% A
population-based study comparing patients with RA
and individuals without RA with similar demographics
showed that the risk of myocardial infarction leading to
hospitalization was 3.17-fold higher in the RA popu-
lation.® In addition, the incidence of heart failure in
patients with RA is approximately twice that observed
in individuals without RA.¥ The increased risk of cardio-
vascular disease associated with RA seems to be largely
confined to patients positive for RE# Increasing age is a
risk factor for ischaemic heart disease, and this relation-
ship might be partially explained by the previously dis-
cussed age-related changes in the innate immune system
associated with increased levels of proinflammatory
cytokines and CRP;* active RA further contributes to
this inflammatory environment. Although the increased
cardiovascular risk in RA seems to be partially mediated
by long-term inflammation, traditional cardiovascular
risk factors also have important roles.*

Cancer

The second most common comorbidity causing
increased mortality in patients with RA is cancer,** and
the risk of cancer is increased in the RA population
compared with the general population.”® This slightly
increased cancer risk is mostly attributable to increased
frequencies of a number of specific malignancies,
including lymphoma and skin cancer.®* Furthermore,
Baecklund et al.** showed that the frequency of lym-
phoma is not only increased in RA but is also related to
the severity of the disease. The molecular phenomena
underlying the ageing process, and in particular the
accumulation of DNA damage, contribute to the risk of
cancer.”” The elevated cancer risk observed in RA might
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be partially explained by chronic inflammation and
by the use of some immunosuppressant drugs, although
the relative contributions of the disease itself and the
therapy remain a matter of debate.”® Regardless of
the precise causal relationships between the development
of cancer and ageing processes, chronic inflammation and
RA therapy, the fact that cancer is prevalent in elderly
patients with RA has implications for the management
of the rheumatic disease.

Infection

Patients with RA are at increased risk of infection com-
pared with other individuals from the same popula-
tion, as a result of the immunomodulatory effects
of the disease itself or its associated comorbidities.*
Furthermore, the treatments used in RA can also sup-
press the immune system, leaving the patient at higher
risk of infection.”>® Interestingly, age is an independent
risk factor for serious infection in patients with RA and,
consequently, has been integrated into a new risk score
for serious infection in RA.”’

Venous and arterial insufficiency

Venous or arterial insufficiency, especially with skin
ulceration, is another relevant comorbidity in elderly
patients with RA, which can complicate disease manage-
ment and limit therapeutic options; a retrospective chart
analysis of hospitalized patients with RA and leg ulcers
found chronic venous insufficiency and/or arterial
malfunction to be an important underlying cause of
ulceration in this patient group.”® Other comorbidities
associated with skin ulceration in older patients with
RA include ulcerated rheumatoid nodules, necrotic
vasculitic lesions, and pyoderma gangrenosum.’

Other comorbidities of importance
Additional comorbidities of special interest in elderly
patients with RA—primarily as they affect disease
management—include lung disease, diabetes melli-
tus, gastrointestinal (peptic ulcer) disease, anaemia,
osteoporosis, and depression. Furthermore, rheuma-
toid cachexia—characterized by reduced muscle mass
and increased fat mass in individuals with normal
or increased body mass indices—might be under-
recognized in clinical practice.”” Studies of cachexia
in RA have revealed no clear single cause of reduced
muscle mass, suggesting that this condition is the result
of a multifactorial process, with systemic inflammation
representing one important contributor.'® Rheumatoid
cachexia contributes to frailty and to unsuccessful ageing.
Geriatric giant conditions can further be included as
important comorbidities that are likely to complicate
disease management in elderly patients with RA. Chen
et al.'" demonstrated that geriatric syndromes such as
cognitive impairment, depression, falls, incontinence,
and malnutrition are common in elderly individuals
with RA and are associated with higher disease activity
(28-joint Disease Activity Score [DAS28]), lower haemo-
globin levels, and reduced physical independence. In fact,
logistic regression analysis revealed that high DAS28 and

Comorbidities and
polypharmacy

:

nadequate managemen
of RA in a subset of
elderly patients

Geriatric giant conditions
= Cognitive limitations
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Figure 3 | Challenges facing the management of RA in elderly adults. Management
of RA in elderly patients is complicated by many factors. Properties associated with
unsuccessful ageing can complicate the management of RA (orange boxes).
Successful ageing can be undermined and treatment complicated by geriatric giant
conditions, which limit the patient’s independence, as well as by frailty, which
reduces the patient’s ability to withstand illness without reductions in physical
functioning. Frail patients and patients with comorbidities (including cardiovascular
disease, cancer, infection) and associated polypharmacy might require a tailored
approach to therapy. In addition, factors related to disease pathology or therapy in
elderly individuals might pose additional challenges to management of RA in elderly
patients (purple boxes). For example, treatment decisions need to take into
account differences in the disease characteristics of elderly-onset and young-onset
RA, such as the higher expression of IL-6 and the lower expression of TNF in the
former. Furthermore, the evidence base for development of treatment
recommendations is weak because elderly patients are often excluded from clinical
trials. Indeed, DMARDs and biologic agents seem to be under-used in elderly
patients with RA, leading to more frequent administration of corticosteroids in this
group. A balanced view of the factors influencing the phenotype and management
of RA in elderly adults is indispensable for making a ‘go’, ‘go-slow’ or ‘no-go’
decision on treatment. A go-slow approach would make provisions for full DMARD
or biologic therapy; in a no-go approach, these therapies would not be used.

low haemoglobin levels were independent risk factors for
geriatric giant syndromes.'”

Polypharmacy

Comorbidities, such as those typically associated with RA
in elderly individuals, are associated with polypharmacy,
increasing the risk of iatrogenic effects and complicating
disease management. Distinguishing between the effects
of a disease and the adverse effects of medication in
elderly patients can be challenging; therefore, a thorough
medication history should be acquired upon observation
of any pathological feature not typically associated with
RA or with a known comorbidity.

Management of RA in elderly patients

Management of RA in elderly individuals is challeng-
ing owing to comorbidities and frailty, requires appro-
priate tailoring of the aggressiveness of the therapeutic
approach, and is currently inadequate for several reasons,
as discussed in the following paragraphs and summarized
in Figure 3. Compared with individuals without RA, life
expectancy is reduced by 4 years and 2 years in women
and men with RA, respectively, deficits that have not been
reduced over the past decades despite overall life expec-
tancy increasing in patients with RA in parallel with the
general population.'” Therefore, further improvements are
needed in the management of elderly individuals with RA.
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Clinical data on treatment effects

Patient age has been shown to influence decisions
made by rheumatologists regarding the agents used to
treat RA.' A US study showed that patients with RA
>75 years of age had a 65% lower chance of receiving
DMARD:s than patients aged 65-75 years, and this differ-
ence increased with increasing age (52% for 75-84 year
olds and 74% for >85 year olds).'" Interestingly, the pre-
scription of DMARDs was further reduced in elderly
individuals with RA if the treating physician was not a
rheumatologist.'® In addition, an observational study
based on the Consortium of Rheumatology Researchers
of North America registry”” revealed that both mean
methotrexate dose and the proportion of patients receiv-
ing multiple DMARD therapy or biologic agents were
lower in patients with elderly-onset RA compared with
individuals with young-onset RA. Furthermore, a Dutch
study'® found that younger patients with RA had a sub-
stantially higher chance of receiving anti-TNF therapy
than older patients within an equal period of time after
first indication, despite the eldest patients having the
highest DAS28 before treatment.

Thus, existing data suggest that DMARDs and biologic
agents are under-used in elderly patients with RA. One
possible explanation for this irregularity is that physicians
are concerned about the safety and efficacy of DMARDs
and biologic agents in elderly adults. However, several
studies suggest that these treatments are effective, safe
and well tolerated in this patient group. Data from the
Dutch Rheumatoid Arthritis Monitoring registry'® indi-
cate that treatment of RA with anti-TNF agents mark-
edly reduces disease activity and is well tolerated in all
age groups, despite having slightly reduced efficacy in
the elderly patients compared with younger individuals.
Bathon et al.'” reported similar findings, revealing that
the efficacy of TNF-blockade using etanercept was lower
in elderly patients with RA (265 years of age) than in
younger patients; however, in both age groups, etaner-
cept had a greater therapeutic effect than placebo and was
more efficacious in combination with methotrexate than
either agent alone.!”” Furthermore, efficacy responses in
elderly individuals were sustained for up to 6 years.'"”
Bathon and colleagues'”” also reported that, although
the rates of serious adverse events after etanercept treat-
ment tend to be higher in elderly patients with RA than in
younger individuals with the disease, the rates of adverse
events in elderly patients were not substantially differ-
ent from age-matched patients treated with placebo or
methotrexate. Other studies further support the safety
and efficacy of etanercept in elderly patients with RA.08100
In addition, Genevay et al.'' reported that drug discon-
tinuation rates and mean changes in DAS28—a measure
of clinical efficacy—were similar in elderly (again,
265 years of age) and younger patients with RA treated
with anti-TNF agents, but that HAQ scores—a measure of
patient quality of life—improved less in elderly patients,
mostly as a consequence of higher baseline HAQ scores
(and thus lower quality of life) in patients >75 years of age.

Risk of serious infection is a particular concern both
in users of immunomodulatory agents (independent of

age) and in elderly individuals. Nevertheless, an obser-
vational study using data from the British Society for
Rheumatology Biologics Register!''! confirmed that
the relative risk of infection associated with immuno-
suppressive anti-TNF therapy is not increased in older
patients with RA; although the relative risk of infection
was similar in all age groups, the absolute risk of infec-
tion was higher in patients >65 years of age treated with
anti-TNF therapy than in younger patients. Similarly,
Schneeweiss et al.''? reported that the risk of serious
bacterial infections in elderly patients with RA did not
differ between patients receiving anti-TNF agents and
those receiving methotrexate, although the risk was dose-
dependently increased by glucocorticoid usage. Together,
these studies demonstrate that therapeutic regimens
that are effective and well tolerated in younger adults are
also efficacious and have an acceptable safety profile in
elderly patients, and thus could be integrated into the
therapeutic management of elderly patients with RA.

Tailoring therapy

In elderly patients with RA, the target and choice of
therapy should be tailored according to disease activ-
ity and severity, risk factors for adverse effects of drugs,
comorbidities and the patient’s general vitality versus
frailty (Figure 3). The level of disease activity set as the
target for therapy might differ according to biological
age or owing to the presence of particular risk factors for
infection. The challenge is to define which patients will
benefit from aggressive therapy, opposed to those who
are less likely to benefit and could be negatively affected
by such an approach, in whom therapeutic aggressiveness
should thus be tapered down.

These factors must be integrated into a management
strategy and can be helpful in deciding whether to take
a ‘go, ‘go-slow’, or ‘no-go’ approach to intervention
with a particular therapeutic. For example, an 80-year-
old person with RA who is otherwise in generally good
health, lives independently, and regularly exercises and
participates in social activities would qualify as a ‘go),
owing to good vitality and low frailty, and thus a good
likelihood of tolerance of and response to therapy. On the
other hand, a person of the same age who has aged less
successfully (has a higher biological age), is in bad general
health, and has multiple comorbidities and minimal par-
ticipation in social activities would probably be better
managed with a go-slow approach or, in certain situations,
ano-go approach. A ‘go-slow’ profile would not rule out
the use of full DMARD or biologic therapy, but would
necessitate careful consideration of the conditions of their
use. A ‘no-go’ profile does not mean withholding neces-
sary measures to support the patient’s comfort; however,
for this category of patients, alternative approaches replac-
ing more aggressive therapeutic strategies might be con-
sidered and full DMARD and biologic therapies should
probably not be used. The challenges in the ‘go, go-slow,
no-go approach to patient management lie in accurately
assessing patient profiles. A general concern relating to
the developing management strategies is the lack of clini-
cal trial data in elderly patients, which necessitates further
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study. This problem faces many areas of medicine, includ-
ing fields in which ageing is of particular relevance, such
as rheumatology and oncology.''*!!*

Conclusions

Ageing is associated with profound changes in the body’s
immune milieu. These changes can influence both the
onset and clinical phenotype of RA. Indications are
that some elderly patients with RA are currently under-
treated, and more ambitious targets could be reached in
many patients. However, therapeutic decisions in these
patients are complicated by comorbidities, especially
cardiovascular disease, cancer and infection, which are
associated with both RA and ageing. When making treat-
ment decisions, concepts of biological age and successful
versus unsuccessful ageing must be considered. Although
observational studies suggest that DMARDs and biologic

agents are effective and well tolerated in elderly patients
with RA, additional clinical studies are needed in
which the treatment regimen is tailored according to
parameters of vitality or frailty.

Review criteria

MEDLINE and PubMed databases were searched

for original articles published between 2000 and
December 2012 focusing on mechanisms of ageing,
immunosenescence, and phenotype and management of
rheumatoid arthritis in the elderly. The search terms used
in combination with “rheumatoid arthritis” were “ageing”,
“elderly”, “treatment”, “comorbidity”. Additional search
terms used were “elderly-onset rheumatoid arthritis”,
“immunosenescence”, “frailty”. The reference lists of
identified articles were also searched for further papers
of relevance.
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