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Abstract: Inflammatory bowel diseases (IBD), consisting of Crohn’s disease and ulcerative
colitis, are chronic remitting, relapsing inflammatory conditions of the gastrointestinal tract.
While traditionally a disease of younger ages, the number of older adults with IBD is rising
rapidly. Patients with IBD often experience geriatric syndromes at earlier ages. Older adults
with IBD have poorer disease and treatment-related outcomes compared with younger adults
with IBD. Applying the principles of geriatrics to understanding a chronic disease in older
adults may improve health span. Better tools are needed to stratify IBD patients who are at
high risk for adverse events. Frailty is a geriatric construct that may approximate biologic
age. Frailty is a complex, multi-dimensional syndrome that leads to increased vulnerability

to stress and decline of reserve across multiple physiologic systems. In this review, we
present the leading conceptual models of frailty and discuss the applications of frailty in
immune-mediated diseases. We also review chronic conditions where frailty has been applied
successfully as a tool for risk stratification. Finally, we discuss in the detail the growing body
of literature highlighting the relationship between frailty and IBD, the epidemiology of frailty in

IBD, and ramifications of frailty in IBD.

Keywords: aging, Crohn’s disease, frailty, geriatrics, inflammation, inflammatory bowel

diseases, ulcerative colitis

Received: 7 January 2021; revised manuscript accepted: 27 May 2021.

Epidemiology of geriatric inflammatory

bowel diseases

Inflammatory bowel diseases (IBD), consisting of
Crohn’s disease and ulcerative colitis (UC), are
chronic remitting, relapsing inflammatory condi-
tions of the gastrointestinal tract. The incidence
and prevalence of IBD are rising globally, with
many traditionally low incidence regions, such as
the global south, reporting increasing numbers of
people diagnosed with IBD.! There are approxi-
mately 7million people worldwide living with
IBD.! IBD is traditionally diagnosed in younger
adults, with the peak incidence occurring in the
third and fourth decade of life. However, studies
report a bimodal peak of incidence, with the sec-
ond peak occurring in the seventh decade of life.?
Recent data suggest that at least 20% of incident
IBD diagnoses occur in adults =60years.? In fact,

one study demonstrated that the median age at
diagnosis is significantly increasing over time
from 33 years before 1990 to 47 years after 2010.%

As a chronic condition, with improved disease-
related knowledge and more effective treatments,
the IBD-specific death rate has decreased 16%
between 1990 and 2017. In parallel to the rapidly
aging population and increasing lifespan, the
number of older adults with IBD is rising.’ In
2015, the United States (US) Centers for Disease
Control (CDC) estimated that 26% of Americans
with IBD are 65 years and older.® A robust mod-
eling study using 2008 data projects that the
number of adults =60 years with IBD will increase
>200% by the year 2030.7 Although IBD is less
fatal, the years of life lived with disability (YLD)
has doubled over time.! As expected, older adults
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bear the brunt of this disability, with the peak of
YLD being in the seventh decade of life.! With
the increasing recognition that health-span is as
important as life-span, applying principles from
geriatrics to the study and care of older patients
with IBD may alleviate some burden of
disability.8

IBD and aging

Patients with IBD often experience geriatric syn-
dromes at earlier ages. It is well described that
adults with IBD are at increased risk for osteo-
porosis, hip fractures, polypharmacy, serious
infections and malignancies, independent of
treatment.®'4 One recent study demonstrated
that adults with IBD are also at greater risk for
impaired neurocognitive and psychomotor func-
tion.!> Other studies raise the possibility of an
association between IBD and increased risk for
cognitive decline with states such as Parkinson’s
disease and Alzheimer’s dementia.!%17

Older adults with IBD have poorer disease and
treatment-related outcomes compared with
younger adults with IBD.18-20 The approved and
available treatment options for IBD have prolifer-
ated rapidly over the past two decades. Early and
effective immunosuppression with biologic agents
is the main stay of treatment for moderate-to-
severe IBD, both Crohn’s disease and UC.21:22
Despite a growing armamentarium of steroid-
sparing immunologic therapies, older adults with
IBD are significantly less likely to receive steroid-
sparing therapy and more likely to receive corti-
costeroids.?32¢ Corticosteroid use has significant
sequela, conferring a markedly higher risk for
venous thromboembolism, fracture, and infec-
tions in older adults with IBD.?>

The infrequent use of effective steroid-sparing
therapies in older adults with IBD may be due to
a paucity of older adults included in trials of IBD
therapies. A review of randomized controlled tri-
als of medications approved for the treatment of
IBD revealed that less than 1% of patients were
65 years and older.2° The lack of high quality data
on treatment safety, efficacy, and applicability to
older adults may explain why older adults with
IBD are often sub-optimally treated without tar-
geted immunosuppression.?¢ The reluctance to
use effective treatments may result in increased
need for surgery, which is associated with high
morbidity and mortality.!8 Older adults with UC

have a 57% higher rate of colectomy and signifi-
cantly higher rates of post-operative infections
and mortality.!81° The use of less effective treat-
ments may also explain the poorer disease-related
outcomes experienced by older patients with
IBD. Crohn’s patients diagnosed =65 years have
nearly six times the IBD-specific mortality of
younger adults.!® Older adults with severe acute
UC have nearly five times the mortality of younger
adults.20

One important reason for lower use of effective
IBD treatments for older adults may be the clini-
cal practice of using chronologic age to estimate
risk, rather than overall health and functional sta-
tus. The existing literature on treatment efficacy
and safety in older IBD patients comprises largely
of retrospective studies assessing chronologic age
without consideration of function, reserve, and
vulnerability.27-29

Frailty

While there is no universally accepted definition of
frailty, it is most often described as a complex,
multi-dimensional syndrome that leads to
increased vulnerability to stress and decline of
reserve across multiple physiologic systems and
thereby increases the risk of adverse health out-
comes.?0 Frailty is associated with aging, yet is
independent of age.3! Frailty can be disentangled
from other markers of vulnerability in older adults,
such as multi-morbidity and disability.32 Most
frail individuals are multi-morbid; however, fewer
multi-morbid adults are frail.33 Frailty predicted
mortality independent of multi-morbidity,3* sug-
gesting that while they have a bi-directional rela-
tionship, frailty may be the common pathway
toward a significant adverse outcome.

Currently, there are two leading conceptual mod-
els of frailty. The phenotype model of frailty,
championed by Linda Fried, defined individuals
as frail if they had three of the following five inter-
related attributes: unintentional weight loss, self-
reported exhaustion, low energy expenditure,
slow gait speed, and weak grip strength.3> Using
this model, 7% of community swelling adults
=65 years were characterized as frail. An alterna-
tive model of frailty, pioneered by Kenneth
Rockwood, counting up to 92 parameters encom-
passing symptoms, signs, laboratory values, dis-
ease states, and disabilities in order to define
frailty as an accumulation of these deficits.3¢
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Using this model, approximately 20% of a general
population of adults =65 years were identified as
frail. Measurements of frailty are varied and can
be tailored to a population of interest, as has been
done in many disease states.3”-3% To date, there is
no standardized definition of frailty in the litera-
ture.?0 Regardless of how frailty is measured, it
signifies a vulnerability to age-related stressors.3°
It is a dynamic process with transitions between
being non-frail, pre-frail, and frail over time, sug-
gesting that is modifiable.4!

Frailty is associated with an increased risk of mor-
tality in older adults.#? Applying the Fried frailty
phenotype, older, community-dwelling, adults
who were frail had a 7-year adjusted hazard ratio
(HR) for death of 1.63 compared with those who
were not frail.?> Applying the Rockwood Frailty
Index in a community-dwelling population of
older adults, the HR for death in those who were
frail was 1.57.3% In a seminal prospective study of
trajectories of disability in community-dwelling
adults in the last year of life, frailty was identified
as the leading cause of death*? These data lend
support to frailty as a construct that accounts for
general health reserve better than age and co-
morbidities alone.30:43

While the biologic basis of frailty is not clearly
elucidated, it is well described that frailty is asso-
ciated with an increase in systemic inflammatory
markers.4+47 One hypothesis on the etiopatho-
genesis of frailty is that components of the innate
immune system, such as chemokine signaling,
catecholamine-cortisol system, interferons, and
immune-competent cells commune with and
influence each other in a network of biochemical
reactions. This complex interplay has resulted in
challenges to developing a reproducible model to
study the interaction between inflammation and
frailty.48

Frailty is most often associated with aging. There
are a number of changes to the immune system
that occur with age. With advancing age, as the
number of lymphoid-based hematopoietic stem
cells (HSCs) decline, myeloid-based HSCs pre-
dominate, B and T cells exhibit reduced rates of
proliferation and higher levels of apoptosis, a pro-
inflammatory cascade is generated.?® Multiple
studies have demonstrated that older adults often
have elevated serum concentrations of interleukin
(IL)-6, C-reactive protein (CRP), and tumor

necrosis factor (TNF)-a.44:45:50-52 These changes
to the immune system can start occurring as early
as the sixth decade of life.%°

The relationship between chronic inflammation
and aging-related processes has been encapsu-
lated in the term ‘inflammageing.’5? Inflammage-
ing is the hypothesis that aging is intrinsically an
inflammatory process; it is the downstream
effect of chronic stressors including mitochon-
drial dysfunction, epigenetic alternations, cellu-
lar senescence, chronic infections, gut microbial
changes, and intrinsic immune cell defects to
name a few stressors. In turn, inflammageing
contributes to multi-morbidity, sarcopenia, and
disability, all aspects often referred to as geriatric
syndromes.

Study of frailty in chronic immune-mediated
conditions

As frailty is linked closely with inflammation, it
stands to reason that frailty should be more prev-
alent in those with chronic immune-mediated
diseases. The study of frailty in chronic immune-
mediated diseases is sparse. However, there is an
emerging body of literature about frailty in rheu-
matologic conditions.

Of the rheumatologic conditions, frailty has been
most studied in rheumatoid arthritis (RA). In a
cohort of patients of all ages with RA, 17% met
the definition of frail and 32% were pre-frail,
which was significantly higher than healthy con-
trols.>* In another cohort of working age individu-
als with RA, 15% of patients 18-65years met
criteria for frailty.>> In patients with rheumato-
logic conditions, frailty appears to be associated
with disease activity. Two separate studies of
frailty in RA patients report that a higher disease
activity index correlated with an increased preva-
lence of frailty.>%5¢ Using a validated RA-specific
cumulative deficit frailty index, frailty was found
to be associated with advanced age and high dis-
ease activity.>”->8 A study of frailty in patients with
systemic sclerosis found that patients with diffuse
systemic sclerosis had higher scores (worse) on a
frailty index than patients with limited systemic
sclerosis. Furthermore, the score on the frailty
index did not increase in a linear manner with
age.’® These studies highlight the close relation-
ship between systemic inflammation and frailty,
independent of age.
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Frailty helps identify those at increased risk of
vulnerability in the face of a stressor. Studies of
the implications of frailty in patients with chronic
inflammatory conditions are also nascent. In RA
patients, frailty was associated independently
with worsening physical function.®® Using a sys-
temic lupus erythematosus (SLE)-specific frailty
index, one group reported that the prevalence of
frailty in this cohort of both older and younger
adults was 27%, and conferred a HR of 1.59 for
mortality.386! A study of frailty in older patients
with ANCA-associated vasculitis also found that
frailty conferred an increased risk for longer hos-
pitalizations and mortality, independent of age
and co-morbidities.®? However, many patients in
these studies were treated with corticosteroids,
which may certainly contribute to frailty. Better
defining the relationship between frailty, medica-
tions used to treat chronic immune-mediated dis-
eases, and disease activity itself will be important
to further the study of frailty.

Taken together, these studies of frailty in patients
of all ages with chronic rheumatologic conditions
suggest that chronologic age underestimates bio-
logical age in patients with chronic systemic
inflammatory conditions. Therefore, frailty may
be a more accurate construct to prognosticate
outcomes in patients with chronic immune-medi-
ated conditions rather than age, demographic,
and disease-specific parameters alone.%>

Frailty as a risk stratification construct

Frailty has perhaps been studied most robustly as
a risk stratification measure in the pre-operative
setting. Using a five-point score that combines
the frailty phenotype and cumulative deficit mod-
els, a prospective study of older adults found that
frailty independently predicts post-operative
complications, length of hospitalization, and dis-
charge to a facility better than other commonly
used risk models such as the American Society of
Anesthesiologists’ score and Lee’s revised cardiac
risk index.®* Another study reveals that frailty
remains an important predictor of adverse post-
surgical outcomes regardless of age, surgical dis-
cipline, and surgical risk.®> A study conducted in
a large Veterans Administration Surgical Quality
Improvement Program database further supports
the principle that a frailty screening should be
universally applied in the preoperative setting to
identify patients who are at high risk for even low-
risk surgical procedures.® The 2012 Best Practice

Guidelines, jointly published by the American
College of Surgeons and the American Geriatrics
Society, includes a frailty score validated for sur-
gical patients as part of the optimal preoperative
evaluation of geriatric patients.%?

Physical function evaluations have been in rou-
tine use in oncology for decades to risk stratify
adults undergoing cancer treatments. The more
widely used instruments are the ECOG (Eastern
Cooperative Oncology Group) Performance
Status and the Karnofsky Index.%8:%° However,
the multi-dimensional aspect of frailty has
resulted in a growing interest in studying frailty as
a risk-stratification construct in oncology and
comparing frailty with existing physical function
measures.’%’l  In myelodysplastic syndromes,
frailty was found to be independently predictive
of infection-related mortality.”? In a study of
colon cancer patients =70 years, frailty was inde-
pendently associated with 1- and 5-year post-sur-
gical survival.”? A frailty index also predicted
mortality from chemotherapy in advanced colon
cancer patients’475 In another study of cancer
patients =65 years, weak grip strength — a meas-
ure of frailty — predicted chemotherapy toxicity
but not mortality, while the ECOG score pre-
dicted mortality but not treatment toxicity.”® In
retrospective regression models controlling for
tumor characteristics, age, body mass index,
number of medications, and chemotherapy, a
phenotypic frailty score was significantly associ-
ated with radiotherapy fatigue while the Karnofsky
score was not.”’ In a prospective study of patients
with solid tumors referred for a geriatric assess-
ment, phenotypic frailty predicted a recommen-
dation to switch to supportive and palliative
treatment rather than the initial treatment plan
while the ECOG performance status did not.”8
While a frailty-based evaluation is not yet in wide-
spread clinical use in oncology to date, it is
increasingly recognized that frailty is a more com-
prehensive risk assessment construct than exist-
ing performance measures.

In gastrointestinal diseases, frailty has been best
characterized in patients with end stage liver dis-
ease (ESLD).7° A frailty index tailored for patients
with liver diseases identified ESLD patients at
greater risk for mortality while awaiting liver
transplantation independent of ascites and hepatic
encephalopathy, both of which are well-estab-
lished risk factors for decompensation.’? Given
the aging liver transplantation wait-list, a frailty
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Figure 1. Features of inflammatory bowel diseases and frailty.

Gl, gastrointestinal.

assessment is increasingly a critical component of
the liver transplant evaluation.8!

Frailty in IBD

Inflammatory bowel diseases, both Crohn’s dis-
ease and UC, are systemic, chronic, remitting,
relapsing diseases of bacterial dysbiosis resulting
in altered immune function with amplified
inflammation.8? Severe IBD often manifests with
many features associated with frailty, such as
weight loss, fatigue, and sarcopenia (Figure 1).
In humans, frailty is associated with reduced
microbial diversity and depletion of saccharolytic
and butyrate-producing bacteria.®3-87 Intriguingly,
several of these changes resemble those in IBD
and other related conditions including fatigue
and sarcopenia.83:86-8% This lends further cre-
dence to the hypothesis that frailty may be a rele-
vant construct in IBD.

The earliest studies of frailty in IBD were in the
operative setting. The initial study evaluated
frailty as risk factor for outcomes after ileoanal
pouch creation in the American National Surgical
Quality Improvement Program database from
2005 to 2012. In a cohort of 2493 patients under-
going IPAA creation, patients with one or more
frailty related diagnosis code were found to have a
numerically higher number of post-operative
complications and increased length of stay than
those without a frailty trait, although the differ-
ences were not statistically different.0 The

definition of frailty used in this study limit the
interpretation and clinical applicability of this
study. In the same database, a study applying a
frailty index validated in the database to a cohort
of 943 patients who underwent a colectomy for
UC, found that frailty was an independent and
significant predictor of septic and cardiopulmo-
nary complications, serious morbidity, re-opera-
tion, and overall mortality.!

A 2019 systematic review on the use of the
Comprehensive Geriatric Assessment in patients
with IBD identified 27 studies that included at
least one geriatric assessment in the study.®?
However, none of these studies focused on older
adults or present sub-group analysis of data spe-
cific to older adults. Domains such as somatic,
functional, mental, and social, were assessed.
However, no studies assessed frailty specifically.
This review highlighted the void of studies of geri-
atric assessments in older adults with IBD and
specifically regarding frailty, a multi-dimensional
construct that may be more comprehensive than
any one domain of the geriatric assessment.

Subsequently, a retrospective study in an elec-
tronic health record (EHR)-based database was
conducted to evaluate the prevalence and impact
of frailty in patients with IBD. In a cohort of
11,001 patients of all ages with IBD, frailty was
quantified using the validated Hospital Frailty Risk
Score, a weighted composite of diagnosis codes
validated to measure frailty.°3 The prevalence of
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frailty increased from 4% in IBD patients <30years
to 25% in those =90years.’* The impact of frailty
was assessed longitudinally as well. Adjusting for
age and comorbidity, frailty was associated inde-
pendently with a threefold increase in mortality
[odds ratio (OR) 2.90, 95% confidence interval
(CI) 2.29-3.68). In a separate study in the same
cohort assessing IBD patients initiating immuno-
suppression, including 1299 patients initiating
anti-TNF therapy and 2676 patients initiating
immunomodulator therapy, frail patients had a
twofold increased risk of infections compared
with non-frail IBD patients initiating anti-TNF
(OR: 2.05) and immunomodulator (OR: 1.81)
therapy.®>

Another retrospective study in an EHR-based
cohort that applied a frailty index demonstrated
that frail IBD patients had a higher mean CRP
than more robust IBD patients.°® In this cohort of
1210 patients initiating anti-TNF therapy, IBD
patients who were frail prior to treatment demon-
strated an improvement in frailty in the year fol-
lowing treatment. Clinical response to anti-TNF
therapy, determined using natural language pro-
cessing technology, was associated with an
improvement in frailty after treatment. The mag-
nitude of improvement in frailty was similar in
those 60years and older as in those younger than
60years. These data suggest that frailty and
inflammation are dynamically linked. They also
demonstrate that frailty in IBD patients may be a
construct that is applicable to patients of all ages
and a modifiable syndrome.

A retrospective cohort study using the US
Nationwide Readmission Database from 2010 to
2013 reported that frailty, also defined by the
Hospital Frailty Risk Score, was independently
associated with a 57% higher risk of mortality,
21% higher risk of all-cause hospital readmission,
and 22% higher risk for readmission for severe
IBD.%7 A second study in the same database using
a definition of frailty based on the Johns Hopkins
Adjusted Clinical Groups of frailty-defining diag-
noses, concluded that frailty predicted hospital
re-admission while age did not. Interestingly, in
this cohort, older age was associated with a lower
risk of readmission after adjusting for covariates.®8
These data suggest that frailty may have more
applicability than chronologic age alone in predict-
ing adverse outcomes in patients with IBD. More
recently, a claims-based study of frailty in IBD
patients treated with biologic agents concluded

that frailty was associated with an increased risk
of serious infections only in patients treated with
vedolizumab and not in patients with anti-TNF
agents.®® The published studies of frailty in IBD
are summarized in Table 1.

Implications and future directions

As the population with IBD is rising rapidly, there
is a pressing need to understand aging in adults
with a chronic inflammatory condition. There is a
knowledge void in both the biology of inflamma-
tion and aging as well as optimal risk stratification
for older IBD patients. Similar principles can
augment risk stratification tools for the increas-
ingly multi-morbid population of younger adults
with IBD. The early studies of frailty in IBD dem-
onstrate great promise for frailty as a comprehen-
sive modality to risk stratify IBD patients at
greatest risk for adverse outcomes; however, stud-
ies published to date are retrospective. It is not yet
know how to best measure frailty in IBD patients.
It is possible that a cumulative deficit model of
frailty will be suited for risk stratification of older
adults with IBD, while the phenotype model of
frailty will be most useful to understand the biol-
ogy of aging with an inflammatory condition.
Future studies should be directed toward appro-
priate frailty measures, prospectively delineating
frailty features and determining the longitudinal
implications of frailty in IBD patients to inform
the importance of studying frailty in patients
with IBD.

A focused frailty evaluation that will risk stratify
older IBD patients prior to choosing medical and
surgical treatment options will aid clinicians at
the bedside both in medical decision making and
patient counseling. The clinical implications of
using frailty to risk stratify older adults with IBD
are far reaching. Characterizing those who are
physiologically more fit to withstand immunosup-
pressive therapies may expand access for more
effective, steroid-sparing, therapies to older
adults. Building on this study may result in more
appropriate and tailored therapies to treat IBD to
improve quality of life and decrease risk for sur-
gery. Furthermore, if treating IBD may amelio-
rate the frailty syndrome itself, it is plausible that
adverse outcomes related to frailty can also be
longitudinally mitigated.

Using frailty as a construct to identify those who
are at greater risk for adverse events can also allow
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Table 1. Published studies of frailty in inflammatory bowel diseases.

First author

Journal

Data source

Frailty measure

Main conclusion

Cohan et al.?0

Telemi et al.?"

Kochar et al.%

Kochar et al.?®

Singh et al.%?

Qian et al.?”

Faye et al.”®

Kochar et al.?¢

Journal of Surgical
Research

The American
Journal of Surgery

Alimentary
Pharmacology and
Therapeutics

Gastroenterology

Inflammatory
Bowel Diseases

Clinical
Gastroenterology
and Hepatology

Digestive Diseases

and Sciences

Digestive Diseases
and Sciences

National surgical
quality improvement
program

National surgical
quality improvement
program

Electronic health
record

Electronic health
record

Optum labs claims
data warehouse

US national
readmissions
database

US national
readmissions
database

Electronic health
record

Frailty trait count

Database-
validated modified
frailty index

HFRS derived
frailty related
diagnosis code

HFRS derived
frailty related
diagnosis code

HFRS

HFRS

Frailty defining
clinical groups

HFRS

Frailty is not significantly associated with
complications or increased length of stay
after IPAA procedures

Frailty is independently associated with
serious morbidity, re-operation and
mortality after colectomy for UC

Frailty is prevalent in IBD patients
and associated with increased risk for
mortality

Frailty prior to treatment with anti-
TNF agents or immunomodulators is
associated with an increased risk of
infections after treatment

Frailty was associated with an increased
risk of serious infections only in IBD
patients treated with vedolizumab and
not anti-TNF agents

Frailty was associated with an increased
risk of mortality, all-cause and IBD
readmissions

Frailty predicts hospital re-admission
while age did not

Frail IBD patients who respond to anti-
TNF therapy are more likely to have

an improvement in frailty over time
compared with IBD patients who do not
respond to anti-TNF therapy

IBD, inflammatory bowel disease; HFRS, hospital frailty risk score; IPAA, ileal pouch anal anastomosis; TNF, tumor necrosis factor; UC, ulcerative

colitis; US, United States.

for interventions to treat frailty. The field of inter-
ventions aimed to ameliorate frailty is expanding
rapidly.19%:101° A majority of well-accepted inter-
ventions focus on exercise and nutritional supple-
mentation. However, there have been no targeted
studies of interventions to modulate frailty in
patients with chronic immune mediated condi-
tions. The applicability of frailty interventions
studied in a general population of older adults is
not known in the context of IBD. Attempting to
ameliorate frailty provides a possible avenue to
improve the health and care for older patients
with IBD. As frailty is a multi-dimensional syn-
drome, early identification and characterization
of frail patients with IBD presents an opportunity
for true multi-disciplinary care with primary care

providers, rehabilitation medication, nutrition-
ists, and other health care professionals.

There is certainly no consensus in the literature,
both in IBD and other fields, regarding the best
assessment tool to measure frailty, monitor the
trajectory of frailty, and mitigate frailty longitudi-
nally. Many validated tools exist, including those
that are tailored to perform quickly in a busy clin-
ical setting. However, a tool must be tailored to
its intended population and use. In the near
future, there is a need for prospective studies that
characterize frailty in IBD patients, understand
the dynamic and longitudinal relationship between
frailty and IBD disease activity, and, if pertinent,
subsequently, design and test interventions to
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ameliorate the burden of frailty in patients with
IBD. There is also a great need for mechanistic
research exploring the biologic relationship
between IBD and the frailty syndrome to better
elucidate the underlying mechanisms of the close
associations demonstrated in a clinical context.
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