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ORIGINAL RESEARCH ARTICLES - CLINICAL

Frailty and Risk of Serious Infections in Biologic-treated Patients
With Inflammatory Bowel Diseases

Siddharth Singh, MD, MS,** Herbert C. Heien, MS,* Lindsey Sangaralingham, MPH,* Nilay D. Shah, PhD,*$
Jennifer C. Lai, MD, MBA,! William J. Sandborn, MD,* and Alison A. Moore, MD, MPH'

Background: Identifying biologic-treated patients with inflammatory bowel diseases (IBDs) at higher risk of serious infections is a priority. We
conducted a retrospective cohort study evaluating frailty and risk of serious infections in biologic-treated patients with IBD.

Methods: Using an administrative claims database, we identified biologic-treated patients with IBD between 2014 and 2018 with follow-up 1 year be-
fore and after treatment initiation. Using a validated claims-based hospital frailty risk scoring system, patients were classified as frail and nonfrail. We
compared the risk of serious infections (infections requiring hospitalization) between frail and nonfrail patients using Cox proportional hazard analysis
adjusting for age, comorbidities, disease characteristics, health care utilization, use of corticosteroids, immunomodulators, and opiates.

Results: We included 5987 biologic-treated patients with IBD (4881 on TNFa antagonists, 1106 on vedolizumab), of whom 2350 (39.3%) were
classified as frail; over 7115 person-years of follow-up was included, and 520 patients developed serious infection. Frailty was not associated with
increased risk of serious infection (adjusted hazard ratio [aHR], 1.12; 95% CI, 0.93-1.36), whereas advanced age (older than 60 years), high co-
morbidity burden, corticosteroid use, opiate use, and prior serious infection were associated with increased risk of serious infection. On stratified
analysis, frailty was associated with increased risk of serious infections in vedolizumab-treated patients (aHR, 1.69; 95% CI, 1.03-2.79) but not
in TNFa antagonist-treated patients (aHR, 1.03; 95% CI, 0.83-1.27).

Conclusions: In biologic-treated patients with IBD, frailty assessed using a claims-based frailty index was not independently associated with
increased risk of serious infections. Future studies evaluating objective and biological measures of frailty are warranted to risk-stratify older pa-
tients with IBD.

Key Words: debility, infestation, enteritis, colitis, immune suppression

INTRODUCTION
As treatment options for inflammatory bowel diseases
(IBDs) are expanding, personalized treatment approaches that
balance risk of disease- vs treatment-related complications are
critical. Although there has been considerable emphasis on
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identifying patients at high risk for disease-related complica-
tions, risk stratification strategies to identify patients at high
risk of treatment-related complications such as serious infec-
tions are limited.! Conventional risk factors for serious infec-
tions include use of combination therapy with biologic agents
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and antimetabolites, with or without corticosteroids, moderate
to severe disease activity, and older age.>> However, these fac-
tors are not particularly helpful in risk stratification; baseline
disease activity is intrinsically linked to need for combination
therapy, and with roughly 30% patients with IBD expected to
be older by 2030, using “old age” to characterize treatment risks
is inadequate and potentially detrimental.®” Older adults with
IBD experience high rates of surgery and hospitalization when
compared with younger patients, yet they are less likely to be
treated with immunosuppressive agents.®? In fact, older adults
with IBD are more likely to be treated with chronic cortico-
steroids rather than biologic agents, which have been associated
with higher risk of mortality and major adverse cardiovascular
events compared with tumor necrosis factor-o (TNFa) antag-
onists, without any difference in the risk of serious infections.'®
' In selected older patients, early combined immunosuppres-
sion was effective and safe as compared with conventional man-
agement to decrease risk of CD-related complications, similar
to observations in younger patients.'””> Hence, more accurate
assessment of treatment-related risks is warranted to inform
immunosuppressive therapy decision-making for patients with
IBD."?

Beyond age, a more comprehensive assessment of biologic
reserve and functional status may be more predictive of risks
of adverse health outcomes. Frailty represents a dynamic state
with vulnerability to external and internal stressors and has
been associated with increased risk of hospitalization, serious
infections, and mortality in several chronic diseases.!* There
has been very limited assessment of frailty using performance-
based measures of functional activity and muscle strength or
biological markers of frailty and aging in patients with IBD.
In a recent nationwide study, we identified that frailty, meas-
ured using a validated, administrative claims-based index, the
Hospital Frailty Risk Score, was associated with higher burden
and costs of hospitalization and increased risk of readmissions
and mortality in hospitalized patients with IBD.!" Using an
electronic health record-based cohort of 1299 patients with
IBD treated with TNFa antagonists, Kochar and colleagues
observed a 2-fold higher risk of all infections in patients clas-
sified as frail; however, their study was underpowered to detect
a difference in risk of serious infections (ie, infection-related
hospitalization).!'¢

To better understand the association between frailty
and risk of serious infections in biologic-treated patients with
IBD, we conducted a retrospective cohort study using a large
de-identified administrative claims database. The presence of
frailty was determined using the Hospital Frailty Risk Score.!”

METHODS

Data Source
We conducted a retrospective analysis of de-identified
medical and pharmacy administrative claims from a large

database, OptumLabs Data Warehouse, which includes
commercially insured and Medicare Advantage enrollees
throughout the United States.'® The database contains data
more than 100 million enrollees from geographically diverse
regions across the United States, with greatest representa-
tion from the South and Midwest. Medical claims include
International Classification of Diseases, Ninth Revision and
Tenth Revision, Clinical Modification (ICD-9-CM; ICD-10-
CM) diagnosis codes; ICD-9 and ICD-10 procedure codes;
Current Procedural Terminology, Fourth Edition (CPT-4) pro-
cedure codes; Healthcare Common Procedure Coding System
(HCPCS) procedure codes; site of service codes; and pro-
vider specialty codes. All study data were accessed using tech-
niques compliant with the Health Insurance Portability and
Accountability Act of 1996, and because this study involved
analysis of preexisting de-identified data, it was exempted from
institutional review board approval.

Study Population

Between January 1, 2014, and December 31, 2018, we
identified all patients who filled a prescription (or received
an infusion) for TNFa antagonists (infliximab, adalimumab,
certolizumab pegol, and/or golimumab) and/or vedolizumab.
From this cohort, we included adult patients (18-89 years) with
(1) at least 1 diagnosis code for IBD (CD, ICD-9 555.x or ICD-
10 K50; UC, ICD-9 556.x or ICD-10 K51) before index date
for receipt of candidate biologic agent, either from an inpatient
or outpatient visit; (2) continuous health plan enrollment with
pharmacy benefits, with no prescription for candidate biologic
in the 12 months before index date (new user design), and min-
imum 12-month enrollment in health plan after index date; pa-
tients who received candidate for <12 months and discontinued
due to intolerance or nonresponse but still remained in the
health plan were included. In case a patient received diagnostic
codes for both CD and UC, then the patient was classified as
having CD if the majority of diagnostic codes were for CD.
We excluded patients with (1) human immunodeficiency virus
infection, congenital immunodeficiency, or organ transplan-
tation, or (2) concomitant diagnosis of rheumatoid arthritis,
ankylosing spondylitis, psoriasis, or psoriatic arthritis within
the baseline 12-month period before prescription of TNF«
antagonists.

Exposure

Patients’ frailty risk score was calculated using the
Hospital Frailty Risk Score in the baseline 1 year before initia-
tion of biologic therapy.'” This frailty score was developed and
validated in 1.04 million hospitalized older adults age 75 years
and older to screen for frailty and identify a group of patients
who are at greater risk of adverse outcomes (mortality, read-
mission, length of stay). This score based on International
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) codes can be readily implemented in hospital
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information systems and performs as well as existing frailty
and risk stratification tools. For patient records between 2014
and 2016, we translated the ICD-10 codes used in the study to
corresponding ICD-9-CM codes and used them to assign pa-
tients as “nonfrail” (frailty risk score <5) or “frail” (frailty risk
score 5 or higher). Details of risk score calculation are shown in
Supplementary Table 1.6

Outcome

The primary outcome of interest was time to serious
and/or opportunistic infections, defined as infection re-
quiring hospitalization. These infections were identified
based on principal discharge diagnoses (ICD-9 or ICD-10
codes) and included infections of the respiratory tract, skin
and soft tissue, genitourinary tract, gastrointestinal tract,
central nervous system, and septicemia/sepsis.’” In prior
studies considering medical chart reviews as the reference,
our definitions for serious infection requiring hospitaliza-
tion have consistently shown positive predictive values of
80% or higher.?” 2! Due to low event rate for opportunistic
infections requiring hospitalization, we did not perform sep-
arate analyses for opportunistic infections. We opted to focus
only on hospitalized infection because these infections are
severe and are significantly more likely to have adverse out-
comes including treatment discontinuation; in contrast, there
is considerably more heterogeneity in severity of outpatient
infections.

Covariates

Baseline covariates (at time of biologic exposure or in
preceding 12 months) included demographics: age, sex, race
(gathered routinely by the database used), census region, cal-
endar year, comorbidity burden measured using the Elixhauser
index (12-month baseline period), unplanned health care utili-
zation (defined as all-cause inpatient hospitalization or emer-
gency department visits in 12-month baseline period for each
exposure), serious and/or opportunistic infections (12-month
baseline period), IBD phenotype (CD or UC), abdominal
surgery (12-month baseline period), and receipt of endos-
copy and/or abdominal imaging (12-month baseline period).?
Additionally, we captured recent use of corticosteroids and
immunomodulators in the 3 months before biologic initiation
and opiates in the 12 months before biologic initiation. We did
not have access to individual patient medical records, endos-
copy reports, or biochemical parameters.

Statistical Analysis

We used descriptive statistics to compare baseline dem-
ographic, clinical, and treatment characteristics in frail vs
nonfrail patients with IBD. We used Pearson %2 test to ana-
lyze categorical variables and Student ¢ test for continuous
variables. Categorical variables are expressed as percentages
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and continuous variables as median with an interquartile range
(IQR). All hypothesis testing was performed using a 2-sided P
value with a statistical significance threshold of <0.05.

We performed survival analysis using Kaplan-Meier
curves to evaluate the association between frailty and risk of se-
rious infections in all biologic-treated patients with IBD and by
subgroups (disease phenotype, CD vs UC; age at time of biologic
initiation, <30 years [reference], 30-40 years, 41-60 years and
>60 years; index biologic: TNFa antagonists vs vedolizumab;
comorbidity burden, Elixhauser index score 0—1 vs 2 vs 3 vs
>3). Subsequently, to evaluate the independent effect of frailty
on risk of serious infections, we performed multivariable Cox
proportional hazard analysis using backward variable selection,
adjusting for age, sex, race/ethnicity, disease phenotype, index
biologic agent, comorbidity burden, abdominal surgery, hospi-
talization, or emergency department (ED) visit in baseline 12 of
months, hospitalized infection in baseline 12 of months, in ad-
dition to use of corticosteroids and immunomodulators within
3 months and opiates within 12 months before biologic initi-
ation. We also performed stratified analysis by index biologic
(TNFo antagonists vs vedolizumab) and evaluated risk factors
for serious infections in those with vs without frailty. All statis-
tical analyses were performed with Stata MP (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station, Texas,
USA).

Data Availability Statement

The data underlying this article were provided by
OptumLabs by permission. Data will be shared on request to
the corresponding author with permission of OptumLabs.

RESULTS

Our cohort included 5987 patients with IBD who were
new users of TNFa antagonists or vedolizumab, of whom
2350 (39.3%) were classified as frail based on claims diagnostic
codes in the 12 months before initiation of biologics. Baseline
characteristics of patients classified as frail based on the hos-
pital frailty risk score are shown in Table 1. Overall, frail pa-
tients were slightly older at biologic initiation (frail vs nonfrail:
44 years vs 40 years), had higher rates of ED visits (68% vs
35%), hospitalization (45% vs 19%), abdominal surgery (14%
vs 10%), serious infections (15% vs 3%), and higher burden of
comorbidities (Elixhauser index score, 4 or more: 29% vs 8%)
in the 12 months before initiation of biologic therapy. Frail pa-
tients were more likely to be exposed to opiates (53% vs 35%)
and corticosteroids (81% vs 70%) in the baseline 12 of months
without significant difference in rates of use of TNFa antag-
onists (79% vs 83%) and vedolizumab (21% vs 17%). From the
hospital frailty risk score, the most common codes that contrib-
uted to the diagnosis of frailty (with variable weights) were hy-
pokalemia (9.4%), urinary tract infection (8.2%), constipation
(7.8%), dehydration (7.3%), and joint pain (4.7%).
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TABLE 1. Baseline Demographic Characteristics, Health Care Utilization, and IBD-related Medication Use in the 12
Months Before Initiation of Index Biologic in the Entire Cohort

Variable

Frail (n = 2350) Not frail (n = 3637)

Demographic variables
Mean age * SD, years
Sex (% males)
Race/Ethnicity (%)

White
African American
Asian
Hispanic
Unknown
IBD phenotype
Crohn’s disease (%)
Ulcerative colitis (%)
Mean (+ SD) follow-up after starting biologic

Health care utilization and comorbidities (baseline 12 months before biologic initiation)

Emergency department visits (% pts with >1)
Inpatient visits (% pts with >1)
Abdominal Imaging (% of pts with >1)
Endoscopic procedures (% pts with 1)
Abdominal surgery (% pts with 21)
Mean (+ SD) Elixhauser score
Elixhauser score 2-3
Elixhauser score 4 or more
Major comorbidities
Chronic obstructive lung disease
Diabetes with or without complication
Hypertension with or without complication
Obesity
Anemia
Serious infection (% pts with 21)
IBD-related medication use
TNFa antagonists (at index date; %)
Vedolizumab (at index date; %)
Oral corticosteroids (in baseline 12 m), %
Opiates (in baseline 12 m), %

44 £ 17 40 + 14
43.6 54.9
71.0 73.1
13.6 11.3

3.5 3.7
6.9 7.4
5.1 4.6
57.2 58.7
42.8 41.3
11.6 £10.2 163 £14.7
67.5 35.0
44.6 18.7
66.5 46.7
79.1 71.1
14.4 9.6
27%£22 13215
36.1 25.6
28.8 7.8
16.2 10.3
15.8 6.2
324 16.6
12.2 6.4
323 19.9
15.1 32
79.1 83.1
20.9 16.9
80.7 70.4
533 34.7

Upon follow-up including over 7115 person-years, 520
patients developed serious infection. On univariate analysis,
frail patients had 1.9-times higher risk of serious infections
compared with nonfrail patients (hazard ratio [HR], 1.90; 95%
CI, 1.60-2.27; Table 2, Fig. 1). This higher rate of serious infec-
tions in frail patients was observed in multiple subgroups, in pa-
tients with CD and UC, in patients starting TNFa antagonists
and vedolizumab, in younger adults (younger than 60 years),
and in patients with or without major comorbidities. However
on Cox proportional hazard analysis, after adjusting for
covariates including age, sex, race/ethnicity, disease phenotype,
index biologic agent, comorbidity burden, abdominal surgery,

hospitalization or ED visit, serious infections, and medications,
frailty was not associated with increased risk of serious infections
(HR, 1.12; 95% CI, 0.93-1.36; Table 3). Advanced age (older
than 60 years vs younger than 30 years as reference), Hispanic
(vs white as reference), multimorbidity (Elixhauser index, 4 or
more vs 0—1 score), recent corticosteroid exposure, opiate use,
ED visit, and serious infection in the preceding 12 months were
associated with increased risk of serious infections.

Upon stratified analyses by type of biologic exposure,
frailty was independently associated with 1.7-times higher risk
of serious infections (HR, 1.69; 95% CI, 1.03-1.79), besides ad-
vanced age and ED visits, in vedolizumab-treated patients with
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TABLE 2. Association Between Frailty and Risk of
Serious Infections in Biologic-treated Patients With
Inflammatory Bowel Diseases Overall and by Predefined
Strata (Univariate Analysis)

Subgroup Analysis Hazard Ratio (95% CI) P
Overall 1.90 (1.60-2.27) <0.01
Disease phenotype

Crohn’s disease 1.75 (1.30-2.21) <0.01

Ulcerative colitis 2.11 (1.62-2.74) <0.01
Age

>60y 1.29 (0.92-1.80) 0.14

60y or less 1.87 (1.52-2.30) <0.01
Index biologic

TNFa antagonists 1.80 (1.48-2.18) <0.01

Vedolizumab 2.57 (1.65-3.99) <0.01
Elixhauser index

0-1 1.42 (1.04-1.96) <0.01

2 or more 1.64 (1.31-2.05) <0.01

KM Curve for Any Infection

I

1.00
1

0.75
1

Proportion Surviving Free of Serious Infection
0.50
1

n
(\l_ -
o
o
Q -
o T T T T T T T
0 6 12 18 24 30 36
Follow-up Time (in months)
Number at risk
No Frailty 3637 2662 1770 1270 894 626 467
Frailty 2350 1487 877 532 319 169 92

No Frailty Frailty

FIGURE 1. Frailty and risk of serious infection in biologic-treated
patients with inflammatory bowel diseases on Kaplan-Meier time-to-
event analysis.

IBD (Table 4A). In contrast, in new users of TNFa antagonists,
frailty was not associated with increased risk of serious infections
(HR, 1.03; 95% CI, 0.83-1.27; Table 4B). Advanced age, high co-
morbidity burden, recent corticosteroid use, opiate use, ED visit,
and prior serious infections were associated with increased risk,
and abdominal surgery was associated with decreased risk of se-
rious infections in TNFa antagonist-treated patients with IBD.

DISCUSSION

In this large claims-based study of approximately 6000
biologic-treated patients with IBD evaluating risk factors for
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serious infections (or infection-related hospitalization), we ob-
served that frailty, measured using a claims-based index, was
not independently associated with risk of serious infections
in biologic-treated patients with IBD, after adjusting for im-
portant covariates including age and comorbidity burden. We
confirmed prior observations that advanced age, high comor-
bidity burden, corticosteroid and opiate use, ED visits, and
prior infection-related hospitalizations are associated with in-
creased risk of serious infections in biologic-treated patients.
Overall, these findings suggest that frailty, as measured using
an index of accumulation of health deficits, may not identify
biologic-treated patients with IBD at higher risk of serious in-
fections. Future studies focusing on objective functional and bi-
ological measures of frailty are warranted to ascertain if it may
be helpful to risk-stratify patients with IBD—particularly older
patients—at higher risk of serious infections.

Frailty is a complex concept, with 2 dominant paradigms:
(1) a biologic syndrome of decreased reserve resulting from
cumulative declines across multiple physiologic systems or (2)
as a risk index based on accumulation of health deficits.!# 224
Operationally, in geriatrics and gerontology research, these 2
concepts of frailty have been measured using the frailty phe-
notype and the frailty index, respectively. The frailty pheno-
type is based on a biological cycle of frailty that consists of
shrinking, weakness, exhaustion, slowness, and low physical
activity, relies on patient self-reported and performance-based
assessment, is dynamic, lending itself to targeted interven-
tions and monitoring, and can predict adverse outcomes such
as hospitalization, falls, disability, and mortality.*® In con-
trast, frailty index is measured based on accumulated health
deficits from a prespecified number of items (at least 30) of
symptoms, signs, diseases, test abnormalities, and disability
in physical, psychological, and social domains (such as help
with activities of daily living, psychosocioeconomic difficul-
ties, comorbidities, cognition status, etc.).?® Frailty index and
its modifications lend themselves to analyses in administrative
claims data as a confounder or treatment effect modifier. The
hospital frailty risk score used in this analysis is an admin-
istrative claims-based frailty measure based on accumulated
deficits.!” This was developed and validated in 1.04 million
hospitalized older adults (75 years and older) to screen for
frailty and identify a group of patients who are at greater risk
of adverse outcomes (mortality, readmission, length of stay);
however, it only had modest agreement with the frailty pheno-
type. These core differences in what paradigms of frailty are
being measured—to examine what outcomes—may explain
differences in findings from recent studies of frailty in IBD.
In a previous study focused on predicting risk of readmission,
hospitalization burden, and mortality in hospitalized patients
with IBD, regardless of treatment or cause of initial admis-
sion, we observed that hospital frailty risk score—defined
frailty was predictive of outcomes.'> In contrast, in this study,
we focused on biologic-treated patients with IBD, only 30% of
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TABLE 3. Risk Factors for Serious Infections in Patients With Inflammatory Bowel Diseases Starting Biologic Therapy

Risk Factors Hazard Ratio (95% CI) P
Frail (vs nonfrail) 1.12(0.93-1.36) 0.23
Male (vs female) 0.94 (0.79-1.12) 0.47
Age category
<30y 1.00 —
30-39y 0.89 (0.68-1.17) 0.40
40-59 y 0.96 (0.75-1.23) 0.75
60 y or more 2.24 (1.72-2.90) <0.01
Crohn’s disease (vs ulcerative colitis) 0.95(0.79-1.15) 0.63
Race
White 1.00 —
African-American 1.10 (0.85-1.42) 0.47
Hispanic 1.54 (1.15-2.06) <0.01
Asian 0.97 (0.57-1.65) 0.91
Elixhauser index
0-1 1.00 —
2 1.17 (0.91-1.52) 0.22
3 1.21 (0.91-1.62) 0.19
4 or more 1.52 (1.18-1.96) <0.01
TNFo antagonists (vs vedolizumab) 1.05 (0.82-1.33) 0.70
Corticosteroid use (in preceding 3 m) 1.30 (1.07-1.59) <0.01
Immunomodulator use (in preceding 3 m) 0.83 (0.63-1.09) 0.19
Opiate use (in preceding 12 m) 1.24 (1.03-1.50) 0.025
Hospitalization (in preceding 12 m) 1.25(0.99-1.59) 0.06
Emergency department visit (in preceding 12 m) 1.46 (1.16-1.83) <0.01
Abdominal surgery (in preceding 12 m) 0.78 (0.58-1.03) 0.08

Serious infection (in preceding 12 m)

1.76 (1.36-2.29) <0.01

whom were hospitalized in the preceding year before biologic
initiation, and evaluated the risk of infection-related hospital-
ization rather than all-cause hospitalization. In this setting, a
claims-based analysis, which relies on accumulated (and docu-
mented) deficits, was not predictive of risk of serious infec-
tions. We believe these differences may be related to inability
to measure the biological phenomenon of frailty with this
measure; we hypothesize that it is the loss of complexity of
homeostatic mechanisms and vulnerability to stressors which
define the biological syndrome of frailty that predisposes im-
munosuppressed patients to serious infections.

Our findings are ostensibly in contrast to findings from
Kochar and colleagues.'® This may be due to several differences
in the 2 studies. First, their cohort was derived from electronic
health records, from 1996 to 2010, in contrast to our contem-
porary administrative claims-based cohort from 2014 to 2018.
Second, of their 11,0001 patients with IBD, only 1299 patients
received TNFa antagonists, and none of the patients received
vedolizumab; in contrast, we focused exclusively on 5987 new
users of TNFa antagonists or vedolizumab. Third, to imple-
ment the hospital frailty risk score (based on ICD-10 codes),

they converted the codes to ICD-9 concepts; however, in their
conversion, only 9 ICD-9 codes were used, whereas the orig-
inal ICD-10-based hospital frailty risk score was based on 140
codes, suggesting under-ascertainment in their cohort. This
may explain the lower observed prevalence of frailty in their co-
hort, with only 5% (n = 68 patients) of 1299 TNF« antagonist-
treated patients being classified as frail. In contrast, in our
cohort, which relied on full ICD-10 and ICD-9 codes, 39% of
patients starting biologic therapy with biologics were classified
as frail based on the hospital frailty risk score. Finally, their pri-
mary outcome was risk of all infections, including outpatients
(n = 14 in TNFa antagonist-treated patients) and infection-
related hospitalization (n = 14). This outcome may lend itself
to ascertainment bias, where TNFa antagonist-treated patients
may have greater frequency of health care exposure, leading
to greater documentation of minor infections. Similar to our
analysis, they did not observe an increased risk of serious in-
fections in frail vs nonfrail patients in their cohort of TNF«a
antagonist-treated patients. In contrast, we focused on serious
infections or infection-related hospitalizations, which are less
prone to ascertainment bias. With a larger sample size, focus
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TABLE 4. Risk Factors for Serious Infections in Patients With Inflammatory Bowel Diseases Starting (A) Vedolizumab

or (B) TNFa Antagonists

A. Vedolizumab

Risk Factors Hazard Ratio (95% CI) P
Frail (vs nonfrail) 1.69 (1.03-1.79) 0.039
Male (vs female) 1.10 (0.70-1.73) 0.69
Age category
<30y 1.00 —
30-39y 0.98 (0.45-1.13) 0.96
40-59 y 1.05 (0.55-2.00) 0.89
60 y or more 2.44 (1.29-4.61) <0.01
Crohn’s disease (vs ulcerative colitis) 1.54 (0.97-2.45) 0.07
Elixhauser index
0-1 1.00 —
2 0.88 (0.47-1.67) 0.70
3 0.92 (0.46-1.85) 0.82
4 or more 0.77 (0.42-1.44) 0.42
Corticosteroid use (in preceding 3 m) 1.16 (0.72-1.87) 0.54
Immunomodulator use (in preceding 3 m) 1.17 (0.61-2.22) 0.64
Opiate use (in preceding 12 m) 0.94 (0.59-1.48) 0.78
Hospitalization (in preceding 12 m) 1.27 (0.72-2.25) 0.41
Emergency department visit (in preceding 12 m) 2.62 (1.52-4.54) <0.01
Abdominal surgery (in preceding 12 m) 1.11 (0.52-2.35) 0.79
Serious infection (in preceding 12 m) 1.53 (0.70-3.37) 0.29
B. TNFa Antagonists
Risk Factors Hazard Ratio (95% CI) P
Frail (vs nonfrail) 1.03 (0.83-1.27) 0.81
Male (vs female) 0.92 (0.76-1.11) 0.38
Age category
<30y 1.00 —
30-39y 0.86 (0.64-1.16) 0.33
40-59y 0.92 (0.70-1.20) 0.53
60y or more 2.15(1.61-2.87) <0.01
Crohn’s disease (vs ulcerative colitis) 0.88 (0.71-1.08) 0.21
Elixhauser index
0-1 1.00 —
2 1.24 (0.94-1.64) 0.14
3 1.24 (0.90-1.71) 0.18
4 or more 1.79 (1.29-2.26) <0.01
Corticosteroid use (in preceding 3 m) 1.31 (1.05-1.63) 0.016
Immunomodulator use (in preceding 3 m) 0.78 (0.57-1.06) 0.11
Opiate use (in preceding 12 m) 1.30 (1.05-1.60) 0.014
Hospitalization (in preceding 12 m) 1.26 (0.97-1.64) 0.09
Emergency department visit (in preceding 12 m) 1.32 (1.03-1.69) 0.031
Abdominal surgery (in preceding 12 m) 0.73 (0.54-0.99) 0.046
Serious infection (in preceding 12 m) 1.85(1.39-2.46) <0.01

only on biologic-treated patients with IBD, more comprehen-
sive frailty assessment as intended with the hospital frailty risk
score, and a higher outcome rate (n = 520 serious infections),

1632

we believe our analysis may provide a less biased estimate of
the association between frailty and TNFa antagonist-treated
patients with IBD.
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The observation of a differential association of frailty
and risk of serious infections in TNFa antagonist- and
vedolizumab-treated patients with IBD was unexpected. It is
possible that biologically frail patients, modestly correlated
with (and captured by) the hospital frailty risk score, may have
selectively been treated with vedolizumab, rather than TNFa
antagonists because the former may portend lower degree of
systemic immunosuppression by virtue of its gut-specific mech-
anism of action.

Although there are important strengths of our study in
terms of sample size and event rates, focus on biologic-treated
patients with IBD inherently at highest risk of infections, and
use of a validated frailty index in a contemporary cohort, there
are important limitations. First, as an administrative claims-
based database study, we did not have access to subjective or
objective measures of disease activity or endoscopy reports and
did not have accurate details of disease location and behavior,
all of which may modify risk of serious infections. Second, the
hospital frailty risk score has not been validated in patients with
IBD. Though the frailty risk scoring codes include physical func-
tion components, such as hemiplegia, abnormal gait, fracture,
and care involving rehabilitation procedures, no objective phys-
ical performance measures were assessed to measure frailty phe-
notype. Moreover, frailty status was determined at a single time
point (at time of biologic initiation, examining events occurring
in preceding 12 months). Biological frailty is a dynamic,
multidomain concept encompassing physical, mental, func-
tional, and social status, that extends along a spectrum rather
than being binary. Future prospective studies should focus on
examining all these domains of frailty repeatedly over time and
evaluate its evolution and impact on adverse health outcomes
in patients with IBD. Third, ideally, infections would be adju-
dicated by medical record review and microbiology data, but
this level of data is unavailable in claims databases. However,
our definition of serious infections requiring hospitalization has
been validated with a high positive predictive value.

In summary, we observed that frailty, measured using a
claims-based hospital frailty risk score, is not independently
associated with increased risk of serious infections in patients
with IBD starting biologic therapy. Future studies focusing
on frailty phenotype with objective functional and biological
measures of frailty are warranted to determine whether such
measures can accurately identify biologic-treated patients at
higher risk of serious infections beyond conventional risk
factors. If frailty is deemed to be a risk factor for serious in-
fections, then targeted interventions such as physical rehabili-
tation strategies, nutritional counseling, and supplementation
and cognitive training may mitigate frailty and decrease risk
of serious infections in these vulnerable patients.

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel Dis-
eases online.
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