Huang et al. BMC Gastroenterology (2022) 22:534
https://doi.org/10.1186/512876-022-02620-3 BMC Gastroenterology

. : ®
Prevalence of frailty among patients et

with inflammatory bowel disease and its
association with clinical outcomes: a systematic
review and meta-analysis

Xiangting Huang'", Mengmeng Xiao'", Benyue Jiang', Xiuzheng Wang', Xiaoyu Tang', Xiao Xu', Ying Chen',
Shixuan Wang?, Songbo Yan', Siyi Wang', Jiang Wang' and Pinglan Zhang"

Abstract

Background: Studies have reported frailty as an independent risk factor of mortality in patients with inflammatory
bowel disease (IBD). However, no systematic review and meta-analysis has been conducted to determine the relation-
ship of frailty and IBD. We aimed to investigate the prevalence of frailty in patients with IBD and the impact of frailty
on the clinical prognosis of these patients.

Methods: We systematically searched PubMed, Ovid (Medline), Embase, Web of Science, and Cochrane Library from
database inception until October 2022. This systematic review included observational studies describing IBD and
frailty. We performed meta-analysis for the frailty prevalence in patients with IBD. We analyzed primary outcomes
(mortality) and secondary outcomes (infections, hospitalizations, readmission, and IBD-related surgery).

Results: Nine studies with a total of 1,495,695 participants were included in our meta-analysis. The prevalence of
frailty was 18% in patients with IBD. The combined effect analysis showed that frail patients with IBD had a higher
risk of mortality (adjusted hazard ratio=2.25, 95% confidence interval: 1.11-4.55) than non-frail patients with IBD.
The hazard ratio for infections (HR=1.23, 0.94-1.60), hospitalizations (HR=1.72, 0.88-3.36), readmission (HR=1.21,
1.17-1.25) and IBD-related surgery (HR=0.78, 0.66—0.91) in frail patients with IBD.

Conclusions: We demonstrated that frailty is a significant independent predictor of mortality in patients with IBD.
Our work supports the importance of implementing frailty screening upon admission in patients with IBD. More pro-
spective studies are needed to investigate the influence of frailty on patients with IBD and improve the poor progno-
sis of patients with frailty and IBD.
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vulnerability in older adults. Sarcopenia is defined by low
muscle strength and low muscle quantity or quality. Age-
related declines in function and physiological reserves
of multiple organ systems can lead to frailty [1]. Frailty
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clinical settings and can predict many various adverse
health outcomes, including mortality [3], disability [4],
worsening mobility [5], loneliness [6], falls [7], fractures
[8], hospitalization [8], lower quality of life [9], depression
[10], dementia [11], cognitive decline [12], and nursing
home admission [13]. The connection between mortality
and frailty has been verified in many studies and involves
many settings and sub-populations [14—16].

Inflammatory bowel disease (IBD) is a chronic sys-
temic inflammatory condition and includes ulcerative
colitis (UC), Crohn disease (CD), and indeterminate coli-
tis. IBD can cause various symptoms, such as diarrhea,
abdominal discomfort, nausea, vomiting, and joint pain
[17]. Between 1990 and 2017, the number of individuals
with IBD rose from 3.7 million to over 6.8 million, and
the global prevalence of IBD increased by 85.1% [18]. The
burden of IBD in elderly individuals is increasing with
population aging [19]. Approximately 25%—35% of indi-
viduals with IBD are over age 60 years [20, 21]. In this age
group, the incidence rates of UC are almost universally
higher than the rates of CD. The incidence rates of UC
range from 1.8 to 20 per 100,000 in the United States and
Europe; the incidence rates in the Asia—Pacific region are
much lower. The incidence rates of CD range from 1-10
per 100,000 in Europe and more than 50 per 100,000 in
New Zealand; the incidence of CD is much lower in the
rest of the Asia—Pacific region [22].

Population-based studies indicate that mortality is
higher among patients with IBD than among the gen-
eral population [23, 24]. Thus, it is important to identify
the mediators of IBD risk. One study demonstrated that
frailty was more prevalent in approximately one-third
of hospitalized adults with IBD [25]. Frailty is a substan-
tial physiologic driver of IBD outcomes, including ther-
apy-related infection complications, death, and hospital
readmission, according to certain studies [26—28]. How-
ever, no in-depth analysis has been conducted regarding
whether frailty in patients with IBD and all-cause mortal-
ity are related. We therefore carried out this systematic
review and meta-analysis to investigate how frailty affects
outcomes of patients with IBD.

Method

We followed the Meta-analysis Of Observational Stud-
ies in Epidemiology (MOOSE) guideline in this systemic
review [29].

Search strategy

We comprehensively searched several databases and
websites, including PubMed, Cochrane, Medline (via
Ovid), Embase (via Ovid), and Web of Science, from
inception of each database to July 28, 2021. We con-
ducted an updated search in October 2022. Our search
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strategy included suitable Medical Subject Headings
(Mesh) and free-texts words to identify frailty and IBD;
the detailed search strategy and search terms can be
found in the supplement. We also manually searched the
reference lists of all identified studies.

Study selection

Two researchers independently screened all titles and
abstracts to confirm the eligibility of relevant studies.
Next, the full texts of studies warranting further investi-
gation were assessed independently by two researchers.
We resolved all disagreements in discussion with a third
researcher until consensus was reached. We used the fol-
lowing inclusion criteria for studies: (1) the study popula-
tion was mainly patients with IBD; (2) frailty was a risk
factor; (3) the prevalence of frailty in the study popula-
tion was recorded; (4) data on clinical outcomes of frailty
in patients with IBD were available in the included stud-
ies; (5) the original research was observational research.
We excluded the following studies: (1) studies that did
not have a cohort of patients with IBD grouped accord-
ing to frailty and non-frailty; (2) no data on patients with
IBD were reported separately in the study; (3) rand-
omized controlled trials (RCTs), reviews, and conference
abstracts.

Data extraction

Two researchers independently extracted and reviewed
the data. We collected the following information for
each study: author, country, study design, percentage of
men, mean age, sample size, frailty criteria, assessment
of frailty, type of IBD, follow-up period (cohort studies
only), primary outcome (mortality), secondary outcomes
(infections, hospitalizations, readmission, and IBD-
related surgery), and prevalence of frailty.

Assessment of quality

We used the Newcastle-Ottawa Scale (NOS) to evalu-
ate the quality of the included studies. The NOS is a
nine-point scale with three domains. Four points were
allocated for study population selection, two points for
comparability, and three points for outcome. We con-
sidered studies with NOS > 8 to be of high quality. The
comparability score depends on the relevant confounding
factors that are corrected. One point was obtained if only
correcting confounding factors affecting the outcome or
only correcting other critical confounding factors. If both
are corrected, two points were given; no score was given
if neither is corrected. Two independent investigators
discussed any disagreement in the quality assessment.



Huang et al. BMC Gastroenterology ~ (2022) 22:534

Statistical analysis

We performed a meta-analysis for the prevalence of
frailty in patients with IBD using Stata 12 software (Stata-
Corp LLC, College Station, TX, USA). According to the
heterogeneity of relevant studies, we selected corre-
sponding effects models. We used the chi-squared test
and the I? statistic to identify heterogeneity [30]. When
the former test had a value of p<0.05 and the latter a
value of I>50%, this indicated significant heterogene-
ity. We used a forest plot to estimate the effect size and
95% confidence intervals (Cls). Because the content in
data extraction can lead to heterogeneity, we used meta-
regression to calculate more reliable combined statistics
and analyzed the sources of heterogeneity after subgroup
analysis. We conducted sensitivity analyses after remov-
ing studies that did not report effect size in the meta-
analysis of clinical outcome for patients with IBD. We
used Egger’s test and Begg’s test to assess publication bias
(p<0.05) by visually inspecting the funnel plots [31, 32].
Additionally, we used the trim-and-fill method to explain
publication bias.

Results

Study selection

In our initial search (July 2021), we identified 799 arti-
cles in PubMed, Cochrane, Embase, Medline, and Web
of Science (Fig. 1). Of these, we excluded 402 duplicate
articles and 56 ineligible publications (nine comments, 18
reviews, seven animal studies, two conferences, two non-
English studies, six case reports, six guidelines, and six
RCTs). We checked the title and abstract of each remain-
ing article in preliminary screening according to the
established criteria, and identified 31 publications related
to the research topic. Among them, 12 were excluded
owing to unavailability of the complete text, 11 of the
19 articles with full text were excluded after reading the
entire text in detail, according to the predetermined cri-
teria. Additionally, we performed an updated database
search from July 2021 to October 2022. Finally, this study
included nine publications.

Summary of studies

The included studies comprised seven retrospec-
tive cohort studies and two prospective cohort studies
(Table 1). The study populations in the original research
were from well-documented databases, including two
from a cohort of 11,001 patients with IBD, one from an
administrative claims database, two from the Nationwide
Readmissions Database, two from the American Col-
lege of Surgeons National Surgical Quality Improvement
Program database, one from a cohort of patients with
CD or UC using electronic health records, and one from
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the Nationwide Patient Register database. Of the nine
enrolled studies, seven both CD and UC in IBD types,
one included only CD and one included only UC. The
nine studies included a total of 1,495,695 participants,
and 175,154 were identified as having frailty at the time
of inclusion, with a frailty rate of 11.71%. Table 1 shows
the overall traits of the included studies.

Study quality

The included publications were all cohort studies without
randomized controlled studies. Quality evaluation was
conducted using the NOS scale. The overall quality of
the studies was good, with scores ranging between 7 and
9. Studies with NOS scores > 8 were deemed to be high
quality. After being included in the research participation
score, seven articles were considered high quality, and
two articles were rated with 7 points. The quality score
was also good. Additional file 1: Table S1 shows the qual-
ity assessment.

Prevalence of frailty in patients with IBD

Among 1,495,695 study participants in the nine included
studies, a total of 175,154 patients had frailty. We per-
formed a meta-analysis of the frailty prevalence in the
populations included in the nine studies, and the final
pooled prevalence was 18% (95% CI: 12—-24%, p=0.000)
(Fig. 2). Because I*=99.9% and p <0.001, we choose the
random-effects model to assess prevalence.

We performed a subgroup analysis of study design,
male proportion, sample size, participants, frailty cri-
teria, and follow-up (Additional file 1: Table S2). Meta-
regression showed that the sex ratio was a possible source
of heterogeneity (p=—0.223, standard error=0.068,
p=0.011) (Additional file 1: Table S3). In the subgroup
by sex, the prevalence of male proportion >50% was 0.36
(95% CI: 0.29-0.43) and that of male proportion <50%
was 0.14 (95% CI: 0.07-0.20). Additionally, we performed
subgroup analysis for age, but there were insufficient data
to confirm that age was responsible for differences in the
prevalence of frailty among patients with IBD (Additional
file 1: Table S2).

Our funnel plot was symmetrical (Additional file 1:
Fig. S1), and the Begg’s test (p=0.371) and Egger’s test
(p=0.242) also indicated no publication bias. Addition-
ally, sensitivity analysis showed no significant change in
the pooled results after excluding individual studies one
by one. This proved that the results were stable (Addi-
tional file 1: Fig. S2).

Primary outcome

In the nine included studies, we focused mainly on
clinical outcomes associated with frailty factors in
patients with IBD. The primary outcome is mortality in
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our study. We extracted the hazard ratio (HR) of mor-
tality from the included studies and subsequently per-
formed corresponding meta-analysis. Two studies [25,
36] reported mortality in frail IBD patients (n=16,771)
and in non-frail IBD patients (n=41,221). Combined
effect analysis showed that frailty increased the risk of
mortality in patients with IBD compared with patients

who had IBD without frailty (adjusted HR 2.25, 95% CI:
1.11-4. 55).

Secondary outcomes

The secondary outcomes included infection, hospitaliza-
tion, readmission, and IBD-related surgery. In this study,
we did not have sufficient data to confirm that frailty
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Fig. 2 Prevalence of frailty in IBD patients

increases the risk of infection (adjusted HR 1.23, 95% CI
0.94-1.60) and hospitalization (adjusted HR 1.72, 95%
CI: 0.88-3.36) in patients with IBD. One of the studies
[25] reported that frail patients with IBD were more sus-
ceptible to readmission treatment (adjusted HR 1.21, 95%
CI: 1.17-1.25), and frailty reduced the risk of IBD-related
surgery (adjusted HR 0.78, 95% CI: 0.66—0.91) (Table 2).

Discussion

In our study, we found that frailty was common in
patients with IBD. Compared with the general popu-
lation, patients with IBD have a higher prevalence of
frailty [36]. Our results also showed that frailty was

associated with increased mortality risk in patients with
IBD. However, frailty reduces the risk of IBD-related sur-
gery perhaps because doctors do not recommend surgi-
cal treatment for frail patients with IBD. We included
high-quality studies, adjusted the corresponding con-
founding factors, and conducted subgroup analysis and
meta-regression analysis to deal with the heterogeneity
among different studies such that our study findings were
stable and reliable.

In the long-term process of the inflammatory bowel dis-
ease disease, there is a decline in the reserves of multiple
physiological systems and a chronic increase in the level
of circulating inflammatory markers. In a cross-sectional

Table 2 Impact of frailty on clinical outcomes in patients with IBD

Outcome Study Sample size Effect size P(z-text) 12 (%)
Mortality Alexander [25], Kochar [54] 57,992 2.25(1.11,4.55) <0.05 98.1
Infections Singh [34] 5987 1.23(0.94, 1.60) 0.124 76.0
Hospitalizations Alexander [25], Kochar [54] 57,992 1.72(0.88,3.36) 0.114 99.5
Readmission Alexander [25] 47402 1.21(1.17,1.25) <0.05 -
Risk of IBD-related surgery Alexander [25] 47402 0.78 (0.66,0.91) <0.05 -
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study of 117 participants aged 62-95 years, frailty was
associated with increased serum interleukin 6, soluble
tumor necrosis factor (TNF)-areceptor-I as well as solu-
ble TNF-areceptor-II, suggesting an association of frailty
with circulating markers of inflammation [37]. Another
study showed that signs of frailty and circulatory inflam-
mation are associated with the incidence of multiple
complications and infections [38]. Immunosuppressive
drugs are often used to treat IBD. Patients using such
drugs have a weak immune response, which is one reason
for frailty and an increased risk of infections [39]. Addi-
tionally, frailty patients have a reduced ability to recover,
and an increased probability of complications [40], which
may make the treatment of patients with IBD more dif-
ficult [41] and reduce the possibility of recovery to base-
line, increasing the chance of hospitalization [42-44].
Frailty is a stress response owing to the imbalance of
immune, endocrine, and energy response systems, Frailty
is dynamic, but its specific biological basis has not been
fully clarified. According to the existing evidence, frailty
is related to increased systemic inflammatory markers
[45-47]. Thus, there is reason to believe that the preva-
lence of frailty in patients with IBD is higher than in
those without IBD.

Frailty is an important measure of functional status
[48]. It is considered a biological syndrome with reduced
reserves caused by the cumulative decline of multi-
ple physiological functions or a risk index based on the
accumulation of health defects [2, 49]. Its relevant defi-
nitions include diagnoses related to dementia, visual
impairment, bedsores, fecal incontinence, social sup-
port needs, action capability, and nutritional problems
[50]. Although many well-validated methods for assess-
ing frailty have been developed in the general adult and
elderly populations, there are no fully validated tools for
assessing frailty in the population of patients with IBD
[51, 52]. The nine cohort studies included in this review
used several different frailty assessment tools. Surpris-
ingly, even with the same frailty assessment tool, the
cut-off in frailty assessment differed among cohorts. This
may be because there is no gold standard to assess frailty
to date. Because of differences in the data sources of the
original research, different studies used different assess-
ment tools and diagnostic criteria for frailty, which may
be one reason for the large heterogeneity in our included
studies. This also suggests that more research is needed
to improve diagnostic criteria as well as more systematic
evaluation of frailty in patients with IBD.

Bedard et al. [54] published a systematic review that
described the clinical outcomes of frailty in patients with
IBD. Our study is the first systematic assessment and
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meta-analysis of frailty in patients with IBD in recent
years. We described the relationship between frailty
and various clinical outcomes of IBD diseases, includ-
ing mortality, infection, readmission, hospitalization, and
IBD-related surgery. This work further supports frailty as
an important prognostic factor, independent of age and
comorbidity. Frailty is a crucial risk stratification factor in
patients with IBD to help identify particularly high-risk
adverse events in this population and determine the best
treatment for improving outcomes in frail patients with
IBD. Our work also supports the value of clinical frailty
screening in patients with IBD at admission to better
treat the disease.

Our study adds to the existing literature on frail
patients with IBD and has several advantages. An impor-
tant strength is that we examined the prevalence of frailty
in patients with IBD and the relationship between frailty
and clinical outcomes in these patients; this is more effi-
cient and valuable than research of single effect estimates.
We found a higher prevalence of frailty and greater risk
of mortality in patients with IBD. This highlights the
need for clinicians to pay greater attention to frailty in
patients with IBD and to intervene early in these patients
to prevent adverse outcomes, reduce health care expen-
ditures, and increase the life expectancy of patients with
IBD. Another advantage of this study is the inclusion of
a large population of patients with IBD. We performed a
pooled analysis of prevalence using a large sample size.
This facilitates more accurate estimates of the preva-
lence of frailty in patients with IBD. Our study is limited
in that we did not perform subgroup analysis of clinical
outcomes in the included cohort studies because of insuf-
ficient data on the impact of frailty on clinical outcomes
in patients with IBD. Also, the small number of included
publications may affect the credibility of the results. Fur-
ther studies are warranted to confirm our results in the
future.

Conclusions

In the present meta-analysis of nine cohort studies
based on the population with IBD, we found that frailty
is increasingly prevalent among patients with IBD and
that frailty is a significant and independent predictor of
mortality in these patients. Our work highlights the value
of implementing frailty screening in patients with IBD
on admission. Further research to identify gold standard
criteria for diagnosing and evaluating frailty is needed,
as well as prospective studies focused on the impact of
frailty in patients with IBD, to improve the poor progno-
sis of frail patients with IBD.
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