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Obesity has been linked with a pro-inflammatory state and the development of inflammatory diseases, includ-
ing inflammatory bowel disease (IBD). However, there is some controversy regarding whether obesity is asso-
ciated with an adverse clinical course in patients with IBD. The aim of this meta-analysis was to assess the as-
sociation between obesity and clinical outcomes in IBD patients.

Electronic databases (PubMed, Embase, Cochrane Library, and Web of Science) were systematically searched
for studies investigating the association between obesity and clinical outcomes in patients with IBD. A meta-
analysis was performed using Review Manager software.

Among the 4,798 articles identified, seven met the inclusion criteria for our meta-analysis. The pooled data re-
vealed that obese patients were significantly less likely to undergo IBD-related surgery, receive hormone ther-
apy, and experience hospitalization compared with non-obese patients. However, no statistically significant dif-
ference was observed in perianal disease, anti-TNF use, and immunomodulator use between the two groups.
Our meta-analysis indicated that clinical outcomes were significantly different in obese versus non-obese pa-
tients with IBD. We found that obesity was associated with a less severe disease course of IBD. Future prospec-
tive studies are needed to confirm the relationship between obesity and the clinical course of IBD.
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Background

Excess body weight has emerged as a major problem affect-
ing human beings worldwide, and obesity has been associat-
ed with a pro-inflammatory state and the development of in-
flammatory diseases [1]. Hence, great attention has been paid
to understanding obesity. Obesity has been found to be relat-
ed to the rise and severity of illnesses, including diabetes mel-
litus, cancer, and cardiovascular disease [2].

The two major forms of inflammatory bowel disease (IBD)
are Crohn’s disease (CD) and ulcerative colitis (UC), which are
both lifelong immunologically mediated disorders categorized
by chronic inflammation and progressive damage to the gas-
trointestinal tract [3]. IBD is currently one of the most inves-
tigated human disorders, and for at least two decades it has
been the focus of intense attention in basic science, transla-
tional, and clinical research. Advances in scientific knowledge
of IBD pathophysiology have helped in developing novel med-
ications to combat gut inflammation with a considerable de-
gree of success [4].

IBD once was associated with low body weight, weight loss, and
malnutrition, but recent studies have identified a growing prev-
alence of obesity in IBD patients [5]. In addition, some studies
have explored the clinical impact of obesity on IBD. Adult CD pa-
tients with increased BMI were reported to have a predisposi-
tion for perianal disease and IBD-related surgery [6,7]. Similarly,
Mendall et al. [8] described a positive connection between obe-
sity and the development of CD. However, Flores et at. [5] found
that obesity (as defined by BMI) was a marker of a less severe
disease course in IBD patients. Thus, an improved understand-
ing of the association between obesity and clinical outcomes
in IBD seems to be necessary. According to the World Health
Organization (WHO) guideline, BMI >30 kg/m? is considered
obese [9]. We performed this meta-analysis of observational
studies to better evaluate the impact of obesity on the clini-
cal course of IBD patients.

Material and Methods

Search strategy

This study was conducted in accordance with the guideline
for Meta-analysis of Observational Studies in Epidemiology
(MOOSE) group [10]. Our search strategy was performed us-
ing the databases of Medline, Embase, Web of Science, and
the Cochrane Library for dates up to March 2016 to identify
eligible studies. The search strategy combined free keywords
with Mesh Terms as following words: (‘obesity’ or ‘obese’ or
‘body mass index’ or ‘BMI’ or ‘adiposity’) and (‘inflammatory
bowel disease’ or ‘IBD’ or ‘crohn’ or ‘ulcerative colitis’).
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Only English language articles were included. In addition, the
reference lists of retrieved studies were also checked for ad-
ditional studies that met the criteria but were not found by
the electronic search.

Inclusion criteria and study selection

Studies were included if they were controlled or comparative
studies that focused on the influence of obesity on clinical out-
comes in IBD patients. Of note, studies focused on the pediat-
ric IBD were excluded. The outcomes we evaluated were IBD-
related surgery, perianal disease, hormone use, anti-TNF use,
immunomodulator use, and hospitalization. Studies involving
at least one outcome were included; review articles, expert
opinions, and trials without reporting the outcome measures
of interest were excluded. Obesity in selected articles was
defined by BMI >30 kg/m? according to the WHO guideline.

Quality assessment and data extraction

Two investigators (LGW, RHJ) independently assessed the studies
selection and data extraction. Any disagreements were resolved by
discussion and eventually determined by a senior author (WGF).
Seven observational studies were included in this meta-analysis,
with publication dates ranging from 2002 to 2015. The available
data from the selected studies included: first author’s name, pub-
lication year, country, number of obese and non-obese patients.

Quality assessment of the observational studies included in
this meta-analysis was assessed by the Newcastle Ottawa
Scale (NOS) [11] as recommended by the Cochrane non-ran-
domized studies methods working group, which consisted of
population selection, comparability of exposed (obese) and
unexposed (non-obese) and adequate assessment of clinical
outcomes. Uncertainty or discrepancy was discussed to reach
consensus. Ratings for the level of evidence for each study
were assigned using criteria established by Wright et al. [12].

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach was used to estimate the
quality of the evidence for every clinical course. Although the
evidence of observational research was considered as low-
quality using the GRADE approach, several criteria helped to
elevate the quality level: a large effect, a dose-response gra-
dient, and if all plausible confounding factors would decrease
an obvious treatment effect or, in case of no effect, would cre-
ate a spurious effect [13]. The evidence quality for each out-
come was generally moderate (Table 1).

Statistical analysis

Revman 5.3 software (The Nordic Cochrane Centre, Copenhagen,
Denmark) was used to pool data. Relative risk (RR) with 95%
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Table 1. Results of the meta-analysis.

Number of
studies
[references]

Outcomes

Number of patients

META-ANALYSIS

— Heterogeneit S
(95% CI) 8! y evidence

IBD-related surgery 7 [5,8,15-19] 1107
Perianaldisease  4[816-18] - 0
Medical teatment
"""" Homoneuse  4[5161719] 814
 AntiTNFuse 351619 w

Lr::unomodulator 3[5,16,19] 659
Hospitalization  2[519] 659

15113 0.82 (0.72,0.93) [1?=19%, P=0.29 Moderate
13207 097(074,126) P=0%P=081  Moderate
2207 091(085,098) I=0%P=085  Moderate
""" 906 089(072,109) F=71%P=003  low

1415 0.96 (0.88,1.06)  12=0%, P=0.43 Moderate
1415 084(074,094) P=0%P=032  Moderate

GRADE Working Group grades of evidence: High quality — further research is very unlikely to change our confidence in the estimate
of effect; Moderate quality — further research is likely to have an important impact on our confidence in the estimate of effect and
may change the estimate; Low quality — further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate; RR — risk ratio; GRADE — Grading of Recommendations Assessment, Development and

Evaluation; TNF — tumor necrosis factor.

Cl was calculated to assess the association between obesity
and IBD-related surgery, perianal disease, hormone use, immu-
nomodulator use, and anti-TNF use. Z test was used to evalu-
ate the statistical significance of the pooled estimates. A val-
ue of p<0.05 was considered to be statistically significant.
The 12 statistic and Cochrane’s Q were used to explore het-
erogeneity across studies [14]. In absence of significant het-
erogeneity (Cochrane’s Q p>0.10 and I? <5 0%), the data was
pooled using a fixed-effect model. Otherwise, the random-ef-
fect model was used.

Results

Characteristics of included studies

We identified seven studies published from 2002 to 2015 that
met our inclusion criteria for meta-analysis [5,8,15-19]. The
detailed procedures of our literature research are shown in
Figure 1. Among the included studies, four were performed in
USA, two in the UK and one in Ireland. The quality rating of
the included studies ranged from six to eight stars using the
NOS. More comprehensive information about the study char-
acteristics is presented in Table 2. Not all of the studies con-
tain the defined interest of outcomes: seven studies for IBD-
related surgery; four studies for perianal disease; four studies
for hormone use; three studies for anti-TNF use; three studies
for immunomodulator use; and two studies for hospitalization.

4798 Records were identified through
searching electric databases
1569 Pubmed 1689 SCI
1410 Embase 130 Cochrance

l Articles excluded by title & abstract
Records after duplicates removed| | (N=3612)
(N=3641) Reason:
— No comparative data (N=1548)
— Not relating to IBD (N=1397)
— (ase report (N=298)
— Review article (N=369)

Full-text assessed for eligibility

Full articles excluded (N=22)
Reason:
— Studies using other variable definitions
of obesity (N=8)
— Studies could not be pool analyzed (N=10)
— Studies focus on pediatric research (N=4)

Studies includedin
meta-analysis (N=7)

Figure 1. The flow chart shows the article selection process we
performed for this meta-analysis. SCI — Web of Science;
IBD — inflammatory bowel disease.

Meta-analysis of obesity and clinical course in IBD
patients

Seven articles reported IBD-related surgery. To be specific, the
interested data of this outcome included the number of pa-
tients with at least one surgery. A fixed-effect model was em-
ployed in pooling the data about IBD-related surgery owing
to low heterogeneity (p=0.29, I>’=19%). The calculated results
demonstrated that obese patients were significantly less like-
ly to undergo surgery than non-obese patients (RR: 0.82, 95%
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Table 2. Characteristics of selected studies.

S Enr?lment Stu'dy Number of patients Mean age (years) NOS
time design Obese Non-obese Obese Non-obese S€or¢
%‘if’g;’] USA  2000-2012 Retrospectively  IBD 190 391 NR NR 8 I
ol U MO Ry @6 s w60
s U ey oSy B0 s w6
;gtlri;i[i’é] USA  2004-2015 Retrospectively  IBD 138 708 38 45 6 I
;r;la;a[’m Ireland NR Prospectively D 17 83 35 41 7 |
2‘8;23['1'8] USA 2009  Retrospectively  IBD 164 12301 16 16 7 I
Jze(;‘lnsifflré] USA  2009-2011  Prospective IBD 469 1025 43 48 7 |

NOS — Newcastle Ottawa Ottawa; LOE — levels of evidence; CD — Crohn’s disease; IBD — inflammatory bowel disease; NR — no reported.
* A levels of evidence based on Wright et al. [11].

Obesity Non-besity Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Helen 2009 19 88 74 401 6.5% 1.1710.75,1.83] 2009 —_—t—
Michael 2011 9 41 82 205 6.7% 0.55[0.30,1.00] 2011
Treasa 2013 4 17 24 83 2.0% 0.81[0.32,2.04] 2013
Nathan 2014 21 164 2104 12301 13.6% 0.75[0.50,1.12] 2014 —_—
Patricia 2015 49 138 301 708 24.1% 0.84[0.66,1.06] 2015 —eT
Jennifer 2015 78 469 183 1025 28.2% 0.93[0.73,1.119] 2015 —a—
Avegail 2015 37 19 117 390  18.8% 0.65[0.47,0.90] 2015 e
Total (95% Cl) 1107 15113 100.0% 0.82[0.72,0.93] <o
Total events 217 2885
Heterogeneity: Chi?=7.40, df=6 (P=0.29); ’=19% + ; ; ;
Test for overall effect: Z=3.01 (P=0.003) 0.2 05 1 2 5
Favours [obesity] ~ Favours [non-obesity]

Figure 2. IBD-related surgery, forest plot.

Cl 0.72-0.93, p=0.003) (Table 1, Figure 2). The funnel plot of
IBD-related surgery was employed to evaluate publication bias. 0073 (09 [RR)
The funnel plot showed symmetrical which suggested no pub- RN
lication bias for surgery meta-analysis (Figure 3). 0. po"‘-“'
/o s
Four studies involving 13,297 patients examined the associ- 0.2 © o
ation between obesity and perianal disease in patients with 0 '
IBD, and a fix-effect model was used because of low hetero- ’ ;0
geneity (p=0.99, 12’=0%). The pooled analysis of data suggest- 04
ed that there was no significant difference in perianal dis- ; .
ease between obese and non-obese groups (RR=0.97, 95% Cl o5l ' ¢ RR
0.74-1.26, p=0.81) (Table 1, Figure 4). 0.2 05 1 2 5

Figure 3. The funnel plot of the IBD-related surgery.
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Obesity Non-besity Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Michael 2011 7 41 39 205  14.4% 0.90[0.43,1.86] 2011 e
Treasa 2013 1 17 6 83 23% 0.8110.10,6.33] 2013
Nathan 2014 7 164 503 12301 14.7% 1.04[0.50,2.177] 2014 —_—
Patricia 2015 36 138 190 708 68.7% 0.9710.72,1.32] 2015
Total (95% Cl) 360 13297  100.0% 0.97[0.74,1.26]
Total events 51 738
Heterogeneity: Chi?=0.11, df=3 (P=0.99); ’=0% 4 t + +
Test for overall effect: Z=0.24 (P=0.81) 0.05 0.2 1 20
Favours [obesity] ~ Favours [non-obesity]
Figure 4. Perianal disease, forest plot.
Obesity Non-besity Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% Cl
Treasa 2013 6 17 43 83 2.2% 0.68[0.35,1.34] 2013
Avegail 2015 116 190 262 391 26.2% 0.91[0.80,1.04] 2015 —a
Patricia 2015 105 138 584 708 29.2% 0.92[0.84,1.02] 2015 —a
Jennifer 2015 186 469 441 1025  42.4% 0.92[0.81,1.05] 2015 —
Total (95% Cl) 814 2207  100.0% 0.91[0.85,0.98] &
Total events 413 1330
Heterogeneity: Chi?=0.78, df=3 (P=0.85); I’=0% ' ' ' '
Test for overall effect: Z=2.41 (P=0.02) 0.5 0.7 1 15 2
Favours [obesity]  Favours [non-obesity]
Figure 5. Hormone use, forest plot.
Obesity Non-besity Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Avegail 2015 80 19 213 390 37.0% 0.77[0.64,0.93] ——
Jennifer 2015 151 469 378 1025 63.0% 0.8710.75,1.02] —il
i
Total (95% Cl) 659 1415 100.0% 0.8410.74,0.94] + + + +
Total events 231 591 0.5 0.7 1 15 2
Heterogeneity: Chi?=1.00, df=1 (P=0.32); ’=0% Favours [obesity] ~ Favours [non-obesity]
Test for overall effect: 7=2.94 (P=0.003)

Figure 6. Hospitalization, forest plot.

As for medical treatment, the data for hormone use, anti-
TNF use, and immunomodulator use were pooled. Four stud-
ies were included for hormone use, three studies for anti-TNF
use, and only two for immunomodulator use. A fixed-effect
model was employed for hormone use, and the results dem-
onstrated that no heterogeneity between the groups (p=0.61,
12=0%) and less hormone use was observed in the obese pa-
tient group than in the non-obese patient group (RR=0.80,
95% Cl 0.68-0.96, p=0.01) (Figure 5). However, according to
the overall pooled data for anti-TNF use and immunomodu-
lator use, no differences were observed between the obese
patient group and non-obese patient group (RR=0.89, 95% Cl
0.72-1.09, p=0.26 and RR=0.96, 95% Cl 0.88-1.06, p=0.43, re-
spectively) (Supplementary Figures 1, 2).

Only two studies were eligible for data extraction for hospi-
talization outcomes. The overall pooled results showed a sig-
nificant difference between the two groups (RR=0.84, 95% Cl
0.74-0.94, p=0.003). Obese IBD patients would be less like-
ly to experience hospitalization than non-obese IBD patients.
There was no heterogeneity among the studies with an 12 of
0% (Figure 6).

Discussion

According to the WHO, overweight and obesity are linked to
more deaths worldwide; in addition, 44% of diabetes cases,
23% of ischemic heart disease cases and 7-41% of certain
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cancer cases are attributable to overweight and obesity [20].
Obesity has been reported to become increasingly more com-
mon among IBD patients, although IBD once was considered
a disorder associated with low body weight [21]. However, re-
sults of the association between obesity and the clinical out-
comes of IBD patients remain a subject for debate. The aim of
our meta-analysis was to evaluate IBD-related surgery, peri-
anal disease, medical treatment (hormone use, anti-TNF use,
and immunomodulator use), and hospitalization in obese IBD
and non-obese IBD patients.

The results of our meta-analysis showed that obese IBD pa-
tients were significantly less likely to receive hormone treat-
ment, undergo surgery, or experience a hospitalization than
non-obese IBD patients and no significant differences were ob-
served in perianal disease, anti-TNF use, and immunomodula-
tor use. In spite of the plausible mechanisms whereby obesity
might exacerbate IBD progression, we have found that obe-
sity (as defined by BMI) was a reflection of a less severe dis-
ease course or represented “wellness” in obese patients com-
pared to non-obese patients in IBD.

IBD patients were previously considered to be malnourished.
One of earliest studies found that 3.6% of 2,065 French pa-
tients with CD suffered from obesity [6]. More recent studies
found relatively high rates of obesity in both adult and pedi-
atric IBD patients [15,17,22,23]. The rise in the prevalence of
IBD in Western countries has not been as tremendous as the
overall rise in the prevalence of obesity. This suggests that obe-
sity may not contribute to the pathogenesis of IBD and that
the increase in the frequency of obesity in IBD patients mere-
ly mirrors the rising frequency of obesity in the general pop-
ulation. A recent European epidemiologic study, in support of
this contention, found no relationship between high BMI and
the development of IBD [1].

Although we did not find that obesity exacerbated IBD, there
are plausible biological mechanisms for how obesity may af-
fect the clinical outcomes of IBD patients. Excess adipose tis-
sue would probably contribute to these plausible mechanisms,
which could lead to a hyper-inflammatory state [24]. In addi-
tion, BMI has been associated with C-reactive protein (CRP, an
inflammatory marker) in healthy people [25]. Owing to inflam-
matory cytokines and adipokines produced by adipose tissue,
excess adiposity conceivably might contribute to inflamma-
tion in IBD [26]. However, unlike other studies, the results of
our meta-analysis did not find an association between obesity
and the exacerbation of IBD. We considered whether this could
be a result of a poor linear relationship between BMI and total
body fat. For instance, if BMI as a measure of body fat is inac-
curate, it can lead to bias in measuring the effects of obesi-
ty on health outcomes, thus any calculation of risk ratios, risk
differences, or attributable proportions will reflect the error
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inherent in BMI as a measure of obesity and potentially be bi-
ased [27]. For example, waist-to-hip ratio (WHR), one of the al-
ternative measures of adiposity, can properly measures differ-
ent aspects of body composition and fat distribution. Although
WHR is a better marker of central adiposity and visceral fat, it
does not differentiate between the different visceral fat com-
partments effectively [28]. Furthermore, recently studies have
suggested that mesenteric fat is the significant response factor
in CD, as opposed to subcutaneous adipose tissue, and obesi-
ty per se [28,29]. In CD, for some patients, mesenteric fat over-
expresses CRP compared with subcutaneous adipose fat, and
it may be that mesenteric fat is involved in the adverse clini-
cal course of IBD. In addition, a prospective population-based
study found that the high inflammatory response caused by
mesenteric fat correlated with poor clinical outcomes leading
to surgery [30]. Another study performed in healthy Chinese
persons has associated central obesity from waist circumfer-
ence (i.e., >90 cm in men and »85 cm in women) with mesen-
teric fat thickness based on ultrasonic examination [31]. These
study results suggest that other measures of adiposity and fat
compartments are required to better explain the relationship
between increased BMI and clinical outcomes in IBD patients.

To our surprise, our meta-analysis found that the clinical
course of the non-obese IBD patient group was more severe
than for the obese IBD patient group. One of possible reason
to explain this phenomenon is that a lower BMI accelerates
IBD activity while a higher BMI protects against it. However,
it is far more likely that a lower BMI is just the result of in-
flammatory progression rather than the cause of IBD activi-
ty and that obesity is merely a reflection of less aggressive or
less severe IBD. One of the included studies in our meta-anal-
ysis by Treasa et al. [17] found significantly lower Crohn’s dis-
ease activity index and white cell count levels in overweight
and obese CD patients compared with healthy weight CD pa-
tients, and they suggested that systemic fat mass does not
appear to have a negative impact on CD severity, which sup-
ports our results. Though our results suggest that obesity is
not a risk factor for IBD severity, potential biological mecha-
nisms for the association between obesity and disease pro-
gression in IBD needs to be clarified.

There are some limitations in this meta-analysis. Most of the
studies included were retrospective case-control studies, which
are more prone to have selection, detection, and performance
biases. Our literature review only searched English language
reports, which may have missed studies. In addition, our study
was based on only on the results sections from published re-
ports; therefore, some articles with high quality data could not
be entered into the pooled analysis for lack of primary data. In
addition, half of the studies were from the USA (n=4); the re-
sults may or may not generalize well to other populations. As a
result, future studies conducted in other countries are needed.
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Conclusions

We have shown in our meta-analysis that there were signifi-
cance differences in clinical outcomes between obese and non-
obese patients with IBD, and obese IBD patients were less likely
to undergo surgery, receive hormone therapy, and experience
hospitalization. Despite the plausible biological mechanisms
whereby obesity might exacerbate IBD or other measurements

Supplementary Figures

META-ANALYSIS

of adiposity correlated with the adverse outcomes in IBD, we
have discovered that obesity defined by BMI was a reflection
of a less severe course in IBD.
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Heterogeneity: Chi?=0.02, df=6.94 (P=0.03); I’=71%
Test for overall effect: Z=1.13 (P=0.26)

Obesity Non-obesity Risk ratio Risk ratio
Study orsubgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Patricia 2015 76 138 3% 708 37.0% 0.99[0.84,1.17] 2015
Avegail 2015 42 190 134 390 23.9% 0.64[0.48,0.87] 2015 —
Jennifer 2015 169 469 378 1025 39.1% 0.98[0.85,1.13] 2015
Total (95% Cl) 797 2123 100.0% 0.89[0.72, 1.09]
Total events 287 906

0.2 0.5 1 2 5
Favours [obesity] ~ Favours [non-obesity]

Supplemenatry Figure 1. Anti-TNF use, forest plot.

Heterogeneity: Chi’=0.62, df=1 (P=0.43); ’=0%
Test for overall effect: 7=0.78 (P=0.43)

Obesity Non-besity Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Avegail 2015 103 19 231 390 32.1% 0.92[0.78,1.07]
Jennifer 2015 231 469 511 1025 67.9% 0.9910.88,1.10]
Total (95% C1) 659 1415 100.0%  0.96[0.88,1.06] : | ' :
Total events 334 742 05 07 1 15 2

Favours [obesity] Favours [non-obesity]

Supplemenatry Figure 2. Inmunomodulator use, forest plot.
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