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Abstract

Purpose While the prevalence of obesity in inflammatory bowel disease (IBD) patients is rapidly increasing, it is unclear
whether obesity affects surgical outcomes in this population. This meta-analysis aims to assess the impact of obesity/over-
weight on patients undergoing surgery for IBD.

Methods Databases (PubMed, Web of Science, Cochrane Library, and Springer) were searched through September 2021.
The meta-analysis included patients with surgically treated IBD to investigate the impact of obesity/overweight on this
population. Primary outcomes included overall complications, infectious complications, noninfectious complications, and
conversion to laparotomy.

Results Fifteen studies totaling 12,622 IBD patients were enrolled. Compared with nonobese (including overweight) patients,
obese IBD patients have increased the risk in terms of overall complications (OR=1.45, p <0.001), infectious complications
(OR=1.48, p=0.003) (especially wound complications), as well as conversion to laparotomy (OR=1.90, p <0.001). Among
the noninfectious complications, only the incidence of visceral injury (OR=2.36, p =0.05) had significantly increased.
Compared with non-overweight patients, the risk of developing wound complications (OR=1.65, p=0.01) and sepsis
(OR=1.73, p=0.007) were increased in overweight patients, but the rates of overall complications (OR=1.04, p=0.81),
infectious complications (OR=1.31, p=0.07), and conversion to laparotomy (OR=1.33, p=0.08) associated with body
mass index (BMI) were not significantly different.

Conclusion Obesity is a risk factor for surgical complications in IBD patients, mainly reflected in infectious complications.
Moreover, obese patients seem to have a more common chance of developing surgical complications than overweight patients.
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Previously, more than 15 million and 2 million people in
North America and Europe were diagnosed with inflamma-
tory bowel disease (IBD), respectively [1, 2]. According to
epidemiological studies, with the continuous development
of some newly industrialized countries (such as Asia and
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Africa), IBD has become a global disease in the twenty-first
century [1, 3, 4]. Marasmus is usually considered an adverse
factor in IBD patients. With the activation of the autoim-
mune system, tissue repair, and changes in drug-nutrition
interactions, the nutritional needs of IBD patients have far
exceeded those of the general population. Therefore, the loss
of body weight tends to increase the risk of malnutrition [5],
which in turn lifts the occurrence of postoperative complica-
tions [6, 7].
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Studies have revealed that obesity can significantly
increase the risk of perioperative complications in other
general surgical procedures, including anastomotic leak-
age, wound infection, intestinal obstruction, and blood
transfusion. In addition, it has been reported that, from
a surgical perspective, obesity/overweight will increase
the conversion rate from laparoscopic to open surgery in
patients [8]. According to the earliest study based on the
French population, obesity/overweight was uncommon in
IBD patients, with only 3.6% of the 2065 CD patients being
obese [9]. However, the incidence of obesity/overweight
in IBD patients is increasing [10, 11]. In an observational
study in Scotland [12], Steed and his colleagues found that
18% of the IBD population was obese (body mass index
(BMI) > 30 kg/m?) (total proportion of Scottish population
approximately 22%) and 38% of IBD patients were over-
weight (BMI > 25 kg/mz). At present, on the one hand,
postoperative complications in patients with IBD are more
common than those requiring surgery for other diseases,
which may be related to adverse clinical factors related to
surgery (such as immunosuppressive drugs) and factors that
make surgery more challenging (such as intestinal wall fra-
gility). On the other hand, due to the increase in the number
of obese/overweight patients as a special type (usually we
believe that IBD patients are mostly thin due to malnutri-
tion) of IBD patients, the relationship between obesity/
overweight and surgical complications in IBD patients has
attracted more attention and controversy. According to an
analysis by Causey et al. [13] and Abd EI Aziz et al. [14],
obesity/overweight would increase the occurrence of perio-
perative complications in IBD patients. In contrast, other
studies [15, 16] reported that surgical complications in obe-
sity/overweight IBD patients were not significantly different
from those in normal weight.

Despite the relationship between obese IBD patients and
surgical complications has been explored [17], the existing
meta-analysis contains not many articles and did not perform
further analysis on overweight patients. Herein, by review-
ing and collecting relevant studies, we try to investigate the
relationship between obesity/overweight and surgical com-
plications in IBD patients.

Materials and methods
Literature search strategy

This meta-analysis was conducted under the guidelines of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). From database establishment to
November 2021, studies on the relationship between obe-
sity/overweight and surgical complications in patients with
IBD were retrieved. Data from different electronic databases
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(PubMed, Web of Science, Cochrane Library, and Springer
Link) had been searched and extracted, which finally formed
this meta-analysis. When it comes to the searching for the
topic, the article used a combination of free-text terms and
medical subject headings terms. The search terms used
include: (Inflammatory bowel disease OR Crohn’s disease
OR Ulcerative colitis OR IBD OR UC OR CD) AND (Obe-
sity OR Obese OR BMI OR Fat OR Adiposity OR Body
mass index OR Corpulence OR Overweight) AND (Postop-
erative OR Perioperative OR Surgery OR Operation) AND
(Outcomes OR Complications OR Results). Furthermore,
two researchers conducted a preliminary screening of the
titles and abstracts of the retrieved articles independently.
In order to comprehensively review potentially related stud-
ies, manual searching of references and citations of related
articles were carried out.

Inclusion and exclusion criteria

Studies that have met the following criteria were included:
(1) The content of the article was related to the relationship
between obesity/overweight and surgical complications. (2)
Objectives of the study were for adults or children with IBD.
(3) The study was observational (case—control or cohort
study). (4) The exposed groups were obese (BMI> 30 kg/
m?) or overweight (25 kg/m* < BMI < 30 kg/m?) patients,
and the objectives in the nonexposed groups were nonobese
(including overweight) or non-overweight.

Studies that have met one of the following exclusion crite-
ria were excluded: (1) No data on the association of obesity/
overweight IBD patients with surgical complications were
provided, or data could not be extracted. (2) In addition to
IBD, patients had other health conditions (e.g., uncertainty
colitis, familial polyposis (FAP), tumors). (3) The study was
published not in English. (4) The original article had only
an abstract published or was absent in the full text. (5) The
study content could not be combined with the data of other
articles.

When the article was updated repeatedly, the latest or the
most complete research would be involved.

Outcome measures

The result of this meta-analysis mainly focused on surgical
complications in IBD patients undergoing various types of
surgery. Patients were divided into two groups according
to their BMI: patients with obesity (BMI>30 kg/m?) vs.
patients without obesity (including overweight patients)
(BMI < 30 kg/m?). Then for further analysis, patients
were classified as overweight (25 kg/m* <BMI < 30 kg/
m?) and non-overweight (BMI < 25 kg/m?). Complications
included overall complications, infections complications
(wound complications, sepsis, respiratory infection, etc.),
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noninfectious complications (ileus, visceral injury, bleeding,
etc.), and conversion (adhesions, difficult exposure, etc.).

Quality assessment and data extraction

The study data were independently extracted by two research-
ers, then reviewed and confirmed by a third investigator. We
recorded information in author, year of publication, country
of study, time period, patient type, quantity, BMI, follow-
up period, surgery type, and postoperative complications.
Furthermore, the included observational studies were evalu-
ated using the Newcastle—Ottawa Quality Assessment Scale
(NOS), which includes three major aspects: selection, com-
parability, and outcomes. Each study was assigned a score
between 0 and 9. Articles > 6 points were considered high-
quality studies.

Statistical analysis

The data were analyzed via Review Manager 5.3 analysis
software. Heterogeneity between studies was assessed by
using the I statistics. Due to differences in study design
and detailed information about patients, this study used a
random-effects model to analyze to improve credibility.
Meanwhile, odds ratio (OR) and 95% confidence interval
(95%Cl) were adopted in the results. OR > 1 was the indi-
cation of obesity/overweight patients being riskier to have
postoperative complications than controls. On the con-
trary, OR <1 was considered obesity/overweight, which
could reduce the risk of postoperative complications. When
p <0.05, the result would be considered to have statistical
significance. Funnel plots were used to test publication bias,
while sensitivity analysis was used to evaluate the stability
of the results.

Results
Study selection

From the four electronic databases, we initially collected
12,105 studies that were closely related to the subject men-
tioned before. In addition, after manual retrieval, 18 studies
were included. After preliminary screening and review, 2371
studies were excluded due to their inconsistency with the
research topic, or the articles were review studies, or the type
of surgery was inconsistent (such as weight loss surgery).
Moreover, after carefully reading, reviewing, and confirm-
ing the full-text content, a total of 15 studies were finally
included [10, 13-16, 18-27] to form this meta-analysis. The
detailed inclusion and exclusion process of the articles has
been shown in Fig. 1.

Characteristics of the included studies

The characteristics of the included studies were listed in
Table 1. From 2010 to 2021, a total of 15 studies were
reported. All of them were studies in investigating the
link between obese or overweight IBD patients and surgi-
cal complications, where 12,622 IBD patients (adults and
children) were included. Among them, there were 2294
obese patients and at least 1119 overweight patients. All
15 included studies were retrospective observational stud-
ies. One of these 15 observational studies [14] used the
propensity score-matched analysis to analyze the data.
Besides, one was jointly completed by researchers from
three countries: The Netherlands, Belgium, and the USA,
two were from Japan [21, 25], and the remaining 12 were
reported from the USA [10, 13-16, 18, 20, 22-24, 26,
27]. In this meta-analysis, the patients in one article were
children only [26], and the rest were all adults. In addition,
there were four studies with only CD patients [13, 18, 20,
27], and five studies with only UC patients [14, 21, 22,
24, 25]. All patients underwent different types of surgery.
There were 14 studies [10, 13-16, 18, 19, 21-27] that fol-
lowed up with the recruited patients for at least 30 days
after surgery.

Quality assessment of the included studies

NOS was used to assess the quality of the 15 observational
studies. Articles with a score of <6 were considered lower
quality. All 15 of the articles in this meta-study were graded
with a score of > 6, proving to be of higher quality. Detailed
quality assessment results are shown in Supplementary
Table 1.

Analysis results of complications

As shown in Fig. 2, compared with non-overweight IBD
patients, complications in overweight IBD patients do not
differ in overall complications (OR=1.04, p=0.81). Fur-
ther subgroup analysis of surgical complications to com-
pare overweight and non-overweight IBD patients with
normal illustrates that overweight patients have a higher
risk of infection in terms of overall infection complications
(OR =1.31, p=0.07) without statistical significance. Addi-
tionally, being overweight increases the risk of experienc-
ing wound complications (OR =1.65, p=0.01), mainly inci-
sional hernia (IH)/fascial dehiscence (OR=1.62, p=0.002).
At the same time, being overweight also increases the risk
of postoperative sepsis (OR=1.73, p=0.007). However,
according to the included studies, being overweight does not
increase the incidence of superficial surgical site infection
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Fig. 1 Flow diagram of selection

(sSSI), respiratory infection, urinary tract infection (UTI),
abscess, or anastomotic leak.

In terms of noninfectious complications, the risk of
included complications (ileus, visceral injury, venous throm-
boembolism (VTE), bleeding, and return to the operating

@ Springer

room) do not differ between the exposed groups compared
and the non-exposure group. Apart from this, the univariate
analysis shows that being overweight increases the risk of
conversion (OR=1.33, p=0.08) without statistical signifi-
cance. Additional studies on the reasons for conversion were
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Fig.2 Forest plot of the association between overall complications and overweight

conducted, and the results were divided into four catego-
ries, including adhesions, bleeding, inflammatory mass, and
difficult exposure. However, none of them show that being
overweight promotes the occurrence of the above complica-
tions. See Table 2 for details.

At the same time, studies based on the obese and nonobese
(including overweight) IBD patients are also conducted.
According to the research results in Fig. 3, obesity is a risk
factor for the development of any complications (OR=1.45,
p<0.001). The effects of being obese and nonobese on spe-
cific postoperative complications are further analyzed. Spe-
cific contents reference Table 3. Obesity increases the risk of

complications in infections (OR=1.48, p=0.003). In addi-
tion, the risk of wound complications (OR=1.81, p<0.001)
and UTT (OR=1.37, p=0.03) are also increased. Especially in
wound complications, compared with nonobese IBD patients,
obese patients are riskier of experiencing deep surgical site
infection (dSSI) (OR=2.05, p=0.06), surgical site infection
(SSI), sSSI, organ/space SSI, and IH//fascial dehiscence, but
the difference does not reach statistical significance in dSSI.
Furthermore, the risk of other infectious complications (septic
shock, abscess, anastomotic leak, etc.) shows no difference.
Among the noninfectious complications, only the risk of
visceral injury (OR=2.36, p=0.05) is increased. No difference

Table 2 Total postoperative

T . Overweight vs. non-overweight No. of Participants OR 95%Cl1 P Heterogeneity
complications fpr overweight studies ) (%)
vs. non-overweight

Infections 2 956 1.31  0.97-1.77 0.07 0
‘Wound complications 3 1330 1.65 1.13-2.42 0.01 0
sSSI 2 1421 1.10  0.36-3.39 0.87 46
IH/fascial dehiscence 3 1775 1.62  1.20-2.19 0.002 0
Respiratory infection 3 1747 200 0.65-6.15 0.23 56
UTI 3 1747 1.31  0.64-2.69 046 37
Sepsis 3 1634 1.73  1.16-2.57 0.007 0
Abscess 2 539 053 0.19-152 024 O
Anastomotic leak 4 1242 1.67 0.88-3.15 0.12 33
Noninfections
Ileus 3 1169 097 0.64-1.48 0.89 1
VTE 2 956 1.19 0.50-2.84 070 O
Visceral injury 2 867 090 0.28-286 085 0
Bleeding 3 1282 2.04 095436 007 30
Return to the operating room 4 2286 1.34  097-1.85 0.08 O
Conversion 4 1710 1.33  0.97-1.81 0.08 0
Adhesions 3 1080 091 049-1.71 078 0
Bleeding 3 1080 1.78 0.39-8.16 046 O
Inflammatory mass 2 867 1.87 0.75-4.70 0.18 0
Difficult exposure 2 867 1.01  0.27-3.76 0.99 0

OR odds ratio, CI confidence interval, sSSI superficial surgical site infection, /H incisional hernia, UTT uri-
nary tract infection, VTE venous thromboembolism
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Fig. 3 Forest plot of the association between overall complications and obesity

between other included complications, such as urinary reten-
tion, renal complications, and bleeding is statistically signifi-
cant. According to the three studies, the increase in conversion
(OR=1.90, p<0.001) rate is closely related to obesity, which
is mainly due to the difficulty in exposure (OR=2.77, p=0.04)
during surgery.

Sensitivity analysis and publication bias

Funnel plots (Figs. S1 and S2) were applied to test the rela-
tionship between obesity/overweight and overall complica-
tions. It is revealed that the funnel plot associated with over-
weight and overall complications is roughly symmetrical
(see Fig. S1 for details), indicating that there is no significant
publication bias. The result is stable after removing the stud-
ies one by one. In addition, the forest plot of the association
between obesity and overall complications is also tested for
publication bias and shows symmetry overall (see Fig. S2
for details). The result also remains stable after removing
the studies one by one.

Discussion

Through systematic reviews and meta-analyses of the included
studies, the relationship between obesity/overweight and sur-
gical complications in patients with IBD is investigated. The
findings suggest that obesity/overweight obviously influences
surgical outcomes. Compared with non-overweight patients
with IBD, those overweight are at increased risk of experi-
encing wound complications, IH/fasciothesis, and sepsis.
However, no significant difference in overall postoperative
complications is observed. Whether obesity plays a role is also

investigated. Compared with nonobese (including overweight)
IBD patients, obesity increases the incidence of overall post-
operative complications, infectious complications (especially
wound complications), visceral injury, and conversion to open
surgery. Furthermore, obesity or overweight does not increase
the risk of other complications included in this meta-analysis,
such as an anastomotic leak, abscess, VTE, ileus, and blood
transfusion.

The occurrence of overall complications in IBD patients is
strongly associated with being obese, but not with being over-
weight. This may be related to the higher BMI in obese patients.
Causey et al. [13] found a significant increase in the overall
complication rate with increasing BMI with an almost linear
correlation between them. This suggests that even small weight
changes could affect the outcome and that the incidence of over-
all complications differs only when the patient’s BMI breaks a
threshold. Canedo et al. [15] study has shown that overweight
IBD patients are not riskier in undergoing laparoscopic bowel
resection compared to normal. This could be because the BMI
of overweight patients does not reach the threshold. Moreover,
it has shown that overweight patients have nutritional reserves
and an efficient metabolic state to be better prepared for surgery
[28]. Obesity has a large interval range for BMI, and it can be
divided into three levels: obesity I (30 kg/m* < BMI <35 kg/
m?), obesity II (35 kg/m? < BMI <40 kg/m?), and obesity III
(BMI > 40 kg/m?) [29]. Although it has been experimentally
stated that some patients with mild obesity have reduced
comorbidities, the study also showed that grade III obesity was
significantly associated with an increased incidence of postop-
erative complications [29]. As a result, obesity has long been
recognized as a potential risk factor for poor outcomes in vari-
ous surgical procedures [30]. The number of studies related to
anesthesia [31], gastroenterology [32], and plastic surgery [33]
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Table 3 Total postoperative

T, Obese vs. nonobese No.of Participants OR 95%CI )/ Heterogeneity
complications for obese vs. studies ) (%)
nonobese

Infections 2 1149 1.48 1.15-1.91 0.003 0
Wound complications 5 5281 1.81 1.38-2.37 <0.001 0
SSI 2 1662 1.53 1.12-2.08 0.007 0
sSSI 4 4739 1.91 1.13-3.22 0.02 62
dSSI 3 3981 205  0.96-4.37 0.06 40
Organ/space SSI 3 3981 1.48 1.09-2.00 001 O
IH//fascial dehiscence 3 2015 1.48 1.00-2.19 0.05 24
Respiratory infection 6 6039 1.33  0.87-2.03 0.19 0
UTI 6 6039 1.37 1.04-1.82 003 0
Sepsis 5 5648 072 0.46-1.13 0.15 53
Septic shock 3 3981 1.76  0.68-4.57 024 24
Abscess 2 1300 1.97  0.96-4.02 0.06 O
Anastomotic leak 2 977 1.49  0.93-2.40 0.10 O
Noninfections
Ileus 3 2058 1.15  0.83-1.58 040 0
VTE 4 2862 096  0.55-1.65 088 0
MACE 3 3514 0.65  0.20-2.15 048 0
Unplanned intubation 2 3177 1.85 0.64-5.35 026 12
Visceral injury 2 1017 2.36 1.01-5.54 005 0
Urinary retention 2 1300 1.49 0.88-2.53 0.14 0
Renal complications 3 3514 1.10  0.49-2.47 081 O
Bleeding 2 1249 1.07  0.58-1.95 083 0
Blood transfusion 3 4032 1.44 0.97-2.12 0.07 0
Death 3 4032 1.02  0.25-4.15 098 0
Readmission 2 4159 1.07  0.90-1.27 045 0
Return to the operating room 4 2631 1.08 0.79-1.48 062 0
Conversion 3 1775 1.90 1.43-2.52  <0.001 0
Adhesions 2 1017 0.51 0.22-1.16 011 0
Bleeding 2 1017 1.79  0.53-5.98 035 0
Inflammatory mass 2 1017 1.39 0.60-3.26 044 O
Difficult exposure 2 1017 2.77 1.07-7.21 004 O

OR odds ratio, CI confidence interval, SSI surgical site infection, sSSI superficial surgical site infection,
dSSI deep surgical site infection, /H incisional hernia, UTI urinary tract infection, VTE venous thromboem-
bolism, MACE major adverse cardiovascular events

describe increased morbidity and mortality associated with
surgery in obese people. This may be because obese patients
have an increased risk of accompanying several diseases such
as diabetes, hypertension, renal impairment, and atherosclerotic
vascular disease [34-36]. Similarly, obesity may also contribute
to these conditions in IBD patients so that they increase the risk
of overall surgical complications.

Further analysis of postoperative complications is performed.
In terms of infectious complications, overweight IBD patients
are not riskier to experience infectious complications. However,
obesity increases the risk of infectious complications in IBD
patients. The studies by [10, 14, 22, 26] have produced consist-
ent results with the mentioned observation that patients with
IBD were at increased risk of having infectious complications,

@ Springer

particularly wound complications with increasing BMI. Simi-
lar conclusions were also drawn in obese patients with other
diseases by Wahl et al. [37]. Obesity has an important impact
on immune function and homeostasis [38]. It is described as a
state of systemic inflammation with C-reactive protein (CRP)
levels elevating in the absence of inflammatory and infectious
etiologies in obese patients [11, 39, 40]. This may be mediated
by cytokines (e.g., interleukin 6, tumor necrosis factor-o), neu-
ropeptides (e.g., substance P), as well as recently identified adi-
pokines (e.g., adiponectin, resistin) [11, 39]. These molecules
can be produced in adipocytes or macrophages and lympho-
cytes infiltrating mesenteric fat. Mesenteric fat of patients with
active IBD overexpresses [11, 41] cytokines, and the overex-
pression correlates with adipocyte mass [11, 42]. Substance
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P has been shown to play a proinflammatory role in obesity
and IBD. This neuropeptide has a direct effect on adipose tis-
sue expansion while creating a proinflammatory milieu [43].
In addition, adipocytokines are involved in inflammatory and
metabolic pathways. Preliminary results on the overexpression
of adipocytokines such as adiponectin and resistin in mesenteric
adipose tissue of CD patients suggest that adipocytokines may
play an important role in the pathogenesis of CD. The increased
inflammatory response exacerbates the possibility of infection.
However, this may be due to the extent of being overweight
does not reach the threshold mentioned above, and only obese
IBD patients have an increased risk in infectious complications.
The report by Guardado et al. [16] contradicts our results. They
believed that there is no difference in the incidence of postopera-
tive infection complications or wound infection in obese IBD
patients. This may be related to the different surgical methods.
In their study, most patients underwent laparoscopic surgery,
which may be beneficial to improve postoperative pain, reduce
incision size, and reduce the inflammatory response.

On the other hand, overweight patients have an increased
risk of wound complications, and obese patients have an
increased incidence of SSI and wound complications. This
may be related to the presence of relatively avascular adipose
tissue mass, the increase of local trauma caused by abdomi-
nal wall contraction, the decrease of wound oxygen tension,
the decrease in antibiotic penetration/concentration, and the
decrease in the immune system and anti-infection ability in
the state of overall inflammation [30, 37, 44-47]. On the
other hand, the timing of surgical intervention is also very
critical. The length of the disease course can affect the post-
operative outcome. Patients with a disease course are usually
more severely ill than those with a milder disease course,
which makes them more susceptible to infection, resulting
in a worse prognosis [48]. The effects of other infectious
factors, such as ischemia along the suture line, large wound
area, and insufficient collagen synthesis in IBD patients are
also not negligible [32].

Current pharmacological treatment for IBD mainly includes
5-aminosalicylate, corticosteroids, anti-TNF (tumor necrosis
factor) drugs (infliximab (IFX), adalimumab (ADA)), anti-
integrin preparation (vedolizumab (VDZ)) [49-53], all of
which may reduce the occurrence of infectious complications
to some extent. Since the pharmacokinetics of the medica-
tions in obese patients are not the same as that in the normal,
the efficacy of these drugs may be altered in obese patients.
According to existing reports, high body weight has been iden-
tified as a risk factor associated with increased drug clearance,
which leads to shortened half-life and lower drug concentra-
tions. For example, both early losses of response to IFX and an
increase in dose during ADA therapy are related to the increase
in BMI [54, 55]. This effect may be related to rapid proteolysis
[56] and the phenomenon of “TNF-sinking” in obese patients,
which increases the level of TNF inhibitors of fat secretion

TNF inhibitors [57]. Therefore, obesity/overweight is also a
potential risk factor for increased infectious complications.

In our study, among noninfectious complications, obese
IBD patients had an increased risk of visceral injury. Many
problems such as obesity-induced changes in abdominal con-
tour and increased abdominal wall thickness pose a greater
challenge to the patient’s surgery [49]. Bleeding, complicated
surgery, and prolonged surgery are more common conditions
[16, 22], which can subsequently lead to visceral injury.
Notably, it has been reported in previous studies that among
other diseases, such as cancer [58], obstructive sleep apnea
(OSA), and obesity hypoventilation syndrome (OHS) [30],
obesity was frequently associated with complications such as
VTE, adverse cardiovascular events, and unplanned intuba-
tion [30]. However, in IBD patients, obesity/overweight is
not a risk factor for lifting the occurrence of these compli-
cations. This is related to the rejuvenation of IBD patients.
Unlike cancer, which is highly prevalent in the middle-aged
and elderly population, the population incidence of IBD tends
to be younger. Young people have fewer underlying diseases,
relatively sound cardiovascular, pulmonary, and other organ
functions, as well as coagulation-anticoagulation system,
and perfect physical immune function, which give rise to the
relatively stable incidence of noninfectious surgical compli-
cations in the increasing BMI.

Early in the development of laparoscopy, contraindications
for this technique included patients with higher BMI and
IBD [11]. However, in recent years, with the development
of technology, more and more laparoscopic bowel resection
has taken over the traditional laparotomy, and its indications
in obese IBD patients are also developing [30]. Many studies
have shown that there is no significant difference between
obese and nonobese patients in the conversion toward open
surgery [15, 59]. In some cases, laparoscopic surgery in
obese patients even uses the same criteria and indications
as nonobese patients [30]. But according to our study, the
risk of IBD patients experiencing conversion complications
is higher in both obese and overweight patients. This is in
line with the conclusions drawn by Krane Senagore et al.
[10, 60]. In fact, laparoscopic surgery in obese patients with
IBD is particularly challenging. First of all, the lesion sites
are more easily adherent and difficult to expose due to more
adipose tissue [10]. Second of all, the use of concomitant
steroids and biological immunosuppressive drugs for the
treatment of IBD may result in shortening and weakening of
the mesentery [11].

There are breakthroughs in this study: Firstly, the sample
size of this study is large compared to other meta-analyses,
and it is an updated meta-analysis. Secondly, to further
investigate the effect of surgical complications in different
BMI ranges, we included not only obese IBD patients but
also overweight. Last but not the least, complications were
classified in more detail.

@ Springer
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At the same time, our study also has some shortcomings
to emphasize. The studies included in the meta-analysis
were all observational studies with bias and heterogene-
ity more or less, which inevitably reduced the reliability
of this study. A random-effects model was therefore cho-
sen to improve confidence. Due to the limitation that the
study subjects are almost from medical institutions in the
USA, our study conclusions cannot be directly applied to
other countries or regions. In addition, BMI itself has some
limitations. It has been reported that BMI has a poor linear
relationship with total body fat [61]. Hence, it may not
be the best measurement tool to reflect parameters of the
degree of body adiposity. Due to lack of data, this study
could not be analyzed based on other parameters such as
waist circumference, waist-to-hip ratio, subcutaneous fat,
visceral fat, and the subcutaneous-to-visceral fat ratio [17,
62]. To clarify the complex interplay between obesity/
overweight, IBD, and surgical outcomes, further studies
on visceral fat or fat distribution could be considered in
the future.

In our study, we suggest that obesity/overweight is a risk
factor for more complications after surgical treatment in
patients with IBD, which mainly are increased risk of infec-
tious complications, wound complications, as well as conver-
sion rate. Given these findings, in order to minimize the risk
of surgical complications, obese/overweight patients could
control their weight through reasonable perioperative man-
agement on the one hand. On the other hand, selecting the
appropriate surgical approach, paying attention to the occur-
rence of infection, and protecting the incision site are also
worth considering.

Supplementary information The online version contains supplementary
material available at https://doi.org/10.1007/s00384-022-04190-y.

Author contribution All authors contributed to the study’s conception
and design. Material preparation, data collection, and analysis were
performed by Jinxing Hu, Ke Jiang, Bangsheng Chen, Dandi Lou,
Mengting Zhang, Yetan Shi, Bin Zhou, and Wei Dai. The first draft of
the manuscript was written by Jingyi Shen, and all authors commented
on previous versions of the manuscript. All authors read and approved
the final manuscript.

Availability of data and materials The datasets supporting the conclu-
sions of this article are included within the article and its additional
files.

Declarations
Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. NgSC, Shi HY, Hamidi N et al (2017) Worldwide incidence and preva-
lence of inflammatory bowel disease in the 21st century: a systematic
review of population-based studies. The Lancet 390(10114):2769-78.
https://doi.org/10.1016/s0140-6736(17)32448-0

2. Windsor JW, Kaplan GG (2019) Evolving epidemiology of
IBD. Curr Gastroenterol Rep 21(8):40. https://doi.org/10.1007/
$11894-019-0705-6

3. Molodecky NA, Soon IS, Rabi DM et al (2012) Increasing inci-
dence and prevalence of the inflammatory bowel diseases with
time, based on systematic review. Gastroenterology 142(1):46-54
e42; quiz e30. https://doi.org/10.1053/j.gastro.2011.10.001

4. The global, regional, and national burden of inflammatory bowel
disease in 195 countries and territories, 1990-2017: a system-
atic analysis for the Global Burden of Disease Study 2017 (2020)
Lancet Gastroenterol Hepatol 5(1):17-30. https://doi.org/10.1016/
$2468-1253(19)30333-4

5. Gerasimidis K, McGrogan P, Edwards CA (2011) The aetiology
and impact of malnutrition in paediatric inflammatory bowel dis-
ease. J] Hum Nutr Diet 24(4):313-26. https://doi.org/10.1111/j.
1365-277X.2011.01171.x

6. Fiorindi C, Luceri C, Dragoni G et al (2020) GLIM criteria for
malnutrition in surgical IBD patients: a pilot study. Nutrients
12(8). https://doi.org/10.3390/nu12082222

7. Wagner 1J, Rombeau JL (2011) Nutritional support of surgical
patients with inflammatory bowel disease. Surg Clin North Am
91(4):787-803, viii. https://doi.org/10.1016/j.suc.2011.04.013

8. Pikarsky AJ, Saida Y, Yamaguchi T et al (2002) Is obesity a high-
risk factor for laparoscopic colorectal surgery? Surg Endoscopy
16(5):855-8. https://doi.org/10.1007/s004640080069

9. Blain A, Cattan S, Beaugerie L et al (2002) Crohn's disease clini-
cal course and severity in obese patients. Clin Nutr 21(1):51-7.
https://doi.org/10.1054/clnu.2001.0503

10. Krane M, Allaix M, Zoccali M et al (2013) Does morbid obesity
change outcomes after laparoscopic surgery for inflammatory
bowel disease? Review of 626 consecutive cases. ] Am College
Surgeons 216(5):986-96. https://doi.org/10.1016/j.jamcollsurg.
2013.01.053

11. Boutros M, Maron D (2011) Inflammatory bowel disease in the
obese patient. Clin Colon Rectal Surg 24(04):244-52. https://doi.
org/10.1055/s-0031-1295687

12. Steed H, Walsh S, Reynolds N (2009) A brief report of the epide-
miology of obesity in the inflammatory bowel disease population
of Tayside, Scotland. Obes Facts 2(6):370-2. https://doi.org/10.
1159/000262276

13. Causey MW, Johnson EK, Miller S et al (2011) The impact of obe-
sity on outcomes following major surgery for Crohn's disease: an


https://doi.org/10.1007/s00384-022-04190-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0140-6736(17)32448-0
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1053/j.gastro.2011.10.001
https://doi.org/10.1016/s2468-1253(19)30333-4
https://doi.org/10.1016/s2468-1253(19)30333-4
https://doi.org/10.1111/j.1365-277X.2011.01171.x
https://doi.org/10.1111/j.1365-277X.2011.01171.x
https://doi.org/10.3390/nu12082222
https://doi.org/10.1016/j.suc.2011.04.013
https://doi.org/10.1007/s004640080069
https://doi.org/10.1054/clnu.2001.0503
https://doi.org/10.1016/j.jamcollsurg.2013.01.053
https://doi.org/10.1016/j.jamcollsurg.2013.01.053
https://doi.org/10.1055/s-0031-1295687
https://doi.org/10.1055/s-0031-1295687
https://doi.org/10.1159/000262276
https://doi.org/10.1159/000262276

International Journal of Colorectal Disease (2022) 37:1485-1496

1495

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

American College of Surgeons National Surgical Quality Improve-
ment Program assessment. Dis Colon Rectum 54(12):1488-95.
https://doi.org/10.1097/DCR.0b013e3182342ccb

Abd El Aziz MA, Calini G, Grass F et al (2021) Minimally
invasive ileal pouch-anal anastomosis for patients with obesity:
a propensity score-matched analysis. Langenbeck's Arch Surg
406(7):2419-24. https://doi.org/10.1007/s00423-021-02197-7
Canedo J, Pinto RA, Regadas S et al (2010) Laparoscopic surgery
for inflammatory bowel disease: does weight matter? Surg Endosc
24(6):1274-9. https://doi.org/10.1007/s00464-009-0759-x
Guardado J, Carchman E, Danicic AE et al (2015) Obesity does
not impact perioperative or postoperative outcomes in patients with
inflammatory bowel disease. J Gastrointestinal Surg 20(4):725-33.
https://doi.org/10.1007/s11605-015-3060-4

Hicks G, Abdulaal A, Slesser AAP et al (2019) Outcomes of inflam-
matory bowel disease surgery in obese versus non-obese patients:
a meta-analysis. Tech Coloproctol 23(10):947-55. https://doi.org/
10.1007/s10151-019-02080-0

Stidham RW, Waljee AK, Day NM et al (2015) Body fat compo-
sition assessment using analytic morphomics predicts infectious
complications after bowel resection in Crohn's disease. Inflam-
matory Bowel Dis 21(6):1306-13. https://doi.org/10.1097/MIB.
0000000000000360

Sahami S, Bartels SA, D'Hoore A et al (2016) A multicentre evalu-
ation of risk factors for anastomotic leakage after restorative proc-
tocolectomy with ileal pouch-anal anastomosis for inflammatory
bowel disease. J Crohn's Colitis 10(7):773-8. https://doi.org/10.
1093/ecco-jcc/jjv170

Manne A, Khan AS, Malik TA (2015) Obesity and outcome of
Crohn's associated perianal fistula surgery: a case-control study.
Gastroenterol Res 8(6):291-5. https://doi.org/10.14740/gr698e
Okita Y, Araki T, Kondo S et al (2017) Clinical characteristics of
stoma-related obstruction after ileal pouch-anal anastomosis for
ulcerative colitis. J Gastrointestinal Surg : Official J Soc Surg Alimen-
tary Tract 21(3):554-9. https://doi.org/10.1007/s11605-016-3329-2
McKenna NP, Mathis KL, Khasawneh MA et al (2017) Obese
patients undergoing ileal pouch-anal anastomosis: short-and long-
term surgical outcomes. Inflammatory Bowel Dis 23(12):2142-6.
https://doi.org/10.1097/MIB.0000000000001238

Heimann TM, Swaminathan S, Greenstein AJ et al (2018) Inci-
dence and factors correlating with incisional hernia following
open bowel resection in patients with inflammatory bowel disease:
areview of 1000 patients. Ann Surg 267(3):532-6. https://doi.org/
10.1097/SLA.0000000000002120

McKenna NP, Habermann EB, Glasgow AE et al (2018) Risk fac-
tors for readmission following ileal pouch-anal anastomosis: an
American College of Surgeons National Surgical Quality Improve-
ment Program analysis. J Surg Res 229:324-31. https://doi.org/10.
1016/j.jss.2018.04.037

Horio Y, Uchino M, Bando T et al (2018) Association between
higher body mass index and pouch-related complications during
restorative proctocolectomy in patients with ulcerative colitis.
Digestion 98(4):257-62. https://doi.org/10.1159/000488583
Kao AM, Arnold MR, Prasad T et al (2019) The impact of abnormal
BMI on surgical complications after pediatric colorectal surgery.
J Pediatr Surg 54(11):2300—4. https://doi.org/10.1016/j.jpedsurg.
2019.04.020

McKenna NP, Habermann EB, Zielinski MD et al (2019) Body
mass index: implications on disease severity and postoperative
complications in patients with Crohn's disease undergoing abdom-
inal surgery. Surgery 166(4):703-8. https://doi.org/10.1016/j.surg.
2019.04.038

Mullen JT, Moorman DW, Davenport DL (2009) The obesity
paradox: body mass index and outcomes in patients undergoing

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

nonbariatric general surgery. Ann Surg 250(1):166—72. https://
doi.org/10.1097/SLA.0b013e3181ad8935

Davenport DL, Xenos ES, Hosokawa P et al (2009) The influence
of body mass index obesity status on vascular surgery 30-day mor-
bidity and mortality. J Vasc Surg 49(1):140-7, 7 el; discussion 7.
https://doi.org/10.1016/j.jvs.2008.08.052

Choban P, Flancbaum L (1997) The impact of obesity on surgi-
cal outcomes: a review. J] Am College Surgeons 185(6):593-603.
https://doi.org/10.1016/s1072-7515(97)00109-9

Pouwels S, Buise MP, Twardowski P et al (2019) Obesity surgery
and anesthesiology risks: a review of key concepts and related
physiology. Obes Surg 29(8):2670-7. https://doi.org/10.1007/
$11695-019-03952-y

Gendall KA, Raniga S, Kennedy R et al (2007) The impact of obe-
sity on outcome after major colorectal surgery. Dis Colon Rectum
50(12):2223-37. https://doi.org/10.1007/s10350-007-9051-0

De la Garza-Ramos R, Bydon M, Abt NB et al (2015) The impact of
obesity on short- and long-term outcomes after lumbar fusion. Spine
40(1):56-61. https://doi.org/10.1097/BRS.0000000000000655
Scheen AJ (2000) From obesity to diabetes: why, when and who?
Acta Clinica Belgica 55(1):9-15. https://doi.org/10.1080/17843286.
2000.11754266

Fox CS, Pencina MJ, Wilson PW et al (2008) Lifetime risk of
cardiovascular disease among individuals with and without dia-
betes stratified by obesity status in the Framingham heart study.
Diabetes Care 31(8):1582—4. https://doi.org/10.2337/dc08-0025
Nehus E (2018) Obesity and chronic kidney disease. Curr Opin Pedi-
atr 30(2):241-6. https://doi.org/10.1097/MOP.0000000000000586
Wahl TS, Patel FC, Goss LE et al (2018) The obese colorectal sur-
gery patient: surgical site infection and outcomes. Dis Colon Rectum
61(8):938-45. https://doi.org/10.1097/DCR.0000000000001085
Seminerio JL, Koutroubakis IE, Ramos-Rivers C et al (2015) Impact
of obesity on the management and clinical course of patients with
inflammatory bowel disease. Inflammatory Bowel Dis 21(12):2857—
63. https://doi.org/10.1097/MIB.0000000000000560

Karmiris K, Koutroubakis IE, Kouroumalis EA (2005) The emerg-
ing role of adipocytokines as inflammatory mediators in inflam-
matory bowel disease. Inflammatory Bowel Dis 11(9):847-55.
https://doi.org/10.1097/01.mib.0000178915.54264.8f

John BJ, Irukulla S, Abulafi AM et al (2006) Systematic review:
adipose tissue, obesity and gastrointestinal diseases. Alimentary
Pharmacol Therapeutics 23(11):1511-23. https://doi.org/10.
1111/j.1365-2036.2006.02915.x

Bertin B, Desreumaux P, Dubuquoy L (2010) Obesity, visceral
fat and Crohn's disease. Curr Opin Clin Nutr Metabolic Care.
13(5):574-80. https://doi.org/10.1097/MCO.0b013e32833cf0f4
Das U (2001) Is obesity an inflammatory condition? Nutrition
(Burbank, Los Angeles County, Calif) 17:953-66. https://doi.org/
10.1016/50899-9007(01)00672-4

Karagiannides I, Pothoulakis C (2009) Substance P, obesity, and
gut inflammation. Curr Opin Endocrinol Diabetes Obes 16(1):47—
52. https://doi.org/10.1097/MED.0b013e328321306¢

Hopf HW, Hunt TK, West JM et al (1997) Wound tissue oxygen
tension predicts the risk of wound infection in surgical patients.
Arch Surg 132(9):997-1004; discussion 5. https://doi.org/10.
1001/archsurg.1997.01430330063010

Kabon B, Nagele A, Reddy D et al (2004) Obesity decreases
perioperative tissue oxygenation. Anesthesiology 100(2):274-80.
https://doi.org/10.1097/00000542-200402000-00015

Karlsson EA, Beck MA (2010) The burden of obesity on infec-
tious disease. Exp Biol Med 235(12):1412-24. https://doi.org/10.
1258/ebm.2010.010227

Toma O, Suntrup P, Stefanescu A et al (2011) Pharmacokinet-
ics and tissue penetration of cefoxitin in obesity: implications for

@ Springer


https://doi.org/10.1097/DCR.0b013e3182342ccb
https://doi.org/10.1007/s00423-021-02197-7
https://doi.org/10.1007/s00464-009-0759-x
https://doi.org/10.1007/s11605-015-3060-4
https://doi.org/10.1007/s10151-019-02080-0
https://doi.org/10.1007/s10151-019-02080-0
https://doi.org/10.1097/MIB.0000000000000360
https://doi.org/10.1097/MIB.0000000000000360
https://doi.org/10.1093/ecco-jcc/jjv170
https://doi.org/10.1093/ecco-jcc/jjv170
https://doi.org/10.14740/gr698e
https://doi.org/10.1007/s11605-016-3329-2
https://doi.org/10.1097/MIB.0000000000001238
https://doi.org/10.1097/SLA.0000000000002120
https://doi.org/10.1097/SLA.0000000000002120
https://doi.org/10.1016/j.jss.2018.04.037
https://doi.org/10.1016/j.jss.2018.04.037
https://doi.org/10.1159/000488583
https://doi.org/10.1016/j.jpedsurg.2019.04.020
https://doi.org/10.1016/j.jpedsurg.2019.04.020
https://doi.org/10.1016/j.surg.2019.04.038
https://doi.org/10.1016/j.surg.2019.04.038
https://doi.org/10.1097/SLA.0b013e3181ad8935
https://doi.org/10.1097/SLA.0b013e3181ad8935
https://doi.org/10.1016/j.jvs.2008.08.052
https://doi.org/10.1016/s1072-7515(97)00109-9
https://doi.org/10.1007/s11695-019-03952-y
https://doi.org/10.1007/s11695-019-03952-y
https://doi.org/10.1007/s10350-007-9051-0
https://doi.org/10.1097/BRS.0000000000000655
https://doi.org/10.1080/17843286.2000.11754266
https://doi.org/10.1080/17843286.2000.11754266
https://doi.org/10.2337/dc08-0025
https://doi.org/10.1097/MOP.0000000000000586
https://doi.org/10.1097/DCR.0000000000001085
https://doi.org/10.1097/MIB.0000000000000560
https://doi.org/10.1097/01.mib.0000178915.54264.8f
https://doi.org/10.1111/j.1365-2036.2006.02915.x
https://doi.org/10.1111/j.1365-2036.2006.02915.x
https://doi.org/10.1097/MCO.0b013e32833cf0f4
https://doi.org/10.1016/s0899-9007(01)00672-4
https://doi.org/10.1016/s0899-9007(01)00672-4
https://doi.org/10.1097/MED.0b013e328321306c
https://doi.org/10.1001/archsurg.1997.01430330063010
https://doi.org/10.1001/archsurg.1997.01430330063010
https://doi.org/10.1097/00000542-200402000-00015
https://doi.org/10.1258/ebm.2010.010227
https://doi.org/10.1258/ebm.2010.010227

1496

International Journal of Colorectal Disease (2022) 37:1485-1496

48.

49.

50.

S1.

52.

53.

54.

55.

risk of surgical site infection. Anesthesia Analgesia 113(4):730-7.
https://doi.org/10.1213/ANE.Ob013e318211ff74

Quaresma AB, Barauna F, Teixeira FV et al (2021) Exploring the
relationship between biologics and postoperative surgical morbid-
ity in ulcerative colitis: a review. J Clin Med 10(4). https://doi.org/
10.3390/jcm10040710

Johnson AM, Loftus EV (2021) Obesity in inflammatory bowel
disease: a review of its role in the pathogenesis, natural history,
and treatment of IBD. Saudi J Gastroenterol 27(4):183-90. https://
doi.org/10.4103/sjg.sjg_30_21

Gisbert J, Gomollén F, Maté J et al (2002) Role of 5-aminosalicylic
acid (5-ASA) in treatment of inflammatory bowel disease: a system-
atic review. Digestive Dis Sci 47(3):471-88. https://doi.org/10.1023/a:
1017987229718

Shen B, Blake A, Lasch K et al (2019) Vedolizumab use in
patients with inflammatory bowel diseases undergoing surgery:
clinical trials and post-marketing experience. Gastroenterol Rep
7(5):322-30. https://doi.org/10.1093/gastro/goz034

Xu'Y, Yang L, An P et al (2019) Meta-Analysis: The influence
of preoperative infliximab use on postoperative complications of
Crohn's disease. Inflammatory Bowel Dis 25(2):261-9. https://
doi.org/10.1093/ibd/izy246

Ben-Horin S, Chowers Y (2014) Tailoring anti-TNF therapy in
IBD: drug levels and disease activity. Nat Rev Gastroenterol
Hepatol 11(4):243-55. https://doi.org/10.1038/nrgastro.2013.253
Bultman E, de Haar C, van Liere-Baron A et al (2012) Predic-
tors of dose escalation of adalimumab in a prospective cohort
of Crohn's disease patients. Alimentary Pharmacol Therapeutics
35(3):335-41. https://doi.org/10.1111/j.1365-2036.2011.04946.x
Harper JW, Sinanan MN, Zisman TL (2013) Increased body mass
index is associated with earlier time to loss of response to infliximab
in patients with inflammatory bowel disease. Inflammatory Bowel Dis
19(10):2118-24. https://doi.org/10.1097/MIB.0b013e31829cf401

@ Springer

56.

57.

58.

59.

60.

61.

62.

Brill MJ, Diepstraten J, van Rongen A et al (2012) Impact of obe-
sity on drug metabolism and elimination in adults and children.
Clin Pharmacokinetics 51(5):277-304. https://doi.org/10.2165/
11599410-000000000-00000

Singh S, Dulai PS, Zarrinpar A et al (2016) Obesity in IBD: epi-
demiology, pathogenesis, disease course and treatment outcomes.
Nat Rev Gastroenterol Hepatol 14(2):110-21. https://doi.org/10.
1038/nrgastro.2016.181

Ay C, Pabinger I, Cohen AT (2017) Cancer-associated venous
thromboembolism: burden, mechanisms, and management. Thromb
Haemost 117(2):219-30. https://doi.org/10.1160/TH16-08-0615
Schwandner O, Farke S, Schiedeck TH et al (2004) Laparoscopic
colorectal surgery in obese and nonobese patients: do differences
in body mass indices lead to different outcomes? Surg Endosc
18(10):1452-6. https://doi.org/10.1007/s00464-003-9259-6
Senagore A, Delaney C, Madboulay K et al (2003) Laparoscopic
colectomy in obese and nonobese patients. J Gastrointestinal Surg
: Official J Soc Surg Alimentary Tract 7(4):558-61. https://doi.
0rg/10.1016/s1091-255x(02)00124-5

Chrysant SG, Chrysant GS (2013) New insights into the true
nature of the obesity paradox and the lower cardiovascular risk.
J Am Soci Hypertension : JASH 7(1):85-94. https://doi.org/10.
1016/j.jash.2012.11.008

Flegal KM, Kit BK, Orpana H et al (2013) Association of all-
cause mortality with overweight and obesity using standard body
mass index categories: a systematic review and meta-analysis.
JAMA 309(1):71-82. https://doi.org/10.1001/jama.2012.113905

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1213/ANE.0b013e31821fff74
https://doi.org/10.3390/jcm10040710
https://doi.org/10.3390/jcm10040710
https://doi.org/10.4103/sjg.sjg_30_21
https://doi.org/10.4103/sjg.sjg_30_21
https://doi.org/10.1023/a:1017987229718
https://doi.org/10.1023/a:1017987229718
https://doi.org/10.1093/gastro/goz034
https://doi.org/10.1093/ibd/izy246
https://doi.org/10.1093/ibd/izy246
https://doi.org/10.1038/nrgastro.2013.253
https://doi.org/10.1111/j.1365-2036.2011.04946.x
https://doi.org/10.1097/MIB.0b013e31829cf401
https://doi.org/10.2165/11599410-000000000-00000
https://doi.org/10.2165/11599410-000000000-00000
https://doi.org/10.1038/nrgastro.2016.181
https://doi.org/10.1038/nrgastro.2016.181
https://doi.org/10.1160/TH16-08-0615
https://doi.org/10.1007/s00464-003-9259-6
https://doi.org/10.1016/s1091-255x(02)00124-5
https://doi.org/10.1016/s1091-255x(02)00124-5
https://doi.org/10.1016/j.jash.2012.11.008
https://doi.org/10.1016/j.jash.2012.11.008
https://doi.org/10.1001/jama.2012.113905

	Systematic review and meta-analysis: association between obesityoverweight and surgical complications in IBD
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Literature search strategy
	Inclusion and exclusion criteria
	Outcome measures
	Quality assessment and data extraction
	Statistical analysis

	Results
	Study selection
	Characteristics of the included studies
	Quality assessment of the included studies
	Analysis results of complications
	Sensitivity analysis and publication bias

	Discussion
	References


