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Abstract
Background The aim of this meta-analysis is to comprehensively review and quantify the excess risk of surgical site
infections (SSI) in obese patients following colorectal surgery.
Methods A systematic electronic search of the MEDLINE and EMBASE databases identified studies that investi-
gated the association of obesity, defined by body mass index (BMI) with SSI among colorectal surgery patients.
Results Twelve studies were included in the final analysis. Patients with BMI ≥30 kg/m2 were at 1.5 times (pooled OR
1.51, 95% CI: 1.39, 1.63, p < 0.001) higher odds of developing SSI after colorectal surgery when compared to BMI
<30 kg/m2. Subgroup analysis of the eight studies that investigated only elective procedures showed that the odds of
developing SSI when BMI ≥30 kg/m2 is 1.6 times that of those with BMI <30 kg/m2 (pooled OR 1.60; 95% CI 1.34, 1.86;
p < 0.001). The odds of having SSI when BMI is 25–29.9 kg/m2 are 1.2 times than those with BMI <25 kg/m2 (pooled
OR 1.17; 95% CI 1.07, 1.28; p < 0.001).
Conclusion Overweight and obese patients carry at least 20% and 50% higher odds of developing SSI after colorectal
surgery compared to normal weight patients, respectively.

Keywords Obesity . Surgical site infection . Colorectal
surgery

Introduction

Colorectal surgery is associated with a high risk of sur-
gical site infection (SSI) due to the increased likelihood

of contamination.1,2 Obesity is a significant risk factor
for SSI in colorectal surgery.1 It is considered to alter
the immune funct ion by reducing lymphocyte
responsiveness.3 Obesity also creates an imbalance be-
tween tissue oxygen demand and supply leading to de-
creased wound oxygen tension4 as well as increases the
technical difficulty of surgery resulting in longer opera-
tion times.5

The reported incidence rates of SSI in colorectal sur-
gery are between 5 and 45%.6 SSI can result in
reoperations, prolonged hospital stay, and higher
mortality,7 thereby resulting in increased health care
costs.8,9 A preventable SSI can increase hospital stay
by around 11 days with an increase in cost of approxi-
mately 27,000 USD per patient.9 Identifying risk factors
for SSI and the magnitude of their impact may enable
targeted preventative measures and therefore more effi-
cient perioperative SSI surveillance and control.
However, there are not only discrepancies in literature
about the estimated incidence of SSI but also uncertainty
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regarding the magnitude of risk from each predisposing
factor.10

Obesity is a major risk factor for SSI, and the preva-
lence of severe obesity is expected to increase by 130%

Records identified through MEDLINE
(OVID) (n=385), EMBASE (OVID)

(n=335) database searches.
(n = 720)

Additional records identified through
manual searches (n=53)

Records screened
(n = 773) 

Records excluded
(n= 667)

Duplicates
Irrelevant titles

Case reports, opinion papers
Editorials

SSI not outcome variable;
Studies dealing with specific

subgroups, studies with non-BMI
based measure of obesity,

full texts not available,
commentaries,

SSI not mentioned as a specific
outcome,

Irrelevant articlesFull-text articles assessed for 
eligibility
(n = 106)

Full-text articles excluded, with
reasons
(n = 94)

Not specific to colorectal: 11
Data either ambiguous, not

adequate or not amenable for
statistical analysis or not provide

results in BMI categories: 47
Retrospective studies: 14

Studies with different definition
of obesity such as adiposity

measures, body surface area etc:
10

Use of a scale that is not used by
any other study: 2

Systematic review: 1

Dealing with specific cohort:
(diabetes, sleep apnoea, morbid

obesity): 3

Not addressing the association
of interest: 6

Studies included in quantitative 
synthesis (meta-analysis)

(n = 12) 

Fig. 1 Study flow diagram based on PRISMA recommendations. Seven hundred twenty articles through electronic search and 53 articles
through manual searches were identified and final analysis included 12 studies
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by 2030.11 Although large studies have shown that obesi-
ty per se is not a contraindication to elective surgery, 12,13

there are reports of increased anastomotic leakage,14

higher conversion rate with laparoscopy,5,14,15 higher in-
cidence of morbidity including wound infections,5,15 lon-
ger operating times, and longer hospital stay15 following
colorectal surgery in obese patients. Obesity has been
shown to increase the cost of colectomy by approximately
$17,000.16

While there are numerous studies investigating the risk
of obesity following colorectal surgery, there is an urgent
need to quantify the magnitude of this risk in the devel-
opment of SSI given the alarming rise in the prevalence of
obesity. Therefore, a systematic review and meta-analysis
was undertaken to ascertain the risk of SSI in obese pa-
tients following colorectal surgery.

Methods

Search Strategy and Eligibility Criteria

A systematic electronic search of MEDLINE and
EMBASE databases was performed by the investigators
G.M. and U.G. Articles on human studies limited to adult
population, published in English between 1990 and
September 2016 were identified, with the following search
terms: (1) obesity/body mass index, (2) open or laparo-
scopic colorectal surgeries/resections, and (3) SSI/wound
infections. Search terms were modified appropriate to the
search engine implemented. Both US Centers for Disease
Control and Prevention’s (CDC) definition17 or wound in-
fection as diagnosed by surgical team were acceptable. All
the titles and abstracts were reviewed and the relevant ar-
ticles were independently identified by the investigators
U.G. and S.R.

Studies included were those that (1) investigated the
association between obesity and surgical site infection/
wound infection in colorectal surgery, (2) had prospec-
tive data collection or data collected from prospective-
ly maintained database, (3) categorized obesity accord-
ing to WHO classification, and (4) reported either
quantitative risk estimates or raw data to calculate odds
ratios and their 95% confidence intervals. The results
of the search and the reasons for exclusion are shown
in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram
(Fig. 1). Full texts of the articles were obtained and
the references manually searched for further relevant
literature. Any discrepancy was resolved by discussion

among the investigators. The search strategy is given
in Appendix 1.

Data Abstraction and Quality Assessment

The following data were extracted on a standardized
form by the investigators (S.R. and G.M.): first author,
year of publication, study design, country and year of
study, surgery, surgical outcomes, definition of obesity,
definition of outcomes used by the investigators, dura-
tion of follow-up, total number of patients, number of
patients with SSI/wound infection, and effect measure
used and variables controlled if multivariate analyses
were performed by the investigators. Studies finally se-
lected for analysis were classified based on their defini-
tions of obesity categories. Cochrane tool was used to
assess the risk of bias in the studies selected for
analysis.18 This tool comprised eight questions
(Table 1). The studies were scored on their likelihood
of bias as definitely yes (high risk of bias), mostly yes,
mostly no, and definitely no (low risk of bias) accord-
ing to the Cochrane examples and topic-specific
predetermined criteria agreed by the authors. Analysis
and interpretation of results were carried out by M.W.,
L.W., U.G., and P.M. All the listed authors contributed
in drafting this article and reviewing the final version of
the manuscript.

Data Analysis

The analysis was based on the WHO classification of
obesity which defines obesity as a BMI ≥30 kg/m2 and
overweight as body mass index (BMI) ≥25 kg/m.2 19

Table 1 Cochrane tool for assessment of risk of bias in observational
studies [18]

1. Was selection of exposed and non-exposed cohorts drawn from the
same population?

2. Can we be confident in the assessment exposure?

3. Can we be confident that the outcome of interest was not present at the
start of the stud

4. Did the study match exposed and unexposed for all variables that are
associated with the outcome of interest or did the statistical analysis
adjust for these prognostic variables?

5. Can we be confident in the assessment of the presence or absence of
prognostic factors

6. Can we be confident in the assessment of outcome?

7. Was the follow-up of cohorts adequate?

8. Were co-interventions similar between groups?
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Only studies with equivalent BMI categories or data
amenable to condensing BMI categories were combined.
To substantiate the findings from our meta-analysis, in
addition to the main meta-analysis, subgroup analyses
were performed. Unadjusted odds ratios were combined
using a random effects model. Variances were pooled
using the inverse variance method. Meta-analysis was
performed in STATA Version 13 (StataCorp. 2013,
College Station, Texas). Heterogeneity among our stud-
ies was assessed using I2 statistics 20 with I2 values of
25, 50, and 75% corresponded to low, moderate, and
high degrees of heterogeneity, respectively. Publication
bias was assessed using funnel plots and bias coefficient
was estimated using Egger (weighted regression)
me thod . Th i s s t udy was reg i s t e r ed wi th the
PROSPERO database at the Centre for Reviews and
Dissemination (CRD), University of York (No:
CRD42016032642).

Results

The initial search identified 720 citations. The search
strategy with MEDLINE and EMBASE is given in
Appendix 1. Fifty-three further citations were retrieved
through manual searches of references. After excluding
667 citations for the reasons given in the PRISMA dia-
gram (Fig. 1), 106 full text articles were screened further
for their eligibility. Of these, 12 suitable articles were
included in the final analyses. Among these final 12 stud-
ies, 5 studies were from the USA and the rest were from
Switzerland, Thailand, Saudi Arabia, UK, Netherlands,
and France (Table 2).

Analysis of the 12 studies showed that there was a statis-
tically significant increase in SSI among patients with BMI
≥30 kg/m2 when compared to BMI <30 kg/m2 (n = 209,196;
pooled OR 1.51; 95% CI 1.39, 1.63; p < 0.001). The degree
of heterogeneity was moderate, but not significant
(I2 = 41%, p = 0.07) (Fig. 2). The funnel plot of the meta-
analysis investigating these 12 studies (Fig. 3) showed evi-
dence of bias (bias coefficient = 1.1, standard error = 0.48;
p = 0.04), thereby suggesting the possibility of small-study
effects.

Of the 12 studies, four studies21,24 had included elec-
tive and emergency procedures and hence subgroup
analysis was performed on the rest of the eight studies
that explored only elective procedures to identify the
source of heterogeneity. This showed that the odds of
developing SSI when BMI ≥30 kg/m2 is 1.6 times that
of those with BMI <30 kg/m2 (n = 14,723; pooled OR
1.60 (1.34, 1.86), p < 0.001) and the heterogeneity be-
tween the included studies had reduced and was not
significant (I2 = 24%, p = 0.24) (Fig. 4). Their funnelT

ab
le
2

(c
on
tin

ue
d)

So
ur
ce

C
ou
nt
ry
,y
ea
r
of

st
ud
y

St
ud
y
de
si
gn

Su
rg
er
y

O
be
si
ty
m
ea
su
re

an
d

cl
as
si
fi
ca
tio

n

O
ut
co
m
e
of

in
te
re
st
(d
ef
in
iti
on
)

an
d
du
ra
tio

n
of

fo
llo

w
-u
p

To
ta
ln

um
be
r
of

pa
tie
nt
s

N
um

be
r
of

pa
tie
nt
s
w
ith

ou
tc
om

e
of

in
te
re
st

C
ov
ar
ia
te
s
w
ith

m
ul
tiv

ar
ia
te

an
al
ys
is

m
ai
nt
ai
ne
d
da
ta
ba
se

(N
SQ

IP
)

op
en

co
lo
re
ct
al

re
se
ct
io
n

K
ir
an

et
al
.[

27
],

20
15

U
S
A
:2

01
2

?
R
et
ro
sp
ec
tiv
e
co
ho
rt

fr
om

pr
os
pe
ct
iv
e

da
ta
ba
se

E
le
ct
iv
e
la
pa
ro
sc
op
ic

an
d
op
en

co
lo
re
ct
al

re
se
ct
io
n

B
M
I
(k
g/
m

2
):
<
30
,

≥3
0

SS
I
(C
D
C
);
30

da
ys

84
42

94
4

O
pe
ra
tio
n
tim

e,
si
te
of

su
rg
er
y,

la
pa
ro
sc
op
y,
al
bu
m
in
,c
re
at
in
in
e,

W
B
C
,h
em

at
oc
rit
,p
rio
r
in
fe
ct
io
n

or
se
ps
is
,t
ra
ns
fu
si
on
,

di
ss
em

in
at
ed

ca
nc
er
,b
le
ed
in
g

di
so
rd
er
,s
te
ro
id
us
e,
as
ci
te
s,

dy
sp
ne
a,
hy
pe
rte
ns
io
n,
A
SA

,
fu
nc
tio
na
ls
ta
tu
s,
ra
ce
,m

ec
ha
ni
ca
l

bo
w
el
pr
ep
ar
at
io
n

B
M
I
B
od
y
m
as
s
in
de
x,

SS
I
su
rg
ic
al

si
te
in
fe
ct
io
n,

N
.R
.n

ot
re
co
rd
ed
,
C
D
C
C
en
te
rs
fo
r
di
se
as
e
co
nt
ro
l
an
d
pr
ev
en
tio

n,
A
SA

A
m
er
ic
an

S
oc
ie
ty

of
A
ne
st
he
si
ol
og
is
ts
,
N
SQ

IP
N
at
io
na
l
S
ur
gi
ca
l
Q
ua
lit
y

Im
pr
ov
em

en
tP

ro
gr
am

1704 J Gastrointest Surg (2017) 21:1700–1712



NOTE: Weights are from random effects analysis
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Fig. 2 Results from the main meta-analysis of the studies with BMI
classification based on WHO guidelines. The figures show the result
and the forest plot of the meta-analysis between BMI ≥ 30 kg/m2 and

BMI < 30 kg/m2 in relation to the risk of developing surgical site infection
following colorectal surgery
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plots showed no evidence of bias (bias coefficient = 0.70,
SE = 0.70, p = 0.36). Eight studies had used CDC
definition for SSI.21,28 Subgroup analysis of these eight
studies showed that the odds of SSI with a BMI
≥30 kg/m2 was found to be 1.5 times (n = 207, 061;
pooled OR 1.53 (1.40, 1.66), p < 0.001) compared with
a BMI of less than 30 kg/m2.

Seven studies had reported the incidence of SSI com-
paring BMI less than 25 kg/m2 with BMI between 25 and
29.9 kg/m2. There was a statistically significant difference
in SSI between the two groups. The odds of having SSI
when BMI is 25–29.9 kg/m2 is 1.2 times that of someone
with BMI <25 kg/m2 (n = 33,072; pooled OR 1.17 (1.07,
1.28), p < 0.001) (Table 3). The heterogeneity between

the included studies was not significant (I2 = 0%,
p = 0.80) (Fig. 5). Their funnel plots showed no evidence
of bias (bias coefficient = 0.18, standard error = 0.42,
p = 0.7). Summary of all the results from the meta anal-
ysis is shown in Table 3.

Cochrane risk of bias tool for cohort studies was used
to evaluate the quality of the included observational stud-
ies (Appendix 2). Clinical heterogeneity was present to a
variable extent. Many studies reported data from major
databases or tertiary hospitals receiving referrals from
different centers. This also could have contributed to dif-
ferent co-interventions and management plan between the
groups. A few studies had not controlled for con-
founders. Detection bias was minimal as many studies

NOTE: Weights are from random effects analysis

Overall  (I-squared = 24.4%, p = 0.235)

Van Vugt et al.

Trial

Singh et al.

Tuech et al.

Bege et al.
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3.65 (0.88, 15.21)

1.42 (1.14, 1.78)

1.73 (1.51, 1.98)
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Fig. 4 Results from the meta-
analysis of the studies that inves-
tigated only elective procedures.
The figures show the result and
the forest plot of themeta-analysis
between BMI ≥ 30 kg/m2 and
BMI < 30 kg/m2 in relation to the
risk of developing surgical site
infection following elective colo-
rectal surgery

Table 3 Summary of results from the meta-analysis

Definition (BMI in kg/m2) N Pooled OR (95% CI) p value

BMI < 25 vs BMI 25–29.9 33,072 1.17 (1.07, 1.28) <0.001

BMI < 30 vs BMI ≥ 30 209,196 1.51 (1.39, 1.63) <0.001

Subgroup analysis of BMI < 30 vs BMI ≥ 30 (only elective procedures) 14,723 1.60 (1.34, 1.86) <0.001

Subgroup analysis of BMI < 30 vs ≥ 30 (only CDC definition) 207,061 1.53 (1.40, 1.66) <0.001

OR odds ratio, CI confidence interval, CDC centers for disease control and prevention
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had defined the outcome and had also reported the dura-
tion of follow-up. Missing outcome data was, however,
not reported.

Discussion

The results of this systematic review and meta-analysis
show that the risk of developing SSI following colorec-
tal surgery significantly increases with BMI. Overweight
and obese patients have a 1.2- and 1.5-fold (p < 0.001)
higher odds of developing SSI, compared to those with
normal weight and non-obese patients, respectively.

Emergency surgery carries a higher risk of SSI compared to
elective surgery with a potential higher risk of wound
contamination.29 Therefore, we performed a subgroup analy-
sis of the 8 out of the 12 studies that only included elective
surgery. We observed that the risk estimate was similar to the
main meta-analysis; heterogeneity was reduced and funnel
plots showed no bias. This confirmed the strength of our
findings.

Several factors have been reported to contribute to
wound infections in obese patients such as reduced vas-
cularity of adipose tissue, reduced subcutaneous tissue

oxygenation,30,31 suppressed lymphocytic immunity,3

and impaired collagen synthesis and prolonged operative
time.32 Although weight loss and dietary modification
may be helpful in the perioperative setting, the malnour-
ished state and sarcopenia in patients with cancers predis-
pose them to wound infections.33

Another theory is based on the suboptimal tissue
concentrations of antibiotics in obese patients either
due to inadequate dosing or due to inadequate tissue
penetration despite higher dosing and higher plasma
concentration.4,34 Maintenance of therapeutic drug con-
centration in the tissue during the entire surgery is also
crucial to prevent SSI. Obesity leads to increased vol-
ume of distribution, altered plasma protein binding, re-
duction in tissue blood flow, changes in hepatic metab-
olism, and renal excretion, thereby requiring a higher or
more frequent dosage of antibiotics compared to patients
with a normal weight range.35 Currently, there seems to
be inadequate data on the exact dosing and pharmaco-
dynamics for most of the antibacterial agents in obese
population.35

To the best of our knowledge, this is the first system-
atic review and meta-analysis that has comprehensively
summarized the effect of obesity on the risk of SSI after

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.798)
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Fig. 5 Results from the meta-analysis of the studies that compared
BMI < 25 kg/m2 with BMI ≥ 25 kg/m2. The figures show the result and
the forest plot of the meta-analysis between BMI ≥ 25 kg/m2 and

BMI < 25 kg/m2 in relation to the risk of developing surgical site infection
following colorectal surgery
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colorectal surgery. We had only included prospective
studies or data collected from prospective databases to
strengthen the validity of our findings given that retro-
spective studies are more prone to inaccurate or incom-
plete data or documentation.10,36

A few studies had measured obesity in terms of ad-
iposity such as waist circumference,37 visceral fat
area,38,40 and others. We only included clinical studies
that used BMI, the most common obesity measurement
tool, and used the WHO definition of obesity. This had
excluded a few Asian studies41,42 that defined obesity
with a cut-off BMI of 25 kg/m243 (as opposed to
Western studies that had a cut-off of 30 kg/m2) and
those that considered BMI as continuous variable.
Thus, we had to exclude several studies because of
our strict inclusion criteria, with an intention to achieve
a homogenous pool of studies.

The incidence of SSI with laparoscopic surgery is re-
ported to be significantly lower compared to open general
abdominal surgery.44 The studies included in our final
analysis had included either open colorectal procedures
or open conversions from laparoscopic surgery, hence
were comparable to each other with the risk of wound
infection, in that regard.

There were several drawbacks to consider in this re-
view. Since the included studies were observational, there
were areas of inconsistency between them. It is possible
that the results may have been influenced by the presence
of a few large-scale studies. Among the studies that per-
formed regression analysis, the confounders adjusted were
not all uniform. Hence, we had used raw data and calcu-
lated odds ratios if not provided. Since our review inves-
tigated only SSI, our results may be an underestimate of
the magnitude of the overall wound complications in high
BMI patients.

Development of infectious complications following colo-
rectal surgery can be influenced by the presence of
malignancy.45 The issue of reverse causality may confound
the study findings when a cancerous lesion causes weight loss
as well as make the patient susceptible to infection.46 In our
analyses, all the finally selected studies except one had includ-
ed cancer patients.

Among s ome o f t h e i n c l u d e d s t u d i e s , n o
predetermined follow-up period, during which postoper-
ative infection was to be captured, was set. This may
have exposed our pooled data to the possible underesti-
mation from attrition bias. A sizeable proportion of SSI
is reported to occur post-discharge in elective colorectal
surgery47 and the risk estimate may not have included all
the late infections.

For this analysis, both the search terms SSI and
wound infection were accepted as they are often used
interchangeably in practice. Nevertheless, the results
from the subgroup analyses of the studies strictly based
on CDC definition showed similar result to that of the
main meta-analysis. The incidence of SSI reported in
the included studies was categorized as superficial,
overall incisional or organ/space infection. Quite fre-
quently, if infection existed at all levels, the studies
had recorded as deep or organ/space infection.23

However, incisional and organ/space SSI have different
e t io log ie s , d i f f e ren t se t s o f r i sk fac to r s and
outcomes.23,48 For our analysis, we accepted the inci-
dence of any SSI as the individual results for superficial
and organ/space infection were not clearly reported in
all the papers.

In summary, our results demonstrate that obese patients
carry atleast 50% increased likelihood of SSI compared to
non-obese patients. Future well-designed prospective
studies are needed with standardized definitions both for
obesity and SSI, robust methods of SSI detection support-
ed by in-hospital and extended post discharge surveillance
systems, stratified according to nature and site of surgery,
surgical approach, and type of SSI. Additionally, there is a
clear need for further research on preventative measures
such as weight reduction strategies and appropriate anti-
biotic use and dosing to prevent SSI in this high-risk
population.
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Table 4 Search Strategy

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to September
2016>

--------------------------------------------------------------------------------

1 exp Intestinal Diseases/su [Surgery]

2 Colorectal Surgery/

3 exp Intestine, Large/su [Surgery]

4 Colectomy/

5 or/1-4

6 exp Body Size/

7 exp Obesity/

8 exp "Body Weights and Measures"/

9 exp Overweight/

10 exp Body Weight/

11 or/6-10

12 exp Wound Infection/

13 Postoperative Complications/

14 infection*.ti,ab,hw.

15 13 and 14

16 12 or 15

17 5 and 11 and 16

18 (colorectal or colon* or rectal or rectum or anal or large intestin*).ti,ab.

19 (body adj1 (size or weight or mass or fat or surface area)).ti,ab.

20 (obese or obesity or overweight or adipos* or waist circumference* or "waist-hip ratio*").ti,ab.

21 19 or 20

22 infection*.ti,ab.

23 (surger* or surgical or operat* or postoperat* or "post-operat*" or postsurg* or "post-surg*").ti,ab.

24 18 and 21 and 22 and 23

25 17 or 24

26 limit 25 to english language

Database: Embase <1974 to September 2016>

--------------------------------------------------------------------------------

1 exp enteropathy/dm, su [Disease Management, Surgery]

2 exp intestine surgery

3 1 or 2

4 exp "weight, mass and size"/

5 exp obesity/

6 4 or 5

7 *surgical infection/

8 *postoperative infection/

9 exp *postoperative complication/

10 "infection*".ti,hw,ab,kw,tw.

11 9 and 10

12 7 or 8 or 11

13 3 and 6 and 12

Appendix
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