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Abstract

Background: Surgical site infection (SSI) is a significant concern in
patients undergoing emergency surgery, particularly in those with un-
derlying comorbidities. This meta-analysis aimed to evaluate the effect
of comorbidities, including diabetes mellitus, hypertension, obesity,
pulmonary disease, cardiac disease, liver disease, and renal disease, on
the incidence of SSI in patients undergoing emergency surgery.

Methods: We performed a systematic literature search across elec-
tronic databases including PubMed, ScienceDirect, Cochrane Li-
brary, ProQuest, and Google Scholar to identify studies examining
the effect of comorbidities on the incidence of SSI in patients under-
going emergency surgery. To determine the effect size, pooled odds
ratios (ORs) were calculated. Statistical analysis was performed using
Review Manager 5.3 software.

Results: Thirteen studies involving 8,952 patients undergoing emer-
gency surgery were included in this meta-analysis. The pooled analy-
sis showed that the following comorbidities significantly increased
the risk of SSI following emergency surgery: diabetes mellitus (OR =
2.22;95% confidence interval (CI) = 1.52 - 3.25; P <0.0001), obesity
(OR=1.43;95% CI=1.19 - 1.72; P=0.0001), and liver disease (OR
=1.66; 95% CI = 1.37 - 2.00; P < 0.00001). However, hypertension,
pulmonary disease, cardiac disease, and renal disease showed no sig-
nificant association with SSI.

Conclusions: In patients undergoing emergency surgery, the pres-
ence of comorbidities including diabetes mellitus, obesity, and liver

disease increases the incidence of developing SSI.
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Introduction

Surgery is one of the essential components of public health
services. One important aspect to consider for patients under-
going surgery is the risk of developing surgical site infection
(SSI). SSI is an infection that occurs at the incision site or
around the incision site within 30 days post-surgery or within
90 days post-implantation of a prosthetic device [1]. Despite
improvements in surgical techniques and infection prevention
strategies, SSI continues to occur at a concerning rate. SSIs are
among the most frequent infections in hospital settings (no-
socomial/hospital-acquired infections). SSIs represent 20% to
39% of all nosocomial infections [2].

According to recent studies, the incidence of SSIs is es-
timated to be between 2% and 11% of all surgical procedures
[3]. SSI rates are reported to be higher in developing coun-
tries than in developed ones. For instance, a study in Ethiopia
with 251 patients who underwent surgery at a tertiary hospital
found an SST incidence of 21.1% [4]. Conversely, a large study
in Germany, which included 221,113 patients from 79 hospi-
tals, reported an SSI incidence of 4.9% [5]. In Indonesia, SSI
incidence ranges from 5.3% to 13.9% [6]. SSIs can develop
shortly after surgery or several days to weeks later, but they
most commonly occur between the fifth and 10th day post-
surgery [7].

Patients undergoing emergency surgery have been re-
ported to have a higher incidence of SSIs compared to those
undergoing elective surgery. A study in 2019 reported that the
incidence of SSI in developing countries for elective surger-
ies was 7.5%, whereas for emergency surgeries it was 19.2%
[8]. Patients undergoing emergency surgery have higher
morbidity and mortality rates. In this context, predicting and
preventing SSI in this vulnerable patient group is crucial [9].
Identifying risk factors and implementing preventive meas-
ures for SSI are essential to improve patient clinical out-
comes, reduce hospitalization duration, and decrease hospital
cost burdens [10].

Comorbidities are a significant factor in determining
the risk of SSIs in patients undergoing emergency surgery.
Patients with comorbidities such as diabetes mellitus, hy-
pertension, obesity, pulmonary diseases, cardiac diseases,
liver diseases, and renal diseases theoretically have a higher
risk of experiencing postoperative complications, includ-
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ing SSIs. Although many studies have reported the effects
of comorbidities on the incidence of SSIs after emergency
surgery, the variability in these research findings remains a
challenge in consistently identifying comorbidities that have
a significant relationship. Identifying and managing comor-
bidities before, during, and after surgery is crucial for reduc-
ing the risk of SSIs and improving patient clinical outcomes
[11,12].

So far, to the best of our knowledge, there have been no
previous systematic reviews and meta-analyses in the literature
examining the effect of comorbidities on the incidence of SSI
in patients undergoing emergency surgery. Recognizing the
need for robust evidence and aiming to address this research
gap, we conducted this systematic review and meta-analysis
to comprehensively identify and evaluate the latest evidence
regarding the effect of comorbidities on the incidence of SSI
in patients undergoing emergency surgery.

Materials and Methods

Study registration

The study protocol for this research was registered in the Inter-
national Prospective Register of Systematic Reviews (PROS-
PERO) under registration number CRD42024548893.

Search strategy

This meta-analysis was conducted based on the guidelines
from Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [13]. We systematically searched
several online databases, including PubMed, ScienceDirect,
Cochrane Library, ProQuest, and Google Scholar, for relevant
studies published from 2010 to March 2024. The keywords
used were a combination of: (“comorbidity” OR “comor-
bidities””) AND (“surgical site infection” OR “surgical wound
infection””) AND “emergency” AND (“surgery” OR “opera-
tion”). There were no geographical or country restrictions in
the search for studies.

Inclusion and exclusion criteria

The inclusion criteria for the eligible studies were: 1) studies
that were cross-sectional, cohort, case-control, or retrospec-
tive in design; 2) studies involving patients who underwent
any type of emergency surgery; 3) studies that evaluated the
number of patients with and without comorbidities; 4) studies
providing sufficient data to calculate the number of events
necessary for determining odds ratios (ORs) along with the
corresponding 95% confidence intervals (Cls); and 5) studies
available in full-text format. The exclusion criteria were: 1)
review articles, case reports, letters, editorials, and confer-
ence abstracts; 2) animal studies; 3) studies lacking sufficient
data to estimate effect size; and 4) duplicate or overlapping
studies.
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Data extraction

Three authors (AA, JH, and HAW) independently conducted
data extraction from the relevant studies. Any disagreements
regarding data extraction were resolved through discussions
with the remaining authors (RBS and AHH). We gathered
various details from the selected articles, including the first
author’s name, publication date, study location, study design,
demographic characteristics, sample size (in either the SSI or
non-SSI group), comorbidities, and the necessary data for cal-
culating OR with 95% CI. The comorbidities included diabetes
mellitus, hypertension, obesity, pulmonary diseases, cardiac
diseases, liver diseases, and renal diseases.

Quality assessment

Three authors (AA, JH, and HAW) independently evaluated
the quality of the included studies. Any disagreements were
resolved through discussions with the remaining authors (RBS
and AHH). The Newcastle-Ottawa Scale (NOS) was utilized
to assess study quality, scoring from zero to nine stars across
three criteria: patient selection (zero to four stars), comparabil-
ity of study groups (zero to two stars), and outcome (zero to
three stars). Studies scoring > 7 were considered high quality
with low risk of bias, those scoring 5 - 6 were considered mod-
erate quality with moderate risk of bias, and those scoring < 4
were considered low quality with high risk of bias [14].

Statistical analysis

Statistical analyses were performed using Review Manager
5.3 software (The Nordic Cochrane Centre, Copenhagen). The
meta-analysis calculated OR with 95% CI for dichotomous
variables. Heterogeneity was assessed using the Cochran’s
Q Chi-square test and the I? statistic. Significant heterogene-
ity was considered when the P value was below 0.05 and I
was greater than 50%. In instances without heterogeneity, a
fixed-effects model was employed. However, in the presence
of heterogeneity, a random-effects model was utilized. Statisti-
cal significance was determined by any test statistics with a P
value less than 0.05.

The Institutional Review Board approval was not required
since this study is a systematic review and meta-analysis. This
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well as with
the Helsinki Declaration.

Results
Literature search

A systematic literature search was performed on electronic da-
tabases, initially yielding 1,079 potential articles. After elimi-
nating duplicates, 864 articles remained for screening based on
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Figure 1. Literature search flow chart.

their titles and abstracts. Of these, 157 articles were chosen for
full-text review, and 144 were excluded due to insufficient data
or because they involved elective surgery. Ultimately, 13 stud-
ies were included in this meta-analysis [15-27]. The flowchart
of the literature search process is depicted in Figure 1.

Study characteristics and quality assessment

This meta-analysis included 13 studies involving a total of
8,952 patients [15-27]. Among these, six were retrospective
cohort studies and seven were prospective cohort studies, con-
ducted between 2014 and 2023. Geographically, three studies
were conducted in China, two in the USA, two in India, and
one each in Egypt, Bangladesh, Massachusetts, Greece, Japan,
and Nepal. The participants’ mean age ranged from 33 to 68

years. The quality of the included studies was assessed using
the NOS, with all quality scores ranging from 7 to 9, indicat-
ing generally high-quality studies with a low risk of bias. Ta-
ble 1 [15-27] details the characteristics of the included studies,
while Table 2 [15-27] presents the quality assessments.

Pooled results

The pooled results from the included studies are presented in
Table 3.

Diabetes mellitus

Eleven studies reported data on the comorbidity of diabetes
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Table 1. Characteristics of the Included Studies in the Meta-Analysis

. . . y . L. Sample Mean age Male, Incidence of
First author, year Country Design  Patients’ characteristics size (ears) n (%) SSI, n (%)
El-Kholy et al, 2018 [15] Egypt PC Patients underwent 99 43 67 (68) 33 (6.7)
emergency general surgery

Fernandez-Moure USA RC Patients underwent emergency 4,738 50 NR 632 (15.2)

et al, 2021 [16] exploratory laparotomy

Isbell et al, 2021 [17] USA RC Patients underwent emergency 1,322 33 1,032 (78) 88 (7)
trauma laparotomy

Khan et al, 2022 [18] Bangladesh PC Patients underwent emergency 112 37 85 (76) 17 (15.2)
abdominal surgery

Lietal, 2021 [19] China PC Patients underwent emergency 953 49 534 (56) 71(7.5)
abdominal surgery

Mathew et al, 2015 [20] India PC Patients underwent 132 35 97 (73) 33 (25)
emergency general surgery

Narueponjirakul et USA RC Patients underwent 236 67 101 (43) 61 (25.8)

al, 2021 [21] emergency colon surgery

Pandey et al, 2016 [22] India RE Patients underwent 108 46 81 (75) 18 (16.7)
emergency general surgery

Papadopoulos et Greece PC Patients underwent 838 51 470 (56) 157 (18.7)

al, 2021 [23] emergency general surgery

Watanabe et al, 2014 [24] Japan RC Patients underwent emergency 78 61 45 (58) 25(32.1)
colorectal surgery

Yang et al, 2015 [25] China RC Patients underwent 121 68 100 (83) 9(7.4)
emergency hernia surgery

Feng et al, 2022 [26] China RC Patients underwent 125 62 67 (54) 37 (29.6)
emergency ileus surgery

Yadav et al, 2023 [27] Nepal PC Patients underwent emergency 90 43 62 (69) 29 (32.2)

abdominal surgery

PC: prospective cohort; RC: retrospective cohort; SSI: surgical site infection; NR: not reported.

mellitus. The incidence of SSI in the diabetes mellitus group There was significant heterogeneity with an I? of 67%. Analy-
was 18.5% (270 out of 1,459 patients), while in the non-dia- sis using a random-effects model (Fig. 2) showed that diabetes
betes mellitus group it was 11.9% (859 out of 7,275 patients). mellitus is significantly associated with SSI in patients under-

Table 2. Quality Assessment of the Included Studies by Newcastle-Ottawa Scale

First author, year Selection Comparability Outcome Total score
El-Kholy et al, 2018 [15]
Fernandez-Moure et al, 2021 [16]
Isbell et al, 2021 [17]

Khan et al, 2022 [18]

Lietal, 2021 [19]

Mathew et al, 2015 [20]
Narueponjirakul et al, 2021 [21]
Pandey et al, 2016 [22]
Papadopoulos et al, 2021 [23]
Watanabe et al, 2014 [24]

Yang et al, 2015 [25]

Feng et al, 2022 [26]

Yadav et al, 2023 [27]

A A LW A D W W BN D BB DN DD W
[N NS B NS I S S S S S S S S A )
N W W W W N W N W W W w N
0 O 0 O OV N 0 0 OV O LV VO
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Table 3. Meta-Analysis of the Effect of Comorbidities on SSI in Patients Undergoing Emergency Surgery

Risk factor Studies 12 (%) OR 95% CI P value
Diabetes mellitus 11 67 222 1.52-3.25 <0.0001
Hypertension 4 62 0.95 0.62 - 1.47 0.82
Obesity 5 47 1.43 1.19-1.72 0.0001
Pulmonary disease 4 64 1.39 0.83-2.32 0.21
Cardiac disease 4 61 1.35 0.90 - 2.01 0.14
Liver disease 3 1.66 1.37 -2.00 <0.00001
Renal disease 4 1.04 0.85-1.28 0.67

SSI: surgical site infection; OR: odds ratio; Cl: confidence interval.

going emergency surgery (OR = 2.22; 95% CI = 1.52 - 3.25;
P < 0.0001). This means that patients with diabetes mellitus
have a 2.22 times higher risk of developing SSI compared to
non-diabetic patients.

Hypertension

Four studies reported data on the comorbidity of hypertension.
The incidence of SSI in the hypertension group was 14.0%
(385 out of 2,747 patients), while in the non-hypertension

Diabetes Mellitus  Non-Diabetes Mellitus

group it was 12.0% (396 out of 3,292 patients). There was
significant heterogeneity with an 1% of 62%. Analysis using a
random-effects model (Fig. 3) showed that hypertension is not
significantly associated with SSI in patients undergoing emer-
gency surgery (OR =0.95; 95% CI=0.62 - 1.47; P = 0.82).

Obesity

Five studies reported data on the comorbidity of obesity. The
incidence of SSI in the obesity group was 19.6% (208 out of

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

El-Kholy 2018 9 18 24 81 7.5% 2.38[0.84,6.72) b

Fernandez-Moure 2020 162 1033 480 3705 16.4% 1.16[0.95, 1.41] e

Isbell 2021 10 96 78 1236 10.9% 1.95[0.97, 3.93) T

Khan 2022 4 15 13 97 5.8% 2.35[0.65, 8.49] ==

Li2021 10 a7 61 896 10.5% 2.91 [1.40, 6.05) ——

Mathew 2015 7 17 26 115 7.3% 2.40[0.83, 6.92) o

Narueponjirakul 2021 18 51 43 185 11.2% 1.80[0.92, 3.51] T

Pandey 2016 4 21 ] 87 58% 2.04 [0.56, 7.40) —

Papadopoulos 2021 43 116 114 719 141% 3.13[2.04,4.79) =

Watanahe 2014 B 14 18 64 6.4% 1.78[0.54,5.82] —

Yang 2014 7 K} 2 90  41% 12.83 [2.50, 65.83)

Total (95% CI) 1459 7275 100.0% 2.22[1.52, 3.25] <

Total events 270 869

Heterogeneity: Tau®= 0.22, Chi*= 30.61, df=10 (P = 0.0007); F=67% =0 01 0:1 1:0 100=

Test for overall effect Z=4.11 (P < 0.0001) : Favodrs NormSSIREavolrs SS|
Figure 2. Forest plot of meta-analysis on the effect of diabetes mellitus on SSI. Cl: confidence interval; SSI: surgical site infection.

Hypertension  Non-Hypertension Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Fernandez-Moure 2020 336 2426 296 2312 41.5% 1.08[0.93,1.29] [

Khan 2022 4 a7 13 55 10.3% 0.24 [0.07, 0.80]

Li2021 14 137 57 816 235% 1.52[0.82, 2.80] T

Narueponjirakul 2021 N 127 30 109 24.7% 0.85[0.47,1.52) — .

Total (95% CI) 2747 3292 100.0% 0.95 [0.62, 1.47] L

Total events 385 396

Heterogeneity: Tau®= 0.11; Chi*= 7.83, df= 3 (P = 0.05); *= 62% =D 0 051 130 1|JIJ=

Test for overall effect: Z=0.22 (P = 0.82)

Favours Non-SS| Favours SSI

Figure 3. Forest plot of meta-analysis on the effect of hypertension on SSI. Cl: confidence interval; SSI: surgical site infection.
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Obesity Non-Obesity Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Feng 2022 2 9 26 116 1.6% 0.99[0.19, 5.05)
Fernandez-Moure 2020 142 B67 490 3871 83.6% 1.35[1.10, 1.66]
Narueponjirakul 2021 3|; 132 23 104 10.2% 1.42[0.78, 2.59)] e
VWatanahe 2014 9 12 16 66 0.7% 9.38[2.26, 38.89)
Yaday 2023 17 43 12 47 3.9% 1.91 [0.78, 4.67] T
Total (95% CI) 1063 4204 100.0% 1.43[1.19, 1.72] &
Total events 208 567
Heterogeneity: Chi = 7.60,df=4(P=011);F=47% 001 o 10 100
Testfor overall effect: Z= 3.82 (P = 0.0001) Favours Non-SSI Favours SSI
Figure 4. Forest plot of meta-analysis on the effect of obesity on SSI. Cl: confidence interval; SSI: surgical site infection.
! Pulmonary disease  Non-Pulmonary Disease Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fernandez-Moure 2020 196 1341 436 3397 426% 1.16[0.97,1.39] ]
Li 2021 1 g 70 945 5.2% 1.79[0.22,14.72] —_—
Narueponjirakul 2021 11 48 50 188 231% 0.82[0.39,1.73] — .
Papadopoulos 2021 21 59 136 776 29.2% 2.60 [1.48, 4.57] ——
Total (95% CI) 1456 5306 100.0% 1.39[0.83, 2.32] L=
Total events 229 692
Heterogeneity: Tau®= 0.15; Chi*= 8.40, df= 3 (P = 0.04); F= 64% IIJ 01 0%1 150 1005

Test for overall effect Z=1.25 (P=0.21)
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Figure 5. Forest plot of meta-analysis on the effect of pulmonary disease on SSI. Cl: confidence interval; SSI: surgical site infection.

1,063 patients), while in the non-obesity group it was 13.5%
(567 out of 4,204 patients). There was no significant heteroge-
neity with an I? of 47%. Analysis using a fixed-effects model
(Fig. 4) showed that obesity is significantly associated with
SSI in patients undergoing emergency surgery (OR = 1.43;
95% CI=1.19 - 1.72; P=0.0001). This means that obese pa-
tients have a 1.43 times higher risk of developing SSI com-
pared to non-obese patients.

Pulmonary disease

Four studies reported data on the comorbidity of pulmonary
diseases. The incidence of SSI in the pulmonary disease group
was 15.7% (229 out of 1,456 patients), while in the non-pul-
monary disease group it was 13.0% (692 out of 5,306 patients).
There was significant heterogeneity with an 1% of 64%. Anal-

ysis using a random-effects model (Fig. 5) showed that pul-
monary diseases are not significantly associated with SSI in
patients undergoing emergency surgery (OR = 1.39; 95% CI =
0.83-2.32; P=0.21).

Cardiac disease

Four studies reported data on the comorbidity of cardiac dis-
eases. The incidence of SSI in the cardiac disease group was
16.8% (211 out of 1,254 patients), while in the non-cardiac
disease group it was 12.9% (710 out of 5,508 patients). There
was significant heterogeneity with an 1> of 61%. Analysis
using a random-effects model (Fig. 6) showed that cardiac
diseases are not significantly associated with SSI in patients
undergoing emergency surgery (OR = 1.35; 95% CI = 0.90 -
2.01; P=0.14).

Cardiac Disease  Non-Cardiac Disease Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fernandez-Moure 2020 157 1041 475 3697 41.6% 1.20[0.99, 1.46) 1
Li2021 3 32 68 921 8.8% 1.30[0.39, 4.37) —
Narueponjirakul 2021 14 60 47 176 19.6% 0.84[0.42, 1.66] i
Papadopoulos 2021 37 121 120 714  30.0% 2181[1.41, 3.36) ==
Total (95% CI) 1254 5508 100.0% 1.35[0.90, 2.01]
Total events 211 710

Heterogeneity: Tau®= 0.08; Chi*= 7.65, df= 3 (P = 0.05); F=61%
Testfor overall effect Z=1.46 (F=0.14)

0.01

01 10
Favours Non-SSI Favours SSI

100

Figure 6. Forest plot of meta-analysis on the effect of cardiac disease on SSI. CI: confidence interval; SSI: surgical site infection.
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Liver Disease  Non-Liver Disease Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Fernandez-Moure 2020 169 910 463 3828 97.4% 1.66 [1.37, 2.01]
Li 2021 1 17 70 936 1.6% 0.77[0.10,5.92]
Narueponjirakul 2021 3 B 58 230 1.0% 2.97[0.58,15.10] ]
Total (95% CI) 933 4994 100.0% 1.66 [1.37, 2.00] [ 2
Total events 173 591

Heterogeneity. Chi*=1.03, df= 2 (P = 0.60);, F= 0%
Test for averall effect: Z=5.19 (P < 0.00001)
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Figure 7. Forest plot of meta-analysis on the effect of liver disease on SSI. Cl: confidence interval; SSI: surgical site infection.

Liver disease

Three studies reported data on the comorbidity of liver diseas-
es. The incidence of SSI in the liver disease group was 18.5%
(173 out of 933 patients), while in the non-liver disease group
it was 11.8% (591 out of 4,994 patients). There was no signifi-
cant heterogeneity with an 1% of 0%. Analysis using a fixed-ef-
fects model (Fig. 7) showed that liver diseases are significantly
associated with SSI in patients undergoing emergency surgery
(OR = 1.66; 95% CI = 1.37 - 2.00; P < 0.00001). This means
that patients with liver disease comorbidity have a 1.66 times
higher risk of SSI compared to non-liver disease patients.

Renal disease

Four studies reported data on the comorbidity of renal disease.
The incidence of SSI in the renal disease group was 14.1%
(131 out of 929 patients), while in the non-renal disease group
it was 13.3% (762 out of 5,729 patients). There was no signifi-
cant heterogeneity with an I? of 0%. Analysis using a fixed-
effects model (Fig. 8) showed that renal disease is not signifi-
cantly associated with SSI in patients undergoing emergency
surgery (OR =1.04; 95% CI =0.85 - 1.28; P=0.67).

Discussion

This systematic review and meta-analysis comprised 13 stud-
ies, encompassing a total of 8,952 patients undergoing emer-
gency surgery. Our findings indicate that the presence of co-

morbidities such as diabetes mellitus, obesity, and liver disease
heightens the risk of SSI subsequent to emergency surgery.
However, hypertension, pulmonary disease, cardiac disease,
and renal disease are not significantly associated with SSI. As
far as we are aware, this study represents the first meta-analy-
sis investigating the impact of comorbidities on SSI incidence
among the distinct cohort of patients undergoing emergency
surgery.

SSIs are often more common in emergency surgeries due
to a confluence of factors. Contaminated or dirty wounds, fre-
quently encountered in emergency cases resulting from trau-
matic injuries or acute conditions, create an optimal environ-
ment for bacterial colonization and subsequent infection [28].
Emergency surgeries often entail prolonged operative times as
surgeons navigate intricate conditions or unforeseen complica-
tions, thereby heightening the likelihood of microbial contam-
ination and subsequent SSIs. Moreover, emergency patients
typically present with a higher burden of comorbidities, which
can compromise immune function and wound healing, thereby
further exacerbating the risk of SSIs [29]. Furthermore, the
high American Society of Anesthesiologists (ASA) scores
frequently observed in emergency settings reflect the overall
health status and physiological reserve of patients, serving as
predictors of surgical outcomes and complication rates, includ-
ing SSIs [30].

Our meta-analysis revealed that diabetes mellitus carries
nearly double the risk of developing SSI following emergency
surgery. A meta-analysis study by Xu et al on patients under-
going colorectal surgery also reported that comorbid diabetes
mellitus is significantly associated with an increased risk of
SSI [31]. Diabetes mellitus can compromise the integrity of
the immune system, making patients more susceptible to infec-

Renal disease  Non-Renal Disease Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fernandez-Moure 2020 113 854 519 3884 90.7% 0.99[0.79,1.23]
Li 2021 3 22 68 931 1.5% 2.00[0.58, 6.94] -
Mathew 2015 8 24 25 108 3.4% 1.66 [0.64, 4.33] G [ a—
Papadopoulos 2021 7 29 150 806  4.4% 1.39[0.58, 3.32] — —
Total (95% CI) 929 5729 100.0%  1.04 [0.85, 1.28] ¢
Total events 131 762

Heterogeneity: Chi®= 2.61, df= 3 (P = 0.46), F= 0%
Test for overall effect Z=0.42 (P=0.67)

0.1 10
Favours Non-SSI Favours SSI

0.01 100

Figure 8. Forest plot of meta-analysis on the effect of renal disease on SSI. SSI: surgical site infection.
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tions. Uncontrolled blood sugar levels in diabetes can impair
the normal function of immune cells, including phagocytes,
which are crucial in clearing pathogenic microorganisms from
surgical wounds. Additionally, diabetes mellitus is often ac-
companied by vascular disorders that result in poor blood cir-
culation. This can impede the supply of blood to the surgical
site, reducing the body’s ability to effectively deliver immune
substances and antibiotics to the wound area. This disrupted
wound healing process creates an environment more condu-
cive to bacterial growth and infection. High blood glucose
levels can also create an environment supportive of bacterial
growth [32].

We observed a significant 1.46-fold increase in SSI risk
associated with obesity in patients undergoing emergency sur-
gery, underscoring the need to address this risk factor in perio-
perative care. This finding is consistent with previous research
by Liu et al, which also highlighted the elevated incidence of
SSI among obese individuals compared to those with a normal
body mass index [33]. Obesity is considered a comorbidity due
to its association with various health conditions and its impact
on physiological functions. It not only increases the risk of car-
diovascular disease and diabetes mellitus but also heightens
vulnerability to infections and slows wound healing, making it
crucial in emergency surgery contexts. Obesity may compro-
mise oxygen circulation to wounds due to adipose tissue im-
peding blood flow. This impaired oxygenation can hinder tis-
sue healing processes and create an environment conducive to
bacterial colonization and infection. Inadequate collagen syn-
thesis in obese individuals may prolong the recovery process
and increase susceptibility to infections [34]. Reduced antibi-
otic effectiveness in adipose tissues can further exacerbate SSI
risk by promoting bacterial proliferation despite antimicrobial
treatment. Moreover, obesity-related immune system dysregu-
lation, characterized by chronic low-grade inflammation, may
compromise the body’s ability to mount an effective defense
against pathogens, increasing susceptibility to SSIs. Technical
challenges during surgery in obese patients, such as difficulty
accessing surgical sites and prolonged operative times, may
also heighten the risk of contamination and subsequent SSIs
[35].

Lastly, we found that liver disease significantly increases
the risk of SSI by 1.66-fold. The liver plays a crucial role in
the body’s metabolism and detoxification, and impaired liver
function can result in a decreased ability of the body to fight
off infections. Additionally, patients with chronic liver disease
such as cirrhosis and hepatitis often experience decreased pro-
duction of proteins, including those essential for wound heal-
ing processes and immune defense. This condition can slow
down the healing process and increase vulnerability to infec-
tions in the surgical area. Moreover, liver dysfunction can also
affect the function of the immune system, raising the risk of
postoperative infection complications [36, 37].

While our meta-analysis findings indicated that comorbid-
ities such as hypertension, pulmonary disease, cardiac disease,
and renal disease were not significantly associated with SSI,
it is crucial to interpret these results within a broader context.
The lack of significant association does not necessarily imply
that these factors do not impact infection risk. These results
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may be influenced by the relatively limited number of included
studies. Additionally, the complex interplay of patient charac-
teristics and clinical factors could contribute to the diversity
in the reviewed study results. Therefore, further research con-
sidering other potential factors that may affect the relationship
between comorbidities and SSI risk in patients undergoing
emergency surgery is warranted.

The results of this meta-analysis have several important
clinical implications. Firstly, the finding that comorbidities
such as diabetes mellitus, obesity, and liver disecase signifi-
cantly increase the risk of SSI underscores the need for height-
ened vigilance in identifying and managing patients with these
conditions before, during, and after emergency surgery. Sec-
ondly, implementing infection prevention measures, such as
tight glycemic control in diabetic patients, stricter monitoring
of surgical wound conditions in obese patients, and optimal
supportive management in patients with liver diseases, can
help reduce the risk of SSI. Thirdly, the use of antimicrobial
agents in patients requiring emergency surgery, regardless of
comorbidities, becomes critically important. Prophylactic ad-
ministration of appropriate antibiotics can help mitigate the
heightened risk of SSI. Therefore, tailored antimicrobial strat-
egies should be integrated into perioperative care protocols to
improve surgical outcomes. Fourthly, although our results in-
dicate that other factors such as hypertension, pulmonary dis-
ease, cardiac disease, and kidney disease are not significantly
associated with SSI, further research is needed to understand
their potential roles more deeply. Therefore, integrating our
findings into clinical practice can help improve perioperative
management and outcomes for patients undergoing emergency

surgery.
Study limitations

Our meta-analysis has several limitations. First, the studies
included were sourced from only nine countries, which may
limit the representativeness of the findings on a global scale.
Second, the number of included studies is relatively small,
with only 13 studies. Research examining the impact of co-
morbidities on the incidence of SSI in specific populations un-
dergoing emergency surgery remains limited. Third, many of
the included studies were retrospective cohort studies, which
can introduce biases related to data collection and patient se-
lection. Future research should focus on larger, well-designed
studies to confirm these findings and provide more precise es-
timates of the effect of comorbidities on the incidence of SSI
in emergency surgery patients.

Conclusions

In summary, this systematic review and meta-analysis found
that among patients undergoing emergency surgery, the pres-
ence of comorbidities such as diabetes mellitus, obesity,
and liver disease increases the incidence of developing SSI.
Healthcare providers should heighten vigilance in identifying
and managing patients with these risk factors. These high-risk
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patients require more careful monitoring and management be-
fore, during, and after surgery.
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