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Background: Metabolic syndrome (MetS) is characterised by the presence of at least three of the five following components: insm
resistance, obesity, chronic hypertension, elevated serum triglycerides, and decreased high-density lipoprotein cholesterol
concentrations. It is estimated to affect 1 in 3 people around the globe and is reported to affect 46% of surgical patients. For people
with MetS who undergo surgery, an emerging body of literature points to significantly poorer postoperative outcomes compared with
nonaffected populations. The aim of this study is to review the current evidence on the risks of surgical complications in patients with
MetS compared to those without MetS.

Methods: Systematic review and meta-analysis using PRISMA and AMSTAR reporting guidelines.

Results: The meta-analysis included 63 studies involving 1 919 347 patients with MetS and 11 248 114 patients without MetS.
Compared to individuals without the condition, individuals with MetS were at an increased risk of mortality (OR 1.75 95% Cl:
1.36-2.24; P < 0.01); all surgical site infection types as well as dehiscence (OR 1.64 95% Cl: 1.52-1.77; P < 0.01); cardiovascular
complications (OR 1.56 95% Cl: 1.41-1.73; P < 0.01) including myocardial infarction, stroke, cardiac arrest, cardiac arrythmias and
deep vein thrombosis; increased length of hospital stay (MD 0.65 95% ClI: 0.39-0.9; P < 0.01); and hospital readmission (OR 1.55
95% Cl: 1.41-1.71; P<0.01).

Conclusion: MetS is associated with a significantly increased risk of surgical complications including mortality, surgical site
infection, cardiovascular complications, increased length of stay, and hospital readmission. Despite these risks and the high
prevalence of MetS in surgical populations there is a lack of evidence on interventions for reducing surgical complications in patients
with MetS. The authors suggest prioritising interventions across the surgical continuum that include (1) preoperative screening for
MetS; (2) surgical prehabilitation; (3) intraoperative monitoring and management; and (4) postoperative rehabilitation and follow-up.
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Background

Metabolic syndrome (MetS) is a health condition characterised
by a cluster of physiological and biochemical conditions that
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HIGHLIGHTS

e This meta-analysis involving 13 million individuals from
various countries provided evidence that metabolic syn-
drome (MetS) was associated with a moderately increased
risk of surgical complications.

e MetS was associated with an increased risk of adverse
events including death, cardiovascular complications, sur-
gical site infections, and hospital readmission.

e Our findings suggest that there is a need to implement
screening processes for MetS prior to surgery, alert the
surgical team to risks associated with MetS.

heighten the risk of adverse health outcomes!'=!. Although some
variations exist in specific diagnostic criteria, consensus state-
ments by the WHO, a Joint Interim Statement (JIS) by prominent
health organisations, and the National Cholesterol Education
Programme Adult Treatment Panel III (NCEP III) identify MetS
as an accumulation of at least three of the following five com-
ponents: insulin resistance, obesity, chronic hypertension, ele-
vated serum triglycerides, and decreased high-density lipoprotein
cholesterol concentrations!>>!.

It is important to understand the impact of MetS on surgical
outcomes. Although some studies have shown no association
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between MetS and an increased risk of surgical complications!*>],

there is a growing body of evidence suggesting those with the
condition are at a greater risk of a range of serious adverse events
during and after surgery!®21. Consequently, the costs of treating
surgical patients with MetS are increased'>'3!. Evidence further
suggests the accumulation of MetS components in individuals
potentiates the risk of surgical complications compared to indi-
vidual risk factors such as obesity!®. For example, one study
reported that patients with MetS have a higher rate of compli-
cations in bariatric surgery; in effect, this shows that patients
undergoing bariatric surgery with MetS have a higher risk than
those who have obesity alone!”.

Despite the quantum of literature investigating the effect of MetS
on surgical outcomes, no systematic review and meta-analysis of the
evidence has been performed to date. Moreover, to our knowledge,
there are no reported interventions or guidelines in the literature on
ameliorating the risks associated with MetS. There is a need for
quality appraisal and synthesis of the accumulated evidence to
identify whether MetS predisposes patients to a greater risk during
surgery than those without MetS. The aim of this review is to
therefore synthesise the evidence on the risks of surgical complica-
tions in patients with MetS compared to those without MetS.

Method

We conducted a systematic literature search according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations (see Fig. 1) and in com-
pliance with Assessing the Methodological Quality of Systematic
Reviews (AMSTAR) guidelines’®®. A review protocol was
registered a priori with PROSPERO (BLINDED) and also
researchregistry.com (reviewregistry1703). The review protocol
is published elsewhere (BLINDED).

Search strategy

We used the database search approach recommended by Bramer
and colleagues!'®! searching: CINAHL, Embase, Google Scholar
(Top 200), PsycINFO, PubMed, and Web of Science. Database
searches were supplemented by backward and forward citation
tracking of included articles using Scopus. A date limitation of
greater than or equal to 1998 was applied to the search strategy to
reflect the first formal definition of MetS™?!. The full search
strategy is provided (see Table 1).

Eligibility criteria

We included published peer-reviewed studies that reported on the
effect of MetS on the occurrence of surgical complications in
adult patients undergoing invasive surgery. Studies were included
if they were prospective or retrospective observational studies
that reported on 30-day complications in adult surgical patients
diagnosed with MetS. As the criteria to establish a diagnosis of
MetS may vary, we accepted the definition of MetS as defined by
the study authors. Studies were excluded if they reported on
surgical complications greater than 30 days or minor surgical
procedures (e.g. lesion removal) (see Table 2. Inclusion and
Exclusion Criteria).

542

International Journal of Surgery

{ Identification of studies via d. and regi }
—
s
= Records removed before
g Records identified from*: | screening:
= Databases (n = 5136) i Duplicate records removed
H (n=2537)
3
—
Records screened » | Records excluded
(n = 4863) (n = 4734)
Reports sought for retrieval 5| Reports not retrieved
= (n=131) | (n=0)
T
5 '
3
»
Reports assessed for eligibility | Reports excluded:
(n=131) i Ineligible design (n = 68)
N
—
]
K] Studies included in review
] (n=63)
c

Figure 1. PRISMA flowchart.

Study selection

Following the initial search for studies, citations were exported
into EndNote software!' '),

After the removal of duplicates, the title and abstracts of stu-
dies were screened by two independent reviewers (P.N. and N.R.)
against inclusion and exclusion criteria to identify studies for
potential inclusion. The full-text of each selected article was
screened by two independent reviewers (P.N. and N.R.) to
determine eligibility against the inclusion and exclusion criteria.
Disagreement consensus was achieved through discussion
between reviewers (P.N. and N.R.).

Data management

One review author (P.N.) extracted data from the included stu-
dies using a preconstructed data extraction form. Authors were
contacted in instances of missing or ambiguous data. Studies were
excluded where the author did not respond, or data extraction
was not possible. Extracted data was entered into Review
Manager (RevMan) Version 5.4.1121 which another review
author (N.R.) independently checked for accuracy.

Data extraction

Outcomes of interest were the risk of complications within
30 days of surgery, length of stay (LOS), and hospital read-
mission. We accepted the definition for each surgical complica-
tion provided by the authors of each included study and extracted
data on 30-day surgical complications. Outcomes included were
mortality, surgical site infection (SSI) (any SSI, superficial SSI,
deep SSI, organ space SSI, and dehiscence), cardiovascular com-
plications (arrhythmia, myocardial infarction (MI), cardiac
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Search Strategy.
Database Search Strategy
PubMed ((“metabolic syndrome”[MeSH Major Topic]) OR (“metabolic syndrome”[Title/Abstract])) OR (“deadly quartet”[Title/Abstract])) AND (((((((((“surgery”[Title/Abstract]) OR

(“surgical"[Title/Abstract])) OR (“perioperative”[Title/Abstract])) OR (“preoperative”[Title/Abstract])) OR (“intraoperative”[Title/Abstract])) OR (“postoperative”[Title/
Abstract])) OR (“intraoperative complications”[MeSH Major Topic])) OR (“postoperative complications”[MeSH Major Topic])) OR (“surgical procedures, operative”[MeSH

Major Topic])) Filters: English, Humans, from 1998 to 2022

CINAHL (51 AND S2)
S1 MH metabolic syndrome OR Tl deadly quartet OR AB deadly quartet OR Tl metabolic syndrome OR AB metabolic syndrome
S2 Tl surgery OR AB surgery OR Tl preoperative OR AB preoperative OR Tl postoperative OR AB postoperative OR Tl intraoperative OR AB intraoperative OR MH
postoperative complications OR MH surgical procedures, operative OR MH intraoperative complications
Limiters - Published Date: 19980101-20221231
Expanders - Apply equivalent subjects
Narrow by Language: - english
Search modes - Boolean/Phrase
PsycINFO (S1 AND S2)
S1 MH metabolic syndrome OR Tl deadly quartet OR AB deadly quartet OR Tl metabolic syndrome OR AB metabolic syndrome
S2 Tl surgery OR AB surgery OR Tl preoperative OR AB preoperative OR Tl postoperative OR AB postoperative OR Tl intraoperative OR AB intraoperative OR MH
postoperative complications OR MH surgical procedures, operative OR MH intraoperative complications
Limiters - Published Date: 19980101-20221231
Expanders - Apply equivalent subjects
Narrow by Language: - english
Search modes - Boolean/Phrase
Google “metabolic syndrome” OR “deadly quartet” AND surgery OR surgical OR perioperative OR preoperative OR intraoperative OR postoperative
Scholar
Web of surgery (Title) or surgery (Abstract) or surgical (Title) or surgical (Abstract) or perioperative (Title) or perioperative (Abstract) or preoperative (Title) or preoperative (Abstract)
Science or intraoperative (Title) or intraoperative (Abstract) or postoperative (Title) or postoperative (Abstract)
AND
metabolic syndrome (Title) or metabolic syndrome (Abstract) or deadly quartet (Title) or deadly quartet (Abstract)
Embase 1. metabolic syndrome.ab. or metabolic syndrome.ti. or deadly quartet.ab. or deadly quartet.ti.

2. surgery.ab. or surgery.ti. or surgical.ab. or surgical.ti. or perioperative.ab. or perioperative.ti. or intraoperative.ab. or intraoperative.ti. or preoperative.ab. or

preoperative.ti. or postoperative.ab. or postoperative.ti.
3.1and?2
4. limit 3 to (full-text and human and english)
5. limit 4 to yr="1998 - Current”
6. limit 5 to (full-text and human and english language)

7. limit 6 to ((embase or “preprints (unpublished, non-peer-reviewed)”) and journal)

Inclusion and exclusion criteria.

Inclusion Criteria
Observational studies (e.g. cohort  Diagnosed with metabolic syndrome

study) Complications within 30 days of surgery
Adult human patients (18 years Published peer-reviewed articles
or >)

Undergoing invasive surgery*
Exclusion Criteria

Publication Type

Narrative reviews

Editorials

Government reports

Books or book chapters

Conference proceedings

Commentaries

Lectures and presentations

Study Design
Interventional studies
Studies not included in the meta-analysis
Systematic Reviews
Study Population
Animals
Children
Study Procedure
Minor procedures (e.g. lesion removal;
cystoscopy;)
Complications > 30 days after surgery

*For the purposes of this study, invasive surgery was considered any surgical procedure involving a skin
incision and surgical dissection below the level of the dermis (excludes skin excisions, biopsy etc.) and/or
instrumentation of a natural orifice in conjunction with an excisional procedure (urology, gynaecology, etc.).

arrest, stroke, deep vein thrombosis (DVT), LOS, and hospital
readmission. For categorical data, the number of events in the
control, and exposure cohorts were extracted. For continuous
data, the mean difference (MD) and SD values were extracted.

Statistical analysis

Meta-analysis was performed using Review Manager (RevMan
5.4.1)12!, The effect estimate with a 95% CI were extracted from
each included study. We extracted the effect size reflecting the
greatest degree of adjustment for possible confounding factors
when multiple effect sizes with different degrees of covariate
adjustment were reported in a study. For continuous variables, to
estimate the summary effect size we used a random-effects model
and the inverse-variance method to obtain MDs and SDs with
95% Cls. For dichotomous variables, the Mantel-Haenszel for-
mula was used to produce a single summary measure of asso-
ciation to obtain odds ratios (ORs) along with its CIs. We used a
random-effects model for pooled analysis regardless of hetero-
geneity since this model estimates the effect with consideration to
the variance between studies, rather than ignoring heterogeneity
by employing a fixed effect model!**. Heterogeneity of studies
was estimated using the Higgins I statistic!'>! and described as
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low (25%), moderate (25-55%), and high (>75%)!'¢. The
P-value for statistical significance was set at <0.05. We removed
one study at a time to observe the effect on the results. We then
calculated an overall estimate of effect size using a random-effects
meta-analysis based on the adjusted OR of all included studies.

Quality assessment

Two independent reviewers (P.N. and N.R.) performed quality
assessment. Each included study was critically appraised using
the Newcastle-Ottawa Scale (NOS) for observational studies.
The NOS is a widely used and endorsed scale to assess the quality
of observational studies!'”"'®!, The NOS is validated for assessing
three quality parameters, namely, selection, comparability, and
outcome divided across eight specific items. Studies were inde-
pendently screened and scored (0-9) by two reviewers (P.N. and
N.R.). Each study was assessed against criteria and scored
according to good (7-9), fair (4-6), and poor quality (<4).
Discrepancy in assessment scores were resolved through
discussion and consensus (see Table 3).

Results

Study selection and characteristics

In total, 4863 abstracts were reviewed, from which 131 full-text
articles were retrieved and evaluated for inclusion (see Fig. 1). Sixty-
three studies, involving 1 919 347 patients with MetS and
11 248 114 patients without MetS, satisfied the inclusion
criteria (see Table 2. Inclusion and Exclusion Criteria). The

most commonly reported types of surgery were orthopaedic
(22% )[5,6,15,26,27,29,46—48,67,72,73,75,78], Cardiac (21 %)[19,20,37,38

HA2I0S1SHE3,646976] acoylar (13%)A24536265.68.70.791 hony
tobiliary (11%)1°°%1,  gastroenterology (6%)%7%!  bariatric
(5%)3%43571 urology (5%)21874 and plastics (5%)P>5%77! (see
Table 3. Included Studies). Most studies reported North America

data (1= 40)14615:23:27,30-35,38-4043,46-49,52,53,55-62,65-67,70,73,75~
78801 with the remaining spanning Europell®?1:2%2428:42,
#4,50,51.6468811 e Middle Fast2%), Asial¥31:45717274,82:83]

Africal® and South America®*. The assessed risk of bias of the
included studies ranged from § to 8 (fair to good) out of a possible 9
stars when assessed using the NOS.

Mortality

Mortality within 30 days of surgery was reported in 44 studies
considered for meta-analysis. Across these studies, a total of
333 488 patients with MetS underwent surgery versus 1449 817
surgical patients without MetS. We found fifteen of 44 studies
reported an increased risk of mortality across a range of
surgical types including bariatric®®*3-7 cardiac!'**?], ear,
nose, and throat (ENT)PS! emergency®", endocrine®®®*,
gastrointestinal **!, hepatobiliary'**33** neurosurgery!**!, and
orthopaedict*”!. Twenty-five studies considered for meta-analysis
found no association with 30-day mortality between MetS and
non-MetS patients across a wide range of surgical types. Three
studies focusing on orthopaedic and vascular surgical patients
reported those with MetS were at less risk of 30-day
mortality!™®>¢71. One study focused on gynaecological surgery
reported no deaths in either group between the MetS and non-
MetS groups??!. On pooling of effect estimates, surgical patients
with MetS were at 1.75 times the risk of death within 30 days
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after surgery compared to patients without MetS (OR 1.75 95%
CI: 1.36-2.24; P <0.0001) (see Fig. 2).

Cardiovascular events
MI

MI within 30 days of surgery was reported in 32 studies included
for meta-analysis. Across these studies, a total of 301 376 patients
with MetS underwent surgery versus 116 6298 without MetS. We
found 7 of 32 studies reported an increased risk of MI across a
range of surgeries including bariatric™*71, colorectall®”],
hepatobiliary™®!, orthopaedics!®!, and vascular®®?!, Twenty-five
studies reported no association between 30-day operative MI and
patients with or without MetS. Meta-analysis of studies revealed
surgical patients with MetS were at 1.63 times the risk of MI
within 30 days after surgery compared to patients without MetS
(OR 1.63 95% CI: 1.30-2.03; P=0.001) (see Fig. 3 for all

Cardiovascular Events).

Stroke

Stroke was reported in 31 studies included for meta-analysis.
Across these studies, a total of 278 809 patients with MetS
underwent surgery versus 1 010 989 surgical patients without
MetS. We identified that 9 out of 31 studies reported an increased
risk of stroke across a range of surgeries including bariatric®”),
cardiac™7®!,  emergency general surgery®!!, endocrinel®”],
orthopaedic®® and vascular®>%?!, Twenty-one studies reported
no association with 30-day stroke between MetS and non-MetS
patients across a range of surgeries. No strokes occurred in a
single study'®*!. The link between MetS and stroke within 30 days
of surgery was identified following a meta-analysis. Individuals
with MetS were at 1.64 times the risk of stroke within 30 days
after surgery compared to patients without MetS (OR 1.64 95%
CL: 1.39-1.93]; P=0.00001).

Cardiac arrhythmias

Cardiac arrhythmias within 30 days of surgery were reported in
nine studies included for meta-analysis with a total sample of
2117 patients with MetS versus 2828 surgical patients without
MetS. In the studies considered for meta-analysis, 2 out of 9
studies reported an increased risk of cardiac arrhythmias during
cardiac surgery®®®#, while the remaining seven studies identified
no association with 30-day cardiac arrhythmias between MetS
and non-MetS patients across a range of surgeries. Pooling of
effect estimates revealed surgical patients with MetS were at 1.41
times the risk of cardiac arrhythmias within 30 days after surgery
compared to patients without MetS (OR 1.41 95% CL
1.04-1.91; P=0.03).

DVT

DVT within 30 days of surgery was reported in 14 studies
included for meta-analysis. Across these studies, a total of 68 991
patients with MetS underwent surgery versus 372 261 non-MetS
patients. Two of 14 studies reported an increased risk of DVT
across gastroenterology!*”! and orthopaedic surgeries”. The
remaining 12 studies included for meta-analysis found no asso-
ciation with 30-day DVT presentations in MetS and non-MetS
patients across a range of surgeries. The link between MetS and
DVT within 30 days of surgery was not identified following a
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Table of included studies.

References Year Country Study Design Sample Surgery Type NOS Score NOS Quality Rating
Angeloni et a/l'” 2012 Italy Retrospective analysis 1726 Cardiac 8 Good
Ardeshiri?®! 2014 Iran Prospective analysis 235 Cardiac 8 Good
Araoutakis et al 2014 USA Retrospective analysis 19 604 Vascular 8 Good
Aydogan et al?" 2019 Turkey Prospective analysis 120 Urology 8 Good
Bacalbasa et a/*? 2020 Romania Retrospective analysis 46 Gynaecology 7 Good
Bhayani et al> 2012 USA Retrospective analysis 3973 Hepatobiliary 7 Good
Casana et a/®¥ 2019 Italy Retrospective analysis 752 Vascular 8 Good
Chen et a/?® 2020 China Prospective analysis 628 Gastrointestinal surgery 8 Good
Chung et al?® 2018 USA Retrospective analysis 15 618 Orthopaedic 8 Good
Cichos et al?”! 2018 USA Retrospective analysis 3348 207 Orthopaedic 8 Good
Doyle et a/?® 2017 Ireland Prospective analysis 113 Gastrointestinal surgery 8 Good
Edelstein® 2016 USA Retrospective analysis 1462 Orthopaedic 7 Good
Edelstein et al*! 2017 USA Retrospective analysis 107 117 Orthopaedic 7 Good
Elsamna et al.®" 2020 USA Retrospective analysis 41788 Emergency general surgery 8 Good
Elsamna et al.® 2021 USA Retrospective analysis 138 318 Endocrine surgery 8 Good
Fagenson et al®% 2021 USA Retrospective analysis 1726 Hepatobiliary 7 Good
Garcia et all'® 2016 USA Retrospective analysis 4753 Orthopaedic 8 Good
Gazivoda et al®¥ 2022 USA Retrospective analysis 19 054 Hepatobiliary 8 Good
Goshtasbi et a.*®! 2022 USA Retrospective analysis 52 261 ENT 8 Good
Hobeika et al.©*®! 2019 France Retrospective analysis 115 Hepatobiliary 8 Good
Hong et al " 2010 Republic of Korea Retrospective analysis 740 Cardiac 8 Good
Hudetz et a/*® 2011 USA Prospective analysis 56 Cardiac 7 Good
Inabnet et a/. 2012 USA Retrospective analysis 186 576 Bariatric 8 Good
Jehan et a/1“ 2020 USA Retrospective analysis 4572 Gastrointestinal surgery 8 Good
Kajimoto et al®"! 2009 Japan Retrospective analysis 1183 Cardiac 8 Good
Kunt et a2 2016 Turkey Retrospective analysis 494 Cardiac 6 Fair
Lak et a*3 2019 USA Retrospective analysis 59 404 Bariatric 8 Good
Laou et al*¥ 2017 Greece Prospective analysis 105 Hepatobiliary 7 Good
Lohsiriwat e al."® 2010 Thailand Prospective analysis 114 Colorectal 8 Good
Lovecchio et al® 2018 USA Retrospective analysis 18 605 Orthopaedic 8 Good
Malik et al ¢! 2019 USA Retrospective analysis 15735 Orthopaedic 8 Good
Malik et al*”) 2019 USA Retrospective analysis 31 621 Orthopaedic 8 Good
Memtsoudis® 2012 USA Retrospective analysis 238 296 Orthopaedic 8 Good
Menendez!*® 2014 USA Retrospective analysis 669 841 Orthopaedic 8 Good
Nia et al*% 2019 USA Retrospective analysis 15 136 Neurosurgery 8 Good
(Ozkan et a/%% 2017 Turkey Prospective analysis 152 Cardiac 8 Good
Ozyazicioglu®" 2010 Turkey Prospective analysis 83 Cardiac 5 Fair
Panayi et al.®? 2022 USA Retrospective analysis 3809 Plastic surgery 8 Good
Pertsch et al®? 2022 USA Retrospective analysis 14 310 Vascular 8 Good
Pimental>¥ 2007 Brazil Prospective analysis 107 Cardiac 6 Fair
Raviv et al%% 2017 USA Retrospective analysis 47 386 Hepatobiliary 7 Good
Riddle et al%®! 2020 USA Retrospective analysis 12 827 Plastic surgery 8 Good
Sarna et al®®” 2022 USA Retrospective analysis 670 935 Bariatric 8 Good
Selph et al®® 2014 USA Retrospective analysis 11 865 Urologic 7 Good
Shariq et a/® 2018 USA Retrospective analysis 3502 Endocrine 8 Good
Shariq et al” 2019 USA Retrospective analysis 91 566 Colorectal 8 Good
Smolock et al®"! 2012 USA Retrospective analysis 739 Vascular 7 Good
Sorber et al®? 2019 USA Retrospective analysis 10 053 Vascular 8 Good
Swart et al©! 2012 South Africa Retrospective analysis 873 Cardiac 6 Fair
Tadic et al®¥ 2014 Serbia Retrospective analysis 182 Cardiac 8 Good
Tanaka et a/®® 2018 USA Retrospective analysis 154 Vascular 8 Good
Tee et al®® 2016 USA Retrospective analysis 15 831 Hepatobiliary 8 Good
Tracey et al®”! 2022 USA Retrospective analysis 37 495 Orthopaedic 8 Good
Visser et /! 2017 Netherlands Retrospective analysis 564 Vascular 8 Good
Wang et al.®% 2018 China Retrospective analysis 1166 Cardiac 8 Good
Williams et a7 2014 USA Retrospective analysis 79 Vascular 7 Good
Wu et all’! 2022 China Prospective analysis 585 Gastrointestinal 8 Good
Xiaoqi et all" 2020 China Retrospective analysis 2880 Orthopaedic 6 Fair
Xie et all"® 2020 USA Retrospective analysis 15 069 Orthopaedic 7 Good
Xul4 2019 China Retrospective analysis 606 Urology 8 Good
Ye et al"® 2020 USA Retrospective analysis 6696 Orthopaedic 8 Good
Zapata et al"® 2020 USA Retrospective analysis 11 020 Cardiac 8 Good
Zavlin et al’" 2017 USA Retrospective analysis 7030 Plastic surgery 8 Good

545



IISTSHIRA+ZM8RAAAAYO/YIAEIOYIASALLIAIPO0AEIEAHIOIN/AD AUMY TXOMADYOINX FOHISABZIY 10 +8

PNIOITWNOTFZTARY HJBSHNAYG Aq A18B1ns-jo-feuinol-feuoieusaiul/wiod mm| sfeulnoly/:dny wouy papeojumoq

%20¢2/90/€0 uo

Norris et al. International Journal of Surgery (2024)

International Journal of Surgery

Met-S Non Met-S Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Angeloni etal 2012 29 798 18 928 2.9% 1.91 [1.05, 3.46] —
Ardeshiri 2014 4 185 a 50  0.6% 2.50[0.13, 47.29]
Arnaoutakis etal. 2014 56 3102 415 16502 3.3% 0.71[0.54, 0.94] -
Bacalbasa etal 2020 1) 23 a 23 Mot estimahle
Bhayanietal 2012 15 256 83 3anv 29% 2.73[1.55, 4.80] —_—
Casana et al 2 296 a 456 0.6% F.75[0.37,162.01]
Chung et al 2018 5 1580 22 14028 2.3% 2.01 [0.76, 5.31] S B
Edelstein et al 2016 Interaction Ohesity and Met-5 i} 237 a5 1225 0.6% 0.47 [0.03, 5.48] = ]
Elsarmna et al 2020 19 9321 128 128997 3.1% 2.04 [1.26, 3.30] =
Elsamna et al 2020 Emergency Surgery 1715 41788 1464 41788 3.5% 118[1.10,1.27] "
Fagenson 2021 8 146 31 1580 2.6% 2.90[1.31,6.42] —
Garciaetal 2016 1 476 4 4277 09% 2.25[0.25, 20.186) —
Gazivoda 2022 42 1388 e 17666 3.3% 1.70[1.23, 2.36] s
Goshtashi 2022 182 2888 889 49373 3.4% 367 [3.11, 4.32] -
Inabnet 2012 52 23108 121 163470 3.3% 3.05[2.20, 4.22] e
Jehan etal 2020 22 275 193 4297 3.1% 1.85[1.17,2.93] =
Kajimoto et al 2009 a 551 B 632 21% 1.54 [0.53, 4.46] ——
Kuntetal 2016 6 82 11 412 22% 2.88[1.03,8.02]
Laketal 2019 N 12803 ) 46601 31% 3.23[1.99,5.24] ———
Laouetal 2017 2 &0 a 45  06% 3.89[0.18, 83.02]
Malik et al 2019 Cervical Discectomy 2 13684 18 14351 1.6% 1.15[0.27, 4.97] —
Malik et al 2019 Geriatric Hip Fractures 74 1388 104 30233 3.3% 16.32 [12.05, 22.09] i
mMemtsoudis etal 2012 13 12844 451 225347 3.0% 0.50[0.29, 0.87] -
MNia etal 2019 35 622 415 14514 3.2% 2.03[1.42,2.89) e
Ozkan etal 2017 2 64 1 g8 0.8% 2.81 [0.25, 31.64] —
Ozyazicioglu et al 2010 1 40 1 43 0.6% 1.08 [0.07,17.81]
FPanayi 2022 3 184 58 3625 2.0% 1.02[0.32, 3.28] I E—
Pertsch etal 2022 57 7155 50 7185  3.2% 1.14 [0.78, 1.67] S =
Sarnaetal 2022 349 190239 293 480696 3.4% 3.01 [2.58, 3.52) e
Sharig et al 2018 Adrenalectomy 3 395 4 3107 1.9% 5.94 [1.32, 26.62]
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Smolock etal 2012 B 330 11 408 2.2% 0.67 [0.24,1.83] -1
Sorberetal 2019 27 1693 129 8360 3.2% 1.03[0.68, 1.57] =
Swartetal 2012 7 370 8 503 22% 1.19[0.43, 3.32] I —
Tadic etal 2014 2 75 1 107 0.8% 2.80[0.26, 32.62] ]
Tanaka etal 2018 4 53 a 101 1.89% 0.83 [0.24, 2.85] I —
Tee etal 2016 30 1070 31 14761 3.2% 1.34 [0.82, 1.96] ™
Tracey etal 2022 43 2154 1237 35341 3.3% 0.56 [0.41,0.76] =
Visseretal 2017 4 244 3 320 1.5% 1.76[0.39, 7.94] ==
Yang etal 2018 15 298 27 868 2.8% 1.65[0.87,3.15] e
Hiaoqgi etal 2020 1 360 4 2520 0.8% 1.75[0.20,15.72] -
Hieetal 2020 4 1012 27 14056 21% 2.06[0.72,5.90] .
Ye etal 2020 1 583 21 6143 2.3% 2.66 [1.00, 7.08]
Zapata etal 2020 67 3881 125 7140 3.3% 0.99[0.73,1.33] -
Total (95% CI) 333488 1449817 100.0% 1.75[1.36, 2.24) *
Total events 3079 8217
Heterogeneity: Tau®= 0.47; Chi*= B37.61, df= 42 (P < 0.00001); IF= 93% t t t t
Test for overall effect: Z= 4.40 (P = 0.0001) 0.005 0.1 1 10 200

Figure 2. 30-day mortality.

Met-S Non Met-S

meta-analysis. Pooling of effect estimates revealed surgical
patients with MetS were at 1.14 times the risk of 30-day DVT
compared to patients without MetS, but statistical significance
was not reached (OR 1.14 95% CI: 0.99-1.32; P=0.08).

Cardiac arrest

Cardiac arrest within 30 days of surgery was reported in 15 of the
included studies. Across these studies, a total of 48 830 patients
with MetS underwent surgery versus 411 573 patients without
MetS. Ten of 15 studies reported an increased risk of
cardiac arrest across bariatric!*, colorectal®, endocrine!*”!
gastroenterology™®!, hepatobiliary®3-**¢¢! orthopaedic!*”!, and
vascular surgeries'**?!, The remaining five studies included for
meta-analysis found no association with cardiac arrest within
30 days of surgery. Pooling of effect estimates revealed surgical
patients with MetS were at 1.89 times the risk of cardiac arrest
compared to patients without MetS, (OR 1.89 95% CI: 1.5-2.39;
P <0.00001).

Grouped cardiovascular complications

A total of 40 of 63 studies reported a grouped outcome of car-
diovascular complications that were not categorised by specific

546

type within 30 days of surgery comprising 700 123 patients with
MetS versus 2 963 949 surgical patients without MetS. Surgical
patients with MetS were at 1.56 times the risk of any cardio-
vascular complication within 30 days after surgery compared to

patients without MetS (OR 1.56 95% CI: 1.41-1.73;
P=0.00001).
SSis

Superficial SSI

Superficial SSIs within 30 days of surgery were reported in 16
studies. A total of 81 119 patients with MetS underwent surgery
versus 419 593 surgical patients without MetS. Twelve studies
reported an increased risk of superficial SSI across a range of sur-

1431, 101" emergency general
[23,44]
3

geries including bariatric colorecta
surgery®!l, endocrine®?, gastroenterology!*®!, hepatobiliary
orthopaedicl®”7%7°! 1581 and vascular™ while the remain-
ing four studies found no association. Pooling of effect estimates
revealed surgical patients with MetS were at 1.68 times the risk of
30-day superficial SSI compared to patients without MetS (OR

1.68 95% CI: 1.52-1.85; P=0.01) (see Fig. 4 for all SSI data).

, urologic
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Figure 3. 30-day cardiovascular complications.
60 31 . [47,67,72
Deep SSI colorectal'®® emergency general surgery®!l, orthopaedicl*”-¢7721,

and vascular™. The remaining 10 studies included for meta-ana-

Deep SSIs within 30 d f ted in 18 studies.
€ep 5518 WITHT ays Of SuPgery were reportec I 19 studies lysis reported no association with 30-day deep SSI. Pooling of

Across these studies, a total of 87 918 patients with MetS under- X : - )
went surgery versus 458 382 surgical patients without MetS. In effect estimates revealed surgical patients with MetS were at 1.69

eight included studies, an increase in deep SSI was observed ~ times the risk of 30-day deep SSI compared to patients without
across a range of surgeries including bariatric!*?) cardiac!”®! MetS, (OR 1.69 95% CI: 1.40-2.04; P=0.00001).

b

547



IISTSHIRA+ZM8RAAAAYO/YIAEIOYIASALLIAIPO0AEIEAHIOIN/AD AUMY TXOMADYOINX FOHISABZIY 10 +8

PNIOITWNOTFZTARY HJBSHNAYG Aq A18B1ns-jo-feuinol-feuoieusaiul/wiod mm| sfeulnoly/:dny wouy papeojumoq

%20¢2/90/€0 uo

Norris et al. International Journal of Surgery (2024)

International Journal of Surgery

Met-S Non Met-S

Study or Subgroup Events Total Events Total
1.3.2 Superficial $8I

Arnacutakis etal. 2014 365 3102 1057 16502
Bhayani etal 2012 il 256 183 3nz7
Elsamna etal 2020 a7 93 387 128997
Elsamna et al 2020 Emergency Surgery 2006 41788 1379 41788
Fagenson 2021 3 148 74 1580
Jehan etal 2020 30 275 288 4297
Laketal 2018 214 12803 465 46601
Laou etal 2017 15 60 4 45
Malik et al 2018 Geriatric Hip Fraciures 1 1388 164 30233
Panayi 2022 14 184 279 3625
Selph etal 2014 22 3 167 11134
Shariq et al 2018 Adrenalectomy 4 395 22 3107
Shariq etal 2019 557 7603 4031 83963
Tracey etal 2022 38 2154 285 3531
Xiaoqi etal 2020 40 360 175 2620
Ye etal 2020 10 553 44 6143
Subtotal (95% CI) 81119 419593
Total events 3388 9004

Heterogeneity. Tau®= 0.01, Chi*= 31.89, df=15 (P = 0.008); F=53%
Testfor overall effect Z=10.42 (P < 0.00001)

1.3.3 Deep SSI

Arnaoutakis etal 2014 145 3102 365 16502
Bhayani etal 2012 [} 256 38 3nT
Chung etal 2018 1" 1590 100 14028
Elsamna et al 2020 ) 9321 128 128987
Elsamna etal 2020 Emergency Surgery 418 41788 334 41788
Fagenson 2021 0 146 1 1580
Gazivoda 2022 23 1388 238 17666
Jehan etal 2020 10 275 86 4297
Laketal 2019 27 12803 B2 46601
Malik et al 2019 Geriatric Hip Fractures k] 1388 65 30233
Panayi 2022 10 184 138 3625
Selph etal 2014 5 EEl 33 11134
Sharig etal 2018 Adrenalectorny o 395 2 3107
Sharig etal 2019 122 7603 883 83963
Tracey etal 2022 18 2154 136 35341
Hiaoqi etal 2020 a 360 20 2520
Ye etal 2020 7 553 52 6143
Zapata et al 2020 68 3881 40 7140
Subtotal (95% CI) 87918 458382
Total events 880 2732

Heterogeneity: Tau®= 0.07;, Chi*= 48.64, df= 17 (P < 0.0001); P= 65%
Testfar overall effect Z= 5.41 (P < 0.00001)

1.3.4 Organ Space SS|

Arnaoutakis etal. 2014 23 3102 81 16502
Bhayani et al 2012 16 256 249 377
Elsamna etal 2020 9 93 0 128997
Fagenson 2021 17 146 148 1580
Gazivoda 2022 195 1388 2386 17666
Jehan etal 2020 kil 275 378 4297
Malik et al 2018 Geriatric Hip Fractures 4 1388 68 30233
Panayi 2022 T 184 108 3625
Selphetal 2014 9 bkl 93 11143
Shariq et al 2018 Adrenalectomy 1 395 4 3107
Shariq etal 2019 294 7603 3273 B3963
Tracey etal 2022 12 2154 68 35341
Subtotal (95% CI) 26943 340171
Total events 618 6852

Heterogeneity. Tau®= 0.06; Chi*= 31.52, df= 11 (P = 0.0009), F= 65%
Testfor overall effect Z= 2.40 (P = 0.02)

1.3.5 Wound Dehisence

Arnaoutakis etal. 2014 102 3102 240 16502
Bhayani etal 2012 2 256 35 37T
Elsamna etal 2020 o 9321 0 128997
Elsamna etal 2020 Emergency Surgery 501 41788 376 41788
Fagenson 2021 3 146 15 1560
Gazivoda 2022 il 1388 218 17666
Jehan etal 2020 10 275 120 4297
Lohgiriwat etal 2010 2 a2 1] 72
Malik et al 2019 Geriatric Hip Fractures 2 1388 19 30233
Nia etal 2019 2 622 19 14514
Panayi 2022 ) 184 171 3625
Riddle etal 2020 H 1671 78 11156
Selph etal 2014 g Eil 55 11134
Sharig et al 2018 Adrenalectory o 395 1 3107
Sharig etal 2019 1186 7603 778 83963
Tracey etal 2022 ] 2154 44 35341
Ye etal 2020 5 553 30 6143
Zavlinetal 2017 14 437 78 6593
Subtotal (95% CI) 72056 420428
Total events 804 2277

Heterogeneity, Tau®= 0.07; Chi*=39.19, df= 16 (P = 0.001); F= 59%
Testfor overall effect: Z= 4.20 (P < 0.0001)

Total (95% CI) 268036 1638574
Total events 5710 20865
Heterogeneity. Tau®= 0.05; Chi*= 215.62, df= 62 (P < 0.00001), F=71%
Testfor overall effect Z=10.21 (P < 0.00001)

Testfor subaroup differences: Chi*= 4,80, df=3 (P=018). F=37.56%

Figure 4. Surgical site infections.
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Organ space SSI

The incidence of organ space SSIs within 30 days of surgery was
reported in 12 studies. Across these studies, a total of 26 943
patients with MetS underwent surgery versus 340 171 surgical
patients without MetS and were monitored for organ space SSIs.

In 2 of 12 studies, an increase was reported in organ space SSIs
across endocrine®® and orthopaedic!®”!, specialities while 10
studies found no association. Pooling of effect estimates revealed
surgical patients with MetS were at 1.3 times the risk of organ

space SSIs within 30 days of surgery compared to patients with-
out MetS, (OR 1.3 95% CI: 1.05-1.61; P=0.02).
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Figure 5. Hospital length of stay.
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Dehiscence

Wound dehiscence within 30 days of surgery was reported in 18
studies. Across these studies, a total of 72 056 patients with MetS
underwent surgery versus 420 428 surgical patients without
MetS. In five studies, an increase in wound dehiscence was
observed across a range of surgeries including colorectal®®],
emergency general surgery®!) plastics””!) urologic!®®!, and
vascular®l. Twelve studies included for meta-analysis found no
association with 30-day wound dehiscence between MetS and
non-Met$ patients. In a single study'**! where wound dehiscence
was an outcome, none were observed. Pooling of effect estimates
revealed surgical patients with MetS were at 1.59 times the risk of
30-day wound dehiscence compared to patients without MetS,
(OR 1.59 95% CI: 1.28-1.97; P=0.0001).

Uncategorised SSI

A total of 40 of the 63 studies reported SSIs; however, did not
provide a classification according to standardised definitions.
Across these studies, a total of 477 207 patients with MetS
underwent surgery versus 2 295 152 surgical patients without
MetS and were monitored for an SSI occurring within 30 days of
surgery. Surgical patients with MetS were at 1.64 times the risk of
an uncategorised SSI within 30 days after surgery compared
to patients without MetS (OR 1.64 95% CI: 1.52-1.77;
P=0.00001).

Hospital readmission

Hospital readmission within 30-day of surgery was reported in
22 studies included for meta-analysis. Across these studies, a total
of 109 910 patients with MetS underwent surgery versus 650 525
surgical patients without MetS. In the studies considered for

meta-analysis, 14 out of 22 were statistically associated with an
increase in hospital readmission across a range of surgeries
including bariatric®®!) endocrine®*%?), ENT®!, emergency
general surgery®!l gastrointestinal®!, orthopaedicl®*¢:47:67:73:
781 and plastics’®®”7). The remaining eight studies included for
meta-analysis found no association with hospital readmission
between MetS and non-MetS patients. Pooling of effect estimates
revealed surgical patients with MetS were at 1.55 times the risk of
hospital readmission compared to patients without MetS, (OR
1.55 95% CI: 1.41-1.71; P=0.00001) (see Fig. 5).

Hospital LOS

Hospital LOS was reported in 24 included studies. Across these
studies, a total of 298 619 patients with MetS underwent surgery
versus 3 888 671 surgical patients without MetS. In 13 of 24
studies, an increased length of hospital stay was reported across a
range of surgeries including cardiac!*®®*7¢!  endocrine®”,
hepatobiliary®*, orthopaedic!?6-48:677278:861 = slastics!””! and
urology”*. Two studies focusing on orthopaedic and hepato-
biliary surgical patients'*’~*! reported those with MetS were at
less risk of increased hospital LOS. A further nine studies found
no association with the length of hospital stay between MetS and
non-MetS patients across a range of surgeries. Pooling of effect
estimates revealed surgical patients with MetS experienced an
increased length of hospital stay (MD 0.65 95% CI: 0.39-0.9;
P =0.00001) (see Fig. 6).

Discussion

This review of 13 167 461 participants across 63 included studies
demonstrates that patients with MetS undergoing surgery are at
an increased risk of adverse outcomes within 30 days
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Figure 6. Readmission.
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postoperatively. While components of MetS (insulin resistance,
obesity, chronic hypertension, elevated serum triglycerides, and
decreased high-density lipoprotein)!®” % are known to be inde-
pendent risk factors for adverse surgical outcomes, our meta-
analysis demonstrates an increased risk of adverse outcomes
where these risk factors accumulate to meet the MetS diagnostic
criteria. Our review indicates that where surgical patients are
identified with MetS, they have a 75% increased risk of death; a
56% increased risk of cardiovascular complications; a twofold
increased risk of any SSI; and a 55% increased risk of hospital
readmission. Considering MetS is both highly prevalent and
associated with an increased likelihood of adverse complications
after surgery, our findings indicate the need to (1) identify MetS in
surgical patients using evidence-based screening approaches,
and (2) implement guidelines that treat relevant components of
MetS at optimal time points around surgery .

Adopting standardised diagnostic criteria for MetS could
facilitate improved detection and the initiation of management
strategies throughout the surgical continuum to improve patient
outcomes. For instance, most routine preoperative assessments
are likely to include assessments that record NCEP III diagnostic
criteria of insulin resistance, obesity, chronic hypertension, ele-
vated serum triglycerides, and decreased high-density lipopro-
tein. Hospital systems should incorporate alerts where a patient
meets the diagnostic criteria for MetS as part of existing pre-
surgical screening processes to allow better detection of this
patient cohort and identification of the risks associated with a
diagnosis of MetS prior to surgery. Identifying these risks is
important as it is well established that there is an additive effect of
risk factors on short-term and long-term surgical outcomes that
can be demonstrated using surgical risk calculators such as the
ACS-NSQIP and CeDARPY, Based on the results of our review, it
is likely that the surgical risks imposed by MetS criteria are also
additive in nature and should be incorporated into existing

surgical risk calculators to provide a more comprehensive
assessment of the risk profile of this patient cohort. Furthermore,
it is important to impart awareness of the risk to patients with
MetS as part of the consent process. This conversation needs to
occur contemporaneously with efforts to minimise communica-
tion bias, discrimination, and weight stigmatisation®?!. Treating
MetS effectively may necessitate delaying elective surgery or
implementing an enhanced recovery after surgery protocol,
which in turn, may increase patient frustration, anxiety and
challenges with surgical optimisation.

Healthcare providers should therefore take steps to implement
prehabilitative, intraoperative, and rehabilitative approaches to
care to improve patient recovery, facilitate earlier discharge from
the hospital, and potentially reduce healthcare costs by lowering or
eliminating complications associated with MetS including hospital
readmission. Surgical optimisation interventions have shown pro-
mise for some of the diagnostic criteria of MetS such as treating
obesity™®3! and hypertension®* prior to surgery, thus, there is the
potential to adapt elements of existing interventions and guidelines
for MetS patients to eliminate or reduce operative risks. It is also
vital that the surgical team is attentive to practices that reduce SSI
including weight-based dosing of prophylactic antibiotics!®®! |
redosing of prophylactic antibiotics in longer operations””®, glucose
optimisation””!] glove changes®®!, and the use of alcoholic skin
preparation prior to skin closure!®!. Postoperative follow-up and
rehabilitation of these patients should also emphasise initiatives that
reduce the risk of potential postoperative complications, such as
SSIst10%101 " venous thromboembolism events!!%>1%3 and cardio-
vascular complications!!941931,

One limitation of this review stems from the varying definitions
of MetS used in the included studies, which can lead to popula-
tion heterogeneity and complicate result comparisons.
Additionally, the inclusion of retrospective observational studies,
drawing data from medical records databases, introduces
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potential biases and limitations, including incomplete informa-
tion, selection bias, and possible confounding factors. In sum-
mation, the review provides valuable insights and is the largest
review of the surgical risks patients with MetS face. It also pro-
vides socio-ecological validity by drawing evidence globally from
countries with similarly developed health systems and highlights
a significant risk profile which, heretofore, has not been addres-
sed with review level evidence.

Conclusion

Our review is the largest, most-comprehensive analysis of post-
operative surgical complications in MetS. Our findings highlight
that surgical patients with MetS are at a heightened risk of a range
of adverse outcomes in the 30 days following surgery. Based on
our findings, firstly, there is a need to implement evidence-based
screening approaches to identify MetS in surgical patients to
facilitate early detection and initiate management strategies prior
to, during, and after surgery for improved outcomes. Secondly,
the surgical team must be aware of the increased risks associated
with MetS, be alerted to a diagnosis preoperatively, communicate
risks to the patient during the consent process, and treat com-
ponents of the condition to avoid the risks of adverse events. In
conclusion, early detection, personalised management, and
comprehensive perioperative care for MetS patients are essential
to mitigate risks, enhance outcomes, and potentially reduce
healthcare costs by minimising complications and readmissions.

Ethical approval
Not applicable.

Patient consent

Not applicable.

Sources of funding

PN is supported by an Australian Government research
scholarship.

Conflicts of interest disclosure

The authors declare that they have no financial conflict of interest
with regard to the content of this report.

Author contribution

P.N. and N.R.: devised the review concept, developed the pro-
tocol, conducted the search strategy, data extraction, analysis of
the results, and draughted the review; A.C., F.F., T.A., and ].G.:
contributed to the review and authoring of further manuscript
drafts.

Research registration unique identifying number
(UIN)

1. Name of the registry: researchregistry.com.

551

2. Unique identifying number or registration ID: research
registry1703.

3. Hyperlink to your specific registration (must be publicly
accessible and will be checked): https://www.researchregis
try.com/browse-the-registry#registryofsystematicreviews
meta-analyses/registryofsystematicreviewsmeta-analysesde
tails/65079¢75372670002503ab1b/.

Guarantor

Philip Norris and Nicholas Ralph.

Data availability statement

Data from the review is available on request.

Provenance and peer review

This review is not commissioned and was submitted to IJS for
external peer-review by blinded peer reviewers.

References

[1] Fahed G, Aoun L, Bou Zerdan M, et al. Metabolic syndrome: updates on
pathophysiology and management in 2021. Int ] Mol Sci 2022;23:786.

[2] Alberti KG, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications. Part 1: diagnosis and classifi-
cation of diabetes mellitus provisional report of a WHO consultation.
Diabet Med 1998;15:539-53.

[3] Alberti KG. Harmonizing the metabolic syndrome: a joint interim
statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for
the Study of Obesity. Circulation 2009;120:1640-5.

[4] Arnaoutakis D], Selvarajah S, Mathioudakis N, et al. Metabolic syn-
drome reduces the survival benefit of the obesity paradox after infra-
inguinal bypass. Ann Vasc Surg 2014;28:596-605.

[5] Memtsoudis SG. Metabolic syndrome and lumbar spine fusion surgery:
epidemiology and perioperative outcomes. Spine (Phila Pa 1976) 2012;
37:989-95.

[6] Passias PG, Brown AE, Lebovic J, et al. Metabolic syndrome has a
negative impact on cost utility following spine surgery. World
Neurosurg 2020;135:e500-4.

[7] Lovecchio F, Fu MC, Iyer S, et al. Does obesity explain the effect of the
metabolic syndrome on complications following elective lumbar fusion?
a propensity score matched analysis. Global Spine J 2018;8:683-9.

[8] Purnell JQ, Selzer F, Smith MD, ez al. Metabolic syndrome prevalence
and associations in a bariatric surgery cohort from the Longitudinal
Assessment of Bariatric Surgery-2 study. Metab Syndr Relat Disord
2014;12:86-94.

[9] Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal tool
for systematic reviews that include randomised or non-randomised
studies of healthcare interventions, or both. BMJ 2017;358:j4008.

[10] Page M], McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. Int J Surg
2021;88:105906.

[11] Bramer WM, Rethlefsen ML, Kleijnen J, et al. Optimal database com-
binations for literature searches in systematic reviews: a prospective
exploratory study. Syst Rev 2017;6:245.

[12] The EndNote Team EndNote 3.3 ed. Philadelphia, PA:Clarivate; 2013.

[13] Cochrane Collaboration. Review Manager (RevMan). 2011, Cochrane
Collaboration.

[14] Schroll JB, Moustgaard R, Getzsche PC. Dealing with substantial het-
erogeneity in Cochrane reviews. Cross-sectional study. BMC Med Res
Methodol 2011;11:22.

[15] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-ana-
lysis. Stat Med 2002;21:1539-58.


https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/65079c75372670002503ab1b/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/65079c75372670002503ab1b/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/65079c75372670002503ab1b/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/65079c75372670002503ab1b/

IISTSHIRA+ZM8RAAAAYO/YIAEIOYIASALLIAIPO0AEIEAHIOIN/AD AUMY TXOMADYOINX FOHISABZIY 10 +8

PNIOITWNOTFZTARY HJBSHNAYG Aq A18B1ns-jo-feuinol-feuoieusaiul/wiod mm| sfeulnoly/:dny wouy papeojumoq

¥202/90/€0 uo

Norris et al. International Journal of Surgery (2024)

[16] Margulis AV, Pladevall M, Riera-Guardia N, et al. Quality assessment
of observational studies in a drug-safety systematic review, comparison
of two tools: the Newcastle—-Ottawa Scale and the RTI item bank. Clin
Epidemiol 2014;6:359-68.

[17] Farrah K, Young K, Tunis MC, et al. Risk of bias tools in systematic
reviews of health interventions: an analysis of PROSPERO-registered
protocols. Syst Rev 2019;8:280.

[18] Chung AS, Campbell D, Waldrop R, et al. Metabolic syndrome and 30-
day outcomes in elective lumbar spinal fusion. Spine (Phila Pa 1976)
2018;43:661-6.

[19] Cichos KH, Churchill JL, Phillips SG, ez al. Metabolic syndrome and hip
fracture: epidemiology and perioperative outcomes. Injury 2018;49:
2036-41.

[20] Edelstein Al The impact of metabolic syndrome on 30-day complica-
tions following total joint arthroplasty. J Arthroplasty 2016;32.

[21] Edelstein Al, Suleiman LI, Alvarez AP, et al. The interaction of
obesity and metabolic syndrome in determining risk of complication
following total joint arthroplasty. J Arthroplasty 2016;31(suppl 9):
192-6.

[22] Garcia GH, Fu MC, Webb ML, et al. Effect of metabolic syndrome and
obesity on complications after shoulder arthroplasty. Orthopedics
2016;39:309-16.

[23] Malik AT, Jain N, Kim J, et al. The impact of metabolic syndrome on
30-day outcomes following elective anterior cervical discectomy and
fusions. Spine (Phila Pa 1976) 2019;44:E282-7.

[24] Malik AT, Quatman CE, Phieffer LS, et al. The impact of metabolic
syndrome on 30-day outcomes in geriatric hip fracture surgeries. Eur J
Orthop Surg Traumatol 2019;29:427-33.

[25] Menendez ME. The impact of metabolic syndrome on inpatient
outcomes after isolated ankle fractures. Foot Ankle Int 2014;35:
463-70.

[26] Tracy BM, Kravets V, Staley C, et al. The metabolic syndrome paradox:
increased morbidity and decreased mortality in operative orthopedic
trauma. Orthopedics 2022;45:103-8.

[27] Xiaoqi H, Qiaoman F, Tianwei S, et al. Metabolic syndrome increases
risk for perioperative outcomes following posterior lumbar interbody
fusion. Medicine 2020;99:1-6.

[28] Xie J, Malik AT, Quatman CE, et al. The impact of metabolic syndrome
on 30-day outcomes following orif for ankle fractures. Foot Ankle
Specialist 2020;13:93-103.

[29] Ye IB, Tang R, Schwartz JT, et al. Postoperative complications asso-
ciated with metabolic syndrome following adult spinal deformity sur-
gery. Clin Spine Surg 2020;33:E87-91.

[30] Angeloni E, Melina G, Benedetto U, et al. Metabolic syndrome affects
midterm outcome after coronary artery bypass grafting. Ann Thorac
Surg 2012;93:537-44.

[31] Ardeshiri M. Impact of metabolic syndrome on mortality and morbidity
after coronary artery bypass grafting surgery. Res Cardiovasc Med
2014;3;1-7.

[32] Hong S, Youn YN, Yoo K]J. Metabolic syndrome as a risk factor for
postoperative kidney injury after off-pump coronary artery bypass
surgery. Circ ] 2010;74:1121-6.

[33] Hudetz JA, Patterson KM, Igbal Z, et al. Metabolic syndrome exacer-
bates short-term postoperative cognitive dysfunction in patients
undergoing cardiac surgery: results of a pilot study. ] Cardiothorac Vasc
Anesth 2011;25:282-7.

[34] Kajimoto K, Miyauchi K, Kasai T, et al. Metabolic syndrome is an
independent risk factor for stroke and acute renal failure after cor-
onary artery bypass grafting. | Thorac Cardiovasc Surg 2009;137:
658-63.

[35] Kunt AT, Parlar H, Findik O, ez al. The influence of metabolic syndrome
on acute kidney injury occurrence after coronary artery bypass grafting.
Heart Surgery Forum 2016;19:E99-103.

[36] Ozkan S, Ozdemir F, Ugur O, et al. The effects of the metabolic syn-
drome on coronary artery bypass grafting surgery. Cardiovasc ] Afr
2017;28:48-53.

[37] Ozyazicioglu A. Effects of metabolic syndrome on early mortality and
morbidity in coronary artery bypass graft patients. ] Int Med Res 2010;
38:202-7.

[38] Pimenta E. Metabolic syndrome in patients undergoing coronary artery
bypass graft: prevalence and a marker of morbidity/mortality during
hospitalization and 30 days after hospital discharge. Arq Bras Cardiol
2007;88:683-92.

5562

International Journal of Surgery

[39] Swart M]J, De Jager WH, Kemp JT, et al. The effect of the metabolic
syndrome on the risk and outcome of coronary artery bypass graft
surgery. Cardiovasc J Afr 2012;23:400-4.

[40] Tadic M, Vukadinovic D, Cvijanovic D, et al. The impact of the meta-
bolic syndrome on the outcome after aortic valve replacement. ]
Cardiovasc Med (Hagerstown) 2014;15:745-51.

[41] Wang L, Qian X, Wang M, et al. Which factor is the most effective
one in metabolic Sydrome on the outcomes after coronary artery
bypass graft surgery? A cohort study of 5 Years. J Cardiothorac Surg
2018;13:1.

[42] Zapata D, Halkos M, Binongo J, et al. Effects and outcomes of cardiac
surgery in patients with cardiometabolic syndrome. J Card Surg 2020;
35:794-800.

[43] Casana R, Malloggi C, Tolva VS, et al. Does metabolic syndrome
influence short and long term durability of carotid endarterectomy and
stenting? Diabetes Metab Res Rev 2019;35:e3084.

[44] Pertsch NJ, Garcia CM, Daniel Y, et al. Outcomes for adults with
metabolic syndrome undergoing elective carotid endarterectomy. World
Neurosurg 2022;163:e146-55.

[45] Smolock CJ, El-Sayed HF, Davies MG. Outcomes of femoropopliteal
interventions for critical ischemia in the hemodialysis-dependent
patient. Ann Vasc Surg 2015;29:237-43.

[46] Sorber R, Lehman A, Alshaikh HN, ef al. Metabolic syndrome is
associated with increased cardiac morbidity after infrainguinal bypass
surgery irrespective of the use of cardiovascular risk-modifying agents.
J Vasc Surg 2019;69:190-8.

[47] Tanaka A, Perlick A, Miller CC 3rd, et al. Metabolic syndrome but not
obesity adversely affects outcomes after open aortoiliac bypass surgery.
Ann Vasc Surg 2018;46:155-61.

[48] Visser L, Vries BMWd, Mulder DJ, Uyttenboogaart M, et al. The
influence of the metabolic syndrome on the short- and long-term out-
come after carotid endarterectomy. Angiology 2017;68:306—-14.

[49] Williams WT, Assi R, Hall MR, ez al. Metabolic syndrome predicts
restenosis after carotid endarterectomy. J] Am Coll Surg 2014;219:
771-7.

[50] Bhayani NH, Hyder O, Frederick W, et al. Effect of metabolic syndrome
on perioperative outcomes after liver surgery: a National Surgical
Quality Improvement Program (NSQIP) analysis. Surgery 2012;152:
218-26.

[51] Fagenson AM, Pitt HA, Moten AS, et al. Fatty liver: the metabolic
syndrome increases major hepatectomy mortality. Surgery 2021;169:
1054-60.

[52] Gazivoda VP, Greenbaum A, Beier MA, et al. Pancreatoduodenectomy:
the Metabolic Syndrome is Associated with Preventable Morbidity and
Mortality. J Gastrointest Sur. 2022;26:2167-75.

[53] Hobeika C, Cauchy F, Pote N, et al. Short- and long-term outcomes of
liver resection for intrahepatic cholangiocarcinoma associated with the
metabolic syndrome. World J Surg 2019;43:2048-60.

[54] Laou E, Milionis H, Petrou A, et al. The impact of metabolic syndrome
and its components on perioperative outcomes after elective laparotomy
- A prospective observational study. Am J Surg 2017;214:831-7.

[55] Raviv NV, Sakhuja S, Schlachter M, et al. Metabolic syndrome and in-
hospital outcomes among pancreatic cancer patients. Diabetes Metab
Syndr 2017;11(Suppl 2):5643-s50.

[56] Tee M, Ubl D, Habermann E, et al. Metabolic syndrome is associated
with increased postoperative morbidity and hospital resource utilization
in patients undergoing elective pancreatectomy. ] Gastrointest Surg
2016;20:189-98.

[57] Chen X, Zhang W, Sun X, et al. Metabolic syndrome predicts post-
operative complications after gastrectomy in gastric cancer patients:
development of an individualized usable nomogram and rating model.
Cancer Med 2020;9:7116-24.

[58] Doyle SL, Mongan AM, Donohoe CL, et al. Impact of visceral obesity
and metabolic syndrome on the postoperative immune, inflammatory,
and endocrine response following surgery for esophageal adenocarci-
noma. Dis Esophagus 2017;30:1-11.

[59] Jehan F, Zeeshan M, Con ], et al. Metabolic syndrome exponentially
increases the risk of adverse outcomes in operative diverticulitis. ] Surg
Res 2020;245:544-51.

[60] Wu H, Jiang HJ, Wang SL, et al. Impact of metabolic syndrome on the
short- and long-term outcomes for the elderly patients with gastric
cancer after radical gastrectomy. Clin Res Hepatol Gastroenterol 2022;
46:102041.



IISTSHIRA+ZM8RAAAAYO/YIAEIOYIASALLIAIPO0AEIEAHIOIN/AD AUMY TXOMADYOINX FOHISABZIY 10 +8

PNIOITWNOTFZTARY HJBSHNAYG Aq A18B1ns-jo-feuinol-feuoieusaiul/wiod mm| sfeulnoly/:dny wouy papeojumoq

¥202/90/€0 uo

Norris et al. International Journal of Surgery (2024)

[61] Inabnet WB 3rd, Winegar DA, Sherif B, et al. Early outcomes of bar-
iatric surgery in patients with metabolic syndrome: an analysis of the
bariatric outcomes longitudinal database. ] Am Coll Surg 2012;214:
550-6.

[62] Lak KL, Helm MC, Kindel TL, et al. Metabolic syndrome is a significant
predictor of postoperative morbidity and mortality following bariatric
surgery. ] Gastrointest Surg 2019;23:739-44.

[63] Sarna M]J, Giorgi M, Luhrs AR. Metabolic syndrome as a predictor of
perioperative outcomes in primary bariatric surgery, a MBSAQIP
survey. Surg Endosc 2022;36:6122-8.

[64] Aydogan TB, Kaya E, Gazel E, et al. Impact of metabolic syndrome on
pre- and postoperative parameters in patients undergoing a HoLEP
surgery. Turkish J Urol 2019;45:98-103.

[65] Selph JP, Whited WM, Smith AB, et al. Metabolic syndrome as a pre-
dictor for postoperative complications after urologic surgery. Urology
2014;83:1051-9.

[66] Xu P, Wang J. Number of metabolic syndrome components is the cen-
tral predictor of the impact of metabolic syndrome on outcome of per-
cutaneous nephrolithotomy in staghorn nephrolithiasis. ] Endourol
2019;33:946-53.

[67] Panayi AC, Haug V, Kauke-Navarro M, et al. The impact of metabolic
syndrome on microvascular head and neck reconstruction: an ACS-
NSQIP data analysis. J Plast Reconstr Aesthet Surg 2022;75:1360-71.

[68] Riddle KR, Malhotra R, Ayyala HS, et al. The impact of metabolic
syndrome on patients undergoing breast reduction surgery. Obes Surg
2020;30:2434-6.

[69] Zavlin D, Jubbal KT, Balinger CL, et al. Impact of metabolic syndrome
on the morbidity and mortality of patients undergoing panniculectomy.
Aesthetic Plast Surg 2017;41:1400-7.

[70] Chung AS, Campbell D, Waldrop R, et al. Metabolic syndrome and 30-
day outcomes in elective lumbar spinal fusion. Spine (03622436) 2018;
43:661-6.

[71] Edelstein Al, Lovecchio F, Delagrammaticas DE, et al. The impact of
metabolic syndrome on 30-day complications following total joint
arthroplasty. J Arthroplasty 2017;32:362-6.

[72] Elsamna S, Elkattawy O, Merchant AM. Association of metabolic
syndrome with morbidity and mortality in emergency general surgery.
Am ] Surg 2020;220:448-53.

[73] Elsamna ST, Suri P, Mir GS, et al. Evaluating the impact of metabolic
syndrome on postoperative thyroidectomy outcomes. Head Neck 2021;
43:1271-9.

[74] Goshtasbi K, Abiri A, Torabi S]J, et al. Association between metabolic
syndrome and short-term adverse events in skull base surgery. Int Forum
Allergy Rhinol 2023;13:281-4.

[75] Nia AM, Branch DW, Maynard K, et al. Metabolic syndrome associated
with increased rates of medical complications after intracranial tumor
resection. World Neurosurg 2019;126:¢1055-62.

[76] Sharig OA, Fruth KM, Hanson KT, et al. Metabolic syndrome is
associated with increased postoperative complications and use of hos-
pital resources in patients undergoing laparoscopic adrenalectomy.
Surgery 2018;163:167-75.

[77] Sharig OA, Hanson KT, McKenna NP, et al. Does metabolic syndrome
increase the risk of postoperative complications in patients undergoing
colorectal cancer surgery? Dis Colon Rectum 2019;62:849-58.

[78] Smolock CJ, Anaya-Ayala JE, Bismuth ], et al. Impact of metabolic
syndrome on the outcomes of superficial femoral artery interventions.
J Vasc Surg 2012;55:985-93.

[79] Bacalbasa N, Diaconu C, Iliescu L, et al. The influence of the metabolic
syndrome on early postoperative outcomes of patients with advanced-
stage endometrial cancer. In Vivo 2020;34:2913-7.

[80] Hobeika C, Cauchy F, Poté N, et al. Short- and long-term outcomes of
liver resection for intrahepatic cholangiocarcinoma associated with the
metabolic syndrome. World J Surg 2019;43:2048-60.

[81] Chen S, Li J, Li Q, et al. Metabolic syndrome increases operative mor-
tality in patients with impaired left ventricular systolic function who
undergo coronary artery bypass grafting: a retrospective observational
study. BMC Cardiovasc Disord 2019;19:25.

[82] Lohsiriwat V, Pongsanguansuk W, Lertakyamanee N, ef al. Impact of
metabolic syndrome on the short-term outcomes of colorectal cancer
surgery. Dis Colon Rectum 2010;53:186-91.

[83] Wang L, Qian X, Wang M, et al. Which factor is the most effective one
in metabolic sydrome on the outcomes after coronary artery bypass
graft surgery? A cohort study of 5 Years. Journal of Cardiothoracic
Surgery 2018;13:1. doi:10.1186/s13019-017-0682-5.

553

[84] Elsamna ST, Suri P, Mir GS, et al. Evaluating the impact of metabolic
syndrome on postoperative thyroidectomy outcomes. Head Neck 2021;
43:1271-9.

[85] Ozyazicioglu A, Yalcinkaya S, Vural AH, et al. Effects of metabolic
syndrome on early mortality and morbidity in coronary artery bypass
graft patients. ] Int Med Res 2010;38:202-7.

[86] Malik AT, Jain N, Kim J, et al. The impact of metabolic syndrome on
30-day outcomes following elective anterior cervical discectomy and
fusions. Spine 2019;44:E282-7.

[87] Sato H, Carvalho G, Sato T, et al. The association of preoperative
glycemic control, intraoperative insulin sensitivity, and outcomes after
cardiac surgery. ] Clin Endocrinol Metab 2010;95:4338-44.

[88] Tjeertes EK, Hoeks SE, Beks SB, et al. Obesity--a risk factor for post-
operative complications in general surgery? BMC Anesthesiol 2015;15:112.

[89] Crowther M, van der Spuy K, Roodt F, et al. The relationship between
pre-operative hypertension and intra-operative haemodynamic changes
known to be associated with postoperative morbidity. Anaesthesia
2018;73:812-8.

[90] Thielmann M, Neuhduser M, Marr A, et al. Lipid-lowering effect of
preoperative statin therapy on postoperative major adverse cardiac
events after coronary artery bypass surgery. ] Thorac Cardiovasc Surg
2007;134:1143-9.

[91] Bilimoria KY, Liu Y, Paruch JL, ez al. Development and evaluation of
the universal ACS NSQIP surgical risk calculator: a decision aid and
informed consent tool for patients and surgeons. ] Am Coll Surg 2013;
217:833-42.el1-e3.

[92] Tomiyama AJ, Carr D, Granberg EM, et al. How and why weight
stigma drives the obesity ‘epidemic’ and harms health. BMC Med 2018;
16:123.

[93] Lyons NB, Bernardi K, Olavarria OA, et al. Prehabilitation among
patients undergoing non-bariatric abdominal surgery: a systematic
review. ] Am Coll Surg 2020;231:480-9.

[94] Koh FH, Loh CH, Tan W], et al. Structured presurgery prehabilitation
for aged patients undergoing elective surgery significantly improves
surgical outcomes and reduces cost: a nonrandomized sequential com-
parative prospective cohort study. Nutr Clin Pract 2022;37:645-53.

[95] Salm L, Marti WR, Stekhoven DJ, et al. Impact of bodyweight-adjusted
antimicrobial prophylaxis on surgical-site infection rates. https://aca
demic.oup.com/bjsopen/article/5/2/zraa027/6044705?login=false. BJS
Open 2021;5.

[96] Bertschi D, Weber WP, Zeindler J, et al. Antimicrobial prophylaxis
redosing reduces surgical site infection risk in prolonged duration sur-
gery irrespective of its timing. World J Surg 2019;43:2420-5.

[97] Sudhakaran S, Surani SR. Guidelines for perioperative management of
the diabetic patient. Surg Res Pract 2015;2015:284063.

[98] Routine sterile glove and instrument change at the time of abdominal
wound closure to prevent surgical site infection (ChEETAh): a prag-
matic, cluster-randomised trial in seven low-income and middle-income
countries. Lancet 2022;400:1767-76.

[99] Mastrocola M, Matziolis G, Bohle S, et al. Meta-analysis of the
efficacy of preoperative skin preparation with alcoholic chlorhex-
idine compared to povidone iodine in orthopedic surgery. Scientific
Rep 2021;11:18634.

[100] Tomsic I, Heinze NR, Chaberny IF, et al. Implementation interventions
in preventing surgical site infections in abdominal surgery: a systematic
review. BMC Health Serv Res 2020;20:236.

[101] Dixon LK, Biggs S, Messenger D, et al. Surgical site infection prevention
bundle in elective colorectal surgery. ] Hosp Infect 2022;122:162-7.

[102] Ratnasekera A, Geerts W, Haut ER, et al. Implementation
science approaches to optimizing venous thromboembolism
prevention in patients with traumatic injuries: findings from the
2022 Consensus Conference to Implement Optimal Venous
Thromboembolism Prophylaxis in Trauma. ] Trauma Acute Care
Surg 2023;94:490-4.

[103] Chakravarthy VB, Yokoi H, Coughlin D], et al. Development and
implementation of a comprehensive spine surgery enhanced recovery
after surgery protocol: the Cleveland Clinic experience. Neurosurg
Focus 2019;46:E11.

[104] McCann M, Stamp N, Ngui A, et al. Cardiac prehabilitation.
] Cardiothorac Vasc Anesth 2019;33:2255-65.

[105] Kamarajah SK, Bundred J, Weblin ], ef al. Critical appraisal on the
impact of preoperative rehabilitation and outcomes after major
abdominal and cardiothoracic surgery: a systematic review and meta-
analysis. Surgery 2020;167:540-9.


https://academic.oup.com/bjsopen/article/5/2/zraa027/6044705?login=false
https://academic.oup.com/bjsopen/article/5/2/zraa027/6044705?login=false

