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Abstract

Background: Obesity can pose perioperative challenges related to obesity-associated co-morbidities and technical factors. However,
the true impact of obesity on postoperative outcomes is not well established and reports are conflicting. The aim was to perform a
systematic review and meta-analysis to explore the effect of obesity on perioperative outcomes for general surgery procedures in
distinct obesity subtypes.

Methods: A systematic review was performed for studies reporting postoperative outcomes in relation to BMI in upper
gastrointestinal, hepatobiliary and colorectal based on an electronic search using the Cochrane Library, Science Direct, PubMed and
Embase up to January 2022. The primary outcome was the incidence of 30-day postoperative mortality among patients with obesity
undergoing general surgical procedures in comparison to patients with normal range BMI.

Results: Sixty-two studies, including 1 886 326 patients, were eligible for inclusion. Overall, patients with obesity (including class I/II/II)
had lower 30-day mortality rates in comparison to patients with a normal BMI (odds ratio (OR) 0.75, 95 per cent c.i. 0.66 to 0.86,
P <0.0001, =71 per cent); this was also observed specifically in emergency general surgery (OR 0.83, 95 per cent c.i. 0.79 to 0.87,
P <0.0000001, I°=7 per cent). Compared with normal BMI, obesity was positively associated with an increased risk of 30-day
postoperative morbidity (OR 1.11, 95 per cent c.i. 1.04 to 1.19, P=0.002, 12=85 per cent). However, there was no significant
difference in postoperative morbidity rates between the cohorts of patients with a normal BMI and class I/II obesity (OR 0.98, 95 per
cent c.i. 0.92 to 1.04, P=0.542, > =92 per cent). Overall, the cohort with obesity had a higher rate of postoperative wound infections
compared with the non-obese group (OR 1.40, 95 per cent c.i. 1.24 to 1.59, P < 0.0001, I? = 82 per cent).

Conclusion: These data suggest a possible ‘obesity paradox’ and challenge the assumption that patients with obesity have higher
postoperative mortality compared with patients with normal range BMI. Increased BMI alone is not associated with increased
perioperative mortality in general surgery, highlighting the importance of more accurate body composition assessment, such as
computed tomography anthropometrics, to support perioperative risk stratification and decision-making.

Registration number: CRD42022337442 (PROSPERO https://www.crd.york.ac.uk/prospero/).

class III applies to those with a BMI greater than or equal to 40
Introduction kg/m?® °.
Europeans as geographical differences in physiology and
subsequently BMI are well documented. Asia-Pacific populations
have different body fat distribution and therefore morbidity and
mortality can occur in this population group with lower BMIs.
To address this variability, in 2000 a BMI scale for Asian adults
was proposed with a normal BMI range of 18.5-22.9 kg/m? and
obesity class I defined as a BMI of 25-29.9 kg/m? *.
Obesity is associated with several co-morbidities, including
diabetes, hypertension, coronary artery disease and increased

However, this grading system is better suited to

Obesity is a consequence of complex interactions between
genetic, socioeconomic and cultural influences. In the last three
decades, the worldwide prevalence of obesity has increased
three-fold. In 2016, over 39 per cent of adults aged 18 years and
older were overweight and 13 per cent were obese’. In Europe,
obesity (BMI greater than or equal to 30 kg/m? has reached
epidemic proportions with the prevalence in men ranging from
4.0 to 28.3 per cent and in women from 6.2 to 36.5 per cent, with
considerable geographical variation®. The most widely adopted

classification of obesity in the Western world is the WHO  Tisk of certain cancers®. Every five-unit increase in BMI above
criteria. A BMI of less than 18.5 kg/m? is considered underweight 25kg/m? is believed to increase mortality rate by 30 per cent’.
and a BMI of 25-29.9 kg/m? is considered overweight. The extent The obesity epidemic also impacts surgery and surgical
of obesity can then be further classified as: class I is specified for outcomes, not merely because of an increase in the

a BMI of 30-34.9kg/m?, class II for a BMI of 35-39.9kg/m? and prevalence of obesity but also because of an increase in
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Identification of studies via databases and registers

Records removed before screening

Duplicate records removed n = 121
Records removed for other reasons n = 887

Records excluded n = 892

Reports not retrieved n = 2

Fig. 1 PRISMA flowchart

obesity-related surgical diseases®. Obesity can pose several
perioperative challenges, including management of co-morbidities,
as well as technical and equipment-related issues’. However, the
true impact of obesity on postoperative outcomes is not well
established and reports across a wide range of surgical studies are
conflicting.

The obesity paradox, which suggests that patients with obesity
have more favourable postoperative outcomes compared with
those who have a normal BMI, was first conceptualized in relation
to cardiac surgery in the early 2000s®°. Since then, several
conflicting studies have reported on the subject of the obesity
paradox in general surgery. Mullen et al. prospectively examined
patients undergoing non-bariatric general surgery and
demonstrated that patients with obesity had a lower risk of
mortality compared with patients who have a normal BMI™.
These results have been replicated in larger cohort studies
comparing general surgical mortality rates between patients with
elevated BMI to a non-obese reference group***. More recently,
obesity was reported to be particularly protective in older adults
undergoing emergency surgery™. In contrast, Kassahun et al.
found that patients with obesity were more likely to have
co-morbidities and were at increased risk of postoperative
complications and mortality following emergency laparotomy for
high-risk abdominal emergencies™. Similarly, postoperative
complication and wound infection rates have also been reported
to be higher in general surgical patients with obesity in
multi-institutional cohort studies’®"’. The aim of this study was to
review the existing literature with respect to the impact of obesity
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2 Studies included in review
- n=62

Reports excluded
Non-general surgery patients included n = 389
Trauma patients n = 44
Not available in English n = 2
Inconsistencies in data reporting n = 2
Adrenalectomy n =5
Transplantn =7
No reference group stated n = 74

Table 1 Characteristics of included studies (n = 62)

n (%)
Year of publication
2000-2006 9 (15)
2007-2012 22 (36)
2013-2017 19 (31)
2018-2022 12 (18)
Median (range) age (years) 66.6 (17-91)
Country of origin
North America 28 (46)
South America 1(2)
Asia 8 (12)
Europe 23 (38)
Australia 1(2)
Study design
Prospective 11 (18)
Retrospective 51 (82)
Subspecialty
Emergency general surgery (laparotomy, 5(8)
duodenal/bowel perforation, bowel obstruction)
Elective general surgery (abdominal oncological 9 (15)
resections, hernia repair, retroperitoneal
dissection, liver surgery, cholecystectomy)
Colorectal (colorectal resections, pouch surgery, 34 (56)
rectal prolapse surgery)
Upper gastrointestinal (gastrectomy, 12 (18)
oesophagectomy)
Hepatobiliary (liver resection, 2 (3)
pancreato-duodenectomy)
Newcastle-Ottawa score
8-9 42 (67)
6-7 21 (33)

Values are n (%) unless otherwise stated.
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Obesity Normal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight% M-H, random, 95% c.i. M-H, random, 95% c.i.
Akiyoshi et al.38 28 268 85 926 17 1.15(0.74, 1.81) -T—
Bege et al.®0 15 24 78 186 0.5 2.31 (0.96, 5.54)
Blom et al.5 55 76 201 308 12 1.39 (0.80, 2.43) T
Blumberg et al.4 7 25 11 58 0.4 1.66 (0.56, 4.95) —
Causey et al.34 83 379 621 1940 35 0.60 (0.46, 0.77) -
Chand et al.”2 14 50 23 106 0.7 1.40 (0.65, 3.03) 1T
Choi et al.52 25 90 42 233 12 1.75 (0.99, 3.09) —
Denost et al.5¢ 11 47 43 223 0.7 1.28 (0.60, 2.72) -
Dindo et al.12 122 808 896 5528 45 0.92 (0.75, 1.13) =T
Dostalik et al.44 26 80 82 355 1.3 1.60 (0.94, 2.72) —
El Moheb et al.14 11233 24291 12587 28402 7.7 1.08 (1.04, 1.12) r
Estay et al.4? 13 53 15 53 0.5 0.82 (0.35, 1.96) [ —
EuroSurg collaborative et al.11 73 560 169 1044 3.1 0.78 (0.58, 1.04) 7
Grotenhuis et al.5¢ 34 58 294 459 1.2 0.80 (0.46, 1.39) b
Gupta et al.1” 142741 1131726 91636 699510 7.9 0.96 (0.95, 0.97) 1
Haas et al.55 12 40 21 120 0.6 2.02 (0.89, 4.61) T
Hasegowa et al.54 9 41 18 204 0.5 2.91 (1.20, 7.03)
Hirano et al.” 691 1392 7408 20406 6.5 1.73 (1.55, 1.93) B
Iranmanesh et al.?’ 18 86 81 374 1.1 0.96 (0.54, 1.70) -T
Ishihara et al.3® 91 304 214 694 3.1 0.96 (0.71, 1.29) I
Kamoun et al.3 19 62 22 118 0.8 1.93 (0.95, 3.93) e
Karahasanoglu et al.58 2 14 4 43 0.1 1.63 (0.26, 9.99) I
Kassahun et al.1® 151 194 200 306 1.9 1.86 (1.23, 2.81) T
Keller et al.46 18 45 13 45 0.5 1.64 (0.68, 3.95)
Leroy et al.40 2 23 8 88 0.2 0.95 (0.19, 4.82) e
Madani et al.®® 27 56 37 86 0.9 1.23 (0.63, 2.42) -
Makino et al.54 19 76 16 76 0.7 1.25(0.59, 2.67) T
Mitzman et al.30 1770 2745 1925 2984 6.5 1.00 (0.90, 1.11) -
Mullen et al.24 171 573 189 819 3.9 1.42 (1.11, 1.81) r
Mullen et al.10 4865 41472 3910 36200 7.6 1.10 (1.05, 1.15)
Oyasiji et al.®8 1 7 2 7 0.1 0.42 (0.03, 6.06) I
Park et al.3° 53 337 98 645 2.3 1.04 (0.72, 1.50) Em—
Poulsen et al.5” 11 47 118 332 0.8 0.55 (0.27, 1.13) |
Salem et al.% 14 45 3 28 0.2 3.76 (0.97, 14.57) T
Scheidbach et al.6 153 734 1002 4834 4.8 1.01 (0.83, 1.22) T
Schwandner et al.8 20 86 112 458 1.3 0.94 (0.54, 1.61) T
Senagore et al.53 13 59 27 201 0.7 1.82 (0.87, 3.81) b
Sood et al.13 6826 50386 5395 37422 7.7 0.93 (0.90, 0.97) -
Tjeertes et al.23 185 743 339 1815 4.5 1.44 (1.18, 1.77) T
Wightman et al.2® 83 128 63 107 13 1.29 (0.76, 2.19) T
Xia et al.51 52 156 112 371 2.0 1.16 (0.78, 1.72) -
Yamashita et al.5® 67 370 238 1335 3.0 1.02 (0.76, 1.37) -
Total 95% c.i. 1258 756 849 449 100.0 1.11 (1.04, 1.19) ]
Total events 169 823 128358
Heterogeneity: ©2 = 0.01; 52 = 281.28, 41 d.f., P < 0.00001; | 2= 85% 0_61 0_'1 1 1'0 1(')0

Test for overall effect: Z = 3.16, P = 0.002

Favours obesity I/11/11l Favours normal

Fig. 2 Thirty-day morbidity rate between non-obese patients and patients with obesity

M-H, Mantel-Haenszel method.

on perioperative outcomes among patients undergoing general
surgery operations.

Methods

This study was performed following guidance from the PRISMA
and Meta-Analysis of Observational Studies in Epidemiology
(Fig. 1)'®. Prospective registration was performed on PROSPERO
(CRD42022337442).

Search strategy

An electronic search was conducted using the Cochrane Library,
Science Direct, PubMed and Embase. All studies published to
January 2022 were included. The following search terms/MeSH
terms were used: (Obesity (MeSH) OR obese OR Body Mass Index
OR in high BMI OR elevated BMI OR BMI) AND (general surgery
(MeSH) OR surgery OR non bariatric surgery OR colorectal
surgery OR gastrointestinal surgery OR GI surgery OR abdominal

surgery OR hepatobiliary surgery OR Hepatobiliary (HPB) surgery
emergency surgery OR oesophageal surgery OR liver surgery OR
gastric surgery) AND (postoperative outcomes (MeSH) OR
complications OR outcomes). All titles were initially screened,
and appropriate abstracts were reviewed by two independent
reviewers (C.C., A.F.). Each publication bibliography and Google
Scholar were manually searched for relevant articles. The last
date of search was 31 January 2022.

Outcomes

The primary outcome was the incidence of 30-day postoperative
mortality among patients with obesity undergoing general
surgical procedures in comparison to patients with normal
range BMI. Obesity class subgroup categorization into class I, II
and III obesity as per the WHO criteria was performed®.
Asia-Pacific populations have different body fat distribution and
have lower BMI cut-off values. Population-specific values were
considered when subgrouping studies into the different BMI
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Obesity Normal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight % M-H, random, 95% c.i. M-H, random, 95% c.i.
Akiyoshi et al.% 28 268 85 926 1.4 1.15 (0.74, 1.81) T
Bege et al.®° 15 24 78 186 0.4 2.31(0.96, 5.54)
Blom et al.%” 55 76 201 308 1.0 1.39 (0.80, 2.43) T
Blumberg et al.** 7 25 11 58 0.3 1.66 (0.56, 4.95) T
Causey et al.3* 83 379 621 1940 33 0.60 (0.46, 0.77) -
Chand et al.”? 14 50 23 106 0.5 1.40 (0.65, 3.03) I e
Choi et al.t2 25 90 42 233 1.0 1.75 (0.99, 3.09) S
Denost et al.5® 11 47 43 223 0.6 1.28 (0.60, 2.72) e
Dindo et al.12 122 808 896 5528 4.3 0.92 (0.75, 1.13) -
Dostalik et al.* 26 80 82 355 1.1 1.60 (0.94, 2.72) T
El Moheb et al.* 11 233 24 291 12 587 28 402 9.1 1.08 (1.04, 1.12) o
Estay et al.*? 13 53 15 53 0.4 0.82 (0.35, 1.96)
EuroSurg collab et al.'* 73 560 169 1044 2.8 0.78 (0.58, 1.04) —
Grotenhuis et al.%¢ 34 58 294 459 1.0 0.80 (0.46, 1.39) e
Gupta et al.t’ 142 741 1131726 91636 699510 9.3 0.96 (0.95, 0.97)
Haas et al.% 12 40 21 120 0.5 2.02 (0.89, 4.61) T
Hasegowa et al.54 9 41 18 204 0.4 2.91 (1.20, 7.03) E—
Hirano et al.”* 591 1392 7408 20 406 7.0 1.29 (1.16, 1.45) -
Iranmanesh et al.?’ 18 86 81 374 0.9 0.96 (0.54, 1.70) -
Ishihara et al.3 91 304 214 694 2.8 0.96 (0.71, 1.29) -
Kamoun et al.*3 19 62 22 118 0.6 1.93 (0.95, 3.93) —
Karahasanoglu et al.58 2 14 4 43 0.1 1.63 (0.26, 9.99) R —
Kassahun et al.15 151 194 200 306 1.7 1.86 (1.23, 2.81) —_—
Keller et al.46 18 45 13 45 0.4 1.64 (0.68, 3.95) I
Leroy et al.* 2 23 8 88 0.1 0.95 (0.19, 4.82) ]
Madani et al.®® 27 56 37 86 0.7 1.23 (0.63, 2.42) —_t
Makino et al.> 19 76 16 76 0.6 1.25(0.59, 2.67) I
Mitzman et al.3° 1770 2745 1925 2984 7.1 1.00 (0.90, 1.11) T
Mullen et al.1® 4865 41 472 3910 36 200 8.9 1.10 (1.05, 1.15) "
Mullen et al.?* 171 573 189 819 3.6 1.42(1.11,1.81) -
Oyasiji et al.®® 1 7 2 7 0.0 0.42 (0.03, 6.06)
Park et al.3? 53 337 98 645 2.0 1.04 (0.72, 1.50) b
Poulsen et al.5” 11 47 118 332 0.6 0.55 (0.27, 1.13) T
Salem et al.®s 14 45 3 28 0.2 3.76 (0.97, 14.57) S —
Scheidbach et al.6% 153 734 1002 4834 4.7 1.01 (0.83, 1.22) T
Schwandner et al.*® 20 86 112 458 1.0 0.94 (0.54, 1.61) e
Senagore et al.53 13 59 27 201 0.6 1.82(0.87, 3.81) T
Sood et al.1? 6826 50 386 5395 37422 9.0 0.93 (0.90, 0.97) L
Tjeertes et al.3 185 743 339 1815 4.4 1.44 (1.18,1.77) -
Wightman et al.?® 83 128 63 107 11 1.29 (0.76, 2.19) -
Xia et al.5t 52 156 112 371 1.7 1.16 (0.78,1.72) -
Yamashita et al.5® 67 370 238 1335 2.7 1.02 (0.76, 1.37) -
Total (95% c.i.) 1258 756 849 449 100.0 1.08 (1.02, 1.15) ¢

Total events 169 723 128 358
Heterogeneity: 12 = 0.01; 2 = 199.64, 41 d.f., P < 0.00001; 12 = 79%
Test for overall effect: Z = 2.64, P = 0.008

L 1 1 1
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Fig. 3 Surgical site infection among patients with normal BMI compared with obesity

M-H, Mantel-Haenszel method.

classes. The secondary outcomes were the incidence of
in-hospital mortality, 30-day postoperative complications
(classified as Clavien-Dindo >/= II) and surgical site infection
(SSI) (classified as superficial or deep SSI). Clavien-Dindo >/=II
morbidities were included to capture all complications requiring
pharmacological or surgical intervention as these interventions
impact the duration of hospital stay and postoperative patient
experience. A subgroup analysis was also performed on studies
including emergency general surgery patients. The quality of the
studies included was assessed using the Newcastle-Ottawa
Scale (NOS)'. The risk of bias was assessed using the Risk of
Bias in Non-Randomized Studies of Intervention (ROBINS I
Tool)?°. Publication bias was assessed using visual inspection of
funnel plots.

Inclusion criteria

All studies (observational, non-randomized) meeting the
following criteria were suitable for inclusion: studies that
included elective and emergency general surgery including
upper gastrointestinal (GI), hepatobiliary and colorectal; studies
that included a small cohort of non-general surgery patients
(that is urology, vascular) with general surgery patients; studies

that included non-obese as a reference group and reported the
number of patients in individual BMI categories with reported
outcomes of interest.

Exclusion criteria

The following exclusion criteria were applied: studies published in
languages other than English; studies that focused on non-GI
surgery patient groups, including organ transplant and
adrenalectomy®?; studies on trauma due to complexity of their
multiple organ injury and physiology; studies did not present
standardized incidence ratio, odds ratios, risk ratios or hazard
ratio estimates (with 95 per cent c.i.), standard errors or number
of events necessary to calculate these for the outcomes of interest.

Data extraction

Two reviewers (C.C., A.F.) independently screened all titles/
abstracts/texts for eligibility according to the above predefined
strategy and criteria. Each reviewer extracted the following
variables: title and study details (year, design, country), study
population characteristics (sample size, subspecialty, elective
versus emergency, obesity subtypes, outcomes of interest and
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a
Obesity class | Normal Odds ratio Odds ratio
Study or subgroup Events  Total Events Total Weight% M-H, random, 95% c.i. M-H, random, 95% c.i.
Amri et al.” 21 179 12 363 5.3 3.89 (1.87, 8.10)
El Moheb et al.14 863 13897 1359 28402 33.4 1.32(1.21, 1.44) [ ]
Gupta et al.1” 26138 594044 27281 699510 36.1 1.13(1.11, 1.15) m
Healy et al.t3 0 36 2 114 0.4 0.62 (0.03, 13.14)
Mustain et al.3” 197 1823 214 3007 25.0 1.58 (1.29, 1.94) -
Total (95% c.i.) 609 979 731396 100.0 1.38 (1.15, 1.65) '3
Total events 27219 28 868
Heterogeneity: 2= 0.02; x2 = 31.51, 4 d.f., P < 0.00001; 12 = 87% L 1 L J
Test for overall effect: Z = 3.46, P = 0.0005 0.01 01 . 1 10 100
Favours obesity class | Favours normal
b
Obesity 1/l Normal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight% M-H, random, 95% c.i. M-H, random, 95% c.i.
Amri et al.”t 33 250 12 363 55 4.45 (2.25, 8.80)
El Moheb et al.14 1270 19801 1359 28402 28.1 1.36 (1.26, 1.48) ]
Gupta et al.1” 40786 892974 27281 699510 29.6 1.18 (1.16, 1 20) L]
Mustain et al.3” 281 2503 214 3007 224 1.65 (1.37, 1.99) -
Weber et al.2® 55 413 124 1606 14.4 1.84 (1.31, 2 57) —-—
Total (95% c.i.) 915941 732888 100.0 1.52 (1.27,1.82) ¢
Total events 42425 28990
Heterogeneity: 2 = 0.03; x2 = 45.31, 4 d.f., P < 0.00001; | 2 = 91% o '01 Oll I 1'0 1(')0
Test for overall effect: Z = 4.60, P < 0.00001 ’ ”
Favours obesity class I/lI Favours normal
C
Obesity I\ Normal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight % M-H, random, 95% c.i. M-H, random, 95% c.i.
Amri et al.”t 19 122 12 363 6.4 5.40 (2.54, 11.48)
El Moheb et al.14 759 10394 1359 28402 329 1.57 (1.43,1.72) u
Gupta et al.1” 28363 537682 27281 699510 35.0 1.37 (1.35, 1.40) |
Haas et al.>® 1 40 1 120 0.6 3.05 (0.19, 49.94)
Mustain et al.3” 152 1045 214 3007 25.3 2.22(1.78, 2.77) -
Total (95% c.i.) 549 283 731402 100.0 1.77 (1.44, 2.19) ¢
Total events 29294 28867
Heterogeneity: 12 = 0.03; %2 = 38.40, 4 d.f., P < 0.00001; 2 = 90% L 1 1 .
0.01 0.1 1 10 100

Test for overall effect: Z = 5.34, P < 0.00001

Favours obesity class I1/11l Favours normal

Fig. 4 Surgical site infection (SSI) among patients with normal BMI compared with obesity sub-class
a SSIamong patients with BMI as compared with class I obesity; b SSIamong patients with normal BMI as compared with class I/II obesity; ¢ SS among
patients with normal BMI as compared with class II/III obesity. M-H, Mantel-Haenszel method.

number of events). In cases of disagreement, a consensus was
reached by discussion and agreed with a third reviewer (C.F.).

Statistical analysis

Statistical analysis was performed using Review Manager 5 (The
Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark). Binary outcome data were reported as
odds ratios (OR) with 95 per cent c.i. using the Mantel-Haenszel
method. Adjusted odds ratios (OR) reported in the study
publication were used when available; otherwise, they were
extrapolated from the available data. Weighted mean
differences (MDs) were calculated for the effect size on
continuous variables. Heterogeneity was assessed using
I-squared statistics, with >10 per cent being considered
significant heterogeneity. A fixed-effects model was preferred
to a random-effects model when there was no heterogeneity,
otherwise a random-effects model was used. Pooled estimates

of differences were calculated using random-effects models,
accounting for potential interstudy heterogeneity. P values of
<0.05 were considered significant.

Results
Characteristics of included studies

As outlined in Fig. 1, 62 studies, including 1886326 patients,
were eligible for inclusion'®'-?>7>_ All studies were published
between 2001 and 2022. Eleven studies were prospectively
designed'1216:23:43.47.48,5261.7273 anqd the remaining 51 studies
were retrospectivelo,13—15,17,22,24—30,3242,44—46,49—51,53—60,62767,74,75‘
Two of the prospectively designed studies were matched
case-controlled®* and eight retrospective studies included
matched controls®®3342:44-16,49.54

Countries of originincluded: USA (n = 27), the Netherlands (n = 4),
France (n=4), Japan (n=6), Germany (n=>5), Switzerland (n=2),
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Normal Obesity Odds ratio QOdds ratio
Study or subgroup Events Total Events Total Weight % M-H, random, 95% c.i. M-H, random, 95% c.i.
Arkenbosch et al.3 28 1038 83 2517 5.9 0.81 (0.53, 1.26) —t
Augustin et al.33 16 15190 15 15190 2.9 1.07 (0.53, 2.16) —_—t
Bege et al.®° 1 24 1 186 0.2 8.04 (049, 133.00) >
Bokey et al.”® 1 95 2 160 0.3 0.84 (0.08, 9.39)
Choi et al.62 0 90 2 233 0.2 0.51 (0.02, 1 0.76)
Denost et al.5® 1 47 2 223 0.3 2.40 (0.21, 27.05)
Dostalik et al.44 2 80 22 355 0.8 0.39 (0.09, 1.69) e e
El Moheb et al.14 3280 24291 4493 28402 17.1 0.83 (0.79, 0.87) .
EuroSurg Collaborative et al.1 8 560 23 1044 23 0.64 (0.29, 1.45) —
Frasson et al.” 3 42 26 1060 1.0 3.06 (0.89, 10.54)
Gupta et al.1’ 5777 1131726 5596 699510 17.3 0.64 (0.61, 0.66) =
Haas et al.55 0 40 1 120 0.2 0.98 (0.04, 24.63)
Harr et al.43 0 108 0 108 Not estimable
Hasegowa et al.54 0 41 6 204 0.2 0.37 (0.02, 6.66)
Healy et al.63 2 36 7 114 0.6 0.90 (0 18, 4.54) —
Khoury et al.4” 1 36 0 36 0.2 3.08 (0.12, 78.27)
Kilic et al.”® 0 84 5 198 0.2 0.21 (0.01, 3.81)
Leroy et al.40 0 23 0 88 Not estimable
Madani et al.t9 2 56 2 86 0.4 1.56 (0.21, 11.37) —
Maloney et al.2? 77 2704 83 1989 8.6 0.67 (0.49, 0.92) ——
Mullen et al.24 7 573 16 819 1.9 0.62 (0.25, 1.52) —
Mullen et al.1® 476 41462 652 36200 15.3 0.63 (0.56, 0.71) -
Mustain et al.3” 17 2868 27 3007 3.6 0.66 (0.36, 1.21)
Oyasiji et al.58 0 7 0 7 Not estimable
Poulsen et al.5” 2 93 13 332 0.7 0.54 (0.12, 2.43) _—
Salem et al.5® 1 45 1 28 0.2 0.61 (0.04, 10.22)
Scheidbach et al.6 4 734 55 4834 15 0.48 (0.17, 1.32) e
Schwandner et al.*8 0 86 2 458 0.2 1.06 (0.05, 22.18)
Singh et al.#2 5 62 10 172 1.3 1.42 (0.47, 4.33) —_—t
Tjeertes et al.23 10 743 27 1815 27 0.90 (0.44, 1.88) e
Valentijn et al.?® 57 1851 170 4601 8.9 0.83 (0.61, 1.12) —t
Weber et al.28 21 413 83 1606 5.0 0.98 (0.60, 1.61) —
Total (95% c.i.) 1225248 805 702 100.0 0.75 (0.66, 0.86) ¢

Total events 9799 11425
Heterogeneity: t2 = 0.03; x2 = 96.29, 28 d.f., P < 0.00001; 12 = 71%
Test for overall effect: Z = 4.26, P < 0.0001
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Fig. 5 Thirty-day mortality among patients with normal BMI compared with obesity

M-H, Mantel-Haenszel method.

Denmark (n=1), Chile (n=1), South Korea (n=1), Ireland (n=2),
Canada (n=1), Australia (n=1), Czech Republic (n=1), UK (n=2),
Turkey (n=1), Spain (n=1) and China (n=1). The breakdown of
the different subspecialties of general surgery was also diverse:
emergency general surgery (n=5), colorectal (n=34), elective
general surgery (n=29), upper GI (n=12) and hepatobiliary (n=2).
Of these studies, three involved robotic surgery (colorectal (n=2)
and upper GI (n=1)). Sixty-seven per cent (n=42) of the included
studies had a NOS of 8 or 9. The remaining 21 studies had a score
of 6 or 7 (Table 1).

30-day morbidity

Forty-two studies (Fig. 2) were eligible for inclusion
42,43,4547,50752,54*56,58760,62766,70774_ Compared with a normal BMI,
obesity was positively associated with an increased risk of 30-day
postoperative morbidity, although significant heterogeneity
between studies was observed (OR 1.11, 95 per cent c.i. 1.04 to
1.19, P=0.008, I’ =79 per cent). Comparing normal BMI to class I
obesitylo,12,14,17,24,27,29,30,61 or class I/H obesity Cornbinedlo,13,14,17,24,30y
no significant difference in 30-day morbidity was observed
(Fig. S1). More favourable outcomes for patients with a normal
BMI compared with class II/Ill obesity combined were
observed!?12:14.17:24,27.29.30.61 (QR 1,14, 95 per cent c.i. 1.02 to 1.27,
P=0.022) and results demonstrated significant heterogeneity
(I? =93 per cent).

11-17,23,26,35,37-39,

Surgical site infection

Thirty-six studies reported the incidence of SSI between patient
cohorts with and without obesity?™/:2326:35,37739,42,43,45-47,
50-52,54-36,58-60,62-66.70-73.75 " Qverall, the non-obese cohort had a
statistically lower rate of SSI compared with patients with
obesity (Fig. 3), although data were heterogenous (OR 1.40, 95
per cent c.i. 1.24 to 1.59, P<0.001, I =82 per cent). Five studies
compared SSI rates between patients with normal range BMI
and patients with class I obesity***/27:**’ and demonstrated a
significantly higher rate of SSI (Fig. 4a, OR 1.38, 95 per cent c.i.
1.15 to 1.65, P<0.005). Compared with patients with a normal
range BMI, patients with class I/II obesity had a significantly
higher rate of SSI (Fig. 4b, OR 1.52, 95 per cent ci. 1.27 to 1.82,
P <0.001)**1/:26:3771 " SST rates among patients with class II/III
obesity were also significantly higher compared with those with
a normal BMI, however, there was significant heterogeneity
between studies'*'"-*>>’1 (Fig. 4c, OR 1.77, 95 per cent c.i. 1.44 to
2.19, P<0.001, I? =90 per cent).

Thirty-day mortality and in-hospital mortality

Thirty-two studies reported 30-day mortality rates between

non-obese  and  obese  patient  cohorts!®1h1417:22-26,
31,33,37,40,42,44,45,47,48,55-57,60-65,68-70,73,75 OVEI’aH patients Wlth

obesity appeared to have significantly lower 30-day mortality
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a
Obesity I/1I/11 Normal Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight % M-H, random, 95% c.i. M-H, random, 95% c.i.

El Moheb et al.14 3280 24291 4493 28402 96.6 0.83 (0.79, 0.87) .

Maloney et al.?? 77 2704 83 1989 2.5 0.67 (0.49, 0.92) —_
Weber et al.26 21 413 83 1606 0.9 0.98 (0.60, 1.61) s

Total (95% c.i.) 27408 31997 100.0 0.83 (0.79, 0.87) Q

Total events 3378 4659

Heterogeneity: 2 = 2.14,2 d.f., P =0.34; 12 = 7% O.I01 Ofl 1 1|0 180

Test for overall effect: Z = 7.72, P < 0.00001

Favours obesity I/11/111 Favours normal

b
Obesity I/1I/11 Normal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight% M-H, Fixed, 95% c.i. M-H, Fixed, 95% c.i.
El Moheb et al.14 1622 24291 1359 28402 93.0 1.42 (1.32, 1.53) .
Kassahun et al.15 79 194 95 306 35 1.53 (1.05, 2.22) ——
Weber et al.?8 55 413 124 1606 35 1.84 (1.31, 2.57) —
Total (95% c.i.) 24898 30314 100.0 1.44 (1.34, 1.55) [)
Total events 1756 1578
Heterogeneity: 2 = 2.16, 2 d.f., P = 0.34; 12 = 8% 0_|01 0!1 1 1|0 160

Test for overall effect: Z = 10.07, P < 0.00001

Favours obesity I/11/111 Favours normal

Fig. 6 Outcomes in emergency general surgery comparing normal BMI and obesity (all classes)
a Thirty-day mortality following emergency general surgery among patients with a normal BMI as compared with obesity. b Surgical site infections
following emergency general surgery among patients with a normal BMI as compared with obesity. M-H, Mantel-Haenszel method.

rates in comparison to patients with a normal BMI (OR 0.75, 95 per
cent c.i. 0.66 to 0.86, P <0.0001). However, there was significant
heterogeneity between the studies I?=71 per cent (Fig. 5). Nine
studies compared mortality in normal BMI and class I
obesity!®1*1/,22:24.25.37.6163 " patients with class I obesity had
lower mortality in comparison to normal weight patients (OR
0.69 P <0.001) with significant heterogeneity between the studies
I =83 per cent (Fig. S2a). In the eight studies comparing normal
BMI and class I/II obesity combined'?*7??2>% patients with a
normal BMI demonstrated a higher 30-day mortality rate in
comparison to patients with class I and/or II obesity (Fig. S2b, OR
0.78, 95 per cent ci. 0.64 to 0.93, P=0.007) with significant
heterogeneity between the studies (I°=94 per cent). This was
also demonstrated in the comparison of normal BMI and class II/
111 obesity combined!*1*17:22:24-26.33.37.61 " 50ain favouring higher
BMI (Fig. S2¢, OR 0.78, 95 per cent c.i. 0.65 to 0.93, P =0.006, >=87
per cent). Fifteen studies compared the in-hospital mortality
between patients with a normal BMI and all classes of obesity
combinedmnl5’22'28“30'32’35'36’43'64’66'67’71'74. Comparisons according to
the class of obesity were not possible due to limited reporting of
obesity classes. Overall, there was no difference in in-hospital
mortality between patients with obesity and patients without obesity
(Fig. S3, OR 1.15, 95 per cent c.i. 0.79 to 1.67, P=0.462, I* = 90 per cent).

Emergency general surgery

Five studies reported on emergency general surgery patients
only***2226:32 Three studies reported 30-day mortality in
emergency general surgery patients with a normal BMI
compared with patients with obesity’*?>?° Patients with an
elevated BMI had a significantly lower 30-day mortality rate
(Fig. 6a, OR 0.83, 95 per cent ci. 0.79 to 0.87, P<0.001, °=7 per
cent). Subgroup analysis of three suitable studies reporting SSI
rates'*'>?° showed that patients with obesity had higher rates of
wound infection (OR 1.44, 95 per cent c.i. 1.34 to 1.55, P<0.001)
with little heterogeneity between the studies (I = 8 per cent) (Fig. 6b).

Discussion

This systematic review and meta-analysis investigated the effect
of obesity on postoperative morbidity and mortality following GI
surgery. Interestingly, no difference in 30-day morbidity between
patients with a normal BMI and obesity was demonstrated, when
obesity classes were considered individually. However, when all
obesity classes were combined, there was an increased risk of
30-day postoperative morbidity among patients with obesity
compared with patients with a normal BMI. Conversely, the
30-day postoperative mortality rate was significantly lower in
patients with obesity compared with patients with a normal BMI.
The existence of an ‘obesity paradox’ relative to short-term
30-day survival outcomes among patients undergoing
non-bariatric surgery was previously described by Mullen
et al.’®. Their large, prospective, multi-institutional study of
118 707 patients undergoing non-bariatric surgery demonstrated
a reverse J-shaped relationship between BMI and 30-day
mortality with the highest event rate observed among those
who were underweight and those with severe obesity, and the
lowest rates among those who were classed as overweight and
moderately obese'®. These results concurred with a single
institution study of 6336 patients from Switzerland examining
the impact of obesity on elective general surgery outcomes.
Obesity was reported to be neither protective of or a risk factor
for death or complications in patients undergoing elective
surgery . The long-term validation of the ‘obesity paradox’ was
further reported by two general surgery studies with median
follow-up times of over 5 years’>?*. The concept that obesity
incurs a reduced risk perioperatively is counterintuitive given
that obesity is associated with various co-morbidities, including
type 2 diabetes mellitus, hypertension, cerebrovascular events,
coronary artery disease and an increased risk of death”®””.
Several biological mechanisms have been proposed to explain
this obesity paradox. One such theory relates to the synergistic
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relationship between metabolomics and the immune response’®,
Immunological response to trauma or surgical insult initiates an
acute phase inflammatory response’. Patients with obesity
exhibit chronic, low-grade inflammation at baseline®®. This
chronically activated ‘meta-inflammatory’ state is the same
signalling response required by the hosts’ immune response to
respond appropriately to surgical trauma and initiate tissue
healing®!, suggesting that patients with obesity are primed
immunologically to deal with the surgical insult. Another
proposed theory on the protective effect of obesity on
perioperative outcomes centres on the nutritional reserve
available to mount the appropriate stress response to injury.
This only applies to the obese and moderately obese cohorts as
patients with severe obesity are believed to be ineffective in their
energy use resulting in hyperbolic inflammatory responses,
oxidative stress and immunosuppression'®. The concept that
patients with obesity have an increased metabolic reserve was
analysed in a cohort of patients with obesity admitted to ICU
following trauma where the authors demonstrated that in
obesity, abundant fat stores are not effectively used as a fuel
source and there is greater reliance on other fuel sources, such
as endogenous protein®,

Findings from this meta-analysis suggest that when all classes
of obesity are grouped together and compared with patients with a
normal BMI, there s a slightincreased risk in 30-day postoperative
mortality in the non-obese group. A recent study demonstrated
that in-patient mortality in patients undergoing emergency
laparotomy varied according to weight classification, with
patients with a BMI >40 having the worst outcome’. However,
following adjustment for specific co-morbidities, BMI itself was
not found to be an independent factor predictive of in-hospital
mortality’®. Similarly, Yanquez et al. suggested that increasing
age combined with higher BMI was positively associated with
morbidity and mortality, however, BMI itself was not an
independent factor predicting 30-day complications®*. A
previous meta-analysis of 10 observational studies examined the
perioperative outcomes of rectal cancer surgery in obese and
non-obese cohorts and concluded that obesity increases the
conversion rate (from laparoscopy to open) and postoperative
morbidity of rectal cancer surgery but does not influence
pathological results. However, six of the studies included
underweight and overweight patients in the non-obese reference
group, which may limit the generalizability of the results®*.
Similarly, a recent multicentre Japanese study observed that
patients with a BMI >30 have an increased risk of postoperative
complications following laparoscopic colorectal surgery (OR
2.6)>°. Furthermore, a multicentre collaborative study conducted
in the UK and Ireland suggested that overweight and obese
patients undergoing surgery for GI malignancy, but not benign
disease, were at increased risk of major postoperative
complications compared with those of normal weight. These
findings were explained by the fact that those undergoing
surgery for benign conditions are likely to be subject to a
selection bias of fitter patients for generally lower-risk
procedures®®. It was not possible to examine patients with
benign and malignant conditions in this meta-analysis due to
the heterogeneity of included studies, however, a follow-up
European collaborative study (EuroSurg Collaborative)
concluded that obesity was not found to be associated with
major complications following GI surgery**.

Subgroup analysis of 36 eligible studies in the present study
indicated that SSI rates were significantly lower in patients with a
normal BMI (OR 0.71). The positive association between SSI and

increased BMI is an observation that is echoed throughout the
literature®*?®*°. Wound infection rates in patients with obesity
could be attributed to excess adipose tissue, which has low
regional oxygen tension and is therefore susceptible to impaired
wound healing and infection'>. Furthermore, immune
dysregulation and chronic cytokine secretion associated with
obesity results in an immunosuppressive state, which likely
contributes to higher rates of wound infection®. The tension on
suture lines might be stressed in patients with obesity due to
increased subcutaneous fat tissue, which would explain why
laparoscopic surgery is advantageous in reducing SSI compared
with open surgery in elective general surgery’>®.

This meta-analysis of 1846920 patients challenges the
assumption that patients with obesity have a higher incidence
and severity of major complications perioperatively compared
with non-obese patients. Obesity defined by BMI does not appear
to be a major risk factor in GI surgery. Given that body fat
increases and muscle mass decreases with age, BMI may not
accurately reflect changes in body fat or muscle mass and does
not provide data on body fat distribution®. Abdominal obesity
characterized by visceral fat accumulation measured using
computed tomography (CT) may be a more accurate predictor of
metabolic dysregulation in obesity®®. Furthermore, BMI does not
correctly capture the subset of patients with ‘metabolically
healthy’ obesity, who do not experience the expected metabolic
complications of obesity, most likely due to less visceral fat and
preserved insulin sensitivity®”®®. Conversely, patients with a
normal BMI could be harbouring a disproportionately high
mortality risk due to central obesity characterized by excessive
visceral fat®.

There has been a shift in interest towards using more precise
measures of body composition such as CT-derived abdominal
measurement to accurately predict postsurgical outcomes.
Kuritzkes et al. used CT-derived anthropometric results to
predict postoperative morbidity in 264 patients undergoing colon
resection for cancer and revealed that visceral fat accumulation,
not BMI, predicts morbidity following elective surgery for colon
cancer”. The clinical validity of visceral fat accumulation in
predicting postoperative complications was corroborated by
several other studies® 2. More recent studies indicate that the
visceral to subcutaneous fat ratio and visceral to total fat ratio
may be a more accurate predictive marker of postoperative
outcomes because these values capture adipose tissue
distribution and the technical challenges associated with central
adiposity®°*. Fleming et al. reported that subcutaneous fat,
which is considered relatively benign, was associated with higher
levels of cytokines with anti-inflammatory properties, including
interleukin 2 (IL-2) and IL-10, whereas patients with a high
visceral to total fat ratio who developed recurrence had higher
levels of the proinflammatory IL-6 and TNFa’®. These findings
suggest that different body composition profiles display their
own unique inflammatory landscape, which may impact on
postoperative outcomes.

The strength of this study lies in the large number of studies
available for analysis spanning over two decades. Obesity
subclassification according to BMI class also provides a more
precise estimate of perioperative risk. However, there are
several limitations to this study. The majority of the studies
included were retrospective in nature and therefore subject to
recall and information bias, particularly when relying on
self-reported measurements and retrospective data from chart
reviews. Similarly, there may be an element of selection bias
present in the studies as patients with obesity may have been
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carefully selected for elective surgery because they displayed
‘healthy’ parameters. Subgroup analysis of emergency general
surgery procedures was performed in an attempt to filter out
patients who were carefully selected for elective surgery due to
a healthier phenotype. As sarcopenia and an underweight BMI
are consistently associated with poorer surgical outcomes in the
literature, it is important to note that 21 of the studies

included underweight patients in the non-obese comparator
proup26:32:42-50.53,54,57,59,60,62,67,69.70,72,
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