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What does this paper add to the literature? 

There is conflicting evidence regarding the impact of obesity after gastrointestinal surgery. 

Our international data did not identify obesity as an independent risk factor for postoperative 

complications. Individual patient meta-analysis with previous data identified obesity to be 

associated with increased risk in cancer surgery, but decreased risk in benign surgery. . 

 

Abstract 

Aim: Previous studies reported conflicting evidence on the effects of obesity on outcomes 

after gastrointestinal surgery. The aims of this study were to explore the relationship of 

obesity with major post-operative complications in an international cohort and to present a 

meta-analysis of all available prospective data. 

Methods: This prospective, multi-centre study included adults undergoing both elective and 

emergency gastrointestinal resection, reversal of stoma, or formation of stoma. The primary 

endpoint was 30-day major complications (Clavien-Dindo grades III-V). A systematic search 

was undertaken for studies assessing the relationship between obesity and major 
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complications after gastrointestinal surgery. Individual patient meta-analysis (IPMA) was 

used to analyse pooled results.  

Results: This study included 2519 patients across 127 centres, of whom 560 (22.2%) were 

obese. Unadjusted major complication rates were lower in obese versus normal weight 

patients (13.0% versus 16.2%, respectively), but this did not reach statistical significance 

(p=0.863) on multivariate analysis for patients having surgery for either malignant or benign 

conditions. IPMA demonstrated that obese patients undergoing surgery for malignancy were 

at increased risk of major complications (odds ratio 2.10, 95% confidence interval 1.49-2.96, 

p<0.001), whereas obese patients undergoing surgery for benign indications were at 

decreased risk (OR 0.59, 95% CI 0.46-0.75, p<0.001), compared to normal weight patients. 

Conclusions: In our international data, obesity was not found to be associated with major 

complications following gastrointestinal surgery. Meta-analysis of available prospective data 

made a novel finding of obesity being associated with different outcomes depending on 

whether patients were undergoing surgery for benign or malignant disease. 

 

Introduction 

Obesity has reached epidemic levels in high income countries, with its prevalence expected 

to increase further over the coming decades (1). With one third of patients undergoing 

gastrointestinal surgery in the United Kingdom (UK) being obese (2), an understanding of the 

relationship between obesity and surgical outcomes is needed to optimise preoperative 

assessment and perioperative care. Whilst obesity is a recognised risk factor for 

cardiovascular and metabolic disease, there is conflicting evidence on its impact on 

postoperative complications after gastrointestinal surgery (3). 

There is wide variation on the impact of obesity after gastrointestinal surgery in published 

reports. In some patient groups, no association (4,5) is identified between obesity and 

postoperative complications, whereas other studies have identified obesity as a risk factor for 
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increased postoperative complications (6,7). An “obesity paradox” has been proposed 

suggesting that obese patients may be at decreased risk of complications in some settings 

(8). Most previous evidence relies on retrospective analyses of registry data, which are limited 

by a high risk of bias. Inconsistent and selective outcome reporting are also key challenges in 

interpreting these results. 

The primary aim of this study was to explore prospectively the relationship between obesity 

and major postoperative complications after gastrointestinal surgery in an international 

cohort, with a secondary aim to identify and meta-analyse all available prospective data 

regarding the relationship between obesity and major postoperative complications. 

 

Methods 

Study Design  

This was a prospective, multi-centre, observational study delivered by an established 

network of students and trainees (9). A systematic search for previous evidence, followed by 

individual patient meta-analysis of pooled data, was also performed. The results are reported 

with consideration to the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) and Preferred Reporting for Systematic Reviews and Meta-

Analyses (PRISMA) Statements (10,11).  

EuroSurg Collaborative 

The EuroSurg Collaborative is a medical student- and surgical trainee-led research network. 

The collaborative was established in September 2015 at the tenth meeting of the European 

Society of Coloproctology, by delegates representing six European countries (9). Inspired by 

the medical student collaborative model developed by the Student Audit and Research in 

Surgery (STARSurg) network in the UK (12), the group sought to engage students and 

trainees across Europe in multi-centre surgical research.  
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Protocol development and dissemination 

The pre-specified protocol for this prospective, multi-centre observational study was 

developed based on the STARSurg DISCOVER protocol (13). Medical students and surgical 

trainees were invited to work together in their local surgical units, under supervision from a 

senior surgeon, to collect data over a maximum of three pre-defined 14-day data collection 

periods in February – May 2016. Any hospital offering emergency or elective gastrointestinal 

resection in the Czech Republic, Republic of Ireland, Italy, the Netherlands, Spain, Turkey, 

and the UK was eligible. 

Ethics and Study Approval 

Across the seven participating countries, local collaborators and their supervisors registered 

the study according to national and institutional regulations. In some countries, this required 

formal research ethics approval with written patient consent. In the UK, this observational 

study was registered as a re-audit of DISCOVER (2). At all centres, approval was gained to 

collect anonymised patient data using a secure online Research Electronic Data Capture 

(REDCap) system (14).  

Inclusion criteria 

Adult patients aged 18 years or greater undergoing gastrointestinal resection, reversal of 

ileostomy or colostomy, or creation of stoma as a primary procedure were included. Both 

elective and emergency procedures, using open, laparoscopic or robotic operative 

approaches were eligible. Patients undergoing appendicectomy alone were excluded. As the 

primary aim was to assess the effect of being overweight or obese, underweight patients 

(BMI <18.5 kg/m2) were excluded. 
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Outcome measures 

The primary outcome measure was the 30-day major adverse event rate, defined as 

Clavien-Dindo grade III-V complications (15). These include the need for unplanned surgical, 

endoscopic, or radiological procedures under local or general anaesthetic (grade III), need 

for organ support in an intensive care setting or stroke (grade IV), and death (grade V). The 

secondary outcome was 30-day mortality. 

Explanatory variables 

The main explanatory variable was pre-operative BMI, calculated as weight divided by the 

square of height. Patients were stratified by BMI into three groups; normal weight (BMI 18.5-

24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2) and obese (BMI ≥30.0 kg/m2 or over). 

Preoperative variables were collected to risk adjust clinical outcomes. These included 

demographic parameters such as age and sex, as well as American Society of 

Anesthesiologists (ASA) and Revised Cardiac Risk Index (RCRI) scores (16). 

Data Validation 

A selection of participating hospitals identified independent data validators who had 

not been involved in the original data collection. These validators assessed their 

site’s case ascertainment by independent review of theatre logbooks and operating 

lists. The case ascertainment rate was the proportion of all eligible patients who had 

been included in the original data collection. Validators also reviewed the data 

submitted from their site to determine data accuracy. This was based on validation of 

twelve predefined data fields (age; gender; ASA grade; history of ischaemic heart 

disease, congestive heart failure, cerebrovascular disease, insulin dependent 

diabetes, or chronic kidney disease; urgency of operation; pathology; operation 
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performed), and the primary outcome (30-day major adverse events). The data 

accuracy rate was the proportion of validated data fields that had been correctly 

completed by the original data collection team. 

 

Systematic Review 

A systematic search of bibliographical databases (PubMed, Scopus, and Web of Science) 

was undertaken on 30 September 2017 by two independent reviewers to identify previous 

studies investigating the relationship between BMI and major post-operative complications 

after gastrointestinal surgery (Table 1S). Eligible studies involved adult patients undergoing 

oesophagogastric, colorectal, or liver surgery using any surgical approach. Case-control 

studies, cohort studies, and randomised controlled trials whose primary aim was to compare 

outcomes between normal weight versus overweight and obese patients using the 

standardised Clavien-Dindo classification for complications were included. Study abstracts 

were initially screened for suitability followed by inspection of full text manuscripts. Additional 

studies, not included in the database search, were identified by searching the reference lists 

of retained articles. 

Statistical analysis 

Simple summary statistics were used to summarise characteristics and outcomes across 

BMI categories, with categorical variables expressed as percentages and continuous 

variables as mean averages alongside the corresponding standard deviation (SD). 

Differences between categorical demographic groups were tested using the Kruskall-Wallis 

test, Welch’s t test was used for continuous data, and the chi-squared test for proportions. 

Two-sided statistical significance was defined as P<0.05 a-priori. To account for centre level 

variation, multilevel models were constructed using clinically plausible explanatory variables 

(11), with patient level factors considered as a level 1 fixed effects and hospital as a level 2 
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random effect. First order interactions were explored within the model, including interactions 

between indication (malignant or benign) and BMI which has been previously described (2). 

Effect estimates are presented as odds ratios (OR) with 95 per cent confidence intervals (CI) 

and P values to indicate statistical significance. 

To assess the results of this study in relation to previous work, meta-analysis was pre-

planned for all prospective studies identified in the systematic review, an individual patient 

level meta-analysis (IPMA) was performed. Only the DISCOVER study met the criteria to be 

included in meta-analysis. Individual data from the DISCOVER study for patients matching 

the EuroSurg study’s inclusion criteria were pooled with the EuroSurg dataset. Briefly, a 

mixed-effects model was fitted with patient level explanatory variables as level 1 fixed 

effects, hospital as level 2 random effects and study as a level 3 random effect. Models were 

fitted and interactions checked as above. All statistical analyses were performed using R 

3.2.1 (R Foundation for Statistical Computing, Vienna, AUT). 

 

Results 

Data was collected across 35 hospitals in the Netherlands, 30 hospitals in Spain, 23 

hospitals in Italy, 20 hospitals in Turkey, 14 hospitals in the UK, 4 hospitals in the Republic of 

Ireland, and 1 hospital in the Czech Republic. Following exclusion of ineligible patients, a 

total of 2,519 patients were included in the analysis (Figure 1). 

Data Validation 

Independent data validation was performed in 74 centres across the 6 countries. The 

case ascertainment rate was 96.6% (1508/1561). Amongst 17,052 data fields that 

were validated, the overall data accuracy rate was 99.2%.  
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Demographics 

Overall 41.4% (1044/2519) patients had a normal BMI, 36.3% (915/2519) were 

overweight, and 22.2% (560/2519) were obese. In the six countries that entered 

more than 50 patients in to the study, rates of obesity varied from 17.7% to 30.9% 

(Table 1). Overall, overweight and obese patients were older than normal weight 

patients (Table 2). Overweight patients were more likely to be male, whereas obese 

patients were more likely to have grade III-V ASA. There was no difference between 

the groups in the Revised Cardiac Risk Index scores. Malignancy was most 

commonly the indication for surgery for overweight and obese patients, whereas a 

greater proportion of normal weight patients underwent surgery for inflammatory 

bowel disease. Whilst there was no difference between groups in the proportion of 

procedures completed on an emergency basis, overweight patients were more likely 

to undergo open surgery than either normal weight or obese patients. Overweight 

and obese patients more frequently underwent gastrointestinal resection than normal 

weight patients (Table 3). 

 

Post-operative major complications 

The overall unadjusted 30-day major complication rate was 14.5% (365/2519). This 

varied from 13.0% (73/560) for obese patients to 16.2% (169/1044) for normal 

weight patients (Table 4). Overall unadjusted 30-day mortality was 2.4%. Univariate 

analysis (Table 5) identified that overweight (OR 0.80, CI 0.62-1.03, p=0.089) and 

obese (OR 0.78, CI 0.57-1.01, p=0.093) patients overall were not at an increased 

risk of 30-day major complications. Multilevel modelling found that amongst patients 

undergoing surgery for malignancy neither overweight (OR 0.73, CI 0.43-1.25, 
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p=0.257) nor obese (OR 1.06, CI 0.56-1.99, p=0.863) patients were at increased risk 

of serious complications. 

Systematic review 

A total of 6 studies (2, 17-21) were identified in the systematic review that presented 

primary data comparing major post-operative complications between healthy weight 

versus overweight and obese patients following gastrointestinal surgery (Figure 2). 

Five studies were retrospective, single centre studies that only included elective 

patients, leaving one prospective multi-centre study, the DISCOVER study (Table 6). 

Of the four studies reporting outcomes in patients undergoing surgery for malignancy 

(Table 7), only the DISCOVER study found obesity to be an independent risk factor 

on multivariate analysis for major complications (2), with the other three studies 

finding no association (19-21). Only the DISCOVER study reported outcomes in the 

sub-group of patients undergoing surgery for benign indications, finding no 

relationship between obesity and major complications. Two studies did not stratify 

patient outcomes according to whether the indication for surgery was benign or 

malignant; one found obesity to be independently associated with major 

complications (17), whilst the other study found no such association (18). 

 

Individual patient data meta-analysis 

Individual patient meta-analysis was performed on a combined DISCOVER and EuroSurg 

study datasets (Table 8). From the multilevel models, independent predictors for increased 

major post-operative complications included male gender, ASA grades III-V, and emergency 

timing of surgery. In the overall dataset, being overweight (OR 0.81, CI 0.64-1.02, p=0.070) 

was not associated with any change to risk of major post-operative complications compared 
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to normal weight patients, whereas being obese (OR 0.59, CI 0.46-0.75, p<0.001) was 

overall associated with a reduced likelihood of complications. Amongst patients undergoing 

surgery for malignancy, being overweight (OR 1.30, CI 0.95-1.79, p=0.102) was not 

associated with a higher risk of major post-operative complications, but obese patients were 

at increased risk (OR 2.10, 95% CI 1.49-2.96, p<0.001). Overweight patients undergoing 

surgery for benign indications had no change to their risk of major complications (OR 0.81, 

95% CI 0.64-1.02, p=0.070), whereas obese patients were at decreased risk of 

complications compared to normal weight patients (OR 0.59, 95% CI 0.46-0.75, p<0.001). 

 

Discussion 

This prospective international cohort study explored the relationship between obesity and 

major postoperative complications after gastrointestinal surgery. Following adjustment, no 

difference was found between complication rates in normal weight, overweight, or obese 

patients. However, IPMA of prospective studies showed that in patients undergoing cancer 

surgery obesity was associated with an increased risk of major complications, whereas in 

patients undergoing surgery for benign indications obesity was associated with decreased 

risk.  

The physiology of obesity and its impact on post-operative recovery is complex. Excess 

secretion of adypocytokine and macrophage recruitment are feature of obesity-related 

systemic inflammation which lead to low-grade chronic inflammation (22). Even in early 

disease stages visceral fat surrounding diseased non-malignant bowel, such as in Crohn’s 

disease patients, has been shown to contain localised inflammation (23-25). These complex 

relationships between obesity and inflammation may explain the different associations in 

patients undergoing cancer surgery to those having surgery for benign conditions. Distinct 

pre-operative patient pathways for benign and malignant disease may also contribute to 

these differences. For example, cancer patients’ risk of complications may be increased by 
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neoadjuvant chemoradiotherapy, whereas inflammatory bowel disease patients may be at 

higher risk if immunosuppressant drugs have been administered in the pre- and peri-

operative periods. Although the exclusion of these factors from our models may be a 

limitation, this ensured we followed a pre-defined statistical plan based on the model 

previously develped in the DISCOVER study. 

Of the studies identified in our systematic review, five focused on well-defined groups of 

elective patients (17-21), limiting their generalizability. Only the DISCOVER study reported 

prospective data, finding in a cohort of 7965 patients across 163 UK and Irish centres (2) 

that obesity was independently associated with an increased risk of major complications in 

overweight and obese patients undergoing surgery for malignancy, but not for benign 

indications (2). The current study’s primary data failed to identify any association between 

obesity and major complications. This may be as it captured a broader and more 

heterogeneous international population, with lower rates of obesity than in DISCOVER’s 

predominantly UK patients. Our primary data may also be underpowered to identify 

differences in complication rates between the BMI groups. The pooling by pre-planned meta-

analysis attempted to address this limitation and identified a novel differential relationship 

between obesity and major complications, in that obese patients undergoing cancer surgery 

are at increased risk of major complications, whereas obese patients undergoing surgery for 

benign indications were at decreased risk compared to normal weight patients 

The differential relationships identified in patients with malignancy and benign disease may 

also be partly related to selection biases. Surgery in high risk patients with benign conditions 

may be delayed or avoided altogether, whereas most cancer patients require timely surgical 

intervention, regardless of co-morbid status. Whilst pre-operative weight loss and pre-

habilitation might offer a means of improving obese patients’ outcomes, implementation of 

these programmes is complicated by the strict targets set by some health services for 

commencing definitive cancer treatment.  
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A limitation of this study was the reliance on the snapshot of BMI taken at the time of 

surgery, with no data collected on pre-operative weight loss for example. Unintentional pre-

operative weight loss is associated with increased cardiac complications, ventilator 

dependency, and mortality (26). Inclusion of pre-operative weight loss may have enhanced 

our models, but it was not feasible to collect this data within the constraints of this 

observational, student-driven study. Furthermore, whilst BMI is in routine clinical use 

because it is based on readily available non-invasive measurements, a meta-analysis of 

32000 patients across 32 studies found a pooled sensitivity of 0.42 for the commonly applied 

BMI cut-off of ≥30 kg/m2 for obesity (27), suggesting that BMI might fail to identify more than 

half of patients with high body fat. Moreover, an inverse relation has been observed between 

BMI performance and age, with BMI being less reliable in older individuals (28), who may 

exhibit “sarcopenic obesity” whereby lean mass is lost, with increased inter/intra-muscular fat 

(29). A further limitation of BMI is that it does not account for the relative distribution of 

visceral and subcutaneous fat. Although some studies have identified that only patients with 

high visceral fat are at significantly increased risk of complications, there is conflicting 

evidence regarding the significance of the visceral to subcutaneous fat ratio (30, 31).  

In the UK, the STARSurg model of student-driven research increases students’ 

understanding and confidence in clinical research (32), but in many countries research 

opportunities for medical students are limited (33). The EuroSurg Collaborative was founded 

with the aim of engaging students across Europe in high quality research (9); = it has 

already catalysed the foundation by Italian trainees of an independent trainee research 

network in Italy (34). The next EuroSurg study (35) will stimulate the development of further 

research networks across Europe. 
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Conclusion 

Although in our international cohort study there was no association between obesity and 

postoperative complications following gastrointestinal surgery, made a novel finding of 

obesity being associated with different outcomes depending on underlying pathology. In 

patients undergoing cancer surgery it was associated with an increased risk of major 

complications, whereas in patients undergoing surgery for benign indications it was 

associated with decreased risk. Further research is required to understand the underlying 

pathophysiology of this effect, in order to inform improved management and pre-operative 

optimisation of patients undergoing surgery. 
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Table 1: Prevalence of overweight and obese patients by country in the EuroSurg 

cohort study 

 

Country  
Normal weight 
(N = 1,044) 

Overweight 
(N = 915) 

Obese 
(N = 560) 

A 0 (0.0%) 0 (0.0%) 30 (5.4%) 

B 28 (2.7%) 19 (2.1%) 21 (3.8%) 

C 182 (17.4%) 116 (12.7%) 64 (11.4%) 

D 290 (27.8%) 256 (28.0%) 137 (24.5%) 

E 176 (16.9%) 220 (24.0%) 113 (20.2%) 

F 153 (14.7%) 122 (13.3%) 72 (12.9%) 

G 215 (20.6%) 182 (19.9%) 123 (22.0%) 
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Table 2: Patient demographics in the EuroSurg cohort study split by body mass index 

group 

  
Normal weight 
(N = 1,044) 

Overweight 
(N = 915) 

Obese 
(N = 560) P 

Age Mean (SD) 62.1 (16.3) 65 (13.2) 63.9 (12.2) 0.001 

Sex Male 561 (53.7%) 577 (63.1%) 298 (53.2%) <0.001 

 Female 483 (46.3%) 338 (36.9%) 262 (46.8%)  

Body Mass 
Index (Kg/ m2) 

Mean (SD) 22.4 (1.7) 27.1 (1.4) 34 (5.1) <0.001 

ASA grade I 150 (14.4%) 108 (11.8%) 35 (6.2%) <0.001 
 II 579 (55.5%) 521 (56.9%) 299 (53.4%)  

 III 257 (24.6%) 245 (26.8%) 198 (35.4%)  

 IV 50 (4.8%) 31 (3.4%) 22 (3.9%)  
 V 2 (0.2%) 2 (0.2%) 1 (0.2%)  
 Missing 6 (0.6%) 8 (0.9%) 5 (0.9%)  
Revised 
Cardiac Risk 
Index 

No predictors 819 (78.4%) 688 (75.2%) 401 (71.6%) 0.086 

 One predictor 170 (16.3%) 166 (18.1%) 121 (21.6%)  

 Over 2 predictors 51 (4.9%) 58 (6.3%) 37 (6.6%)  

 Missing 4 (0.4%) 3 (0.3%) 1 (0.2%)  

Urgency Elective 866 (83.0%) 776 (84.8%) 490 (87.5%) 0.134 

 Emergency 177 (17.0%) 139 (15.2%) 70 (12.5%)  
 Missing 1 (0.1%) 0 (0.0%) 0 (0.0%)  
Operative 
Approach 

Open 621 (59.5%) 497 (54.3%) 325 (58.0%) 0.014 

 Laparoscopic/ 
Robotic 

423 (40.5%) 418 (45.7%) 233 (41.6%)  

 Missing 0 (0.0%) 0 (0.0%) 2 (0.4%)  
Smoking status Non-smoker 899 (86.1%) 779 (85.1%) 466 (83.2%) 0.382 

 Current smoker 145 (13.9%) 135 (14.8%) 94 (16.8%)  
 Missing 0 (0.0%) 1 (0.1%) 0 (0.0%)  
Indication for 
surgery 

Cancer 637 (61.0%) 619 (67.7%) 387 (69.1%) <0.001 

 Inflammatory 
bowel disease  

125 (12.0%) 59 (6.4%) 37 (6.6%)  

 Other benign 
disease 

282 (27.0%) 237 (25.9%) 136 (24.3%)  

Procedure type Minor GI operation 218 (20.9%) 147 (16.1%) 93 (16.6%) 0.012 
 Major GI resection 826 (79.1%) 768 (83.9%) 467 (83.4%)  
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Table 3: Procedures included in the EuroSurg cohort study split by body mass index 

group 

 

Operation Normal weight 
(N = 1,044) 

Overweight 
(N = 915) 

Obese 
(N = 560) 

Oesopagogastric resections    
 Oesophagogastrectomy 9 (0.9%) 9 (1.0%) 6 (1.1%) 
 Total oesophagectomy 14 (1.3%) 6 (0.7%) 9 (1.6%) 
 Partial oesophagectomy 6 (0.6%) 9 (1.0%) 5 (0.9%) 
 Total gastrectomy 29 (2.8%) 25 (2.7%) 11 (2.0%) 
 Partial gastrectomy 42 (4.0%) 35 (3.8%) 20 (3.6%) 
 Gastroduodenectomy 3 (0.3%) 2 (0.2%) 0 (0.0%) 
Small bowel resections 
 Total excision of duodenum 0 (0.0%) 1 (0.1%) 0 (0.0%) 
 Partial excision of duodenum 4 (0.4%) 0 (0.0%) 0 (0.0%) 
 Total jejunectomy 2 (0.2%) 0 (0.0%) 0 (0.0%) 
 Partial jejunectomy 15 (1.4%) 12 (1.3%) 6 (1.1%) 
 Ileectomy 48 (4.6%) 35 (3.8%) 23 (4.1%) 
 Ileo-caecal/ ileo-colic resection 39 (3.7%) 21 (2.3%) 11 (2.0%) 
Colonic resections 
 Right hemicolectomy 172 (16.5%) 183 (20.0%) 101 (18.0%) 
 Transverse colectomy 6 (0.6%) 5 (0.5%) 2 (0.4%) 
 Left hemicolectomy 44 (4.2%) 55 (6.0%) 28 (5.0%) 
 Sigmoid colectomy 99 (9.5%) 112 (12.2%) 52 (9.3%) 
 Rectosigmoidectomy 37 (3.5%) 34 (3.7%) 34 (6.1%) 
 Subtotal colectomy 33 (3.2%) 26 (2.8%) 17 (3.0%) 
 Total colectomy 20 (1.9%) 12 (1.3%) 9 (1.6%) 
Rectal resections 
 Abdominoperineal excision 27 (2.6%) 28 (3.1%) 24 (4.3%) 
 Proctectomy 14 (1.3%) 14 (1.5%) 7 (1.2%) 
 Anterior resection 108 (10.3%) 105 (11.5%) 79 (14.1%) 
 Panproctocolectomy 7 (0.7%) 5 (0.5%) 1 (0.2%) 
 Completion proctocolectomy & IPAA 11 (1.1%) 6 (0.7%) 4 (0.7%) 
Formation/ reversal of stoma 
 Formation of colostomy 53 (5.1%) 33 (3.6%) 18 (3.2%) 
 Formation of ileostomy 29 (2.8%) 16 (1.7%) 13 (2.3%) 
 Closure of colostomy 38 (3.6%) 33 (3.6%) 16 (2.9%) 
 Closure of ileostomy 88 (8.4%) 61 (6.7%) 42 (7.5%) 
Other procecures 
 Other unlisted procedure 46 (4.4%) 32 (3.5%) 22 (3.9%) 
 Missing 1 (0.1%) 0 (0.0%) 0 (0.0%) 
 

IPAA: ileal pouch anal anastomosis 
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Table 4: Unadjusted 30-day outcomes by body mass index in the EuroSurg cohort 

study 

 

  
Normal weight 
(N = 1,044) 

Overweight 
(N = 915) 

Obese 
(N = 560) P 

Major complications  
(Clavien Dindo grade III-
V) 

No 875 (83.8%) 792 (86.6%) 487 (87.0%) 0.123 

 Yes 169 (16.2%) 123 (13.4%) 73 (13.0%)  
30-day mortality Alive 1021 (97.8%) 886 (96.8%) 552 (98.6%) 0.092 
 Died 23 (2.2%) 29 (3.2%) 8 (1.4%)  
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Table 5: EuroSurg cohort study univariate and multilvel analyses with major 

complications (Clavien-Dindo grades III-V) as outcome 

 

    Univariable Multilevel 

  Odds ratio P Odds ratio P 

BMI 

  

Normal 1.00 (reference) - 1.00 (reference) - 

Overweight 0.80 (0.62-1.03) 0.089 0.88 (0.59-1.31) 0.525 

Obese 0.78 (0.57-1.04) 0.093 0.74 (0.45-1.22) 0.237 

Age 1.01 (1.00-1.02) 0.079 1 (0.99-1.01) 0.847 

Sex 

  
Male 1.00 (reference) - 1.00 (reference) - 

Female 0.70 (0.55-0.88) 0.002 0.65 (0.51-0.83) 0.001 

Previous surgery 

  
Yes 1.00 (reference) - 1.00 (reference) - 

No 0.89 (0.71-1.11) 0.292 0.85 (0.66-1.08) 0.186 

Smoking 

  
Non-smoker 1.00 (reference) - 1.00 (reference) - 

Current smoker 1.26 (0.93-1.69) 0.120 1.3 (0.96-1.78) 0.094 

ASA grade 

  
I-II 1.00 (reference) - 1.00 (reference) - 

III-V 2.02 (1.61-2.53) <0.001 1.81 (1.38-2.38) <0.001 

Revised Cardiac Risk Index score 

  

0 1.00 (reference) - 1.00 (reference) - 

1 1.17 (0.88-1.55) 0.277 0.92 (0.67-1.26) 0.584 

2 1.79 (1.17-2.67) 0.006 1.23 (0.77-1.96) 0.383 

Diagnosis 

  
Benign 1.00 (reference) - 1.00 (reference) - 

Malignant 0.82 (0.66-1.03) 0.092 1.02 (0.7-1.48) 0.932 

Operative urgency 
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Elective 1.00 (reference) - 1.00 (reference) - 

Emergency 2.69 (2.07-3.48) <0.001 2.49 (1.85-3.35) <0.001 

Operative approach 

  
Open 1.00 (reference) - 1.00 (reference) - 

Laparoscopic/robotic 1.09 (0.87-1.36) 0.474 1.07 (0.84-1.35) 0.592 

Interaction variables 

   BMI group by diagnosis 

  

Overweight by 
malignancy 

- - 0.73 (0.43-1.25) 0.257 

Obese by malignancy - - 1.06 (0.56-1.99) 0.863 
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Table 6: Studies included in systematic review 

Study Country Study Type 
Patient 

population 

Indication Urgency

Benign Malignant Elective Emergency 

Balzan (17) France 
Retrospective 
single centre 

Liver resection 219 465 684 0 

Pata (21) Italy 
Retrospective 
single centre 

Gastrectomy for 
gastric cancer 

0 191 191 0 

STARSurg (2) UK 
Prospective 
multicentre 

Gastrointestinal 
and liver surgery 

5442 2129 4295 3038 

Tanaka (19) Japan 
Retrospective 
single centre 

Hepatic resection 
for HCC 

0 202 202 0 

Wiggans (18) UK 
Retrospective 
single centre 

Liver resection 40 464 504 0 

Xia (20) China 
Retrospective 
single centre 

Laparoscopic 
colorectal cancer 

resection 
0 527 527 0 

 

HCC: hepatocellular carcinoma 

Table 7: Major complication (Clavien-Dindo grades III-V) rates reported in studies 
included in systematic review 

 

Study Normal weight Overweight Obese 

Balzan (17) 5.8% (21/359) 9.6% (22/228) 13.4% (13/97) 

Pata (21) 11.1% (7/63) 23.3% (17/73) 12% (3/25) 

STARSurg (2) 12.1% (307/2545) 12% (322/2673) 10.2% (279/2747) 

Tanaka (19) 23.9% (33/138) 20% (11/55) 11.1% (1/9) 

Wiggans (18) 16.8% (28/167) 20.1% (42/209) 19.5% (24/123) 

Xia (20) 5.9% (22/371) 5.6% (8/142) 14.3% (2/14) 
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Table 8: Individual patient data meta-analysis with major complications 

(Clavien-Dindo grades III-V) as outcome 

 Univariable model Multivariate model 

Odds ratio P Odds ratio P 

Age 1.01 (1.01-1.02) <0.001 1.00 (1.00-1.01) 0.079 

Sex 

 
 

Male 1.00 (reference) - 1.00 (reference) - 

Female 0.69 (0.60-0.78) <0.001 0.72 (0.62-0.82) <0.001 

ASA grade 

 
 

I-II 1.00 (reference) - 1.00 (reference) - 

III-V 2.13 (1.87-2.43) <0.001 1.79 (1.54-2.07) <0.001 

Revised Cardiac Risk Index score 

 
 
 

0 1.00 (reference) - 1.00 (reference) - 

1 1.32 (1.13-1.54) 0.001 1.06 (0.89-1.25) 0.522 

2 1.82 (1.45-2.27) <0.001 1.23 (0.96-1.57) 0.102 

Diagnosis 

 
 

Benign 1.00 (reference) - - - 

Malignant 1.05 (0.93-1.20) 0.424 0.86 (0.68-1.08) 0.196 

Operative urgency 

 
 

Elective 1.00 (reference) - 1.00 (reference) - 

Emergency 2.33 (2.02-2.69) <0.001 2.19 (1.86-2.58) <0.001 

Body mass index 

 Normal weight 1.00 (reference) - - - 

 Overweight 0.93 (0.80-1.08) 0.359 - - 

 Obese 0.78 (0.66-0.92) 0.003 - - 

Interaction variables 

   BMI group by diagnosis 

 Overweight by malignancy - - 1.30 (0.95-1.79) 0.102 

Obese by malignancy - - 2.10 (1.49-2.96) <0.001 

 Overweight by benign - - 0.81 (0.64-1.02) 0.070 

 Obese by benign - - 0.59 (0.46-0.75) <0.001 
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Figure 1: Flowchart of patient inclusion in observational study 
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Figure 2: Flowchart of study inclusion in systematic review 
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Supplementary tables 

 

 

Table 1S – PubMed Search strategy 

 ‘surgery OR surgical OR operation OR operative OR operations OR postoperative OR perioperative’, 

and were then further limited by use of an ‘AND’ statement of the search terms ‘obesity OR 

overweight’, ‘“body weight” OR "body mass index" OR BMI’, ‘complication OR complications OR 

adverse’, and ‘clavien OR dindo OR “clavien-dindo”’. 

 

Appendix I: Collaborators 

Writing group: *B. Busra Ozkan, *M. F. Bath, *R. Blanco-Colino, *S. Lee, *S. K. Kamarajah, *P. Vasko, 
*S.Z. Kuiper, *V. Farina, S. J. Chapman, T.M. Drake, L. Gavagna, S. Pasquali, F. Pata, G. Pellino, M. de 
la Rosa-Estadella, M. E. Stellingwerf, R. C. H. Stijns, D. Nepogodiev (overall guarantor) 

*these authors contributed equally 

Statistical analysis: T.M. Drake (statistical guarantor) 

Eurourg-1 steering group: S.  Z. Kuiper, M. E. Stellingwerf, R. C. H. Stijns, R. Blanco-Colino, A. 
Borrellas, M. de la Rosa-Estadella, M. F. Bath, S. J. Chapman, T. M. Drake, D. Golding, S. Lee, M. 
Ngaage, B. Busra Ozkan, P. Vasko, V. Farina, L. Gavagna, S. Pasquali, F. Pata, G. Pellino, D. 
Nepogodiev 

EuroSurg-1 protocol development and dissemination: S. Z. Kuiper, M. E. Stellingwerf, R. C. H. Stijns, 
R. R. Van Tol, J. de Groof, H. de Wilt, W. A. Bemelman, S. Lee, L. McNamee, R. Blanco-Colino, A. 
Borrellas, E. Espin-Basany, M. de la Rosa-Estadella, B. Emre Baki, I. Ethem Gecim, O. Can Tatar, B. 
Busra Ozkan, S. Bach, M. F. Bath, A. Bhangu, K. Bresges, J. Burke, S. J. Chapman, H. A. Claireaux, T. M. 
Drake, N. Fearnhead, J. E. Fitzgerald, S. Gallagher, J. C. Glasbey, D. Golding, B. Gundogan, E. M. 
Harrison, J. Hernon, C. Khatri, C. Y. Kong, A. Lyons, M. Mohan, D. Morton, D. Nepogodiev, M. 
Ngaage, T. D. Pinkney, A. Arezzo, V. Farina, C. Foppa, L. Gavagna, M. Morino, S. Pasquali, F. Pata, G. 
Pellino, M. Rubbini, F. Selvaggi, B. Sensi, G. Sica, Societa Italiana di Chirurgia Colo-Rettale 

EuroSurg-1 Czech Republic National Committee: P. Vasko, J. Orhalmi 

EuroSurg-1 Italian National Committee: V. Farina, C. Foppa, L. Gavagna, P. Naccari, S. Pasquali, F. 
Pata, G. Pellino, B. Sensi, A. Sgrò, ITSurg 
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EuroSurg-1 Netherlands National Committee: S. Z. Kuiper, M. E. Stellingwerf, R. C. H. Stijns, B. H. C. 
M. Burger, D. A. Fares, R. Spijkerman, T.R. van Elst, R. R. Van Tol, R. Wiersema, J. de Groof, L. P. S. 
Stassen, W.A. Bemelman 

EuroSurg-1 Spain National Committee: R. Blanco-Colino, A. Borrellas, E. Espin-Basany, M. de la Rosa-
Estadella, R. Rodriguez Garcia 

EuroSurg-1 Turkish National Committee: B. B. Özkan, A. I. Tavuz, Z. S. Demirci, B. E. Baki, O. C. Tatar, 
I. E. Gecim 

EuroSurg-1 United Kingdom and Republic of Ireland Committee: M. F. Bath, S. J. Chapman, T. M. 
Drake, D. Golding, S. Lee, D. Nepogodiev, M. Ngaage, STARSurg Collaborative 

Eurosurg-1 Local Leads: Czech Republic: P. Vasko (University Hospsital, Hradec Kralove); Ireland: P.J. 
Choi (University College Hospital Galway), H. O'Sullivan (St. James’ Hospital, Dublin), H. O'Sullivan 
(The Adelaide & Meath Hospital, Dublin), M. Salman (Mayo University Hospital); Italy: A. Simioni 
(University of Padova), V. Farina (Molinette Hospital), A. Sgrò (Policlinico San Matteo), B. Sensi 
(Policlinico Tor Vergata), F. Colombo (Ospedale Luigi Sacco), L. Turati (Treviglio Hospital), F. E. 
Cazzola (Azienda Ospedaliero Universitaria Sant Orsola Malpighi), F. Pata (Sant'Antonio Abate 
Hospital, Gallarate), G. Gallo (Department of Colorectal Surgery, S. Rita Clinic, Vercelli), G. Perrotta 
(Complesso Integrato Columbus, Fondazione Policlinico Universitario Agostino Gemelli), G. Pellino 
(Universitá della Campania Luigi Vanvitelli), L. Gavagna (Arcispedale Sant'Anna- Azienda Ospedaliero 
Universitaria di Ferrara, Ospedale del Delta- Unità Sanitaria Locale di Ferrara), M. Papandrea 
(Policlinico Universitario c/o Campus S. Venuta), P. M. Naccari (Azienda Sanitaria Universitaria 
Integrata di Trieste), N. Menduni (Ospedale S.S. Annunziata, Chieti), E. Rossi (Ospedale San Raffaele), 
N. Chetta (Azienda Ospedaliero Universitaria Consorziale Policlinico di Bari), F. Romeo (Ospedale San 
Valentino di Montebelluna), F. Giordano (Policlinico Paolo Giaccone), B. Randisi (Policlinico Paolo 
Giaccone, Palermo), G. Curletti (Ospedale Santa Corona di Pietra Ligure), C. Foppa (University of 
Florence); Netherlands: D. Aoulad Fares (Erasmus MC Rotterdam, Franciscus Gasthuis, Ikazia 
Ziekenhuis, Ijsselland Ziekenhuis, Maasstad Ziekenhuis), M. E. Stellingwerf (Amsterdam Medical 
Centre, Flevoziekenhuis, Tergooi Ziekenhuis, Onze Lieve Vrouwe Gasthuis), J. Kuiper (Admiraal de 
Ruyter Hospital), B. H. C. M. Burger (VU Medisch Centrum, Rode Kruis Ziekenhuis, Medisch Centrum 
Slotervaart), R. Wiersema (University Medical Center Groningen, Treant Zorggroep, Treant 
Zorggroep, Bethesda hospital), R. Spijkerman (Antonius hospital, Meander Medical Centre, 
University Medical Centre Utrecht, Diakonessenhuis, Zuwe Hofpoort Hospital), S. Z. Kuiper 
(Maastricht Universitair Medisch Centrum +, Maxima Medisch Centrum, Zuyderland), R. C. H. Stijns 
(Radboudumc, Catharina Hospital, Viecuri hospital, Canisius Wilhelmina hospital, Rijnstate Arnhem, 
Tweesteden hospital, Slingeland hospital), T. R. van Elst (MCH-Bronovo, Groene Hart Ziekenhuis, Het 
HagaZiekenhuis); Spain: A. Costa (Hospital Universitari Doctor Josep Trueta), A. Marcos Rodrigo 
(Hospital Universitario Nuestra Señora de Candelaria), R. Blanco-Colino, M. de la Rosa-Estadella, A. 
Borrellas (Hospital Universitari Vall d'Hebron), A. Sanchez (Hospital Clínico San Carlos), A. Varo 
Muñoz (Hospital Universitario Virgen del Rocio), C. E. Martinez Rios (Donostia Universitary Hospital, 
Hospital Galdakao-Usansolo), D. Aliseda-Jover (Clinica Universidad de Navarra), D. Fernandez Nieto 
(Hospital San Agustín), I. Alvarez Reyes (Hospital del Mar), L. M. Dominguez Rodriguez (Complexo 
Hospitalario Universitario de Ourense, Complexo Hospitalario Universitario de Ferrol), M. I. 
Hernandez Ros (Hospital Universitario Virgen de la Arrixaca, Hospital General Universitario Morales 
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Meseguer), O. Esteban Sinovas (Hospital Universitario Río Hortega, Hospital Clínico Universitario), P. 
Bartrina Soler (Hospital General de Granollers, Hospital Unviersitari General de Catalunya), P. 
Villarejo Campos (Hospital General Universitario Ciudad Real), R. Rodriguez Garcia (Hospital 
Universitario de Salamanca), S. Laguna Román (Hospital Clínico Universitario de Zaragoza), S. 
Fontanet-Soler (Hospital Universitari Joan XXIII), J. Raurich-Leandro (Hospital Universitario Arnau de 
Vilanova de Lleida), V. Dominguez-Prieto (H.U. Fundacion Jimenez Diaz, H.U. La Paz), J. J. Segura-
Sampedro (Hospital Universitario Son Espases), F. Alconchel-Gago (Hospital Universitario Reina Sofia 
de Cordoba), C. Salazar-García (Hospital General Universitario de Alicante); Turkey: A. E.Gezen 
(Hacettepe University Hospital), Z. S. Demirci (Gazi University Medical Faculty), A. Sahin (Celal Bayar 
Universitesi Hafsa Sultan Hastanesi), H. Atasoy (Bezmialem Vakıf Universtiy's Hospital), B. Yuksek 
(Duzce University School of Medicine), E. Arslan (Karadeniz Technical University Faculty of Medicine), 
B. B. Ozmen (Acibadem University Atakent Hospital), A. Y. Sen (Dokuz Eylul University Hospital), H. I. 
Erol (Trakya University), E. Ucar (Istanbul School of Mecine), A. I. Tavuz (Medipol University 
Hospital), M. K. Aktas (Cukurova University Faculty of Medicine Balcali Hospital), O. C. Tatar (Kocaeli 
University Teaching Hospital), S. S. Yurdaor (Cumhuriyet University Faculty of Medicine), S. Mermer 
(Ankara University Faculty of Medicine), U. Seyhan (Ege University Faculty of Medicine Hospital), V. 
Tosun (Mustafa Kemal University), Y. Gunaydin (Ondokuz Mayis University Faculty of Medicine), Z. B. 
Ekinci (Erciyes University health application and research center), Z. Yazkan (Abant Izzet Baysal 
University Faculty Hospital); United Kingdom: J. Choi (St Thomas' Hospital), T. S. L. Yeoh (Glasgow 
Royal Infirmary), C. S. Jones (Royal Devon and Exeter NHS Foundation Trust), K. Bresges, S. Gallagher 
(Norfolk and Norwich University Hospital), M. Ngaage (Addenbrooke's Hospital), S. Venturini 
(Leicester General Hospital), S. K. Kamarajah (University Hospital Birmingham), M. I. Saat (Northern 
General Hospital), J. Loo (University Hospital of Wales), G. Pike (St George's University Hospitals NHS 
Trust), S. C. Davies (Royal Victoria Infirmary), M. I. Saat (Doncaster Royal Infirmary), R. Kabariti 
(Abergavenny), J. Olivier (Royal United Hospital Bath) 

EuroSurg-1 Collaborators: Czech Republic: M. Hurný, R. Žebrák, A. Machačová, M. Schulzová, P. 
Smolák, M. Široká, H. Palyzová, J. Jaroš, T. Dušek, B. Šimáčková, M. Bartoš, O. Sotona, M. Pös, D. 
Karásek (University Hospsital, Hradec Kralové); Ireland: P. Higgins, S. Hacking, E. Arora, G. Coughlan, 
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