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Abstract

Background: Metabolic bariatric surgery (MBS) quality registries monitor various outcomes, enabling the assessment of hospital 
performance in comparison with national benchmarks. However, if there is considerable between-surgeon outcome variation, 
surgeon-level feedback may be better suited. The aim of this study was to assess the extent to which patient-, surgeon-, and 
hospital-level factors contribute to the variation in outcomes after MBS.

Methods: All primary procedures registered in the Dutch MBS quality registry between 1 January 2020 and 31 December 2023 were 
included. Outcomes included severe postoperative complications, reoperation, prolonged length of stay (LOS), readmission, 
textbook outcome, and achieving ≥25% total weight loss within 1 year. Multilevel logistic regression models were built for each 
outcome, including all available patient characteristics, operating surgeon, and hospital, to determine the variance explained by 
patient-, surgeon-, and hospital-level factors.

Results: In total, 30 610 patients were included, operated on by 144 surgeons in 19 hospitals. Hospital-level factors contributed most to 
the explained variance for all outcomes, ranging from 59.6% for reoperation to 90.3% for prolonged LOS. Surgeon-level factors 
explained less variance, ranging from 3.2% for prolonged LOS to 28.2% for reoperation. Patient characteristics explained the least, 
ranging from 4.4% for textbook outcome to 13.1% for severe postoperative complications.

Conclusion: Variation in outcomes is mostly explained by hospital factors, rather than surgeon factors, supporting hospital-based 
performance feedback. The results suggest that the pre- and postoperative trajectory and perioperative care may affect MBS 
outcomes more than patient characteristics or surgical team performance.

Received: May 22, 2025. Revised: July 25, 2025. Accepted: August 10, 2025
© The Author(s) 2025. Published by Oxford University Press on behalf of BJS Foundation Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Outcomes after metabolic bariatric surgery (MBS) are influenced 
by a complex interplay of patient characteristics, surgical team 
performance, and institutional practices such as local protocols 
and care processes. Previous research has primarily focused on 
patient characteristics, identifying numerous patient factors 
that are linked to patient outcomes. For instance, diabetes is 
associated with lower weight loss1,2, while older age, male sex, 
and a history of pulmonary and cardiovascular disease, among 
others, increase the risk of postoperative complications3,4. 
Additionally, patients with gastro-oesophageal reflux disease 
or diabetes benefit more from gastric bypass than sleeve 
gastrectomy5–8. These insights have enhanced patient-tailored 

care, enabling more accurate outcome predictions, improved 

preparedness, and better preoperative counselling. Research on 

patient characteristics has yielded these valuable insights, but 

greater emphasis may be needed on other factors, as patient 

outcomes are also influenced by the quality of delivered care.
The experience and skill of the surgeon and surgical team are 

associated with the chance of postoperative complications, both 

in general and in MBS surgery9–16. Moreover, the surgeon plays 

a role in deciding which type of surgery is performed17, which 

can be viewed as a quality-of-care indicator to select the best 

type of surgery for a particular patient, contributing to outcome 

differences. Next to these surgery-related factors, outcome 

variation between hospitals is regularly observed and often 
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persists after case-mix adjustment, indicating systematic differences 
in performance between hospitals that are unrelated to patient 
factors18–22.

While it is well established that all three elements—patient, 
surgeon together with surgical team, and hospital—contribute 
to postoperative outcomes, the relative contribution of each to 
the overall variation in MBS outcomes remains unclear. This is 
relevant because, currently, feedback on performance is mainly 
given to hospitals, whereas if most of the variation is due to 
systematic differences in performance between surgeons, it 
would be better delivered to surgeons in order to improve care. 
Therefore, the aim of this study was to assess the extent to 
which patient-, surgeon-, and hospital-level factors contribute to 
the variation in outcomes after MBS, providing critical insights 
into where targeted efforts may have the greatest impact with 
regard to optimizing MBS care.

Methods
Setting and patient selection
Patients were selected from the Dutch Audit for Treatment 
of Obesity (DATO)23. This mandatory MBS quality registry 
started collecting patient data in 201524. Collected data include 
information on demographics, procedures, complications, and 
weight loss outcomes, with the surgeon performing the surgery 
also registered. All surgeons are assigned a hospital-specific 
identifier by their hospital for registering procedures in DATO, 
starting from one for surgeons, with the higher numbers (for 
example 99) reserved for residents and fellows. The identity 
linked to each identifier is known only within the surgeon’s 
hospital, allowing outcomes and patient mix to be compared with 
those of the surgeon’s immediate colleagues, while retaining 
anonymization for research purposes. All patients receiving 
primary MBS between 1 January 2020 and 31 December 2023 
were included. Patients were excluded if the surgeon or hospital 
was not registered or if baseline patient characteristics were 
missing (see below).

The study was approved by the scientific committee of 
DATO and the local science office of the Dutch Institute for 
Clinical Auditing and was performed in accordance with ethical 
standards as stated in the Declaration of Helsinki and its later 
amendments25. Following Dutch law, no additional informed 
consent was required, as DATO is an opt-out registry that uses 
strictly pseudonymized data.

Patient characteristics and outcomes
The following baseline patient characteristics were included: 
presence of diabetes mellitus, hypertension, dyslipidaemia, 
obstructive sleep apnoea syndrome, gastro-oesophageal reflux 
disease, musculoskeletal pain, age (categorized as <35, 35–64, 
and ≥65 years old), sex, BMI (categorized as <40 and ≥40 kg/m2), 
ASA grade (categorized as <III and ≥III), and Charlson 
co-morbidity index26 (a score to predict overall survival based on 
characteristics such as cardiovascular disease, pulmonary 
disease, and other systemic diseases significantly affecting 
overall survival; categorized as 0, 1, and ≥2).

The investigated outcomes were severe postoperative 
complications (Clavien–Dindo grade ≥3)27,28, reoperation within 
30 days, prolonged (≥3 days) length of stay (LOS), readmission 
within 30 days, textbook outcome (that is a composite outcome 
measure indicating no prolonged LOS and no readmissions or 
complications within the first 30 days)29, and achieving ≥25% 
total weight loss (TWL) 1 year after surgery.

Statistical analysis
First, stepwise forward logistic regression analysis was used, 
including all available patient covariates, to determine the 
relevant patient characteristics influencing the outcome of 
interest and achieving the best model fit. The model fit was 
determined by evaluating the Akaike Information Criterion 
(AIC), with a lower AIC indicating a better model fit.

Second, a multilevel null model was created for each outcome, 
including only the surgeon variable, to determine the between- 
surgeon variance. The surgeon variable reflects those aspects of 
care shared by patients operated on by the same surgeon. The 
relevant patient covariates were then added to the multilevel 
model and the absolute change in between-surgeon variance 
was documented as the within-surgeon variance (that is the 
variance explained by adding the patient-level characteristics).

Third, the hospital level was added to the multilevel model 
containing surgeon and patient characteristics and, from this 
model, the final between-surgeon and between-hospital variances 
were determined. The hospital variable reflects those aspects of 
care shared by all patients operated on in the same hospital, such 
as preoperative and postoperative care, and therefore could also 
reflect care delivered at other locations affiliated with the hospital 
(registered in DATO as belonging to that hospital). The total 
variance explained by the multilevel model was computed as the 
sum of the within-surgeon variance, between-surgeon variance, 
and between-hospital variance, so that the proportions of the 
variance contributed by patient-, surgeon-, and hospital-level 
factors could be calculated.

Finally, the intraclass correlation coefficient (ICC) was 
determined for the hospital and surgeon levels to put the 
explained variance into the context of the total variance 
(including variance not explained by the included factors). For 
dichotomous outcomes, the ICC is calculated using π²/3 for the 
variance at the patient level30. Stacked bar charts were created 
for all outcomes to visualize the proportion of explained 
variance assigned to each level.

Sensitivity analyses
A supervised surgical resident may be the primary operating 
surgeon. Often, these residents get their own surgeon 
identification code assigned by the hospital when registering 
procedures in DATO, using the higher numbers, for example 
90–99. To investigate the impact of residents performing surgery 
on the variance explained by the surgeon level, two sensitivity 
analyses were performed. In the first sensitivity analysis, all 
surgeon identifiers >15 were excluded, as it seemed unlikely 
that these higher numbers represented bariatric surgeons, given 
the known number of bariatric surgeons employed by hospitals. 
In the second sensitivity analysis, all surgeon identifiers with 
<50 primary procedures in the study interval were excluded, as 
all Dutch bariatric surgeons are expected to have performed 
many more in the study interval, so that these identifiers likely 
reflected guest surgeons, fellows, or residents.

Results
In total, 39 517 patients were identified, of whom 30 610 remained 
eligible for analysis after excluding those with incomplete 
baseline characteristics or missing surgeon identifiers. Patients 
were operated on by 144 different surgeons, with surgeries 
conducted in 19 hospitals. The median number of surgeries 
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performed was 152 (interquartile range (i.q.r.) 5–372) per surgeon 
and 1713 (i.q.r. 752–2108) per hospital.

The relative contribution of patient-, surgeon-, and hospital- 
level factors to the explained variance in outcomes is displayed 
in Fig. 1. Patient characteristics contributed minimally to the 
explained variance for all outcomes, ranging from 4.4% for 
textbook outcome to 13.1% for severe postoperative complications. 
The surgeon level contributed more to the explained variance 
for most outcomes, ranging from 3.2% for prolonged LOS to 
28.2% for reoperation. Only for prolonged LOS was the surgeon- 
level contribution smaller than the contribution of patient 
characteristics (3.2% versus 6.5% respectively). The hospital level 
contributed most to the explained variance for all outcomes, 
ranging from 59.6% for reoperation to 90.3% for prolonged LOS.

Examining the proportion of total variance explained, the 
surgeon-level ICC was low for all outcomes, indicating that 
surgeon-level factors explained only a small proportion of the 
total variance in outcomes; it was highest for reoperation (1.5%) 
(Table 1). The hospital level explained small to moderate parts of 
the total variance, with the ICC being highest for prolonged LOS 
(15.2%).

Sensitivity analyses
After excluding cases where the surgeon identifier was >15, 30 031 
patients operated on by 117 surgeons were included in the first 
sensitivity analysis (the median number of surgeries performed 
was 208 (i.q.r. 49–409) per surgeon). There were only slight 
changes in the proportion of explained variance attributable to 
each level, with the hospital level still explaining the greatest 
part of the variance for all outcomes (Table S1). After excluding 
surgeons who performed <50 procedures in the specified 
interval, 30 235 patients operated on by 89 surgeons were 
included in the second sensitivity analysis, also with minimal 
changes in the proportion of variance ascribed to each level 
(Table S1) (the median number of surgeries performed was 323 
(i.q.r. 165–447) per surgeon).

Discussion
The present study showed that the largest part of the explained 
variance is contributed by hospital-level factors, with 
surgeon-level factors contributing a considerably smaller part. 
Patient characteristics contributed minimally to the explained 
variance in outcomes. These findings suggest that, to improve 
MBS care further, caregivers should first focus on improving 
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Prolonged LOS is an LOS ≥3 days. Textbook outcome is a composite outcome measure indicating no prolonged LOS and no readmissions or complications within the 
first 30 days. CD3+, Clavien–Dindo grade ≥3; LOS, length of stay; TWL, total weight loss.

Table 1 ICCs for the different outcomes at the surgeon level and 
at the hospital level

ICCs

Surgeon Hospital

Complication CD3+ 1.2 2.7
Reoperation 1.5 3.2
Prolonged LOS 0.6 15.2
Readmission 0.9 6.7
Textbook outcome 0.5 5.2
≥25% TWL 1.1 4.5

Values are %. Prolonged LOS is an LOS ≥3 days. Textbook outcome is a 
composite outcome measure indicating no prolonged LOS and no readmissions 
or complications within the first 30 days. ICCs, intraclass correlation 
coefficients; CD3+, Clavien–Dindo grade ≥3; LOS, length of stay; TWL, total 
weight loss.
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aspects of care shared by all patients in the same hospital, such as 
the preoperative trajectory and perioperative care. Providing 
performance feedback thus seems best directed to hospitals. 
However, adding surgeon-level feedback can be considered for 
outcomes like reoperations and severe complications, as 
surgeon-level factors contributed noticeably to the explained 
variance for these outcomes.

In contemporary literature, significant attention has been 
devoted to identifying factors associated with outcomes after 
MBS. Research has primarily focused on patient characteristics, 
leading to the identification of several risk factors for adverse 
outcomes1–4. However, the relative contribution of patient 
characteristics versus surgeon- and hospital-level characteristics 
in MBS has remained underexposed. The present study is the 
first to provide insight into this matter. The limited impact 
of patient characteristics also reinforces that hospital 
performance feedback regarding MBS outcomes within the 
Netherlands does not require adjustment for differences in 
case mix23.

In other surgical disciplines, little attention has also been paid 
to examining the relative impact of hospital- or surgeon-level 
factors compared with patient factors on outcomes9–15. To the 
authors’ knowledge, only one study has previously investigated 
the influence of the surgeon compared with the influence of 
patient characteristics31. In that study, surgeon-specific factors 
were found to have a greater impact on partial nephrectomy 
outcomes, such as positive surgical margins and complications, 
than patient-related factors, which aligns with the findings of 
the present study. However, that study was not able to assess 
differences in hospital performance, so the relative contributions 
of surgeon-specific factors and patient-related factors compared 
with the relative contribution of overarching hospital-related 
factors remained unclear. In another study on colectomies, 
differences in complication rates between hospitals and surgeons 
were examined, revealing a wider variation in complication rates 
among surgeons than between hospitals; this finding led Xu 
et al.32 to conclude that there is greater improvement potential at 
the surgeon level. However, hospital rates are based on the 
results of multiple surgeons combined and Xu et al.32 did not 
investigate the relative impact of hospitals versus surgeons. As 
colectomies have a higher a priori risk of complications and are 
generally performed at lower volumes per surgeon33, it is 
plausible that differences in surgeon experience and technique 
(for example laparoscopy versus laparotomy) play a more 
prominent role. In the Netherlands, clear guidelines mandate 
that each MBS hospital must have a minimum of two dedicated 
bariatric surgeons and perform ≥200 primary MBS procedures 
annually34, which ensures a minimum surgical standard. This 
may explain why the present study showed that differences at 
the hospital level contributed more than differences at the 
surgeon level. Nevertheless, the guidelines are also intended to 
ensure that departments are adequately equipped to provide 
optimal patient support throughout the preoperative and 
postoperative phases. However, this has not resulted in fully 
standardized protocols across institutions and variations in 
outcomes persist, even in a well-developed and organized 
healthcare system such as that of the Netherlands.

The low median number of surgeries performed per surgeon in 
the primary analysis (IQR starting at 5) supports the expectation 
that supervised residents, fellows, or guest surgeons recorded 
procedures. In particular, the second sensitivity analysis yielded 
more reliable numbers, considering the anticipated numbers 
of Dutch MBS surgeons and surgeries performed per surgeon. 

As surgeons changing employers or residents transitioning to 
surgeons may receive new surgeon identifiers, the median 
number of surgeries performed per surgeon may still be slightly 
underestimated. Nevertheless, the similarity between the 
primary analysis and the sensitivity analyses suggests that 
combining surgeon identifiers for those surgeons would not 
significantly alter the results, as might be expected, given that, 
for example, residents are usually closely supervised during 
surgery by an experienced bariatric surgeon.

Where previous research has demonstrated outcome variation 
between hospitals20,22,35–38, the precise causes contributing to this 
variation often remain unclear. The present study highlights that, 
in the context of MBS, part of this variation is attributable to 
surgeon-level factors, particularly in relation to complications 
and reoperations. Still, a larger proportion is explained by 
hospital-level factors, most profoundly so for prolonged LOS. 
Factors that may underlie this association include the application 
of enhanced recovery protocols39,40, use of (local) anaesthetics, 
care coordination models (including interdisciplinary coordinating 
structures), and in-hospital paramedic support (for example 
dietetic support). When extending the perspective to other 
outcomes such as complications and weight loss, a former study 
suggested that hospitals may favour certain types of MBS based 
on institutional practices or policies, rather than patient factors or 
surgeon preferences22, which could explain part of the variance 
attributed to the hospital level. Other factors may include the 
preoperative workup (for example guidance by affiliated 
physiotherapists, dieticians, and psychologists), preoperative 
counselling, the expertise of nurses and ward physicians, 
hospital-wide protocols (for example perioperative 
anticoagulation management and discharge criteria), and the 
quality of postoperative care (for example remote consultations, 
accessibility and involvement of other specialists, and patient 
group meetings during follow-up). Efforts to improve MBS care 
may consider investigating these aspects in future studies.

The relatively low ICCs indicate that a substantial proportion of 
total outcome variability remains unexplained by the variables 
included in the model. Potential sources of this unexplained 
variance include factors such as patient behaviour, genetic 
predispositions, psychological conditions, and socioeconomic 
status41–43. Additionally, surgeon factors such as specialized 
training or completing a fellowship may also contribute. Although 
the ICCs at the surgeon level were low across all outcomes (for 
instance, 1.5% for reoperation), this does not necessarily imply 
negligible influence. It is possible that certain surgeon-level factors 
are indeed impactful but are not reflected in the variance because 
surgeons with these characteristics are evenly distributed across 
hospitals. As a result, their influence may be obscured in the 
multilevel model in the present study. Hence, further investigation 
into surgeon-level factors may be valuable for identifying 
opportunities to improve clinical outcomes. Nevertheless, some 
degree of variability may arise merely due to chance, as patients 
with identical clinical characteristics undergoing MBS by the same 
surgeon in the same hospital may still experience differing 
outcomes, for example with respect to complications. Therefore, a 
certain degree of variance is inherently unexplainable.

The present study has several limitations. First, data on some 
patient characteristics were not available, such as mobility 
limitations, prior venous thromboembolism, and smoking 
history, previously identified as risk factors for complications3, 
thereby potentially underestimating the impact of patient 
characteristics. Factors such as social environment, amount of 
disposable income, and psychological status could also play a 
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role43. Nevertheless, given the magnitude of the differences in 
explained variance, it seems unlikely that adding these factors 
would considerably change the relative influence compared 
with surgeon- or hospital-level factors. Second, more granular 
data on surgeon and hospital characteristics were unavailable 
in the registry, limiting the authors’ understanding of how 
improvement may be achieved. Incorporating variables that 
reflect surgical training and, in particular, hospital protocols 
would enhance insight into this area. Nonetheless, the findings 
provide a useful direction for future research, especially with 
regard to exploring hospital-level factors. Finally, there may 
have been an underestimation of the ICCs, as they were 
calculated using π²/3 for the variance at the patient level. Had 
the true patient-level variance been known, it could have 
resulted in slightly more variance being explained44. However, it 
should be emphasized that the aim of the present study was not 
to discover the origin of all outcome variability. Although much 
of the variance remained unexplained, the primary aim was to 
assess the relative impact of the different levels compared with 
one another to decide whether feedback on performance is best 
directed at hospitals or surgeons.

A strength of the present study is that three levels were 
included in the multilevel analysis, whereas previous studies 
only studied two levels31,32. This enabled the assessment of the 
relative influence of both surgeon- and hospital-level factors 
in comparison with patient characteristics. Future research 
should investigate which factors within the hospital influence 
outcomes most, so that these care aspects can be targeted for 
further improvement. Keeping track of these care elements is 
therefore the most important first step.

In conclusion, hospital-level factors accounted for most of the 
variation in MBS outcomes, while surgeon-level factors contributed 
moderately, particularly to postoperative complications and 
reoperations. This indicates that hospital-level factors shared by 
all patients and surgeons, such as perioperative care, account for 
a greater proportion of the outcome variation than surgeon-level 
factors, such as surgical skill. It must be emphasized that 
Dutch MBS care is centralized, with dedicated bariatric 
surgeons performing MBS, so the results may be not be directly 
generalizable to other healthcare systems.

Funding
The authors have no funding to declare.

Acknowledgements
The authors thank all surgeons, registrars, physician assistants, 
and administrative nurses who registered patients in DATO. 
This manuscript was written on behalf of the DATO Research 
Group: G. J. D. van Acker (Nederlandse Obesitas Kliniek, Zeist, 
The Netherlands); J. Apers (Franciscus Gasthuis & Vlietland, 
Rotterdam, The Netherlands); S. C. Bruin (Spaarne Gasthuis, 
Haarlem, The Netherlands); F. F. E. Bruinsma (Dutch Institute 
for Clinical Auditing, Leiden, The Netherlands); S. M. M. de 
Castro (OLVG Hospital, Amsterdam, The Netherlands); S. L. 
Damen (Medical Centre Leeuwarden, Leeuwarden, The 
Netherlands); I. F. Faneyte (ZGT Hospital, Almelo and Hengelo, 
The Netherlands); J. W. M. Greve (Maastricht University Medical 
Centre, Maastricht, The Netherlands); G. van ‘t Hof (Dutch 
Bariatric Centre South-West, Bergen op Zoom, The 
Netherlands); F. H. W. Jonker (Red Cross Hospital, Beverwijk, 
The Netherlands); R. A. Klaassen (Maasstad Hospital, 

Rotterdam, The Netherlands); E. A. G. L. Lagae (ZorgSaam 
Zorggroep Zeeuws-Vlaanderen, Terneuzen, The Netherlands); B. 
S. Langenhoff (ETZ Hospital, Tilburg, The Netherlands); R. S. L. 
Liem (Groene Hart Hospital and Nederlandse Obesitas Kliniek 
West, Gouda and The Hague, The Netherlands); A. A. P. M. 
Luijten (Máxima Medical Centre, Eindhoven, The Netherlands); 
S. W. Nienhuijs (Catharina Hospital, Eindhoven, The 
Netherlands); R. M. Smeenk (Albert Schweitzer Hospital, 
Dordrecht, The Netherlands); S. J. M. Smeets (Flevo Hospital, 
Almere, The Netherlands); W. Vening (Rijnstate Hospital, 
Arnhem, The Netherlands); M. Takkenberg (St Antonius 
Hospital, Utrecht, The Netherlands); E. de Witte (Zuyderland 
Medical Centre, Heerlen, The Netherlands).

Author contributions
Floris F. E. Bruinsma (Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Project administration, 
Validation, Visualization, Writing—original draft), Simon 
W. Nienhuijs (Conceptualization, Supervision, Writing—review 
& editing), Ronald S. L. Liem (Conceptualization, Supervision, 
Writing—review & editing), Jan W. M. Greve (Writing—review & 
editing), Perla J. Marang-van de Mheen (Conceptualization, 
Methodology, Supervision, Writing—review & editing).

Disclosure
SN has received an educational grant from Medtronic (paid to 
institution). RL has received research funding by Medtronic (paid 
to institution) and lecture fees from Johnson & Johnson, 
Medtronic, Olympus, and FitForMe. JG is member of the 
Scientific Advisory Board van Morphic Medical. None of the 
disclosures are related to the present study. 

Supplementary material
Supplementary material is available at BJS online.

Data availability
The data will not be made publicly available but can be made 
available upon appropriate request to the corresponding author.

References
1. Saux P, Bauvin P, Raverdy V, Teigny J, Verkindt H, 

Soumphonphakdy T et al. Development and validation of 
an interpretable machine learning-based calculator for 
predicting 5-year weight trajectories after bariatric surgery: a 
multinational retrospective cohort SOPHIA study. Lancet Digit 
Health 2023;5:e692–e702

2. Still CD, Wood GC, Chu X, Manney C, Strodel W, Petrick A et al. 
Clinical factors associated with weight loss outcomes after 
Roux-en-Y gastric bypass surgery. Obesity (Silver Spring) 2014; 
22:888–894

3. Finks JF, Kole KL, Yenumula PR, English WJ, Krause KR, Carlin 
AM et al. Predicting risk for serious complications with 
bariatric surgery: results from the Michigan Bariatric Surgery 
Collaborative. Ann Surg 2011;254:633–640

4. Straatman J, Verhaak T, Demirkiran A, Harlaar NJ, Cense HA, 
Jonker FHW et al. Risk factors for postoperative bleeding in 
bariatric surgery. Surg Obes Relat Dis 2022;18:1057–1065

Bruinsma et al. | 5
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/112/10/znaf186/8272830 by TU
 D

elft Library user on 14 O
ctober 2025

http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf186#supplementary-data


5. Akpinar EO, Liem RSL, Nienhuijs SW, Greve JWM, Marang-van 

de Mheen PJ, de Brauw LM et al. Metabolic effects of bariatric 
surgery on patients with type 2 diabetes: a population-based 
study. Surg Obes Relat Dis 2021;17:1349–1358

6. Daher HB, Sharara AI. Gastroesophageal reflux disease, obesity 
and laparoscopic sleeve gastrectomy: the burning questions. 
World J Gastroenterol 2019;25:4805–4813

7. Sebastianelli L, Benois M, Vanbiervliet G, Bailly L, Robert M, 
Turrin N et al. Systematic endoscopy 5 years after sleeve 
gastrectomy results in a high rate of Barrett’s esophagus: 
results of a multicenter study. Obes Surg 2019;29:1462–1469

8. Ashrafi D, Osland E, Memon MA. Bariatric surgery and 
gastroesophageal reflux disease. Ann Transl Med 2020;8:S11–S11

9. Stulberg JJ, Huang R, Kreutzer L, Ban K, Champagne BJ, Steele SR 
et al. Association between surgeon technical skills and patient 
outcomes. JAMA Surg 2020;155:960–968

10. Morche J, Mathes T, Pieper D. Relationship between surgeon 
volume and outcomes: a systematic review of systematic 
reviews. Syst Rev 2016;5:204

11. Celio AC, Kasten KR, Burruss MB, Pories WJ, Spaniolas K. 
Surgeon case volume and readmissions after laparoscopic 
Roux-en-Y gastric bypass: more is less. Surg Endosc 2017;31: 
1402–1406

12. Celio AC, Kasten KR, Brinkley J, Chung AY, Burruss MB, Pories WJ 
et al. Effect of surgeon volume on sleeve gastrectomy outcomes. 
Obes Surg 2016;26:2700–2704

13. Healey MA, Shackford SR, Osler TM, Rogers FB, Burns E. 
Complications in surgical patients. Arch Surg 2002;137:611–618

14. Finks JF, Carlin A, Share D, O’Reilly A, Fan Z, Birkmeyer J et al. 
Effect of surgical techniques on clinical outcomes after 
laparoscopic gastric bypass–results from the Michigan 
Bariatric Surgery Collaborative. Surg Obes Relat Dis 2011;7: 
284–289

15. Healy MA, Regenbogen SE, Kanters AE, Suwanabol PA, Varban 
OA, Campbell DA et al. Surgeon variation in complications 

with minimally invasive and open colectomy: results from 
the Michigan Surgical Quality Collaborative. JAMA Surg 2017; 
152:860

16. Birkmeyer JD, Finks JF, Reilly O, Oerline A, Carlin M, Nunn AM 
et al. Surgical skill and complication rates after bariatric 
surgery. N Engl J Med 2013;369:1434–1442

17. Udelsman BV, Jin G, Chang DC, Hutter MM, Witkowski ER. 
Surgeon factors are strongly correlated with who receives a 
sleeve gastrectomy versus a Roux-en-Y gastric bypass. Surg 
Obes Relat Dis 2019;15:856–863

18. Elfrink AKE, van Zwet EW, Swijnenburg RJ, den Dulk M, van den 
Boezem PB, Mieog JSD et al. Case-mix adjustment to compare 
nationwide hospital performances after resection of colorectal 
liver metastases. Eur J Surg Oncol 2021;47:649–659

19. Nass KJ, Van Der Vlugt M, Elfrink AKE, Van Den Brand CL, 
Wilschut JA, Fockens P et al. Case-mix adjustment to compare 
colonoscopy performance between endoscopy centers: a 
nationwide registry study. Endoscopy 2022;54:455–462

20. Algera MD, Baldewpersad Tewarie NMS, Driel WJV, Van Ham 
MAPC, Slangen BFM, Kruitwagen RFPM et al. Case-mix 
adjustment to compare hospital performances regarding 
complications after cytoreductive surgery for ovarian cancer: 
a nationwide population-based study. Int J Gynecol Cancer 2023; 
33:534–542

21. Würdemann FS, Elfrink AKE, Wilschut JA, van den Brand CL, 
Schipper IB, Hegeman JH. Development of a data-driven 
case-mix adjustment model for comparison of hospital 
performance in hip fracture care. Arch Osteoporos 2022;17:73

22. Akpinar EO, Liem RSL, Nienhuijs SW, Greve JWM, Marang-van 

de Mheen PJ, de Brauw LM et al. Hospital variation in 
preference for a specific bariatric procedure and the 
association with weight loss performance: a nationwide 
analysis. Obes Surg 2022;32:3589–3599

23. Poelemeijer YQM, Liem RSL, Nienhuijs SW. A Dutch nationwide 
bariatric quality registry: DATO. Obes Surg 2018;28:1602–1610

24. Beck N, Van Bommel AC, Eddes EH, Van Leersum NJ, Tollenaar 
RA, Wouters MW. The Dutch Institute for Clinical Auditing: 
achieving Codman’s dream on a nationwide basis. Ann Surg 
2020;271:627–631

25. World Medical Association (WMA). WMA Declaration of 
Helsinki—Ethical Principles for Medical Research Involving Human 
Participants. https://www.wma.net/policies-post/wma-declaration- 
of-helsinki-ethical-principles-for-medical-research-involving- 
human-subjects/ (accessed 2 October 2020)

26. Charlson ME, Carrozzino D, Guidi J, Patierno C. Charlson 
comorbidity index: a critical review of clinimetric properties. 
Psychother Psychosom 2022;91:8–35

27. Clavien PA, Barkun J, Oliveira D, Vauthey ML, Dindo JN, 
SchulickD et al. The Clavien-Dindo classification of surgical 
complications: five-year experience. Ann Surg 2009;250:187–196

28. Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 2004;240:205–213

29. Poelemeijer YQM, Marang-Van De Mheen PJ, Wouters MWJM, 
Nienhuijs SW, Liem RSL. Textbook outcome: an ordered 
composite measure for quality of bariatric surgery. Obes Surg 
2019;29:1287–1294

30. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P et al. 
A brief conceptual tutorial of multilevel analysis in social 
epidemiology: using measures of clustering in multilevel 
logistic regression to investigate contextual phenomena. J 
Epidemiol Community Health 2006;60:290–297

31. Dagenais J, Bertolo R, Garisto J, Maurice MJ, Mouracade P, Kara O 

et al. Variability in partial nephrectomy outcomes: does your 
surgeon matter? Eur Urol 2019;75:628–634

32. Xu T, Makary MA, Kazzi A, Zhou E, Pawlik M, Hutfless TM 
et al.Surgeon-level variation in postoperative complications. 
J Gastrointest Surg 2016;20:1393–1399

33. de Graaff MR, Hogenbirk RNM, Janssen YF, Elfrink AKE, 
LiemRSL, Nienhuijs SW et al. Impact of the COVID-19 
pandemic on surgical care in the Netherlands. Br J Surg 2022; 
109:1282–1292

34. Nederlandse Vereniging voor Heelkunde. Chirurgische Behandeling 
van Obesitas. 2020. https://richtlijnendatabase.nl/richtlijn/ 
chirurgische_behandeling_van_obesitas/startpagina_-_chirurgische_ 
behandeling_van_obesitas.html (accessed 18 November 2024)

35. Bruinsma FFE, Liem RSL, Nienhuijs SW, Greve JWM, van de 
Mheen PJM, van Acker GJD et al. Optimizing hospital 
performance evaluation in total weight loss outcomes after 
bariatric surgery: a retrospective analysis to guide further 
improvement in Dutch hospitals. Obes Surg 2024;34:2820–2827

36. Greijdanus NG, van Erning FN, van Workum F, Tanis PJ, de Wilt 
JHW, Vissers PAJ. Variation in hospital performances after 
colorectal cancer surgery: a case-mix adjusted Dutch 
population based study. Eur J Surg Oncol 2024;50:107296

37. Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas FL, 
Batista I et al. Hospital volume and surgical mortality in the 
United States. N Engl J Med 2002;346:1128–1137

38. Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg CB. 
The influence of hospital volume on survival after resection for 
lung cancer. N Engl J Med 2001;345:181–188

6 | BJS, 2025, Vol. 112, No. 10

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/112/10/znaf186/8272830 by TU

 D
elft Library user on 14 O

ctober 2025

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://richtlijnendatabase.nl/richtlijn/chirurgische_behandeling_van_obesitas/startpagina_-_chirurgische_behandeling_van_obesitas.html
https://richtlijnendatabase.nl/richtlijn/chirurgische_behandeling_van_obesitas/startpagina_-_chirurgische_behandeling_van_obesitas.html
https://richtlijnendatabase.nl/richtlijn/chirurgische_behandeling_van_obesitas/startpagina_-_chirurgische_behandeling_van_obesitas.html


39. Stenberg E, dos Reis Falcão LF, O’Kane M, Liem R, Pournaras DJ, 

Salminen P et al. Guidelines for perioperative care in bariatric 
surgery: Enhanced Recovery After Surgery (ERAS) Society 
recommendations: a 2021 update. World J Surg 2022;46: 
729–751

40. Huh YJ, Kim DJ. Enhanced recovery after surgery in bariatric 
surgery. J Metab Bariatr Surg 2021;10:47

41. van der Meer R, Mohamed SA, Monpellier VM, Liem 
RSL, Hazebroek EJ, Franks PW et al. Genetic variants 
associated with weight loss and metabolic outcomes after 
bariatric surgery: a systematic review. Obes Rev 2023;24: 
e13626

42. Poitou C, Puder L, Dubern B, Krabusch P, Genser L, Wiegand S 

et al. Long-term outcomes of bariatric surgery in patients with 
bi-allelic mutations in the POMC, LEPR, and MC4R genes. Surg 
Obes Relat Dis 2021;17:1449–1456

43. Stenberg E, Näslund I, Persson C, Szabo E, Sundbom M, Ottosson 
J et al. The association between socioeconomic factors and 
weight loss 5 years after gastric bypass surgery. Int J Obes 2020; 
44:2279–2290

44. Wu S, Crespi CM, Wong WK. Comparison of methods for 
estimating the intraclass correlation coefficient for binary 
responses in cancer prevention cluster randomized trials. 
Contemp Clin Trials 2012;33:869–880

Bruinsma et al. | 7
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/112/10/znaf186/8272830 by TU
 D

elft Library user on 14 O
ctober 2025


	Variation in outcomes after metabolic bariatric surgery: multilevel analysis to assess the contribution of patient, surgeon, and hospital factors
	Introduction
	Methods
	Setting and patient selection
	Patient characteristics and outcomes
	Statistical analysis
	Sensitivity analyses

	Results
	Sensitivity analyses

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References




