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eAppendix 1. Details on Preoperative Evaluation, Surgical Interventions, Surgeons and 
Centers 
 
All patients were evaluated by a multidisciplinary team including an endocrinologist, a psychiatrist, a 
nutritionist, and a bariatric surgeon. In the preoperative work-up, all patients underwent upper 
endoscopy, upper gastro-intestinal series, esophageal manometry and abdominal ultrasound; other 
specialists (i.e. pulmonologist, cardiologist etc.) were additionally involved when needed. 
Preoperatively, no caloric restriction regime was applied. The four bariatric centers participating in 
this trial were selected on the basis of experience and expertise. Each center had at least ten years of 
bariatric experience and a minimum of 200 bariatric procedures performed per year. Surgeons with a 
personal experience of at least 400 bariatric interventions participated in this trial. At each center, a 
maximum of two surgeons fulfilled these criteria. In total, six surgeons performed all interventions. 
The two interventions were standardized across the centers with identical technique and all surgeons 
were instructed by the principal investigator. To enhance adherence to the protocol and guarantee high 
quality data, research meetings were held on a regular basis. After surgery, all patients received 
nutritional counseling and physical activity was promoted by participation in physiotherapy group 
sessions. 

 
 

 
 
 
 
 
  

Laparoscopic Sleeve Gastrectomy (LSG): 
LSG preserves the integrity of the pylorus and does not include intestinal 
bypass as part of the technique, but the greater part of the stomach is 
removed. For the resection of the majority of the stomach, a 35 French size 
bougie was used. The resection started 3-6 cm proximal to the pylorus to the 
angle of His. The staple lines were oversewn. In case of a hiatal hernia, it 
was reduced and the hiatus closed by interrupted non-absorbable sutures.  

Laparoscopic Gastric Bypass (LRYGB): 
A small, narrow gastric pouch of 25mLwas created by use of a linear stapler. 
A 150cm antecolic alimentary limb was anastomosed to the pouch either 
with circular or linear technique according to the standard technique of each 
participating institution. The bilio-pancreatic limb was 50cm in length. In 
the circular technique, all mesenteric defects were closed by non-absorbable 
sutures. In the linear technique, the omentum was split, but not all 
mesenteric defects closed. 
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eTable 1. Definition of Comorbidities at Baseline and Postoperative Course 
 
 
DEFINITION OF COMORBIDITIES AT BASELINE 

Comorbidity Definition 

Hypertension systolic blood pressure 140 mmHg or more and/or diastolic blood 
pressure ≥90 mm Hg or if patients were on antihypertensive drug 
therapy 

Type 2 diabetes fasting plasma glucose ≥126 mg/dL or 2-hour plasma glucose ≥200 
mg/dL during oral glucose tolerance test or patients were on 
antidiabetic drug with or without insulin therapy 

Dyslipidemia fasting high-density lipoprotein <50 mg/dL for women, <40 mg/dL 
for men, and/or triglycerides >150 mg/dL and/or low-density 
lipoprotein >100 mg/dL or the use of statins 

Obstructive sleep apnea 
syndrome 

in all patients, the Epworth Sleepiness questionnaire was applied; in 
case the score was >10 and/or patients presented with signs of 
obstructive sleep apnea (e.g. snoring, pauses in breathing), pulse 
oximetry was performed followed by polysomnography 

Gastro-esophageal reflux 
(GERD) 

all patients received upper GI series, gastroscopy and manometry. 
GERD was defined as: need for proton pump inhibitor agents (PPI) 
and/or esophagitis diagnosed by endoscopy and/or abnormal 
manometry. Patients with severe GERD (preexisting symptomatic 
GERD despite PPI medication) were excluded from the study 

Arthralgia clinical and radiological findings 

Depression all patients were seen by a psychiatrist. Depression was diagnosed by 
the psychiatrist and/or by the intake of antidepressants 

Hyperuricemia plasma uric acid concentrations >476 mmol/L and/or intake of anti-
hyperuricemic drugs 

 

POSTOPERATIVE COURSE 
Comorbidities were assessed by a physician at each visit based on symptoms, laboratory findings, 
medication used and additional investigations performed (e.g. gastroscopy, upper GI series etc.) if 
necessary. The postoperative course of comorbidities was defined as follows: remission: no 
symptoms/without any medication; improvement: less symptoms and/or less medical 
treatment/medication; unchanged: same symptoms and equivalent therapy; worsened: more symptoms 
or increase of therapy. De-novo comorbidity: comorbidity not present at baseline but newly developed 
within the five years postoperatively. The remission of T2DM was defined according to the ADA 
criteria, i.e. complete remission: HbA1c <42mmol/mol (6.0%), fasting glucose <100mg/dL and at 
least one year no active pharmacologic therapy (Buse JB, Caprio S, Cefalu WT, et al. How do we 
define cure of diabetes? Diabetes Care 2009;32:2133-5). Fasting blood glucose and HbA1c were 
measured in diabetic patients over the whole study period or until values normalized. 
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eAppendix 2. Details on Statistical Analysis 
 
A statistical analysis plan (available in online supplemental material) was created. Of all patients 
randomized (225), data from 217 were included in this analysis according to the group to which they 
were allocated. Eight patients were excluded from the analysis: seven patients chose to be operated 
later, when the enrolment phase had already been concluded, one patient crossed over from the RYGB 
to the sleeve group because of unexpected dense adhesions of the jejunum, which were detected 
intraoperatively. All comparisons between treatment groups are reported by P-value, absolute 
differences (95% confidence interval (95%CI)). 
There were some missing data for weight during the study (including 12 patients that were lost to 
follow-up until 5 years postoperatively): 0% at baseline, 0.46% at one year, 25.8 at two years, 3.2% at 
three years, 31.8% at four years, and 5.5% (representing the drop-outs) at five years. Missing follow-
up data were imputed for randomly distributed missing values by multiple imputation techniques using 
the fully conditional specification method based on Markov chain Monte Carlo simulation using the 
MULTIPLE IMPUTATION procedure, SPSS version 25; IBM, Armonk, NY. Ten simulated datasets 
were generated. For sensitivity analysis, statistical tests were performed on original data, the ten 
imputed datasets and pooled dataset. Derived data (such as BMI, EBMIL and %WL) were calculated 
from the pooled dataset only.  
The power estimation for excess BMI loss (%) was based on the assumptions of equal variances in 
both treatment groups, a pooled standard deviation of 20%, a base effect of excess BMI loss at 5 years 
of 50% in the control group and a minimum detectable difference of additional 10% and an alpha level 
of 5%. Then a sample size of 100 patients/each group will achieve a power of 94% to reject the null 
hypothesis of equal means using a two-sided two-sample equal-variance t-test (see figure below). 
(PASS 15 Power Analysis and Sample Size Software (2017). NCSS, LLC. Kaysville, Utah, USA, 
www.ncss.com/software/pass, Last access Dec. 1, 2017).  
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Power of primary endpoint versus sample size: N1, N2 = samples size of control and treatment 
groups, N1 = N2, standard deviation was assumed to 20% in both groups.  
 
Power-analysis for exploratory outcome measures: 
Quality of life:  
1. QoL-BAROS-points (range: -3 - +3, σ = 0.5) to detect a minimal difference of 0.5 QoL-BAROS-
point with a power of 80% by two-sample t-test (at a significance level α = 5%) a number of 17 
patients in each arm would be sufficient. With a total of 200 patients a power of >99% is reached. 
 
2. GIQLI-Score (maximum possible points = 144, σ = 25): to detect a minimal difference of 15 
GIQLI-Score-points with a power of 80% by two-sample t-test (at a significance level α = 5%) a 
number of 45 patients in each arm would be sufficient.  

 
Duration of operation: to detect a minimal difference of 35 minutes (σ = 40 minutes) with a power of 
80% by two-sample t-test (at a significance level α = 5%) a number of 22 patients in each arm would 
be sufficient. With a total of 200 patients a power of >99% is reached. 

 
Early morbidity: to detect a minimal difference of 15% prevalence in both arms, the power calculated 
by fisher exact test (at a significance level α = 5%) with a sample size of 200 reaches 80%.  
 
Longitudinal data were first analyzed for all of the follow-up time points jointly by a linear mixed 
effect model analysis using OP-type, center, sex and visits as fixed effects and age and initial BMI as 
random effects, where visits represented the repeated measures of the longitudinal data. This approach 
was used instead of the originally planned repeated measures analysis of variance to better capture the 
data structure of the repeated measures. 
 
Afterwards, pairwise comparisons between treatment groups were performed at each time point 
separately, with multiple two-sided unpaired t-tests (not assuming equal variances) with subsequent 
step-down Bonferroni-Holm correction for P-value adjustment for multiple comparisons (Holm, Sture. 
“A Simple Sequentially Rejective Multiple Test Procedure.” Scand J Statistics, vol. 6, no. 2, 1979, pp. 
65–70. JSTOR, JSTOR, www.jstor.org/stable/4615733; SPSS version 25; IBM, Armonk, NY). Trend 
analysis of follow-up data was performed by linear regression analysis using SPSS procedure 
REGRESSION. 
 
For the analysis of adverse events and comorbidities, proportions were compared by Chi square and 
Fisher’s exact where appropriate, followed by procedure PROP.TEST to calculate the absolute 
differences of proportions and their 95% confidence intervals (using procedures CHISQ.TEST, 
FISHER.TEST, and PROP.TEST, R version 3.4.2, The R Project for Statistical Computing, The R 
Foundation, http://www.r-project.org/). Comorbidities and exploratory outcomes were only compared 
between baseline and five years postoperatively and for the difference between both time points. In 
case of sub-items, each P-values of was adjusted for the number of sub-items by step-down 
Bonferroni-Holm correction. All statistical tests were two-sided, a P-value of less than .05 was 
considered statistically significant. 
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eTable 2. Estimated Marginal Means 
 
   
  Lower Bound Upper Bound 
1 68.71 65.03 72.39 
2 66.71 58.72 74.71 
3 74.48 63.46 85.50 
4 74.76 55.42 94.09 
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eTable 3. Pairwise Comparisonsa 

 
(I) Center (J) Center Mean Difference 

(I-J) 
95% Confidence Interval for 
Difference 

P-valueb) 

   Lower Bound Upper Bound  
1 2 2.00 -9.89 13.88 >.99 

 3 -5.77 -21.48 9.94 >.99 
 4 -6.05 -32.29 20.19 >.99 

2 1 -2.00 -13.88 9.89 >.99 
 3 -7.77 -26.05 10.52 >.99 
 4 -8.04 -36.29 20.20 >.99 

3 1 5.77 -9.94 21.48 >.99 
 2 7.77 -10.52 26.05 >.99 
 4 -0.28 -29.97 29.41 >.99 

4 1 6.05 -20.19 32.29 >.99 
 2 8.04 -20.20 36.29 >.99 
 3 0.28 -29.41 29.97 >.99 
 
Based on marginal means; a)dependent variable: excess BMI loss, b)adjustment for multiple 
comparisons: Bonferroni correction 
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eFigure 1. Body Mass Index (BMI) 

 
Body Mass Index: kg/m2, scatter plot: Red circles: sleeve gastrectomy, blue circles: RYGB; Boxes 
represent 25% and 50% percentiles, middle full line: median; middle dashed line: mean; whiskers 5% 
and 95% percentiles. 
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eFigure 2. Percent Original Weight Loss 
 

 
Mean weight loss expressed as percent loss of original weight, scatter plot: Red circles: sleeve 
gastrectomy, blue circles: RYGB. Boxes represent 25% and 50% percentiles, middle full line: median; 
middle dashed line: mean; whiskers 5% and 95% percentiles.  

-10

0

10

20

30

40

50

60

P
er

ce
nt

 O
rig

in
al

 W
ei

gh
t L

os
s

1 2 3 4 5

Years Post-Surgery

© 2017 American Medical Association. All rights reserved. 


	Peterli R, Wölnerhanssen BK, Peters T, et al. Effect of laparoscopic sleeve gastrectomy vs laparoscopic Roux-en-Y gastric bypass on weight loss in patients with morbid obesity: the SM-BOSS randomized clinical trial. JAMA. doi:10.1001/jama.2017.20897
	eAppendix 2. Details on Statistical Analysis

