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Summary  

Background:  

The comparative effectiveness of various bariatric procedures on remission of type 2 diabetes 

remains debated. We aimed to compare the two most commonly used procedures, hypothesising 

higher remission rates of diabetes after gastric bypass than after sleeve gastrectomy. 

Methods:  

The Oseberg study is an ongoing triple-blind, randomised, single-centre trial taking place at Vestfold 

Hospital Trust, Norway. Adult patients with type 2 diabetes and obesity were randomly assigned (1:1) 

to receive either gastric bypass or sleeve gastrectomy. Randomisation was performed with a 

computerised random number generator using block sizes of 10. Treatment allocation was concealed 

using sealed opaque envelopes, and was masked from participants, study personnel and outcome 

assessors. Primary outcomes were, first, the proportion of participants with complete remission of 

diabetes; glycated haemoglobin 6·0% (42 mmol/mol) or less with no diabetes medication, and, 

second, beta-cell function modelled from an intravenous glucose tolerance test at one year. Analyses 

were performed according to intention-to-treat and per-protocol principles. The trial is registered at 

ClinicalTrials.gov with identifier: NCT01778738. 

Findings:  

Between January 28, 2013 and February 4, 2018, 109 patients were randomly assigned to gastric 

bypass (n=54) or sleeve gastrectomy (n=55), with a total of 107 (98%) patients completing 1-year 

follow-up. Remission of diabetes occurred in 40/53 patients (75%) in the gastric bypass-group and 

26/54 patients (48%) in the sleeve gastrectomy-group; risk ratio 1·57, 95% CI 1·14–2·15; p=0·0036. 

Beta-cell function increased 6- to 7-fold from baseline, with no differences between groups. The 

number of early and late complications after gastric bypass and sleeve gastrectomy were 10 versus 8 

and 17 versus 22, respectively.  

Interpretation:  
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Gastric bypass being found to be superior to sleeve gastrectomy for remission of type 2 diabetes 

might have important individual and societal implications, including the potential to improve 

diabetes care and reduce related societal costs.  

Funding: No external funding. 
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Introduction 
Type 2 diabetes is strongly associated with obesity and is caused by insulin resistance and impaired 

insulin secretion from the pancreatic beta-cells.1 For patients with obesity and diabetes, weight loss 

improves both insulin sensitivity and beta-cell function, and may even induce remission of diabetes.2 

Remission of diabetes improves health related quality of life, removes stigma of having diabetes, 

reduces costs, and may reduce diabetes-related microvascular complications.3,4 In 2016, more than 

100,000 people with diabetes underwent bariatric surgery worldwide, with the majority receiving 

either sleeve gastrectomy or gastric bypass.5,6     

Before the initiation of the present study, no randomised trial had compared the efficacy of gastric 

bypass and sleeve gastrectomy on remission of diabetes as a primary outcome. However, the 

landmark open-label STAMPEDE randomised trial, which compared the effect of bariatric surgery and 

intensive lifestyle intervention on the primary outcome glycaemic control; HbA1c 6% (42 mmol/mol) 

or less, also reported 1-year remission rates of diabetes.7 Importantly, the remission rate tended 

(non-significantly) to be more favourable after gastric bypass than after sleeve gastrectomy.7 More 

recently, two open-label randomised controlled studies with remission of diabetes as primary 

endpoint, showed no significant difference between gastric bypass and sleeve gastrectomy.8,9 

However, these two studies had some methodological issues including small sample sizes, lack of 

allocation concealment, and no intention-to-treat analyses. In addition, a small open-label 

randomised controlled trial aiming to compare HbA1c level change at 1-year post surgery showed no 

significant differences between gastric bypass and sleeve gastrectomy.10 Finally, two recently 

published randomised controlled trials including 25% and 42% patients with type 2 diabetes, 

reported remission of diabetes as secondary or exploratory outcomes, with no significant differences 

between groups.11,12  

Some small mechanistic studies have suggested that gastric bypass and sleeve gastrectomy may 

improve pancreatic beta-cell function independent of weight loss, with no significant differences 

between the procedures.13,14 



 
 

  5 
 

In view of the lack of sufficient evidence from previous studies, the randomised “Obesity surgery in 

Tønsberg” (Oseberg) trial was undertaken.15  The primary objectives were to compare the effects of 

gastric bypass and sleeve gastrectomy on glycaemic control and β-cell function in subjects with 

severe obesity and type 2 diabetes. Specifically, we aimed to compare the effects of the two most 

commonly performed bariatric procedures worldwide, first, on remission of diabetes and, second, on 

beta-cell function. We hypothesised higher 1-year remission rates after gastric bypass than after 

sleeve gastrectomy, possibly explained by better β-cell function. 
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Methods 

Study design 
The Oseberg study is a randomised, triple-blind, single-centre superiority trial taking place at Vestfold 

Hospital Trust in Norway. Patients with severe obesity and type 2 diabetes were randomised and 

allocated to Roux-en-Y gastric bypass or sleeve gastrectomy. The study protocol was approved by the 

Regional Committees for Medical and Health Research Ethics in Norway (ref: 2012/1427/REK sør-øst 

B) and has been published previously,15 the full protocol is also available in the appendix (pp 33-85). 

Participants 
All patients scheduled for bariatric surgery at the centre were asked if they were willing to participate 

and thereafter were screened for study eligibility according to the following criteria: Age ≥18 years, 

current BMI ≥33·0 kg/m2 with previously verified BMI ≥35·0 kg/m2, and type 2 diabetes (glycated 

haemoglobin ≥6·5% [48 mmol/mol] or use of anti-diabetic medications with glycated haemoglobin 

≥6·1% [43 mmol/mol]). Key exclusion criteria were previous major abdominal surgery, cancer, severe 

medical conditions associated with increased risk of complications, drug or alcohol addiction, 

pregnancy, and severe gastro-oesophageal reflux disease (Los Angeles classification grade>B or 

Barrett’s oesophagus). Detailed exclusion criteria are shown in the appendix (p 6).  Potentially eligible 

patients provided a written informed consent and underwent a screening examination to confirm 

eligibility.  

Randomisation and masking 

Patients were randomised and allocated (1:1 ratio) to either gastric bypass or sleeve gastrectomy, 

using a computerised random number generator (randomization.com) with block sizes of 10. The 

surgeon generating the randomisation sequence (MS) was not involved with patient follow-up. 

Sequentially numbered, sealed opaque envelopes were used to conceal allocation, which was 

revealed in the operating theatre by the bariatric surgeon on the day of surgery. All study personnel, 

patients, and the primary outcome assessor (biostatistician, co-author MCS), were blinded to 

allocations. The surgeons used identical skin incisions during both surgeries, and did not participate 



 
 

  7 
 

in patient follow-up. In case of emergency, a list linking name and study identification number with 

study procedure was available at the study office and in the emergency department. 

Procedures 
The two intervention groups received identical pre- and post-operative treatment, including a low 

calorie diet (<1200 kcal/day) during the two weeks preceding surgery. Antidiabetic and 

antihypertensive medication, statin therapy, the management of reflux disease and vitamin and 

mineral supplementations, were adjusted according to specific predefined algorithms (appendix pp 

7, 8). Patients were informed about healthy diets and physical activity, and the medical treatment 

was in accordance with international guidelines. 15 

The surgical procedures were performed laparoscopically.15 Gastric bypass was performed with a 25 

ml gastric pouch, an alimentary limb of 120 cm and a biliopancreatic limb of 60 cm. During sleeve 

gastrectomy, the greater curvature was dissected free starting 4 to 5 cm from the pylorus and up to 

the angle of His, with a tubular sleeve created using a 35 Fr bougie. All procedures were performed 

by at least one of four experienced bariatric surgeons, all of whom are certified specialists in 

gastrointestinal surgery. 

After surgery, patients were assessed at 5 weeks, 16 weeks, 34 weeks and one year. The study is 

ongoing with annual visits at 2, 3, 4 and 5 years after the surgical procedure. Assessments at each 

time-point are shown in the appendix (p 9). Whole blood glycated haemoglobin (HbA1c) was 

analysed on a Tosoh high-performance liquid chromatography G8 analyser (Tosoh Corporation, 

Tokyo, Japan). An insulin-modified intravenous glucose tolerance test (IVGTT) was performed as 

previously described. 15,16 Measures of insulin sensitivity (SI) and first phase insulin secretion (acute 

insulin response to glucose, AIRg) were determined using the MINMOD Millennium Program version 

6.02.16 For the calculation of SI, a specific weighting algorithm formulated by the program developer 

was followed in order to better fit the model to the data (appendix pp 3-5). Disposition index (DI) was 

calculated as the product of SI and AIRg.  Homeostasis model assessment (HOMA) insulin 

sensitivity and secretion indices based on fasting insulin and glucose were calculated using the 
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computer based HOMA 2 Calculator.17 A complete list of method principles, sample matrix, units 

and analytical precision are shown in the appendix (pp 10, 11). 

Outcomes 
This study has two primary outcomes; first, one clinical, the proportion of participants with complete 

remission of type 2 diabetes (glycated haemoglobin 6·0% [42 mmol/mol] or less without the use of 

glucose lowering medication); 18 and, second, one physiological, the DI, a measure of beta-cell 

function, both assessed 1 year after surgery. 15 

Secondary outcomes were assessed at baseline, 5 weeks, 16 weeks, 34 weeks and 1 year (appendix p 

9). Key secondary outcomes addressed in the present article were 1-year changes in glucose 

homeostasis, body weight, body composition, cardiovascular risk factors and energy balance 

(appendix p 12). Adverse events were assessed and registered at each visit, including surgical and 

medical complications, hypoglycaemic episodes, dumping, and vitamin and mineral deficiencies. 

Early complications occurring within six weeks after the surgical procedure, were graded according to 

the Contracted Accordion Classification system (grade I-IV). 

At each visit patients were examined for complications and side effects since the previous visit. 15 

Medical records were obtained and reviewed to confirm possible complications. Symptomatic 

hypoglycaemia was defined as having symptoms of hypoglycaemia and a blood glucose level ≤ 3·9 

mmol/l. Symptoms of early and late dumping were graded on a scale from zero to three.  At baseline, 

symptoms of dumping and hypoglycaemia the preceding year were recorded. 

Statistical analysis  
Before the study start (2013), based on data from the STAMPEDE trial, 7 a publication by Lee WJ et 

al., 20 and our own data, 19 we anticipated diabetes remission rates of 75 % and 50 % one year after 

gastric bypass and sleeve gastrectomy, respectively.  Only one small study addressing changes in DI 

after RYGB was available, guiding us to assume mean (SD) DIs of 270 (160) and 180 (160), 21 after 

gastric bypass and sleeve gastrectomy, respectively. 
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 Keeping significance level to 5% and power to 80%, a total study sample of either 110 (remission) or 

100 (DI) subjects was required. To accommodate possible dropouts, 19 the study sample was set to 

125 participants.  

The primary outcomes were reported as counts and percentages of patients with remission and 

changes in DI in each group. Data were analysed according to the intention to treat principle and per-

protocol. The binary outcomes were analysed using Chi-Square test and logistic regression for 

repeated measures. The results are presented as risk ratio (RR) and risk difference for remission, with 

95 % confidence intervals (CI). Continuous outcomes were analysed using linear mixed effects 

models for repeated measures. Both repeated measures models were not adjusted for any 

confounders. The robustness of the results was assessed with sensitivity analyses using different 

glycated haemoglobin cut offs: below 6·5 % (48 mmol/mol) without use of anti-diabetic medications 

(combined complete and partial remission), and below 5·7 % (39 mmol/mol) without use of anti-

diabetic medications (normoglycaemia). To assess a possible mediating effect of weight change on 

remission, we used the 2-stage regression method proposed by Baron and Kenny.22  All tests were 

two-sided and significance level was set to 0·05. Since the study has two primary endpoints, the 

significance level for the main outcomes was adjusted using Bonferroni correction. 

The primary statistical analyses were performed by MCS (biostatistician) with STATA software, 

version 15·0 and SPSS software, version 25·0.  STATA was used to perform logistic regression for 

repeated measures, linear mixed effects models for repeated measures and the mediation analyses. 

All other statistical analyses were performed using SPSS. The complete statistical analysis plan is 

available in the appendix (pp 19-32).  

The steering committee monitors the overall conduct of the ongoing clinical trial and meets face to 

face every sixth months.15 This study is registered in ClinicalTrials.gov (NCT01778738). 

Role of the funding source 
The study is organised and financed by the Morbid Obesity Centre, Vestfold Hospital Trust, Tønsberg, 

Norway.  The funder of the study had no role in study design, data collection, data analysis, data 
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interpretation, or writing of the report. Seven authors (DH, FF, HB, JKH, LKJ, MSC and JH) had 

independent access to the data, with all authors vouching for data completeness, accuracy and for 

the fidelity of the trial to the protocol. The corresponding author had full access to all of the data and 

the final responsibility to submit for publication.  
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Results 
A total of 1,305 patients preparing for bariatric surgery, including 319 consecutive patients with type 

2 diabetes, were assessed for eligibility; 101 were found ineligible and 93 declined participation, 

leaving 125 patients who were initially enrolled and underwent a baseline examination between 

January 28, 2013 and February 4, 2018 (figure 1). The baseline examination revealed the presence of 

previously undetected exclusion criteria in the cases of 14 patients, and two patients withdrew their 

consent. After exclusion of these 16 patients, 109 patients were randomly assigned to gastric bypass 

(n=54) or sleeve gastrectomy (n=55) (figure 1). The 16 patients who were excluded or withdrew 

shortly after baseline examination did not differ significantly from the 109 randomised patients 

(appendix p 13).  One patient in each group withdrew after surgery, leaving 107 patients (98%) to 

complete one year follow up.  

At baseline, the 109 randomised patients had a mean age of 47·7 years (SD 9·6), mean BMI was 42·3 

kg/m2 (SD 5·3) median duration of diabetes was 5 years (IQR 2–10), median glycated haemoglobin 

level was 7·9 % (IQR 6·9–9·0), 63 mmol/mol (IQR 52-75), and 66% were women. The patient 

characteristics were similar in both groups (table 1). Mean operating time was significantly longer for 

gastric bypass than for sleeve gastrectomy; 65 minutes (SD 20) versus 49 minutes (SD 20); p<0·0001. 

Median (range) duration of hospital stay after the procedures was comparable between groups; 1 

day (range 1-6) after sleeve gastrectomy and 1 day (range 1-4) after gastric bypass; p=0·34. 

Complete remission of diabetes after one year follow-up occurred in 40 of 53 patients (75%) in the 

gastric bypass group and 26 of 54 patients (48%) in the sleeve gastrectomy group; RR 1·57, 95% CI 

1·14–2·15; p=0·0036; risk difference 27%, 95% CI 10–45 (table 2). Intention to treat analyses showed 

that remission rates were comparable between groups at 5-week; risk difference -5%, 95% CI -20 to 

10; p=0·49, and 16-week follow-up; risk difference 7%, 95% CI -11 to 26; p=0·44, but differed at 34-

week; risk difference 26%, 95% CI 9 to 44; p=0·004, and 1-year follow-up; risk difference 27%, 95% CI 

10 to 44; p=0·002  (figure 2A).  
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The IVGTT was performed in approximately 80% of the patients at baseline, 5-weeks and one-year 

follow-up (appendix p 14). Adjustments allowing for a better fit of the IVGTT minimal model were 

needed in approximately one fourth of the accepted tests, and were more often needed at baseline 

than at one year.  From baseline to one year follow-up, DI increased 6- to 7-fold, with no significant 

difference between groups; between group difference 55, 95% CI -111 to 220; p=0·52 (table 2, figure 

3). The per-protocol analyses, including only patients with measurements at all time-points, showed 

similar results (table 2). 

Glycated haemoglobin decreased approximately 2 percent points in both groups during follow-up 

(table 2, figure 2B). The proportion of patients not using any diabetes medication after one year was 

higher after gastric bypass (85%) than after sleeve gastrectomy (63%), p<0·0001 (table 2, figure 2C). 

Detailed medication use at each visit point is listed on page 15 of the appendix.  

AIRg and SI improved similarly within both groups (table 2, figure 3). HOMA2S% increased 

approximately 5-fold in the gastric bypass group and 3-fold in the sleeve gastrectomy group; the 

absolute between-group difference was 27 percentage points, 95% CI 14–39; p<0·0001, while 

HOMA2B% was stable in both groups during the study (table 2). 

Estimated body weight loss and fat mass loss were significantly greater after gastric bypass than after 

sleeve gastrectomy (table 2, figure 2D), and the percentage total body weight loss was 29%, 95% CI 

27–30; versus 23%, 95% CI 21–24; difference 6%, 95% CI 4–8; p<0·0001. Approximately one third 

(33%, 95% CI 9–93) of the effect of surgical group on remission was mediated by weight loss; indirect 

effect RR=1·16, 95% CI 1·04–1·41; p=0·0010. The direct effect of the type of operation; RR=1·37, 95% 

CI 1·01–1·97; p=0·0013, indicates that about two thirds of the effect was mediated by the type of 

operation. 

During the one year follow-up, total daily energy intake declined similarly in both groups (table 2). 

Total daily energy expenditure declined more in the gastric bypass group than in the sleeve 

gastrectomy group, while energy expenditure per kg body weight per day increased similarly in both 
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groups (table 2). The number of daily steps increased similarly in both groups (table 2). Adherence to 

prescribed vitamin and mineral supplementations was high in both groups (appendix p 15). 

Total-cholesterol and LDL-cholesterol levels declined in the gastric bypass group only: estimated 

between-group differences 0·67 mmol/l, 95% CI 0·35-0·98; p<0.0001, and 0·63 mmol/l, 95% CI 0·35-

0·92) mmol/l; p<0·0001, respectively (table 2), despite a lower proportion of patients using lipid 

lowering agents in the gastric bypass group (17% vs. 33%) after one year, p=0·042 (appendix p 15). 

Mean systolic blood pressure and the proportion of patients using any antihypertensive drugs 

declined similarly in both groups (table 2, appendix p 15). C-reactive protein decreased similarly in 

both groups (table 2). 

The total number of adverse events is shown in table 3. One patient was reoperated for intra-

abdominal bleeding after sleeve gastrectomy and one patient was readmitted 10 days after gastric 

bypass surgery due to a marginal ulcer requiring blood transfusions. Among patients with early 

complications, 5 out of 8 patients were readmitted after sleeve gastrectomy and 7 out of 10 patients 

after gastric bypass. There were no deaths. No clinically relevant changes in blood levels of 

haemoglobin, vitamins and minerals were observed after either surgery (appendix pp 16, 17). The 

number of patients reporting one or more episodes of symptomatic hypoglycaemia were 7 (13%) 

after sleeve gastrectomy and 9 (19%) after gastric bypass during the study period, p=0·60. The 

number of patients experiencing postprandial hypoglycaemia (one to four hours after a meal) tended 

to increase with time after gastric bypass in those patients not taking insulin or sulfonylurea drugs 

(appendix p 17). Five (9%) patients in the gastric bypass group not receiving insulin- or 

sulphonylurea-treatment had at least one episode of postprandial hypoglycaemia between week 34 

and 52, compared with none in the sleeve gastrectomy group (p=0·027).  However, the Arts’ late 

dumping score15 did not differ between the two groups at one year (appendix p 18). In contrast, the 

early dumping score was, although low, higher in the gastric bypass group than in the sleeve 

gastrectomy group at one year. 
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Sensitivity analyses confirmed the main finding with a similarly increased probability of combined 

complete and partial remission of diabetes among the patients in the gastric bypass group as 

compared with those in the sleeve gastrectomy group; RR 1·45, 95% CI 1·12-1·88; p=0·0038, while 

the proportion of patients with normoglycaemia did not differ significantly between groups; RR 1·56, 

95% CI 0·92-2·65; p=0·091.  
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Discussion  
This randomised study of patients with type 2 diabetes and obesity showed that patients allocated to 

gastric bypass had a substantially higher likelihood of complete diabetes remission after one year 

than those allocated to sleeve gastrectomy, while beta-cell function improved similarly in both 

groups. 

The main clinical finding of the present study is in accordance with our hypothesis, but in contrast 

with two randomised studies that showed similar effects of gastric bypass and sleeve gastrectomy.8,9 

However, these trials had some methodological limitations, and they differed from the present study 

by including different ethnic groups.  

Our findings do, however, extend and support some secondary and exploratory outcomes from the 

STAMPEDE-trial which showed that both the proportion of patients achieving remission of diabetes 

and the proportion not using any antidiabetic medication at 1-year, tended to be higher after gastric 

bypass than after sleeve gastrectomy, 42% versus 27%, and 78% versus 51%, respectively. 7 Further, 

the STAMPEDE trial demonstrated that total weight loss was greater after gastric bypass than after 

sleeve gastrectomy, which is comparable with our results. Notably, the superior weight loss-effect of 

gastric bypass in STAMPEDE was sustained after 5 years. 23 However, as compared with STAMPEDE, 

the remission rates in the Oseberg trial were higher in both surgical groups, 42% vs 75%, and 27% vs 

48%, respectively. This discrepancy is probably partly explained by less severe diabetes among 

participants in the Oseberg trial than those in STAMPEDE, as shown by lower HbA1c (mean 8·1% [65 

mmol/mol] vs 9·4% [79 mmol/mol]), shorter duration of diabetes (mean 6·5 years vs mean 8·4 years) 

and less use of insulin (20% versus 44% of patient using insulin before surgery). 

The SLEEVEPASS and the SM-BOSS open-label randomised clinical trials compared the long-term 

effects of gastric bypass and sleeve gastrectomy on weight loss (primary outcome), but 5-year 

remission rates of diabetes (secondary and exploratory outcomes) were also assessed in subgroups 

of participants with type 2 diabetes.11,12 Although these studies were not powered to compare 

remission rates of diabetes, the crude proportions of patients achieving long-term diabetes remission 
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were numerically higher (not statistically significant) in the gastric bypass groups than in the sleeve 

gastrectomy groups, 10 of 40 patients (25%)  versus 5 of 41 patients (12%), and 19 of 28 patients 

(68%) versus 16 of 26 patients (62%), respectively.11,12  These studies were corroborated by two small 

open label randomised trials comparing gastric bypass and sleeve gastrectomy showing no significant 

differences in remission of diabetes between groups.10,24  

The Diabetes Remission Clinical Trial (DiRECT) showed that 46% of participants allocated to a low 

energy formula diet had complete or partial remission of diabetes after a mean weight loss of 10 kg 

(10%) after 1 year, which is slightly lower than the 57% of patients achieving complete or partial 

remission in the sleeve gastrectomy group in the present study.4 However, as compared with the 

Oseberg patients, the DiRECT participants had both less advanced diabetes and shorter duration of 

diabetes (mean 3·0 years vs mean 6·5 years), while none used insulin.  

Although the present study focused on remission of diabetes, improved diabetes control might be 

equally important in terms of preventing future complications.  All of the 3 long-term (5-year) studies 

comparing gastric bypass and sleeve-gastrectomy, 11,12,23 showed sustained improvement of diabetes 

control (HbA1c) in both groups, tending (non-significantly) to favour gastric bypass. In addition, a 

significantly higher proportion of patients in the STAMPEDE gastric bypass-group were off diabetes 

medication after 5 years compared with those who underwent sleeve gastrectomy (45% versus 25%). 

Although it has been argued that metformin should be continued even when HbA1c is less than 6% 

(42 mmol/mol), no patient in the present study stayed on metformin on this basis. 

To our knowledge, the present study is the first to indicate that beta-cell function as assessed by 

IVGTT, improves similarly 1 year after gastric bypass and sleeve gastrectomy. Unexpectedly, beta-cell 

function did not improve more after gastric bypass than after sleeve-gastrectomy, which might mean 

that there is no true difference between procedures. However, this negative finding must be 

interpreted with caution. First, although the intravenous minimal model method is extensively 

validated and applied, 16,25 we cannot rule out that other measures of insulin sensitivity and insulin 

secretion, including the assessment of the incretin effect, would have given different results.  
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The IVGTT is, however, a dynamic test of beta-cell function, measuring the insulin secretion response 

to a standardised dose of intravenous glucose without the potential confounding effects caused by 

anatomical differences between the surgical procedures. Second, our findings of larger variations in 

DIs than anticipated reduced the power to detect any significant differences between groups. Our 

finding of a similar increase in early beta-cell function 5 weeks after gastric bypass and sleeve 

gastrectomy supports and extends the results from a recent study of subjects assessed 3 weeks after 

gastric bypass (n=10) and sleeve gastrectomy (n=10).13  

The present study showed that gastric bypass was associated with a 6% larger 1-year weight loss 

than sleeve gastrectomy. This finding contrasts with those from a recent meta-analysis, in which few 

studies included patients with diabetes, 26 but supports both the findings of the STAMPEDE trial, 7,23 

and an observational study including only patients with diabetes. 27 Further, the superior effect of 

gastric bypass on diabetes remission was partly mediated by weight loss, which confirms previous 

observational results.27   

 

Given the strong association between body weight and insulin sensitivity,1,2 it is somewhat surprising 

that insulin sensitivity measured by the IVGTT (SI) did not improve more after gastric bypass than 

after sleeve gastrectomy. Insulin sensitivity measured by this technique reflects whole body insulin 

sensitivity. In contrast, HOMA2S% is often considered a measure of hepatic insulin sensitivity.1 

HOMA2S% increased more after gastric bypass than after sleeve gastrectomy, and one might 

speculate that greater improvement in hepatic insulin sensitivity may have contributed to higher 

remission rates of type 2 diabetes after gastric bypass than after sleeve gastrectomy.  

The measured changes in energy balance could not explain the observed weight loss differences 

between groups. However, the methods used to assess energy intake and expenditure have inherent 

limitations, and as such the results should be interpreted with caution.   It might seem surprising that 

total daily energy expenditure decreased more in the gastric bypass group than in the sleeve 

gastrectomy group, but this was explained by the larger body weight loss in the former group, with 
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body weight adjusted energy expenditure (kcal/kg/day) increasing similarly in both groups. The latter 

results partly confirm previous studies which have shown increased weight corrected energy 

expenditure after bariatric surgery, particularly after gastric bypass. 28 Further, reductions in energy 

intake were comparable between groups (Table 4).  

Almost half of the patients in each group reported at least one complication. However, only one 

severe complication occurred in each group, and many complications were not related to the 

treatment. Although the number of patients experiencing hypoglycaemia did not differ between the 

groups, post-prandial hypoglycaemia among patients not taking insulin or sulphonylureas was more 

common one year after gastric bypass than after sleeve gastrectomy. Moreover, dumping symptoms 

were more common after gastric bypass than after sleeve gastrectomy. Blood levels of haemoglobin, 

vitamins and minerals did not change significantly after surgery. Gastroesophagal reflux disease is a 

key secondary outcome in the Oseberg study, and will be fully addressed in a separate scientific 

paper. 

The present study has some limitations. First, the generalisability of the results is limited by the 

single-centre design, the inclusion of less than half of the eligible patients, and a relatively short 1-

year follow-up. Regarding the latter, although our definition of remission is in line with previous 

landmark trials,4, 7  it does not satisfy the stricter criterion suggested by Buse et al. requiring at least 1 

year's duration of remission.18 Further, loss of remission may occur over time, and it is uncertain 

whether gastric bypass will remain superior to sleeve-gastrectomy longer term. However, we chose 

to assess this primary endpoint one year after surgery because maximum weight loss and remission 

rates were anticipated to appear 12-18 months after surgery, and we would be able to compare our 

1-year results with those from STAMPEDE, the only contemporary high-quality study comparing the 

surgical methods.7 In addition, we were able to calculate a reasonable sample size based on the 

contemporary trials addressing 1-year outcomes. 7,19,20  Importantly, participants in the Oseberg study 

will be followed for 5 years. 15 Second, most patient were white, and the results may not be 

generalisable to populations of other ethnicities.  Third, the sample size calculations were performed 



 
 

  19 
 

separately for each of the two primary end points, which reduced statistical power to detect 

differences between groups. Accordingly, Bonferroni correction was applied when interpreting the 

analyses to compensate for two outcomes. Fourth, it may be argued that the optimal technique for 

both procedures requires a variation of the skin incisions, and, accordingly, that our use of identical 

skin incisions may be considered a limitation. On the contrary, we would argue that the 

standardisation of procedures and port placement may have reduced operating time and overall 

complications, with the standardisation of port placement not limited to the present study, but also 

implemented as a part of our routine clinical practice. 

The major strengths of the present study are the triple blind randomized design, an unbiased sample, 

a low attrition rate (1.8 %) and remission as a predefined primary endpoint, which all increase the 

generalisability of the results. Furthermore, changes in the prescription and dosage of glucose 

lowering medication were pre-specified in detail in the protocol.  

The present study demonstrated a substantially greater 1-year glycaemic effect of gastric bypass 

(diabetes remission in 3 out of 4 patients) compared with sleeve gastrectomy (diabetes remission in 

2 out of 4 patients) which challenges the common view that the surgical procedures yield 

comparable effects 26,29. Reported complications and side effects were comparable. Our results might 

therefore have important individual and societal implications with the potential to improve patient 

care and clinical practice.30 
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Figure legends 

Figure 1: Trial profile 

 

Figure 2A: Remission of diabetes 5 weeks, 16 weeks, 34 weeks and 52 weeks after sleeve 

gastrectomy and gastric bypass. 

Intention to treat analyses showing proportions of patients with remission of diabetes on the y-axis 

during the follow-up period (x-axis). Bars indicate 95% confidence intervals.  

 

Figure 2B: Changes in glycated haemoglobin 5 weeks, 16 weeks, 34 weeks and 52 weeks after 

sleeve gastrectomy and gastric bypass. 

 

Figure 2C: Changes in proportions of patients receiving antidiabetic drugs 1 year after sleeve 

gastrectomy and gastric bypass 

 

Figure 2D: Changes in body mass index 5 weeks, 16 weeks, 34 weeks and 52 weeks after sleeve 

gastrectomy and gastric bypass. 

 P-values for the comparisons of continuous data between the groups were derived from linear 

mixed effects models for repeated measures, and only presented when statistically significant 

(p<0.05). 

 

Figure 3: Changes in disposition index and its components from baseline to 5 weeks and 52 weeks 

after sleeve gastrectomy and gastric bypass.  

(A) Disposition index (AIRg*SI). (B) AIRg (acute insulin response to glucose, first phase insulin 

secretion). (C) SI (insulin sensitivity). 
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Table 1. Baseline characteristics 

 Sleeve Gastrectomy (n=55) Gastric Bypass (n=54) 

Sex ·· ·· 

   Female 32 (58%) 40 (74%) 

   Male 23 (42%) 14 (26%) 

Age (years) 47·1 (10·2) 48·2 (8·9) 

White ethnicity† 53 (96%) 51 (94%) 

Employed 29 (53%) 27 (50%) 

High school education 32 (59%) 27 (50%) 

Current smoker 4 (7%) 7 (13%) 

Body mass index (kg/m2) 42·1 (5·3) 42·4 (5·4) 

Body weight (kg) 126·7 (21·4) 124·4 (23·2) 

Waist circumference (cm) 128 (12) 127 (12) 

Duration of diabetes (years) ·· ·· 

    Median (IQR) 5·0 (2·0–9·0) 4·0 (2·0–10·0) 

   Mean (SD) 6·3 (5·5) 6·6 (6·5) 

Glycated haemoglobin (%) ·· ·· 

    Median (IQR) 7·9 (6·9 –9·9) 7·6 (6·8 –8·5) 

Glycated haemoglobin (mmol/mol) ·· ·· 

    Median (IQR) 63 (52-85) 60 (51-70) 

Diabetes medication  50 (91%) 46 (85%) 

Insulin 11 (20%) 11 (20%) 

Diabetes complications† 6 (11%) 7 (13%) 

History ischaemic heart disease† 2 (4%) 6 (11%) 

Antihypertensive medication 36 (66%) 37 (69%) 

Lipid lowering medication 28 (51%) 21 (39%) 

Data are n (%), mean (SD), or median (IQR). 

†Race, diabetes complications (retinopathy– neuropathy and nephropathy /albuminuria) and ischaemic heart disease were self-reported. 
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Table 2. Primary and secondary outcomes 

 Sleeve Gastrectomy 

 

Gastric Bypass 

 

Between group difference 

or risk ratio (95%CI)  

p value 

Diabetes remission ·· ·· ·· ·· 

   Intention to treat analysis ·· ·· ·· ·· 

   HbA1c ≤ 6·0 % with no diabetes medications  26/55 (47%) 40/54 (74%) 1·57 (1·14–2·16) 0·0054 

   Per-protocol analysis ·· ·· ·· ·· 

   HbA1c ≤ 6·0 % with no diabetes medications  26/54 (48%) 40/53 (75%) 1·57 (1·14–2·15) 0·0036 

Disposition index† ·· ·· ·· ·· 

    Intention to treat analysis   ·· ·· ·· ·· 

    Baseline 64 (-32 to 159) 67 (-28 to 161) ·· ·· 

    One year 460 (363–556) 518 (419–616) 58 (-79 to 196) 0·41 

    Change from baseline 396 (279–513) 451 (334–568 ) 55 (-111 to 220) 0·52 

   Per-protocol analysis§ ·· ·· ·· ·· 

    Baseline  73 (33–113) 74 (42–106) ·· ·· 

    One year  455 (290–620) 520 (359–680) 65 (-162 to 292) 0·57 

    Change from baseline   450 (268–633) 472 (316–627) 21 (-214 to 256) 0·86  

·· ·· ·· ·· ·· 

Glucose homeostasis ·· ·· ·· ·· 

Glycated haemoglobin (%) ·· ·· ·· ·· 

    Baseline 8·4 (8·1–8·7) 7·9 (7·6–8·2) ·· ·· 

    One year 6·2 (5·9–6·5) 5·9 (5·6–6·2) -0·30 (-0·74 to 0·14) 0·18 

    Change from baseline  -2·2 (-2·5 to -1·9) -2·0 (-2·3 to -1·7) 0·19 (-0·20 to 0·59) 0·34 

Use of diabetes medications  ·· ·· ·· ·· 

    Baseline 50 (91%) 46 (85%) ·· ·· 

    One year 20 (37%) 8 (15%) 0·41 (0·19–0·84) < 0·0001 

Acute insulin response to glucose (mu·l¯¹* min)† ·· ·· ·· ·· 

    Baseline 94 (40–148) 86 (32–140) ·· ·· 

    One year 226 (171–281) 222 (166–277) -4·7 (-83 to 73) 0·91 

    Change from baseline 132 (81–183) 135 ( 84–186) 2·9 (-69 to 75) 0·94 

Insulin sensitivity (mu/l ¯¹ * min¯¹)† ·· ·· ·· ·· 

    Baseline 0·8 (0·5–1·1) 0·9 (0·6–1·2) ·· ·· 

    One year 2·6 (2·3–3·0) 2·3 (2·0–2·7) -0·27 (-0·73 to 0·19) 0·26 

    Change from baseline 1·8 (1·4–2·2) 1·4 (1·0–1·8) -0·39 (-0·95 to 0·22) 0·22 

HOMA2S%* ·· ·· ·· ·· 

    Baseline 24 (17–32) 21 (14–29) ·· ·· 

    One year 79 (72–87) 102 (95–110) 23 (13–34) < 0·0001 

    Change from baseline 55 (46–64) 81 (73–90) 27 (14–39) < 0·0001 

HOMA2B%* ·· ·· ·· ·· 

    Baseline 82 (69–95) 80 (67–94) ·· ·· 

    One year 88 (75–102) 85 (72–99) -2·8 (-22 to 16) 0·78 

    Change from baseline 6·3 (-5·2 to 18) 5·0 (-6·8 to17) -1·4 (-18 to 15) 0·87 

Fasting glucose (mmol/L) ·· ·· ·· ·· 

    Baseline 12·1 (11·2–13·0) 11·7 (10·7–12·6) ·· ·· 

    One year 6·5 (5·4–7·6) 5·7 (4·6–6·9) -0·80  (-2·4 to 0·75) 0·31 

    Change from baseline -5·6 (-6·6 to -4·6) -6·0 (-7·0 to -5·0) -0·35 (-1·8 to 1·1) 0·62 

·· ·· ·· ·· ·· 
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Fasting insulin (pmol/L ) ·· ·· ·· ·· 

    Baseline 208 (184–233) 193 (168–218) ·· ·· 

    One year 81 (51–111) 48 (16–79) -33 (-77 to 11) 0·14 

    Change from baseline -127 (-159 to -95) -145 (-178 to -112)  -17 (-63 to 28) 0·45 

Fasting C- peptide (pmol/L ) ·· ·· ·· ·· 

    Baseline 1607 (1491–1722) 1654 (1539–1770) ·· ·· 

    One year 1007 (891–1123) 850 (732–969) -157 (-322 to 8·9) 0·064 

    Change from baseline -600 (-712 to -489) -804 (-917 to -691) -204 (-363 to -45) 0·012 

·· ·· ·· ·· ·· 

Body weight and composition ·· ·· ·· ·· 

Body mass index (kg/m2) ·· ·· ·· ·· 

    Baseline 42·1 (40·7–43·4) 42·4 (41·1–43·7) ·· ·· 

    One year 32·4 (31·0–33·7) 30·3 (28·9–31·6) -2·1 (-4·0 to -0·21) 0·029 

    Change from baseline -9·7 (-10·3 to -9·1) -12·1 (-12·8 to -11·5) -2·5 (-3·3 to-1·6) <0·0001 

Body weight (kg) ·· ·· ·· ·· 

    Baseline 127 (121–132) 124 (119–130) ·· ·· 

    One year 97 (91–102) 89 (84–94) -7·8 (-15 to -0·32) 0·041 

    Change from baseline -30 (-32 to -28) -36 (-37 to -34) -5·7 (-8·3 to -3·0) <0·0001 

    % Weight loss  23 (21–24) 29 (27–30) 5·9 (3·9–7·8) <0·0001 

Fat mass (kg) ·· ·· ·· ·· 

    Baseline 58 (55–62) 60 (57–63) ·· ·· 

    One year 35 (30–36) 29 (25–32) -5·9 (-10 to-1·4) 0·011 

    Change from baseline   -24 (-25 to -22) -31 (-33 to -29) -7·4 (-9·9 to -5·0) <0·0001 

    % Fat mass loss  40 (38–43) 52 (50–55) 12 (8·1–16) <0·0001 

Fat free mass (kg) ·· ·· ·· ·· 

    Baseline 68 (65–72) 64 (61–68) ·· ·· 

    One year 63 (59–66) 60 (56–63) -2·9 (-7·9 to 2·2) 0·27 

    Change from baseline  -5·6 (-6·4 to -4·7) -4·6 (-5·5 to -3·7) 0·94 (-0·30 to 2·2) 0·14 

    % Fat free mass loss  8·2 (6·9–9·5) 7·2 (5·9–8·5) -0·97 (-2·8 to 0·86) 0·32 

·· ·· ·· ·· ·· 

Energy balance ·· ·· ·· ·· 

 Total energy intake (kcal) ·· ·· ·· ·· 

    Baseline 2800 (2552–3048) 2601(2354–2850) ·· ·· 

    One year 1462 (1207–1716) 1609 (1354–1863) 147 (-213 to 507) 0·42 

    Change from baseline  -1339 ( -1617 to -1061) -993 (-1272 to -714) 346 (-48 to 740) 0·085 

Daily total energy expenditure (kcal) ·· ·· ·· ·· 

    Baseline 3274 (3093–3454) 3265 (3083–3447) ·· ·· 

    One year 2917 (2734–3100) 2580 (2396–2764) -337 (-597 to -77) 0·013 

    Change from baseline  -357 ( -491 to -357) -686 (-820 to -551) -328 (-519 to -139) 0·0007 

Daily energy expenditure per kg weight (kcal/kg) ·· ·· ·· ·· 

    Baseline 25·9 (24·7–27·2) 26·3 (25·1–27·6) ·· ·· 

    One year 30·1 (28·8–31·4) 29·5 (28·2–30·8) -0·55 (-2·36 to 1·26) 0·55 

    Change from baseline  4·15 (2·82–5·47) 3·22 (1·90– 4·55) -0·92 (-2·80 to 0·95) 0·33 

Daily Steps  ·· ·· ·· ·· 

    Baseline 4770 (4048–5491) 5195 (4467–5924) ·· ·· 

    One year  6474 (5734–7215) 5909 (5164–6655) -565 (-1616 to 486) 0·29 

    Change from baseline 1705 (1004–2409) 714 (8–1420) -991 (-1986 to 4·1) 0·051 

·· ·· ·· ·· ·· 
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HbA1c = Glycated haemoglobin 

Intervention effects reported as observed numbers (percentages) and crude risk ratios (95% C) for categorical variables· Mean (95% CI) and 

between group differences (95% CI) for continuous variables (linear mixed models). 

†Intravenous glucose  tolerance test (IVGTT) data for disposition index, acute insulin response to glucose and insulin sensitivity is missing in 
20 (18%) & 25 (22 %) of the patients at baseline and one year respectively. 

§Number of patients for disposition index per-protocol analysis at baseline are 43 and 41, at one year 44 and 45 and for change from baseline 
37 and 38 in sleeve gastrectomy group and gastric bypass group respectively. 

Outcome variables are reported as mean (95% CI) for continuous variables (linear mixed models) and observed numbers (percentages) and 
crude risk ratios (95% CI) for categorical variables. 

*The Homeostasis Model Assessment (HOMA) estimates steady state beta cell function (%B) and insulin sensitivity (%S), as percentages of 

a normal reference population. 

 

  

Cardiovascular risk factors ·· ·· ·· ·· 

Total cholesterol (mmol/L) ·· ·· ·· ·· 

    Baseline 4·6 (4·3–4·8) 4·4 (4·2–4·7) ·· ·· 

    One year 4·6 (4·3–4·8) 3·8 (3·5–4·0) -0·80 (-1·1 to -0·46) <0·0001 

    Change from baseline -0·0023 (-0·23 to 0·22) -0·67 (-0·89 to -0·45) -0·67 (-0·98 to -0·35) <0·0001 

LDL cholesterol (mmol/L) ·· ·· ·· ·· 

    Baseline 2·56 (2·35–2·76) 2·51 (2·31–2·72) ·· ·· 

    One year 2·80 (2·60–3·01) 2·12 (1·92–2·33) -0·68 (-0·97 to -0·39) <0·0001 

    Change from baseline  0·24 (0·04–0·45) -0·38 (-0·59 to -0·18) -0·63 (-0·92 to -0·35) <0·0001 

HDL cholesterol (mmol/L) ·· ·· ·· ·· 

    Baseline 1·04 (0·98–1·10) 1·02 (0·98–1·08) ·· ·· 

    One year 1·26 (1·20–1·32) 1·20 (1·14–1·26) -0·06 (-0·15 to  0·02) 0·15 

    Change from baseline 0·23 (0·18–0·27) 0·18 (0·13–0·23) -0·04 (-0·11 to 0·02) 0·20 

Triglycerides (mmol/L) ·· ·· ·· ·· 

    Baseline 2·20 (1·95–2·44) 2·23 (1·98–2·48) ·· ·· 

    One year 1·33 (1·08–1·58) 1·14 (0·88–1·39) -0·19 (-0·55 to 0·16) 0·29 

    Change from baseline -0·86 (-1·12 to -0·60) -1·09 (-1·35 to -0·83) -0·23 (-0·59 to -0·14) 0·22 

Systolic blood pressure (mmHg) ·· ·· ·· ·· 

    Baseline 132 (128–136) 131 (127–135) ·· ·· 

    One year 124 (120–128) 123 (115–131) -0·74 (-6·5 to 5·0) 0·80 

    Change from baseline  -7·5 (-12·0 to -3·1) -8·0 (-12·5 to -3·6) -0·5 (-6·8 to 5·8) 0·88 

Diastolic blood pressure (mmHg) ·· ·· ·· ·· 

    Baseline 84 (82–86) 84 (82–86) ·· ·· 

    One year 80 (78–82) 77 (75–79) -2·5 (-5·4 to 0·5) 0·10 

    Change from baseline  -4·5 (-6·9 to -2·1) -7·1 (-9·5 to -4·7) -2·6 (-6·0 to -0·8) 0·14 

C-Reactive Protein (hs-CRP) (mg/L) ·· ·· ·· ·· 

    Baseline  10 (8·2–12) 9·6 (7·8–11) ·· ·· 

    One year  2·6 (0·86–4·4) 2·1 (0·30–4·0) -0·54 (-3·0 to 2·0) 0·68 

    Change from baseline -7·3 (-9·1 to -5·5) -7·5 (-9·3 to -5·7) -0·20 (-2·7 to 2·4) 0·88 
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Table 3. Adverse events* 

 

 Sleeve Gastrectomy Gastric Bypass 

Early complications† 8  10  

 Mild complications (Grade I) 6 8  

  Pulmonary infiltration 0 1 

  Urolithiasis 0 1 

  Campylobacter jejuni enteritis 1 0 

  Abdominal pain 3 2 

  Transient renal insufficiency 0 1 

  Fever 0 1 

  Hypotension 1 1 

  Diarrhea 0 1 

  Umbilical hernia 1 0 

 Moderate complications (Grade II) 1 1  

  Dysphagia  1 0 

  Clostridium difficile colitis 0 1 

 Severe complications (Grade III) 1 1  

  Post-operative bleeding 1 0 

  Anas –motic ulcer 0 1 

 Deaths  (Grade IV) 0 0 

    

Late side effects 22 17  

 Medical conditions   

  Acute myocardial infarction 1 0 

  Palpitations 0 1 

  Chest pain 2 0 

  Peripheral neuropathy in lower extremities  0 1 

  Neuropathic pain in lower extremities 1 0 

  Diarrhea 0 1 

  Hematochezia 1 0 

  Transient thyroiditis 0 1 

  Skin infection 0 1 

  Tonsillitis 0 1 

  Urinary tract infection 1 3 

  Infected benign ovarian tumor 0 1 

  Respiratory tract infection 0 2 

  Otitis externa 0 1 

  Depression 1 0 

 Surgical conditions   

  Cholelithiasis 1 1 

  Appendicitis 1 1 

  Fecalom 1 0 

  Metrorrhagia 0 1 

  Urolithiasis 1 0 

  Cervical intraepithelial neoplasia 1 0 

  Abdominal pain 4 0 

  Minor traumatic musculoskeletal injuries 3 1 

  Minor non-traumatic musculoskeletal injuries 3 0 

Total number of events are shown. Six patients (three in each group) had two complications and two patients (both after sleeve gastrectomy) 

had three complications. 

* Gastroesophagal reflux disease is not referred in the table because it is a key secondary endpoint in the Oseberg study which will be fully 
addressed in a separate scientific paper  

†Early complications graded according  – the Contracted Accordion Classification system (Grade I-IV) occurring within six weeks after the 

surgical procedure. 



319 patients assessed for 
eligibility

125 enrolled

101 ineligible
93 declined participation

109 randomised

55 assigned to
sleeve gastrectomy

54 assigned to 
gastric bypass

54 included in 
intention-to-treat 
analysis

1 lost to follow-up

53 completed one 
year follow-up

54 completed one 
year follow-up

55 included in 
intention-to-treat 
analysis

1 lost to follow-up

14 excluded:
9 severe gastroesophagal reflux disease
3 medical conditions with increased risk of
surgical complications
1 kidney cancer
1 undetectable c-peptide level 

2 withdrew consent
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This appendix has been provided by the authors to give readers additional information about their 
work. 
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Figure. 1. Weighting algorithm for fitting of MINMOD model to intravenous glucose tolerance test (IVGTT) data 
*CV:coefficient of variance 

 



6 

 

  

Table 1. Exclusion criteria 

Not able to give informed consent 

Previously major abdominal surgery including bariatric surgery (appendectomy, laparoscopic cholecystectomy or 

gynaecological procedures not included) 

Severe endocrine-, heart-, lung-, liver- and kidney disease, cancer and other medical conditions associated with 

significantly increased risk of peri- and postoperative complications 

Drug or alcohol addiction 

Reduced compliance due to severe mental and psychiatric conditions 

Pregnancy 

Serum autoantibodies against glutamic acid decarboxylase (GAD) or tyrosine phosphatase (IA2) 

Regular use (a total of 3 months cumulative use in the last 12 months) or treatment the past two months with systemic 

corticosteroids 

Severe gastroesophageal reflux disease defined as Los Angeles classification grade > B, Barrett’s oesophagus and/or 

hiatus hernia >5 cm 

Elevated esophageal pressure (DCI >5000 mmHg*sec*cm) and symptoms of dysphagia and/or painful swallowing 
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Table 2. Glycaemic therapy – treatment algorithm 

Time after surgery:  

< 6 weeks ≥6 weeks Action: 

Fasting glucose (mmol/l) 

<5·6 

HbA1c (%) 

≤6·0 Reduce treatment - Stop one medication1 

5·6 – 11·0 6·1 – 6·9 No change 

≥11·1 ≥7·0 
Intensify treatment - Titrate to max tolerable dose 
of existing medication or add one new medication*.  

*Preferred anti-diabetic medication in the absence of contraindications or side effects, listed in prioritised order: 
Metformin 
Dipeptidyl peptidase-IV inhibitors, SGLT2-inhibitors 
Pioglitazone, Sulfonylureas, Insulin analogues, GLP-1 agonists 

 

 

Table 3. Treatment algorithm for lipid-lowering therapy 

Low-density lipoprotein cholesterol Action* 

< 2·0 mmol/l Consider halting medical treatment 

≥ 2·6 mmol/l Consider intensifying medical  treatment 
*Statins should be used in patients with established cardiovascular disease or in those aged ≥ 40 years with type 2 diabetes postoperatively (not in 
remission) and one or more other cardiovascular risk factors.  

Table 4. Treatment algorithm for anti-hypertensive therapy 

Systolic blood pressure Action 

< 130 mmHg or < 135 mmHg on two consecutive visits Reduce treatment 

≥ 160 mmHg or ≥ 140 mmHg on two consecutive visits Intensify treatment 

 

Table 5. Treatment algorithm for reflux symptoms  

 GerdQ score* PPIƗ treatment Action 

No symptoms 0-2 No No treatment 

  Yes Stop PPI 

Mild symptoms 3-7 No 
Consider on demand treatment with H2 
inhibitors‡ 

  Yes 
Consider replacing PPI with on demand treatment 
with H2 inhibitors 

Severe symptoms 8-18 No PPI for eight weeks 

 
 
 

Yes 
Increase PPI dose and consider referral to 
gastroenterologist 

*Gastroesophageal Reflux Disease Questionnaire. 
ƗProton pump inhibitors. 
‡Histamine H2-receptor antagonists. 
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Table 6. Treatment algorithm for vitamin and mineral supplementation 

Vitamin/ 
mineral 

Low 
levels 

Intervention 
High 
levels 

Intervention 

B1 (pmol/l) <ref 

In case of acute thiamine deficiency: Admit 
to hospital for parenteral thiamine 
treatment  
Without symptoms: 
Give oral thiamine 3 mg x 1  

>ref No intervention  

Folic acid <ref 
Give folic acid supplement: ”Nycoplus 
Folsyre” 400 μg x 1 

>ref 
Consider discontinuation of 
supplement 

B12 
(pmol/l) 

<ref 
Initiate or give B12 injections more 
frequently 

>ref 
No intervention or consider a 
temporary delay in the next B12 
injection 

25-OH-D 
(nmol/l) 

<ref* 

Add vitamin D supplement ”Nycoplus D-
vitamin” 10 μg x 2 
 
*25-OH-D < 50 nmol/l: Give general advise 
on diet and sun exposure 

>ref 
Consider discontinuation of all the 
vitamin D supplements 

Ferritin 
 

<ref 
1. Increase the dose of iron supplement 
2. In case of anaemia (Hb <ref) and iron-
deficiency, consider parenteral iron 

>ref 
If elevated ferritin and normal CRP: 
discontinue iron supplement 

Calcium <ref 
Initiate or consider increasing vitamin D or 
calcium supplements 

>ref 
Discontinue or consider reduction of 
vitamin D and calcium supplements 
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Table 7. Patient visit schedule 

 Screening Baseline Operation Follow-up period 

Time 

(accepted variation) 

 -3 weeks 

(-52 to -2) 

0 5 weeks 

(4 to 8)  

16 weeks 

(12 to 24) 

34 weeks 

(28 to 40) 

52 weeks 

(46 to 60) 

2,3,4 years 

±2 months 

5 years 

±4 months 

Visit 1 2 3 4 5 6 7 8-10 11 

Demographic data   x        

Co-morbidities   x        

Regular medication  x  x x x x x x 

Clinical examination   x x x x x x x x 

Physician consultation x x  x x x x x x 

Inclusion and exclusion criteria x         

Signed informed consent x         

Blood samples* x x x x x x x x x 

Urine samples*  x  x   x  x 

Bioelectrical impedance analysis  x  x x x x x x 

IVGTT  x  x   x  x 

Food frequency questionnaire   x     x  x 

SenseWear  x  x   x  x 

Hypoglycaemia/dumping  x  x x x x x x 

Adverse events    x x x x x x x 

Abbreviations: IVGTT; intravenous glucose tolerance test,. 
*See Table S6 
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Table 8. Laboratory method principles, sample matrix, units and analytical precision of measurements 

Analyte Method principle Sample matrix Unit 
Precision  

(CV, analytical) 

Time point for collection 

(visit number)* 

Ferritin ECLIA Serum µg/l 7 % 1-11 

Iron Photometry Serum µmol/l 4 % 1-11 

Transferrin Photometry Serum µmol/l 2·5 % 1-11 

Vitamin B12 ECLIA Serum pmol/l 12 % 1-11 

Folic acid ECLIA Serum nmol/l 12 % 1-11 

C-reactive protein Photometry Serum mg/l 5 % 1-11 

Creatinine Photometry Serum µmol/l 2·5 % 1-11 

Sodium ISE Serum mmol/l 1·0 % 1-11 

Potassium ISE Serum mmol/l 1·2 % 1-11 

Calcium Photometry Serum mmol/l 1·5 % 1-11 

Magnesium Photometry Serum mmol/l 3·0 % 1-11 

Phosphate Photometry Serum mmol/l 2·0 % 1-11 

Albumin Photometry 
Serum 

Urine 
g/l 3·0 % 

1-11 

2, 4, 7, 11 

Total protein Photometry Serum g/l 2·5 % 1-11 

Uric acid Photometry Serum µmol/l 4·0 % 1-11 

Glucose Photometry Serum/Plasma mmol/l 2·0 % 1-4, 7, 11 

Alanine aminotransferase Photometry Serum U/l 5 % 1-11 

Aspartate transaminase Photometry Serum U/l 9·0 % 1-11 

Alkaline phosphatase Photometry Serum U/l 3·0 % 1-11 

Gamma-glutamyl transpeptidase Photometry Serum U/l 3·0 % 1-11 

Lactate dehydrogenase Photometry Serum U/l 5·5 % 1-11 

Creatine kinase Photometry 
Serum 

Urine 
U/l 5·0 % 

1-11 

2, 4, 7, 11 

Bilirubin  Photometry Serum µmol/l 5·0 % 1-11 

Amylase Photometry Serum U/l 3·0 % 1-11 

Total cholesterol Photometry Serum mmol/l 2·5 % 1-11 

HDL-cholesterol Photometry Serum mmol/l 3·0 % 1-11 

LDL-cholesterol Photometry Serum mmol/l 3·0 % 1-11 

Triglycerides Photometry Serum mmol/l 3·0 % 1-4, 7, 11 
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Thyroid stimulating hormone ECLIA Serum mIE/l 5·0 % 1-11 

Unbound triiodothyronine  ECLIA Serum pmol/l 5·0 % 1-11 

Unbound thyroxine ECLIA Serum pmol/l 5 % 1-11 

Parathyroid hormone ECLIA Plasma pmol/l 6·0 % 1-11 

25-OH-vitamine D ECLIA Serum nmol/l 6·5 % 1-11 

Β-human chorionic gonadotropinƗ ECLIA Serum IE/l 5·0 % 1 

Paracetamol Photometry Serum µmol/l 3·0 % 2, 4, 7, 11 

HbA1c HPLC Blood % 1·4 % 1-11 

Complete blood count 

Photometry 

Impedance 

Flow cytometry 

Blood 

g/dl 

% 

Cells/l 

1·0-10·0 % 1-11 

Thiamin HPLC Serum nmol/l 4·5 % 2, 4-11 

Bone alkaline phosphatase CLIA Serum U/l 
9·5 U/L   10 % 

45 U/L   13 % 
2, 4-11 

C-telopeptide of type I collagen ECLIA Serum µg/l 
0·12 µg/L   13 % 

0·32 µg/L   8 % 
2, 4-11 

Procollagen type I N-terminal propeptide ECLIA Serum µg/l 5 % 2, 4-11 

Insulin ECLIA Serum pmol/l 4 % 2, 4, 7, 11 

C-peptide ECLIA Serum pmol/l 4 % 2, 4, 7, 11 

Anti-GAD IP Serum ai 
0·25 ai   25 % 

1·45 ai   8 % 
1 

Anti-IA2 IP Serum Ai 
0·32 ai   18 % 

1·66 ai   12 % 
1 

Samples for storage  
Serum, plasma, blood, 

urine, faeces 
  1-4, 7, 11 

Abbreviations: ai; antibody index, CLIA; chemiluminiscent immunoassay, CV; coefficient of variation, ECLIA; electro-chemiluminescence immunoassay, HPLC; High-performance liquid chromatography, IP; immunoprecipitation, ISE; ion selective electrode 
*Fasting blood samples visit 2,4,7,11 
ƗWomen only 
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Table 9. Key secondary outcomes 

Glucose homeostasis 

    Glycated haemoglobin 

    Fasting and stimulated levels of glucose and insulin 

    Insulin sensitivity 

    Insulin secretion 

    Use of anti-diabetic medication 

·· 

Body weight and composition 

    Body mass index 

    Body weight 

    Fat mass 

    Fat free mass 

·· 

Obesity-related cardiovascular risk factors 

    Blood pressure 

    Blood lipids 

    Use of lipid lowering drugs 

    C-Reactive protein 

·· 

Physical activity 

    Daily number of steps (Sensewear) 

··  

Energy balance 

    Daily total energy expenditure (Sensewear)    

    Daily total energy intake (Food frequency questionnaire) 

·· 

Harms 

    Surgical and medical complications 

    Hypoglycaemic episodes and early dumping  

    Vitamin and mineral deficiencies  

    Length of hospital stay 

    Number of readmissions 
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Table 10. Baseline characteristics – randomised patients versus patients excluded before randomisation  

 Randomised patients (n=109) Excluded before randomisation (n=16) P value 

Sex  ·· ·· ·· 

   Male 37 (34%) 8 (50%) 0·21 

   Female 72 (66%) 8 (50%) 0·21 

Age (years) 47·7 (9·6) 51.0 (7·6) 0·19 

White ethnicity* 104 (95%) 16 (100%) 0·38 

Employed 56 (51%) 7 (44%) 0·57 

High school education 59 (55%) 7 (44%) 0·26 

Current smoker 11 (10%) 4 (23%) 0·36 

Body mass index (kg/m2) 42·2 (5·3) 42·0 (5·6) 0·87 

Body weight (kg) 125·5 (22·3) 126·3 (18·2) 0·90 

Waist circumference (cm) 127·7 (12·1) 126·6 (22·7) 0·76 

Duration of diabetes (years) ·· ·· ·· 

    Median (IQR) 5 (2-10 ) 3 (1-10) 0·61 

Glycated haemoglobin (%) ·· ·· ·· 

    Median (IQR) 7·9 (6·8-9·0) 8·2 (7·1- 9·8) 0·39 

Glycated hemoglobin (mmol/mol) ·· ·· ·· 

    Median (IQR) 63 (51-75) 67 (53-86) 0·39 

Diabetes medication  96 (88%) 15 (94%) 0·50 

Insulin 22 (20%) 6 (38%) 0·12 

Diabetes complications* 13 (12%) 2 (13%) 0·95 

History ischaemic heart disease* 8 (7%) 0 (0%) 0·23 

Antihypertensive medication 73 (67%) 10 (63%) 0·72 

Lipid lowering medication 49 (45%) 8 (53%) 0·54 

*Race, diabetes complications (retinopathy, neuropathy and nephropathy /albuminuria) and ischemic heart disease are self-
reported 
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Table 11. Overview of IVGTT data modeling at baseline, 5 weeks and one year 

 Sleeve gastrectomy  
(n=55) 

Gastric bypass  
(n=54) 

Baseline - n (%)   

    Test not performed * 8 (15) 8 (15) 

    Model not accepted 3 (6) 1 (2) 

    Model accepted without modifications 15 (27) 22 (41) 

    Model accepted with modifications 29 (53) 23 (43) 

   

Five weeks - n (%)   

    Test not performed* 13 (24) 10 (19) 

    Model not accepted 0 (0) 0 (0) 

    Model accepted without modifications 33 (60) 33 (61) 

    Model accepted with modifications 9 (16) 11 (20) 

   

One year - n (%)   

    Test not performed* 13 (24) 14 (26) 

    Model not accepted 2 (4) 0 (0) 

    Model accepted without modifications 33 (60) 38 (70) 

    Model accepted with modifications 7 (13) 2 (4) 
* Inadequate intravenous access was the most common cause for not performing the test 
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Table 12. Medication use at baseline, 5 weeks, 16 weeks, 34 weeks and one year 

Medications Baseline 5 weeks 16 weeks 34 weeks One year 

 Sleeve 

Gastrectomy 

(n=55) 

Gastric 

Bypass 

(n=54) 

Sleeve 

Gastrectomy 

(n=54) 

Gastric 

Bypass 

(n=54) 

Sleeve 

Gastrectomy 

(n=54) 

Gastric 

Bypass 

n=54 

Sleeve 

Gastrectomy 

n=54 

Gastric 

Bypass 

n=54 

Sleeve 

Gastrectomy 

n=54 

Gastric 

Bypass 

n=53 

Diabetes medication - n (%)           

    Metformin 43 (78) 42 (78) 28 (52) 25 (46) 20 (37) 17 (32) 18 (33) 9 (17) 16 (30) 7 (13)* 

    Sulfonylurea 11 (20) 4 (7·4) 1 (1·9) 0 (0) 1 (1·9) 0 (0) 1 (1·9) 1 (1·9) 1 (1·9) 1 (1·9) 

    DPP IV Inhibitors 15 (27) 14 (26) 8 (15) 5 (9·3) 6 (11) 4 (7·4) 1 (1·9) 1 (1·9) 3 (5·6) 1 (1·9) 

    Glitazones 1 (1·8) 1 (1·9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

    GLP 1 Inhibitors 7 (13) 15 (28) 0 (0) 3 (5·6) 0 (0) 2 (3·7) 0 (0) 2 (3·7) 0 (0) 2 (3·8) 

    SGLT2 Inhibitors 1 (1·8) 1 (1·9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

    Insulin 11 (20) 11 (20) 9 (17) 6 (11) 8 (15) 5 (9·3) 8 (15) 4 (7·4) 7 (13) 3 (5·7) 

    No medications 5 (9·1) 8 (15) 21 (39) 27 (50) 30 (56) 35 (65) 33 (61) 44 (82)* 34 (63) 45 (85)* 

           

Cardiovascular medication - n (%)           

    Antihypertensive agents 36 (66) 37 (69) 31 (57) 29 (54) 25 (46) 21 (39) 23 (43) 18 (33) 23 (43) 19 (36) 

    Anticoagulants 10 (18) 14 (26) 11 (20) 13 (24) 10 (19) 12 (22) 10 (19) 12 (22) 10 (19) 11 (21) 

    Lipid lowering agents 28 (51) 21 (39) 23 (43) 20 (37) 18 (33) 13 (24) 16 (30) 13 (24) 18 (33) 9 (17)* 
* P value between groups <0.05. 

Table 13. Vitamin and mineral supplementation use at baseline, 5 weeks, 16 weeks, 34 weeks and one year 

Vitamin and mineral  

supplementations - n (%) 

Baseline 5 weeks 16 weeks 34 weeks one year 

Sleeve 

Gastrectomy 

(n=55) 

Gastric 

Bypass 

(n=54) 

Sleeve 

Gastrectomy 

(n=54) 

Gastric 

Bypass 

(n=53) 

Sleeve 

Gastrectomy 

(n=53) 

Gastric 

Bypass 

(n=54) 

Sleeve 

Gastrectomy 

(n=54) 

Gastric 

Bypass 

(n=54) 

Sleeve 

Gastrectomy 

(n=54) 

Gastric 

Bypass 

(n=53) 

Iron 1 (1.8) 2 (3.7) 23 (43) 19  (36) 18 (34) 27 (50) 17 (32) 26 (48) 15 (28) 24 (45) 

Calcium 2 (3.6) 2 (3.7) 53 (98) 51 (96) 49 (93) 48 (89) 50 (93) 52 (96) 47 (87) 49 (93) 

Vitamin D 18 (33) 22 (41) 50 (93) 52 (98) 50 (94) 52 (96) 49 (91) 52 (96) 49 (91) 50 (94) 

Vitamin B 12 0 (0) 8 (15)* 46 (85) 39 (74) 50 (94) 53 (98) 50 (93) 51 (94) 53 (98) 53 (100) 

Multivitamin 8 (15) 4 (7.4) 52 (96) 52 (98) 49 (93) 51 (94) 49 (91) 51 (94) 54 (100) 53 (100) 
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Table 14. Hemoglobin, mineral and vitamin levels 

Outcome variable* 
Sleeve Gastrectomy 

(n=55) 

Gastric Bypass 

n=54 

Between group differenceƗ 

(95 % CI) 

Hemoglobin - g/dl    

    Baseline 13·8 (13·5–14·1) 13·7 (13·4–14·0)  

    One year 13·6 (13·3–13·9) 13·3 (13·0–13·6) -0·26 (-0·63–0·12) 

    Change from baseline -0·2 (-0·45–-0·02) -0·4 (-0·59–-0·16 ) -0·14 (-0·44–0·17) 

    

Iron - µmol/L    

    Baseline 15·1 (13·8–16·4) 13·9 (12·6–15·2)  

    One year 17·8 (16·5– 19·1) 16·2 (14·9–17·6) -1·5 (-3·4–0·34 ) 

    Change from baseline 2·7 (1·3–4·0) 2·3 (0·96–3·7) -0·33 (-2·3–1·6) 

    

Total iron binding capacity - µmol/L    

    Baseline 65·6 (63·1–68·0) 64·9 (62·4–67·4)  

    One year 63·0 (60·5–65·6) 61·1 (58·6–63·6) -2·0 (-5·5–1·6) 

    Change from baseline  -2·5 (-0·62–-4·4) -3·8 (-1·9–-5·7) -1·3 (-3·9–1·4 ) 

    

Transferrin saturation - %    

    Baseline 23·2 (21·0– 25·4) 22·1 (19·8– 24·3)  

    One year 28·9 (26·6– 31·2) 27·5 (25·2– 29·8) -1·4 (-4·6–1·8) 

    Change from baseline 5·7 (3·5– 7·9) 5·4 ( 3·1– 7·6) -0·30 (-3·5–2·8) 

    

Ferritin - µg/L    

    Baseline 160 (137–183) 145 (121–168)  

    One year 99 (75–122) 92 (68–115) -7·1 (-40–26) 

    Change from baseline -61 (-46–-77) -53 (-38–-69) 8·3 (-13–30) 

    

Vitamin B12 - pmol/L    

    Baseline 302 (236–269) 333 (265–401)  

    One year 529 (461–596) 455 (386–523) -74 (-170–22) 

    Change from baseline  226 (140–313) 122 (34–209) -104  (-228–18) 

    

Folate - nmol/l    

    Baseline 17 (14–20) 15 (12–18)  

    One year 19 (16–22) 21 (18–24) 1·7 (-2·7–6·1) 

    Change from baseline 2·5 (-1·3–6·3) 6·3 (2·5–10) 3·8 (-1·6–9·1) 

    

Thiamin B1 - nmol/L    

    Baseline 154 (146–161) 153 (145–160)  

    One year 161 (153–169) 160 (153–168) -0·56 (-12–10) 

    Change from baseline 7·1 (-0·50–14·7 ) 7·6 (-0·09–15·4 ) 0·54 (-10–11) 

    

Calcium (Albumin corrected) - mmol/L    

    Baseline 2·32 (2·30–2·34) 2·33 (2·31–2·35)  

    One year 2·37 (2·35–2·39) 2·36 (2·34–2·38) -0·02 (-0·04–0·01) 

    Change from baseline  0·05 (0·03–0·07) 0·03 (0·006–0·05) -0·02 (-0·05–0·004) 

    

Vitamin D - nmol/L    

    Baseline 59 (53–65) 60 (54–66)  

    One year 73 (67–79) 70 (64–76) -2·6 (-11–5·9) 

    Change from baseline  14 (9·0–18) 10 (5·8–15)  -3·2 (-9·6–3·3) 

    

Parathyroid hormone - pmol/L    

    Baseline 9·6 (8·8–10·4) 8·3 (7·5–9·1)  
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    One year 6·8 (6·0–7·6) 7·5 (6·7–8·4) 0·75 (-0·41–1·9) 

    Change from baseline  -2·8 (-3·7–2·0) -0·78 (-1·7–0·1 ) 2·1– (0·81–3·2) 
*Outcome variables are reported as estimated mean (95% CI) from linear mixed models.  

ƗBetween group difference, sleeve gastrectomy is the reference group. 

Table 15. Number of patients having at least one verified symptomatic hypoglycaemia at baseline and one-year 

follow-up after sleeve gastrectomy and gastric bypass. 

 Sleeve Gastrectomy Gastric Bypass P-value1 

Baseline2 n=55 n=54  

 All 5 (9%) 5 (9%) 1·00 

  Insulin and/or sulfonylurea users 3 (6%) 4 (7%) 0·716 

  Not using insulin or sulfonylurea 2 (4%) 1 (2%) 1·00 

   Postprandial 1 (2%) 1 (2%) 1·00 

       

5 weeks3 n=54 n=54  

 All 3 (6%) 3 (6%) 1·00 

  Insulin and/or sulfonylurea users 1 (2%) 1 (2%) 1·00 

  Not using insulin or sulfonylurea 2 (4%) 2 (4%) 1·00 

   Postprandial 2 (4%) 1 (4%) 1·00 

       

16 weeks3 n=55 n=54  

 All 1 (2%) 4 (7%) 0·206 

  Insulin and/or sulfonylurea users 1 (2%) 1 (2%) 1·00 

  Not using insulin or sulfonylurea 0 (0%) 3 (6%) 0·118 

   Postprandial 0 (0%) 1 (2 %) 0·495 

       

34 weeks3 n=54 n=54  

 All 4 (7%) 6 (11%) 0·742 

  Insulin and/or sulfonylurea users 3 (6%) 1 (2%) 0·618 

  Not using insulin or sulfonylurea 1 (2%) 5 (9%) 0·205 

   Postprandial 1 (2%) 1 (2%) 1·00 

       

1 year3 n=54 n=53  

 All 3 (6%) 8 (15%) 0·123 

  Insulin and/or sulfonylurea users 2 (4%) 0 (0%) 0·495 

  Not using insulin or sulfonylurea 1 (2%) 8 (15%) 0·016 

   Postprandial 0 (0%) 5 (9%) 0·027 
1Fisher's exact test 
2The year preceding enrolment.  
3Since last visit 
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Table 16. Symptoms of early and late dumping in everyday living quantified using the Arts’ questionnaire at baseline 

and one-year follow-up after sleeve gastrectomy and gastric bypass. 

 Sleeve Gastrectomy Gastric Bypass P-value1 

Baseline2 n=55 n=54  

 Arts’ early dumping score 0 (0-6) 0 (0-6) 0·477 

 Arts’ late dumping score 0 (0-3) 0 (0-6) 0·975 

       

5 weeks3 n=54 n=54  

 Arts’ early dumping score 1·5 (0-9) 2 (0-11) 0·650 

 Arts’ late dumping score 0 (0-3) 0 (0-3) 0·754 

       

16 weeks3 n=55 n=54  

 Arts’ early dumping score 1 (0-8) 1 (0-9 0·344 

 Arts’ late dumping score 0 (0-3) 0 (0-10) 0·154 

       

34 weeks3 n=54 n=54  

 Arts’ early dumping score 1 (0-10) 1 (0-8) 0·590 

 Arts’ late dumping score 0 (0-7) 0 (0-5) 0·639 

       

1 year3 n=54 n=53  

 Arts’ early dumping score 0 (0-8) 2 (0-7) 0·025 

 Arts’ late dumping score 0 (0-4) 0 (0-4) 0·119 
Data presented as median (range). 
1Mann–Whitney U test 
2The year preceding enrolment.  
3Since last visit 
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Statistical analysis plan 
 

A single-centre, triple blinded, randomised, one year, parallel-group, 

superiority study to compare the effects of Roux-en-Y gastric bypass and 

sleeve gastrectomy on remission of type 2 diabetes and β-cell function in 

subjects with morbid obesity  

The Obesity surgery in Tønsberg (Oseberg) study 

 

 

 

Trial registration number: ClinicalTrials.gov Identifier: NCT01778738 
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Introduction 
Bariatric surgery is associated with long-term weight reduction and improvement of 

comorbidities, but also with adverse events and side effects1,2. Roux-en-Y gastric bypass was 

for many years considered the ‘gold standard’ of bariatric surgery, but recently sleeve 

gastrectomy, a technically easier and faster to perform procedure, has gained popularity and is 

now the most common bariatric procedure in the US3.  

 

For subjects with type 2 diabetes and obesity, bariatric surgery is a particularly effective 

treatment option, and a number of randomised trials have demonstrated the superiority of 

surgery over medical care for glycaemic control and remission of diabetes2,4-8. The improved 

glycaemic homeostasis following bariatric surgery is to a large extent explained by the hypo-

caloric state and weight reduction. However, as improvements often is observed even before 

changes in body weight occur, some of the effect appears to be independent of weight loss 

and possibly related to the specific surgical procedure. Both gastric bypass and sleeve 

gastrectomy reduce the size of the stomach, but only gastric bypass includes a bypass of the 

duodenum and proximal small intestine. Thus particularly after gastric bypass there is a rapid 

delivery of undigested food to the small intestine that enhances the release of gut-derived 

incretin hormones, such as glucagon like peptide-1 (GLP-1) which further stimulate insulin 

secretion from pancreatic β-cells. Indeed, greater enhancement in postprandial GLP-1 levels 

have been observed after gastric bypass compared with sleeve gastrectomy9, while others 

have reported no significant differences10-12. The higher postprandial incretin hormone levels 

may be causally linked with the improved β-cell function observed after gastric bypass13-15 

and sleeve gastrectomy16. However, bariatric surgery is also accompanied with changes in 

other gut- and pancreatic derived hormones, which directly or indirectly influence glycaemic 

control17.  
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A limited number of high quality studies have compared the effect of gastric bypass and 

sleeve gastrectomy on remission of type 2 diabetes. Prior to the initiation of the present study, 

only one randomised controlled study had addressed glycaemic control in subjects with type 2 

diabetes and obesity after gastric bypass and sleeve gastrectomy18. The STAMPEDE trial 

showed similar reduction in HbA1c one year after the two surgical procedures. In the 

following years, results from comparable randomised controlled trails have been published19-

22 including three and five years follow-up data from the STAMPEDE trial4,23. The remission 

rates of type 2 diabetes between the two procedures have not been statistically different in 

these trials. Thus, there is currently no conclusive evidence showing superiority of gastric 

bypass or sleeve gastrectomy for patients with type 2-diabetes and obesity. Also, the impact 

of altered insulin secretion and action, gut microbiota, hepatic steatosis and gastric emptying 

on glycaemia after gastric bypass compared with sleeve gastrectomy is not clear. Additional 

relevant outcomes, including changes in body weight, obesity-related cardiovascular risk 

factors, symptoms and findings of gastroesophageal reflux disease, health-related quality of 

life, psychosocial status, eating behaviour, bone health, vitamin and mineral deficiencies, 

surgical complications and side effects, need further examination.  
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Objectives 

Primary objectives 

The primary objectives of this study are to assess the effects of gastric bypass and sleeve 

gastrectomy on glycaemic control and β-cell function. 

 

Secondary objectives 

Secondary objectives are to explore changes in variables that are related to the primary endpoint 

of the study (i.e. body weight and composition, insulin sensitivity, liver fat content, energy 

intake, stomach emptying rate and intestinal microbiota). Moreover, we will explore 

cardiovascular risk factors influenced by weight reduction and possibly by changes in gut 

hormones (i.e. blood pressure, arterial stiffness, albuminuria and lipids). Finally, we will 

examine possible differences in vitamin and mineral deficiencies, bone density, 

gastroesophageal reflux disease, hypoglycaemia, dumping syndrome, health related quality of 

life, psychological distress, obesity-related symptoms, eating behaviour, nutrient intake, 

gastrointestinal symptoms and surgical and medical complications related to the two operations.  
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Study methods 

Trial design 

This study is a single centre, triple-blinded, two-armed trial randomising patients with type 2 

diabetes and obesity in a 1:1 allocation ratio to either gastric bypass or sleeve gastrectomy.  

Randomisation 

The allocation sequence was created using a computerized random number generator 

(randomization.com) using block sizes of 10. 

Sample size 

This study has two primary endpoints and was powered thereafter. Based on previous 

research addressing glycaemic response of gastric bypass and sleeve gastrectomy in type 2 

diabetic subjects8,18,24,25 remission rates of 75 % and 50 % were assumed, in the first and 

second group, respectively.  

Data on disposition index after sleeve gastrectomy derived from a frequent sample 

intravenous glucose tolerance test was not available before study start, and data from a study 

addressing beta-cell function after gastric bypass and a low calorie diet was therefore used for 

sample size determination26. Mean standard deviation (SD) disposition index was 268 (232) 

after gastric bypass and 94 (92) after a low calorie diet. Based on these figures mean (SD) 

disposition index after gastric bypass and sleeve gastrectomy was estimated to be 270 (160) 

and 180 (160) one year after surgery, respectively.  

Given a five percent significance level and 80 % power and an equal distribution to the two 

groups, a total study sample of 110 (remission) or 100 (disposition index) subjects was 

required to reveal a difference between groups. In order to accommodate possible dropouts 

(5% in previous study at our centre)8 we planned to include 120 subjects in the study. Due to a 

higher than expected number of excluded patients after baseline examinations, the baseline 

study population was increased to 125. 
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Framework 

A superiority study comparing the effect of gastric bypass and sleeve gastrectomy on 

remission of type 2 diabetes. 

Statistical interim analyses and stopping guidance 

Interim analyses have not been performed. Members of the steering committee met every 

sixth months to safeguard the interests of trial participants and monitor the overall conduct of 

the clinical trial. Adverse events are consecutively reported. 

Timing of final analysis 

The final analysis will be performed after all patients have completed one year follow-up. 

Timing of outcome assessments 

The Oseberg study includes test and examinations at 5 weeks, 16 weeks, 34 weeks, one year 

(primary outcome) and two to five years. This comprehensive follow-up enables us to 

evaluate very early, medium and long-term effects of gastric bypass and sleeve gastrectomy 

with varying degrees of weight-loss. Clinical examinations and tests with scheduled time 

points for assessment are listed in Table 2, and a list of the blood, urine and faeces samples 

that have been and will be collected, including time points for collection, is shown in Table 3. 

One-year follow-up will be completed in March 2019 and the end of the study period is in 

December 2023. 

Statistical principles 

Confidence intervals and P values 

All applicable statistical tests will be 2-sided, and p-values<0.05 will be considered 

significant. All confidence intervals will be 95 % and two-sided. 

As there are two primary endpoints in this study, we will pay special attention to p-values 

<0.025 to prevent type 1 errors. 
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Protocol deviations 

Protocol violations will be registered at every study visit. 

Analysis populations 

Data will be analysed according to both the intervention into which patients were randomized 

(intention-to-treat analysis) and per-protocol (completers). 

 

Trial population 

Screening data 

An overview of examinations, test and data collected at baseline is shown in Table 1 in the 

attachment section of the protocol. 

Eligibility 

The trial inclusion and exclusion criteria, and also details of the number of patients screened 

and how many were excluded, are specified in the protocol.  

Recruitment 

A CONSORT flow diagram will be used to summarize the people screened, eligible, 

consented, randomized, receiving their allocated treatment and withdrawing/lost to follow-up. 

Withdrawal/follow-up 

Withdrawals will be registered consecutively. 

 

Baseline patient characteristics 

Baseline characteristics to be summarized include age, gender, ethnicity 

employment/education, smoking status, weight, BMI, waist circumference, hip 

circumference, fat mass, fat free mass, HbA1c, duration of diabetes, blood pressure, lipid 

levels, activity calorie intake, both overall and separately for the two randomized groups. 
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Categorical data will be summarized by counts and percentages, and continuous data 

will be summarized by mean and SD if data are normal and median, interquartile range and 

range if data are skewed. Clinical importance of any imbalance at baseline will be noted, but 

test of significance will not be performed. 

 

Analysis 

Outcome definitions 

This study has two primary endpoints, 1) Proportion of participants with complete remission of 

type 2 diabetes (HbA1c ≤6.0 % in the absence of glucose lowering drug therapy)27, one year 

after surgery and 2) The disposition index, obtained from a frequently sampled intravenous 

glucose tolerance test (FSIGT)28-30 and measured as a continuous variable, one year after 

surgery.  

Key secondary outcomes include body weight, blood pressure, cholesterol and triglyceride 

levels, gastroesophageal reflux disease, fatty liver disease, gut microbiota and health related 

quality of life. The summary measures for the two surgical groups include mean/median with 

range or standard deviation and counts with proportions, as appropriate. Outcome variables 

include changes from baseline, final values and time to events and will be measured at 

baseline, 5 weeks, 16 weeks, 34 weeks, 1 year, and annually for 4 more years. 

Analysis methods 

Remission of diabetes at one year will be presented as counts and percentages of patients with 

remission in each group. In the complete cases analysis (patients who have undergone 

randomization and have measured the outcome variables at the 1 year visit), Pearson’s chi 

square test will be used to calculate the difference in remission rates between the two groups. 

Association between remission and group variables will also be analyzed according to 

intention-to-treat (including all patients who underwent randomization) using mixed effects 
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logistic regressions for repeated measures. The relative risk (RR) with 95% confidence 

interval (CI) and  risk difference (95 % CI) will also be presented.  

Disposition index at one year will be presented as the mean value with standard deviation, or 

median (interquartile range if the data are skewed) in each of the surgical groups. Data will be 

analyzed according to intention to treat principle using linear mixed effects models for 

repeated measures. The results will be presented as the estimated means at selected time 

points and change from baseline to one year both for between and within groups. In addition, 

complete cases analyses will be performed using independent samples t-test (for disposition 

index) or, if the variables are not normally distributed, the variables will be log transformed or 

a non-parametric test (Mann-Whitney U test) will be used.  

Secondary outcomes will be analyzed using the same methods as the primary outcomes. 

 

Sensitivity analyses 

To examine the robustness of the results, different HbA1c cut offs will be used when 

calculating the difference in proportions of patients with type 2 diabetes remission in the 

surgery groups. 

1. <6.5 % without use of anti-diabetic medications (partial remission)  

2. ≤5.6 % without use of anti-diabetic medications  (“normal” HbA1c) 31.  

 

Missing data 

Imputation of missing data will not be performed as mixed models analyses do not require 

complete data. 

 

Additional analyses 

Multiple regression models will be fitted to explore the independent effects of weight change 

and other variables on primary and secondary outcomes. 
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To assess a possible mediating effect of weight change on remission and to estimate the total, 

direct, and indirect effects of group on remission, we used the 2-stage regression method 

proposed by Baron and Kenny, also known as the product method for mediation. The 

outcome (remission) will be modelled using Poisson regression and the results expressed as 

RR and percentages mediated.  

 

Harms 

Surgical complications will be graded according to the Accordion severity grading system32. 

The contracted classification alternative which have four levels (mild complications, moderate 

complications, severe complications and death) will be used and divided into early and late 

complications.   

Hypoglycaemia is defined as a blood glucose level of less than 2.8 mmol/l or the presence of 

typical symptoms and signs of hypoglycaemia without other apparent cause33. Hypoglycaemic 

episodes will be categorised according to severity [Severe (requiring medical assistance), 

moderate (requiring help from another person) and minor (able to treat themselves)], 

frequency and its relation to food and/or liquid intake (Postprandial: 60 to 180 minutes after a 

meal). Relief of symptoms when the glucose level is raised to normal will be recorded. During 

the glucose tolerance test the Arts’ questionnaire34 will be used for differentiating between 

early and late (caused by hypoglycaemia) dumping. The questionnaire will also be completed 

at every post-operative visit to identify symptoms of early and late dumping occurring in daily 

living. Vitamin and mineral deficiencies and bone mineral turn over will be monitored using 

biochemical analyses depicted in the protocol.  Bone mineral density will be estimated by 

DEXA scanning. 

Adverse events are included as secondary endpoints. 

 



30 

 

 

Statistical software 

Statistical analyses were performed with STATA 15.0 (STATA Data Analysis and Statistical 

Software; StataCorp LP, College Station, TX, USA) and IBM SPSS Statistics for Windows, 

Version 25.0. Armonk, NY: IBM Corp. 
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Introduction 

Obesity and bariatric surgery 

Estimates indicate that more than 500 million people are obese [body mass index (BMI) ≥ 30 

kg/m2] worldwide (1). In Norway more than one out of five people is obese (2). Subjects with 

BMI ≥ 40 or ≥ 35 kg/m2 with at least one obesity related co-morbidity are referred to as 

morbidly obese and may, according to national and international guidelines, qualify for bariatric 

surgery (3,4). About 2 % of the Norwegian adult population is morbidly obese. Obesity and 

two of its most common metabolic consequences, hyperglycemia and high blood pressure, 

alongside tobacco usage and physical inactivity, represent the five leading global risks to 

mortality (5). Due to the limited long-term success of medical management of obesity, various 

surgical techniques (bariatric surgery) have been developed during the last few decades (6-8). 

In 2008 around 340 000 bariatric procedures were performed worldwide (9). To date, the annual 

number of operations in Norway is around 2500 (D. Hofsø, personal communication). Bariatric 

surgery results in substantial long-term weight reduction and improvements in several 

metabolic conditions such as type 2 diabetes and hypertension, psychosocial functioning and 

health related quality of life (HRQoL), and is associated with reduced mortality (10-28). Severe 

surgical short-term complications occur in approximately 5% of patients, and many patients 

experience gastrointestinal side- effects and vitamin deficiencies (29). 

 

Sleeve gastrectomy and Roux-en-Y gastric bypass 

The Roux-en-Y gastric bypass operation combines restrictive and malabsorptive principles 

(Figure 1). It is the most commonly performed bariatric procedure both in Norway (~ 90 %) 

(30,31) and worldwide (~ 50 %). Vertical (sleeve) gastrectomy, on the other hand, is a purely 

restrictive procedure (Figure 1). The operation, which originally was a part of the duodenal 

switch operation, has gained popularity and is now accepted as a valid stand-alone procedure 

(32) accounting for approximately five percent of the bariatric procedures performed worldwide 
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(31). Similar trends are observable in Norway, with some hospitals in western Norway offering 

sleeve gastrectomy as their sole surgical procedure.  

 

 

Figure 1. Gastric bypass (left) and sleeve gastrectomy (right).  Figure by Kari C. Tover (29). 

 

Despite its growing popularity, the possible beneficial and adverse effects of sleeve gastrectomy 

have not yet been fully elucidated. The results from a few small randomised controlled studies 

(33-42), a large US prospective observational study (43) and three reviews including numerous 

case series (44-46) indicate that the effect of sleeve gastrectomy on weight and metabolic 

conditions such as type 2 diabetes and hypertension and the procedure`s complication rate is 

positioned somewhere between gastric banding and gastric bypass. Possible differences 

between gastric bypass and sleeve gastrectomy, as discussed in the literature, are listed and 

graded in Table 1. 



38 

 

 

Table 1. Possible differences between gastric 

bypass and sleeve gastrectomy. 

 Gastric 

bypass 

Sleeve 

gastrectomy 

References 

Weight ↓↓↓ ↓↓(↓) (33-46) 

HbA1c ↓↓↓ ↓↓(↓) (33,34,47) 

Vitamin and mineral deficiencies ↑↑↑ ↑ (48,49) 

Surgical complications (overall) ↑↑ ↑ (43) 

Intestinal obstruction ↑ - (50) 

Side effects     

Dumping ↑↑ - (51) 

Reflux disease ↓ ↑ (50,52) 

Health related quality of life ↑↑↑ ↑↑(↑) (53) 

    

Type 2 diabetes 

Hand in hand with the rising obesity rate is the substantial increase in diabetes worldwide (54-

56).  Insulin secretion from pancreatic beta-cells is tightly regulated by blood glucose levels. 

When beta-cell function is impaired i.e. insulin secretion is insufficient for the prevailing 

insulin sensitivity, hyperglycaemia occurs. Diabetes is diagnosed in subjects with either 

fasting blood glucose ≥ 7.0 mmol/l, blood glucose ≥ 11.1 mmol/l two hours after ingestion of 

75 g glucose, or HbA1c ≥ 6.5% on two occasions (57). The scientific evidence for the current 

thresholds is mainly based upon an increased risk of retinopathy above these cut-off levels 

(58,59).  

 Blood glucose stimulates insulin secretion and production. However, orally ingested 

glucose leads to a greater insulin response compared to intravenously administered glucose. 
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This might be explained by gut-derived factors which in a glucose dependent manner stimulate 

insulin secretion from pancreatic β-cells. This phenomenon is called the incretin effect and was 

first described in 1964 (60). In humans two incretin hormones have been identified; namely 

glucose-dependent insulinotropic polypeptide and glucagon-like peptide-1 (GLP-1). Of these, 

GLP-1, which is probably mainly secreted from ileal L-cells in response to intraluminal 

nutrients, has the greatest insulinotropic effect.  

 The remission rate of type 2 diabetes one to two years after bariatric surgery is 

approximately 70% (15,17,20,21). In a randomised controlled study by Lee et al. (34) the 

remission rate of type 2 diabetes was significantly higher one year after gastric bypass than after 

sleeve gastrectomy (93 % versus 47 %). In another study by Schauer et al., obese subjects with 

type 2 diabetes were given intensive medical treatment and randomised to no surgical treatment, 

gastric bypass or sleeve gastrectomy (33). After one year the reduction in HbA1c was similar 

in the surgically treated groups, with a greater number of patients using anti-diabetic drugs in 

the sleeve gastrectomy group. In both studies weight reduction was significantly greater in those 

treated with gastric bypass surgery. Larger weight loss can clearly contribute to somewhat 

greater improvement in glucose homeostasis after gastric bypass than after sleeve gastrectomy. 

Still, Lee et al. and others (40,61-63) speculate that changes in gut hormones may contribute to 

higher remission rates of type 2 diabetes after gastric bypass than after sleeve gastrectomy. This 

notion is supported by one study which reported greater enhancement in postprandial GLP-1 

after gastric bypass than after sleeve gastrectomy (64). By contrast, no significant differences 

in postprandial GLP-1 have been reported by others (36,42,65). Improved β-cell function 

observed after gastric bypass surgery (66-68) may indeed be linked to higher postprandial levels 

of GLP-1  as seen after gastric bypass surgery (36,42,64,65). Beta cell function has, to our 

knowledge, only been addressed in one previous study of sleeve gastrectomy, with the authors 

reporting an increased first-phase insulin secretion three days after the procedure (69).  
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  We are aware of four ongoing randomised controlled trials comparing the effect of 

gastric bypass and sleeve gastrectomy on several endpoints including weight and comorbidities 

(ClinicalTrial.gov identifiers: NCT00722995, NCT00356213, NCT00793143, and 

NCT00667706). However, these studies include both subjects with and without type 2 diabetes 

and are therefore not powered to detect between-group differences in HbA1c and beta-cell 

function in the diabetic patients.  

 In conclusion, the effect of gastric bypass and sleeve gastrectomy on glycaemia has not 

yet been fully explored. Moreover, the impact of altered beta-cell function on glycaemia post 

surgery requires additional research. We hypothesise that greater improvement in beta-cell 

function after gastric bypass than after sleeve gastrectomy translates into better glycaemic 

control in subjects with type 2 diabetes one year after surgery.  

Hypertension and the vasculature 

Arterial stiffness is an independent predictor of cardiovascular morbidity and mortality (70,71) 

and is increasingly recognized as a valid surrogate endpoint of cardiovascular disease (72,73). 

GLP-1 receptors are expressed in many organs and probably expedite biologic actions in the 

arterial system and blood pressure regulation (74). Several lines of evidence suggest that GLP-

1 analogues have both a blood pressure lowering and arterial softening effect that is independent 

of weight loss (74-76). Consequently, the effect of gastric bypass and sleeve gastrectomy on 

blood pressure and arterial stiffness may differ according to different levels of incretin 

hormones after surgical procedures .  

Gastrointestinal factors  

Gastroesophageal reflux disease (GERD) has been found  in 25 to 70 % of obese patients and 

there is positively correlated to BMI  (77,78). It has been suggested that the patophysiology of 

GERD in morbidly obese patients might differ from that of non-obese patient (78). Analyses of 

motility and reflux disorders of the esophagus before and after bariatric surgery will add to our 
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knowledge of the patophysiology of GERD in morbidly obese subjects and also maybe, how 

this may be treated. 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease is common in morbidly obese subjects and has been shown to 

improve after gastric bypass surgery (79). The effect of sleeve gastrectomy on non-alcoholic 

fatty liver disease is less well known, indeed, the effect of gastric bypass and sleeve gastrectomy 

has, to our knowledge, not been explored in a randomised setting.  

Gastrointestinal microbiota 

Analyses of gut microbiota have shown that obese subjects have a lower proportion of 

Bacteroidetes and a higher proportion of Firmicutes  compared to lean subjects, moreover,  this 

proportion increases with weight loss. (80). In addition, transplantation of gut flora from obese 

mice into germ-free recipients resulted in a significantly greater increase in total body fat than 

colonization with gut flora from lean mice (81). These findings indicate a possible causal 

association between intestinal microbiota and obesity. Interestingly, in post-bypass individuals 

Firmicutes were reduced and Proteobacteria increased (82). Similarly, a significant increase in 

Proteobacteria has been demonstrated in rats after gastric bypass  (83).  Finally, in one study 

gut microbiota was analysed in 30 patients before and after gastric bypass surgery, with the 

authors finding higher concentrations of Escherichia coli species post- surgery (84). These 

findings show that the intestinal microbiota may be altered by surgical procedures and that these 

changes may impact upon both body weight and glucose metabolism.  

Behavioural and psychosocial factors 

Evidence explaining the effect of gastric bypass versus sleeve gastrectomy on behavioural and 

psychosocial outcomes is sparse. A large number of studies have concluded that weight loss 

following bariatric surgery is associated with improvements in general and obesity specific 

health related quality of life (HRQoL) and psychosocial status (symptoms of depression and 
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anxiety, self-esteem, and body image) (25,28,85). However, in some patients caloric intake 

increases during the postoperative period and a significant weight regain may occur. Poor 

adherence to a postoperative diet and overeating may also result in gastrointestinal discomfort, 

including nausea, “plugging”, vomiting, and gastric dumping (85). The degree of decreased 

gastro-intestinal HRQoL varies between surgical procedures, where the most restrictive 

procedures are associated with the largest degree of discomfort.  

 

Objectives 

Primary objective 

The primary objective of this study is to assess the effects of gastric bypass and sleeve 

gastrectomy on glycaemic control and beta-cell function.  

Secondary objectives 

Secondary objectives are to explore changes in variables that either are or could be related to 

the primary endpoint of the study (body weight and composition, insulin sensitivity, fat liver 

content, energy intake, stomach emptying rate and intestinal microbiota). Moreover, other 

cardiovascular risk factors influenced by weight reduction and possibly by changes in gut 

hormones (blood pressure, arterial stiffness, albuminuria and lipids) will be explored. Finally, 

possible differences in vitamin and mineral deficiencies, bone density, surgical and medical 

complications including hypoglycaemia, quality of life, psychological distress, obesity-related 

symptoms, and gastrointestinal symptoms will be explored.  
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Methods 

Participants 

Patients on the waiting list for bariatric surgery at the Morbid Obesity Centre at Vestfold 

Hospital Trust who according to their case record file fulfil the inclusions criteria and do not 

have any exclusion criteria will be contacted by phone. Potential candidates for study 

participation will be invited to an information meeting which includes a screening examination 

a few moths prior to the randomisation.  

 The centre is a tertiary health care resource centre with a catchment area of about 

900 000 inhabitants. Approximately 5000 consultations are performed annually, as are 200 to 

250 bariatric operations. The operations, tests and follow-up visits will be performed at the 

resource centre. The flow of study participants from screening examination to the end of the 

study is shown in Figure 2. 
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Figure 2. Flow of study participants.  

  

Screening examination 

Did not meet the inclusion criteria 

 

Baseline examination 

Randomisation 

Withdrew prior to randomisation 

Sleeve gastrectomy Gastric bypass  

 Completed the study Completed the study 

Lost to follow-up Lost to follow-up 
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Inclusion and exclusion criteria 

 

Inclusion criteria:  

 Previously verified BMI ≥ 35.0 kg/m2 and current BMI ≥ 33.0 kg/m2 

 HbA1c ≥ 6.5 % or use of anti-diabetic medications with HbA1c ≥ 6.1 % 

 Age ≥ 18 years 

Exclusion criteria: 

 Not able to give  informed consent 

 Previously major abdominal surgery (appendectomy, laparoscopic cholecystectomy or  

gynaecological procedures not included) 

 Severe endocrine-, heart-, lung-, liver- and kidney disease, cancer and other medical 

conditions associated with significantly increased risk of peri- and postoperative 

complications 

 Drug or alcohol addiction 

 Reduced compliance due to severe mental and psychiatric conditions 

 Pregnancy 

 Serum autoantibodies against glutamic acid decarboxylase (GAD) or tyrosine 

phosphatase (IA2) 

 Regular use (a total of 3 months cumulative use in the last 12 months) or treatment the 

past two months with systemic corticosteroids 

 Reflux disease Los Angeles classification grade > B, Barrett’s oesophagus and/or hiatus 

hernia > 5cm 

 Elevated esophageal pressure (DCI >5000 mmHg*sec*cm) and symptoms of dysphagia 

and/or painfull swallowing 

Intervention 

General 

All patients will complete a low calorie diet (3.3-3.8 MJ/day equal to 800-900 kcal/day) in the 

two weeks preceding surgery. To optimise the results of the procedures all patients will be 

encouraged to normalise their eating behaviour and to increase their physical activity level. 

Surgical procedures are performed under general anaesthesia by skilled anaesthetists familiar 

with obesity surgery. Induction and maintenance of anaesthesia is achieved by combining 

desfluran (gas) and remifentanil infusion. Pre-operative antibiotic prophylaxis with oral 

trimetoprim-sulpha before surgery will be used.   

 All operations will be performed laparoscopicly by skilled surgeons. Gastric bypass has 

been performed at our hospital since 2004 and sleeve gastrectomy since 2007. During the past 



46 

 

 

two years approximately 400 gastric bypass procedures and 40 sleeve gastrectomies have been 

performed at the centre. Sleeve gastrectomy is performed with increasing frequency and 

accounts for approximately 20% of operations. 

 For both procedures we shall use a Natansons retractor on a Martins arm to lift the liver. 

Insufflation of CO2 gas into the abdominal cavity will be administrated in order to maintain an 

intraabdominal pressure of 15mmHg. Ultrasound energy (Harmonic Ace, Ethicon 

EndoSurgery) will be used for dissection and hemostasis and occasionally monopolar 

diathermy. Echelon Flex (Ethicon EndoSurgery) or EndoGIA Ultra Universal Stapler 

(Covidian) will be used for stampling. The troacars will then be removed under visual guidance 

in order to inspect for bleeding after the intraabdominal pressure is reduced to 10 mmHg. No 

drains will be used.  

 

Sleeve gastrectomy 

The vertical sleeve gastrectomy is performed with 4 troacars in addition to the Nathanson’s 

retractor. The greater curvature will be dissected free from the omentum with ultrasonic energy, 

Harmonic Ace, from the middle of the ventricle to the angle of Hiss. The left crus will be 

visualised and inspected for hiatal hernia. Small sliding hernias and wide hiatus will be left in 

situ. The rest of the greater curvature will then be dissected down to 4-5 cm from the pylorus. 

The ventricle will then be lifted and any adhesions in the lesser sac divided. A 34 Fr bougie will 

be placed down to the pylorus before division begins.  A tubular ventricle along the bougie 

using linear staplers will then be created. The first two loads are always green (Ethicon) or 

purple (Covidien), blue (Ethicon) or tan (Covidien) loads are then used for the rest of the 

ventricle. The last stapler will be placed 2-5 mm laterally to the angle of Hiss. The staple line 

will then be inspected and secured with clips for additional hemostasis. The use of buttressing 
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material and running oversewing of the staple line is not a matter of routine. A leak test will 

then be performed with 100ml methylene blue.  

 

Roux-en-Y gastric bypass 

A Roux-en-Y gastric bypass is performed with 4 troacars in addition to Nathansons retractor.   

The left crus will be dissected free and any hiatal hernia left in place. The minor curvature will 

be opened at the second vessel and the lesser sac entered. A 25ml gastric pouch will be created 

by firing one horizontal and 1-2 vertical 45 mm blue (Ethicon) or tan (Covidien) staple loads. 

The ligament of Treitz will then be identified and a proximal loop of small intestine lifted above 

the omentum and transverse colon towards the gastric pouch. The small intestine will be  

anastomosed to the pouch 60 cm from the ligament of Treitz with one firing of a 45 mm linear 

stapler (white or tan load) using the full length of the stapler. The opening created by the stapler 

will be closed by a single row, running absorbable suture which will create an antecolic, 

antegastric alimantary limb. An entero-enteroanastomosis will then be made 120 cm distal of 

the gastro-enteroanastomosis by firing one 45 mm white load (Ethicon) or tan (Covidien). The 

introductory opening will be closed with a single row, running absorbable suture. Finally, the 

small intestine will be divided with one 45 mm white load (Ethicon) or tan (Covidien) between 

the gastro-entero- and the entero-enteroanastomosis in order to complete the bypass. No 

dividing of the mesentery will be performed. The omentum will only be divided if needed. A 

leak-test with metylene-blue will be performed and the pouch inspected on both sides. The 

mesenteric opening under the entero-enteroanastomosis and at Peterson’s space will be closed 

with a running, non-absorbable suture.  
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Post-operative treatment 

All patients will follow standard post-operative care with observation in a post-operative ward 

the first few hours after surgery with early mobilisation before transfer to the gastrointestinal 

surgery ward. Patients will be observed in a gastrointestinal surgery ward and visited daily by 

a bariatric surgeon.  

 On the day of the operation patients will not be allowed to drink. The first week after 

surgery clear liquids followed by full liquid intake are allowed. Patients will be allowed mashed 

food during week 2 and 3 post-surgery and be encouraged to gradually eat normal food 

thereafter. During surgery and hospitalisation compression stockings grade II will be used. Low 

molecular heparin will be given 6 hours after surgery and daily for 14 days, unless there is an 

indication that longer treatment is required. Patients will be submitted from hospital 1-3 days 

after surgery depending on the distance to their home. All patients will receive a prescription 

for a proton pump inhibitor to be used post-operatively for 4 weeks.  

 

Primary endpoint 

The primary objective of this study is to compare the effect of gastric bypass and sleeve 

gastrectomy on glycaemic control and beta-cell function one year after surgery. Insulin 

secretion is related to insulin sensitivity and a disposition index (which adjusts insulin secretion 

for the prevailing insulin sensitivity) will therefore be calculated. The primary endpoints of this 

study are: 

 Complete remission of type 2 diabetes (HbA1c ≤ 6.0 % without glucose lowering drugs) 

(86) 

 Disposition index (based on intravenous glucose tolerance test (IVGTT) (87-89)) 
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Secondary endpoints 

Glucose homeostasis 

Since insulin secretion is related to the route in which glucose is administrated (oral versus 

intravenous), insulin secretion will also be assed using an oral glucose tolerance test (OGTT). 

Secondary endpoints related to changes in glucose homeostasis include: 

 HbA1c 

 Fasting and stimulated glucose, insulin, pro-insulin and c-peptide 

 Use of anti-diabetic medication 

 Matsuda insulin sensitivity index (OGTT) (90) 

 Oral glucose insulin sensitivity model (OGTT) (91) 

 Stumvoll’s insulin sensitivity and secretion indices (OGTT) (92,93) 

 Insulinogenic index (OGTT) (94) 

 Incretin hormones (OGTT) 

 Intestinal absorption rate of paracetamol (OGTT) 

 

Body weight and composition 

Changes in body weight, anthropometric measures and body composition are secondary 

endpoints: 

 Body weight 

 Waist and hip circumference 

 Body composition (bioelectrical impedance analysis and DEXA) 

 

Obesity related comorbidities  

Changes in outcomes related to blood pressure, obstructive sleep apnea, lipid profile, fatty liver 

disease and end organ damage will be explored and the following outcome variables are 

therefore included as secondary endpoints: 

 Blood pressure at rest 

 24-h ambulatory blood pressure 

 Obstructive sleep apnea 

 Use of blood pressure lowering drugs  

 Cholesterol and triglyceride levels 

 Fatty liver disease (MRI) 

 Pulse wave velocity (The Sphygmocor system) 

 Microalbuminuria  
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Physical activity   

Self reported and measured physical activity will be recorded.  

 

Quality of life, dietary intake and symptom scores   

Questionnaires will be used for the assessment of changes in quality of life, psychological 

distress, obesity-related symptoms, eating behaviour, dietary intake and gastrointestinal 

symptoms.  

 

Trial design 

This study is a single centre triple-blinded two armed randomised controlled superiority trial. 

Participants will be consecutively randomised in a one-to-one ratio to either sleeve gastrectomy 

or Roux-en-Y gastric bypass. Sealed and sequentially numbered envelopes containing the 

treatment assignment will be stored at the study coordinating office. Randomisation will be 

performed in the operating room on the day of the operation. Neither the patient nor the 

personnel who will conduct the post surgical patient follow-ups nor the team who will analyse 

the data will be aware of which treatment the patients have been randomised to. Post surgical 

follow-up and treatment will be identical. The surgical description will include information 

about the Oseberg-study, the study participant including study identification number, 

standardised descriptions of both procedures, and a description of any peroperative incidents. 

A list linking name and study identification number with study procedure will at all time be 

available at the study office and in the emergency department. All patients will be made aware 

of this. The randomisation code will be broken if there is a need for reoperation or if unexpected 

complications occur. The code will be broken after one year. The surgeon will then be 
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responsible for including the actual type of surgery in the patient record file and for informing 

the patient.  

 

Safety endpoints 

Surgical complications will be graded according to the Accordion severity grading system (95). 

The contracted classification alternative which have four levels (mild complications, moderate 

complications, severe complications and death) will be used. Other safety endpoints include: 

 Symptoms of hypoglycaemia and its intensity, fervency and relation to food intake 

 Symptoms and objective signs of reflux disease and marginal ulcerations  

 Vitamin and mineral deficiencies  

 Bone density and metabolism 

 Length of hospital stay  

 Readmissions 

 

Study Procedures 

The Oseberg study includes several tests and examinations shortly after surgery when weight 

loss is expected to be low (five weeks), after expected maximal weigh loss (one year) and during 

possible weight regain (one to five years). This comprehensive follow up makes it possible to 

evaluate very early, medium and long term effects of gastric bypass and sleeve gastrectomy 

with varying degree of weight loss. The examinations and tests planned for the Oseberg study 

are listed in Table 2 of the “Attachment” section. Participants will be examined approximately 

3 weeks prior to (baseline) and 5, 16, 34 and 52 weeks after randomisation and thereafter 

annually for four more years. If scheduled surgery needs to be postponed upon completion of 

the baseline examination, relative weight stability (< 5% weight change) is mandatory. At 

baseline demographic data and medical history will be assessed. All visits will include a clinical 

examination (body weight, anthropometric measures and blood pressure), laboratory analyses 

and a registration of supplementation and medication used. Post operative visits will in addition 

include registration of complications and side effects. Additionally, four times during the study 
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period (three weeks prior to and five weeks and one and five years  after randomisation) the 

following examinations will be performed on two consecutive days at the Morbid obesity centre 

and at home. 

 Oral glucose tolerance test 

 Intravenous glucose tolerance test 

 Measuring of pulse wave velocity  

 Questionnaires 

 Bio-impedance  

 Magnetic resonance imaging (MRI) 

 24-h ambulatory blood pressure 

 SenseWear 

 Apnelink 

 Urine samples 

 Faecal samples 

 

The questionnaires will be completed annually up to the end of the study. In addition, upper 

endoscopy, dual-energy X-ray absoptiometry (DEXA) scanning, electro cardiogram (ECG) and 

structured interview recording dietary intake will also be performed three weeks prior to and 

one and five years after randomisation.  

 

Type 2 diabetes 

Anti-diabetic treatment will be in accordance with the guidelines from the American Diabetes 

Association (ADA) and the European Association for the Study of Diabetes (EASD) (96).  The 

treatment goal is HbA1c < 7.0% and the anti-diabetic treatment will be started or intensified 

according to a predefined algorithm (Table 3 in the “Attachment” section). Metformin will, in 

the absence of prevalent contraindications, be the first-line drug and will also be the last to be 

discontinued after surgical treatment. Anti-diabetic medications which may cause 

hypoglycaemia or weight gain, and/or which need to be injected (insulin, sulfonylureas, 

glitazones, and GLP-1 agonist) will be avoided if possible. Reductions in glucose lowering 

agents immediately after surgery will be based on glucose measurements. After six weeks, 
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HbA1c will be used for the evaluation of glycaemic control. Glucose lowering agents will be 

reduced or discontinued in subjects with HbA1c ≤ 6.0%.  

 Partial remission is defined as  HbA1c < 6.5% and complete remission as ≤ 6.0 % in the 

absence of active pharmacologic therapy (86).  

 

Glucose tolerance tests 

Two glucose tolerance tests will be performed in order to calculate insulin secretion and action: 

1) The insulin-modified frequent sample intravenous glucose tolerance tests (FSIGT) (87-89) 

and 2) The OGTT (90-94). Patients will be asked to avoid vigorous physical activity one week 

prior to the glucose tolerance. Moreover, the patients will be told to terminate treatment with 

long acting GLP-1 analogues and other anti-diabetic medications 6 weeks and 48 hours prior to 

the tests, respectively. The participants will not be allowed to drink (up to 2 dl of water is 

allowed), eat, or smoke 8 hours prior to the tests. Other morning medications will be delayed 

until after the tests. A cannula will be inserted into a cubital vein and the cannulated arm 

wrapped in a heat pad throughout the experiment for the collection of arterialised blood 

samples. For the intravenous tests a cannula will be inserted in the contralateral cubital vein for 

glucose and insulin infusion. Due to patient safety the upper limit of fasting blood glucose prior 

to FSIGT and OGTT was set to < 20 mmol/l and < 25 mmol/l, respectively. During the insulin-

modified FSIGT blood samples will be drawn two time before (-5 and 0 minutes) and after 2, 

4, 8, 19, 22, 30, 40, 50, 70, 90 and 180 minutes after the intravenous glucose load (300 mg/kg 

body weight). After 20 minutes a bolus of insulin will be administrated (0.03 U/kg body 

weight). The Bergman minimal model (MINIMOD Millennium software) will be used for the 

calculation of SI and AIRg. During the OGTT the respective measuring points will be -5, 0, 15, 

30, 60, 90, 120 and 180 minutes after the 25 oral glucose load. The glucose will be dissolved 

in water and ingested over 5 min.  
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 Circulating proinsulin-to-insulin (PI/I) ratio, especially stimulated PI/I ratio (97), has 

previously been used as an estimate of the beta cell`s ability to transform proinsulin to insulin. 

Indeed, an elevated PI/I ratio has been associated with IGT (97) and reduced insulin secretion 

(98). PI/I ratios in a fasting and stimulated state will therefore be calculated.  

 In addition to insulin sensitivity and secretion indices derived from the glucose tolerance 

tests, homeostasis model assessment (HOMA) insulin sensitivity and secretion indices based 

on fasting insulin and glucose will be calculated using the computer based HOMA Calculator 

(99).  

 Both gastric bypass and sleeve gastrectomy may alter the intestinal absorption rate 

(100). An oral paracetamol test will therefore be used to calculate  intestinal absorption as a 

measure of gastric emptying rate (101). Paracetamol (1.0 g) will be dissolved in the glucose 

solution used for the OGTT and serum paracetamol concentrations will be measured at the same 

time points as the measurements of insulin and glucose. 

 During both glucose tolerance test blood will at all time points be collected in 1) one 

tube which will be centrifuged after 30 minutes, serum will then be put on ice and stored at -80 

°C until the analysis of insulin, c-peptide and pro-insulin, and 2) one tube containing lithium 

heparin which will be centrifuged immediately before the analysis of plasma glucose and 

paracetamol (only OGTT) the same day. During the OGTT, blood will also be collected in two 

chilled tubes containing EDTA and EDTA plus aprotinin for the analysis of gut hormones and 

glucagon, respectively. Both tubes will be centrifuged immediately at 4 °C before plasma is 

separated from cells and put on ice and stored at -80 C.  
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Laboratory analysis 

Table 4 of the “Attachment” section lists the blood, urine and faeces samples that will be 

collected at the different visits. Samples will either be stored or analysed on the day of 

collection. 

 

Body weight and composition 

Body weight and composition will be measured with patients wearing light clothing and no 

shoes using bioelectrical impedance analysis (InBody) and DEXA. Anthropometric measures 

will be recorded with patients in an upright position. Height will be measured using wall 

mounted stadiometers; waist circumference (WC) will be measured at the point midway 

between the lowest rib margin and the iliac crest; hip circumference (HC) will be measured at 

the widest point over the greater trochanters. Height and circumferences will be measured to 

nearest 0.5 cm and weight to the nearest 0.1 kg. 

 

Obesity related comorbidities 

Blood pressure 

Resting blood pressure will be measured to the nearest 1 mmHg three times in a sitting position 

after at least five minutes of rest. The average of the second and third measurements will be 

registered.  

 Ambulatory 24-h blood pressure monitoring (ABPM) will be performed using a portable 

automated computer-programmed oscillometric device from Custo screen 100, Custom made, 

Germany. The first day of the physical activity assessment will be performed simultaneously. 

Blood pressure will be measured every 20 minutes during daytime (between 06:00 and 23:00) 

and every hour during night time. Arm circumference will be measured on the non-dominant 

arm in order to ensure the use of a correct cuff size. The recording will be performed by a 

trained nurse/research assistant at the Morbid Obesity Centre. Blood pressure recordings will 
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be considered invalid if the data  lacks an interval of two hours or if the study participants have 

an irregular rest-activity schedule during the monitoring or if the night time sleep period is of 

less than six hours (102).  

 Subjects with blood pressure ≥ 140/90 are classified as having hypertension (103). Anti-

hypertensive drugs will be prescribed according to international guidelines (103,104). The 

treatment algorithm for blood pressure used in a recent publication addressing glycaemic 

control in diabetic subjects after bariatric surgery and intensive medical treatment will be used 

(Table 5 of the “Attachment” section (33)). This implies that anti-hypertensive medication will 

be reduced in subjects with systolic blood pressure below 130 – 135 mmHg and intensified in 

subjects with systolic blood pressure equal to or above 140 – 160 mmHg. Angiotensin-

converting enzyme inhibitors and angiotensin II receptor antagonists are preferred drugs.  

 

Lipids 

Postoperatively statin therapy will be prescribed according to international guidelines and will 

be considered in subjects with low-density lipoprotein (LDL) cholesterol ≥ 2.6 mmol/l 

(104,105). In case of an “optimal” LDL cholesterol level < 2.0 mmol/l (106), no cardiovascular 

disease and age < 40 years without other cardiovascular risk factors, statin therapy will be 

considered discontinued (Table 6 of the “Attachment” section). 

Arterial stiffness 

The Sphygmocor system (Artcor, Sidney, Australia) and a single high-fidelity applanation 

tonometer (Millar®) will be used to measure pulse wave velocity (PWV). Pulse waves will be 

obtained sequentially from the carotid and femoral artery. The PWV will be calculated from 

the transit time and the distance between these two arterial sites, determined in relation to the 

R-wave of the ECG, with patients lying in a horizontal position. Three complete sets of data 

will be sampled and the average value used as a result.  
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Obstructive sleep apnoea 

Obstructive sleep apnoea will be assessed using the ApneaLink™, a portable screening device 

for obstructive sleep apnea, which recently has been validated in morbidly obese patients by 

our group (107). Our results suggest that the ApneaLink™ is a useful and reliable instrument 

in the screening of OSA in morbidly obese patients. Compared with Embletta™ as reference, 

the ApneaLink™ was also highly sensitive in identifying patients with various severities of 

OSA. The patients will be instructed in how to use the device and the registration will be done 

at home.  

Fatty liver disease 

MRI (Siemens Aera 1.5 T) and Chemical Shift Imaging (108) will be used to quantify the fat-

fraction content of the liver. Fat- and water-protons have different precession frequencies in the 

magnetic field which enables use of chemical shift imaging to accurately detect and quantify 

fatty infiltration. This frequency difference causes tissues containing fat and water to lose signal 

intensity when the proton magnetizations are opposed in out-of phase imaging. The signal-loss 

can be observed when out-of phase images are compared with in-phase images, which are 

acquired with the fat and water proton magnetizations in phase with each other to provide an 

additive signal. While normal liver parenchyma exhibits similar signal intensity on in-phase 

and out-of-phase images, liver parenchyma with fatty infiltration shows diminished signal 

intensity in out-of-phase images, with the reduction being more evident in the presence of 

severe fatty infiltration. 

 To quantify the fat content we will use the modified Dixon method (109). The 

percentage of liver-fat (FSP) is estimated by the formula: FSP = [(SI RIP-SI ROP/2 x (SIRIP)] 

x 100. SI RIP is defined as the ratio of hepatic signal intensity to splenic signal intensity in in-

phase T1-weighted images, while SI ROP is the ratio of hepatic signal intensity to splenic signal 

intensity in out-of phase T1-weighted images. The signal intensity in liver is normalized to 
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spleen. Quantification with the Dixon method allows detection of a fat percentage of 15% or 

more. Normal liver usually has a fat content of less than 5%.  

 

Physical activity  

The SenseWear Armband (BodyMedia, Pittsburgh, PA) placed on the dominant upper arm 

will be used to monitor physical activity. The armband, which simultaneously integrates 

motion data from a biaxial accelerometer and physiological metrics from multiple sensors to 

provide minute-by-minute estimates of energy expenditure at different intensity levels, has 

been shown to produce valid energy expenditure estimates when evaluated against indirect 

calorimetry and doubly labeled water (110,111). The armband will be used for a total of four 

days of which the first also includes the 24-hour blood pressure monitoring. 

 

Questionnaires 

The following questionnaires will be used for the assessment of quality of life, obesity related 

symptoms, gastrointestinal symptoms, affective symptoms, and eating behaviour:  

1. Short Form Quality of Life questionnaire (SF-36) 

The SF-36 (112) is a 36-item measure of general HRQOL consisting of eight subscales 

(Physical Functioning, Role Physical, Bodily Pain, General Health, Vitality, Social 

Functioning, Role Emotional, and Mental Health) and two summary scores [Physical 

Component Summary (PCS) and Mental Component Summary (MCS)]. Summary 

scores represent independent (orthogonal) indices based on factor analysis of subscale 

scores using the Medical Outcomes Study data (113). Scores on all subscales range from 

0 to 100, where the score 100 represents the best HRQOL. Scores for PCS and MCS are 

norm-based, with a mean of 50 and a standard deviation of 10, with higher scores 

representing better HRQOL. Estimates of internal consistency for the SF-36 typically 

have exceeded 0.80 for all subscales across diverse patient groups (114,115).  
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2. Impact on Weight Questionnaire IWQOL-Lite  

The IWQOL-Lite (116) is a 31-item measure of weight-related quality of life. There are 

five domain scores (Physical Function, Self-Esteem, Sexual Life, Public Distress and 

Work) and a total score. Scores for all domains and total score range from 0-100, with 

lower scores indicating greater impairment. The IWQOL-Lite has demonstrated 

excellent reliability and validity (116-118). 

3. Weight-Related Symptom Measure (WRSM)  

The WRSM (119) is a 20-item, self-report measure for the presence and bothersomeness 

of weight-related symptoms (Shortness of breath, tiredness, sleep problems, sensitivity 

to cold, increased thirst, increased irritability, back pain, frequent urination, pain in the 

joints, water retention, foot problems, sensitivity to heat, snoring, increased appetite, 

leakage of urine, lightheadedness, increased sweating, loss of sexual desire, decreased 

physical stamina, and skin irritation). The bothersomeness scores of the symptoms are 

reported on a six-point likert scale. Two sum scores are calculated; an additive sum 

score of presence of symptoms ranging from 1 to 20 and bothersomeness sum score for 

all symptoms. Scores on the bothersomeness of symptoms range from 0 to 120, with 

higher scores indicating a higher or worse total symptom burden. 

4. Beck Depression Inventory  

This is a 21-item scale that assesses depressive symptoms and mood dysphoria and has 

well established psychometric properties (120). It has been widely used with diverse 

populations, including bariatric surgery patients (121), and is an accepted assessment of 

depression. Total scores on the 21-item scale range from 0 to 63, with higher scores 

indicating greater depressive symptomatology. Scores of 0-13 suggest minimal 

symptoms of depression, while values of 14-19, 20-28, and 29-63 reflect mild, 

moderate, and severe symptomatology, respectively. 

5. Power of Food Scale  
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This scale was developed to assess both the psychological impact and respondent’s 

responsiveness to a food-abundant environment (such as that found in developed 

countries) (122). This is a 15-item scale whose items pertain to three situations: food 

being readily available in the environment but not physically present, food is physically 

present, but not tasted, and food is first tasted but not already consumed. This scale has 

previously been used in studies of gastric bypass patients (123). 

6. Binge Eating Scale (BES)  

This 16-item scale assesses the extent to which obese individuals experience  binge 

eating problems, including eating in secret, loss of control and guilt following binge 

eating (124). Scores range between 0-46, with higher scores indicating greater binge 

eating problems. Cut-off scores have been established to determine binge severity, with 

“severe” represented by scores > 27, “moderate” by scores 18-26, and “mild-none” by 

scores < 17 (125). The BES has shown responsiveness to change following gastric 

bypass (126). 

7. Gastrointestinal Symptom Rating Scale (GSRS)  

This 15-item scale assesses common symptoms of gastrointestinal disorders (127,128). 

The GSRS contains five scales: abdominal pain (abdominal pain, hunger pains and 

nausea); reflux syndrome (heartburn and acid regurgitation), diarrhoea syndrome 

(diarrhoea, loose stools and urgent need for defecation), indigestion syndrome 

(borborygmus, abdominal distension, eructation and increased flatus) and constipation 

syndrome (constipation, hard stools, and feeling of incomplete evacuation). Higher 

scores indicate greater severity of symptoms. The GSRS in European patient 

populations has a good internal consistency reliability and acceptable construct validity 

and responsiveness (128,129).  

8. Food Tolerance Questionnaire 

This is an 11-item questionnaire that assesses overall quality of alimentation, timing of 

food intake, tolerance of different types of food, and frequency of vomiting (130). 
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Scores range from 1-27, with higher scores representing greater food tolerance. In one 

study, patients undergoing diverse bariatric surgery procedures (gastric bypass, gastric 

banding, sleeve gastrectomy, and biliopancreatic diversion with duodenal switch) 

differed in food tolerance scores at different points in time (131), suggesting that this 

questionnaire may be useful in the current protocol. 

9. Gastroesophageal Reflux Disease Questionnaire (GerdQ) 

GerdQ is a 6-tem questionnaire validated patient reported outcome questionnaires for 

reflux disease (132). It includes 4 items related to positive predictors for GERD; 

heartburn, regurgitation, sleep disturbances due to heartburn or reflux, and the use of 

over the counter medication.  The four items are scored from 0-3, where 0 is little 

complaints and 3 is severe complaints. The last two items are negative predictors for 

GERD; epigastric pain and nausea. These 2 items score from 3-0, ie in reverse order to 

the positive predictors, where 0=4-7 days, 1=2-3 days, 2=1 day and 3=no day of the 

individual item during the previous week. The sum score of these 6 items therefore 

range between 0-18. A validate Norwegian version of the questionnaire (133) is used 

in the present study. 

10. International Physical Activity Questionnaires (IPAQ) 

The short version of IPAQ will be used and comprises a set of four questionnaires 

related to time spend in vigorous and moderate physical activity, walking and sitting, 

respectively. The instrument has been examined for validity and reliability in an 

international study and deemed acceptable for use in physical activity research (134). 

11. Food frequency questionnaire (FFQ) 

Dietary intake during the preceding year will be assessed through structured interviews 

performed by registered dieticians. Data will be recorded on an optically readable FFQ 

(Department of Nutrition, University of Oslo, Norway). The present version of the FFQ 

which has been developed to assess the habitual dietary intake of Norwegian adults has 
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been validated according to similar questionnaires using weighted records and provides 

a good estimate of a person’s average energy intake (135-137). Patients will be asked 

to describe their dietary habits during the previous year, and report how often and in 

what quantity the different food items and courses will be used (per day, week and 

month). Units and household measures will be used to help patients estimate portion 

sizes.  Dietary assessment methods based on FFQs are susceptible to reporting bias due 

to both inaccurate recall and social desirability. However, the FFQ method has been 

shown to capture more realistic energy intake and distribution in obese individuals than 

other similar methods such as 24-hour dietary recalls (138). Questionnaire data will be 

scanned using Teleform 10.0 (Cambridge, UK).  Dietary intake will be calculated using 

a database assembled from official food composition tables (Norwegian Nutrition 

Council, 1995). 

 

The Power of Food Scale and the Food Tolerance Questionnaire will be translated to Norwegian 

through a standard forward-backward procedure. With the exception of FFQ, all questionnaires 

will utilise SurveyXact (www.surveyxact.no), an internet based survey system. Patients will be 

guided into an office and asked to complete the questionnaires and they may, if necessary, ask 

a study nurse for help. The completion time is estimated to 40 minutes. The completed web-

based questionnaires will only contain the respondents project number as identification. After 

completion, the online data will be downloaded to a local computer at the University of Agder 

and stored password protected behind the University’s firewalls as a part of the University’s 

ordinary information safety protocols (139). 
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Complications and side- effects 

All complications and side-effects will be registered at the follow-up visits. At every visit 

patients will be examined for possible complications and new ones registered. All 

complications must be verified by objective measures.   

 Surgical complications will be graded according to the contracted Accordion 

classification (95) and divided into early and late complications.   

 Hypoglycaemia has increasingly arisen as a problem after gastric bypass (20,140) and 

is a well known side-effect of glucose lowering agents (141). Patients will therefore be 

examined for symptoms of hypoglycaemia and encouraged to measure blood glucose during 

possible hypoglycaemic episodes. Hypoglycaemia is defined as a blood glucose level of less 

than 2.8 mmol/L or the presence of typical symptoms and signs of hypoglycaemia without other 

apparent cause (141). Hypoglycaemic episodes will be categorised according to severity 

[Severe (requiring medical assistance), moderate (requiring help from another person) and 

minor (able to treat themselves)], frequency and its relation to food and/or liquid intake 

(Postprandial: 60 to 180 minutes after a meal). Relief of symptoms when the glucose level is 

raised to normal will be recorded. During the glucose tolerance test the Arts’ questionnaire 

(142) will be used for differentiating between early and late (caused by hypoglycaemia) 

dumping. The questionnaire will also be completed at every post operative visit to identify 

symptoms of early and late dumping occurring in daily living. 

 Reflux disease may occur after sleeve gastrectomy (32). Upper endoscopy, 24 hour ph-

impedance and ph-metry will therefore be performed both before and after surgical treatment. 

Endoscopic images will be taken and evaluated by two gastroenterologists blinded for the type 

of procedure (ventricle mucosa will be covered by a black circle on the image). The severity of 

the disease will be graded according to the Los Angeles classification (143) and treated 

adequately. Postoperatively reflux disease will be treated according to international guideline 

(144). At each postoperative visit symptoms of reflux disease will be graded according to the 
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GerdQ questionnaire (132) and treated according to a predefined algorithm (Table 6 of the 

“Attachment” section). In short, proton pump inhibitors will be stopped or considered stopped 

in patients with no (GerdQ score ≤ 2) or mild (GerdQ score 3-7) symptoms. On demand 

treatment with histamine H2-receptor antagonists may be prescribed to subjects with mild 

symptoms. In patients with severe symptoms (GerdQ ≥ 8) treatment with proton pump 

inhibitors will be started or intensified and referral to gastroenterologist considered.   

 Vitamin and mineral deficiencies and reduced bone mineral density have been observed 

after gastric bypass surgery (145,146). Sleeve gastrectomy probably has a more modest effect 

on micronutrient status within the first year after intervention (48,49) and no accepted 

supplementation regime exists. Vitamin D may play a role in type 2 diabetes (147) and 

supplementation of only one of the groups could potentially influence the primary outcome. In 

the same manner, other between-group differences in the supplementation regimes could 

introduce confounding factors. All patients will therefore be prescribed a standardised 

supplementation regime post-surgery containing: two multivitamin/mineral tablets (Nycoplus 

multi), vitamin D/calcium tablets (Calcigran Forte, 20 µg vitamin D3/1000 mg calcium 

carbonate), iron tablets (Duroferon, 100 mg ferrous sulphate to premenopausal women), and 

vitamin B-12 intramuscular injections every 3 months (Betolvex, 1 mg cyanocobalamine). In 

the case of low levels after surgery the first step is to ensure that the patient is actually taking 

the supplements. Thereafter supplementation of vitamin and mineral deficiencies will follow 

predefined regimes listed in Table 8 of the “Attachment” section. Four to six weeks after 

adjustment of supplements, new blood samples will be taken at the obesity centre (alternatively 

at the general practitioner). If side effects occur (e.g. gastrointestinal side effects of iron 

supplements) changes or discontinuations of the supplementation regime will be considered. 

Vitamin and mineral status and bone metabolism will be monitored using biochemical analysis 

(Table 4).  Bone mineral density will be estimated by DEXA scanning.   
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Sample size 

This study has two primary endpoints and is powered thereafter:  

1. Complete remission of type 2 diabetes 

Based on previous reports addressing glycaemic response of gastric bypass and sleeve 

gastrectomy in type 2 diabetic subjects (20,33,34,47) remission rates of 75% and 50% 

after one year are assumed.  

2. Beta cell-function 

Disposition index after sleeve gastrectomy has, to the best of our knowledge, not been 

published previously. Data from a recent study addressing beta-cell function after 

gastric bypass and a low calorie diet has therefore been used for sample size 

determination (148). Mean (SD) disposition index was 268 (232) after gastric bypass 

and 94 (92) after a low calorie diet. Based on these figures mean (SD) disposition index 

after gastric bypass and sleeve gastrectomy is estimated to be 270 (160) and 180 (160) 

one year after surgery, respectively.  

 

A five percent significance level and 80% power was chosen. Given these figures and an equal 

distribution to the two groups a total study sample of 110 (remission) or 100 (disposition index) 

subjects is required. In order to accommodate possible dropouts (5% in previous study at our 

centre (20)) 120 subjects will be included in the study.  

 

Statistical methods 

Data will be analysed according to both the programme into which patients were randomised 

(intention-to-treat analysis) and per-protocol. Descriptive data will be presented as mean 

(SD), median (range) or number (%). Between-group comparisons will be analysed using 

independent samples t-test, repeated measures analysis of variance, mixed model analysis and  
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Mann-Whitney U test for continuous variables and 2 or Fisher`s exact test for categorical 

variables as appropriate. Regression analysis will be used for the exploration of the 

independent effects of weight reduction and other variables on primary and secondary 

outcomes.Ethical considerations 

Both the short and long- term benefits and side- effects of gastric bypass surgery are well 

known. By contrast, the effect of sleeve gastrectomy on weight and obesity related 

comorbidities, as well as its surgical complications and side-effects, have not been fully 

explored.  Despite a lack of data, sleeve gastrectomy is gaining popularity both at a national 

and global level. Current data indicate that sleeve gastrectomy may have an effect on weight 

and glucose metabolism that is either comparable or somewhat lower to that of gastric bypass. 

However, the existing data are conflicting and more research is needed to verify or reject 

previous findings. In addition, the present study aims to explore possible differences between 

the two procedures in glucoregulatory mechanisms (e.g. insulin secretion and action), markers 

of micro- and macrovascular complications, and the frequency and seriousness of 

hypoglycaemic episodes. Finally, we aim to examine possible differences between the 

procedures with respect to several important health measures and side-effects. The results will 

hopefully add knowledge which may help doctors and patients with type 2-diabetes to choose 

an appropriate procedure.  

 After a thorough evaluation of the existing literature, and after balancing clinical effects 

and side-effects, we believe that there is no conclusive evidence showing  gastric bypass or 

gastric sleeve to be  a better choice for patients with type 2-diabetes. Our research assistants 

and patients will be fully informed about this before the start of the study. We therefore find it 

ethically appropriate to randomise patients to either treatment.   
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Publications 
The protocol and the results of the study will be published in international peer review 

journals and we will adhere to the ICMJE-criteria for authorship 

(http://www.icmje.org/ethical_1author.html). The executive and steering committees will 

actively contribute to the involvement and inclusion of authors and the order of authorships in 

the planning of publications. Moreover, primary and secondary endpoints will be published 

after one and five years. 

 

Financing 
The study is organised and financed by Vestfold Hospital Trust and the Morbid Obesity Centre. 

All employees receive a salary from their respective departments. In addition, applications for 

external funding will be submitted for future postdoctoral- and PhD-fellows and specific 

laboratory analyses. 

 

Insurance 
Regular patient insurance applies (Patients' Rights Act (149)). 

 

Approvals 
The study protocol was approved by the regional ethics committee the 12th of September 2012 

and registered in an international trial register (www.clinicaltrials.gov.) the 3rd of December 

2012. Moreover, the study will be conducted according to the declaration of Helsinki and the 

steering committee will monitor metabolic effects and adverse events during the study period. 

 

http://www.clinicaltrials.gov/
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Table 2. Patient visit schedule     

 Screening Baseline Operation Follow-up period 

Time 

(accepted variation) 

 -3 weeks 

(-52 to -2) 

0 5 weeks 

(4 to 8)  

16 weeks 

(12 to 24) 

34 weeks 

(28 to 40) 

52 weeks 

(46 to 60) 

2,3,4 years 

±2 months 

5 years 

±4 months 

Visit 1 2 3 4 5 6 7 8-10 11 

Demographic data   x        

Co-morbidities   x        

Regular medication  x  x x x x x x 

Clinical examination   x x x x x x x x 

Physician consultation x x  x x x x x x 

Inclusion and exclusion criteria x         

Signed informed consent x         

Blood samples1 x x x x x x x x x 

Urine samples1  x  x   x  x 

Faecal sample1  x  x   x  x 

Pulse wave velocity  x  x   x  x 

Bioelectrical impedance analysis  x  x x x x x x 

ECG  x     x  x 

OGTT and IVGTT  x  x   x  x 

PROMs questionnaires (web)  x  x   x x x 

Food frequency questionnaire   x     x  x 

DEXA  x     x  x 

MRI  x  x   x  x 

Upper endoscopy  x     x  x 

Manomentry  x     x  x 

pH-measurement  x     x  x 

24-h ambulatory blood pressure  x  x   x  x 

SenseWear  x  x   x  x 

ApneaLink™  x  x   x  x 

Hypoglycaemia/dumping  x  x x x x x x 

Adverse events    x x x x x x x 
Abbreviations: ECG; electrocardiography, IVGTT; intravenous glucose tolerance test, OGTT; oral glucose tolerance test, PROMs; patient reported outcome measures, DEXA; dual energy x-ray absorptiometry, MRI; magnetic resonance imaging. 
1See Table 4 
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Table 3. Glycaemic therapy – treatment algorithm 

Time after surgery:   

< 6 weeks  ≥6 weeks Action:  

 <5.6  ≤6.0 Reduce treatment - Stop one medication1 

Fasting glucose 

(mmol/l) 
5.6 – 11.0 HbA1c (%) 6.1 – 6.9 No change 

 ≥11.1  ≥7.0 

Intensify treatment - Titrate to max tolerable 

dose of existing medication or add one new 

medication1.  

1Preferred anti-diabetic medication in the absence of contraindications or side effects, listed in prioritised order: 
Metformin 
Dipeptidyl peptidase-IV inhibitors, SGLT2-inhibitors 
Pioglitazone, Sulfonylureas, Insulin analogues, GLP-1 agonists 
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Table 4. Laboratory method principles, sample matrix, units and analytical precision of measurements 

Analyte Method principle Sample matrix Unit 
Precision  

(CV, analytical) 

Time point for collection 

(visit number)1 

Ferritin ECLIA Serum µg/l 7 % 1-11 

Iron Photometry Serum µmol/l 4 % 1-11 

Transferrin Photometry Serum µmol/l 2.5 % 1-11 

Vitamin B12 ECLIA Serum pmol/l 12 % 1-11 

Folic acid ECLIA Serum nmol/l 12 % 1-11 

C-reactive protein Photometry Serum mg/l 5 % 1-11 

Creatinine Photometry Serum µmol/l 2.5 % 1-11 

Sodium ISE Serum mmol/l 1.0 % 1-11 

Potassium ISE Serum mmol/l 1.2 % 1-11 

Calcium Photometry Serum mmol/l 1.5 % 1-11 

Magnesium Photometry Serum mmol/l 3.0 % 1-11 

Phosphate Photometry Serum mmol/l 2.0 % 1-11 

Albumin Photometry 
Serum 

Urine 
g/l 3.0 % 

1-11 

2, 4, 7, 11 

Total protein Photometry Serum g/l 2.5 % 1-11 

Uric acid Photometry Serum µmol/l 4.0 % 1-11 

Glucose Photometry Serum/Plasma mmol/l 2.0 % 1-4, 7, 11 

Alanine aminotransferase Photometry Serum U/l 5 % 1-11 

Aspartate transaminase Photometry Serum U/l 9.0 % 1-11 

Alkaline phosphatase Photometry Serum U/l 3.0 % 1-11 

Gamma-glutamyl transpeptidase Photometry Serum U/l 3.0 % 1-11 

Lactate dehydrogenase Photometry Serum U/l 5.5 % 1-11 

Creatine kinase Photometry 
Serum 

Urine 
U/l 5.0 % 

1-11 

2, 4, 7, 11 

Bilirubin  Photometry Serum µmol/l 5.0 % 1-11 

Amylase Photometry Serum U/l 3.0 % 1-11 

Total cholesterol Photometry Serum mmol/l 2.5 % 1-11 

HDL-cholesterol Photometry Serum mmol/l 3.0 % 1-11 

LDL-cholesterol Photometry Serum mmol/l 3.0 % 1-11 

Triglycerides Photometry Serum mmol/l 3.0 % 1-4, 7, 11 
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Thyroid stimulating hormone ECLIA Serum mIE/l 5.0 % 1-11 

Unbound triiodothyronine  ECLIA Serum pmol/l 5.0 % 1-11 

Unbound thyroxine ECLIA Serum pmol/l 5 % 1-11 

Parathyroid hormone ECLIA Plasma pmol/l 6.0 % 1-11 

25-OH-vitamine D ECLIA Serum nmol/l 6.5 % 1-11 

Β-human chorionic gonadotropin2 ECLIA Serum IE/l 5.0 % 1 

Paracetamol Photometry Serum µmol/l 3.0 % 2, 4, 7, 11 

HbA1c HPLC Blood % 1.4 % 1-11 

Complete blood count 

Photometry 

Impedance 

Flow cytometry 

Blood 

g/dl 

% 

Cells/l 

1.0-10.0 % 1-11 

Thiamin HPLC Serum nmol/l 4.5 % 2, 4-11 

Bone alkaline phosphatase CLIA Serum U/l 
9.5 U/L   10 % 

45 U/L   13 % 
2, 4-11 

C-telopeptide of type I collagen ECLIA Serum µg/l 
0.12 µg/L   13 % 

0.32 µg/L   8 % 
2, 4-11 

Procollagen type I N-terminal propeptide ECLIA Serum µg/l 5 % 2, 4-11 

Insulin ECLIA Serum pmol/l 4 % 2, 4, 7, 11 

C-peptide ECLIA Serum pmol/l 4 % 2, 4, 7, 11 

Anti-GAD IP Serum ai 
0.25 ai   25 % 

1.45 ai   8 % 
1 

Anti-IA2 IP Serum Ai 
0.32 ai   18 % 

1.66 ai   12 % 
1 

Samples for storage  
Serum, plasma, blood, 

urine, faeces 
  1-4, 7, 11 

Abbreviations: ai; antibody index, CLIA; chemiluminiscent immunoassay, CV; coefficient of variation, ECLIA; electro-chemiluminescence immunoassay, HPLC; High-performance liquid chromatography, IP; immunoprecipitation, ISE; ion selective electrode 
1Fasting blood samples visit 2,4,7,11 
2Women only 
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Table 6. Treatment algorithm for lipid-lowering therapy 

Low-density lipoprotein cholesterol Action1 

< 2,0 mmol/l Consider halting medical treatment 

≥ 2,6 mmol/l Consider intensifying medical  treatment 

1Statins should be used in patients with established cardiovascular disease or in those aged ≥ 40 years with type 2 diabetes postoperatively (not in 
remission) and one or more other cardiovascular risk factors.  

 

 

Table 7. Treatment algorithm for reflux symptoms  

 GerdQ score1 PPI2 treatment Action 

No symptoms 0-2 No No treatment 
  Yes Stop PPI 

Mild symptoms 3-7 No Consider on demand treatment with H2 
inhibitors3 

  Yes Consider replacing PPI with on demand treatment 
with H2 inhibitors 

Severe symptoms 8-18 No PPI for eight weeks 
  

 
Yes Increase PPI dose and consider referral to 

gastroenterologist 
1Gastroesophageal Reflux Disease Questionnaire, 2Proton pump inhibitors, 3Histamine H2-receptor antagonists 

 

  

Table 5. Treatment algorithm for anti-hypertensive therapy 

Systolic blood pressure Action 

< 130 mmHg Reduce treatment 
or  
< 135 mmHg on two consecutive visits  

≥ 160 mmHg Intensify treatment 
or  
≥ 140 mmHg on two consecutive visits  
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Table 8. Treatment algorithm for vitamin and mineral supplementation 

Vitamin/ 
mineral 

Low 
levels 

Intervention 
High 
levels 

Intervention 

B1 (pmol/l) <ref 

In case of acute thiamine deficiency: Admit 
to hospital for parenteral thiamine 
treatment  
Without symptoms: 
Give oral thiamine 3 mg x 1  
 

>ref No intervention  

Folic acid <ref 
Give folic acid supplement: ”Nycoplus 
Folsyre” 400 μg x 1 
 

>ref 
Consider discontinuation of 
supplement 

B12 
(pmol/l) 
 

<ref 
Initiate or give B12 injections more 
frequently 

>ref 
No intervention or consider a 
temporary delay in the next B12 
injection 

25-OH-D 
(nmol/l) 

<ref* 

Add vitamin D supplement ”Nycoplus D-
vitamin” 10 μg x 2 
 
*25-OH-D < 50 nmol/l: Give general advise 
on diet and sun exposure 
 

>ref 
Consider discontinuation of all the 
vitamin D supplements 

Ferritin 
 

<ref 

1. Increase the dose of iron supplement 
2. In case of anaemia (Hb <ref) and iron-
deficiency, consider parenteral iron 
 

>ref 
If elevated ferritin and normal CRP: 
discontinue iron supplement 

Calcium <ref 
Initiate or consider increasing vitamin D or 
calcium supplements 

>ref 
Discontinue or consider reduction of 
vitamin D and calcium supplements 
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Changes to the protocol 
 

Changes to the protocol 
2014-Jan The inclusion criteria were extended to include 

subjects with a current BMI between 33-34.9 kg/m2 

and previous morbid obesity (initially only subject 

with current BMI of ≥35 kg/m2 were included). Also, 

while the inclusion criteria previously did not include 

a lower HbA1c-limit among subjects using anti-

diabetics, a limit was set to 6.1%. Further, use of 

insulin, GLP-1 analogues, inhaled corticosteroids and 

unselective beta-blockers were removed from the list 

of exclusion criteria. At the same time, oesophagitis 

grading was specified, hiatus hernia was included and 

use of proton pump inhibitors removed from the 

exclusion list. 

The glucose load during the oral glucose tolerance 

test was reduced from 75g to 25g after one patient 

experienced severe dumping symptoms 5 weeks after 

surgery. 

2013-Aug Iron supplementation changed from 65 mg for men 

and 130 mg for all women to 100 mg for pre-

menopausal women only. 

2014-Jun Inclusion of a control group of patients with the same 

inclusion criteria as the other Oseberg patients, but 

without diabetes. These patients will function as a 

control group for secondary outcomes related to 

gastroesophageal reflux disease. 

2018-Jan The five-year visit was extended to include all 

examinations included at the one year visit. 

2018-May Co-workers no longer taking part in the study was 

removed and several new co-workers were added. 

2019-Feb SGLT2-inhibitors (anti-diabetic drug initially 

regarded as a third-line treatment), were now 

considered a second-line medication. 
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