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Background—Conventional treatments for patients with type 2 diabetes are often inadequate.
We aimed to assess outcomes of diabetes control and treatment risks 2 years after adding Roux-
en-Y gastric bypass to intensive lifestyle and medical management.

Methods—We report 2-year outcomes of a 5-year randomised trial (the Diabetes Surgery Study)
at four teaching hospitals (three in the USA and one in Taiwan). At baseline, eligible participants
had to have HbA ;. of at least 8:0% (64 mmol/mol), BMI between 30-0 and 39-9 kg/m?, and type 2
diabetes for at least 6 months, and be aged 30-67 years. We randomly assigned participants to
receive either intensive lifestyle and medical management alone (lifestyle and medical
management), or lifestyle and medical management plus standard Roux-en-Y gastric bypass
surgery (gastric bypass). Staff from the clinical centres had access to data from individual patients,
but were masked to other patients’ data and aggregated data until the 2-year follow-up. Drugs for
hyperglycaemia, hypertension, and dyslipidaemia were prescribed by protocol. The primary
endpoint was achievement of the composite treatment goal of HbA 1 less than 7:0% (53 mmol/
mol), LDL cholesterol less than 2:59 mmol/L, and systolic blood pressure less than 130 mm Hg at
12 months; here we report the composite outcome and other pre-planned secondary outcomes at
24 months. Analyses were done on an intention-to-treat basis, with multiple imputations for
missing data. This study is registered with ClinicalTrials.gov, number NCT00641251, and is still
ongoing.

Findings—Between April 21, 2008, and Nov 21, 2011, we randomly assigned 120 eligible
patients to either lifestyle and medical management alone (n=60) or with the addition of gastric
bypass (n=60). One patient in the lifestyle and medical management group died (from pancreatic
cancer), thus 119 were included in the primary analysis. Significantly more participants in the
gastric bypass group achieved the composite triple endpoint at 24 months than in the lifestyle and
medical management group (26 [43%] vs eight [14%]; odds ratio 5-1 [95% CI 2-0-12-6],
p=0-0004), mainly through improved glycaemic control (HbA; <7-:0% [53 mmol/mol] in 45
[75%] vs 4 [24%]; treatment difference —1-9% (-2-5 to —1-4); p=0-0001). 46 clinically important
adverse events occurred in the gastric bypass group and 25 in the lifestyle and medical
management group (mainly infections in both groups [four in the lifestyle and medical
management group, eight in the gastric bypass group]). With a negative binomial model adjusted
for site, the event rate for the gastric bypass group was non-significantly higher than the lifestyle
and medical management group by a factor of 1.67 (95% CI 0-98-2-87, p=0-06). Across both
years of the study, the gastric bypass group had seven serious falls with five fractures, compared
with three serious falls and one fracture in the lifestyle and medical management group. All
fractures happened in women. Many more nutritional deficiencies occurred in the gastric bypass
group (mainly deficiencies in iron, albumin, calcium, and vitamin D), despite protocol use of
nutritional supplements.

Interpretation—The addition of gastric bypass to lifestyle and medical management in patients
with type 2 diabetes improved diabetes control, but adverse events and nutritional deficiencies
were more frequent. Larger and longer studies are needed to investigate whether the benefits and
risk of gastric bypass for type 2 diabetes can be balanced.

Funding—Covidien, National Institutes of Health, National Institute of Diabetes and Digestive
and Kidney Diseases Nutrition Obesity Research Centers, and the National Center for Advancing
Translational Sciences.
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Introduction

Methods

Bariatric surgery has been advocated to improve disordered metabolism in patients with type
2 diabetes. Substantial, sustained weight loss produced by bariatric surgery could improve
the effectiveness limitations of the cornerstone of diabetes therapy—Iifestyle changes aimed
at reducing weight by decreasing calorie intake and increasing physical activity. Surgical
rearrangement of gut anatomy might also have additional metabolic benefits. Evidence
favouring improvement in diabetes outcomes from bariatric surgery is shown in
observational studies2 and early reports from randomised trials,3-8 including our report of
results from the first year of the 5-year Diabetes Surgery Study (DSS).?

Interest in bariatric surgery for diabetes has largely focused on glycaemic benefits of
surgery, but full treatment of diabetes needs attention to all aspects of the metabolic
disturbance, including control of blood pressure and lipids. Evidence and expert opinion, as
explained in the American Diabetes Association (ADA) treatment standards, 1 direct
diabetes therapy at the triple endpoint of control of glycaemia, systolic blood pressure, and
LDL cholesterol. Achievement of triple endpoint control has proved remarkably difficult,
with typical population groups reaching this goal roughly only 10% of the time.11:12
However, in the first year of the DSS, 49% of participants randomly assigned to Roux-en-Y
gastric bypass reached the triple endpoint goal compared with 19% of the participants
randomly assigned to treatment with intensive lifestyle and medical management.®

Questions remain about the persistence of the surgical effect on glycaemic and triple-
endpoint control, generalisability of surgical improvements across clinical centres, and full
accounting of adverse events. We therefore report here the results at 2 years of the DSS. To
address the durability of study interventions we report the results of preplanned secondary
analyses related to the triple endpoint, weight changes, medicines used, and adverse events
after the full 24-month period of active intervention.

Study design and participants

This international, multicentre, randomised study was done at four sites: the University of
Minnesota (Minneapolis, MN, USA), Columbia University Medical Center (New York, NY,
USA), two academic clinics in Taiwan (National Taiwan University Hospital and Min
Sheng General Hospital, together referred to as Taiwan in this report), and the Mayo Clinic
in Rochester (MN, USA). We obtained institutional review board approval at all sites.

We recruited participants for our study using mailings, radio messages, clinic referrals, and
posters. Full details of the inclusion and exclusion criteria are described in the appendix (p 1,
2). Key inclusion criteria included HbA; of 8:0% (64 mmol/mol) or higher despite at least 6
months care from a doctor for type 2 diabetes, BMI 30-0-39-9 kg/m?2, age 3067 years, and a
willingness and ability to accept random assignment and follow the full treatment protocol.
Exclusion criteria included any cardiovascular event (such as myocardial infarction or
stroke) in the previous 6 months, or current evidence of congestive heart failure or angina
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pectoris. Participants gave written informed consent at all sites. The 4-year recruitment
procedure is described elsewhere.13

Randomisation and masking

Procedures

We randomly assigned patients within each site to either lifestyle and medical management
alone (lifestyle and medical management group) or lifestyle and medical management plus a
Roux-en-Y gastric bypass (gastric bypass group), using a random permuted block design
and blocks of size two, four, and six. We generated all randomisation assignments in
advance using a pseudorandom number generator in SAS (version 9.3). Staff from the
clinical centres had access to data for their individual patients, but were masked to data for
other patients and to aggregated data until all 2-year follow-up data had been obtained. The
aggregate data was not disclosed until the 2-year visits were completed.

The lifestyle and medical management intervention was modelled on successful clinical
trials, especially the Diabetes Prevention Program®4 and the Look AHEAD trial protocol.1
Participants were instructed to weigh themselves and record eating and exercise behaviours
daily, and advised to progressively increase their amount of moderate-intensity physical
activity (such as walking) to 325 min per week. Participants met regularly with a dietitian or
registered nurse to discuss strategies for weight management and increasing physical
activity, including self-monitoring, stimulus control, problem-solving, social support,
cognitive behaviour modification, recipe modification, eating away from home, and relapse
prevention. Counselling sessions consisted of 24 meetings (one per week) during the first 6
months, one meeting every 2 weeks between months 7 and 9, one meeting per month
between months 10 and 15, then one meeting every 3 months either up to 24 months or until
a total of 40 modules were completed. The lifestyle and medical management intervention
protocol for 12-24 months was similar in both treatment groups. The intervention was
provided without charge, except New York participants were required by law to make
standard insurance copayments for medicines. Minor modifications were made to the
interventions in the USA versus Taiwan to account for differences in language and culture.

Visits with an endocrinologist took place each month for 6 months, then every 3 months (or
monthly if not at goal) for the next 6 months, then every 3 months through the second year.
Medicines for glycaemic control were added or reintroduced in the following order:
metformin, a glucagon-like peptide-1 agonist or dipeptidyl peptidase-4 inhibitor,
sulfonylurea or pioglitazone, and insulin. We pursued control of LDL cholesterol with 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors first, then
ezetimibe if necessary. Blood pressure medicines were used in the following order:
angiotensin-converting enzyme inhibitors or angiotensin receptor Il blockers, diuretics, B
blockers, and additional agents as necessary. If triglyceride concentrations remained higher
than 3-39 mmol/L after hyperglycaemia was controlled, fenofibrate or fish oil were added to
participants’ diets. Smoking cessation was strongly recommended for all. An angiotensin-
converting enzyme inhibitor or angiotensin receptor Il blocker was provided for participants
with microalbuminuria or macro-albuminuria. Aspirin (81-100 mg daily) was added,
consistent with evolving recommendations from the ADA, when not contra indicated.
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Medicines approved by the US Food and Drug Administration for long-term obesity
treatment were used. By protocol, participants in the gastric bypass group were prescribed a
multivitamin and other supplements, including calcium, iron, vitamin D, and vitamin By,
irrespective of routine test results, to prevent nutritional deficiencies. All patients received
routine testing for nutritional deficiencies and supplements were adjusted as necessary.

The Roux-en-Y surgical technique was standardised across all sites and done with
construction of a 20 mL lesser curvature gastric pouch, and a 100 cm biliopancreatic limb.
All surgeons committed to following this protocol, which was reviewed at an onsite
meeting. The technical skill of each surgeon was assessed by personal observation of the
principal surgeon. The study surgeons did all postoperative surgical interventions.

The primary outcome was achievement of the composite triple endpoint!® of HbA; less
than 7-0% (53 mmol/mol), LDL cholesterol less than 2:59 mmol/L and systolic blood
pressure lower than 130 mm Hg at the 12-month visit; we now report the durability of the
primary outcome at 24 months, a prespecified secondary outcome measure. Additional
prespecified secondary outcome measures included weight loss, fasting blood glucose
(FBG), HDL cholesterol, C-peptide, and triglyceride concentrations, diastolic blood
pressure, waist circumference, and use of medicines to control glycaemia, cholesterol, and
blood pressure at both 1 and 2 years. We also report occurrences of diabetes remission to
enable comparision with other trials of bariatric surgery that used this measure, although this
was not prespecified in the trial protocol because standards for diabetes remission had not
been determined at the time of commencement of the study.

Partial remission of diabetes was defined as HbA;; lower than or equal to 6-5% (48 mmol/
mol), and full remission as HbA1. lower than or equal to 6:0% (42 mmol/mol), each at every
sampling from months 12 to 24 with no medicines for hyperglycaemia. These definitions are
in line with the recommendations of an ADA consensus statement!’ that identifies an HbA 1.
threshold of 6-5% (48 mmol/mol) for partial remission, and a healthy HbA . of 6:0% (42
mmol/mol) for 1 year without any diabetes medicine as full remission.

We obtained data at baseline, medical visits, and lifestyle intervention visits. For each group,
baseline measurements were taken at randomisation. The data included measurements of
height, weight, blood pressure, waist circumference, information about medicines used,
(appendix) and adverse events. Laboratory measurements included blood concentrations of
HbA 1, fasting lipid-profile, complete blood cell count, electrolytes, hepatic panel, ferritin,
vitamin B4, vitamin By, vitamin D, parathyroid hormone, calcium, FBG and 90-min post-
meal glucose and C-peptide concentrations, and urine microalbumin to creatinine ratios
(appendix). Queries about possible adverse events were part of every study visit. A full
record of these events over 24 months was obtained and analysed and all events judged to be
clinically important were tabulated. Clinically important events were events that needed a
medical response; these are different from severe adverse events as defined by the US Food
and Drug Administration. Adverse events were reviewed every 6 months by a data safety
monitoring board.
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Statistical analysis

We estimated the sample size for our study on the basis of the following assumptions: (1) a
two-sided significance level of 0-05, (2) 90% power, (3) an alternative hypothesis of success
rates on the triple endpoint of 65% in the gastric bypass group versus 30% in the lifestyle
and medical management only group. These estimates were based on previous studies.
Schauer and colleagues!® reported that 82% of participants with type 2 diabetes who
underwent Roux-en-Y surgery had reduced HbA;. concentrations to less than 7-:0% more
than 12 months after surgery. However, the estimated success rate for the gastric bypass
group in this trial was reduced from 82% to 65% because the triple endpoint's definition of
success also needs LDL cholesterol to be less than 2:59 mmol/L and systolic blood pressure
to be less than 130 mm Hg. The success rate of 30% in the lifestyle management group was
based on two studies and the ADA standards of care.19.20

We did the statistical analyses on an intention-to-treat basis with SAS version 9.3. The
analysis of adverse events and nutritional deficiencies included all directly observed
outcomes from the randomly assigned patients. Distributions with outliers (glucose,
triglycerides, C-peptide and post-challenge C-peptide) were capped at the IQR plus or minus
1.5 times the width of the IQR. Values outside the specified range were set equal to the
range limit.

Our results show means and 95% Cls and used imputed data. Multiple imputation was used
to address the issue of missing data.2 All outcomes were modelled together with PROC M
in SAS. Information on crossovers was also included in the model. 40 imputations were
done. Data from baseline, 12 months, and 24 months were included, along with data every 3
months for the triple endpoint components and percentage weight loss. We did regressions
separately for each imputed dataset and then summarised them using PROC MIANALY ZE.
We analysed dichotomous data with logistic regressions stratified by site, and continuous
data with linear regressions adjusted for site. Estimates of percentages, means, and SDs were
derived from the imputed database. SDs show estimated population variations and
uncertainty about imputed values.

For dichotomous variables, we used logistic regressions for analyses of 24-month changes,
with the 24-month value as the outcome and the starting value as an adjusting variable. For
continuous variables, the change was computed and used as the outcome in a linear
regression.

We compared adverse event counts by treatment group using regressions adjusted by site
and assuming a negative binomial distribution. We considered using a zero-inflated model
but rejected it because the effect was not significant. We computed p values for differences
in nutritional safety outcomes with Fisher's exact test.

This study is registered with ClinicalTrials.gov, number NCT00641251.

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The funder reviewed the manuscript before
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submission but had no role in the decision to submit for publication. The corresponding
author had full access to all the data in the study and had final responsibility for the decision
to submit for publication.

Between April 21, 2008, and Nov 21, 2011, we randomly assigned 120 eligible patients to
either lifestyle and medical management alone (n=60) or with the addition of gastric bypass
(n=60; figure 1). Baseline characteristics (table 1) were similar across treatment groups,
except more participants in the gastric bypass group used insulin than in the lifestyle and
medical management group. Three participants assigned to lifestyle and medical
management crossed over to the gastric bypass group (one received a bypass after 3 months,
two received a bypass shortly after 12 months). Two patients assigned to gastric bypass
declined surgery and crossed over to lifestyle and medical management only. These
participants were analysed according to the group that they were originally assigned to. Nine
(8%) of 120 patients were lost to follow-up by 24 months. 40 imputations were done,
meaning that we created 40 versions of the dataset, ran each analysis 40 times, and then
combined the results. We verified the results of imputed analyses by performing parallel
analyses on only patients with 24 month data available. In all cases, the results were similar
(data not shown).

One patient in the lifestyle and medical management group died (from pancreatic cancer),
thus 119 were included in the primary analysis (60 in the gastric bypass group, 59 in the
lifestyle and medical management group). Significantly more participants in the gastric
bypass group achieved the composite triple endpoint at 24 months than in the lifestyle and
medical management group (26 [43%] vs eight [14%]; odds ratio [OR] 5:1 [95% CI 2-0—
12-6], p=0:0004, table 2). More participants in both groups achieved the triple endpoint at 12
months than at 24 months (table 2). When we assessed the three triple endpoint components
as dichotomous variables, a significant treatment effect was noted only with HbA, because
more patients in the gastric bypass group achieved HbA . less than 7-0% (53 mmol/mol)
than patients in the lifestyle and medical management group (table 2).

Patients in the gastric bypass group lost more weight than patients in the lifestyle and
medical management group; the groups differed in weight loss by 17 percentage points
(95% CI 13-20) at 24 months. Weight loss was maintained in both groups between 12 and
24 months. The mean HbA 1. was maintained between 12 and 24 months in the gastric
bypass group, whereas mean HbA . increased from 12 and 24 months in the lifestyle and
medical management group (table 2, figure 2). Mean fasting glucose was significantly lower
in the gastric bypass group, and fasting C-peptide concentrations at 24 months were
significantly lower than baseline for the gastric bypass group (p<0-0001), but not for the
lifestyle and medical management group (p=0-52). 15 (25%) of patients in the gastric bypass
group had full remission of diabetes and 25 (42%) of patients in this group had partial
remission, whereas no patients in the lifestyle and medical management group had
remission.

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2016 June 0O1.
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Patients in the gastric bypass group had lower mean blood pressure than patients in the
lifestyle and medical management group at 24 months (figure 2), but there was no difference
between groups in the proportion of patients with systolic blood pressure lower than 130
mm Hg (table 2). The proportion of patients with systolic blood pressure lower than 130 mm
Hg without antihypertensive medicines increased by 32 percentage points (20% to 52%)
from baseline with gastric bypass compared with 14 percentage points (14% to 28%) with
lifestyle and medical management (OR 3.7, 95% CI 1.4-9.6, p=0-0046). LDL cholesterol
con centrations were not different between groups at 24 months, but more participants who
underwent gastric bypass obtained LDL cholesterol lower than 2-59 mmol/L without
medicines for dyslipidaemia (figure 2). Overall, seven patients (12%) in the gastric bypass
group but none in the lifestyle and medical management group obtained the composite triple
endpoint at 24 months without medicines for glycaemia, LDL cholesterol, or blood pressure.

Table 3 shows clinically important adverse events that occurred during the first 2 years of
the study (all 120 enrolled and assigned participants were included in the analysis of adverse
events and nutritional deficiencies). Per 1000 person-years of exposure, the gastric bypass
group had 407 adverse events, and the lifestyle and medical management group had 233.
With a negative binomial model adjusted for site, the event rate for the gastric bypass group
differed from that in the lifestyle and medical management group by a factor of 1-67 (95%
Cl 0-98-2-87, p=0:06). Although most of the first-year adverse events in the gastric bypass
group were directly related to surgery, the 19 events for year 2 included nine gastrointestinal
events and four serious falls, three of which led to bone factures. Across both years of the
study, the gastric bypass group had seven serious falls with five fractures, compared with
three serious falls and one fracture in the lifestyle and medical management group. All
fractures happened in women. Additionally, eight infections occurred in the gastric bypass
group compared with four in the lifestyle and medical management group.

Over 24 months, biochemical abnormalities and nutritional deficiencies (table 4) were noted
more frequently in the gastric bypass group; mainly a greater incidence of anaemia, low
serum ferritin, hypoalbuminaemia, hypocalcaemia, raised parathyroid hormone, and low
vitamin D. Iron deficiency was seen more often in women in the gastric bypass group; 29
(48%) participants in the gastric bypass group, and all three of the participants originally
assigned to lifestyle and medical management who crossed over, took iron supplements. 49
nutritional deficiencies were noted in the gastric bypass group during the second year,
compared with 14 in the lifestyle and medical management group.

Discussion

In our study, the benefit of adding Roux-en-Y gastric bypass to intensive lifestyle and
medical management in patients with type 2 diabetes persisted through 2 years, and the
triple endpoint was reached in 43% of participants who received gastric bypass compared
with 14% of those given lifestyle and medical management alone (panel). The difficulty of
attaining the triple endpoint goal, with its potential metabolic improvements, in patients with
type 2 diabetes is well documented,11:12 so this substantial improvement 2 years after gastric
bypass surgery is encouraging. The ADA triple endpoint is aimed at treating the key
attributes of the metabolic disturbance of diabetes, with the goal of reducing risk of
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macrovascular and microvascular complications. Notably, the gastric bypass group needed
fewer medicines to achieve triple endpoint goals, underscoring the apparent metabolic
benefit of surgery.

The benefit of surgery remained constant during the second year despite minor reductions in
endpoint achievement in both groups. These small reductions in endpoint achievement in
both treatment groups over the second year underscore the difficulty in maintaining full
metabolic control in patients with diabetes.

Weight loss was substantially greater at 2 years for participants who had a gastric bypass,
even compared with the sustained weight loss in the lifestyle and medical management
group. The stable weights across the second year of the trial suggest sustained treatment
benefit in both groups. Furthermore, waist circumference—a measure of intra-abdominal
adiposity—was consistent with the weight outcomes. The results from the third year of the
STAMPEDE trial” show nearly similar maintenance of weight loss compared with the first
year, although the lifestyle and medical management group in our study lost more weight
after 1 year (7-5%) than the corresponding group in STAMPEDE (4-3%).

Most of the improvement in triple endpoint metabolic control in the gastric bypass group
was attributable to better glycaemic control, because 75% of the gastric bypass group
reached the goal of HbA 1 less than 7:0% (53 mmol/mol) versus 24% of the lifestyle and
medical management group by 24 months. However, only seven patients (12%) who
underwent gastric bypass achieved the triple endpoint goal without medicines. Gastric
bypass was associated with significant improvements in most glycaemic measures, including
FBG and fasting C-peptide. These findings are consistent with other randomised trials of
bariatric surgery for diabetes,3-8 where the focus has been mainly on glycaemic control. In
the report of 3 year outcomes of the STAMPEDE trial’ comparing Roux-en-Y gastric
bypass and sleeve gastrectomy to medical treatment, 65% of patients who had Roux-en-Y
bypass had HbA 1 less than 7-0% (53 mmol/mol) compared with 40% of patients treated
medically.

In our study, only 25% of the gastric bypass group achieved full remission, and 42%
achieved partial remission, less than reported in other trials. Results from randomised trials 1
year after bariatric surgery3->27 have shown that 50% to 90% of patients had partial
remission (HbA 1. lower than 6:5% [48 mmol/mol]) without diabetes medicines for at least 1
year). A study by Mingrone and colleagues® reported that 75% had partial remission at 2
years in the gastric bypass group. The STAMPEDE trial” showed that 35% of the gastric
bypass group had HbA. lower than 6:0% (42 mmol/mol) without diabetes medicines at 3
years. Compared with our study, diabetes remission at 2 years and later was also more
frequent in the Swedish Obesity Study in patients with a mean diabetes duration of 2.9
years, but the criterion for remission was FBG rather than HbA;..2 Additionally, the
Swedish Obesity Study used several types of surgery. Possible explanations for the lower
rate of remission in our study include greater severity of disease (mean HbA1. 9:6% [81
mmol/mol]) and longer duration of diabetes (89 years in our population),22 although other
randomised trials with higher rates of remission have included participants with average
diabetes durations of 6-4—10-4 years.3-8:27 Additionally, our definition of remission was
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more rigorous than in some other studies, needing sustained HbA . less than the target
without any diabetes medicines at all visits from 12 to 24 months.

Glycaemic control deteriorated in the lifestyle and medical management group despite
sustained weight loss, although improved glycaemic control in the gastric bypass group was
sustained. The reason for deterioration in glycaemic control despite stable weight control in
the lifestyle and medical management group is unclear, but might suggest greater
improvements in weight loss in the first year, difficulty in maintaining compliance, or
progression of diabetes.

At baseline, 47% of our participants were not hypertensive (data not shown), although 71%
were on antihypertensive medicines. The addition of gastric bypass to lifestyle and medical
management did not significantly improve attainment of systolic blood pressure less than
130 mm Hg, but when blood pressure was assessed as a continuous variable, both systolic
and diastolic blood pressure were significantly improved in the gastric bypass group.
Overall, the evidence suggests that surgery leads to a slight improvement in blood pressure,
but no benefit for LDL cholesterol.

The frequency and severity of clinically important adverse events in the gastric bypass group
were higher than reported in other trials of surgery for type 2 diabetes.3-8 This result might
be because of more rigorous surveillance and regular biochemical monitoring of potential
nutritional deficiencies in our study. The occurrence of adverse events remained higher in
the surgical group during the second year than in the lifestyle and medical management
group, including expected events such as abdominal pain and unexpected events such as
falls with bone fractures, and infections. Biochemical abnormalities and nutritional
deficiencies were unsurprisingly common in the gastric bypass group. Despite protocol
requirements for supplementation, we were often not able to correct deficiencies with
mineral and vitamin supplements, perhaps because of poor compliance. Of particular
concern is the increased risk of calcium deficiency, vitamin D deficiency, secondary hyper
parathyroidism, osteoporosis and fracture rate in the gastric bypass group. Nutritional
deficiencies are likely to be a greater challenge in general practice, outside a well controlled
trial and where compliance is likely to be lower.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context
Systematic review

During planning of the study, we identified reports of diabetes improvement and
remission after bariatric surgery, but no randomised controlled trials testing the role of
bariatric surgery in type 2 diabetes. We searched PubMed for English-language articles
published up to Nov 20, 2014, with the terms “bariatric surgery”, “diabetes”, and
“clinical trial”. Since 2008, seven reports of randomised trials of bariatric surgery for
diabetes have been published,3-2 six specifically testing the role of Roux-en-Y gastric
bypass,3~"- including our report of the results from the first year of the Diabetes Surgery
Study.® Ours is the only study with the diabetes control triple endpoint of glycaemia,
blood pressure, and lipids; all other reports have focused on a main glycaemic endpoint.
Some systematic reviews and meta-analyses addressed the role of bariatric surgery in
diabetes treatment.22-26 All trials and reviews showed improvement in glycaemic control
after surgery, and several suggested a substantial proportion of patients that undergo
surgery have remission of diabetes after gastric bypass—50%-90% at 1 year and up to
75% at 2 years. The accounting of adverse events has generally not been fully detailed in
studies published so far.

Interpretation

The 2-year results of our Diabetes Surgery Study show that Roux-en-Y gastric bypass
significantly improves attainment of the diabetes control triple endpoint, mainly by
improving glycaemic goal achievement. Because intensive medical and lifestyle
treatment was applied throughout the 2 study years and first-year weightloss was
maintained in the lifestyle and medical management group, the surgical benefit is well
defined. Although mean HbA ;. was lower in the patients who received bariatric surgery
than those who received lifestyle and medical management alone, most surgery patients
did not reach the triple primary endpoint goal. Additionally, of patients who underwent
gastric bypass in our study, 42% had partial remission and 25% had full remission of
their diabetes, which contrasts with other studies. Adverse events were more frequent in
the surgical group, as were nutritional deficiencies, despite protocol-based
supplementation. Larger and longer trials will be needed to fully assess the role of
bariatric surgery as a treatment for type 2 diabetes; however, on the basis of our results,
the expectation for patients with type 2 diabetes is that gastric bypass surgery can
probably reduce disease severity but not induce remission, and also substantially
increases the risk of adverse events.
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2649 assessed patients for eligibility

2529 ineligible
77 out of age range
144 not under MD care for diabetes for more
than 6 months
108 commute to clinic >1 hour
256 BMI too low
778 BMI too high

> 460 HbA,, <8-0%

479 not interested in study or not willing to
be randomly assigned
68 excluded on medical examination
159 other (including non-English speaking
[in the USA], wanted a specific
treatment, could not contact, or wanted
more compensation)

| 120 randomised

v

y

60 assigned to gastric bypass

I I 60 assigned to lifestyle and medical management

v

v

60 included in 12 month analysis (intention to treat)
57 with 12 month data
3 without 12 month data

60 included in 12 month analysis (intention to treat)
56 with 12 month data
4 without 12 month data

A

1death
(pancreatic cancer

60 included in 24 month analysis (intention to treat)
56 with 24 month data
4 without 24 month data

59 included in 24 month analysis (intention to treat)
54 with 24 month data
5 without 24 month data

Figure 1.

Trial profile
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Key efficacy outcomes for (A) HbA, (B) LDL cholesterol, (C) systolic blood pressure, and

(D) weight change from baseline
SBP=systolic blood pressure. Error bars represent 95% Cls.
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Baseline characteristics of the intention-to-treat population
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Lifestyle management (n=59)

Gastric bypass (n=60)

Age (years)
Sex
Male
Female
Ethnic origin
White
East Asian
Black
Hispanic
Native American
Other
BMI (kg/m?)
BMI 30-0-34-9 kg/m?
Waist circumference (cm)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Years since diagnosis of diabetes
Laboratory measurements
HbA;. (%)
HbA;. (mmol/mol)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Triglycerides (mmol/L)
Total cholesterol (mmol/L)
Creatinine (umol/L)
Fasting C-peptide (nmol/L)
Post-meal C-peptide (nmol/L)
Fasting blood glucose (mmol/L)
Concomitant medicines
Insulin
Other glycaemia medicines
Medicines for dyslipidaemia

Antihypertensives

Number of medicines for control of glycaemia, dyslipidaemia and blood pressure

49 (8)

34 (57%)

30 (51%)
17 (29%)
6 (10%)
4 (7%)
1(2%)
2 (3%)
34.3 (31)
35 (59%)
113 (12)
132 (14)
79 (10)
91(57)

9:6% (1-2)
814 (13-1)
27(11)
11(02)
22 (09)
49(12)
69-8 (16-8)
1.0 (05)
16(07)
11-4 (2.9)

25 (42%)
56 (95%)
40 (68%)
43 (73%)
4.4 (15)

49 (9)

38 (63%)

33 (55%)
16 (27%)
5 (8%)
4 (%)
2 (3%)
0 (0%)
34.9 (3.0)
36 (60%)
114 (10)
127 (15)
78 (12)
89 (6:1)

9.6% (1.0)
814 (10-9)
27(09)
11 (0-03)
21(0-9)
47 (1.0)
716 (17-7)
09 (05)
14 (0-7)
11.9 (3-2)

37 (62%)
52 (87%)
39 (65%)
41 (68%)
41(1.9)

Data are number (%) or mean (SD).

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Ikramuddin et al.

Efficacy outcomes

Table 2
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Lifestyle and medical
management (n=59)

Gastric bypass (n=60)

Treatment difference at 24 months

12 months 24 months 12 months 24 months Odds ratio Estimated p value
(95% CI) difference
(95% CI)
Primary outcome
Composite primary endpoint 11 (19%) 8 (14%) 28 (47%) 26 (43%) 5-1 (2-:0-12-6) 0-0004
met
Dichotomous outcomes
HbA <7-0% (<53 mmol/mol) 18 (31%) 14 (24%) 44 (73%) 45 (75%) 10-4 (4-3-25-2) <0-0001
LDL cholesterol <2:59 mmol/L 41 (69%) 40 (68%) 47 (78%) 44 (73%) 1.3 (0:6-3:0) 0-50
Systolic blood pressure <130 45 (76%) 41 (69%) 49 (82%) 48 (80%) 1.8 (0:7-4-5) 0-20
mm Hg
HbA ;. <6:0% (<42 mmol/mol) 5 (8%) 4 (7%) 26 (43%) 23 (38%) 9.7 (2:8-34-0) 0-0004
Partial remission of diabetes* 0(0%) 0 (0%) 0(0%) 25 (42%) NA <0-0001
Full remission of diabetes* 0 (0%) 0 (0%) 0 (0%) 15 (25%) NA <0-0001
Fasting blood glucose <5-55 8 (14%) 10 (17%) 26 (43%) 22 (37%) 2:8 (1-1-7-4) 0-034
mmol/L
Systolic blood pressure <140 53 (90%) 50 (85%) 56 (93%) 54 (90%) 1.8 (0:5-6-4) 0-36
mm Hg
Continuous outcomes
Glycaemia
HbA (%) 7-8% (23)  84%(2:9) 6-4% (1-6) 6-5% (1-6) -1.9(-25t0  <0-0001
-1.4)
HbA;, (mmol/mol) 61.7 (251) 68:3(317) 46-4 (17-5) 475 (17:5) -20-8 (-27-3  <0-0001
to -15-3)
Fasting C-peptide (nmol/L) 0-8 (0:7) 0-8(0:8) 06 (0:5) 06 (05) -0:3(-0-4to 0-004
-0-1)
Post-meal C-peptide (nmol/L) 1.6 (1-3) 1.4 (15) 1.3(1.0) 1.3(11) -0-1(-04to 0-70
0-3)
Fasting blood glucose 87 (57) 89 (6:2) 6-3(3:5) 62 (2:9) -2:7(-39to  <0-0001
(mmol/L) -1-6)
Serum lipids
LDL cholesterol (mmol/L) 2:3(1:3) 2:3(14) 2:1(1.0) 22(12) -0:1(-05to 0-39
0-2)
HDL cholesterol (mmol/L) 1.1(0-4) 1.1(0-5) 1.3(0-5) 1.3(0-5) 0-2 (0:1-0-3) 0-002
Total cholesterol (mmol/L) 42 (1.7) 4.5 (2:0) 4.0 (1-3) 4.0 (1-6) -04(-09to 0-042
-0-03)
Triglycerides (mmol/L) 1.8 (1:3) 2:0 (1-5) 1.2 (0:9) 1.2 (1.0 -08(-11to <0-0001
-0-5)
Blood pressure
Systolic blood pressure (mm 124 (17) 125 (22) 117 (22) 120 (23) 55 (-10-7 to — 0-04
Hg) 0-3)
Diastolic blood pressure (mm 74 (13) 75 (14) 68 (14) 70 (15) -57(-91to- 0-001
Hg) 2:2)

Weight
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Lifestyle and medical
management (n=59)

Gastric bypass (n=60)

Treatment difference at 24 months

for control of glycaemia,
dyslipidaemia and blood
pressure

12 months 24 months 12 months 24 months Odds ratio Estimated p value
(95% ClI) difference
(95% ClI)
BMI (kg/m?) 31.7 (54) 31.8(6:7) 26:0(5-2) 265 (5'4) -53 (3—3)7 to— <0-0001
Weight loss (%) 75% (12:2) 7:3%(14-9) 256% (13:3) 23-8% (13.9) 17% (13-20) <0-0001
Reduction in waist 8:3% (147) 80%(158) 23:9% (14-8) 22:9% (15:8) 15% (11-19) <0-0001
circumference (%)
Concomitant medicines
Insulin 25 (42%) 27 (46%) 11 (18%) 12 (20%) 0-25 (0-10-0-61) 0-0025
Other glycaemic medicines 57 (97%) 53 (90%) 21 (35%) 25 (42%) 0-06 (0-02, 0.21) <0-0001
Medicines for dyslipidaemia 40 (68%) 43 (73%) 26 (43%) 27 (45%) 0-30 (0-13-0:65) 0-0024
Antihypertensives 42 (71%) 37 (63%) 23 (38%) 25 (42%) 0-36 (0-16-0-83) 0-016
Number of medicines prescribed 4.8 (3-1) 4.5 (31) 1.8 (27) 1.9 (2.7) -2:6 (-3:3-2:0) <0-0001

Data are n (%) or mean (SD). We estimated all values with multiple imputations for missing data. NA=not applicable.

*
Partial remission of diabetes is defined here as HbA1¢ <6:5% (<48 mmol/mol) and full remission of diabetes is defined here as HbA1¢ <6:0%
(<42 mmol/mol) and no use of antihyperglycaemic medicines, each for the previous 12-month period.
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Table 3

Clinically important adverse events associated with the interventions

Lifestyle and medical management (n=59) Gastric bypass (n=60)

Baselineto 12 12-24 months  Total Baselineto 12 12-24 months  Total
months months
Surgical complications
Distal anastomotic leak leading to sepsis, . - - 1 . 1
brain injury, and amputation below the knee
Proximal anastomotic leak - o - 1 o 1
Anastomotic ulcer . 1* 1 2 1 3
Anastomotic stricture 2 2
Wound infection 1 1
Wound haematoma 1 1
Pouch gastritis 1 1
Small-bowel obstruction 2 2
Gastrointestinal
Acute pancreatitis 1 2 3
Pancreatic carcinoma 2 - 2
Cholelithiasis o i o o 1 1
Abdominal pain 1 1 2 4 2 6
Reflux oesophagitis 2 - 2 - 3 3
Duodenitis 1 - 1
Cardiovascular
Deep venous thrombosis . - - - 1 1
Congestive heart failure o 1 1
Renal
Nephrolithiasis 1 - 1 1 . 1
Metabolic
Diabetic ketoacidosis . 1 1
Musculoskeletal
Loss of body strength i o o 1 1
Amputation below the knee . - - 1 . 1
Toe amputation . - - 1 . 1
Neurological
Herniated spinal disc with foot drop . - - 1 . 1
Multiple sclerosis . - - - 1 1
Partial third cranial nerve palsy 1 o 1
Psychiatric
Depression . 1 1
Suicide attempt 1 i 1
Miscellaneous
Fall with fracture 1 - 1 2 3 5
Fall with other injury 2 o 2 1 1 2
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Lifestyle and medical management (n=59)  Gastric bypass (n=60)

Baselineto 12 12-24 months  Total Baselineto 12 12-24 months  Total
months months
Hypertension with admission to hospital . - - 1 1
Unwanted pregnancy - - - 1 1
Abnormal uterine bleeding 1 o 1
Infections 2 2 4 3 5 8
Totals 16 9 25 27 19 46

+=no data

*
Participant was randomly assigned to lifestyle and medical management but obtained a Roux-en-Y gastric bypass outside the study.
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Table 4

Biochemical abnormalities and nutritional deficiencies associated with the interventions
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excluding low vitamin Bl¢

Lifestyle and medical management (n=59) Gastric bypass (n=60)
Atbaseline Baselineto 12 12-24 months At baseline  Baselineto 12 12-24 months
months months
Blood haemoglobin <55 mmol/L 0 (0%) 1 (2%) 1 (2%) 0 (0%) 3 (5%) 5 (9%)
Serum abnormalities
Low ferritin 2 (3%) 4 (1%) 0 (0%) 1 (2%) 8 (14%) 11 20%)"
Low albumin 1 (2%) 5 (9%) 3 (6%) 4 (7%) 14 (25%)" 8 (14%)
Low vitamin B, ¥ 1(2%) . . 5 (11%) 12 (31%) 3 (8%)
Low serum vitamin By, 0 (0%) 3 (6%) 2 (4%) 2 (3%) 1(2%) 0 (0%)
Low calcium 0 (0%) 2 (4%) 1(2%) 3 (5%) 11 (19%)" 8 (14%)t
High parathyroid hormone$ 3(5%) 0 (0%) 2 (3%)§ 4 (7%) 1(2%) 10 (17%)Jr
Low vitamin DT 21 (49%) 22 (66%) 17 (50%) 31 (70%) 24 (59%) 21 (53%)
vitamin DY <67 nmol/L 12 (28%) 6 (15%) 5 (15%) 15 (34%) 11 (27%) 7 (18%)
Total number of abnormalities, 18 (31%) 21 (38%) 14 (28%) 29 (48%) 49 (86%) 49 (88%)

Participants were counted in both timeperiods if an abnormality persisted; we determined the results in the clinical laboratories at each study site;
unless otherwise specified, we determined abnormalities on the basis of the local laboratory's reference range; not all participants had all tests.

Different denominator numbers were available for each test.
*

p<0-01 for treatment difference.
Tp<0-05 for treatment difference.

iVitamin B1 was not assayed for patients in Taiwan or after baseline for patients receiving lifestyle and medical management.

§One participant was confirmed to have primary hyperparathyroidism.

ﬂ25—hydroxy vitamin D; vitamin D was not assayed for patients in Taiwan.
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