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Three-Year Outcomes of Bariatric Surgery vs Lifestyle
Intervention for Type 2 Diabetes Mellitus Treatment
A Randomized Clinical Trial
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Jessie K Eagleton, MPH; Melissa A. Kalarchian, PhD; James P. DeLany, PhD; Wei Lang, PhD; John M. Jakicic, PhD

IMPORTANCE Questions remain about the role and durability of bariatric surgery for type 2
diabetes mellitus (T2DM).

OBJECTIVE To compare the remission of T2DM following surgical and nonsurgical treatments.

DESIGN, SETTING, AND PARTICIPANTS In this 3-arm randomized clinical trial conducted at the
University of Pittsburgh Medical Center from October 1, 2009, to June 26, 2014, in
Pittsburgh, Pennsylvania, outcomes were assessed 3 years after treating 61 obese
participants aged 25 to 55 years with T2DM. Analysis was conducted with an intent-to-treat
population.

INTERVENTIONS Participants were randomized to either an intensive lifestyle weight loss
intervention for 1 year followed by a low-level lifestyle intervention for 2 years or surgical
treatments (Roux-en-Y gastric bypass [RYGB] or laparoscopic adjustable gastric banding
[LAGB]) followed by low-level lifestyle intervention in years 2 and 3.

MAIN OUTCOMES AND MEASURES Primary end points were partial and complete T2DM
remission and secondary end points included diabetes medications and weight change.

RESULTS Body mass index (calculated as weight in kilograms divided by height in meters
squared) was less than 35 for 26 participants (43%), 50 (82%) were women, and 13 (21%)
were African American. Mean (SD) values were 100.5 (13.7) kg for weight, 47.3 (6.6) years for
age, 7.8% (1.9%) for hemoglobin A1c level, and 171.3 (72.5) mg/dL for fasting plasma glucose
level. Partial or complete T2DM remission was achieved by 40% (n = 8) of RYGB, 29% (n = 6)
of LAGB, and no intensive lifestyle weight loss intervention participants (P = .004). The use
of diabetes medications was reduced more in the surgical groups than the lifestyle
intervention–alone group, with 65% of RYGB, 33% of LAGB, and none of the intensive
lifestyle weight loss intervention participants going from using insulin or oral medication at
baseline to no medication at year 3 (P < .001). Mean (SE) reductions in percentage of body
weight at 3 years were the greatest after RYGB at 25.0% (2.0%), followed by LAGB at 15.0%
(2.0%) and lifestyle treatment at 5.7% (2.4%) (P < .01).

CONCLUSIONS AND RELEVANCE Among obese participants with T2DM, bariatric surgery with
2 years of an adjunctive low-level lifestyle intervention resulted in more disease remission
than did lifestyle intervention alone.
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I t remains to be established whether bariatric surgery is a
durable and effective treatment for type 2 diabetes (T2DM)
and how bariatric surgery compares with intensive life-

style modification and medication management with respect
to T2DM-related outcomes. Nonsurgical treatments alone have
not generally resulted in the complete amelioration of diabe-
tes mellitus or its potential long-term complications.1 As dem-
onstrated in many observational studies2-5 and several small
randomized clinical trials (RCTs) of short duration,6-9 T2DM
is greatly improved after bariatric surgery. To our knowledge,
only 1 reported RCT with at least 3 years of follow-up to date
has shown that bariatric surgery (gastric sleeve or gastric by-
pass) was superior to intensive medical therapy for glycemic
control, medication use, and quality-of-life measures.9 Thus,
more information is needed about the longer-term effective-
ness and risks of all types of bariatric surgical procedures com-
pared with lifestyle and medical management for those with
T2DM and obesity. In addition, little is known about the rela-
tive utility of surgical vs nonsurgical treatments for those with
lower body mass index (BMI; calculated as weight in kilo-
grams divided by height in meters squared) between 30 and
35 (class I obesity) who are typically not included in surgical
studies that are intended for weight loss outcomes alone.10

Earlier results from the trial reported here highlighted the
significant challenges to completing a larger and more defini-
tive RCT to determine the best treatment for T2DM in the set-
ting of obesity. The 1-year results from this trial showed that
gastric bypass was the most effective treatment, followed by
gastric banding for both T2DM remission and weight loss.11 In
this longer-term study, we report 3-year results examining the
efficacy of 2 types of bariatric surgery (Roux-en-Y gastric by-
pass [RYGB] and laparoscopic adjustable gastric banding
[LAGB]) and an intensive lifestyle weight loss intervention
(LWLI) for 1 year, followed by a low-level lifestyle interven-
tion (LLLI) for all 3 treatment groups in years 2 and 3 that was
modeled after the Look AHEAD (Action for Health in Diabe-
tes) Trial.12 This report addresses the primary question of com-
parative efficacy of surgical and nonsurgical treatments for
T2DM remission and reports other glycemic control out-
comes, weight change, lipids, blood pressure, and body com-
position. These results contribute to addressing questions
about the relative efficacy of different surgical vs nonsurgical
treatments for T2DM in lower BMI individuals.

Methods
Study Design
The rationale, design, and methods of this study, including de-
tails on recruitment, inclusion, assessment, randomization, and
intervention during the first year of follow-up, have been
reported.11 Briefly, the trial was a 3-arm RCT stratified by sex and
baseline BMI, conducted at an academic medical center, that
compared the efficacy for treating T2DM of 2 common surgical
procedures (RYGB and LAGB) plus LLLI in years 2 and 3 of fol-
low-up with intensive LWLI in year 1 followed by 2 years of LLLI.
Adults aged 25 to 55 years with a BMI of 30 to 40 were eligible
and the diagnosis of T2DM was confirmed by fasting plasma glu-

cose (FPG) level of greater than 125 mg/dL (to convert to milli-
moles per liter, multiply by 0.0555) and/or treatment with glu-
cose-lowering medications.11 The 61 individuals who were
treated (20 with RYGB, 21 with LAGB, and 20 with LWLI)11 were
eligible for the second phase of the trial and are included in
analyses reported here (Figure 1). The study protocol was re-
viewed and approved by the Institutional Review Board at the
University of Pittsburgh Medical Center, Pittsburgh, Pennsyl-
vania. The trial protocol can be found in Supplement 1.

Intervention
On completing 1-year follow-up, participants provided writ-
ten informed consent to participate for 2 more years with an-
nual visits and the addition of structured LLLI for all 3 treat-
ment groups (RYGB + LLLI, LAGB + LLLI, and LWLI + LLLI).
Both the initial intensive (LWLI) and later low-level (LLLI) life-
style interventions were modeled after the Diabetes Preven-
tion Program and Look AHEAD and adapted for postsurgical
participants. An initial instructional group session was held for
participants in both surgical arms (RYGB and LAGB) to pro-
vide a lesson on behavioral weight control and orient them to
the skills and strategies that had been learned and developed
for the LWLI group in year 1. The LLLI for all 3 treatment groups
consisted of twice-monthly contact (1 in-person session [ap-
proximately 30-45 minutes] and 1 brief [<10 minutes] tele-
phone contact) and regular refresher group series.13,14 Each in-
tervention contact focused on a specific behavioral topic related
to weight loss. If an individual missed an in-person session,
all intervention materials were mailed to the participant. If a
participant became unable to attend monthly in-person LLLI
sessions, they received intervention telephone calls in place
of visits. The T2DM management was carried out by the origi-
nal treating endocrinologist, with glucose values monitored
by the study physician for safety.

Study Outcomes
The primary outcomes were measures of T2DM remission, par-
tial and complete according to American Diabetes Association
criteria.11,15 Partial remission of T2DM was defined as the ab-
sence of any medications for diabetes mellitus, with glycated
hemoglobin A1c (HbA1c) level less than 6.5% (to convert to pro-
portion of total hemoglobin, multiply by 0.01) and FPG level less
than or equal to 125 mg/dL, and complete remission of T2DM de-
fined as the absence of medications with HbA1c level less than
5.7% and FPG less than or equal to 100 mg/dL.15 At baseline prior
to treatment, and annually through 36 months, changes in
weight (difference in weight, percentage of weight loss from
baseline, BMI, and waist circumference), glycemic control
(change in FPG and HbA1c levels), and the use of glucose-
lowering medications (categorized; none, insulin only, insulin/
other medication, and oral/other medication) were assessed.
Changes in lipid levels (total cholesterol, triglycerides, and high-
and low-density lipoprotein cholesterol), blood pressure, and
body composition (percentage of body fat, lean mass, and bone
mass) were secondary outcomes. Body composition was as-
sessed using dual-energy x-ray absorptiometry (GE Lunar Inc).
Blood pressure level was measured twice and averaged at each
annual visit.
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Statistical Analysis
Statistical analyses were performed using SAS version 9.3
(SAS Institute), with the type I error rate fixed at 0.05
(2-tailed). Categorical variables are summarized using fre-
quencies and percentages. Continuous variables with nor-
mal distributions are presented as mean (SD); continuous
variables with non-normal distributions are presented as
medians and interquartile ranges. Differences in baseline
characteristics among the RYGB, LAGB, and LWLI groups
were examined using the Pearson χ2 test or Fisher exact test
for categorical variables and analysis of variance or Kruskal-
Wallis test for continuous variables.

Changes from baseline to 12, 24, and 36 months were ana-
lyzed using mixed-effects models with covariate adjustment
for randomization stratification factors (sex and baseline BMI).
Change in weight was adjusted for baseline weight. Inferences
focused on the overall treatment effect, time, and treatment-
by-time interaction. Pairwise comparisons were made between
treatment groups at 36 months. Least-square means were ob-
tained from the models along with their standard errors. Intent-
to-treat analyses were conducted using multiple imputation
implemented using SAS procedures PROC MI and PROC MIANA-
LYZE. For each outcome, 10 data sets were imputed and results
were combined. For categorical data with missing values (eg,
T2DM remission and medication use), no remission or no im-
provement for the condition at follow-up was imputed. The
Fisher exact test was used to compare differences between
groups for T2DM remission and medication category use.

Results

Study Participants
Of the 61 participants who underwent treatment, 52 (85% over-
all; 18 [90%] with RYGB, 20 [95%] with LAGB, and 14 [70%] with
LWLI) were evaluated for the assessments of 3-year safety and ef-
ficacy. Of the 52 participants included in the 3-year analyses, 82%
werewomenand79%werewhite.Themean(SD)valueswere47.3
(6.6) years for age, 35.7 (3.1) for BMI, and 100.5 (13.7) kg for base-
line weight; 26 participants (43%) had class I obesity (BMI<35).
The mean (SD) values were 7.8% (1.9%) for baseline HbA1c level,
171.3 (72.5) mg/dL for FPG level, and 6.5 (4.8) years for duration
of T2DM. Higher percentages of individuals in the RYGB group
hadinsulinrequirementsatbaseline(RYGB,50%;LAGB,38%;and
LWLI 30%; P = .01) and the RYGB group had a significantly higher
baseline HbA1c level than LWLI (mean [SD]: RYGB, 8.6% [2.1%];
LAGB, 7.9% [2.2%]; and LWLI, 7.0% [0.8%]; overall P = .03; RYGB
vs LWLI P = .01) (eTable 1 in Supplement 2).

Primary End Point
At 3 years, any T2DM remission (partial or complete) was
achieved in 40% (n = 8) of RYGB, 29% (n = 6) of LAGB, and no
LWLI (P = .004) participants (Figure 2), while complete remis-
sion was achieved in 15% (n = 3) of RYGB, 5% (n = 1) of LAGB,
and no LWLI group participants (P = .21). Continuous, sus-
tained (any; partial or complete) remission for at least 2 con-
secutive years of the 3-year follow-up period was observed in

Figure 1. Study Flowchart
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69 Randomized
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45% (n = 9) of RYGB and 29% (n = 6) of LAGB patients. As shown
in Figure 2, there was a decline in any remission among RYGB
participants from 60% at year 1 to 45% at year 2 and 40% at year
3, whereas any remission for LAGB participants remained stable
at 29% and none for LWLI over the 3-year period (P = .09).

Glycemic Control
After 3 years, each of the surgical procedures plus LLLI was su-
perior to lifestyle intervention alone (LWLI + LLLI) in achiev-
ing glycemic control (Figure 3). The RYGB group had the great-
est change in both HbA1c (mean [SD], −1.42% [0.34%]) and FPG
(−66.0 [10.94] mg/dL) levels from baseline to 3 years (HbA1c

level, P < .0013 for RYGB vs LWLI; FPG, P < .05 for RYGB vs both
LAGB and LWLI) (Table). The LAGB group showed improved

HbA1c levels, averaging −0.80% (0.32%) at 3 years (P = .04 for
LAGB vs LWLI) and FPG levels improved a mean (SD) of −35.2
(10.47) mg/dL (P = .67). Also examined were the changes in
HbA1c and FPG levels over time by class (I and II) of obesity.
For both measures, there were no significant interactions be-
tween obesity class and treatment groups, indicating that the
patterns over time between treatment groups did not differ sig-
nificantly by class of obesity. The use of diabetes medications
was reduced more in the surgical groups than the lifestyle-
alone group; with 65% of RYGB, 33% of LAGB, and 0% of LWLI
participants going from using insulin or oral medication at base-
line to no medication at year 3 (P < .001). Therefore, at 3 years,
those in the RYGB group had the largest percentage of indi-
viduals (72%) not requiring any medications for T2DM com-
pared with those in the LAGB (45%) and LWLI (0%) groups
(Figure 4, P < .001).

Body Weight and Composition
At 3 years, modeled reductions in body weight, BMI, and waist
circumference were greater after RYGB and LAGB than after life-
style treatment alone (Table). The percentage of reduction in
body weight was also greater after RYGB than after LAGB
(P = .0002). Figure 5 shows the modeled mean (SE) percent-
age of weight change from baseline to each of 3 follow-up points
by treatment group: RYGB, 29.1% (1.6%) at year 1 to 25.0% (2.0%)
at year 3; LAGB, 18.5% (1.7%) at year 1 to 15.0% (2.0%) at year 3;
and LWLI, 7.6% (1.9%) at year 1 to 5.7% (2.4%) at year 3.

Modeled change in body composition is shown in the Table.
The mean (SE) change in percentage of body fat at 3-year fol-
low-up was significantly greater in RYGB compared with both
LABG and LWLI participants (−10.7% [1.25], −5.63% [1.19%],
and −3.08% [1.44%], respectively; both pairwise P < .01). The
change in mean (SE) kilograms of lean mass from baseline to
year 3 was significantly less in the LWLI (−0.62 [0.99]) com-
pared with the LAGB (−2.78 [0.79]; P = .04) and RYGB (−5.58
[0.81]; P < .001) groups, and in the LAGB compared with the
RYGB (P = .004) groups. There was also a different pattern in
mean bone mass over time between the groups (P = .0004),
showing the reduction in bone mass from baseline to year 3
to be greater in the RYGB compared with both the LAGB
(P = .0003) and LWLI (P < .001) groups.

Figure 2. Prevalence of Any Remission (Partial or Complete)
by Treatment Group and Year
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Partial remission of type 2 diabetes mellitus included no use of antidiabetics,
hemoglobin A1c level of less than 6.5% (to convert to proportion of total
hemoglobin, multiply by 0.01), and fasting plasma glucose level of 125 mg/dL or
less (to convert to millimoles per liter, multiply by 0.0555). Complete remission
of type 2 diabetes mellitus included no use of antidiabetics, hemoglobin A1c

level of less than 5.7%, and fasting plasma glucose level of 100 mg/dL or less.
Missing data at follow-up were assumed to be no remission. The test of the
difference between treatment group P values are calculated for each point as
follows: year 1, P < .001; year 2, P < .001; and year 3, P = .004. LAGB indicates
laparoscopic adjustable gastric banding; LWLI, lifestyle weight loss intervention
(intensive); and RYGB, Roux-en-Y gastric bypass.

Figure 3. Hemoglobin A1c (HbA1c) (A) and Fasting Plasma Glucose (FPG) (B) Level Changes by Treatment Group
and Year
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Table. Multiple Imputation Results for Change in Continuous Variables by Intervention Conditiona

Outcome
Variable

Baseline,
Mean (SE)

Change From Baseline,
Mean (SE), y P Value

P Value for Changes
From Baseline to Year 3

1 2 3 Group Time
Group
by Time

RYGB vs
LAGB

RYGB vs
LWLI

LAGB vs
LWLI

Weight, kg

RYGB 99.27
(2.99)

−28.8
(1.68)

−26.0
(2.03)

−24.6
(2.12)

<.001 .01 .83 .0004 <.001 .0009
LAGB 100.2

(3.06)
−18.6
(1.79)

−16.7
(2.02)

−14.9
(2.05)

LWLI 102.0
(3.19)

−7.35
(2.06)

−5.10
(2.39)

−5.03
(2.53)

Weight change, %

RYGB −29.1
(1.64)

−26.3
(1.99)

−25.0
(2.04)

<.001 .01 .81 .0002 <.001 .001
LAGB −18.5

(1.74)
−16.5
(1.98)

−15.0
(1.98)

LWLI −7.59
(2.00)

−5.59
(2.34)

−5.7
(2.42)

BMI

RYGB 35.67
(0.61)

−10.2
(0.59)

−9.20
(0.70)

−8.70
(0.72)

<.001 .02 .83 .0002 <.001 .0007
LAGB 35.58

(0.75)
−6.41
(0.63)

−5.71
(0.70)

−5.19
(0.69)

LWLI 35.75
(0.73)

−2.38
(0.69)

−1.71
(0.79)

−1.75
(0.82)

Waist circumference,
cm

RYGB 110.6
(1.83)

−27.3
(1.60)

−22.7
(1.92)

−21.5
(1.93)

<.001 .002 .40 .0007 <.001 .004
LAGB 114.5

(2.59)
−16.4
(1.80)

−13.1
(2.06)

−12.7
(1.98)

LWLI 111.8
(2.13)

−5.65
(1.81)

−4.02
(2.18)

−4.84
(2.19)

Fasting plasma
glucose

RYGB 191.5
(18.33)

−69.8
(10.30)

−50.6
(10.83)

−66.0
(10.94)

.04 .81 .13 .03 .02 .67
LAGB 180.0

(18.63)
−41.6
(11.12)

−54.7
(10.69)

−35.2
(10.47)

LWLI 142.1
(6.26)

−26.8
(11.85)

−32.5
(12.30)

−28.4
(12.82)

Hemoglobin A1c, %

RYGB 8.56
(0.46)

−1.88
(0.35)

−1.17
(0.31)

−1.42
(0.34)

.01 .05 .02 .16 .001 .04
LAGB 7.87

(0.48)
−0.74
(0.34)

−1.25
(0.30)

−0.80
(0.32)

LWLI 7.03
(0.17)

−0.21
(0.40)

−0.52
(0.36)

0.21
(0.40)

Body fat, %

RYGB 43.27
(1.46)

−16.1
(1.08)

−12.2
(1.31)

−10.7
(1.25)

<.001 <.001 .01 .001 <.001 .13
LAGB 44.61

(1.23)
−8.07
(1.07)

−7.32
(1.27)

−5.63
(1.19)

LWLI 44.11
(1.05)

−4.41
(1.24)

−2.98
(1.50)

−3.08
(1.44)

Mass, kg

Fat

RYGB 42.50
(1.77)

−23.6
(1.30)

−20.1
(1.63)

−18.1
(1.71)

<.001 .0007 .25 .0006 <.001 .02
LAGB 44.49

(1.67)
−13.7
(1.37)

−12.3
(1.64)

−10.3
(1.67)

LWLI 43.78
(1.53)

−6.61
(1.50)

−4.44
(1.88)

−4.71
(1.98)

Lean

RYGB 53.09
(2.39)

−4.78
(0.76)

−5.98
(0.83)

−5.58
(0.81)

<.001 .33 .39 .004 <.001 .04
LAGB 52.61

(2.22)
−2.55
(0.77)

−2.39
(0.82)

−2.78
(0.79)

LWLI 52.87
(2.06)

−0.10
(0.94)

−0.27
(1.01)

−0.62
(0.99)

(continued)
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Lipid and Blood Pressure Levels
At 3 years, the RYGB surgical group experienced greater im-
provements in triglyceride levels (P = .003) and high-density
lipoprotein cholesterol levels (P = .0004) compared with the
lifestyle arm (Table). Improvements in systolic and diastolic

blood pressure levels were less consistent; however, the RYGB
group had the greatest improvements in systolic blood pres-
sure compared with the LAGB and LWLI groups (P < .05 for
both; Table) and diastolic blood pressure from baseline to year
3 compared with the LAGB group (P = .0005).

Table. Multiple Imputation Results for Change in Continuous Variables by Intervention Conditiona (continued)

Outcome
Variable

Baseline,
Mean (SE)

Change From Baseline,
Mean (SE), y P Value

P Value for Changes
From Baseline to Year 3

1 2 3 Group Time
Group
by Time

RYGB vs
LAGB

RYGB vs
LWLI

LAGB vs
LWLI

Bone

RYGB 2.93
(0.12)

−0.20
(0.03)

−0.28
(0.04)

−0.32
(0.04)

<.001 <.001 .0004 .0003 <.001 .08
LAGB 2.78

(0.11)
−0.09
(0.03)

−0.10
(0.03)

−0.15
(0.03)

LWLI 2.77
(0.12)

−0.07
(0.03)

−0.06
(0.04)

−0.07
(0.04)

Total cholesterol,
mg/dL

RYGB 200.2
(9.00)

−32.1
(9.18)

−6.56
(9.09)

−13.1
(8.45)

.44 .004 .57 .16 .91 .26
LAGB 189.5

(12.18)
−18.5
(9.89)

−10.6
(9.58)

2.48
(8.48)

LWLI 182.0
(8.72)

−31.4
(10.45)

−18.3
(10.35)

−11.6
(10.15)

HDL cholesterol,
mg/dL

RYGB 41.75
(1.95)

12.85
(2.13)

15.35
(2.29)

16.73
(2.35)

.0007 .007 .66 .06 .0004 .06
LAGB 39.95

(2.04)
5.23
(2.27)

8.06
(2.42)

11.02
(2.36)

LWLI 44.10
(3.83)

3.03
(2.36)

3.96
(2.54)

4.71
(2.69)

LDL cholesterol,
mg/dL

RYGB 117.8
(10.63)

−13.1
(7.41)

5.00
(8.47)

−0.50
(7.96)

.32 .21 .20 .52 .54 .22
LAGB 90.55

(11.04)
4.66
(8.02)

3.69
(9.08)

6.52
(8.27)

LWLI 105.5
(7.45)

−11.2
(8.36)

−9.54
(9.56)

−7.66
(9.42)

Triglycerides,
mg/dL

RYGB 169.7
(27.16)

−107
(10.64)

−82.7
(17.25)

−95.3
(17.11)

.0002 .03 .58 .047 .003 .22
LAGB 221.9

(44.44)
−86.6
(11.44)

−65.8
(18.81)

−48.8
(17.16)

LWLI 161.2
(24.52)

−35.2
(11.88)

−38.5
(19.44)

−16.9
(20.53)

Blood pressure,
mm Hg

Systolic

RYGB 139.7
(2.74)

−17.3
(3.58)

−18.7
(3.35)

−13.0
(4.09)

.006 .001 .14 .003 .03 .61
LAGB 134.5

(3.71)
−6.27
(3.57)

−7.37
(3.49)

2.72
(3.84)

LWLI 132.0
(4.00)

−10.6
(3.91)

−3.56
(3.63)

−0.24
(4.58)

Diastolic

RYGB 81.27
(2.14)

−7.02
(1.82)

−8.52
(2.10)

−5.44
(1.82)

.01 .02 .36 .0005 .32 .03
LAGB 77.12

(1.87)
−2.10
(1.80)

−1.91
(2.22)

2.65
(1.69)

LWLI 76.28
(2.15)

−4.36
(1.97)

−3.09
(2.30)

−2.87
(2.03)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HDL, high-density lipoprotein;
LAGB, laparoscopic adjustable gastric banding; LDL, low-density lipoprotein;
LWLI, lifestyle weight loss intervention; RYGB, Roux-en-Y gastric bypass.

SI conversion factors: To convert fasting plasma glucose to millimoles per liter,

multiply by 0.0555; HDL and LDL cholesterol to millimoles per liter, multiply by
0.0259; hemoglobin A1c to proportion of total hemoglobin, multiply by 0.01;
and triglycerides to millimoles per liter, multiply by 0.0113.
a Models adjusted for sex, BMI less than 35 or greater than or equal to 35, and

repeated measures.

Research Original Investigation Bariatric Surgery vs Lifestyle Intervention for Type 2 Diabetes Mellitus

936 JAMA Surgery October 2015 Volume 150, Number 10 (Reprinted) jamasurgery.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.1534


Copyright 2015 American Medical Association. All rights reserved.

Adverse Events
There were no complications reported in the LWLI group at any
point up to 3 years and no additional surgical interventions in
either of the 2 surgical groups after year 1 of follow-up.11 One
infusion port replacement for malposition in an LAGB partici-
pant occurred during the first year of follow-up. There were
no LAGB removals or replacements. All adverse events and
complications are shown in eTable 2 in Supplement 2.

Discussion
The results of this study show that RYGB + LLLI and
LAGB+LLLI are superior to lifestyle treatment alone for
T2DM remission and other glycemic control end points at 3
years. One important aspect of this study was that more than
40% of the sample were individuals with class I obesity (BMI

of 30 to <35) for whom data in the literature are largely
lacking.10 Those who underwent a surgical procedure fol-
lowed by LLLI were significantly more likely to achieve and
maintain glycemic control than were those who received
intensive and then maintenance (low-level) lifestyle therapy
alone, regardless of obesity class. More than two-thirds of
those in the RYGB group and nearly half of the LAGB group
did not require any medications for T2DM treatment at 3
years. Analysis of secondary end points also showed favor-
able results for the RYGB group and to a lesser extent for the
LAGB group. Significant reductions in lean and bone mass
were observed in the RYGB group that may warrant further
investigation. Adverse events were uncommon after the first
year. Thus, these results add to a growing body of literature
suggesting that bariatric surgery may be a viable treatment
option for people with BMI of 30 to 40 for whom medical
management is ineffective.

Figure 4. Diabetes Medication Use by Treatment Group
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A, Baseline, n = 20; year 1, n=18;
year 2, n = 18; and year 3, n = 18.
B, Baseline, n = 21; year 1, n = 19;
year 2, n = 17; and year 3, n = 20.
C, Baseline, n = 20; year 1, n = 14;
year 2, n = 14; and year 3, n = 14
(1 participant was missing data).
LAGB indicates laparoscopic
adjustable gastric banding;
LWLI, lifestyle weight loss
intervention (intensive); and
RYGB, Roux-en-Y gastric bypass.
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A systematic review and meta-analysis focused on non-
morbidly obese people found only 3 trials, including individu-
als with BMIs between 30 and 40, and in total, they included
only 13 people with BMI less than 35. This review demon-
strated that surgery was associated with greater weight loss
(range, 14.4-24 kg) and glycemic control (range, 0.9%-1.43%
improvements in HbA1c levels) during 1 to 2 years of fol-
low-up compared with nonsurgical treatment.10 Further, they
concluded that evidence is insufficient to reach conclusions
about the appropriate use of bariatric surgery in this lower-
BMI (BMI, 30-35; class 1 obesity) population until more data
are available about both complications and long-term out-
comes of surgery. This report helps fill this gap by contribut-
ing 26 additional low-BMI participants undergoing surgical and
nonsurgical treatments to the literature for diabetes remis-
sion and weight outcomes. Another systematic review and
meta-analysis showed that bariatric surgery, when compared
with nonsurgical treatment, leads to greater body weight loss
and higher remission rates of T2DM and metabolic syndrome.16

However, these results are limited mostly to 2 years of fol-
low-up and are based on a relatively small number of studies
and individuals. To our knowledge, the only longer-term RCT
with 3-year follow-up compared RYGB or sleeve gastrectomy
with intensive medication management vs an intensive medi-
cal management regimen alone in individuals with uncon-
trolled T2DM.9 It demonstrated 38% of RYGB, 24% of sleeve
gastrectomy, and 5% of intensive medical treatment groups
achieved an HbA1c level less than 6.0% either while taking or
not taking glycemic control medications.

Results of the trial reported here add important data to
these longer-term results by showing a comparable 40%
partial or complete remission of T2DM (including the
requirement to not be taking any medications to meet the
remission definition) with RYGB and 29% remission after
LAGB, which is a new result. To our knowledge, there has
not been any other RCT with 3-year results that include the
LAGB as a surgical treatment alternative. The LAGB is a less-
invasive, reversible, and low-risk procedure that may have a
role for treatment, especially in the lower-BMI group. Sev-

eral small RCTs comparing LAGB with lifestyle therapy
alone in people with BMIs of 30 to 40 have shown superior
weight loss and diabetes or metabolic syndrome improve-
ment in the LAGB arm but did not report beyond 2 years of
follow-up.6,16,17 In 2 of these prior studies of adults, the life-
style intervention varied from standard diabetes care6 to
the use of very low-calorie diets,17 resulting in mean per-
centages of baseline weight loss of 1.7% and 5.7%, respec-
tively, at 2 years in the nonsurgical arms of each trial and
20% mean weight lost 2 years following the LAGB in both
trials. There was remission (HbA1c <6.2%, FPG <126, and not
taking any medications) of T2DM in 22 (73%) in the surgical
group and 4 (13%) of the usual care group in 1 study.6 In the
other trial, the prevalence of metabolic syndrome was
reduced significantly in the surgical group at the comple-
tion of the 2-year study.17 In the current study, the remis-
sion rate of T2DM was lower (29%) in the band treatment
arm than in these 2 previously published trials and may
reflect differences in study groups at baseline, remission
definition differences, or the heterogeneity of response to
treatment in those participating in each of these trials. Nev-
ertheless, the mean weight loss (15%) and remission rate for
T2DM (29%) in the band arm of this trial were similar to that
in the 3-year Longitudinal Assessment of Bariatric Surgery
Study.18 The Longitudinal Assessment of Bariatric Surgery
Study was an observational multicenter study that did not
standardize postsurgical care, showed significant heteroge-
neity of weight loss response, and may be more representa-
tive of LAGB results in the United States.

This current study had several strengths that included
the delivery of a standardized nonsurgical treatment that
was intensive in the first year and lower level in subsequent
years modeled after the Diabetes Prevention Program and
the Look AHEAD studies.12,13,19,20 Another strength of this
trial was the broad inclusion criteria for T2DM, which
resulted in recruiting some participants with less disease
severity than those recruited into similar RCTs targeting
only those with uncontrolled T2DM.7,21,22 Thus, these
results may generalize to the broader population of those
with obesity and T2DM of varying severity. Further, to our
knowledge, this trial is the first in the United States to gen-
erate 3-year results for LAGB, an inherently less-invasive
procedure that may be of particular interest for patients
with obesity but in a lower range of BMI (30-35). The limita-
tions of this study included the small sample size from a
single site, which may affect generalizability. Nevertheless,
a larger and even more definitive study will likely not be
completed in the future owing to numerous research chal-
lenges that have been identified. These include large num-
bers of potential participants being screened to successfully
randomize participants, the need for a multicenter consor-
tium for results to be generalizable, and the ensuing pro-
hibitive costs.11,23,24 A National Institutes of Health 2013
workshop summary concluded that important information
about this topic may need to come, in the future, from
either combining similar smaller trials or from carefully con-
trolled observational studies.23 Therefore, the data from
this relatively small trial are valuable and worthy of careful

Figure 5. Percentage of Weight Change From Baseline
by Treatment Group
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consideration alone and/or in combination with other RCTs
with similar aims and goals.9,21

Conclusions
This study provides further important evidence that at
longer-term follow-up of 3 years, surgical treatments,

including RYGB and LAGB, are superior to lifestyle interven-
tion alone for the remission of T2DM in obese individuals
including those with a BMI between30 and 35. While this
trial provides valuable insights, unanswered questions
remain such as the impact of these treatments on long-term
microvascular and macrovascular complications and the
precise mechanisms by which bariatric surgical procedures
induce their effects.
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Invited Commentary

Bariatric Surgery vs Lifestyle Intervention
for Type 2 Diabetes Mellitus
Michel Gagner, MD, FRCSC, FASMBS

I read with interest the article by Courcoulas et al1 in which
outcomes were assessed 3 years after treating obese patients
with type 2 diabetes mellitus (T2DM) who were randomized

to an intensive lifestyle
weight loss intervention for 1
year followed by a lower-
level lifestyle weight loss in-

tervention for 2 years or Roux-en-Y gastric bypass or laparo-
scopic adjustable gastric banding followed by low-level lifestyle
weight loss intervention. Partial or complete T2DM remis-
sion was achieved by 40% of Roux-en-Y gastric bypass, 29%
of laparoscopic adjustable gastric banding, and no lifestyle
weight loss intervention patients (P = .004). The use of medi-
cations was reduced more by surgery than lifestyle alone
(P < .001).1 Mean reductions in percentage of body weight were
the greatest after Roux-en-Y gastric bypass at 25.0%, laparo-
scopic adjustable gastric banding at 15.0%, and lifestyle treat-
ment at 5.7% (P < .01).1 It was concluded that among obese par-
ticipants with T2DM, surgery resulted in more remission than
lifestyle intervention alone.

This is reminiscent of the Swedish Obesity Study, a non-
randomized study in which 1658 obese patients who under-
went bariatric surgery and 1771 obese matched control indi-
viduals were followed up.2 None of these participants had
diabetes mellitus at baseline. After 15 years, T2DM developed
in 6.8 cases per 1000 person-years and 28.4 cases per 1000 per-
son-years, respectively (P < .001). The effect of surgery was in-
fluenced by the presence of impaired fasting glucose (P = .002)
but not by body mass index (calculated as weight in kilo-
grams divided by height in meters squared) (P = .54). It was
concluded that surgery appeared to be more efficient than the

control in the prevention of T2DM. In the Look AHEAD clini-
cal trial, an intensive lifestyle intervention for weight loss was
examined to determine the impact on cardiovascular events.3

The trial was stopped early at a median 9.6 years based on a
futility analysis. Weight loss was greater in the intervention
group than in the control group (6.0% vs 3.5%, respectively),
and the intervention group also had greater reductions in gly-
cated hemoglobin A1c levels than were observed in the inter-
vention arm. However, cardiovascular events occurred equally
in both treatment groups (1.83 and 1.92 per 100 person-years,
respectively; P = .51).

Similarly, the TODAY clinical trial on adolescents with re-
cent-onset T2DM demonstrated no benefits of intensive life-
style intervention.4 Therefore, if surgery is more successful for
these patients, which surgery should be done? It has been
shown that malabsorption is better than restriction from a
study at the Catholic University of Rome.5 In this randomized
clinical trial, 60 patients with a body mass index of 35 or more,
with at least 5 years of T2DM, and a glycated hemoglobin A1c

level of 7.0% (to convert to proportion of total hemoglobin,
multiply by 0.01) were assigned to medical therapy or either
gastric bypass or biliopancreatic diversion. At 2 years, dia-
betic remission occurred in none of the medical therapy pa-
tients vs 75% of the gastric bypass group and 95% of the bili-
ary pancreatic diversion group (P < .001). In severely obese
patients with T2DM, surgery resulted in better glucose con-
trol than did medical therapy.

We should consider the use of bariatric (metabolic) sur-
gery in all severely obese patients with T2DM and start a mass
treatment, similar to what was done with coronary artery by-
pass graft more than 50 years ago.
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