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OBJECTIVEdTo assess the efficacy and safety of 32 mg naltrexone sustained-release (SR)/
360 mg bupropion SR (NB) in overweight/obese individuals with type 2 diabetes with or
without background oral antidiabetes drugs.

RESEARCH DESIGN AND METHODSdThis was a 56-week, double-blind, placebo-
controlled study in which 505 patients received standardized lifestyle intervention and were
randomized 2:1 to NB or placebo. Coprimary end points were percent weight change and
achievement of $5% weight loss. Secondary end points included achievement of HbA1c ,7%
(53 mmol/mol), achievement of weight loss$10%, and change in HbA1c, waist circumference,
fasting blood glucose, and lipids.

RESULTSdIn the modified intent-to-treat population (54% female, 80% Caucasian, and mean
age 54 years, weight 106 kg, BMI 37 kg/m2, and HbA1c 8.0% [64 mmol/mol]), NB resulted in
significantly greater weight reduction (25.0 vs. 21.8%; P , 0.001) and proportion of patients
achieving$5% weight loss (44.5 vs. 18.9%, P, 0.001) compared with placebo. NB also resulted
in significantly greater HbA1c reduction (20.6 vs. 20.1% [6.6 vs. 1.1 mmol/mol]; P , 0.001),
percent of patients achieving HbA1c ,7% (53 mmol/mol) (44.1 vs. 26.3%; P , 0.001), and im-
provement in triglycerides and HDL cholesterol compared with placebo. NB was associated with
higher incidence of nausea (42.3 vs. 7.1%), constipation (17.7 vs. 7.1%), and vomiting (18.3 vs.
3.6%). No differencewas observed between groups in the incidence of depression, suicidal ideation,
or hypoglycemia.

CONCLUSIONSdNB therapy in overweight/obese patients with type 2 diabetes induced weight
loss, which was associated with improvements in glycemic control and select cardiovascular risk
factors andwas generally well toleratedwith a safety profile similar to that in patients without diabetes.
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Type 2 diabetes is a chronic disease
characterized by elevated blood glu-
cose and is often associated with a

collection of metabolic abnormalities

including low HDL cholesterol (HDL-C), el-
evated triglyceride concentrations, and high
blood pressure. Excess body weight, par-
ticularly visceral adiposity, may contribute

to the development of both diabetes and
the associated metabolic abnormalities,
perhaps due to pathologic effects of exces-
sive adipose tissue (1). Based on the Na-
tional Health and Nutrition Examination
Survey (NHANES) data from 1999–2010,
the combined prevalence of overweight
and obesity in the U.S. is 69% (2), while
the prevalence of overweight and obesity in
people with type 2 diabetes has been esti-
mated to be even higher at ~85% (3). Survey
and clinical trial evidence supports a strong
association between obesity (characterized
by a BMI$30 kg/m2 and central adiposity)
and the development of insulin resistance,
prediabetes, and type 2 diabetes (4).

In patients with type 2 diabetes, the
best achievable glycemic control for the
individual is recommended to reduce
the risk of microvascular and possibly
macrovascular disease. While lifestyle
modifications can improve glycemic con-
trol, most patients with type 2 diabetes
will typically require the sequential addi-
tion of one or more medications to
achieve and sustain glycemic control.
Unfortunately, many glucose-lowering
medications lead to an increase in body
weight (5). This presents challenges in an
overweight or obese patient population
often already struggling with weight con-
trol, particularly given that even modest
intentional weight loss can improve car-
diovascular risk factors (6,7) and decrease
mortality (8).

Bupropion is a dopamine and nor-
epinephrine reuptake inhibitor approved
for use in the U.S. as an antidepressant
and smoking cessation agent (9,10), with
variable and modest effects on body
weight as monotherapy (11). Naltrexone
is an opioid receptor antagonist approved
for use in the management of alcohol and
opioid dependence (12). Animal studies
suggest that when used together, bupro-
pion and naltrexone increase the firing
rate of proopiomelancortin neurons, in
part due to naltrexone-induced reduction
of an autoinhibitory effect of b-endorphins
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(13). Increased proopiomelancortin
neuronal firing increases secretion of mela-
nocortins such as a-melanocyte stimulat-
ing hormone, which is thought to mediate
anorectic effects and regulate energy bal-
ance (14). Furthermore, naltrexone and
bupropion therapy are believed to influ-
ence the mesolimbic dopaminergic reward
system,which canmodulate reward behav-
iors such as food intake (14,15). Thus, this
novel combination treatment is believed to
act on the central nervous system to elicit
sustained appetite reduction and enhance
control of eating behavior.

While the development and clinical
use of bupropion and naltrexone have
spanned more than two decades, only
recently have studies investigated the
combined use of these agents in sustained-
release (SR) form as a potential therapy
for obesity. All three phase 3 trials of
naltrexone SR plus bupropion SR (NB)
in overweight or obese patients without
diabetes demonstrated significant weight
loss with an acceptable safety profile
(16–18). This report details a 56-week,
double-blind, placebo-controlled phase 3
clinical trial of NB for the treatment of
overweight or obese patients with type 2
diabetes.

RESEARCH DESIGN AND
METHODSdThis 56-week, random-
ized, double-blind, placebo-controlled
study was conducted at 53 sites in the
U.S. between May 2007 and June 2009.
The protocol was approved by each site’s
Institutional Review Board. All patients
provided written informed consent, and
the study was conducted according to the
guidelines and principles of GoodClinical
Practices standards and the Declaration of
Helsinki (19).

Participants were smoking or non-
smoking men and women with type 2
diabetes, aged 18–70 years, with a
BMI $27 and #45 kg/m2, HbA1c be-
tween 7% (53 mmol/mol) and 10%
(86 mmol/mol), and fasting blood glu-
cose,270 mg/dL. Participants were either
not taking a diabetesmedication orwere on
stable doses of oral antidiabetes drugs
(OADs) for $3 months prior to randomi-
zation. Systolic and diastolic blood pres-
sure were to be ,145 and ,95 mmHg,
respectively. Most medications for the
treatment of dyslipidemia and hyperten-
sion were allowed, as long as the doses
were stable for at least 4 weeks prior to
randomization. A complete list of inclusion
and exclusion criteria is provided in the
Supplementary Data.

Participants were randomized via a
computer-generated randomization
schedule in a 2:1 ratio (stratified by
baseline HbA1c [#8 or .8%; #64
or .64 mmol/mol] and sulfonylurea
use) to 32 mg/day naltrexone SR com-
bined with 360 mg/day NB or placebo.
NB was provided as a single tablet con-
taining 8 mg naltrexone SR and 90 mg
bupropion SR. Study medication was ini-
tiated at one-quarter of the daily mainte-
nance dose (one tablet) and increased
weekly over the first 4 weeks such that
the maintenance dose (2 tablets twice
daily) was reached at the beginning of
the fourth week. At week 2, participants
received a telephone call to assess com-
pliance with study medication and to
document adverse events. Participant as-
sessments were undertaken at screening,
baseline, and every 4 weeks thereafter.

At baseline and weeks 4, 16, 28, and
40, all participants were instructed by
study site personnel to follow a hypo-
caloric diet (500 kcal deficit/day, based on
theWorld Health Organization algorithm
for calculating resting metabolic rate).
Participants received dietary counseling
and the “Exchange Lists for Weight Man-
agement” booklets in accordance with the
American Diabetes Association and
American Dietetic Association guidelines.
Participants also received advice on be-
havioral modification, including written
instructions, to increase physical activity
(to walking for at least 30 min most days
of the week).

Participants were instructed to mon-
itor their blood glucose twice daily for at
least the first 4 weeks after randomization
and during suspected hypoglycemia. In
the case of loss of glucose control, defined
as HbA1c .9.5% (80 mmol/mol) at week
16 or subsequent visits, any postbaseline
HbA1c $10.0% (86 mmol/mol) or two or
more successive postbaseline fasting glu-
cose levels$270 mg/dL, the participant’s
dose of current OADs was to be increased
(if not at maximal doses) or an additional
OAD was to be added using a protocol-
defined algorithm.

Outcome measures
The coprimary end points were 1) percent
change in body weight from baseline to
week 56 compared with placebo and
2) percentage of participants achiev-
ing $5% reduction in body weight from
baseline to week 56 compared with pla-
cebo. Secondary end points included per-
centage of patients achieving $10%
reduction in body weight and change in

selected cardiovascular risk factors
including waist circumference, triglycer-
ides, HDL-C, LDL-C, and high-sensitivity
C-reactive protein (hs-CRP). Secondary
end points related to glycemic control in-
cluded change from baseline in HbA1c,
fasting blood glucose, fasting insulin,
and homeostasis model assessment of
insulin resistance (HOMA-IR), as well as
the percentage of patients achieving
HbA1c ,7% (53 mmol/mol) and ,6.5%
(48 mmol/mol), changes in OADs, per-
centage of patients requiring rescue med-
ications for their diabetes, and percentage
of patients discontinuing from the study
owing to poor glycemic control.

Safety assessments included evaluation
of treatment-emergent adverse events, vi-
tal signs, electrocardiograms, and clinical
laboratory measures. Depressive symp-
toms, evaluated using the Inventory of
Depressive Symptomatology–Self Report
(IDS-SR) (www.ids-qids.org) and blood
pressure were also evaluated for both effi-
cacy and safety.

Statistical analyses
To obtain the targeted number of par-
ticipant exposures at 1 year, we esti-
mated that 350 participants would need
to be randomized to NB, with an assumed
33% attrition rate (20). It was estimated
that 525 participants randomized 2:1
(;350 to NB and ;175 to placebo)
would provide ;99% power to detect a
difference in mean weight loss of$5% be-
tween NB and placebo (assuming an SD of
5%, comparison between groups using a
two-sample t test and two-sided significance
level of 0.05).

Unless otherwise specified, primary
efficacy analyses were performed using
the modified intent-to-treat (mITT) pop-
ulation, prospectively defined as random-
ized participants with a baseline and one
or more postbaseline measurements of
body weight while on the study drug.
Missing data were imputed by carrying
forward the last observation on study
drug (last observation carried forward
[LOCF]). Analyses were also performed
on the completer population, which com-
prised all mITT patients who had a body
weight measurement at week 56 while on
the study drug. Safety analyses were
performed on all randomized participants
who took one or more tablets of the study
drug and had at least one contact or
assessment with the investigative site at
any time after beginning the study.

General linear models (ANCOVA)
including terms for treatment, HbA1c
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strata #8 or .8%, pharmacotherapy
with or without sulfonylurea, and base-
line value as covariate were used to ana-
lyze continuous end points. Categorical
end points were analyzed with a logistic
regression model using the same covari-
ates as the continuous end points. To
minimize skewness, values for triglycer-
ides, hs-CRP, insulin, and HOMA-IR
were log10 transformed before running
the general linear models. The least
squares (LS) percent change from base-
line was calculated by back-transforming
the LS mean in log10 scale.

To control for multiple comparisons,
secondary end points were analyzed in a
predetermined sequence, beginning with
the change from baseline to end point in
HbA1c, fasting triglycerides, HDL-C,
blood glucose, and waist circumference;
proportion of participants with $10%
decrease in total body weight; proportion
of participants with HbA1c ,7% (53
mmol/mol); proportion of participants
requiring rescue medications for diabetes
or changing the doses of their OADs;
changes from baseline to end point in
HOMA-IR and fasting insulin; propor-
tion of participants with HbA1c ,6.5%
(48 mmol/mol); changes from baseline
to end point in hs-CRP; percentage of par-
ticipants discontinuing owing to poor
glycemic control; and changes from base-
line to end point in LDL-C, systolic blood
pressure, diastolic blood pressure, and
IDS-SR total score. Testing proceeded
in a sequential step-down manner until
any end point failed to reach P , 0.05,
after which nominal P values are reported
and findings deemed exploratory. Con-
tinuous data are presented as LS mean 6
SE unless otherwise indicated. All statis-
tical analyses were performed using Win-
dows SAS, version 9.1 (SAS Institute,
Cary, NC).

RESULTSdOf 1,625 patients who en-
tered screening, 505 were randomly as-
signed to receive NB (n = 335) or placebo
(n = 170). The most frequent ($5%) rea-
sons for screen failure were laboratory
abnormality (58%, including HbA1c ,7
or .10%), concomitant medication
(7%), vital sign abnormality (5%), and
withdrawal of consent (5%). For NB, the
mITT, completer, and safety populations
included 265, 175, and 333 patients, re-
spectively. For placebo, the mITT, com-
pleter, and safety populations included
159, 100, and 169 patients, respectively
(details in Supplementary Fig. 1). Base-
line characteristics of the randomized

and the mITT populations were similar
(Table 1). Over the 56-week trial, 47.8%
of participants in the NB group discontin-
ued the study drug compared with 41.2%
in the placebo group. A greater percent-
age of participants who received NB com-
pared with placebo discontinued owing
to an adverse event (29.3 vs. 15.3%).
Conversely, a greater percentage of pla-
cebo than NB participants were lost to
follow-up (8.8 vs. 6.6%), withdrew con-
sent (8.8 vs. 6.3%), or withdrew because
of self-perceived insufficient weight loss
(3.5 vs. 1.5%).

Participants treated with NB lost
significantly more weight than placebo-
treated participants (mITT analy-
sis: 25.0 6 0.3 vs. 21.8 6 0.4%, P ,
0.001) (Fig. 1A). The difference between
the groups was significant at the first time
point assessed (Week 4) and sustained
throughout 56 weeks of treatment (P ,
0.001 for all visits). A similar pattern was
observed in the completer population,
with numerically greater weight loss
relative to the mITT population seen in
both NB and placebo patients (complet-
ers: 25.9 6 0.5 vs. 22.2 6 0.6%, P ,
0.001) (Fig. 1B). Consistent with the mean

percent changes in body weight, more
patients treated with NB than placebo ach-
ieved $5 and $10% reduction in body
weight at week 56 (all P , 0.001) (Fig. 1A
and B).

Patients treated with NB exhibited a
greater improvement in HbA1c (20.6%
[26.6 mmol/mol]) than in placebo-
treated patients (20.1% [21.1 mmol/mol]),
with a placebo-corrected difference
of 20.5% (25.5 mmol/mol) for the mITT
population at the end of 56 weeks (P ,
0.001) (Fig. 1C). Treatment with NB also
resulted in a greater percentage of patients
achieving an HbA1c of ,7.0% (53 mmol/
mol) compared with placebo (44.1 vs.
26.3%; P, 0.001) and,6.5% (48 mmol/
mol) (20.7 vs. 10.2%; P = 0.004) (Table 2).
Exploratory analyses demonstrated that
HbA1c change was significantly correlated
with change in body weight with both
treatments (NB mITT: r = 0.509, P ,
0.001; placebo: r = 0.168, P , 0.05). Pa-
tients with higher baseline HbA1c values
also exhibited significantly greater HbA1c

reductions with NB vs. placebo: base-
line.8% (64 mmol/mol)21.1 vs.20.5%;
baseline .9% (75 mmol/mol) 21.2
vs.20.3%; both P, 0.05 (Supplementary

Table 1dDemographics and baseline characteristics

Randomized mITT

Placebo NB Placebo NB

N 170 335 159 265
Age (years) 53.5 6 9.8 54.0 6 9.1 53.8 6 9.7 53.9 6 9.2
Sex (% female) 52.9 58.2 52.8 54.3
Race (% white/black/other)† 82.4/10.6/7.0 77.9/18.8/3.3 83.0/10.7/6.3 78.1/19.2/2.7
Weight (kg) 105.1 6 17.0 104.2 6 18.9 105.0 6 17.1 106.3 6 19.1
BMI (kg/m2) 36.4 6 4.5 36.4 6 4.8 36.3 6 4.5 36.7 6 4.8
HbA1c (%) 8.0 6 0.9 8.0 6 0.8 8.0 6 0.9 8.0 6 0.8
Dyslipidemia (% yes)†† 85.3 83.6 85.5 82.6
Sulfonylurea use (%)††† 48.8 46.6 49.1 49.1
Thiazolidinedione use (%)††† 30.6 30.7 31.4 31.3
Metformin use (%) 76.5 78.5 76.7 79.6
Systolic blood pressure
(mmHg) 124.7 6 9.7 125.3 6 10.9 124.5 6 9.6 125.0 6 11.0

Diastolic blood pressure
(mmHg) 77.6 6 7.0 77.3 6 7.5 77.4 6 7.1 77.5 6 7.5

Pulse rate (bpm) 73.2 6 9.1 73.0 6 8.7 73.1 6 9.1 72.9 6 8.3
IDS-SR total score 7.7 6 5.7 8.1 6 5.7 7.8 6 5.7 8.2 6 5.9

Data are means 6 SD unless otherwise indicated. Percentages may not add up to 100 owing to rounding.
†A significant difference between treatment groups existed for race, although the % of white patients did not
significantly differ between treatment groups. There were no significant differences between placebo and NB
treatment arms (randomized and mITT) for any other baseline/demographic value. ††Diagnosed at baseline
with dyslipidemia, hypercholesterolemia, hypertriglyceridemia, hyperlipidemia, or low HDL-C or had at
least one of the following values prior to first dose of study drug: triglyceride $200 mg/dL, LDL-C $160
mg/dL, total cholesterol $240 mg/dL, and HDL cholesterol ,40 mg/dL. †††Sulfonylurea medications in-
cluded avandaryl, glibenclamide, glimepiride, glipizide, and tolazamide; thiazolidinedione medications in-
cluded avandaryl, pioglitazone, rosiglitazone, troglitazone.
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Fig. 2). Changes in fasting glucose concen-
tration and HOMA-IR were not signifi-
cantly different compared with placebo
(Table 2).

Over the course of the study, fewer
NB-treated patients required an increase
in dose or the addition of another OAD
owing to deterioration of glycemic con-
trol (22.3% NB vs. 35.2% placebo; P ,
0.01). Because alterations in medications
for diabetes can obscure the impact of
treatment on glycemic-related secondary
end points, an exploratory analysis was
performed to investigate changes in gly-
cemic parameters accounting for rescue
medication by carrying forward the last
observation prior to introduction of the
rescue medication. In this analysis, larger
placebo-corrected improvements in
HbA1c (20.7% [7.7 mmol/mol]; P ,
0.001) and fasting blood glucose (217.5
mg/dL; P, 0.001) were observed; differ-
ences in fasting insulin and HOMA-IR
were not significant between NB and pla-
cebo groups (Supplementary Table 2).

This study also examined the effect of
NB treatment on cardiovascular risk fac-
tors. Compared with placebo-treated pa-
tients, NB-treated patients had significantly
greater reductions in waist circumference
and serum triglyceride concentration and
significant increases in HDL-C concentra-
tion (Table 2). No significant differences
were observed between the groups in
LDL-C or hs-CRP. Systolic and diastolic
blood pressure tended to be reduced from
baseline in both NB and placebo-treated
patients, with numerically but not statisti-
cally greater reductions in placebo-treated
patients (Table 2).

Safety and tolerability
The most common adverse events that
weremore prevalent in the NB-treated pa-
tients were nausea, constipation, vomit-
ing, and diarrhea (Table 3). Nausea led to
study withdrawal in 9.6% of NB-treated
patients, with the vast majority (28 of 32)
of these withdrawals occurring as the re-
sult of nausea with an onset during the
first 4 weeks of treatment. Adverse events
that led to medication discontinuation
during the first 4 weeks of treatment
were the primary reason that relatively
fewer randomized NB patients were in-
cluded in the mITT population. Nausea
occurred at a greater incidence in NB-
treated patients taking metformin at base-
line (46.2%) compared with those not on
metformin (28.2%). The incidence of
subjects with serious adverse events was
low (3.9% for NB and 4.7% for placebo)

Figure 1dA: Bodyweight change from baseline in themITT LOCF population. Data are LSmean6 SE.
Placebo, n = 159; NB, n = 265. ***P, 0.001 vs. placebo; except for change from baseline to week 56 end
point for mITT LOCF population, P values are nominal (i.e., not adjusted for multiple comparisons) and
associated with exploratory analyses. B: Body weight change from baseline to week 56 end point; placebo,
n = 100; NB, n = 175. ***P, 0.001 vs. placebo; except for$5%weight loss category for themITT-LOCF
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and similar to that previously reported for
patients without type 2 diabetes (16–18).

Analyses were performed to examine
the percentage of patients who had blood

pressure and pulse rate increases that met
prespecified criteria (Supplementary
Table 3). The proportions of patients who
had increases meeting these criteria were

similar between groups but tended to be
numerically higher in the NB treatment
group. Importantly, #1% of patients in
each treatment group had a systolic or di-
astolic blood pressure value correspond-
ing to stage 2 hypertension ($160 mmHg
or $100 mmHg, respectively [21]) for
two consecutive visits at any time during
the study (or once if it occurred on the last
visit).

Effects of NB on depression and
mood was examined using the IDS-SR
questionnaire and adverse event reports.
At baseline, mean IDS-SR total scores in
the safety analysis set were similar in the
NB and placebo groups (8.1 and 7.7,
respectively; scores can range from 0 to
84, with higher scores indicating more
severe depression;,14 = nondepressed).
At end point, the LS mean 6 SE change
from baseline in the total score was
0.53 6 0.37 for NB and 21.41 6 0.49
for placebo (P = 0.001). IDS-SR scores
of $25 (indicating moderate depression)
at any time during the study were observed
in 6.2% of patients receiving placebo
and 7.2% of NB-treated patients (NS).
There were no differences between NB-
and placebo-treated patients in incidence
of adverse events of either depression
or depressed mood during the study
(Table 3).

CONCLUSIONSdTreatment of over-
weight or obese individuals with type 2
diabetes with NB resulted in a 5.0%
reduction in body weight, compared
with a reduction of 1.8% with placebo.
Patients treated with NB were more than
twice as likely to lose$5% of their initial
body weight as patients treated with life-
style intervention alone. The weight loss
in the NB-treated group was evident as
early as the first visit (week 4), and was
maintained for the 56-week period, with
no evidence of weight regain. This weight
loss was accompanied by a significant
reduction in HbA1c (placebo-corrected
difference 20.5%) along with other fa-
vorable glycemic effects. Modest im-
provements in waist circumference,
HDL-C, and triglycerides were also ob-
served. The most frequently reported
adverse event with NB was nausea.

Adipose tissue is an active endocrine
and immune organ whose dysfunction
contributes to metabolic diseases (e.g.,
diabetes) and increases cardiovascular
disease (22). Thus, the objective of weight
loss in overweight patients withmetabolic
disease is not solely cosmetic but also to
improve the health of patients. In terms of

Table 2dChanges in secondary end points

Placebo NB
P (NB vs.
placebo)

N 159 265
HbA1c (%)
Baseline 8.0 6 0.9 8.0 6 0.8
Change 20.1 6 0.1 20.6 6 0.1 ,0.001*
% patients with
HbA1c ,7% 26.3 44.1 ,0.001

% patients with
HbA1c ,6.5% 10.2 20.7 0.004

Fasting blood glucose
(mg/dL)

Baseline 163.9 6 44.5 160.0 6 41.3
Change 24.0 6 3.4 211.9 6 2.7 0.065

Fasting insulin (mIU/mL)†
Baseline 13.8 6 1.9 15.1 6 1.9
% change (95% CI) 210.4 (218.8 to 21.1) 213.5 (219.7 to 26.8) 0.563

HOMA-IR†
Baseline 5.2 6 2.0 5.7 6 2.0
% change (95% CI) 214.7 (224.7 to 23.3) 220.6 (227.8 to 212.6) 0.361

Waist circumference (cm)
Baseline 114.3 6 12.4 115.6 6 12.6
Change 22.9 6 0.6 25.0 6 0.5 0.006

Triglycerides (mg/dL)†
Baseline 165.6 6 1.6 143.3 6 1.7
% change (95% CI) 20.8 (27.0 to 5.8) 211.2 (215.6 to 26.6) 0.007*

HDL-C (mg/dL)
Baseline 46.1 6 11.5 46.2 6 10.2
Change 20.3 6 0.6 13.0 6 0.5 ,0.001*

LDL-C (mg/dL)
Baseline 101.0 6 33.9 100.2 6 34.2
Change 0.0 6 2.4 21.4 6 1.9 0.641

hs-CRP (mg/L)†
Baseline 3.3 6 2.8 3.6 6 3.0
% change (95% CI) 213.3 (224.9 to 0.2) 220.9 (229.3 to 211.5) 0.312

Systolic blood pressure
(mmHg)

Baseline 124.5 6 9.6 125.0 6 11.0
Change 21.1 6 0.9 0.0 6 0.7 0.297

Diastolic blood pressure
(mmHg)

Baseline 77.4 6 7.1 77.5 6 7.5
Change 21.5 6 0.6 21.1 6 0.5 0.582

Baseline values are mean6 SD; change values are LSmean6 SE unless otherwise indicated. Data are for the mITT
population, week 56 end point. †Baseline values are geometric mean 6 SD; percent change values are LS mean
percent change (95%CI);P values are based on log-transformed values. *Secondary endpoints thatwere significant
according to the prespecified sequential closed testing procedure conducted to correct for multiple comparisons.

population, P values are nominal (i.e., not adjusted for multiple comparisons) and associated with ex-
ploratoryanalyses.C: Change inHbA1c frombaseline toweek56endpoint; placebo,n=137;NB,n=222.
**P, 0.01 vs. placebo; ***P, 0.001 vs. placebo; the mITT LOCF population consists of patients who
had a baseline measurement and at least one postbaseline measurement while on study drug. The last
observation on study drug was carried forward. The completer population comprised all randomized
patients with a baseline measurement and a 56-week measurement while on the study drug.
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clinically meaningful weight loss, human
studies suggest that 5% weight loss signif-
icantly improves glucose control and
other cardiovascular parameters and re-
sults in reduced mortality in patients
with diabetes (6–8). This magnitude of
weight loss has also been associated
with a delay in the progression to type 2
diabetes in patients with prediabetes
(23–25).

The magnitude of weight loss (both
absolute and placebo corrected) in the
current study of overweight and obese
individuals with type 2 diabetes was
lower than that observed in NB trials in
patients without type 2 diabetes. In the
COR-I and COR-II studies (16,17), which
used a lifestyle intervention similar to the
current study, mean body weight changes

(mITT) were 26.1 and 26.4% with NB
vs. 21.3 and 21.2% with placebo. In
the COR-BMOD study (18), which
included amore intensive, group-based life-
style intervention, mean mITT body weight
changes were 29.3% (NB) and 25.1%
(placebo). The somewhat more modest
weight loss in the current study is not sur-
prising, as it is typical that less weight loss
is observed in patients with diabetes tak-
ingOADs comparedwith patients without
diabetes (26,27). While the reason for the
attenuatedmagnitude of weight loss in pa-
tients with diabetes is not well under-
stood, it may relate to differences in
insulin resistance, adipose cell metabo-
lism, concomitant medications for the
treatment of diabetes, and glucose metab-
olism. Nevertheless, of study participants
who completed 1 year of treatment, more
than one-half of NB patients lost $5% of
body weight and more than one-quarter
achieved $10% weight loss.

Consistent with the observed im-
provement in body weight, NB-treated
patients exhibited clinically and statisti-
cally significant improvement in HbA1c

and generally beneficial changes in other
markers related to glycemic control. The
extent of reduction in HbA1c (20.5%
[25.5 mmol/mol] vs. lifestyle interven-
tion alone) compares well with the reported
efficacy of several drugs currently used
for treating diabetes (28). The magnitude
of reduction was even greater in patients
with higher baseline HbA1c values. This
degree of improvement is meaningful in
relation to long-term risk for microvascu-
lar complications andmay contribute to a
favorable environment with regard to
macrovascular complications (29–32).
The clinical impact of the HbA1c reduc-
tion with NB was demonstrated by the
fact that patients on placebo were more
likely to require an increased dose or
number of OADs to maintain glycemic
control (which lessened the apparent
treatment difference with NB on both
HbA1c and fasting glucose) (Supplemen-
tary Table 2).

NB treatment was also accompanied
by improvements in a number of addi-
tional markers of cardiovascular risk,
such as waist circumference, triglycer-
ides, and HDL-C. In normoglycemic
obese patients, weight loss with NB treat-
ment has been demonstrated to be largely
due to reductions in subcutaneous and
visceral adipose tissue (33), the latter of
which is associated with improvements in
glycemia and lipidemia (34–36). Thus,
treatment with NB in overweight/obese

patients with (and without) diabetes was
associated with an improvement in the
cardiovascular risk profile. However, bu-
propion has a documented pressor effect
(37,38) that was associated with a numer-
ically, but not statistically, greater reduc-
tion in blood pressure in the placebo
group compared with NB. Although the
hemodynamic effects of NB were demon-
strated to be small and transient, the over-
all cardiovascular effects of NB could not
be adequately assessed in the NB phase 3
clinical program because the patient pop-
ulation had an extremely low CV event
rate (~0.2/100 patient-years). In order to
assess the clinical effect of the NB-related
improvements in weight and other car-
diovascular risk factors, along with the
documented pressor effect of buproprion
(a transient elevation in pulse rate and
blood pressure), a cardiovascular out-
comes trial of NB is currently ongoing
(clinical trial reg. no. NCT01601704,
clinicaltrials.gov). This outcomes trial is
designed to assess the incidence of major
cardiovascular events in patients receiv-
ing NB compared with placebo.

The safety profile of NB in this pop-
ulation was generally consistent with the
phase 3 trials conducted in patients with-
out type 2 diabetes (16–18). Importantly,
NB was not associated with an increase in
hypoglycemia. The safety profile of the
two agents used in combination is also
similar to the postmarketing surveillance
data available for the two agents used in-
dividually. The most common adverse
event reported with NB was nausea,
which led to withdrawal in ;10% of NB
patients. Much of the patient withdrawal
occurred within the first 4 weeks of treat-
ment, during which patients started treat-
ment at a lower initial dose and were
required to escalate weekly. Patients un-
able to tolerate the study medication were
discontinued from study drug treatment.
The rate of nausea in NB-treated patients
in the current study (42%) tended to be
higher than previous phase 3 studies (29–
34%) (16–18). This may be related to
interaction with the background medica-
tions used by patients with diabetes in the
current study, as NB-treated patients tak-
ing metformin (;75% of the population)
reported a higher incidence of nausea
than those not on metformin. This result
was not unexpected, as gastrointestinal
side effects are commonly associated
with metformin treatment (39).

Limitations of this study include the
exclusion of patients with type 2 diabetes
who were receiving insulin therapy

Table 3dAdverse events and adverse
events leading to discontinuation

Placebo NB

N 169 333
Patients reporting

any adverse event 85.2 90.4
Nausea 7.1 42.3
Constipation 7.1 17.7
Vomiting 3.6 18.3
Diarrhea 9.5 15.6
Headache 8.9 13.8
Dizziness 5.3 11.7
Insomnia 5.3 11.1
Nasopharyngitis 13.6 8.4
Hypertension 4.1 9.9
Upper–respiratory
tract infection 9.5 7.8

Hypoglycemia 7.1 7.5
Tremor 2.4 6.6
Dry mouth 3.0 6.3
Anxiety 1.2 5.4
Upper abdominal pain 1.8 5.1

Patients discontinued
due to adverse event 15.4 29.4

Gastrointestinal disorders
Nausea 0 9.6
Vomiting 0 3.0

Nervous system disorders
Headache 0 1.8

Psychiatric disorders
Depression 1.8 0.6

Metabolism and
nutrition disorders

Diabetes 1.2 0.3
Hyperglycemia 1.2 0

Safety analysis set. Any adverse event with .5%
incidence in the NB group. Adverse events leading to
discontinuation with incidence .1% of patients in
any treatment group, listed by system organ class.

care.diabetesjournals.org DIABETES CARE, VOLUME 36, DECEMBER 2013 4027

Hollander and Associates

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0234/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0234/-/DC1


(which can promote weight gain) or
glucagon-like peptide-1 receptor agonist
therapy (which is associated with mild
weight loss). Thus, these results may not
be applicable to all patients with type 2
diabetes. Furthermore, a relatively high
dropout rate was observed in this study.
Although the dropout rate was similar to
the other NB phase 3 trials (16–18) and
does not differ from other reported stud-
ies in obesity drug development (40), it
should be considered when evaluating
the treatment effect. Finally, the 1-year
study duration, while common, is not ad-
equate to fully assess the consequences
of improved body weight on long-term
outcomes.

The current epidemic of obesity and
obesity-related diabetes continues to be of
increasing concern. Unfortunately, a
number of the drugs used to treat diabetes
are associated with weight gain, and new
approaches to prevention and treatment
are needed. In this study of overweight/
obese patients with type 2 diabetes, NB
treatment, in conjunction with a stan-
dardized lifestyle intervention, resulted
in a clinically meaningful improvement in
body weight, which was associated with
improvement in HbA1c and other cardio-
vascular risk factors. Thus, a combination
drug such as NB has the potential to
become a useful agent for the treatment
of overweight/obese patients diagnosed
with prediabetes or type 2 diabetes.
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