The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 17,2005

VOL.353 NO.20

Randomized Trial of Lifestyle Modification
and Pharmacotherapy for Obesity

Thomas A. Wadden, Ph.D., Robert |. Berkowitz, M.D., Leslie G. Womble, Ph.D

., David B. Sarwer, Ph.D.,

Suzanne Phelan, Ph.D., Robert K. Cato, M.D., Louise A. Hesson, M.S.N., Suzette Y. Osei, M.D., Ph.D.,

Rosalind Kaplan, M.D., and Albert J. Stunkard, M.D.

ABSTRACT

BACKGROUND

Weight-loss medications are recommended as an adjunct to a comprehensive program
of diet, exercise, and behavior therapy but are typically prescribed with minimal or no
lifestyle modification. This practice is likely to limit therapeutic benefits.

METHODS

In this one-year trial, we randomly assigned 224 obese adults to receive 15 mg of
sibutramine per day alone, delivered by a primary care provider in eight visits of 10 to
15 minutes each; lifestyle-modification counseling alone, delivered in 30 group ses-
sions; sibutramine plus 30 group sessions of lifestyle-modification counseling (i.e.,
combined therapy); or sibutramine plus brief lifestyle-modification counseling deliv-
ered by a primary care provider in eightvisits of 10 to 15 minutes each. All subjects were
prescribed a diet of 1200 to 1500 kcal per day and the same exercise regimen.

RESULTS

At one year, subjects who received combined therapy lost a mean (£SD) 0f12.1+9.8 kg,
whereas those receiving sibutramine alone lost 5.0£7.4 kg, those treated by lifestyle
modification alone lost 6.7£7.9 kg, and those receiving sibutramine plus brief therapy
lost 7.5+8.0 kg (P<0.001). Those in the combined-therapy group who frequently re-
corded their food intake lost more weight than those who did so infrequently
(18.1+£9.8 kg vs. 7.7£7.5 kg, P=0.04).

CONCLUSIONS
The combination of medication and group lifestyle modification resulted in more weight
loss than either medication or lifestyle modification alone. The results underscore the
importance of prescribing weight-loss medications in combination with, rather than
in lieu of; lifestyle modification.
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WO MEDICATIONS, SIBUTRAMINE (MER-

idia, Abbott Laboratories) and orlistat

(Xenical, Roche), are currently approved by
the Food and Drug Administration for the induc-
tion and maintenance of weight loss.1-5 These
agents are recommended as an adjunct to a com-
prehensive program of diet, exercise, and behavior
therapy,3:¢ which is known as lifestyle modifica-
tion and is delivered in weekly group or individual
sessions.” Industry-sponsored trials of weight-
loss medications typically have included limited pro-
grams of lifestyle modification.>10,11

This randomized trial compared the efficacy of
sibutramine alone (as typically prescribed in pri-
mary care practice), group sessions of lifestyle mod-
ification alone, and the combination of the two
therapies. We expected that the combined treatment
would result in significantly greater weight loss
than either therapy alone because of the potentially
complementary mechanisms of action of the two
approaches.1! Sibutramine, a serotonin—norepi-
nephrine reuptake inhibitor, appears to modify in-
ternal signals that control hunger (the drive to eat)
and satiation (fullness).#12 In contrast, lifestyle
modification teaches patients to control the exter-
nal environment involving food — for example, by
grocery shopping from a list or recording food in-
take.”-2 Two studies13:14 of fenfluramine (which
was withdrawn from the marketin 1997 because of
its association with valvular heart diseasel5) sug-
gested that the effects of lifestyle modification and
medication would be additive.

Our study included a fourth treatment group that
assessed the efficacy of sibutramine combined with
brief lifestyle-modification counseling delivered by
primary care providers. We anticipated that this in-
tervention would result in significantly greater
weightloss than medication alone and could poten-
tially provide a model for delivering lifestyle-modi-
fication counseling in primary care practice.16:17

METHODS

SUBJECTS
The study involved 180 women and 44 men, 18 to
65 years of age, each of whom had a body-mass in-
dex (the weight in kilograms divided by the square
of the height in meters) of 30 to 45. Eligible subjects
were free of uncontrolled hypertension (defined by a
blood pressure greater than 140/90 mm Hg); cere-
brovascular, cardiovascular, renal, or hepatic dis-

ease; and type 1 or 2 diabetes. Women were ineligi-
ble if they were pregnant or breast-feeding. The use
of medications known to affect body weight, a
weight loss of 5 kg or greater in the preceding six
months, and the use of selective serotonin-reuptake
inhibitors were exclusion criteria. Psychosocial con-
traindications included bulimia nervosa, substance
abuse, clinically significant depression, or current
psychiatric care.

Initially, 404 persons responded to advertise-
ments for the study, completed a telephone inter-
view, and appeared to meet eligibility requirements.
They met with a psychologist, who described the
study’s requirements, obtained written informed
consent, and assessed their psychosocial status.
Also, height, weight, and blood pressure were mea-
sured. As shown in Figure 1, a total of 77 applicants
elected not to participate and 65 were excluded be-
cause of various contraindications. The remaining
262 persons were referred to their family physicians,
who obtained a history and performed a physical
examination and electrocardiography to determine
whether applicants were free of the physical com-
plications described previously; 38 were deemed by
their physicians to have contraindications to partic-
ipation. The family physicians forwarded their find-
ings to the project physician. The 224 persons who
passed the medical-screening tests comprised the
final sample (Table 1).

TREATMENT GROUPS

Subjects were randomly assigned to receive one of
the four treatments described below. At week 0
(baseline), all subjects were instructed to maintain
their usual eating and activity habits. Thereafter, all
subjects were prescribed a balanced-deficit diet of
1200 to 1500 kcal per day, with approximately 15
percent of energy derived from proteins, 30 percent
or less from fats, and the remainder from carbohy-
drates. All were encouraged to exercise (walk) 30
minutes a day most days of the week.

Sibutramine Alone

Fifty-five subjects were assigned to receive sibu-
tramine alone. They had eight brief visits (10 to 15
minutes each) with a primary care provider at
weeks 1, 3, 6, 10, 18, 26, 40, and 52. During week
1, subjects were given a daily dose of 5 mg of
sibutramine (provided by Abbott Laboratories,
which otherwise had no involvement in the study),
and the dose was increased to 10 mg at week 3 and
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404 Persons screened on site

180 Excluded

77 Declined participation

35 Had elevated blood
pressure

14 Had psychiatric contra-
indications

13 Had BMI that was too high

3 Had BMI that was too low

38 Had medical contraindica-

tions identified by family

55 Assigned to

) € lifestyle modification
sibutramine alone

alone

physicians
224 Eligible and underwent
randomization
55 Assigned to group 60 Assigned to sibutra- 54 Assigned to

mine plus group
lifestyle modification

sibutramine plus
brief therapy

46 Assessed at wk 18

47 Assessed at wk 18

56 Assessed at wk 18

52 Assessed at wk 18

39 Assessed at wk 40

42 Assessed at wk 40

50 Assessed at wk 40

45 Assessed at wk 40

45 Assessed at wk 52

47 Assessed at wk 52

49 Assessed at wk 52

44 Assessed at wk 52

Figure 1. Enrollment and Retention.

to 15 mg atweek 6. Subjects received a copy of “On
Your Way to Fitness,”1® a pamphlet that provides
tips for healthy eating and activity. They were not
instructed to keep records of food intake or activity,
and the primary care providers gave only general
encouragement. Weight and vital signs were mea-
sured at all visits. The primary care providers in-
cluded three internists and one nurse practitioner,
none of whom specialized in obesity management.

Lifestyle Modification Alone

A total of 55 subjects were assigned to receive life-
style modification alone. They attended weekly
group meetings from weeks 1 through 18, sessions
conducted every other week from weeks 20 through
40, and a follow-up visit at week 52. Meetings in-
cluded 7 to 10 subjects, lasted 90 minutes, and were

led by trained psychologists. For the first 18 weeks,
sessions followed the LEARN (Lifestyle, Exercise,
Attitudes, Relationships, and Nutrition) Program
for Weight Control,2° which instructed subjects to
complete weekly homework assignments that in-
cluded keeping daily records of food and calorie in-
take and physical activity. Records were reviewed at
weekly meetings. From weeks 20 through 40, ses-
sions were conducted with the use of the Weight
Maintenance Survival Guide.21

Combined Therapy

Sixty subjects were assigned to combined therapy.
They were given the same two treatments as those
in the first two groups, but with a slight modifica-
tion. They received sibutramine, attended medical
visits, and attended group sessions of lifestyle coun-
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Table 1. Baseline Characteristics of the Subjects.*

Sibutramine Alone

Characteristic (N=55)
Sex (no. of subjects)

Female 44

Male 11
Race or ethnicity (no. of subjects)

White 31

Black 22

Hispanic 2
Age (yr) 42.1+10.2
Weight (kg) 107.9+14.7
Height (cm) 168.0+7.8
Body-mass index 38.2+3.9
Blood pressure (mm Hg)

Systolic 123.6+16.0

Diastolic 67.9+£10.7
Pulse (beats/min) 80.0+10.5
Triglycerides (mg/dl) 125.1+94.1
Cholesterol (mg/dl)

Total 197.1+38.1

LDL 116.9+30.9

HDL 56.2+14.8
Glucose (mg/dl) 96.1+14.3
Insulin (uU/ml) 18.9+18.3
Insulin resistance 4.8+5.8

Lifestyle Sibutramine plus
Modification Alone Combined Therapy Brief Therapy
(N=55) (N=60) (N=54)
42 49 45
13 11 9
35 42 39
18 17 12
2 1 3
43.3+9.7 44.2+10.8 44.9+10.1
105.1+£17.0 108.5+18.6 106.0+18.3
167.3+8.4 168.8+9.2 167.5+8.1
37.8+4.2 37.9+4.2 37.6+4.7
127.3+14.5 126.4+14.0 121.4+14.5
70.9+10.5 67.9+9.6 65.5+7.6
77.6+£9.9 79.7£11.0 77.5£11.1
140.2+151.2 126.8+78.8 132.7+68.2
200.7+33.9 196.4+33.6 198.8+30.2
121.7+30.8 113.7+29.4 118.8+27.3
53.4£13.5 57.5+15.8 53.4+12.4
94.8+15.1 92.8+11.1 97.3+14.9
16.0+9.6 16.8+9.4 19.9+15.0
3.9+2.7 3.9+2.2 5.0+4.5

s

* Plus—minus values are means +SD. There were no significant differences among the four groups on any of the baseline charac-

teristics. Race or ethnicity was self-reported. To convert values for triglycerides to millimoles per liter, multiply by 0.01129. To con-
vert values for cholesterol to millimoles per liter, multiply by 0.02586. To convert values for glucose to millimoles per liter, multi-
ply by 0.05551. To convert values for insulin to picomoles per liter, multiply by 6. LDL denotes low-density lipoprotein, and HDL

high-density lipoprotein.

The degree of insulin resistance was determined with the use of the homeostasis model of insulin resistance.18 Scores ordinarily

range from 0 to 15, with higher scores indicating greater insulin resistance, and are calculated as the product of the fasting plas-
ma insulin level (in microunits per milliliter) and the fasting plasma glucose level (in millimoles per liter), divided by 22.5.

seling that followed a version of the LEARN Pro-
gram for Weight Control22 that was adapted to in-
clude sibutramine.

Sibutramine plus Brief Therapy

A total of 54 subjects received sibutramine and met
with a primary care provider (10 to 15 minutes per
session) on the same schedule as subjects in the
group given sibutramine alone. They also were
given the two treatment manuals21.22 and were in-
structed to complete homework assignments, in-
cluding daily food-intake and activity records, which
they reviewed during visits with the primary care
providers. (Additional details about treatment im-

plementation are provided in the Supplementary
Appendix, available with the full text of this article
atwww.nejm.org.)

OUTCOMES
A digital scale (model 68004, Detecto) was used at
all treatment visits to measure subjects’ weight
while they were dressed in light clothing. Behavior-
al adherence during the first 18 weeks was assessed
in the three groups receiving lifestyle-modification
therapy by counting the number of food-intake rec-
ords completed. For each week, subjects received a
score of 0 to 7, reflecting the number of days they
completed a record. Completion of food-intake rec-
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ords has been shown to correlate positively with
weight loss.16,23,24

Levels of triglycerides, total cholesterol, low-
density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, glucose, and insu-
lin were measured at baseline and at weeks 18, 40,
and 52 after an overnight fast (Quest Diagnostics).
Insulin sensitivity was estimated with the use of the
homeostasis model of insulin sensitivity.24 Blood
pressure and pulse were measured by research as-
sistants with an automated monitor (Dinamap,
model 9300, Johnson & Johnson) on the same
schedule as the visits to primary care providers. On
each occasion, two readings were taken at one-
minute intervals after subjects had been seated for
at least five minutes.

ATTRITION

Thirty-nine subjects (17 percent) did not complete
the one-year study. This number includes anyone
who attended the first treatment visit but did not
return. There were no significant differences in at-
trition among the four groups (Fig. 1). Most of those
who dropped out did so because they were dissatis-
fied with treatment (22 subjects) or had scheduling
conflicts (5 subjects). Twelve withdrew because of
medical complications. The complications includ-
ed two pregnancies reported at week 6 of the pro-
gram; the data on these two women were excluded
from the analysis because of the likelihood that they
were pregnant at the start of the study.

STATISTICAL ANALYSIS
The sample size was selected to provide the study
with a statistical power of 80 percent to detect a
4-kg difference in weight loss at week 52 among
those receiving combined therapy as compared with
both those receiving sibutramine alone and those
receiving lifestyle modification alone. Similar sta-
tistical power was available to detect a 4-kg differ-
ence between those in the group given drug plus
brief therapy and those given sibutramine alone.
Preliminary analysis revealed no significant differ-
ences among the four groups in baseline character-
istics (Table 1). Differences in weight and other out-
comes among groups at weeks 18, 40, and 52 were
compared with the use of analysis of variance with
repeated measures. In cases of a significant treat-
ment effect, Tukey’s honestly significant difference
test2> was used to identify differences among the
four groups.

Data were examined for the 222 subjects who

began treatment (excluding the 2 women who were
thought to be pregnant before the study began) with
the use of the last-observation-carried-forward
analysis, a more conservative method than exam-
ining only those who completed treatment. An even
more conservative intention-to-treat analysis was
used for weight change; subjects who discontin-
ued treatment were assumed to have regained 0.3
kg per month after leaving the study.2# Chi-square
tests were performed to compare percentages of
subjects in each group who lost 5 percent or more
of their initial weight. Partial-correlation analysis,
which controlled for the effect of treatment
group, was used to examine predictors and corre-
lates of weight loss. Data were analyzed with the
use of SPSS software (version 11).25

This study was approved by the institutional re-
view board of the University of Pennsylvania and
was conducted from January 2000 to August 2003.
The authors were solely responsible for designing
the study, securing funding, treating subjects, col-
lecting and analyzing the data, and writing the
manuscript.

RESULTS

WEIGHT LOSS

At one year, subjects who received combined ther-
apy lost a mean (£SD) of 12.1+9.8 kg, whereas
those receiving sibutramine alone lost 5.0+7.4 kg,
those treated by lifestyle modification alone lost
6.7£7.9 kg, and those receiving sibutramine plus
brief therapy lost 7.5+8.0 kg. Subjects in the group
receiving combined therapy lost significantly more
weightat 1 year, as well as at weeks 18 and 40, than
those in the other three groups (P<0.001 by the in-
tention-to-treat analysis) (Fig. 2A). In addition,
subjects in the group treated by lifestyle modifica-
tion alone and those in the group given sibutra-
mine plus brief therapy lost significantly (P=0.05)
more weight at week 18 than those in the group
given sibutramine alone; there were no other sig-
nificant differences among these three groups at
week 40 or 52. Results of the last-observation-car-
ried-forward analysis yielded the same statistical
conclusions (Fig. 2B). An analysis of covariance
that controlled for the effects of initial weight, age,
sex, and race or ethnicity also yielded the same sta-
tistical conclusions, with one exception; at week
18, the weight losses in the group treated by lifestyle
modification alone and the group given sibutramine
plus brief therapy were superior (P=0.05) to those
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Figure 2. Mean (+SE) Weight Loss in the Four Groups, as Determined

by an Intention-to-Treat Analysis (Panel A) and a Last-Observation-Carried-
Forward Analysis (Panel B).

Subjects who received combined therapy lost significantly more weight at all
times than subjects in the other three groups. Subjects treated with lifestyle
modification alone and those treated with sibutramine plus brief therapy lost
significantly more weight at week 18 than those who received sibutramine
alone, with no other significant differences at any other time. Panel B shows
that a last-observation-carried-forward analysis yielded the same statistical
conclusions.

in the group given sibutramine alone in the last-
observation-carried-forward analysis but notin the

intention-to-treat analysis.

At one year, significantly more subjects in the
combined-therapy group (73 percent) lost 5 percent
or more of their initial weight than did those in the
group given sibutramine alone (42 percent), the
group treated by lifestyle modification alone (53 per-
cent), and the group given sibutramine plus brief
therapy (56 percent) (P=0.05). More subjects in the
combined-therapy group (52 percent) also lost 10
percent or more of their initial weight than did
those in the three other groups (26 percent, 29 per-

cent, and 26 percent, respectively; P=0.004).
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BEHAVIORAL ADHERENCE

The mean (£SD) number of food-intake records
completed during the first 18 weeks (126 days) of
the study was 88.4+32.7 in the group treated by life-
style modification alone, 91.5+35.9 in the com-
bined-therapy group, and 61.0£40.0 in the group
given sibutramine plus brief therapy. Subjects in the
first two groups completed significantly more rec-
ords than did those in the third group (P<0.001).
Partial-correlation analysis that controlled for treat-
ment group showed that the more records subjects
completed, the more weight they lost at week 18
(r=0.29, P<0.001), week 40 (r=0.22, P=0.01), and
week 52 (r=0.31, P<0.001).

The importance of recording food intake was
further revealed by examining those in the highest
and lowest thirds of adherence in the combined-
therapy group and the group treated by lifestyle
modification alone. In both groups, subjects in the
highest third of adherence lost more than twice as
much weight as those in the lowest third of adher-
ence (Fig. 3). Those, for example, in the combined-
therapy group who recorded food intake frequently
lost more weight than those who did so infrequently
(18.1+£9.8 kg vs. 7.7£7.5 kg, P=0.04).

SERUM CHEMISTRY

No significant differences in changes in cardiovas-
cular risk factors were observed among the four
groups at any time. Table 2 shows the results for
week 52. Combining the four groups, significant
reductions were observed in levels of triglycerides
(P=0.003), glucose (P<0.001), and insulin and in
insulin resistance (P<0.001 for both comparisons).
Levels of total cholesterol also declined (P=0.02),
whereas HDL cholesterol increased (P=0.003). Par-
tial-correlation analysis that controlled for treatment
group showed that weight loss at week 52 was corre-
lated with decreases in triglyceride levels (r=0.31,
P<0.001), insulin levels (r=0.28, P<0.001), and in-
sulin resistance (r=0.24, P=0.006) and with increas-
es in HDL cholesterol levels (r=0.26, P=0.004).

BLOOD PRESSURE AND PULSE

At week 18, systolic and diastolic blood pressure
both decreased more in the group treated by life-
style modification alone than in the group given
sibutramine alone or the group given sibutramine
plus brief therapy (P<0.001 for both comparisons)
(Table 3). Diastolic blood pressure increased by ap-
proximately 3 mm Hg in the group given sibutra-
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mine alone and the group given sibutramine plus
brief therapy. At one year, there were no significant
differences among groups in the changes in either
systolic or diastolic blood pressure. Changes in
pulse paralleled changes in blood pressure (Table
3). Partial-correlation analysis that controlled for
the treatment group indicated that weight loss at
week 52 was correlated with decreases in systolic
blood pressure (r=0.33, P<0.001), diastolic blood
pressure (r=0.22, P=0.004), and pulse rate (r=0.15,
P=0.05).

MEDICATION REDUCTION ON THE BASIS

OF CARDIOVASCULAR STATUS

Thirty-four subjects taking sibutramine (14 in the
group given sibutramine alone, 12 in the combined-
therapy group, and 8 in the group given sibutra-
mine plus brief therapy) received reduced doses in
response to an increase in systolic or diastolic
blood pressure of 10 mm Hg or more above base-
line or an increase in the pulse rate of 15 percent or
more. These criteria were selected a priori to mini-
mize increases in blood pressure and pulse report-
ed previously with the use of sibutramine.# Reduc-
ing the daily dose from 15 mg to 10 mg typically
caused the elevated values to return to baseline.

ADVERSE EVENTS

Twelve subjects discontinued treatment because of
adverse events that included breast cancer, chronic
inflammatory polyneuropathy, preexisting atten-
tion-deficit disorder treated with bupropion at week
12, hepatitis C, Lyme disease, back injury (in two),
heart palpitations, facial rash, and pregnancy (in
three, which includes the two women who were ex-
cluded from the data analysis). The only adverse
events judged to be potentially related to the use of
sibutramine were the heart palpitations and facial
rash, both of which remitted after withdrawal of
the medication. The three full-term pregnancies
yielded healthy infants with normal Apgar scores.
There were no significant differences among the
groups in the rate of adverse events.

DISCUSSION

We found that the combination of group lifestyle-
modification counseling and pharmacotherapy re-
sulted in an average loss of 12.1 kg at one year —a
loss approximately double that of the groups re-
ceiving either sibutramine alone (5.0 kg) or lifestyle-

N ENGL J MED 353;20 WWW.NEJM.ORG

Combined Therapy Lifestyle Modification Alone

Lowest Highest Lowest Highest
third of third of third of third of
adherence adherence adherence adherence
. (N=24) (N=17) (N=15) (N=21)
2_
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5'10—
S 124 L
7§° ig_ P<0.008
= 184
20+
22+
o L 1
26- P<0.04

Figure 3. Mean (+SE) Weight Loss at One Year in the Combined-Therapy
Group and the Group Treated by Lifestyle Modification Alone among Subjects
in the Lowest and Highest Thirds of Adherence for Completing Food-Intake
Records during the First 18 Weeks.

In the combined-therapy group and the group treated by lifestyle modification
alone, the 24 and 15 subjects in the lowest third of adherence completed
54.5+21.9 and 40.5+27.4 food-intake records, respectively, whereas the 17
and 21 subjects in the highest third of adherence completed 122.3+4.2 and
120.1+3.6 records, respectively (of a possible 126 daily records). Within each
treatment group, differences in weight loss between subjects in the lowest
third of adherence as compared with those in the highest third of adherence
were significant as determined by Wilcoxon rank-sum tests. In the combined-
therapy group, the 19 subjects in the middle third of adherence completed
100.7+9.6 records and lost 12.2+9.8 kg, whereas in the group treated by life-
style modification alone, the 19 subjects in the middle third of compliance
completed 100.3+8.5 records and lost 8.7+7.2 kg.

modification counseling alone (6.7 kg). Nearly twice
as many subjects in the combined-therapy group as
in the monotherapy groups lost 10 percent or more
of their initial weight, a prespecified benchmark
for success.® These findings, which are based on
all enrollees (not just those who completed treat-
ment), provide strong support for recommenda-
tions that weight-loss medications be used only as
an adjunct to a comprehensive program of diet, ex-
ercise, and behavior therapy.¢ These results also
confirm previous reports of the benefits of lifestyle
modification used alone for inducing clinically and
statistically significant weight loss.%26 Subjects
treated by lifestyle modification alone had signifi-
cantly greater weight loss than those who received
sibutramine alone during the first 18 weeks.

We cannot identify the components of group
lifestyle modification that contributed most to the
increased weightloss when combined with sibutra-
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Table 2. Changes in Cardiovascular Risk Factors at Week 52 in the Four Groups, as Determined by a Last-Observation-
Carried-Forward Analysis.*

Sibutramine Lifestyle Combined  Sibutramine plus
Alone Modification Alone Therapy Brief Therapy All Groups Combined

Variable (N=53) (N=53) (N=58) (N=53) (N=217)
Triglycerides (mg/dl) -12.0+54.5 -31.6+109.1 -33.9+58.4 -12.6+45.6 -22.8+71.3F
Cholesterol (mg/dI)

Total -3.4+30.2 -2.7+28.6 -7.9+18.2 -1.1+20.3 -3.9+24.7%

LDL -2.2425.9 +1.0+25.3 -4.6+16.6 +0.5+21.2 -1.4+22.4

HDL +0.9+9.6 +0.8+8.0 +2.7+9.8 +0.9+7.4 +1.4+8.87
Glucose (mg/dl) -0.6+11.7 -4.2+8.3 -3.0£12.1 -3.6£12.4 -2.8+11.3§
Insulin (uU/ml) -0.5+10.9 43165 -6.2+7.9 -5.4+16.2 -4.2+11.2§
Insulin resistanceq| -0.3£2.7 -1.1£1.8 -1.5£1.9 -1.5+4.9 -1.1+3.1§

s

¥ Plus—minus values are means +SD. There were no significant differences among the four groups as determined by analysis of
variance. Acceptable baseline serum chemistry values were not obtained in two subjects in the group given sibutramine alone,
the group treated with lifestyle modification alone, and the combined-therapy group and in one subject in the group given
sibutramine plus brief therapy. To convert values for triglycerides to millimoles per liter, multiply by 0.01129. To convert values for
cholesterol to millimoles per liter, multiply by 0.02586. To convert values for glucose to millimoles per liter, multiply by 0.05551.

P=0.003 for the comparison with baseline values.
P=0.02 for the comparison with baseline values.
P<0.001 for the comparison with baseline values.

=)

9§ The degree of insulin resistance was determined with the use of the homeostasis model of insulin resistance.2® Scores ordinarily
range from 0 to 15, with higher scores indicating greater insulin resistance, and are calculated as the product of the fasting plas-
ma insulin level (in microunits per milliliter) and the fasting plasma glucose level (in millimoles per liter), divided by 22.5.

mine therapy. However, keeping daily food-intake
records during the first 18 weeks correlated positive-
ly with weight loss at all assessments. A secondary
analysis showed that subjects in the combined-
therapy group who were in the top third of record-
keeping lost 18.1 kg, as compared with only 7.7 kg
for those in the bottom third. These observations
underscore the importance of patients’ efforts to
modify their eating behavior, rather than relying
solely on medication.11,16,23,24

The group given sibutramine plus brief therapy
was included to determine whether practitioners
might provide effective lifestyle counseling during
a limited number ofvisits 0of 10 to 15 minutes each,
intended to simulate patterns of primary care prac-
tice. Subjects in this group lost significantly more
weight at week 18 than did those who received
sibutramine alone. Thus, itappears that practition-
ers may be able to provide brief, effective weight-
loss counseling. However, the superiority of this
approach faded after week 18, when the frequency
of visits was reduced.

Treatment with sibutramine plus brief therapy
appeared to be as effective in inducing and main-
taining weight loss as lifestyle modification alone,
which required participation in 30 group sessions
0f90 minutes each. Future studies comparing these

two therapeutic strategies should include an eco-
nomic analysis to weigh savings in patients’ time
and travel against the costs of medication and phy-
sicians’ visits.2? Studies also must include a thor-
ough evaluation of the status of the patients’ general
health. At both weeks 18 and 40, we found signifi-
cantdifferences between these two groups in chang-
es in systolic and diastolic blood pressure. The dif-
ference in diastolic blood pressure was attributable,
in part, to a slight rise in blood pressure, as report-
ed previously,*+28:29 in subjects in the group given
sibutramine plus brief therapy. These increases
were minimized by selectively reducing the dose of
sibutramine in 34 subjects from the three groups
that included drug therapy. Analysis of other car-
diovascular risk factors revealed clinically signifi-
cantimprovements in triglyceride levels and insulin
resistance, as estimated by the homeostasis model
of insulin sensitivity.3°

Our goal was to compare the efficacy of two
well-established therapies for obesity — lifestyle
modification and pharmacotherapy — and to de-
termine whether the two in combination would be
more effective than either treatment alone. We in-
tentionally did not conduct a placebo-controlled
trial, since the efficacy of sibutramine has been es-
tablished in more than a dozen such trials.28 We

N ENGL J MED 353;20 WWW.NEJM.ORG NOVEMBER 17, 2005

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



LIFESTYLE MODIFICATION AND PHARMACOTHERAPY FOR OBESITY

Table 3. Changes in Blood Pressure and Pulse during One Year of Treatment in the Four Groups, as Determined
by a Last-Observation-Carried-Forward Analysis.*
Sibutramine  Lifestyle Modifica- Combined Sibutramine plus
Alone tion Alone Therapy Brief Therapy
Variable (N=53) (N=55) (N=60) (N=54)
Systolic blood pressure (mm Hg)
Week 18 +0.5+11.2F -8.5+12.1 -4.5+12.2 -0.2+11.07
Week 40 -2.9+11.7 -6.8+12.2 -4.0+12.8 +1.1+11.7%
Week 52 -1.8+13.9 -3.8+£13.2 -5.8+15.0 -0.4+10.0
Diastolic blood pressure (mm Hg)
Week 18 +2.6+7.6§ -2.2+8.4 +0.5£7.9 +3.1+7.19
Week 40 +0.9+8.5 -1.7+8.2| +0.7£7.8%% +4.7+8.1
Week 52 +0.7+£9.4 -1.1+8.8 -0.2+9.3 +2.6+7.2
Pulse (beats/min)
Week 18 +0.5+9.9¢ -6.4+10.4 -0.5+9.61 +2.3£10.5F
Week 40 +1.9+10.4 -2.6+8.5 +1.1+12.7 +3.4+10.45%
Week 52 +1.1£12.3 -1.7+8.7 +0.5+10.8 +2.0+10.7

* Plus—minus values are means +SD. Significant differences were determined by Tukey’s honestly significant difference test2s for
all possible pairwise comparisons. Baseline blood-pressure measurements were not obtained in two subjects in the group giv-

en sibutramine alone.

P<0.001 for the comparison with lifestyle modification alone.
P=0.02 for the comparison with lifestyle modification alone.
P=0.005 for the comparison with lifestyle modification alone.

P=0.002 for the comparison with sibutramine plus brief therapy.

T
oy
§
€ P=0.003 for the comparison with lifestyle modification alone.
|

P=0.05 for the comparison with sibutramine plus brief therapy.
77 P=0.004 for the comparison with lifestyle modification alone.
41 P=0.03 for the comparison with lifestyle modification alone.

wished to assess the efficacy of group lifestyle mod-
ification alone as customarily delivered. The inclu-
sion of a placebo with this treatment could poten-
tially have undermined subjects’ efforts to adhere to
diet and exercise recommendations and, thus, lim-
ited their weight loss.11,31,32

Our findings strongly suggest that the best
weight-loss results will be obtained when medica-
tion is used as an adjunct to a comprehensive pro-
gram of diet, exercise, and behavior therapy. Fur-
ther research is needed to identify effective methods
of providing lifestyle counseling in primary care and

community settings.33
Supported by grants (DK56124 and DK065018) from the Nation-
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REFERENCES

Dr. Wadden reports having received consulting fees from Abbott
Laboratories, Merck, Pfizer, and Sanofi-Aventis; lecture fees from
GlaxoSmithKline, Roche Laboratories, and Johnson & Johnson;
grants from Abbott Laboratories, GlaxoSmithKline, Johnson &
Johnson, Merck, and Regeneron; and royalties from American
Health Publishing. Dr. Berkowitz reports having received consult-
ing fees from Abbott Laboratories, Johnson & Johnson, Roche Lab-
oratories, Sanofi-Aventis, and Shionogi USA; lecture fees from Ab-
bott Laboratories and Roche Laboratories; and grants from Abbott
Laboratories and Knoll Pharmaceutical. Dr. Sarwer reports having
received lecture fees from Abbott Laboratories. During the conduct
of the study, Dr. Osei worked full time at the University of Pennsylva-
nia but since has moved to GlaxoSmithKline. Dr. Stunkard reports
having received grants from Pfizer.

We are indebted to Drs. George Bray and Ken Fujioka for serving
as consultants to the study; to Shirley Wang, Rebecca Rothman, and
Suzanne MacDonald for their many contributions in coordinating
the recruitment, assessment, and treatment of study subjects; and to
Johanna Brock for her editorial assistance.

1. Yanovski SZ, Yanovski JA. Obesity. 4. James WP, Astrup A, Finer N, et al. Ef- weight regain in obese patients. Lancet

N EnglJ Med 2002;346:591-602.

2. Meridia (sibutramine hydrochloride
monohydrate). N. Chicago, Ill.: Abbott Lab-
oratories, 2004 (package insert).

3. Xenical (orlistat). Nutley, N.J.: Roche
Pharmaceuticals, 1999 (package insert).

N ENGL J MED 353;20 WWW.NEJM.ORG

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

fect of sibutramine on weight maintenance
after weight loss: a randomised trial. Lancet
2000;356:2119-25.

5. Sjostrom L, Rissanen A, Andersen T, et
al. Randomised placebo-controlled trial of
orlistat for weight loss and prevention of

1998;352:167-72.

6. Clinical guidelines on the identification,
evaluation, and treatment of overweight and
obesity in adults — the Evidence Report.
Obes Res 1998;6:Suppl 2:515-209S. [Erra-
tum, Obes Res 1998;6:464.]

NOVEMBER 17, 2005

Copyright © 2005 Massachusetts Medical Society. All rights reserved.

2119



2120

LIFESTYLE MODIFICATION AND PHARMACOTHERAPY FOR OBESITY

7. Wadden TA, Foster GD. Behavioral
treatment of obesity. Med Clin North Am
2000;84:441-61.

8. WingRR. Behavioral weight control. In:
Wadden TA, Stunkard AJ, eds. Handbook of
obesity treatment. New York: Guilford
Press, 2002:301-16.

9. Klein S, Sheard NF, Pi-Sunyer X, et al.
Weight management through lifestyle mod-
ification for the prevention and manage-
ment of type 2 diabetes: rationale and strate-
gies: a statement of the American Diabetes
Association, the North American Associa-
tion for the Study of Obesity, and the Ameri-
can Society for Clinical Nutrition. Diabetes
Care 2004;27:2067-73.

10. Bray GA, Ryan DH, Gordon D, Heid-
ingsfelder S, Cerise F, Wilson K. A double-
blind randomized placebo-controlled trial
of sibutramine. Obes Res 1996;4:263-70.
11. Phelan S, Wadden TA. Combining be-
havioral and pharmacological treatments
for obesity. Obes Res 2002;10:560-74.

12. Barkeling B, Elfhag K, Rooth P, Rossner
S. Short-term effects of sibutramine (Reduc-
til) on appetite and eating behaviour and the
long-term therapeutic outcome. Int J Obes
Relat Metab Disord 2003;27:693-700.

13. Craighead LW, Stunkard AJ, O’Brien RM.
Behavior therapy and pharmacotherapy for
obesity. Arch Gen Psychiatry 1981;38:763-8.
14. Craighead LW. Sequencing of behavior
therapy and pharmacotherapy for obesity.
J Consult Clin Psychol 1984;52:190-9.

15. Connolly HM, Crary]JL, McGoon MD, et
al. Valvular heart disease associated with fen-
fluramine-phentermine. N EnglJ Med 1997;
337:581-8. [Erratum, N Engl J Med 1997;
337:1783.]

16. Wadden TA, Berkowitz RI, Vogt RA,
Steen SN, Stunkard AJ, Foster GD. Lifestyle
modification in the pharmacologic treat-
ment of obesity: a pilot investigation of a po-
tential primary care approach. Obes Res
1997;5:218-26.

17. Serdula MK, Khan LK, Dietz WH.
Weight loss counseling revisited. JAMA
2003;289:1747-50.

18. Haftner SM, Kennedy E, Gonzalez C,
Stein MP, Miettinen H. A prospective analy-
sis of the HOMA model: the Mexico City Di-
abetes Study. Diabetes Care 1996;19:1138-
41.

19. Shape Up America. On your way to fit-
ness. Wilton: Connecticut Marketing Asso-
ciates, 1996.

20. Brownell KD, ed. The LEARN program
for weight control. 7th ed. Dallas: American
Health Publishing, 1998.

21. Brownell KD, Rodin]J. The weight main-
tenance survival guide. Dallas: Brownell
& Hager, 1990.

22. Brownell KD, Wadden TA. The LEARN
program for weight control: special medica-
tion edition. Dallas: American Health Pub-
lishing, 1999.

23. Berkowitz RI, Wadden TA, Tershakovec
AM, Cronquist JL. Behavior therapy and
sibutramine for the treatment of adolescent
obesity: a randomized controlled trial.
JAMA 2003;289:1805-12.

24. Wadden TA, Berkowitz RI, Sarwer DB,
Prus-Wisniewski R, Steinberg C. Benefits of
lifestyle modification in the pharmacologic
treatment of obesity. Arch Intern Med 2001;
161:218-27.

25. SPSS for Windows, version 11.0. Chica-
go: SPSS, 2000.

26. Knowler WC, Barrett-Connor E, Fowl-
er SE, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or
metformin. N Engl J] Med 2002;346:393-
403.

27. Avenell A, Broom J, Brown TJ, et al. Sys-
tematic review of the long-term effects and
economic consequences of treatments for
obesity and implications for health im-
provement. Health Technol Assess 2004;8:
1-182.

28. Arterburn DE, Crane PK, Veenstra DL.
The efficacy and safety of sibutramine for
weight loss: a systematic review. Arch Intern
Med 2004;164:994-1003.

29. Kim SH, Lee YM, Jee SH, Nam CM. Ef-
fect of sibutramine on weightloss and blood
pressure: a meta-analysis of controlled tri-
als. Obes Res 2003;11:1116-23.

30. Wee CC, Hamel MB, Davis RB, Phillips
RS. Assessing the value of weight loss
among primary care patients. J Gen Intern
Med 2004;19:1206-11.

31. Hollon SD, DeRubeis RJ. Placebo-psy-
chotherapy combinations: inappropriate
representations of psychotherapy in drug-
psychotherapy comparative trials. Psychol
Bull 1981;90:467-77.

32. Brightwell DR, Naylor CS. Effects of a
combined behavioral and pharmacologic
program on weight loss. IntJ Obes 1979;3:
141-8.

33. McTigue KM, Harris R, Hemphill B, et
al. Screening and interventions for obesity
in adults: summary of the evidence for the
U.S. Preventive Service Task Force. Ann In-
tern Med 2003;139:933-49.

Copyright © 2005 Massachusetts Medical Society.

PHYSICIAN-JOURNALIST

The Journal is seeking a physician with substantial reporting
experience to write articles on timely topics in medicine and society
for the Perspective section. Send curriculum vitae and writing samples
to Perspective Editor, New England Journal of Medicine, 10 Shattuck St.,
Boston, MA 02115, or at writer@nejm.org.

N ENGL J MED 353;20 WWW.NEJM.ORG

NOVEMBER 17, 2005

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



