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NEARLY TWO-THIRDS OF US
adults are overweight or
obese.1 Together over-
weight and obesity are the

second leading cause of preventable
death, primarily through effects on car-

diovascular disease (CVD) risk fac-
tors (hypertension, dyslipidemia, and
type 2 diabetes).2 Weight loss im-
proves these risk factors, and evi-
dence suggests that benefits persist as
long as weight loss is maintained.3-8

Relatively short-term (ie, 4-6 months)
behavioral interventions for adults re-

sult in clinically significant weight loss,
but regain is an intractable prob-
lem.9-11 Given the vast scope of the over-

Author Affiliations are listed at the end of this article.
Corresponding Author: Laura P. Svetkey, MD,
Duke Hypertension Center, Box 3075, Duke Univer-
sity Medical Center, Durham, NC 27710 (Svetk001
@mc.duke.edu).

Context Behavioral weight loss interventions achieve short-term success, but re-
gain is common.

Objective To compare 2 weight loss maintenance interventions with a self-directed
control group.

Design, Setting, and Participants Two-phase trial in which 1032 overweight or
obese adults (38% African American, 63% women) with hypertension, dyslipidemia,
or both who had lost at least 4 kg during a 6-month weight loss program (phase 1)
were randomized to a weight-loss maintenance intervention (phase 2). Enrollment at
4 academic centers occurred August 2003-July 2004 and randomization, February-
December 2004. Data collection was completed in June 2007.

Interventions After the phase 1 weight-loss program, participants were random-
ized to one of the following groups for 30 months: monthly personal contact,
unlimited access to an interactive technology–based intervention, or self-directed
control.

Main Outcome Changes in weight from randomization.

Results Mean entry weight was 96.7 kg. During the initial 6-month program, mean
weight loss was 8.5 kg. After randomization, weight regain occurred. Participants in the
personal-contact group regained less weight (4.0 kg) than those in the self-directed group
(5.5 kg; mean difference at 30 months, −1.5 kg; 95% confidence interval [CI], −2.4 to
−0.6 kg; P=.001). At 30 months, weight regain did not differ between the interactive
technology–based (5.2 kg) and self-directed groups (5.5 kg; mean difference −0.3 kg;
95% CI, −1.2 to 0.6 kg; P=.51); however, weight regain was lower in the interactive
technology–based than in the self-directed group at 18 months (mean difference, −1.1
kg; 95% CI, −1.9 to −0.4 kg; P=.003) and at 24 months (mean difference, −0.9 kg; 95%
CI, −1.7 to −0.02 kg; P=.04). At 30 months, the difference between the personal-
contact and interactive technology–based group was −1.2 kg (95% CI −2.1 to −0.3;
P=.008). Effects did not differ significantly by sex, race, age, and body mass index sub-
groups. Overall, 71% of study participants remained below entry weight.

Conclusions The majority of individuals who successfully completed an initial be-
havioral weight loss program maintained a weight below their initial level. Monthly
brief personal contact provided modest benefit in sustaining weight loss, whereas an
interactive techonology–based intervention provided early but transient benefit.

Trial Registration clinicaltrials.gov Identifier: NCT00054925
JAMA. 2008;299(10):1139-1148 www.jama.com
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weight and obesity epidemic, there is
a critical need for practical, afford-
able, and scalable intervention strate-
gies that effectively maintain weight
loss. Such strategies may also play an
important role in preventing weight
gain among normal-weight individu-
als, thereby reducing the incidence of
overweight and obesity.12

Despite the potential for health ben-
efits of weight loss maintenance, there
is little evidence, particularly from clini-
cal trials, on how to accomplish this ob-
jective. Observational studies suggest
that continued intervention con-
tacts9,13; self-monitoring of dietary in-
take, physical activity, and weight14-16;
accountability10,14; and regular physi-
cal activity17 lead to sustained weight
loss. However, very few trials have ex-
plicitly tested alternative strategies to
sustain weight loss, and few weight loss
studies have implemented interven-
tions for longer than 18 months.13,14,18-20

Although effective weight manage-
ment is an important goal for every-
one, it is especially important for seg-
ments of the population at highest risk
for future CVD. Minority populations
in general and African Americans in
particular are affected disproportion-
ately by the obesity epidemic, with
greater prevalence and incidence of
overweight and obesity and greater se-
verity of obesity-related CVD risk fac-
tors.21-23 For individuals with known
CVD risk factors, weight management
is a priority because of the beneficial
effect of weight loss on blood pres-
sure, lipid profile, and insulin resis-
tance. Even though African Ameri-
cans and individuals with CVD risk
factors may benefit the most from ef-
fective weight loss maintenance strat-
egies, large weight loss trials histori-
cally have had limited inclusion of
minorities and other high-risk groups,
thereby limiting generalizability.

In this context, we report the main
results of the Weight Loss Mainte-
nance (WLM) trial, a controlled trial of
2 practical strategies for maintaining
weight loss for 30 months following ini-
tial weight loss in a large, diverse, adult
population at high risk for CVD.

METHODS
Participants were enrolled in 2 phases
of the clinical trial: phase 1 was a
6-month nonrandomized initial weight
loss intervention for all participants;
phase 2 was a randomized 30-month
trial comparing 2 weight-maintenance
strategies (personal contact and inter-
active technology)vsa self-directedcon-
trol condition.

Participating institutions included 4
clinical centers—Duke University,
Johns Hopkins University, Penning-
ton Biomedical Research Center, and
the Kaiser Permanente Center for
Health Research. The study was ap-
proved by an institutional review board
at each participating site and by a pro-
tocol review committee appointed by
the National Heart, Lung, and Blood In-
stitute. All participants provided writ-
ten informed consent, and a data and
safety monitoring board provided trial
oversight. A detailed description of trial
methods is available at http://www
.kpchr.org/wlmpublic.24,25

Participants

To be included into phase 1 of the
study, participants were required to
have a body mass index (BMI), calcu-
lated as weight in kilograms divided by
height in meters squared, of between
25 and 45; to be taking medication for
hypertension, dyslipidemia, or both; to
have no active CVD (those with a posi-
tive Rose angina questionnaire or a CVD
event no less than 12 months before
study entry and a negative stress test re-
sult could join the study with permis-
sion from their physician); access to a
telephone and to the Internet; and to
keep a food diary for 5 days during the
screening.

Major exclusion criteria for phase 1
were medication-treated diabetes
mellitus, a recent cardiovascular event
or other medical or psychiatric condi-
tions that would preclude full partici-
pation in the study, weight loss of
more than 9 kg in the last 3 months,
recent use of weight loss medications,
or prior weight loss surgery. The pri-
mary criterion for randomization into
the study’s second phase was weight

loss of at least 4 kg during the first
phase.

Recognizing that weight loss stud-
ies often lack large numbers of male par-
ticipants, we sought to enroll 40% men.
In addition, a major trial goal was to re-
cruit a study population that was ap-
proximately 40% African American.
Participants self-identified their race cat-
egories.

Participant Flow

Recruitment relied on mass mailings,
posted flyers, radio advertisements, and
print media. Individuals meeting pre-
screening criteria attended a series of
screening visits, after which eligible par-
ticipants began the 6-month group-
based, phase 1 behavioral weight-loss
program, for which enrollment oc-
curred from August 2003 through July
2004. Those who completed phase 1
and met criteria for phase 2 were ran-
domized from February through De-
cember 2004 to one of the 3 interven-
tions. Data collection was completed in
June 2007.

Randomization assignments were
stratifiedbyclinic,race(ie,AfricanAmeri-
can or non–African American), and
amountofweight lossduringphase1and
were allocated in blocks of varying sizes
toprovideabalance in treatmentassign-
ments over time. The actual allocation
assignments were generated using a
password-restricted,Web-basedapplica-
tion developed by the coordinating cen-
terandwereaccessibleonlytoauthorized
unblinded personnel.

Measurements

Data collection visits occurred at study
entry and at the end of phase 1 (ie, at
randomization, also referred to as base-
line) and every 6 months after random-
ization for 30 months (21⁄2 years). Mea-
surements were obtained by trained,
certified staff members who were
masked to treatment assignment.

Weight was measured in duplicate
with the participant wearing light in-
door clothes without shoes and using a
high-quality, calibrated digital scale. At
baseline and at 12 and 30 months after
randomization, weight was measured on
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2 separate days, and values were aver-
aged. At other times, weight was mea-
sured at a single clinic visit. Height was
measured once at entry using a cali-
brated, wall-mounted stadiometer.

Dietary intake and physical activity
were measured at entry, randomiza-
tion, and the 12- and 30-month fol-
low-up visits. Diet was assessed by the
Block food frequency questionnaire.26

Physical activity was measured by ac-
celerometry. Participants were asked to
wear a calibrated, triaxial accelerom-

eter (RT3, Stayhealthy Inc, Monrovia,
California) for at least 10 hours per day
for at least 4 days, including 1 week-
end day. Accelerometry results that
comprised at least 1 weekday and 1
weekend day were used to estimate total
weekly minutes of moderate to vigor-
ous physical activity (MVPA). Total
MVPA reflects both leisure time exer-
cise and daily activity patterns (such as
climbing stairs) and thus provides a
measure of total MVPA-related energy
expenditure.

Initial Weight Loss Intervention
The phase 1 intervention was a group-
based behavioral intervention. A trained
interventionist led 20 weekly group ses-
sions over approximately 6 months. In-
tervention goals were for participants to
reach 180 minutes per week of moder-
ate physical activity (typically walk-
ing); reduce caloric intake; adopt the Di-
etary Approaches to Stop Hypertension
dietary pattern, which has been shown
to reduce CVD risk factors27-32; and lose
approximately 1 to 2 lb per week. Par-

Figure 1. Flow Chart of Enrollment, Randomization, and Follow-up

2402 Started in-person screening

1032 Randomized into phase 2

1685 Entered weight loss intervention
(phase 1)

3178 Individuals eligible after
prescreening

341 Included in primary analysis 347 Included in primary analysis 341 Included in primary analysis

30-mo Follow-up
320 Completed follow-up

1 Died
21 Missed visitb

30-mo Follow-up
323 Completed follow-up

1 Died
24 Missed visitb

30-mo Follow-up
321 Completed follow-up

1 Died
20 Missed visitb

12-mo Follow-up
324 Completed follow-up
18 Missed visitb

12-mo Follow-up
333 Completed follow-up
15 Missed visitb

12-mo Follow-up
328 Completed follow-up
14 Missed visitb

348 Randomized to receive interactive
technology intervention

342 Randomized to receive
personal-contact intervention

342 Randomized to self-directed
weight loss maintenance

776 Dropped out

717 Excluded
44 Eligible but withdrew
21 Medication exclusiona

9 Body mass index < 25
91 Body mass index >45
66 Lack of motivation
22 No internet access
68 Other

396 Incomplete screen,
reason unknown

653 Excluded
131 No final weight
418 Lost < 4 kg

2 Refused participation
1 Died

25 Member of a household with
a randomized participant

76 Declined or otherwise ineligible

PHASE 1

PHASE 2

aMedications included antipsychotic agents and those that treat diabetes and overweight and obesity.
bOutcome data imputed for participants with missed visit; therefore, excluding 3 deaths, all 1029 randomized participants are included in this analysis.
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ticipants were taught to keep food and
physical activity self-monitoring rec-
ords and to calculate caloric intake.

Maintenance Interventions

Participants included in the study’s sec-
ond phase were randomly assigned to
1 of 3 groups: a self-directed compari-
son condition in which participants re-
ceived minimal intervention, an inter-
active technology–based intervention in
which participants were encouraged to
regularly log on to an interactive Web
site; and a personal-contact interven-
tion in which participants had monthly

individual contact with an interven-
tionist. The goals of the interactive tech-
nology–based and personal-contact in-
terventions were maintenance of the
phase 1 weight loss or loss of addi-
tional weight if desired, continued ad-
herence to the recommended dietary
pattern, and increasing moderate physi-
cal activity to at least 225 minutes per
week.33,34

Both personal-contact and interac-
tive technology–based interventions re-
inforced the key theoretical con-
structs (motivation, support, problem
solving, and relapse prevention) that

had been incorporated in phase 1. In
addition, both active interventions in-
corporated features found to be asso-
ciated with maintenance of behavior
change in previous studies, such as con-
tinual intervention contacts, self-
monitoring, accountability, pro-
longed continuous contact, and
motivational interviewing. The coun-
seling strategies and dietary and physi-
cal activity recommendations were the
same in the personal-contact and in-
teractive technology–based groups.
Both maintenance interventions were
designed to be easily disseminated and
practical to implement.

At randomization, participants in the
self-directed group received printed life-
style guidelines with diet and physical
activity recommendations, and they met
briefly with a study interventionist again
after the 12-month data collection visit.

The interactive technology–based in-
tervention included unlimited access to
a Web site designed to support weight
loss maintenance.25 Interactive fea-
tures allowed participants to set per-
sonal goals and action plans for the next
week and to graph personal data over
time. Modules addressed problem solv-
ing and motivation, and a bulletin board
facilitated social support but did not
provide in-person counseling.

When participants logged on, they
were required to enter their current
weight and were encouraged to use the
Web site for self-monitoring of physi-
cal activity and caloric intake. Partici-
pants were encouraged to log on at least
once a week. If they missed a self-
scheduled contact, they were sent an
e-mail reminder that was repeated af-
ter another week of no contact. If there
was no response to 2 e-mail prompts,
participants received 2 weekly auto-
mated telephone calls. If there was no
subsequent log-on, study staff con-
tacted the participant and encouraged
him/her to return to the Web site.

The personal-contact intervention
consisted of a case management ap-
proach with monthly person-to-person
guidance and support. Participants had
telephone contact with an intervention-
ist for 5 to 15 minutes each month, ex-

Table 1. Characteristics of Participants Randomized to Phase 2a

Range

Self-
directed
(n = 342)

Internet
Technology

(n = 348)

Personal
Contact
(n = 342)

Total
Randomized
Population
(n = 1032)

Age, mean (SD), y 28 to 83 55.8 (8.5) 55.7 (8.5) 55.4 (9.1) 55.6 (8.7)

Race/ethnicity and sex
distribution, No. (%)

African American
Women 90 (26) 90 (26) 87 (25) 267 (26)

Men 35 (11) 41 (12) 45 (13) 121 (12)

Non–African
American

Women 131 (38) 130 (37) 126 (37) 387 (37)

Men 86 (25) 87 (25) 84 (25) 257 (25)

Weight, mean (SD), kg 59.2 to 158.0 95.9 (16.2) 97.2 (16.2) 97.1 (17.5) 96.7 (16.6)

BMI, mean (SD) 25.1 to 46.7 34.0 (4.8) 34.2 (4.9) 34.2 (4.8) 34.1 (4.8)

BMI weight category, No. (%)
Overweight, 25 to 29.9 76 (22) 76 (22) 78 (23) 230 (22)

Obesity
Stage 1 30 to 34.9 139 (41) 131 (38) 129 (38) 399 (39)

Stage 2 �35 127 (37) 141 (40) 135 (39) 403 (39)

Medications, No. (%)
Hypertension 294 (86) 301 (86) 302 (88) 897 (87)

Lipid 136 (40) 137 (39) 138 (40) 411 (40)

Education, No (%)
Some college or less 135 (39.5) 132 (37.9) 130 (37.9) 396 (38.4)

College degree 207 (60.5) 216 (62.1) 212 (62.1) 636 (61.6)

Household income/y, $
�60 000 147 (43.0) 137 (39.3) 155 (45.5) 440 (42.6)

�60 000 195 (57.0) 211 (60.7) 186 (54.5) 592 (57.4)

Phase 1 weight change,
mean (SD), kg

−4.0 to −30.3 −8.5 (4.0) −8.6 (4.5) −8.3 (4.2) −8.5 (4.2)

Weight at
randomization,
mean (SD), kg

53.7 to 148.3 87.4 (15.3) 88.6 (15.4) 88.7 (16.9) 88.2 (15.8)

Energy intake at
randomization, mean
(SD), kcal/d

1608.4
(532.9)

1582.6
(520.7)

1599.8
(511.1)

1596.8
(461.1)

Physical activity at
randomization, mean
(SD), min MVPA/wk

158.8
(141.8)

159.1
(136.6)

172.0
(173.3)

163.3
(153.2)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; MVPA, mod-
erate to vigorous physical activity.

aAll values are at start of phase 1 unless otherwise specified. Some actual numbers may not sum to 1032 due to missing
data.
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cept for every 4th month when they had
a 45- to 60-minute individual face-to-
face contact. This frequency of contact
was based on previous trials9,10,35 and on
disease management programs36 and is
consistent with recommendations of the
Medicare Medical Nutrition Therapy
Amendment Act of 2001.37 The personal-
contact intervention did not involve In-
ternet contacts.

Each personal-contact session be-
gan with a self-reported weight (or mea-
sured weight at face-to-face contacts)
and a review of progress since the last
contact, including number of days on
which a food diary was kept, fre-
quency of weighing, average number of
minutes of exercise, and progress on ad-
ditional goals and action plans. Each
contact provided support from the in-
terventionist, accountability for com-
mitments made at the previous con-
tact, and opportunities to discuss the
individual’s barriers to weight loss
maintenance and plans to overcome
those barriers.

Outcomes

The primary outcome was change in
weight from randomization (the start
of phase 2) to the end of the study, 30
months after randomization. We also
present data on the change in weight
from entry (the start of phase 1) to the
end of the study, as well as dichoto-
mous measures of weight change: main-
tenance of at least a 4-kg weight loss
relative to entry weight, no net weight
gain from entry, at least 5% loss from
entry, and no more than a 3% gain from
randomization. Additional outcomes
were total energy intake (kcal/d) and
MVPA (min/wk).

Statistical Methods

The primary between-group compari-
sons in weight change after randomiza-
tion were adjusted for entry weight,
change in weight during phase 1, age,
sex, race, a race � sex interaction, and
clinical center (site). Each active-
treatment was compared with the self-
directed control condition. To correct for
multiple comparisons and thereby pre-
serve the experiment-wide type I error

rate at .05 for the 2 tests in the primary
outcome analysis, the smaller of these 2
P values was evaluated against an � level
of .025, and, if significant, the larger P
value was evaluated against an � level of
.05.38-40 The question of whether weight
change differed between personal-
contact and interactive technology–
based groups was tested (at the .05 level,
in a similarly adjusted model) only if 1
of the 2 primary contrasts was significant.

The model for the secondary out-
come of change in weight from entry
(ie, from the start of phase 1 to the end
of the study) was similar, but did not
include change in weight during phase
1 as a covariate. The analyses of change
in total energy intake and MVPA par-
alleled those for the primary outcome
analysis, except that they adjusted for
entry-level and phase 1 change of the
outcome of interest (energy intake or
MVPA) rather than weight. To pre-
serve power for secondary outcomes,
the protocol stipulated a priori that no
multiple comparisons correction would
be made for these analyses. We also
used similar models to test for interac-
tions with prespecified subgroups. In
the case of race-sex subgroups, clini-
cal interest in these subgroups led to
an analysis of treatment effects sepa-
rately in each stratum despite the ab-
sence of significant interaction.

We used multiple imputation41,42 to
replace missing end-of-study weights
(for 68 individuals), missing interim
weights, and other measures. Only
weights missing due to participant
death (n=3) were not imputed. Con-
sequently, all 1029 randomized par-
ticipants who survived are included in
the primary outcome analysis. To de-
rive imputed end-of-study weights, we
used interim weights and variables re-
lated to phase 1 weight loss to esti-
mate the parameters of a multivariate
distribution from which imputed val-
ues were drawn, creating 5 separate im-
putation samples. Results presented
herein are the average of separate, iden-
tical analyses performed on each of
these 5 complete data sets, with appro-
priate adjustment of standard errors43

to incorporate the added variability over

imputations. Hence, the standard er-
rors are somewhat inflated relative to
what would be observed using only a
single-imputation sample.

The originally anticipated phase 2
sample size of 800 was designed to pro-
vide 90% power to detect a 2.0-kg dif-
ference in weight change between either
of the active interventions (personal con-
tact or interactive technology) vs the self-
directed strategy and 80% power to de-
tect treatment differences of about 2.9 kg
in an expected subset of 320 African
Americans. All analyses were con-
ducted using SAS, version 9.1 (SAS In-
stitute Inc, Cary, North Carolina), and
all P values are 2 sided.

RESULTS
A total of 1685 individuals partici-
pated in phase 1, the initial weight loss
intervention, of whom 1032 (61% ) met
phase 2 entry criteria (FIGURE 1).
TABLE 1 shows that 63% of those ran-
domized were women and 38%, Afri-
can American, with a mean age of 55.6
years (range, 28-83 years) and a mean
initial weight loss of 8.5 kg (range, 4.0-
30.3 kg).

Follow-up rates were 93% to 96% at
each major data collection visit
(Figure 1). There were no notable dif-
ferences in participant characteristics at
entry into the study between those who
completed the final data-collection visit
and the 68 individuals who did not (data
not shown). Three participants (1 in each
treatment group) died after randomiza-
tion and are not included in the inten-
tion-to-treat analysis, which is there-
fore based on 1029 participants.

Participants in the interactive tech-
nology group logged onto the Web site
an average of once a week and had at
least 1 Web site contact for 77% of the
months of the maintenance phase. Par-
ticipants in the personal-contact group
completed an average of 91% of
monthly intervention contacts.

Change in Energy Intake
and Expenditure

Self-reported energy intake decreased
by approximately 325 kcal/d during
phase 1 but increased slightly but not
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significantly during phase 2: 88 kcal/d
in the self-directed group, 16 kcal/d in
the interactive technology–based group,
and 55 kcal/d in the personal-contact
group. At the end of follow-up, caloric
intake remained lower than entry lev-
els by 231, 326, and 272 kcal/d, respec-
tively. Changes in energy intake did not
differ significantly between treatment
groups: −33 kcal/d (95% confidence in-
terval [CI], −117 to 51 kcal/d) for the
personal-contact vs the self-directed,
−72 kcal/d (95% CI, −168 to 24 kcal/d)
for the interactive technology vs the
self-directed, and 39 kcal/d (95% CI,
−45 to 123 kcal/d) for the personal-
contact vs the interactive technology
groups.

During phase 1, participants in-
creased their MVPA by about 48 min-
utes, but that decreased significantly in
all 3 groups after randomization to the
maintenance phase of the study by 32
minutes in the self-directed, 35 min-
utes in the interactive technology, and
33 in the personal-contact groups. By
the end of follow-up, participants’ ex-
ercise levels were not significantly
higher than the amount of time they ex-
ercised at study entry. Changes in
MVPA in phase 2 did not differ signifi-
cantly between groups: −5 min/wk
(95% CI, −24 to 14 min/wk) for per-
sonal-contact vs self-directed, −8
min/wk (95% CI, −27 to 12 min/wk) for
the interactive technology–based vs the
self-directed group, and 4 min/wk (95%

CI, −11 to 18 min/wk) for the personal-
contact vs the interactive technology–
based groups).

Weight Outcomes

All groups regained weight after ran-
domization by a mean of 5.5 kg in the
self-directed, 5.2 kg in the interactive
technology–based, and 4.0 kg in the
personal-contact group (FIGURE 2,
TABLE 2). However, the mean weight
at 30 months remained lower in each
group than mean weight at entry into
the study (Figure 2, Table 2). As shown
in TABLE 3, at 30 months after random-
ization on average, those in the per-
sonal-contact group regained 1.5 kg less
weight than those in the self-directed
group (95% CI, 2.4-0.6 kg; P=.001),
whereas those in the interactive tech-
nology–based group regained only 0.3
kg less than those in the self-directed
group (95% CI, 1.2-0.6 kg; P= .51).
Those in the personal-contact group re-
gained a mean of 1.2 kg less than those
in the interactive technology–based
group (95% CI, 2.1-0.3 kg; P=.008). As
expected, the pattern of results is simi-
lar when the outcome is expressed as
percentage weight change (personal-
contact vs self-directed group differ-
ence, −1.8%; P� .001; interactive tech-
nology–based vs self-directed group
difference, −0.4%; P = .5; personal-
contact vs interactive technology–
based group difference,−1.5%; P=.003,
data not shown).

Additional analyses reported in Table 3
demonstrate that participants in both
the interactive technology–based and
personal-contact groups experienced
significantly less weight regain than
those in the self-directed group at each
follow-up visit for 24 months follow-
ing randomization.

At the end of follow-up, there were no
significant interactions with baseline
BMI, age, or race. Nevertheless, given the
strong clinical and public health inter-
est in the impact of obesity in African
Americans, we report weight changes in
race-sex subgroups. TABLE 4 shows that
the magnitude of the observed treat-
ment effects was generally consistent
across these groups; in the absence of sig-
nificant interaction, any apparent differ-
ences must be interpreted cautiously.

Post hoc sensitivity analyses remov-
ing 2 outliers (a participant in the in-
teractive technology–based group who
lost 30 kg and a participant in the self-
directed group who gained 60 kg in
phase 2) did not substantively change
the results. Even without these outliers
(both of whom were verified) the range
of weight change after randomization
was large in each group (self-directed
range, −12 to 26 kg; interactive tech-
nology–based range, −12 to 24 kg; and
personal-contact range, −17 to 25 kg).

A sizeable proportion of participants
in each treatment group sustained clini-
cally significant weight loss (TABLE 5).
Overall,41.8%ofparticipantsmaintained
at least4kgofweight losscomparedwith
entry weight, with no significant differ-
ences between treatment groups; 70.9%
remained at or below their entry weight.
The proportion maintaining this much
weight losswassignificantlyhigher inthe
personal-contact group than in the self-
directed group (P=.003), as was the dif-
ferencebetweenthepersonal-contactand
interactive technology–based groups
(P=.03).Also,37.1%overallremained5%
or more below entry weight. The differ-
ence between the self-directed and
personal-contact groups was significant
(P=.02).Finally,31.5%regainednomore
than3%higher thantheir randomization
weight. These percentages do not differ
between treatment groups.

Figure 2. Adjusted Weight Change by Treatment Group
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Interactive technology (n = 347)
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COMMENT
In this study of overweight and obese
adults,whoareathighriskofCVD,those
who were randomly assigned to the
personal-contact intervention regained
significantly lessweightovera30-month
period than those assigned to the self-
directedandinteractivetechnology–based
interventions. The personal-contact in-
tervention was effective across all
subgroups—men and women, African
Americans and non-African Americans,
andyoungerandolderadults—suggesting
the potential for broad public health im-
pact. Because most personal-contact in-
terventioncontactsconsistedofmonthly
10-to15-minutetelephoneconversations,
this is an efficient and practical mode of
delivery.

Although weight regain with the per-
sonal-contact intervention was statis-
tically less than weight regain in the self-
directed control group, the mean effect
was a modest 1.5 kg at the end of the
study. However, even modest weight
loss can improve cardiovascular risk
factors.3,4,7,8,44 Each kilogram of weight
loss is associated with an average
decrease in systolic blood pressure of
1.0 to 2.4 mm Hg44 and a reduction in
incident diabetes of 16%.45 Neverthe-
less, it is clear that preventing weight
regain is extremely challenging. In fact,
some observers have asserted that
long-term success rates are so low that
providing long-term behavioral weight
loss treatments may ultimately be fu-
tile.46,47 However, our results suggest
that clinically relevant weight loss main-
tenance is feasible. At the end of the
study, more than 45% of those in the
personal-contact intervention were still
maintaining at least 4 kg of weight loss,
an amount with clear clinical benefits.

Our study results compare favor-
ably with previous trials, including
Trials of Hypertension Prevention Phase
II (TOHP-II)7 and STOP Regain.18 In
TOHP-II, an intensive behavioral
weight loss intervention was followed
by less intensive intervention for a total
of 3 years. Only 43% of study partici-
pants lost 4 kg or more during the ini-
tial intervention compared with more
than 60% in our study. Among TOHP-II
participants who lost at least 4 kg in the
first 6 months of intervention, their
mean change in weight at 3 years was
−2.3 kg7 (Nancy Cook, ScD, TOHP Co-
ordinating Center, written communi-
cation, November 19, 2007) com-
pared with −4.2 kg in the WLM
personal-contact group.

In STOP Regain, 319 adults who re-
ported losing at least 10% of body
weight within the previous 2 years were
randomly assigned to one of three 18-
month maintenance interventions:
face-to-face contact, Internet interven-
tion, and control.18 Despite substan-
tial study differences that might favor
weight-loss maintenance (including
shorter duration of maintenance inter-
vention, more tailored intervention, and
minimal enrollment of minorities),
STOP Regain’s findings were similar to

those of our study: there was a 2.5-kg
weight regain at 18 months in the STOP
Regain face-to-face intervention com-
pared with a 3.1-kg regain in the per-
sonal-contact intervention of WLM.

An important key to progress in com-
bating the obesity epidemic is the ex-
tent to which effective intervention can
be widely disseminated. In this re-
gard, interactive technology–based in-
terventions remain promising be-
cause of their potential for low-cost
dissemination and the extent to which
technology is rapidly becoming inte-
grated into communication, learning,
and health care. The effect of the WLM
interactive technology–based interven-
tion and the STOP Regain Internet in-
tervention were similar: there was no
significant difference in long-term re-
gain between the Internet interven-
tion and the control group. At 18
months, participants in the WLM In-
ternet-based group had regained
3.8 kg compared with 4.7 kg in the
STOP-Regain Internet group.18 How-
ever, in the WLM interactive technolo-
gy–based group, weight regain was sig-
nificantly less than in the self-directed
group through 24 months of follow-
up. Participants in the interactive tech-
nology–based intervention remained

Table 2. Adjusted Weight Change at 30 Months by Treatment Group (N = 1029)a

Initial Weight Self-Directed
Interactive
Technology

Personal
Contact

Change from entry, mean (SE), kgb 96.7 (16.6) −2.9 (0.4)d −3.3 (0.4)d −4.2 (0.4)d

Change from randomization,
mean (SE), kgc

88.2 (15.8) 5.5 (0.3)d 5.2 (0.3)d 4.0 (0.3)d

aAnalysis includes all randomized participants except 1 death in each treatment group. Final weight imputed for 65
individuals (21 in self-directed, 24 in interactive technology, and 20 in personal contact) who missed final data col-
lection visit.

bLeast-squares mean (SE) adjusted for entry weight, site, age, race, sex, race-by-gender interaction.
c Least-squares mean (SE) adjusted for entry weight, site, age, race, sex, race-by-gender interaction, and change in

weight in the phase 1.
dP � .001 for change within treatment group.

Table 3. Between Group Difference in Weight Change From Randomization, Over Time in Phase 2a

Months Since Randomization

6 12 18 24 30

�, kg P Value �, kg P Value �, kg P Value �, kg P Value �, kg P Value

Interactive technology vs self-directed −0.8 .003 −1.0 .005 −1.1 .003 −0.9 .045 −0.3 .51

Personal contact vs self-directed −0.9 .001 −1.6 �.001 −1.8 �.001 −2.0 �.001 −1.5 .001

Interactive technology vs personal
contact

−0.1 .73 −0.6 .11 −0.7 .08 −1.1 .01 −1.2 .008

aP values from these models adjust for site, race, sex, race�sex, and weight change during phase 1; a separate model was used for each time point.
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engaged with the Web site, continu-
ing to log-on at least once a week
throughout the study, and a large pro-
portion maintained clinically signifi-
cant weight loss. Given the potential for
widespread dissemination at rela-
tively low cost per participant, contin-
ued development of interactive tech-
nology–based intervention should be a
high priority for obesity research.

For both the personal-contact and in-
teractive technology–based interven-
tions, future studies must determine
how these maintenance interventions
can be improved. It is possible that
greater effects may be achieved by pro-
viding more tailored intervention. For
example, individuals may benefit from
different levels of intervention inten-
sity at different times. The personal-
contact approach may be superior for
some individuals and the interactive
technology–based approach for oth-
ers, or combining elements from both
interventions may have additive ef-
fects. In addition people attempting to

maintain weight loss over the long-
term may need to be reenergized, mo-
tivation may need to be re-engaged, and
social support may need to be re-
invigorated. In the interactive tech-
nology–based intervention, partici-
pants may also need technological
enhancements and additional media re-
sources, and they may need occa-
sional personal contacts. Further de-
velopment of these interventions is
needed to increase the proportion of ini-
tial weight loss that is maintained and
the duration over which it is main-
tained.

Future intervention development
should also consider the fact that weight
loss maintenance occurred in a sub-
stantial proportion of those in the con-
trol group. Similar effects have been
seen in control groups in other life-
style trials,48 and may simply reflect the
fact that the study population is highly
selected, highly motivated, and suc-
cessfully lost weight in phase 1. In ad-
dition, there may be an intervention

effect associated with the semi-annual
data collection visits. However, be-
yond these factors, identification of pre-
dictors of successful weight loss main-
tenance, regardless of randomized
treatment group, may reveal factors that
can be emphasized or added to future
interventions to improve long-term
weight loss maintenance.

The effect of both the personal-
contact and interactive technology–
based interventions was modest. Fu-
ture consideration of implementation of
these interventions must take into ac-
count the cost relative to benefit. But it
is important to recognize that to date,
there has been little research specifi-
cally addressing strategies for mainte-
nance of weight loss, despite the fact that
maintenance is the main impediment to
long-term weight control. Clearly, these
treatment modalities are at the early
stages of development. The results of our
study lay the groundwork for the devel-
opment of even more effective ap-
proaches to combating and reversing the
obesity epidemic, and the results repre-
sent significant forward progress.

There were several limitations of the
WLM study. First, only individuals who
had successfully lost weight in phase 1
were randomized into phase 2. The con-
sequence of this design feature is that
the results can only be generalized to
the population of successful weight los-
ers. However, this feature was the in-
tent of the study: to compare strate-
gies for maintaining weight loss.
Second, there were very few Hispanic
participants, another group dispropor-
tionately affected by the obesity epi-

Table 4. Adjusted Weight Change at 30 Months Within Race-Sex Subgroupsa

Group
No. of

Participants
At Entry,

Mean (SD)b

Change From Entry,
Mean (SE), kgc

At
Randomization,

Mean (SD)b

Change From Randomization,
Mean (SE), kgc

Self-
directed

Interactive
Technology

Personal
Contact

Self-
directed

Interactive
Technology

Personal
Contact

African American
Men 121 108.3 (16.2) −4.8 (1.3) −3.0 (1.1) −4.9 (1.0) 100.2 (16.6) 4.1 (1.2) 6.1 (1.1) 3.7 (1.0)

Women 267 94.8 (15.2) −1.8 (0.6) −1.3 (0.6) −2.2 (0.6) 87.7 (14.7) 5.5 (0.5) 5.7 (0.5) 4.7 (0.6)

Non-African American
Men 255 104.0 (15.2) −3.5 (0.8) −5.1 (0.8) −5.7 (0.8) 93.2 (14.2) 7.1 (0.7) 5.8 (0.7) 4.9 (0.7)

Women 386 89.5 (14.5) −2.2 (0.6) −3.0 (0.6) −3.9 (0.6) 81.5 (13.9) 5.7 (0.5) 5.1 (0.5) 3.9 (0.5)
aP � .001 for all within-treatment-group changes except for African American women in whom P = .03.
bUnadjusted mean (SD).
cLeast-squares mean (SE) adjusted for age, site, race, sex, race � sex, entry weight, and (for change from randomization only) for change in weight in phase 1.

Table 5. Percentage of Participants Who Met Various Criteria for Weight Loss, Overall and
by Treatment Group

Group

No. (%) of Participants

Overall
(n = 1029)

Self-
directed
(n = 341)

Interactive
Technology

(n = 347)

Personal
Contact
(n = 341)

Maintained at least 4 kg weight loss
from entry

430 (41.8) 135 (39.5) 142 (40.8) 154 (45.2)

At or below entry weight 730 (70.9) 227 (66.6) 240 (69.3) 262 (76.7)a

No more than 3% above
randomization weight

324 (31.5) 100 (29.3) 101 (29.2) 122 (35.9)

At least 5% below entry weight 382 (37.1) 116 (33.9) 122 (35.3) 144 (42.2)b

aP = .003 when comparing personal-contact with self-directed groups, and P = .03 when comparing personal-contact
groups with interactive technology groups.

bP = .02 when comparing personal-contact with self-directed groups.
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demic. Third, our dietary and physi-
cal activity measures may not accurately
reflect energy intake and expenditure.
Food frequency questionnaires tend to
underestimate caloric intake49 while ac-
celerometers may underestimate or
overestimate energy expenditure, de-
pending on the kind of physical activ-
ity.50 More accurate measurements are
necessary to determine the relative con-
tribution of changes in energy intake
and expenditure to weight loss main-
tenance. Fourth, the duration of inter-
vention was only 3 years. The Na-
tional Heart, Lung, and Blood Institute
has recommended that truly long-
term benefit be assessed over at least
5 years.51 Few previous trials have
continued intervention beyond 18
months,7,18,48 but even longer trials are
needed. Fifth, the outcome of WLM
was weight loss maintenance, not CVD
events. The number of participants and
time that would be required for a true
outcome study preclude such a de-
sign, but improvement in CVD risk fac-
tors with weight loss can be reason-
ably expected to reduce CVD risk.

To our knowledge, this is the long-
est, largest randomized controlled
study that specifically tested alterna-
tive strategies for maintenance of
weight loss. An important feature of
the WLM study was the unusually
high proportion of African American
participants (38% in WLM vs 18% in
TOHP-II52 and 4% in STOP-Regain
[Rena Wing, MD, Brown University
Medical Center, written communica-
tion, February 2, 2008]). Previous
trials suggest that weight loss in Afri-
can Americans may be particularly
challenging.7,53-55 African Americans in
our study achieved more weight loss
than in other large studies,7,55 and
there were no significant race-sex
interactions with treatment effects. In
addition, the rates of adherence and
follow-up were high, with 94% of par-
ticipants attending the final data col-
lection visit. These factors as well as
the evaluation of participants prior to
initial weight loss and the standard-
ized initial weight loss intervention
contribute to the strength of the study.

Inconclusion,themajorityofindividu-
alswhosuccessfullycompletedan initial
6-monthbehavioralweight lossprogram
maintainedweightbelowtheirentrylevel
after30additionalmonths.Monthlybrief
personal-contactsessionsprovidedmod-
est benefit in sustaining weight loss,
whereas an Internet-based intervention
provided early but transient benefit. Fu-
ture research should focus on longer in-
terventionandfollow-up,understanding
predictorsofsuccessfulmaintenanceand
further refinement of both personal-
contactandinteractivetechnology–based
interventions.
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