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ABSTRACT

BACKGROUND
Since many successful dieters regain the weight they lose, programs that teach
maintenance skills are needed. We developed a maintenance program based on
self-regulation theory and tested the efficacy of delivering the program face to face
or over the Internet.

METHODS

We randomly assigned 314 participants who had lost a mean of 19.3 kg of body
weight in the previous 2 years to one of three groups: a control group, which re-
ceived quarterly newsletters (105 participants), a group that received face-to-face
intervention (105), and a group that received Internet-based intervention (104). The
content of the programs in the two intervention groups was the same, emphasizing
daily self-weighing and self-regulation, as was the frequency of contact with the
groups. The primary outcome was weight gain over a period of 18 months.

RESULTS

The mean (£SD) weight gain was 2.5+6.7 kg in the face-to-face group, 4.7£8.6 kg
in the Internet group, and 4.9+6.5 kg in the control group, with a significant dif-
ference between the face-to-face group and the control group (2.4 kg; 95% confi-
dence interval [CI], 0.002 to 10.8; P=0.05). The proportion of participants who re-
gained 2.3 kg or more over the 18-month period was significantly higher in the
control group (72.4%) than in the face-to-face group (45.7%; absolute difference,
27%; 95% CI, 14 to 39; P<0.001) or the Internet group (54.8%; absolute difference,
18%j 95% CI, 5 to 30; P=0.008). Daily self-weighing increased in both intervention
groups and was associated with a decreased risk of regaining 2.3 kg or more
(P<0.001).

CONCLUSIONS
As compared with receiving quarterly newsletters, a self-regulation program based
on daily weighing improved maintenance of weight loss, particularly when deliv-
ered face to face. (ClinicalTrials.gov number, NCT00067145.)
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HE MAJOR CHALLENGE IN THE TREAT-

ment of obesity is maintenance of weight

loss. Weight-loss programs involving diet,
exercise, and behavior modification produce ini-
tial weight losses of approximately 10%,* resulting
in clinically important health benefits.2 However,
most dieters regain about one third of the weight
lost during the next year and are typically back to
baseline in 3 to 5 years.> Maintenance sessions are
included in most programs, since continued con-
tact has been found to be helpful in improving
maintenance of weight loss.* Such maintenance
sessions have had limited efficacy, perhaps owing
to the heterogeneity of weight loss at the start of
the maintenance phase and the fact that the ses-
sions are basically extensions of the weight-loss
program.

There is a need for maintenance programs that
specifically target people who have lost substan-
tial amounts of weight, regardless of how they lost
it, and that teach skills specific to the maintenance
of weight loss. We report here the results of the
Study to Prevent Regain (STOP Regain), a random-
ized clinical trial testing the efficacy of a face-to-
face program and an Internet-based program, as
compared with a newsletter control group, in pre-
venting weight regain over a period of 18 months.
The study focused exclusively on maintenance of
weight loss and recruited participants after they
had lost a minimum of 10% of their body weight.
The maintenance interventions developed for this
trial were based on self-regulation theory> and
emphasized comparing current weight with a
goal weight (weight at the start of the maintenance
phase). Then, depending on the correspondence
between these two weights, the participants were
taught to adjust their eating and exercise behav-
ior or to provide self-reinforcement.® We hypoth-
esized that the interventions, delivered face to face
or over the Internet, would decrease average weight
regain and reduce the proportion of participants
who regained 2.3 kg or more during a period of
18 months.

METHODS

PARTICIPANTS

We recruited 314 participants between February
2001 and September 2003 through newspaper
advertisements, brochures, and contacts with
commercial and research weight-control programs
in the Rhode Island area (Fig. 1). To be eligible,
participants were required to have lost at least

10% of their body weight during the prior 2 years.
The 10% weight-loss criterion was selected be-
cause of its relevance to clinical measures of health
and the 2-year criterion because the risk of re-
gaining weight is greatest during the first several
years after weight loss.”® All participants were
required to have a physician, friend, or weight-
loss counselor complete and sign a form indicat-
ing the amount and timing of their weight loss.
Exclusion criteria included serious physical dis-
orders (e.g., heart attack or stroke), serious psy-
chological disorders (e.g., bipolar disease, schizo-
phrenia, or an eating disorder), pregnancy, or a
planned move. Participants with medical condi-
tions that might affect their ability to safely com-
plete the intervention or their ability to exercise
were required to obtain written permission from
a physician before entering the study.

STUDY DESIGN
Participants were stratified according to the
amount of prior weight loss (10 to 20% of body
weight vs. more than 20% of body weight) and
then randomly assigned to a control group (105 par-
ticipants), a face-to-face intervention group (105),
or an Internet intervention group (104). The face-
to-face format was tested because this approach
is used in most weight-control programs and pro-
vides a high level of accountability through objec-
tive weigh-ins and intensive therapist and peer sup-
port. We tested an Internet program because this
approach has been shown to be helpful in weight
loss and maintenance®'; we reasoned that the
Internet program would be more convenient for
participants and would therefore produce better
attendance at intervention sessions than the face-
to-face program. Participants were assessed at
6, 12, and 18 months and were paid $25 for attend-
ing the 6- and 12-month assessments and $50 for
attending the 18-month assessment. The protocol
was approved by the institutional review board at
the Miriam Hospital, Providence; written informed
consent was obtained from all participants. The
authors designed the study and secured funding;
they took sole responsibility for treating partici-
pants, collecting and analyzing the data, and writ-
ing the manuscript; they vouch for the accuracy
and completeness of the reported data.

INTERVENTIONS
The face-to-face and Internet interventions were
identical in frequency of contact and content and
were intended to teach participants to regulate
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648 Respondents screened

— 10 Had BMI too low

127 Ineligible
51 Had not lost enough weight
5 Lost weight >2 yr ago
24 Excluded for medical reasons

18 Enrolled in another study
or on liquid diet
7 Had a recent pregnancy
12 Were unavailable

521 Invited to orientation

207 Did not attend or declined
participation

314 Underwent

randomization

105 Assigned to control group

104 Assigned to Internet group

105 Assigned to face-to-face group

97 Completed 6-mo follow-up

100 Completed 6-mo follow-up

103 Completed 6-mo follow-up

1 Died

4 Declined

2 Declined

7 Declined

95 Completed 12-mo follow-up
1 Died
9 Declined

99 Completed 12-mo follow-up
1 Had cancer
4 Declined

96 Completed 12-mo follow-up
2 Had cancer
7 Declined

98 Completed 18-mo follow-up
1 Died
6 Declined

101 Completed 18-mo follow-up
1 Had cancer
2 Declined

92 Completed 18-mo follow-up
2 Had cancer
11 Declined

Figure 1. Study Enrollment and Retention.

their body weight. Participants in the intervention
groups were given a scale and introduced to a
weight-monitoring system based on color zones.
They were taught to use the scale in the way they
would use a thermostat or home glucose monitor
— namely, to determine whether adjustments in
energy-balance behaviors were needed.

Since a major difference between weight loss

and weight maintenance is the reinforcement a
person receives from others,? participants were
asked to submit their weight weekly through an
automated telephone system (face-to-face group)
or a Web-based form (Internet group). Those who
reported maintaining their weight, defined as a
weight gain of less than 1.4 kg'? over their start-
ing weight, were in the green zone and were pro-
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vided immediate reinforcement with positive auto-
mated messages and also received small green
gifts monthly (e.g., green gum, green tea, or a
green dollar bill) to foster the development of
self-reinforcement skills. Participants with weight
gains of 1.4 to 2.2 kg were in the yellow zone
and were instructed to use problem-solving skills
to bring their weight back to the green zone.
Participants with a weight gain of 2.3 kg or
more were in the red zone and were encouraged
to restart active weight-loss efforts, using either
their initial approach to weight loss or a stan-
dard behavioral approach involving a low-calo-
rie, low-fat diet and increased physical activity.
Participants in the red zone were also encour-
aged to use a tool kit provided at the start of the
program that included their own weight-loss
success story, self-monitoring diaries, a book
providing information on calories and fat, a
pedometer, and several cans of a meal-replace-
ment product (Slim-Fast, Unilever). Red-zone
participants were also offered individual coun-
seling by e-mail (Internet group) or by telephone
or in person (face-to-face group) until they re-
turned to their starting weight. Throughout the
program, participants in both intervention
groups were encouraged to practice eating and
exercise behaviors (such as exercising 60 min-
utes a day) that have been reported to help main-
tain weight loss.'3:14

Both groups attended weekly meetings for
the first month and thereafter (for the balance
of the 18-month period) attended monthly meet-
ings. In the face-to-face group, meetings were
held at a clinic affiliated with Miriam Hospital
and included an individual weigh-in and group
session. Internet participants were provided with
a laptop computer and an Internet connection (if
needed) as well as technical support. They attend-
ed an introductory session designed to teach them
how to use the laptop. Participants in the Inter-
net group had access to a STOP Regain message
board and a Web site where treatment lessons and
weekly tips were posted and where they reported
their weekly weight and physical-activity data.
Their group meetings were conducted in a chat
room. The same study personnel (nutritionists,
exercise physiologists, and clinical psychologists
with master’s or Ph.D. degrees) led the meetings
for both groups; all had experience leading be-
havioral weight-control groups and received uni-
form training and supervision for this study.

The control group received a quarterly news-
letter with information about diet, exercise, and
weight control. These participants had no inter-
action with intervention staff and were seen at
the clinic only for assessments.

END POINTS
The primary end point was weight gain at 18
months; secondary end points, identified a priori,
were the percentage of participants who regained
2.3 kg or more (chosen because it is larger than
the change expected with normal daily weight
fluctuation and because of its public health im-
plication)?> and changes in diet, activity, and use
of behavioral strategies. At each assessment, par-
ticipants were weighed with a calibrated scale
while they were wearing light street clothes, and
they completed the Paffenbarger Physical Activity
Questionnaire® and the Block Food Frequency
Questionnaire.” They also reported their frequen-
cy of self-weighing and rated the importance of
key behavioral strategies on a scale of 1 to 6 (in
which a score of 1 indicates not at all important
and a score of 6 of major importance). Height was
assessed at baseline with a wall-mounted stadi-
ometer.

STATISTICAL ANALYSIS
The sample size was selected to provide the study
with a statistical power of 80% to detect a 3-kg
difference in weight regain between groups, with
the use of a two-tailed test and adjustment for
three comparisons. Baseline characteristics were
compared with the use of the chi-square test or
analysis of variance. Absolute weight gain and
the percentage of weight lost from the highest
weight reported in the previous 2 years were de-
termined with analysis of variance and repeated-
measures analysis of covariance, respectively, with
dropouts assumed to have regained 0.3 kg per
month, an assumption used in prior studies®*°
and similar to the amount regained by control-
group participants in this trial. Chi-square tests
were used to compare groups with respect to the
percentage regaining 2.3 kg or more, with drop-
outs assumed to have regained this amount. The
three pairwise comparisons were tested and Bon-
ferroni’s adjustment was used. All analyses were
performed with the use of SPSS software, version
13.0, and no interim analyses were conducted.
All reported P values are two-sided and reflect
Bonferroni’s adjustment.
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RESULTS

Baseline characteristics of the 314 participants
who underwent randomization are shown in Ta-
ble 1. There were no significant differences among
the three study groups in any of these measures.
The most commonly reported approaches used to
lose weight were commercial weight-loss groups
(39.5%), an individual approach with no outside
help (22.9%), and exercise (36.6%), with an ad-
ditional approach usually accompanying exercise.
The 6- and 12-month assessments were complet-
ed by 300 and 290 participants (95.5% and 92.4%),
respectively, with no significant differences among
the groups. The 18-month assessments were com-
pleted by 291 participants (92.7%), with signifi-
cantly better attendance in the Internet group
than in the face-to-face group (97.1% vs. 87.6%,
P=0.03), but with attendance in neither interven-
tion group significantly different from that of the
control group (93.3%; P=0.20 and P=0.16, respec-
tively).

ABSOLUTE WEIGHT CHANGE

The mean (+SD) absolute weight gain over the
18-month period was 2.5+6.7 kg in the face-to-
face group as compared with 4.7£8.6 kg in the
Internet group and 4.9+6.5 kg in the control group
(Table 2). There was a significant difference in
weight gain between the face-to-face and control

groups (absolute difference, 2.4 kg; 95% confi-
dence interval [CI], 0.002 to 10.8; P=0.05), but not
between the face-to-face group and the Internet
group (2.2 kg; 95% CI, —0.50 to 10.3; P=0.09), or
between the Internet group and the control group
(absolute difference, 0.2 kg; 95% CI, —4.9 to 5.9;
P=1.00). Repeated-measures analysis of covari-
ance, with adjustment for baseline percent weight
reduction, showed that the face-to-face group also
differed significantly from both the Internet group
and the control group with respect to the percent-
ages of weight lost during the 18 months of the
trial (P=0.02 and P=0.006, respectively) (Fig. 2).
The failure to find a significant difference between
the Internet and control groups on these measures
resulted, in part, from the somewhat larger amount
of weight regained in the Internet group. Among
participants in the red zone, those in the Internet
group had regained a mean of 9.8+8.4 kg at the
end of 18 months, as compared with 7.5%5.6 kg
in the control group (P=0.18) and 7.4+6.4 in the
face-to-face group (P=0.24).

PERCENTAGE OF PARTICIPANTS REGAINING 2.3 KG
OR MORE

Assuming that all dropouts regained 2.3 kg or
more, we found that 72.4% of participants in the
control group regained 2.3 kg or more during the
18-month period, as compared with 54.8% of par-
ticipants in the Internet group (absolute difference,

Table 1. Baseline Characteristics of the Study Participants.*

Characteristic

Female sex (%)

Age (yr)

Weight (kg)

Body-mass indexy

Weight loss from highest weight in prior 2 yr (kg)
Weight loss from highest weight in prior 2 yr (%)
Duration of weight loss (mo)

Caloric intake (kcal/day)+

Calories from fat (%)

Physical activity (kcal/wk)§

Control Internet Face to Face
(N=105) (N=104) (N=105)
82.9 80.8 80.0
52.0+10.8 50.9+9.3 51.0+10.3
78.8+14.8 76.0+16.4 78.6+17.1
29.1+5.0 28.1+4.6 28.7+4.7
18.6+10.3 19.2+11.1 20.0+11.6
17.9+7.0 18.3+7.7 19.1+8.0
13.1+8.1 12.8+7.3 13.7+7.0
1562+617 1693+610 16361635
33.5+8.8 34.5+8.3 35.0+8.8
1794+1295 2194+1557 1990+1460

%

T The body-mass index is the weight in kilograms divided by
: Data are based on responses to the Block Food Frequency

* Plus—minus values are means +SD. There were no significant differences among the groups.

the square of the height in meters.
Questionnaire.

§ Data are based on responses to the Paffenbarger Physical Activity Questionnaire.
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Table 2. Mean Weight Change from Baseline.*

Interval

Baseline to 6 mo
Baseline to 12 mo

Baseline to 18 mo

Control Internet Face to Face

(N=105) (N=104) (N=105)
kilograms

1.5+£3.6 1.2+4.2 -0.02+4.37

3.0+5.7 3.1+7.5 1.3+6.0

4.9+6.5 4.7+8.6 2.5+6.7%

0.3 kg per month.

“ Plus—minus values are means +SD. Dropouts are assumed to have regained

i P=0.02 for the comparison with the control group, with Bonferroni’s adjust-

ments for multiple comparisons.

: P=0.05 for the comparison with the control group, with Bonferroni’s adjust-

ments for multiple comparisons.

1568

18%; 95% CI, 5 to 30; P=0.008) and 45.7% of par-
ticipants in the face-to-face group (absolute dif-
ference, 27%; 95% CI, 14 to 39; P<0.001) (Fig. 3).
There was no significant difference in the per-
centage who regained 2.3 kg or more between
the two intervention groups (absolute difference,
9%; 95% CI, —4 to 23; P=0.19).

EFFECT OF INTERVENTIONS ON THE PREVENTION
OF WEIGHT REGAIN

Of the 314 participants in the study, 34.7% re-
mained consistently in the green or yellow zone
at 6, 12, and 18 months, including 43.8% of those
in the face-to-face group, 37.5% of those in the
Internet group, and 22.9% of those in the control
group. There was a significant difference in these
percentages between the control group and the
face-to-face group (absolute difference, 21%; 95%
CL, 9 to 33; P=0.001) and the control group and
the Internet group (absolute difference, 15%; 95%
Cl, 2 to 27; P=0.02), but not between the inter-
vention groups (absolute difference, 6%; 95% CI,
—7 to 20; P=0.35). In contrast, only 23 of the 166
participants (13.9%) who regained 2.3 kg or more
at 6 or 12 months subsequently returned to the
green or yellow zone, with no significant differ-
ence among the face-to-face, Internet, and con-
trol groups (19.2%, 16.0%, and 7.8%, respectively).
The difference between the face-to-face group
and the control group approached significance
(P=0.07), but the Internet group did not differ
significantly from the face-to-face group (P=0.99)
or the control group (P=0.17).

ADHERENCE
Attendance at the face-to-face and chat-room
sessions decreased over time (P<0.001) but was

— 07 ~m— Control
R 2
vy —— Internet
= -
= - —=— Face to face
3 g
3
£ -84
=1
E 10
3 —124
=
£ -14-
o
= 16
w
8 18-
-
-20 T T T T
Baseline 6 12 18

Months

Figure 2. Mean (+SE) Percent Weight Reduction
at Baseline and at 6, 12, and 18 Months.

Percent weight reduction was calculated according to
participants’ highest weight in the prior 2 years, and it
was assumed that dropouts had regained 0.3 kg per
month. Data were analyzed by repeated-measures
analysis of covariance, adjusting for percent weight re-
duction at baseline. With Bonferroni’s adjustments for
multiple comparisons, the percent weight reduction in
the face-to-face group differed significantly from that
in the Internet group (P=0.02) and the control group
(P=0.006).

consistently better in the face-to-face group than
in the Internet group (P=0.005). The percent-
age of sessions attended by participants in the
face-to-face group was 78.7% from baseline to
6 months, 53.5% from 7 to 12 months, and 41.5%
from 13 to 18 months, as compared with 65.7%,
41.2%, and 34.2%, respectively, in the Internet
group. The percentage of participants who report-
ed their weight each week also decreased over
time (P<0.001), but the difference between the
two intervention groups was not significant. In
the face-to-face group, the percentage of partici-
pants who reported their weight was 84.0% from
baseline to 6 months, 68.6% from 7 to 12 months,
and 56.1% from 13 to 18 months, and in the In-
ternet group the respective percentages were
82.0%, 69.1%, and 55.3%.

ADVERSE EVENTS
Medical and psychological adverse events were
monitored throughout the trial. No serious adverse
events were related to the interventions (Fig. 1).

BEHAVIORAL CHANGES
Despite the differences in regained weight, there
were no significant differences in changes in ca-
loric intake, percentage of calories from fat, or
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Figure 3. Proportion of Participants Who Regained

2.3 kg or More at 6, 12, or 18 Months.

At 6 months, the proportion of participants who had
regained 2.3 kg or more differed significantly between
the face-to-face group and the control group (27% vs.
47%:; absolute difference, 20%; 95% Cl, 7 to 33;
P=0.003). At 18 months, the control group differed
significantly from both the face-to-face group (72.4%
vs. 45.7%; absolute difference, 27%; 95% Cl, 14 to 39;
P<0.001) and the Internet group (72.4% vs. 54.8%; ab-
solute difference, 18%; 95% Cl, 5 to 30; P=0.008).

I bars are standard errors.

physical activity among the groups. However, there
were significant differences in the participants’
ratings of the importance of key behavioral strat-
egies. Both intervention groups gave higher rat-
ings for self-weighing as an important aspect of
their weight-control efforts than did the control
group (P=0.001). The face-to-face group, as com-
pared with the control group, also gave higher
ratings for setting a weight-loss goal (P=0.005),
counting calories (P=0.03), and keeping a graph
or record of eating and exercise (P=0.01).

Since self-weighing is a key component of the
self-regulation model, we compared the propor-
tion of participants in each group who reported
weighing themselves at least daily. Differences be-
tween treatment groups were significant at 6, 12,
and 18 months (P<0.001 for all pairwise com-
parisons); during each period, 28.9 to 40.0% of
participants in the control group reported daily
weighing, as compared with 65.1 to 81.4% of par-
ticipants in the Internet group and 71.2 to 78.9%
of participants in the face-to-face group. In ad-
dition, in the face-to-face and Internet groups, a
smaller proportion of participants who weighed
themselves daily regained 2.3 kg or more, as com-
pared with those who weighed themselves less
often (face-to-face group, 26.2% vs. 58.3%; abso-

Figure 4. Proportion of Participants Who Regained 2.3 kg
or More among Those Who Reported Weighing Them-
selves Daily versus Weighing Less Often at 18 Months.
Daily weighing was reported by 26, 58, and 61 partici-
pants in the control, Internet, and face-to-face groups,
respectively; less frequent weighing was reported by
64, 31, and 24 participants, respectively. The percent-
age of participants who regained 2.3 kg or more was
significantly lower among those who weighed them-
selves daily than among those who weighed them-
selves less often in the face-to-face group (26.2% vs.
58.3%,; absolute difference, 32%; 95% Cl, 10 to 55;
P=0.005) and the Internet group (39.7% vs. 67.7%;
absolute difference, 28%; 95% Cl, 7 to 49; P=0.01)

but not in the control group (65.3% vs. 71.9%,; abso-
lute difference, 7%; 95% Cl, —15 to 28; P=0.54).

lute difference, 32%; 95% CI, 10 to 55; P=0.005;
Internet group, 39.7% vs. 67.7%; absolute differ-
ence, 28%; 95% CI, 7 to 49; P=0.01). In the con-
trol group, the difference was much smaller
(65.3% vs. 71.9%; absolute difference, 7%; 95% CI,
—15 to 28; P=0.54) (Fig. 4).

DISCUSSION

A major problem in the treatment of obesity is
maintenance of weight loss. Our results suggest
that with minimal intervention, 72% of success-
ful dieters will regain more than 2.3 kg over a pe-
riod of 18 months. The interventions used in our
study, which focused on teaching self-regulation
of body weight, significantly decreased the risk
of regaining 2.3 kg or more. However, only the
face-to-face format reduced the amount of weight
regained.

We recruited participants who had recently lost
a clinically important amount of weight, regard-
less of how they had lost the weight, and taught
them strategies to prevent weight regain instead
of promoting further weight loss. The efficacy of
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the interventions we tested suggests that this con-
cept of a separate and distinct weight-loss main-
tenance program may be important for the suc-
cessful treatment of obesity. In this study and a
prior study,?° preventing weight regain appears
to be critical because of the difficulty of reversing
even small weight regains.

The face-to-face format produced the best out-
comes in this trial, with an average weight gain
of 2.5 kg and 46% of participants regaining 2.3 kg
or more. Attendance was also superior in the face-
to-face group. The Internet intervention was effec-
tive in decreasing the proportion of participants
who regained weight, but it was less effective in
reducing the amount of weight regained. There-
fore, from a public health perspective, it might be
desirable to use the Internet strategy for preven-
tion of weight regain but to add face-to-face or
telephone counseling if weight is regained.

The proportion of participants who reported
daily self-weighing was significantly higher in the
intervention groups than in the control group,
and daily self-weighing was strongly associated
with successful weight-loss maintenance. Howev-
er, frequent self-weighing could be either a cause
or a consequence of weight-loss maintenance. The
fact that participants in the intervention groups
had been taught to use their weight data to regu-
late their eating and exercise behaviors may be
what made this strategy effective for these groups
but not for the control group. Several recent stud-
ies have shown the importance of frequent self-
weighing for both prevention of weight gain and
weight loss,?* and clinical guidelines of the Na-
tional Heart, Lung, and Blood Institute” state that
“regular self-monitoring of weight is critical for

long-term maintenance.” Although concern has
been expressed about possible adverse effects of
regular self-weighing, there is little evidence to
support this concern? and no evidence of adverse
consequences of the interventions in our trial.

The strengths of our study include the selec-
tion of a cohort of successful dieters (who had an
average weight loss of more than 19 kg at baseline),
the randomized design, and the fact that 93%
of participants completed the 18-month follow-
up. Limitations include failure to find differences
in dietary intake or activity, perhaps reflecting the
limitations of using self-reported measures,?* and
the inability to determine whether self-regula-
tion was more effective than other approaches to
weight-loss maintenance and which aspects of the
intervention were most important.

In conclusion, the two self-regulation interven-
tions were more effective than the use of newslet-
ters in maintaining weight loss for the duration of
the study. The face-to-face intervention decreased
the amount of weight regained, but both the In-
ternet and the face-to-face interventions decreased
the risk of regaining 2.3 kg or more. Future stud-
ies should examine ways to refine these interven-
tions in order to improve their efficacy.
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