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Abstract

Objective—In the Weight Loss Maintenance (WLM) Trial, a personal contact (PC) intervention
sustained greater weight loss relative to a self-directed (SD) group over 30 months. This study
investigated the effects of continued intervention over an additional 30 months and overall weight
change across the entire WLM Trial.
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Methods—WLM had 3 phases. Phase 1 was a 6-month weight loss program. In Phase 2, those
who lost >4 kg were randomized to a 30-month maintenance trial. In Phase 3, PC participants (7=
196, three sites) were re-randomized to no further intervention (PC-Control) or continued
intervention (PC-Active) for 30 more months; 218 SD participants were also followed.

Results—During Phase 3, weight increased 1.0 kg in PC-Active and 0.5 kg in PC-Control (mean
difference 0.6 kg; 95% Cl:-1.4 to 2.7; P=0.54). Mean weight change over the entire study was
-3.2 kg in those originally assigned to PC (PC-Combined) and 1.6 kg in SD (mean difference
-1.6 kg; 95% Cl:-3.0 to —0.1; A= 0.04).

Conclusions—After 30 months of the PC maintenance intervention, continuation for another 30
months provided no additional benefit. However, across the entire study, weight loss was slightly
greater in those originally assigned to PC.

Introduction

More than two-thirds of adult Americans are now overweight or have obesity (1,2).
Fortunately, even modest (5-10%) weight loss has important health benefits, including a
reduced risk of type 2 diabetes and hypertension (3,4). Well-designed behavioral
interventions typically have resulted in clinically significant 6-month weight loss for one-
half to two-thirds of adult participants (5—7). The current challenge is sustaining weight loss
(8). To date, few randomized clinical trials have formally tested the effects of behavioral
weight loss maintenance strategies; the majority have had follow-up periods of 2 years or
less (9). While recent meta-analyses have confirmed that those who participate in weight
loss maintenance interventions experience significantly less weight regain compared to
controls, there is a paucity of evidence on the long-term sustainability of these interventions
(10—12). Moreover, it is unknown whether extending the duration of efficacious weight loss
maintenance interventions results in better outcomes, as has been demonstrated in short-term
weight loss trials (13).

The Weight Loss Maintenance (WLM) Trial was a multi-center (four sites), randomized trial
that compared strategies for maintaining weight loss in high-risk adults who lost at least 4 kg
during an initial intensive weight loss intervention (14). After 30 months, participants
randomized to a monthly personal contact (PC) intervention regained significantly less
weight than those in a self-directed (SD) condition (15). For the current study, we extended
follow-up of the PC and SD cohorts for an additional 30 months, and those originally
randomized to PC underwent a second randomization to continued PC intervention or no
further intervention. The primary aim of the current analysis is to examine the effects of an
additional 30 months of the PC intervention compared to no further intervention. A
secondary aim was to compare the overall effects of the PC intervention compared to the SD
condition across the entire WLM Trial.

Methods

Design

WLM was conducted in three phases (Figure 1). A 6-month weight loss intervention (Phase
1) was followed by a randomized 30-month weight loss maintenance trial (Phase 2) that
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compared two interventions [PC and an interactive technology-based intervention (IT)] to
SD. Results of Phases 1 and 2 have been published (5,15). Three of the four Phase 1 and 2
centers also participated in a third phase that lasted an additional 30 months. During Phase 3,
PC participants at these sites were re-randomized to either continued intervention (PC-
Active) or no further intervention (PC-Control). SD participants received no further
intervention but continued to be followed. Because the IT intervention did not differ
significantly from the SD condition, follow-up of comparable IT-Active and IT-Control arms
was discontinued midway through Phase 3 and those data are not reported here (15). The
study was approved by an Institutional Review Board at each participating site, and all
participants provided written informed consent.

Participants were adults with a body mass index (BMI) of 25-45 kg/m? who were taking
medication for hypertension and/or dyslipidemia. Major exclusion criteria for Phase 1 were
medication-treated diabetes mellitus, a recent cardiovascular event, and weight loss of > 9 kg
in the last 3 months. The primary criterion for randomization into Phase 2 was weight loss of
at least 4 kg during Phase 1. All Phase 2 participants at participating sites were invited to
continue into Phase 3, and 414 agreed to do so (Figure 2). Of these, two died during Phase 3
and are excluded from any analyses.

Participant flow

Individuals meeting prescreening criteria attended screening visits, after which eligible
participants (V= 1,311) began the Phase 1 behavioral weight-loss program (Figure 2).
Those who completed Phase 1 and met criteria for Phase 2 were randomized (N = 745). The
Phase 2 randomization assignments were stratified by clinic, race, and weight loss during
Phase 1. The Phase 3 randomization assignments were stratified by site, Phase 2 treatment
group, and Phase 2 weight change through 18 months.

Measurements

Data collection occurred at the beginning of Phase 1 (“entry”), the end of Phase 1 (first
randomization) and every 6 months after the first randomization for 30 months. During
Phase 3, data collection visits occurred twice, 12 and 30 months after the second
randomization, which corresponds to 42 and 60 months after the first randomization.
Measurements were obtained by trained, certified staff masked to treatment arm. At each
visit, weight was measured in duplicate with a calibrated digital scale.

Initial weight loss intervention (Phase 1)

Phase 1 was a 6-month, group-based, weekly behavioral intervention. Intervention goals
were weight loss of approximately 1-2 Ib/week, 180 min/week of moderate physical activity
(PA), reduced caloric intake, and consumption of the DASH diet (5). Participants were
taught to keep food and PA self-monitoring records and to calculate caloric intake.
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PC intervention (Phases 2 and 3)

The goal of the PC intervention was maintenance of Phase 1 weight loss or additional
weight loss if desired, continued adherence to the DASH diet, and increasing moderate PA to
at least 225 min/week. The intervention reinforced key theoretical constructs originally
presented in Phase 1 (problem solving, accountability, self-monitoring, increased self-
efficacy, goal setting), with an emphasis on maintenance of behavior change (relapse
prevention, self-monitoring of weight) for preventing weight regain (16).

During Phase 2, PC participants had telephone contact with inter-ventionists trained in
motivational interviewing and behavioral weight management for ~15 min/month, except
every fourth month when they had a 45-60 min individual, face-to-face contact. Those
randomized to PC-Active in Phase 3 attended four, weekly group sessions. After these
sessions, PC-Active participants continued monthly phone contacts, employing the same
contact schedule, format, and general content as in Phase 2. Each PC-Active contact began
with a reported weight and a review of progress, including frequency of food diaries and
self-weighing, minutes/week of exercise, and progress toward goals. PC-Controls received
no further intervention after completing Phase 2.

SD intervention (Phases 2 and 3)

Outcomes

Analysis

SD participants received printed lifestyle guidelines with diet and physical activity
recommendations at the Phase 2 randomization visit and met briefly with a study
interventionist after the 12-month data collection visit (15). They received no further
instructions or visits during the remainder of Phases 2 or 3.

The primary outcome was Phase 3 weight change (beginning to end of Phase 3). Other
outcomes were change in weight across the whole study (from start of Phase 1 to end of
Phase 3) and 5 dichotomous measures of weight change from study entry to end of study: at
or below study entry weight, maintenance of at least 4 kg weight loss from study entry, at
least 5% below entry weight, no more than 3% weight gain from first randomization, and no
more than 3% weight gain from second randomization.

For the primary comparison of PC-Active versus PC-Control, we used a general linear
model with normal errors to regress Phase 3 weight change on treatment status while
adjusting for weight change from study entry to end of Phase 2, age, site, gender, race, and
an interaction term of gender and race. This analysis was limited to the 196 PC participants
who were re-randomized into Phase 3, less the two who died during Phase 3 (Figure 2).
Comparisons of binary weight change outcomes measured from study entry used logistic
regression analyses adjusting for entry weight, age, site, gender, race, and an interaction
term of gender and race. Analyses of binary weight change outcomes measured from start of
Phase 2 or start of Phase 3 adjusted for weight at those time points in place of entry weight.

When we failed to reject the null hypothesis of no continued effect from continued PC
intervention, we combined PC-Active and PC-Control for comparisons of the overall weight
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loss experience (Phases 1-3) versus SD. These latter analyses were generally limited to the
414 individuals who re-enrolled in Phase 3 (less two who subsequently died). However, for
our analysis of absolute weight change from entry we included all 491 participants who
were initially randomized to PC and SD in Phase 2 (less the four who died during Phases 2
or 3). Adjustment variables were the same as those used for the PC-Active versus PC-
Control comparisons. We also compared weight change between successive measurement
points for participants in the SD and combined PC conditions, again using all 491 SD and
PC participants. For this latter analysis we expressed the weight change estimates as
annualized weight change.

We used multiple imputation (17,18), including the 28 SD participants and 47 PC
participants who initially opted out of Phase 3, to replace missing end-of-study weights,
missing interim weights, and other missing data. Results presented in our figures and tables
are the average of separate, identical analyses performed on each of these five complete
imputation datasets, with appropriate adjustment of standard errors to incorporate the added
variability from the imputation process. All analyses were conducted using SAS, version
9.2. Linear models were fit using PROC MIXED and logistic models using PROC
GLIMMIX. All weight change outcomes shown in Tables 2 and 3 and Figure 3a, b are
adjusted for the covariates in the models described above using ESTIMATE. No adjustments
were made for multiple comparisons, and all P-values are two-sided.

The maximum sample size for Phase 3 was the number of persons who enrolled in Phase 2
at the three participating sites. Given that 196 agreed to be re-randomized, we had 90%
power to detect a 2.6 kg difference in weight change between PC-Active and PC-Control.

The characteristics of participants randomized to the PC-Active and PC-Control groups were
generally very similar, although the former had 33% more African-American women and
32% fewer African-American men (Table 1). Table 1 also shows similar information for the
original PC and SD cohorts as randomized at the start of Phase 2 (7= 489). For both the PC-
Active and PC-Control groups, 84% of participants provided a weight at the 42-month
follow-up visit and 83% provided a weight at 60-month follow-up. Comparable statistics for
the 218 SD participants who initially agreed to participate in Phase 3 were 80% and 84%
(Figure 2). Although 28 SD and 47 PC participants initially opted out of Phase 3, staff
nonetheless managed to collect some follow-up weights on these individuals as well (Figure
2).

Intervention adherence

During Phase 3, the average number of expected PC-Active contacts was approximately 30.
The actual number of contacts [median (Q1, Q3)] was 23 (15,26), which is a median contact
completion rate of 77%. Of these contacts, the vast majority were completed by telephone
[median (Q1, Q3) = 20(14,24)].
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Comparison of PC-Active and PC-Control during Phase 3

Figure 3a displays the weight experience of the PC-Active and PC-Control arms over the full
course of the study; data are combined for study entry through the start of Phase 3. Mean
(SD) weight gain measured from the start of Phase 3 was 1.0 kg (3.4) in PC-Active and 0.5
kg (6.1) in PC-Control [adjusted mean difference 0.6 kg (95% CI: -1.4 t0 2.7), P=0.55].
Table 2 displays the percent of individuals who met various criteria for weight outcomes.
For each criterion, we observed no significant difference between PC-Active and PC-
Control.

Comparison of SD and combined PC participants across Phases 1, 2, and 3

After initial mean weight loss during Phase 1, both PC and SD participants experienced
weight regain (Figure 3b). Although the differences between the PC and SD groups
appeared to be diminishing at the time of our primary (30-month) outcome analysis (15),
they subsequently stabilized and the mean difference of 1.6 kg (95% Cl:-3.1t0 -0.1; P=
0.038) at 60 months post initial randomization was nearly identical to that observed at 30
months.

Of the 412 participants who opted to continue in Phase 3, 70% remained below entry weight
at the end of the study (Table 2), with the percent for the combined PC-Active and PC-
Control groups being significantly higher than the corresponding percent in SD (77% vs.
63%, £=0.002). The percent of participants who maintained at least 5% below entry weight
was borderline significantly higher in the combined PC group compared to SD (37% vs.
27%, P=0.052). In terms of weight change post initial randomization (i.e., following initial
weight loss), 36% of PC participants had final weights no more than 3% above their initial
(Phase 2) randomization weight compared to only 26% of SD participants (P = 0.044).
However, weight change post second (Phase 3) randomization did not differ between PC and
SD.

Rate of weight regain

Trajectory of weight regain appeared to decline over time (Figure 3), being most rapid in the
initial months of Phase 2 and largely flattening out during Phase 3. This is further illustrated
in Table 3, which provides the average within-subject weight change between successive
visits in the trial. To facilitate comparisons over time, the slopes are expressed in units of
kgly. Mean weight regain in SD was particularly rapid in the initial months of Phase 2, for
example, 0.68 kg/y over the first 6 months post-randomization, in comparison to 0.29 kg/y
in PC-combined. By the end of Phase 3, mean weight regain was extremely slow in both SD
and PC, only 0.02 and 0.00 kgly, respectively, and 0.01 kg/y overall.

Discussion

WLM is the longest randomized trial that prospectively tested the effects of behavioral
weight loss maintenance interventions in persons who previously lost weight. The current
study found that, among participants who lost at least 4 kg in a 6-month, group-based
behavioral weight loss intervention and then completed 30 months of a behavioral weight
loss maintenance intervention with monthly brief contacts with an interventionist, continued
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intervention for an additional 30 months did not significantly improve weight outcomes.
Still, across the entire 66 months of the study, 60 of which focused on weight loss
maintenance, mean weight loss in those originally assigned to the PC intervention was
slightly greater than mean weight loss in the SD group, with a net mean difference of 1.6 kg.
Consistent with these findings, 77% of Phase 3 participants initially assigned to the PC
intervention had an end of study weight that was at or below their study entry weight
compared to 63% in SD; 37% of those initially assigned to PC maintained at least 5% below
their initial study entry weight compared to 27% in SD. However, the benefits of the PC
intervention on weight loss, even when statistically significant, were modest at best.

These results extend our previously reported results (15). In the initial 30-month weight loss
maintenance phase of WLM (Phase 2), monthly brief PC provided modest benefit in
sustaining weight loss relative to a control condition, while an internet-based intervention
provided early but transient benefit (15). Similar to the current Phase 3 findings, 77% of PC
participants maintained a weight at or below their initial study entry weight at the end of
Phase 2 compared to 67% in SD. Moreover, the original weight loss differential between PC
and SD in Phase 2 (1.5 kg) was sustained over the additional 30 months of Phase 3 (1.6
kg), without any apparent need for further PC intervention.

It is not clear why extending a behavioral weight maintenance intervention offering brief,
monthly contacts with an interventionist was not effective relative to no further intervention.
Contact completion rates were impressively high for an intervention being delivered 3 years
after initially starting treatment [~77% in Phase 3 vs. 91% in Phase 2 (15)]; therefore, this
finding is not likely explained by low engagement. Our closer analysis of rates of weight
change throughout the trial show that the PC intervention had the strongest effect on slowing
down regain in the first 6 months of Phase 2. Weight regain slowed down towards the end of
Phase 2, and the extremely slow rate of weight regain in Phase 3, in both SD and PC
suggests that, similar to other studies (19,20), with increased time, less effort is required for
persons to sustain weight loss, and continued intervention to reinforce behavioral skills may
no longer be necessary. It is unclear, however, if approaches not used in our study (e.g.,
incentives, smart phones with tailored text messages, etc.) could have reinforced or
“recharged” participants' weight management success.

Few studies have tested behavioral interventions designed to sustain weight loss once
achieved, and even fewer have examined long-term weight loss maintenance beyond 3 years
(8-12). While meta-analyses have concluded that behavioral weight loss maintenance
interventions provide small to moderate, but clinically and statistically significant, benefits
on weight regain (10—12), to our knowledge, other than pharmacologic studies (21) and the
WLM Trial, only two other trials (16,22) have randomized participants to a behavioral
weight maintenance intervention after meeting a predetermined weight loss criterion. Both
the Study to Prevent Regain (STOP Regain) and the Treatment of Obesity in Underserved
Rural Settings (TOURYS) trials found that face-to-face and remotely-delivered [Internet (16)
and telephonic (22)] weight maintenance interventions are superior to control in preventing
weight regain at 18 and 12 months, respectively. Collectively, the findings of WLM, STOP
Regain, and TOURS, and more recent research supporting combined telephonic and Web-
based lifestyle interventions (23,24), suggest that weight management treatment can be
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delivered through multiple channels, an encouraging finding given the need for flexible,
scalable and affordable interventions to address the chronic condition of obesity. Remotely
delivered interventions not only greatly increase the dissemination of empirically supported
weight maintenance interventions, particularly for underserved populations, they also
provide a cost-effective alternative for examining longer follow-up periods in research.

The Look AHEAD Trial provides one of the largest (A= 5,145) and longest examinations of
weight outcomes following intensive lifestyle intervention (ILI) (25). Although this trial did
not randomize participants to a weight maintenance intervention following a successful
weight loss, ongoing lifestyle counseling focused on maintaining weight loss and increased
levels of PA was offered during years 2-4 of the study. ILI participants achieved mean
percent reduction in initial weight of 8.7, 6.5, 5.3, and 4.9% in years 1-4, respectively, and
45% maintained a 5% weight loss at 4 years. In the current study, 37% of PC participants
achieved at least 5% weight loss at 5 years. WLM's PC intervention thus would appear to
offer a less intensive approach to achieving generally comparable long-term weight loss to
that seen with Look AHEAD's ILI intervention.

Importantly, 27% of WLM participants in the SD condition lost at least 5% below entry
weight at 5 years, suggesting that a strong weight loss intervention that achieves sizeable
weight reductions at 6 months (mean weight change during WLM Phase 1 was -5.8 kg) (5)
promotes sustained effects in about a quarter of participants. Characterizing individuals who
do not receive further intervention but achieve weight management success comparable to
those receiving treatment may be an important future direction as the healthcare industry
attempts to prioritize spending. What also requires further study is when and how to “step
up” interventions for those who are non-responsive to behavioral maintenance interventions;
thus future trials exploring adaptive techniques (e.g., Sequential, multiple assignment,
randomized trials; SMARTS; http://methodology.psu.edu/ra/adap-inter/research) are needed.

Our study has limitations. First, the study did not collect follow-up information on Phase 1
participants who did not lose 4 kg or more, thus our results are directly applicable only to
those who are able to successfully lose this amount of weight. Second, because of limited
resources, we did not collect dietary and physical activity measures in Phase 3 and cannot
comment on behavioral mediators as we did in Phase 2 (26). Third, given financial and
logistical considerations, we were unable to collect prospective measures of cardiovascular
and other medical outcomes. Finally, the trial's sample size precluded us from addressing the
impact of extending PC in race and gender subgroups.

WLM also has numerous strengths. It is the longest trial that tested strategies to sustain
newly achieved weight loss, and it enrolled a large proportion of African-American
participants, a population at disproportionate risk for obesity and its consequences.
Moreover, despite the long duration of Phase 3, follow-up was excellent (83% attended final
data collection visits), and sophisticated procedures for dealing with missing data were
employed. These factors contribute to the high internal validity of the study and potential
generalizability of findings.
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In conclusion, after initial weight loss of at least 4 kg followed by 30 months of brief
monthly counseling primarily by telephone, continuation of the counseling intervention did
not provide significant additional benefit over the next 30 months. Nonetheless, after 5
years, those initially assigned to this intervention had better long-term weight loss than those
who were in the SD group and received no weight loss maintenance intervention. Regardless
of treatment condition, weight regain was most substantial in the first year, continued at a
slower rate in the second year, and largely flattened by the third year.
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PC-Control
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Months After First Randomization

Figure 1.
Design of the Weight Loss Maintenance Trial. SD = self-directed; PC = personal contact; IT

= interactive technology. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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(N=58)

(SD)
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Self-Directed

N =247

235 completed visit
12 missed visit
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Interactive Technology
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229 completed visit
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————1 | pr—
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N=218 Re-Enrolled Active Contral N =47
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% 2N l B, ] I I
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visit visit 16 missed visit 16 missed visit 39 missed visit
\43 rnissled visit | | 25 missed visit ) ] \ I J L I )
" 60-month fia ) [ 60-month fiu ) 60-month flu (" 60-month flu " 60-monthfu )
183 completed 1 completed 81 completed visit 81 completed visit 12 completed visit
visit visit 16 missed visit 16 missed visit 35 missed visit
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Figure 2.

Participant flow during Phases 1, 2, and 3 of the Weight Loss Maintenance Trial at the
Baltimore, Baton Rouge, and Durham clinical centers.
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Figure 3.

Weight Change, kg
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Page 13
Phase 1 Phase 2 Phase 3
0 4 T i
n
p \ 1
-3 :
-4 \ %“ e —
5 \ 2
"6 \ /
T \ /
-8 ] / —A—PC -
o — iy
-10
6 0 6 12 18 24 30 42 60
Months After First Randomization
0
A4
2 4 ; - a5
3] 1
-4 \ " e / |
-5 \ : v 1
-6 -
21\ i i ~— SD
-8 ‘!'-/I —— PC
9 - : — .
-6 0 6 12 18 24 30 42 60

Months After First Randomization

(a) Adjusted mean (95% CI) weight change from study entry for the 196 participants in the
Weight Loss Maintenance Trial who were assigned to the personal contact (PC) intervention
during Phase 2 and who subsequently were randomized to receive continued PC intervention
(PC-Active) or no further intervention (PC-Control) during the 30-month Phase 3 period. (b)
Adjusted mean (95% CI) weight change from entry for all 491 participants originally
randomized to the self-directed (SD) and PC conditions. Data are limited to participants
from the Baltimore, Baton Rouge, and Durham clinical centers and do not include the four
individuals who subsequently died. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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