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RESEARCH DESIGN AND METHODSdApproximately 25% of DPP lifestyle intervention participants (n = 274) completed questionnaires to assess weight history and psychological
and behavioral factors at baseline and 6 months after completion of the 16-session core curriculum. The change in variables from baseline to 6 months was assessed with t tests. Multivariate
models using hierarchical logistic regression assessed the association of weight outcomes at end
of study with each demographic, weight loss history, psychological, and behavioral factor.
RESULTSdAt end of study, 40.5% had achieved the DPP 7% weight loss goal. Several baseline
measures (older age, race, older age when ﬁrst overweight, fewer self-implemented weight loss
attempts, greater exercise self-efﬁcacy, greater dietary restraint, fewer fat-related dietary behaviors, more sedentary activity level) were independent predictors of successful end-of-study
weight loss with the DPP lifestyle program. The DPP core curriculum resulted in signiﬁcant
improvements in many psychological and behavioral targets. Changes in low-fat diet self-efﬁcacy
and dietary restraint skills predicted better long-term weight loss, and the association of low-fat
diet self-efﬁcacy with weight outcomes was explained by dietary behaviors.
CONCLUSIONSdHealth care providers who translate the DPP lifestyle intervention should
be aware of pretreatment characteristics that may hamper or enhance weight loss, consider
prioritizing strategies to improve low-fat diet self-efﬁcacy and dietary restraint skills, and examine whether taking these actions improves weight loss outcomes.
Diabetes Care 36:34–40, 2013

T

he Diabetes Prevention Program
(DPP) demonstrated that a lifestyle
intervention aimed at 7% weight loss
and 150 min of physical activity per week
reduced the risk of diabetes by 58% over
2.8 years in 1,079 ethnically diverse
participants at high risk to develop

diabetes (1). Weight loss was the predominant predictor of diabetes prevention,
and for every kilogram of weight loss,
there was a 16% risk reduction in development of diabetes for lifestyle intervention participants (2). Of the DPP lifestyle
intervention participants, 49% achieved
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OBJECTIVEdTo identify the most important pretreatment characteristics and changes in
psychological and behavioral factors that predict weight outcomes in the Diabetes Prevention
Program (DPP).

the 7% weight loss goal at 6 months after
completion of a core curriculum, and 37%
maintained the 7% weight loss at end of
study (3). Weight loss in DPP was greater
for those who were older, engaged in more
frequent self-monitoring of fat intake,
reported a lower percentage of calories
from fat, and increased physical activity
(2,3). However, many participants did
not achieve study weight loss targets.
Little has been published about the
potential role of other modiﬁable psychological and behavioral variables on the
ability to achieve and maintain weight
loss. Understanding participant characteristics that independently predict
weight loss and maintenance is critical
for DPP clinical translation efforts and will
help identify those who are most likely to
succeed with this evidence-based lifestyle
intervention to prevent or delay type 2
diabetes. Moreover, additional insights
on the most important modiﬁable predictors of weight outcomes should help
health care providers focus on enhancing abilities and skills of participants
in relevant, change-worthy, cognitivebehavioral domains.
On the basis of previous research (4–
11), we hypothesized that achievement
and maintenance of weight loss in DPP lifestyle group participants at 6 months and
end of study would be greater for those
with the following pretreatment characteristics: fewer previous self-implemented
weight loss attempts and weight loss programs; higher self-efﬁcacy for diet, exercise, and weight loss; lower perceived
stress; less frequent emotional eating; less
binge eating; and more dietary restraint. In
addition, we hypothesized that changes
in several cognitive and behavioral factors
targeted during the initial active weight
loss intervention period of the trial, including improvements in self-efﬁcacy
and dietary restraint and reductions in
emotional eating and binge eating, would
predict greater weight loss at end of
study.

Delahanty and Associates

Study participants
DPP participants in the lifestyle intervention arm were recruited for this substudy
between 1998 and 2001; 18 of 27 DPP
centers agreed to participate and obtained approval from their institutional
review boards. Of the nine centers that
did not participate, two were not invited
because they had already randomized
almost all of their center cohorts; the
other seven (four of which were American Indian centers) declined to participate to minimize participant burden
because they had elected to participate
in other ancillary studies. Of the ﬁnal 293
lifestyle participants who were randomized, written informed consent was obtained from 274 (94%), representing
almost 25% of the entire lifestyle intervention cohort.
At baseline, the entire lifestyle intervention cohort was aged 50.6 6 11.3
years, 32% male, and weighed 94.1 6
20.8 kg. By race ethnicity, the cohort
was 54% white, 18.9% black, 16.5% Hispanic, 5.6% American Indian, and 5.3%
Asian. As reported previously (4), the
subgroup in the current study was representative of the total lifestyle group with
regard to age, sex, initial weight, and raceethnicity, except that American Indian
centers did not participate (Table 1).
The mean weight loss and percentage of
participants achieving the 7% weight loss
goal at 6 months and end of study were
also similar in this subgroup as in the entire DPP lifestyle cohort, who lost 6.9 6
4.5% at 6 months and 4.9 6 7.4% at
study-end (1,3).
care.diabetesjournals.org

Table 1dPretreatment demographic, weight history, psychological and behavioral
characteristics
% or mean 6 SD

Baseline variables
Demographics
Race
White
Black
Hispanic
Asian
Age, years
Sex
Male
Female
Weight, kg
Weight history
Age when ﬁrst overweight (years)
Formal weight loss programs
1 = never; 4 = ﬁve times or more
Self-imposed weight loss attempts
1 = never; 4 = ﬁve times or more
History of weight cycling
1 = never; 4 = ﬁve times or more
Psychological
Weight loss self-efﬁcacy
0 = not conﬁdent at all; 9 = very
Low-fat diet self-efﬁcacy
1 = very little; 5 = quite a lot
Exercise self-efﬁcacy
1 = not at all conﬁdent; 7 = very
Perceived stress index
0 = lowest; 1 = highest
Deprived
1 = never; 5 = always
Craving
1 = never; 5 = always
Depression
0 = minimum; 63 = maximum
Anxiety
0 = minimum; 63 = maximum
Behavioral
Emotional eating
0 = never; 10 = always
Binge eating severity
0 = no binge eating; 3 = severe binge eating
Binge eating frequency
0 = not at all; 5 = nearly every day
Dietary restraint
1 = never; 5 = very often
Fat-related dietary behaviors
1 = usually choose low fat; 5 = never choose low fat
MAQ average leisure physical activity (MET h/week)
LOPAR activity level (MET h/week)

Measures
Participants were asked to complete selfadministered questionnaires assessing
weight loss history and psychological
and behavioral variables at baseline after
randomization to the lifestyle intervention

62.41
19.71
13.87
4.01
52.54 6 12.13
35.40
64.60
95.13 6 20.42
25.48 6 14.33
1.89 6 1.05
3.01 6 1.06
2.16 6 1.08
139.57 6 23.39
4.03 6 0.58
5.03 6 1.21
0.32 6 0.16
2.40 6 1.00
2.44 6 1.04
4.08 6 4.08
3.38 6 3.96
2.94 6 2.68
0.74 6 0.61
1.60 6 0.79
2.82 6 0.69
2.84 6 0.62
15.7 6 21.6
174.48 6 52.27

group and again at 6 months. Ninety-eight
percent of the study subjects completed
the questionnaires at 6 months, which was
the data used in the current analyses.
Participants reported their weight history, including age of onset of obesity,
DIABETES CARE, VOLUME 36, JANUARY 2013
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RESEARCH DESIGN AND
METHODSdThe DPP design and
methods have been described (1). In
brief, eligible participants had impaired
glucose tolerance and elevated fasting
glucose levels, BMI $24 kg/m 2 (.22
kg/m2 for Asian Americans), and were at
least age 25 years (1). The lifestyle intervention (12) had two speciﬁc goals: to
lose at least 7% of body weight and increase moderate intensity activity to at
least 150 min/week. Lifestyle coaches
met with participants individually over
the ﬁrst 24 weeks to review a 16-session
core curriculum that focused on diet,
physical activity, and behavioral modiﬁcation strategies. After the ﬁrst 6 months,
lifestyle coaches tailored individual sessions to the needs of each participant
and also offered group classes/campaigns
three times per year to help improve activity levels and weight loss.

Predictors of weight outcomes in the DPP
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Statistical analysis
To minimize the issue of multiple comparisons, weight outcome at end of study
was deﬁned as the primary outcome.
Short-term weight outcomes at 6 months
are presented separately to permit comparison of predictors at the end of the
initial intervention period with predictors
of long-term weight outcomes at end of
study. This comparison distinguishes between predictors of the intervention effect
across time to observe which effects are
persistent.
Change in variables from baseline was
tested with t tests. Multivariate models
were constructed using hierarchical logistic regression to assess the association of
weight outcomes (the dichotomous measure of whether the 7% weight loss goal
was met) with each variable block (demographics, weight loss history, cognitive/
psychological factors, and behaviors). In
the ﬁrst block of variables, race-ethnicity,
age, sex, and baseline weight were forced
into the models. Stepwise regression was
performed using variables from remaining
blocks, one block at a time. A value of P =
0.05 was required to enter the model,
although the P value could become nonsigniﬁcant after adding subsequent variables or after adjusting for cluster effect.
Stepwise regression was used to select variables from each successive block for entry
into the model, retaining any variables
from previous blocks. This process was
repeated until all blocks were used. Once
this ﬁnal model was constructed, we used
generalized estimating equations to adjust
models for study site and center cluster
effect; the results of this analysis represent
the key ﬁndings of the study.
For cognitive/psychological and behavioral factors, variables were assessed
as pairsdbaseline levels and change
scoresdbecause baseline levels and
change scores are confounded with each
other; the worse the baseline score, the
greater the improvement in that factor.
Each pair of variables was entered into
the model, and the signiﬁcance level
of each variable was assessed. If one or
both variables of a pair were signiﬁcantly
related to the outcome, those pairs of
variables were evaluated in terms of their
contribution to the model r2; the pair
of variables that made the largest contribution to r2 was entered into the model.
Then, remaining variable pairs in that
block were evaluated for entry into the
model, following the same procedure.
Results for multivariate analyses of
weight outcomes are presented for two

models: 1) after all demographic and statistically signiﬁcant weight history and
cognitive/psychological variables had entered the model; and 2) after all statistically signiﬁcant behavioral variables had
been added to the ﬁrst model. This analytic strategy allows us to determine
whether behavioral variables explained
the association of other factors with
weight outcomes. We also present the r2
at the end of each block to assess the contribution of each set of factors to weight
outcomes. Because results other than
those for the multivariate analysis of the
end-of-study outcome are supplementary
analyses designed to provide a context for
interpreting the primary results, we do
not adjust for multiple comparisons. All
analyses were performed using SAS 9.1
software (SAS Institute, Inc., Cary, NC).
RESULTSdBaseline characteristics related to weight history, previous weight
loss experiences, and scores on psychological and behavioral variables that were
potential predictors of weight outcomes
are reported in Table 1. The 6-month
changes in psychological and behavioral
variables selected to represent putative predictors for end-of-study long-term weight
outcomes are reported in Table 2. Statistically signiﬁcant improvements were documented in all measured psychological and
behavioral factors, except for perceived
stress, after completion of the 6-month
core curriculum.
Multivariate analyses of the effects of
pretreatment characteristics and
changes in behavioral and
psychological variables on achieving
7% weight loss
Race (being white compared with black),
older age, older age when ﬁrst overweight, and fewer past self-implemented
weight loss attempts were the independent, nonmodiﬁable, pretreatment predictors of achieving 7% weight loss at end
of study. Greater exercise self-efﬁcacy,
greater dietary restraint, fewer high-fat
dietary behaviors, and a more sedentary
activity level were independent, modiﬁable, pretreatment predictors of achieving
the 7% weight loss goal at end of study
(Table 3). At baseline, lower activity levels
were correlated with larger increases in
activity (Pearson correlation coefﬁcient:
r = 20.49; P , 0.0001). Fewer previous
formal weight loss programs (nonmodiﬁable) and less frequent emotional eating
(modiﬁable) were positive predictors of
achieving 7% weight loss at 6 months
care.diabetesjournals.org
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frequency of weight cycling (change of 20
pounds or more), and number of previous attempts with self-implemented
and formal weight loss programs.
The DPP lifestyle intervention was
based on Social Cognitive Theory, which
was the theoretical framework for selection of the psychological and behavioral
measures included in this study (12). The
psychological and behavioral variables
selected have been frequently cited as
important predictors of weight loss
and have the potential to be modiﬁed
(4–11). The validated psychological and
behavioral measures used have been
previously described (4) and are brieﬂy
summarized.
Psychological measures. The Weight
Efﬁcacy Lifestyle Questionnaire assesses
conﬁdence in resisting overeating in 20
tempting situations (5). The 16-item
Low-Fat Diet Self-Efﬁcacy Scale measures conﬁdence in performing healthy
dietary behaviors (13). The 5-item Exercise Self-Efﬁcacy Scale (6) measures selfconﬁdence to persist with exercise in various
situations (14). The 30-item Perceived
Stress Questionnaire (15) measures frequency of feeling pressured by life events.
Participants also answered one question
regarding how often they felt deprived
while dieting and one question regarding
how often they “fantasized a lot about favorite foods while dieting” (craving) (4).
All DPP participants completed Beck Depression and Anxiety Inventories (16,17)
at baseline and annually.
Behavioral measures. The 5-item Emotional Eating Questionnaire measures frequency of eating due to negative emotions
(6). A 5-item version of the Binge Eating
Scale measures binge eating severity
(18,19). Binge eating frequency was assessed using the ﬁrst three questions
from the Questionnaire on Eating and
Weight Patterns (20). The Restraint subscale of Dutch Eating Behavior Questionnaire (21) rates frequency of using 10
different restraint behaviors. The 22item Fat-Related Diet Questionnaire (22)
measures dietary patterns related to selecting low-fat diets. All DPP participants
completed the Modiﬁable Activity Questionnaire (MAQ) at baseline and annually
and Low Level Physical Activity Recall
(LOPAR) at baseline, 6 months, and annually. The MAQ assesses occupational
and leisure activity during the past year,
whereas LOPAR provides a general measure of physical activity (occupational,
leisure, and home) during the preceding
week (23).

Delahanty and Associates
Table 2dChanges in psychological and behavioral factors and weight outcomes
Variable

P*

7.33 6 5.79
51.82

,0.0001

1.52 6 21.23
0.13 6 0.55
20.28 6 1.40
0.01 6 0.13
20.36 6 0.95
20.18 6 0.97

0.2
0.0002
0.001
0.4
,0.0001
0.003

20.49 6 2.14
20.04 6 0.50
20.33 6 0.83
0.77 6 0.71
20.64 6 0.55
6.95 6 59.51

0.0002
0.1
,0.0001
,0.0001
,0.0001
0.06

5.29 6 7.37
40.51

,0.0001

Scales of most weight history, psychological, and behavioral measures are in arbitrary units as indicated in
Table 1. *For change from baseline. †LOPAR.

but not at end of study. At baseline, more
previous weight loss attempts were associated with younger age when ﬁrst overweight (r = 20.35, P , 0.0001), more
frequent weight cycling (r = 0.52, P ,
0.0001), more cravings (r = 0.36, P ,
0.0001) and feeling deprived while dieting (r = 0.43, P , 0.0001), and less selfefﬁcacy for weight loss (r = 20.22, P ,
0.0001). Once behavioral variables were
entered into the regression (model 2),
they explained the effect of race and age
when ﬁrst overweight on end-of-study
weight outcomes.
Only 6-month improvements in lowfat diet self-efﬁcacy and dietary restraint
skills remained important as predictors of
achieving 7% weight loss at end of study.
Once behavioral variables were entered
into the regression (model 2), they explained the effect of changes in low-fat
diet self-efﬁcacy on weight outcomes.
Although baseline and early changes
in perceived stress, feelings of being deprived while dieting, binge eating severity, weight loss self-efﬁcacy, and exercise
self-efﬁcacy were signiﬁcantly (P , 0.05)
associated with ability to achieve weight
loss outcomes at 6 months and end of
study (data not shown), these variables
were not independent predictors of
weight outcomes when confounders
care.diabetesjournals.org

were eliminated. Depression, anxiety,
binge eating frequency, and craving
were not signiﬁcantly associated with
weight outcomes (data not shown).
CONCLUSIONSdThis study expands on previous research by examining
the relative importance of pretreatment
demographic, weight history, psychological and behavioral characteristics, and
early changes in cognitive and behavioral
factors targeted by the intervention in
predicting short- and long-term weight
outcomes in an ethnically diverse group
of men and women. Moreover, the multivariate models identify the nonmodiﬁable demographic and weight history
factors and the modiﬁable psychological
and behavioral factors that independently
inﬂuence success in achieving weight
loss. Understanding mediators of success
(and failure) in lifestyle intervention programs is critical to maximize success.
Moving beyond previous analyses
showing that race, older age, and higher
initial body weight are highly signiﬁcant
predictors of weight loss (24), we have
now found that several additional baseline patient characteristics were independent and durable predictors of successful
weight loss with the DPP lifestyle program
at end of study in multivariate models:

DIABETES CARE, VOLUME 36, JANUARY 2013

37

Downloaded from http://diabetesjournals.org/care/article-pdf/36/1/34/613298/34.pdf by guest on 23 January 2022

Change 0–6 month measures
Weight loss
Mean weight loss (%)
Patients achieving 7% weight loss
Psychological change in
Weight loss self-efﬁcacy
Low-fat diet self-efﬁcacy
Exercise self-efﬁcacy
Perceived stress index
Feeling deprived
Craving
Behavioral change in
Emotional eating
Binge eating severity
Binge eating frequency
Dietary restraint
Fat-related dietary behaviors
Activity level (MET h/week)†
Change 0 month to end-of-study measures
Weight loss
Mean weight loss (%)
Patients achieving 7% weight loss

% or mean 6 SD

older age when ﬁrst overweight, fewer
previous self-implemented weight loss attempts, greater exercise self-efﬁcacy,
fewer fat-related dietary behaviors,
greater dietary restraint, and a more sedentary activity level. In addition, improvements in low-fat diet self-efﬁcacy
and dietary restraint skills were independent and durable predictors of end-ofstudy long-term weight outcomes.
Consistent with previous ﬁndings
(9,11), more previous weight loss attempts,
whether formal or self-implemented programs, was an important independent
predictor of inability to achieve 7% weight
loss. Those with previous weight loss attempts also reported a proﬁle of being
younger when ﬁrst overweight, more frequent weight cycling, more cravings and
feeling deprived while dieting, and less
self-efﬁcacy for weight loss. These patterns
of repeated negative experiences with previous programs and associated weight
cycling may indicate the degree of experience with “repeated failure” and potentially affect long-term motivation and
self-efﬁcacy.
It is noteworthy that lower overall
activity level at baseline was an independent predictor of greater likelihood of
achieving 7% weight loss at end of study.
Those with lower activity levels at baseline had larger increases in activity, which
has been previously reported to predict
greater weight loss (2,3).
Our ﬁndings that less frequent emotional eating at baseline was an independent predictor of achieving a 7% weight
loss at 6 months and that greater dietary
restraint and exercise self-efﬁcacy at baseline are important factors in predicting 2to 3-year weight outcomes are consistent
with those of Teixeira et al. (25) in overweight and obese women. The persistent interference of emotional eating in
achieving weight loss goals (6) at the 6and 12-month follow-up is important to
consider, as others have reported that
emotional eaters lose less weight with
standard behavioral treatment programs
and seem to lose more weight with
acceptance-based behavioral treatment
(26–28). This approach uses acceptance
and mindfulness processes, along with
commitment and behavior change processes, to produce psychological ﬂexibility; the ability to defuse from difﬁcult
thoughts and accept difﬁcult feelings while
persisting in value-based action (29). Notably, emotional eating at baseline was not an
independent predictor of weight loss at
end of study, implying that other factors

Predictors of weight outcomes in the DPP
Table 3dMultivariate predictors (odds ratios and CI) of categorical weight loss outcomes (adjusted for cluster)
6-month outcome
Predictor

End-of-study outcome

Model 1

Model 2

Model 1

Model 2

0.29***
0.14–0.61
0.94
0.42–2.11
0.41
0.10–1.66
1.52
0.79–2.94
1.05****
1.03–1.08
1.02**
1.01–1.04

0.28***
0.13–0.58
0.87
0.38–2.01
0.40
0.10–1.66
1.66
0.85–3.23
1.05***
1.02–1.08
1.02**
1.01–1.04

0.57
0.26–1.21
0.83
0.36–1.90
1.48
0.36–6.09
1.38
0.69–2.77
1.07****
1.03–1.10
1.01
0.99–1.03

0.61
0.27–1.42
1.02
0.41–2.56
2.25
0.48–10.46
1.32
0.61–2.82
1.06***
1.03–1.10
1.01
1.00–1.03

Demographics
Race
Black (vs. white)
Hispanic (vs. white)
Asian (vs. white)
Sex (female)
Age (years)

R
Weight history†
Age ﬁrst overweight (years)
Weight loss programs, N
(1 = never; 4 = ﬁve times or more)
Weight loss attempts, N
(1 = never; 4 = ﬁve times or more)

R2
Psychological†
Low-fat diet self-efﬁcacy baseline
(1 = very little; 5 = quite a lot)

10.07%

13.10%

0.98*
0.95–1.00
0.61***
0.45–0.82

0.97*
0.95–1.00
0.64**
0.47–0.88

NS

NS

NS

NS

NS

NS

13.68%

NS

0.69*
0.50–0.95

0.67*
0.47–0.97

NS

Emotional eating baseline
(0 = never; 10 = always)
Emotional eating change
Dietary restraint baseline
(1 = never; 5 = very often)

0.88*
0.79–0.98
NS

Dietary restraint change
Activity baseline (MET-h/week)x

NS

Activity change (MET-h/week)x
15.33%*

1.15
0.60–2.20
2.88**
1.40–5.95
1.48*
1.07–2.05
1.23
0.93–1.61

0.55
0.24–1.24
1.30
0.54–3.10
1.60**
1.11–2.31
1.20
0.89–1.61
20.42%**

Fat-related dietary behaviors change

R2

NS

14.58%

Exercise self-efﬁcacy change
R2
Behavioral†
Fat-related dietary behaviors baseline
(1 = usually low fat; 5 = never)

0.98
0.95–1.01

13.68%**

Low-fat diet self-efﬁcacy change
Exercise self-efﬁcacy baseline
(1 = not at all conﬁdent; 7 = very)

0.97*
0.95–1.00

0.34**
0.15–0.77
0.48
0.21–1.10
NS
NS
2.64**
1.30–5.36
4.22****
2.10–8.51
0.99*
0.99–1.00
1.00
0.99–1.00
29.86%****

Note: For the psychological and behavioral factors, variables were assessed as pairs-baseline levels and change scores. Each pair of variables was entered in the model
and the signiﬁcance level of each variable was assessed. R2 at each stage represents the amount of variance explained by the variables already in the logistic model; odds
ratios for each variable are those in the ﬁnal model adjusted for cluster. NS, variable not entered into the model because it was not signiﬁcant. *P # 0.05; **P # 0.01;
***P # 0.001; ****P # 0.0001; xLOPAR. †Scales of most weight history, psychological, and behavioral measures are in arbitrary units as indicated; units for these
predictors are every 1-unit change in score.
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Baseline weight (kg)
2
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determinants of sustainable lifestyle
change and weight loss (25). In the DPP,
participants learned that there were three
ways that they could choose to eat less fat
in a given situation: eat smaller portions
of the high-fat food, eat the high-fat food
less often, or substitute a lower-fat alternative. This ﬂexible approach to selfmanaging fat intake goals allowed each
participant to tailor his or her own means
to long-term success with lifestyle change
and did not rely on adhering to a speciﬁc
or rigid diet plan. Moreover, participants
learned ﬂexible dietary restraint behaviors. They practiced the skill of responding to an increase in weight or an
overeating episode by eating less than
usual on the following day(s) to compensate for and balance out fat and calorie
intake so that on average they still met
their goals over a given week. The clinical
implications of these results may begin to
address the issues raised by the Study to
Help Improve Early Evaluation and Management of Risk Factors Leading to Diabetes (SHIELD) study, which underscored
the need for programs that facilitate the
development of lifestyle change skills to
ﬁll the critical gap that exists between
knowing what to do and knowing how
to do it for people with type 2 diabetes
or at risk to develop it (30).
Strengths of this study are inclusion
of an ethnically diverse group of men and
women, very high retention rate, weight
loss success levels that were deﬁned a
priori, sufﬁcient follow-up time to study
weight loss, use of a large number and
broad scope of baseline and follow-up
assessments, and examination of associations between psychological and behavioral factors targeted by the 6-month core
curriculum and subsequent end-of-study
weight outcomes.
The ﬁndings here must be interpreted
with several limitations in mind. Although we conducted longitudinal analyses, the design is observational because
we did not have a control group. We
studied only one-quarter of the DPP
lifestyle cohort; however, they resembled
the entire cohort with regard to baseline
characteristics and weight outcomes achieved, including univariate associations
among age, race, and weight loss (3,24).
Another limitation is that the clinical trial
participants we studied may not be representative of all individuals with prediabetes seeking to lose weight. We
acknowledge that nonsigniﬁcant associations with weight outcomes may be due to
the narrow range of some of the factors

(depression and anxiety scores were low,
with little variance in this subgroup likely
due to screening procedures for study
entry).
We have expanded on previous research by identifying which pretreatment
factors and psychological and behavioral
factors targeted by the intervention are
independent predictors of weight loss, by
examining how long these associations
persist, and by determining which factors
explain the associations of other factors
with weight loss. Our ﬁndings offer important insights into which modiﬁable
and nonmodiﬁable pretreatment characteristics and which cognitive-behavioral
factors targeted by the intervention were
associated with successful long-term
weight loss in DPP. Health care providers
who are translating the DPP lifestyle intervention should be aware of participant
characteristics that may hamper or enhance success with weight loss and consider prioritizing strategies that improve
self-efﬁcacy and dietary restraint skills to
maximize sustainable weight outcomes.
The ﬁndings presented here on the most
important independent predictors of
short-term and long-term weight outcomes may also help researchers in community settings to streamline and
prioritize the number and type of survey
measures used as they translate these
results to real world practice settings.
Future research is needed to examine
whether taking action on the basis of
these results is effective in improving
weight loss outcomes, a key component
of diabetes prevention and treatment.
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became more important in determining
longer-term weight outcomes. The signiﬁcant improvements in low-fat diet selfefﬁcacy, fat-related dietary behaviors,
and dietary restraint after participation
in the DPP core curriculum may have
helped participants to manage the effect
of any emotional eating better by end of
study.
We expand on previous research by
conﬁrming that low-fat diet self-efﬁcacy
and dietary restraint skills are important
modiﬁable, persistent predictors of longterm weight outcomes durably after 2–3
years of follow-up. Improvement in low-fat
diet self-efﬁcacy during the core curriculum was the most important independent
psychological predictor of long-term
weight outcomes. For each unit improvement in low-fat diet self-efﬁcacy score,
there was almost a threefold greater likelihood of achieving 7% weight loss at end
of study. Behavioral variables explained
the relationship between low-fat diet
self-efﬁcacy and end-of-study long-term
weight outcomes, which may explain
why there have been conﬂicting reports
on the relationship of diet self-efﬁcacy
with weight loss outcomes (9,11).
Improvement in dietary restraint
skills was the most important independent behavioral predictor of achieving
long-term weight outcomes. For each
unit increase in dietary restraint change
score, there was a 4.3-fold greater likelihood of achieving 7% weight loss at end
of study.
The DPP core curriculum resulted in
signiﬁcant improvements in low-fat diet
self-efﬁcacy and dietary restraint skills,
each of which predicted better weight loss
outcomes. The core curriculum focused
on learning skills, such as setting small
achievable goals, options for reducing fat
intake, self-monitoring and balancing of
fat gram intake, stimulus control, managing stress/high-risk situations, and problem solving, which could explain these
improvements. Improvements in dietary
restraint skills appear to be key to sustainable lifestyle change and weight loss.
When participants learn to respond to
lapses in meeting fat gram or activity goals
by compensating with improved behaviors at the next opportunity, they are
likely to feel more self-efﬁcacious and less
likely to engage in dichotomous thinking
that is related to weight regain (10).
Clinically, these results point to the
importance of a ﬂexible approach to
modifying fat- related dietary behaviors
and to ﬂexible dietary restraint as potential
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