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Predicting Long-Term Weight Loss Maintenance in Previously
Overweight Women: A Signal Detection Approach

Inés Santos’, Jutta Mata®>, Marlene N. Silva', Luis B. Sardinha’, and Pedro J. Teixeira’

Objective: Examine psychological and behavioral predictors of 3-year weight loss maintenance in
women.

Methods: Participants were 154 women in a 1-year randomized controlled trial on weight management
with a 2-year follow-up. Signal detection analyses identified behavioral and psychological variables that
best predicted 5% and 10% weight loss at 3 years.

Results: Women with better body image were more likely to have lost >5% weight at 3 years
(P < 0.001). Exercise intrinsic motivation had a partial compensatory effect, in that women with poor body
image but higher motivation were more likely to maintain weight loss than women with poor body image
and lower motivation (P < 0.001). Women with high exercise autonomous motivation were three times
more likely to have lost >10% weight than were those with lower autonomous motivation (P < 0.001).
Among women with lower autonomous motivation, perceiving fewer exercise barriers was somewhat
compensatory: these women were more likely to maintain weight loss than women with lower autonomy
but more perceived barriers (P < 0.01).

Conclusions: In overweight women, improving body image and increasing autonomous and intrinsic
motivation for exercise likely promotes clinically significant long-term weight loss maintenance. Decreas-

ing perceived exercise barriers is another promising intervention target.

Obesity (2015) 23, 957-964. doi:10.1002/0by.21082

Introduction

Long-term weight loss maintenance is a major challenge. Success
rates of individuals who are overweight and try to maintain long-
term weight loss are 20% at most (1). Typically, one-third of weight
lost is regained within 1 year and the other two-thirds within 3-5
years (2). Identifying behavioral and psychological predictors of suc-
cessful long-term weight loss maintenance is therefore essential to
make obesity interventions more effective.

A review of psychosocial pre-treatment predictors of long-term weight
control identified few previous weight loss attempts and an autonomous,
self-motivated regulatory style as the best prospective predictors (3).
Evidence for other variables, such as positive body image, eating self-
efficacy, or few perceived barriers to exercise, was mixed or weak. A
broader, conceptual review identified a large set of putative predictors
of weight loss maintenance (4), including a physically active lifestyle
and high social support (i.e., perceived emotional and practical support
from significant others), self-efficacy (i.e., the belief in one’s ability to

maintain weight loss), and autonomy (be causal agent of one’s actions).
A recent systematic review of self-regulation mediators of weight con-
trol suggested that the most consistent predictors of long-term weight
change are exercise autonomous motivation (a concept that includes
both intrinsic and meaningful extrinsic motives, such as improving
health), exercise self-efficacy, low perceived barriers to exercise, flexi-
ble eating restraint (i.e., conscious attempts to monitor and regulate food
intake in a flexible way), positive body image, and self-regulation skill
use (e.g., self-monitoring, planning, goal-setting) (5).

Although these reviews provide insights critical for understanding the
role of behavioral and psychological factors in long-term weight man-
agement, the quality and nature of the predictors assessed were very
heterogeneous, meaning that any conclusions drawn must be tentative.
Moreover, there is a dearth of studies systematically examining a
wide range of behavioral and psychological predictors of long-term
weight loss beyond 12 months. This study contributes to filling this
gap by examining psychological and behavioral predictors of 3-year
weight loss maintenance in overweight women involved in a lifestyle
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weight management intervention. We conducted an exploratory data
analysis of a large set of behavioral and psychological predictors of
weight loss maintenance to create a hierarchy of predictors/profiles of
successful weight maintenance. Importantly, the predictors examined
were selected on the basis of theoretical considerations and systematic
empirical reviews of long-term weight maintenance.

Methods
Study design

The data presented here are from the longitudinal randomized con-
trolled trial “Promotion of Exercise and Health in Obesity” (PESO;
see Ref. (6) for a detailed description). Briefly, PESO consisted of a
1-year behavioral weight management intervention and an additional
2-year follow-up period. The aim was to promote long-term weight
control by increasing participants’ autonomous motivation toward
exercise and eating. The intervention was based on principles from
self-determination theory and aimed at encouraging participants to
increase their physical activity and energy expenditure and adopt a
moderately restricted diet (6). The control group received a general
health education curriculum, comparable in duration, and intensity
to the treatment of the intervention group. The Institutional Review
Board of the Faculty of Human Kinetics, Technical University of
Lisbon, approved the study.

Participants

Participants were women recruited from the community at large;
they gave written consent for participation. The sample was
restricted to women (a) to obtain a more homogeneous sample and
(b) because women have a higher risk of weight gain and particu-
larly high rates of obesity (7).

Participants fulfilled the following inclusion criteria: female, between
25 and 50 years old, premenopausal, body mass index (BMI) between
25 and 40 kg/m?, willing to attend weekly meetings for 1 year, free
from major illnesses, not taking medication known to interfere with
body weight. A total of 258 women completed the initial assessments.
Of those, 13 started taking medication potentially affecting body
weight, 4 were diagnosed with severe illness or injury, 11 became
pregnant, and 9 entered menopause. The data from these 37 women
were excluded from analyses, leaving 221 eligible baseline partici-
pants. A total of 156 women completed the 3-year follow-up assess-
ments (71% overall retention). For the analyses reported here, 2
women without anthropometric data at 3-year follow-up were
excluded, leaving a final sample of 154 women. Women who com-
pleted the 3-year assessments did not differ from those who quit the
program in terms of demographic or baseline psychological variables
except for age: women who dropped out were on average 3 years
younger (see Ref. (8) for a detailed description of dropouts).

Measurements

After the 1-year intervention, participants completed a comprehen-
sive, theoretically motivated battery of psychometric instruments (9).
If validated Portuguese versions of the instruments were not avail-
able, instruments were translated and back-translated from English
to Portuguese; congruence with the factor solutions of the original
questionnaires were verified by factor analyses (data not shown).
Higher scores always represent higher manifestations of the psycho-

metric variables. Cronbach’s o was calculated to assess internal con-
sistency for each (sub-)scale that was included in the analyses.

General and exercise motivation. General self-determination was
assessed using the self-determination scale (10): statements forming two
subscales describe individual differences in self-determined functioning
(awareness of self subscale, o =0.68; perceived choice subscale,
o = 0.82). Different types of exercise motivation were measured with the
exercise self-regulation questionnaire (11), which comprises two major
subscales: controlled (o = 0.56) versus autonomous (o = 0.86) exercise
motivation. Dimensions of intrinsic motivation for exercise (enjoyment,
competence, importance, absence of pressure toward exercise) were fur-
ther explored using the intrinsic motivation inventory (Ref. (12);
o =0.94). The exercise motives inventory - 2 (13) assessed intrinsic
(e =0.79), and extrinsic exercise goals (¢ =0.51). Beliefs in being able
to adhere to an exercise program for at least 6 months under varying cir-
cumstances were evaluated using the self-efficacy for exercise behaviors
scale (Ref. (14); o = 0.90). Perceived barriers to exercise in terms of time,
effort, and obstacles were assessed with the exercise perceived barriers
scale (Ref. (15); o = 0.85).

Psychological well-being and quality of life. The discrepancy
between perceived self and ideal body size, an evaluative component
of body image, was measured with the figure rating scale (16), com-
posed of nine silhouettes of increasing body size. The difference
between respondents’ perceived current body size and indicated ideal
body size represents the discrepancy. Body shape concerns in terms
of a dysfunctional investment in appearance were evaluated with the
body shape questionnaire (Ref. (17); o=0.95). Self-esteem was
assessed with the Rosenberg self-concept/self-esteem scale (Ref. (18);
o =0.88). The physical self-perception profile questionnaire (19)
assessed self-esteem in several dimensions of the physical domain,
including global physical self-worth (¢ =0.88) and body attractive-
ness (o= 0.82). The social support for exercise survey (20) gauged
the level of support that individuals who exercised felt they received
from family and friends (« =0.90). Cognitive, affective, and somatic
symptoms of depression were measured with the beck depression
inventory (Ref. (21); «=0.91). The short-form health survey (22)
measured physical («=0.71) and psychological (¢ = 0.75) health-
related quality of life. Weight-related quality of life was assessed
using the impact of weight on quality of life-lite (Ref. (23); o = 0.93).

Eating behavior and eating habits. The Three-Factor Eating
Questionnaire (24,25) assessed flexible cognitive restraint (o = 0.63),
rigid cognitive restraint (o =0.62), eating disinhibition (x = 0.74),
and perceived hunger (o« =0.76). Energy, fat, and fiber intake were
evaluated using a semiquantitative food-frequency questionnaire (26)
covering the 12 preceding months. Dietary intake was calculated by
multiplying the consumption frequency of each of 86 food items
with its standard portion in grams (g) and by a seasonal variation
factor for food ingested at specific times. Food information was con-
verted into nutrients with the software Food Processor Plus® (ESHA
Research, Salem, Oregon).

Physical activity. Duration of moderate plus vigorous physical
activity (>3 metabolic equivalents or METs) per week was esti-
mated with the 7-day physical activity recall scale (27). Lifestyle
physical activity was assessed using the lifestyle physical activity
index (9). This self-administered instrument measures habitual life-
style physical activities typical of the last month (o = 0.83).
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Body weight. Body weight was measured twice, with an elec-
tronic scale calibrated onsite and accurate to 0.1 kg (SECA, Ham-
burg, Germany), in the morning, after participants had fasted for
3 h. Weight was expressed as percent weight change from baseline
to the end of the study (after 3 years total).

Statistical analyses

Intervention and control groups were collapsed for the analyses: 1-
year (post-treatment) data were used to predict 3-year outcomes.
This approach was taken because (a) all women in the study
intended to lose weight; (b) women in both groups had a compara-
ble amount of contact with health professionals; (c) collapsing the
two groups led to a greater variability in behavioral and psychologi-
cal aspects, and our objective was to identify universal predictors of
long-term weight management.

Descriptive analyses were conducted using the IBM Statistical Pack-
age for the Social Sciences, version 22. The significance level for
analyses was set at P < 0.05. Pearson correlations with Bonferroni’s
corrections were used to examine associations between the predictor
variables and weight change at the end of the follow-up period.

To systematically identify subgroups of individuals who were
homogeneous with respect to outcome and predictor variables
(28,29), we conducted signal detection analyses using signal
detection software for receiver operator characteristics (ROC)
(30). This recursive partitioning method is especially useful in
exploratory analyses that are likely to involve multicollinearity
and interactions between predictors and for generating strong
hypotheses to be tested in subsequent validation samples or future
tailored interventions (28,29). The signal detection analysis pro-
ceeds in a forward iterative fashion and uses y> tests to divide the
sample into two mutually exclusive and maximally discriminated
subsamples. This empirical process is repeated systematically
within each subsample and continues until the number of subjects
falls below a specified level or until the most efficient cutoff is
no longer significant.

The present signal detection analyses identified characteristics that
best predicted 3%, 5%, and 10% weight loss at the end of the
follow-up (3-year measurement). Three dichotomous outcome vari-
ables (signals) were created: (a) yes/no >3% weight loss; (b) yes/
no >5% weight loss; (c) yes/no >10% weight loss, all from base-
line to 3-year measurement. A set of 28 predictor variables was
examined. All predictors were continuous variables and were
simultaneously entered into the analysis. Additionally, belonging to
the intervention versus control group was included as nominal pre-
dictor variable to test whether the relation between predictors and
outcome was confounded by the intervention effect. The signifi-
cance level for split subsamples was P < 0.05; the minimum num-
ber of cases within each subgroup was set at 10 and the number of
iterations set at 100.

To compare the psychological and behavioral profiles of the most
and least successful subgroups emerging from signal detection anal-
ysis, we used independent-samples ¢ tests, corrected for multiple
testing using the Bonferroni’s procedure. The desired significance
level, <0.05, was divided by the number of tests (n =26 for ¢ tests;
n =28 for Pearson’s correlations), resulting in an adjusted value of
P <0.0019 for difference (P < 0.0018 for associations).

Obesity

Results

Sample characteristics and descriptive results
Women who completed the 3-year assessment had a mean age of
38.7 years (SD = 6.6) and a mean BMI of 29.8 kg/m2 (SD=4.2) at
the end of the intervention. The main effects of the intervention and
follow-up are described in detail elsewhere (8,31). In brief, at the
end of the follow-up (3-year measurement), average weight loss was
higher in the intervention group (—3.06 = 6.1 kg) than in the control
group (—1.00 £5.8 kg), as was improvement in many of the psy-
chological and behavioral targets (8).

Table 1 shows the descriptive statistics and bivariate correlations of
motivational, psychological, eating-related behavior, and physical
activity variables with weight change at the end of the follow-up.
Numerous predictor variables were highly correlated in the expected
direction with weight change at the 3-year measurement.

Signal detection analyses to identify successful
subgroups

The tree diagrams in Figures 1 and 2 display the most successful
versus least successful subgroups identified by means of signal
detection analysis. Results for the 3% weight loss outcome were
identical to those for the 5% outcome. Given that achieving a 5%
weight loss can be assumed to produce clinically more meaningful
health benefits (32), we report only these results.

Figure 1 shows the hierarchy of predictors of at least 5% weight loss
at the 3-year measurement. A total of 34% (n=152) of participating
women achieved the >5% weight loss criterion. Self-ideal body size
discrepancy emerged as the predictor variable that best differentiated
between the high and low success subgroups (xz =14.8, P <0.001):
of those with a low self-ideal body size discrepancy (i.e., a more posi-
tive body image), 54% (n =29) met the success criterion. In contrast,
only 23% (n = 23) of those with a high self-ideal body size discrep-
ancy (>2) achieved >5% weight loss after 3 years.

No additional predictor further differentiated women in the most
successful group. The subgroup of participants with a high self-
ideal body size discrepancy was further divided into those with
lower versus higher exercise intrinsic motivation (12= 12.5,
P <0.001): Those with high exercise intrinsic motivation (>64)
were significantly more likely to achieve >5% weight loss at 3
years (41%; n=17) than those with low exercise intrinsic motiva-
tion (10%; n=6). Thus, high exercise intrinsic motivation proved
somewhat compensatory for women with a high self-ideal body size
discrepancy in terms of achieving >5% weight loss after 3 years.

Table 2 summarizes the psychological and behavioral profiles of the
most and least successful subgroups identified in Figure 1. The most
successful subgroup (i.e., women with low self-ideal body size discrep-
ancy) showed a more positive profile concerning the psychological and
behavioral predictor variables than the least successful subgroup.

Figure 2 shows the hierarchy of predictors of at least 10% weight
loss at 3 years. Of the full sample of 154 women, 27 (18%)
achieved 10% or more weight loss at the 3-year measurement. Exer-
cise autonomous motivation was identified as the most powerful pre-
dictor (Xz =13.2, P <0.001): women with high exercise autonomous
motivation (>54) more often succeeded in achieving at least 10%
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TABLE 1 Descriptive statistics and bivariate correlations between study variables at 1-year assessment and weight change at

3-year follow-up

M £ SD [Min; Max] Weight change at 3 years?
General and exercise motivation
Awareness of self 20.1 = 3.52 [7; 25] —0.26
Perceived choice 17.2+£4.23 [5; 25] —0.16
Exercise controlled motivation 18.2=6.40 [8; 40] 0.09
Exercise autonomous motivation 46.4 =9.07 [8; 56] —0.24
Exercise intrinsic motivation 60.7 =115 [23; 80] -0.31
Intrinsic exercise goals 118244 [4; 17] -0.29
Extrinsic exercise goals 570+ 3.32 [0; 18] 0.02
Exercise self-efficacy 38.6 =6.73 [19; 50] -0.32
Perceived barriers to exercise 27.7+8.18 [11; 59] 0.33
Psychological well-being and quality of life
Self-ideal body size discrepancy 1.72+0.78 [0; 4] 0.38
Body shape concerns 76.3+23.4 [36; 146] 0.24
Self-esteem 34.2+4.49 [18; 40] -0.16
Physical self-worth 13.8 = 3.63 [6; 24] —0.28
Body attractiveness 12.8 £3.27 [6; 24] —-0.24
Exercise social support 21.6 +8.02 [9; 45] -0.19
Depressive symptoms 5.67 = 6.62 [0; 41] 0.21
Physical health-related quality of life 84.4+13.6 [27; 100] —0.26
Mental health-related quality of life 71.4+18.3 [20; 99] —0.15
Impact of weight on quality of life 48.4 =145 [31; 109] 0.35
Eating behavior and eating habits
Flexible restraint 5.49 = 1,54 [0; 7] —0.28
Rigid restraint 452+173 [0; 7] -0.12
Disinhibition 7.33+3.48 [1; 15] 0.21
Hunger 461+ 3.14 [0; 13] 0.16
Energy intake (kcal/day) 2190 + 882.4 [681; 6346] 0.05
Fat intake (% kcal/day) 32.3+6.48 [16.8; 55.8] 0.08
Fiber intake (g/day) 32.8+19.1 [5.5; 144.8] 0.00
Physical activity
Moderate to vigorous physical activity (min/week) 254.9 +192.6 [0; 870] —0.33
Lifestyle physical activity 3.46 =0.84 [1; 5] -0.17

Scales range: Awareness of self and perceived choice [5-25]; exercise controlled and autonomous motivation [8-56]; exercise intrinsic motivation [16-80]; intrinsic exercise goals
[0-17]; extrinsic exercise goals [0-18]; exercise self-efficacy [10-50]; perceived barriers to exercise [11-55]; self-ideal body size discrepancy [-8-8]; body shape concerns [34-
204]; self-esteem [10-40]; physical self-worth and body attractiveness [6-24]; exercise social support [9-45]; depressive symptoms [0-63]; physical and mental health-related
quality of life [0-100]; impact of weight on quality of life [31-155]; flexible and rigid restraint [0-7]; disinhibition [0-16]; hunger [0-14]; lifestyle physical activity [1-5].

“Pearson’s correlations. Statistically significant differences are represented in bold type [significance level is Bonferroni's corrected (P < 0.0018)].

weight loss (36%; n=15) than did those reporting low exercise
autonomous motivation (11%; n = 12).

Again, no additional predictor differentiated participants in the most
successful group. However, among women with low exercise autono-
mous motivation, the next best variable to differentiate the sample was
perceived barriers to exercise (= 7.3, P <0.01). Participants with
low perceived barriers to exercise (<27) were more likely to succeed
(22%; n = 8) than those with high perceived barriers (5%; n = 4).

The psychological and behavioral profiles of the most and least suc-
cessful subgroups as shown in Figure 2 are described in Table 3. The

most successful subgroup showed a more positive profile concerning
psychological and behavioral variables, similar to the most successful
group at the 5% criterion. In addition, significant differences in physi-
cal activity patterns were observed, in favor of the most successful
subgroup. In contrast, the least successful subgroup showed poorer
body image and higher impact of weight on quality of life.

Discussion

This study sought to identify effective psychological and behavioral
predictors of 3-year weight loss maintenance. Three clinically
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TABLE 2 Psychological and behavioral profiles of the most and least successful subgroups emerging from the decision tree

for >5% weight loss

Low self-ideal body
size discrepancy (<2)
(n=54, 53.7%

High self-ideal body
size discrepancy (>2)
and low exercise
intrinsic motivation (<64)
(n=58, 10.3%

achieved >5% weight loss) achieved >5% weight loss) P
General and exercise motivation
Awareness of self 20.4 = 3.64 19.5+3.25 0.180
Perceived choice 16.7 = 4.60 16.4 +3.72 0.680
Exercise controlled motivation 19.0 +7.03 18.1 +£5.99 0.472
Exercise autonomous motivation 47.7 +8.12 41.5+9.96 <0.001
Exercise intrinsic motivation 626 =117 53.1+9.13 -
Intrinsic exercise goals 12.0+2.44 10.7 £2.29 0.005
Extrinsic exercise goals 5.83+2.98 6.23 = 3.08 0.492
Exercise self-efficacy 39.6 £6.27 35.4 +6.81 0.001
Perceived barriers to exercise 255 *+7.40 32.8+7.33 <0.001
Psychological well-being and quality of life
Self-ideal body size discrepancy 0.89+0.32 2.29 +0.53 -
Body shape concerns 70.3+22.6 85.2 =227 0.001
Self-esteem 345+ 457 33.2+4.69 0.134
Physical self-worth 146 +3.94 12.2+2.82 <0.001
Body attractiveness 13.7 = 3.61 11.4 =260 <0.001
Exercise social support 22.2+7.39 19.9+7.88 0.117
Depressive symptoms 456 =541 6.91+7.35 0.057
Physical health-related quality of life 89.9 = 8.55 77.7+159 <0.001
Mental health-related quality of life 74.2+18.0 65.4+=18.7 0.013
Impact of weight on quality of life 41.5+£9.81 57.0+15.9 <0.001
Eating behavior and eating habits
Flexible restraint 6.06 +1.01 491 +1.76 <0.001
Rigid restraint 521+1.29 3.84 £1.69 <0.001
Disinhibition 6.70 = 3.23 8.43+3.48 0.008
Hunger 440+ 2.72 521 +3.53 0.181
Energy intake (kcal/day) 2235 +1079 2136 =712.0 0.582
Fat intake (%kcal/day) 31.8+6.31 34.1+6.83 0.077
Fiber intake (g/day) 33.7%+19.0 295+ 151 0.219
Physical activity
Moderate to vigorous physical activity (min/week) 285.8 = 169.0 187.8 21929 0.006
Lifestyle physical activity 3.55+0.86 3.29+0.86 0.138

Values expressed as mean *+ SD.

Statistically significant differences resulting from independent-samples t test are represented in bold type [significance level is Bonferroni’s corrected (P < 0.0019)].

meaningful magnitudes of weight loss were examined: 3%, 5%, and
10%. Results for 3% and 5% weight loss after 3 years were identi-
cal: Women with a more positive body image after the 1-year inter-
vention were most likely to achieve at least 3% or 5% weight loss.
In addition, high intrinsic motivation for exercise buffered the effect
of poor body image: Women with poor body image who showed
high intrinsic motivation for exercise were the group second most
likely to achieve 3% or 5% weight loss over time. Among women
who had achieved 10% or more weight loss, high exercise autono-
mous motivation at the end of the 1l-year intervention was the
strongest predictor of 3-year weight loss maintenance.

To our knowledge, this is the first study applying signal detection
methods to identify behavioral and psychological characteristics
associated with long-term weight loss maintenance in women partic-
ipating in a lifestyle weight management intervention. The signal
detection method allowed us to compare the importance of different
behavioral and psychological factors for long-term weight loss main-
tenance, and to explore interacting effects between those factors.

Variables related to both motivational and psychological well-being
emerged as the most efficient predictors of 3-year weight loss main-
tenance. These results are consistent with a recent systematic review
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Total sample
N=154
33.8% (n=52)

achieved = 5% weight loss

High self-ideal body size

achieved 2 5% weight loss

Low exercise intrinsic
motivation (< 64)

n=58

10.3% (n=6)
achieved 2 5% weight loss

High exercise intrinsic
motivation (2 64)

n=42

40.5% (n=17)
achieved 2 5% weight loss

Low self-ideal body size

discrepancy (2 2) discrepancy (< 2)
n=100 n=54
23.0% (n = 23) 53.7% (n = 29)

achieved 2 5% weight loss

Figure 1 Hierarchy of predictors of >5% weight loss at the 3-year measurement.
The most (women with low self-ideal body size discrepancy) and least successful
subgroups (women with high self-ideal body size discrepancy and low exercise
intrinsic motivation) are shaded in gray.

on self-regulation mediators of weight control, which identified posi-
tive body image and autonomous motivation among the key predic-
tors of successful weight outcomes (5). Among people seeking treat-
ment, poor body image predicted poorer weight outcomes and
increased the chance of relapse (33), while positive changes in body
image during treatment predicted long-term weight loss maintenance
31).

Increases in exercise intrinsic motivation during treatment (i.e.,
increases in the experience of enjoyment, genuine interest, and/or
feeling positively challenged) partially explain the long-term effects
of weight control interventions (34). Experiencing exercise as posi-
tive and meaningful rather than solely as a means to control weight
increases successful long-term exercise adherence (35). Further,
intrinsic exercise motivation may also improve the motivation of
other weight-related behaviors: Mata et al. found that exercise intrin-
sic motivation was associated with improved eating regulation dur-
ing weight management (36).

Importantly, among women with low exercise autonomous motiva-
tion having low perceived exercise barriers played a somewhat com-
pensatory role. This finding underlines that successful weight loss
maintenance depends on a number of factors. If a powerful aspect
such as autonomous motivation is absent, it can be partially com-
pensated for by other factors. For example, having low perceived
exercise barriers (e.g., easy access to exercise facilities) may help
individuals to regulate weight control behaviors, even when the
quality of their motivation is less favorable. In sum, the present
results support and extend previous findings by identifying body
image and autonomous motivation as two promising targets for suc-
cessful long-term weight management and pointing to additional
candidate targets, such as reducing perceived barriers to exercise.

The present findings also highlight differences in the psychological
and behavioral profiles of women who successfully lost weight in
the long term versus those who did not. The most successful sub-
groups—women with a more positive body image and women with
high exercise autonomous regulation—also showed higher psycho-
logical well-being, quality of life, and a more adaptive motivational

Long-Term Weight Loss Maintenance Santos et al.

profile (e.g., higher perceived choice and self-efficacy). This result
is in line with previous findings that a more positive body image
facilitates making healthy rather than appearance-based decisions,
eventually promoting long-term weight management (31). The pres-
ent findings also speak to the importance of autonomous motivation
in increasing quality of life, psychological well-being (37), physical
activity (35), and healthful eating behaviors (38).

In sum, our findings of distinct psychological and behavioral pro-
files in women who successfully maintain weight loss highlight the
importance of targeting body image and motivation quality as poten-
tial precursors of physical activity and eating regulation in weight
management interventions. Targeting psychological factors underly-
ing behavior, rather than attempting to directly influence behaviors,
may be most successful. In fact, a recent study showed that a
motivation-focused weight maintenance program offers an effective
alternative approach to traditional skill-based programs for long-
term weight control (39). Also, the results of this signal detection
analysis suggest that achieving more weight loss (10% or more) is—
motivationally and cognitively—not simply a linear continuation of
less weight loss (at least 5% or more), but may have qualitatively
different underlying motivational and cognitive predictors. Impor-
tantly, however, exercise motivation was also one of the most
important predictors for achieving lower weight loss, underlying its
importance in the process.

Important limitations of this study include the homogeneous sample
of previously overweight adult women, which may preclude general-
ization to other populations. Also, smoking habits, known to be
related to weight control, should be assessed in future studies. Fur-
ther, we used self-report measures to assess physical activity. How-
ever, the instruments used are valid and reliable measures, and such
self-report measures are known to correlate with other behavioral
assessments (e.g., based on accelerometry [40]).

The present study used signal detection methods for an exploratory,
hypothesis-generating analysis. Alongside with its statistical advan-
tages, this method allowed to determine significant predictors in a
hierarchical fashion, creating profiles of success. Furthermore, we
identified cut-off points for the significant predictors. To our

Total sample
N=154
17.5% (n = 27)
achieved 2 10% weight loss

Low exercise autonomous
motivation (< 54)

n=112

10.7% (n = 12)
achieved = 10% weight loss

High exercise autonomous
motivation (= 54)

n=42

35.7% (n=15)
achieved = 10% weight loss

High perceived barriers
to exercise (2 27)

n=76

5.3% (n=4)
achieved = 10% weight loss

Low perceived barriers
to exercise (< 27)

n=36

22.2%(n=8)
achieved = 10% weight loss

Figure 2 Hierarchy of predictors of >10% weight loss at the 3-year measurement.
The most (women with high exercise autonomous motivation) and least successful
subgroups (women with low exercise autonomous motivation and high perceived
barriers to exercise) are shaded in gray.
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TABLE 3 Psychological and behavioral profiles of the most and least successful subgroups emerging from the decision tree
for >10% weight loss

Low exercise autonomous
motivation (<54) and high

High exercise autonomous perceived barriers to

motivation (>54) exercise (>27)
(n=42, 35.7% (n=176, 5.3%
achieved >10% weight loss) achieved >10% weight loss) P
General and exercise motivation
Awareness of self 21.9+279 19.1 +£3.52 <0.001
Perceived choice 19.6 =3.98 15.9 £4.02 <0.001
Exercise controlled motivation 18.6 = 6.50 19.3£6.10 0.588
Exercise autonomous motivation 55.2 +=0.90 417 +9.44 -
Exercise intrinsic motivation 69.7 =7.33 542 +10.9 <0.001
Intrinsic exercise goals 13.8+1.83 10.8 £2.41 <0.001
Extrinsic exercise goals 5.75+397 6.18 = 3.14 0.558
Exercise self-efficacy 432 +4.97 34.9 +6.60 <0.001
Perceived barriers to exercise 22.0+6.13 33.9 =554 -
Psychological well-being and quality of life
Self-ideal body size discrepancy 1.56 = 0.79 1.96 +0.76 0.013
Body shape concerns 68.5+20.8 84.8+23.4 <0.001
Self-esteem 35.7+3.95 33.3+4.59 0.005
Physical self-worth 16.2+=3.64 12.3+2.99 <0.001
Body attractiveness 14.4 +=3.77 11.5 =267 <0.001
Exercise social support 22.8+8.44 20.8 =7.53 0.200
Depressive symptoms 4.35+5.88 6.68 = 7.26 0.067
Physical health-related quality of life 90.6 = 7.80 79.7 =149 <0.001
Mental health-related quality of life 781 £16.8 66.9 +18.6 0.001
Impact of weight on quality of life 42.8+125 53.9*=15.0 <0.001
Eating behavior and eating habits
Flexible restraint 6.05+0.97 509+1.74 0.002
Rigid restraint 5.02+1.49 4.09+1.80 0.004
Disinhibition 6.68 = 3.86 8.16 = 3.30 0.042
Hunger 427 +2.67 5.24 +3.58 0.131
Energy intake (kcal/day) 2373 = 1087 2179 +834.4 0.331
Fat intake (%kcal/day) 30.8+6.46 33.4+6.45 0.045
Fiber intake (g/day) 39.5+ 251 31.1+16.7 0.038
Physical activity
Moderate to vigorous physical activity (min/week) 319.5+192.5 191.8+182.4 0.001
Lifestyle physical activity 3.90 +0.81 314 +0.77 <0.001

Values expressed as mean *+ SD.

Statistical significance differences resulting from independent-samples t-test are represented in bold type [significance level is Bonferroni corrected (P < 0.0019)].

knowledge, the current study is the first to provide cut-off values of
significant determinants of successful long-term weight loss mainte-
nance (or lack thereof), which are of particular clinical relevance.
For example, if exercise autonomous motivation is equal or higher
than 54 points, the probability of maintaining 10% or more weight
loss is significantly higher. While confirmatory evidence is needed,
the present study is a step forward towards identifying groups with
the most and the least successful profiles for long-term weight loss
maintenance on the basis of their psychological and behavioral char-
acteristics during treatment. O
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