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Abstract
Purpose  This study aims at identifying behavioural and psychological pretreatment predictors of 12- and 36-month weight 
loss in women with overweight/obesity enrolled in a behavioural weight management intervention.
Methods  A sample of 221 women participated in a randomized controlled trial on weight management (n12 month = 184; 
n36 month = 156). Multiple linear regressions were used to identify pretreatment predictors of successful weight loss, separately 
for intervention and control groups. Completers-only and baseline observation carried forward analyses were performed. This 
study is a secondary analysis of data from the ‘Promotion of Exercise and Health in Obesity’ randomized controlled trial.
Results  Fewer weight loss attempts in the last year positively predicted weight loss at 12 months in the intervention group, 
explaining 6% of the variance. At 36 months, in the intervention group, 20.2% of the variance in weight change was explained 
by lower eating disinhibition and higher weight-related quality of life in completers-only analyses, while baseline observa-
tion carried forward analyses explained only 9.8% of the variance in weight change via higher self-esteem and lower weight 
loss expectations. In the control group, higher exercise self-efficacy and a more internal weight locus of control predicted 
weight loss at 36 months, explaining 13.9% of the variance (completers-only analyses).
Conclusions  Previous weight loss attempts were identified as the most efficient pretreatment predictor of 12-month weight 
loss. Eating disinhibition, weight-related quality of life, self-esteem, weight loss expectations, exercise self-efficacy, and 
weight locus of control seem to be key factors for long-term success.
Level of evidence  Level I, randomized controlled trial.
Clinical trial registration  ClinicalTrials.gov identifier NCT00513084.

Keywords  Weight loss · Overweight · Obesity · Clinical trials · Prediction · Women

Introduction

Overweight and obesity pose a major public health threat, 
due to their well-documented contribution to a wide range 
of chronic diseases [1]. Annually, 42% of adults worldwide 
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try to lose weight and 23% try to maintain weight loss (WL) 
[2]. However, many of these individuals will not achieve 
success, in part due to the presence of certain unfavour-
able behavioural and psychological characteristics. A better 
understanding of which of these behavioural and psychologi-
cal factors are more predictive of success, how they vary 
between individuals and how they can be overcome, can lead 
to the development of new strategies with better results [3].

Identifying pretreatment (i.e., baseline) characteristics 
that predict successful WL can give important clues toward 
more individualized interventions based on these charac-
teristics, increasing individuals’ probabilities of success [4, 
5]. Carraça et al. found that the previous WL attempts were 
the most consistent pretreatment predictor of WL; variables 
such as body image, self-esteem, or general quality of life 
were sometimes, but not consistently correlated with WL; 
and several other variables were consistently identified as 
non-predictors (e.g., eating disinhibition, cognitive eating 
restraint, and depression symptoms) [4]. In a recent sys-
tematic review on demographic, behavioural, psychologi-
cal, social, and physical environmental determinants of WL 
maintenance, Varkevisser et al. found moderate evidence 
supporting the non-predictive effect of baseline physical 
activity level on WL maintenance, while all the other vari-
ables evaluated at baseline (e.g., initial BMI and cognitive 
eating restraint) showed inconsistent results, precluding 
firm conclusions regarding their predictive role [6]. Dalle 
Grave et al. found that novelty-seeking and self-directedness 
traits appear to be pretreatment predictors of short-term WL 
(≤ 6 months), and pretreatment persistence and novelty-
seeking traits may be related to long-term WL maintenance 
(≥ 12 months) [7].

There is a dearth of studies assessing these variables as 
pretreatment predictors of 12-month WL and beyond. This 
study contributes to filling this gap by identifying behav-
ioural and psychological pretreatment predictors of 12- 
and 36-month WL in women with overweight and obesity 
involved in a behavioural weight management intervention.

Methods

Study design and intervention

The present study is a secondary analysis of data obtained 
from the ‘Promotion of Exercise and Health in Obesity’ 
randomized controlled trial, which consisted of a 12-month 
behaviour change intervention and a 24-month follow-up 
with no intervention. Detailed information about the trial can 
be found elsewhere [8]. Briefly, the control group received 
a general health education curriculum including topics such 
as preventive nutrition, stress management, self-care, and 
effective communication skills, while the intervention group 

received a program based on self-determination theory [9], 
which included contents on physical activity, nutrition, and 
behaviour change, with a special focus on increasing autono-
mous regulation for exercise and weight control.

Participants

Participants were recruited from the community, mostly 
through media advertisements. A total of 258 women com-
pleted initial assessments and were randomized to either an 
intervention or control group. Thirty-seven women were 
excluded, because they (1) started pharmacological treat-
ment susceptible of affecting weight (n = 13), (2) were diag-
nosed with severe illness/injury (n = 4), (3) entered meno-
pause (n = 9), or (4) became pregnant (n = 11). Thus, 221 
participants were eligible. There was an 83% overall reten-
tion at 12 months (n = 184) and 71% at 36 months (n = 156). 
For the 36-month analyses reported herein, 2 women without 
36-month anthropometric data were excluded, leaving a final 
sample of 154 women. More detailed information on reten-
tion/dropouts can be found elsewhere [8].

Measurements

At baseline, participants completed a comprehensive battery 
of validated psychometric instruments [8, 10], herein catego-
rized in the four groups outlined below. In general, higher 
scores represent higher manifestations of each psychometric 
variable except when specifically indicated.

Eating behaviour

Eating self-efficacy was assessed with the 20-item Weight 
Management Efficacy Questionnaire [11] (α = 0.94). Exter-
nal and emotional eating were assessed with the Portuguese 
validated version [12] of the 33-item Dutch Eating Behav-
iour Questionnaire [13] (10-items; α = 0.86 and 13-items; 
α = 0.95, respectively). The 51-item Three-Factor Eating 
Questionnaire [14, 15] assessed flexible cognitive restraint (7 
items; α = 0.61), rigid cognitive restraint (7 items; α = 0.53), 
eating disinhibition (16 items; α = 0.79), and perceived hun-
ger (14 items; α = 0.80).

General and exercise motivation

Exercise intrinsic motivation was assessed with the Intrinsic 
Motivation Inventory [16] (α = 0.86). Exercise self-efficacy 
was assessed with the Portuguese validated version [17] 
of the Self-Efficacy for Exercise Behaviours scale [18] 
(α = 0.83). Perceived barriers to exercise were assessed 
with an 11-item scale (α = 0.75) selected from the original 
14-item Exercise Perceived Barriers scale [19]. General 
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self-determination was assessed with the Portuguese vali-
dation [20] of the 10-item Self-determination Scale [21] 
(α = 0.83).

Psychological well‑being and quality of life

Body shape concerns in terms of a dysfunctional investment 
in appearance were assessed using the 34-item Body Shape 
Questionnaire [22] (α = 0.94). The degree to which people 
become anxious when others observe or evaluate their phy-
sique was assessed using the 12-item Social Physique Anxi-
ety Scale [23] (α = 0.85). Depression symptoms (cognitive, 
affective, and somatic) were assessed with the Portuguese 
validated version [24] of the 21-item Beck Depression 
Inventory I [25] (α = 0.87). Self-esteem was assessed using 
the Portuguese validated version [26] of the 10-item Rosen-
berg Questionnaire [27] (α = 0.86). Weight-related quality of 
life was assessed through the 31-item Portuguese validated 
version of the Impact of Weight on Quality of Life-Lite 
(α = 0.93) [28, 29]. Higher scores reflect lower perceived 
impact of weight on quality of life.

Weight‑related

Weight locus of control was assessed with the Stotland and 
Zuroff scale [30]. Four items were excluded to improve 
internal consistency of the scale (α = 0.86). This instru-
ment distinguishes more internal from more external locus 
of control. Previous WL attempts were assessed with the 
questions “How many times did you try to lose weight?” and 
“(…), during the last year?”. These two items were used as 
two independent variables and intended to assess how often 
participants engaged in WL attempts during their lifetime 
and in the last year. WL expectations were assessed using 
the question: “Realistically, considering everything (…) how 
many kg do you think you will be able to lose in the follow-
ing year in the program?”. The percentage in relation to the 
baseline weight (before the beginning of the intervention 
phase) was calculated, with higher percentages reflecting 
lower outcome expectations.

Anthropometry

Body weight was measured twice at each assessment point 
(baseline, 12 and 36 months), using an electronic scale cal-
ibrated on site and accurate to 0.1 kg (SECA, Hamburg, 
Germany). Height was measured with a balance-mounted 
stadiometer to the nearest 0.1 cm. Initial BMI was calcu-
lated. Weight outcomes were expressed as weight change 
from baseline to 12 and 36 months. Negative values cor-
respond to WL.

Statistics and data analysis

Statistical analyses were conducted using the IBM SPSS. 
The significance level was set at p < 0.05. Descriptive results 
are expressed in terms of [Mean ± SD (Min; Max)] for con-
tinuous variables and relative frequencies for categorical 
variables.

Analyses were performed separately for the intervention 
and control groups. This approach was taken because pre-
treatment predictors may act as moderators of the impact of 
the intervention phase on weight change and, therefore, have 
lower chances to emerge as significant if only analysed in 
the intervention group. It is important to note though that 
the term ‘pretreatment predictor’, especially when applied 
to the control group, should be interpreted as a baseline 
characteristic that was present before the beginning of the 
intervention study phase, independently of the random group 
allocation.

Analyses were performed for all participants who com-
pleted the 12-month and 36-month assessments (completers-
only analyses). In addition, intention-to-treat analyses using 
the Baseline Observation Carried Forward (BOCF) method 
were performed, so that the identification of baseline pre-
dictors also took into account non-completers (which could 
have specific characteristics more prone to unfavourable 
results). BOCF was used because 46 (68%) non-completers 
did not report the reason why they quit the study; therefore, 
one may presume that their weight returned to the baseline 
observation. Moreover, BOCF increases the sample size and 
protects against type I and type II errors [31]. This method 
was previously used in other similar studies [32].

All variables were tested for normality using the Kol-
mogorov–Smirnov test, kurtosis, and skewness values. Pear-
son’s (for normally distributed variables) and Spearman’s 
(for non-normally distributed variables) correlations were 
used to examine associations between the independent vari-
ables and weight change at 12 and 36 months. Since Pearson 
correlations are robust against deviations from normal distri-
bution in moderately large samples [31] and the differences 
between Pearson and Spearman correlation coefficients for 
the non-normally distributed variables were minimal, only 
the parametric results were reported.

Weight changes (i.e., the dependent variables) were 
expressed by baseline-residualized scores, where the 12- or 
36-month value was regressed onto the baseline value, to 
remove the baseline weight effect from the weight difference 
outcome. This method protects against overcorrection of the 
post by the pre-score when using a subtraction score [33].

The independent variables examined were selected on the 
basis of theoretical considerations and systematic empirical 
reviews on weight control [4]. Significant correlates were 
included in multiple linear regression models (stepwise 
method) to determine the best possible predictive model 
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in each group. Since age, education level, and marital sta-
tus were not correlated with weight differences at 12 or 
36 months, these variables were not included as potential 
confounding factors in the regression models. Only the most 
efficient models for both the intervention and control groups 
were reported.

Results

Women who entered the study (n = 221) had a mean age 
of 37.64 ± 6.98  years, a mean height of 1.61 ± 0.06  m, 
a mean weight of 81.90 ± 11.95 kg, and a mean BMI of 
31.58 ± 4.13 kg/m2. There were no differences between 
intervention and control groups regarding baseline char-
acteristics (p > 0.05; see supplementary material). The 
main effects of the intervention are described in detail 
elsewhere [5]. In brief, participants in the intervention 
group lost − 6.03 ± 5.3 kg vs. − 1.50 ± 4.1 kg in the control 
group (p < 0.001) at the end of the intervention phase; and 
− 3.06 ± 6.1 kg vs. − 1.00 ± 5.8 kg (p = 0.040) at the end of 
the follow-up phase.

Table  1 shows bivariate correlations between base-
line psychological and behavioural variables and 12- 
and 36-month weight change for all participants and for 
completers only. At the end of the intervention phase 
(12 months), fewer WL attempts in the past year [1.14 ± 1.27 
(0; 6)] were positively correlated with WL in the interven-
tion group, in both completers-only and BOCF analyses. At 
the end of the follow-up phase (36 months), several vari-
ables were significantly associated with weight change, in 
the expected direction. In the intervention group, lower 
levels of eating disinhibition [9.64 ± 3.59 (1; 16)], lower 
social physique anxiety [39.29 ± 7.57 (20; 59)], lower WL 
expectations [86.22 ± 6.33 (68; 98)], higher self-esteem 
[33.08 ± 4.52 (20; 40)], and higher weight-related quality 
of life [60.07 ± 16.40 (32; 105)] were positively associ-
ated with WL in both completers-only and BOCF analy-
ses. Lower levels of perceived hunger [7.01 ± 3.30 (1; 14)] 
and fewer global WL attempts [4.97 ± 4.58 (1; 30)] were 
positively associated with 36-month WL only in completers. 
In the control group, higher levels of exercise self-efficacy 
[38.93 ± 4.94 (27; 50)], lower exercise perceived barriers 
[25.33 ± 6.39 (9; 41)], higher general self-determination 
[36.01 ± 5.77 (22; 50)], and a more internal weight locus 
of control [63.27 ± 6.44 (48; 79)] were positively associ-
ated with WL in the whole sample and in completers-only. 
Higher levels of exercise intrinsic motivation [56.51 ± 9.42 
(30; 75)] were positively associated with 36-month WL in 
completers-only analyses.

Table  2 shows stepwise multiple regression results 
regarding the prediction of 12- and 36-month weight change 
for both intervention and control groups.

Regarding the predictive analyses in the intervention 
group, WL attempts in the past year explained about 6% of 
the 12-month weight change variance in both completers-
only and BOCF analyses. A complementary (post hoc) com-
parison of previous attempts’ tertiles—0 attempts (n = 31), 
1 attempt (n = 38), and ≥ 2 attempts (n = 24)—revealed sig-
nificant differences in 12-month weight change, favouring 
fewer attempts (p = 0.05). The 36-month prediction model 
for completers-only was able to explain 20.2% of the vari-
ance in weight change, which was predicted by lower eating 
disinhibition and higher weight-related quality of life. When 
using the BOCF method, only 9.8% of the variance in weight 
change was explained by self-esteem and WL expectations.

In the control group, 36-month weight change was pre-
dicted by higher exercise self-efficacy and more internal 
weight locus of control in those participants completing the 
intervention phase (adjusted R2 = 13.9%). Using the BOCF 
method, only exercise self-efficacy emerged as a significant 
predictor, explaining 4.8% of the variance in weight change.

Discussion

This study sought to identify effective behavioural and psy-
chological pretreatment predictors of 12- and 36-month 
WL. At the end of the intervention phase (12 months), 
fewer WL attempts in the past year predicted higher WL in 
the intervention group. At the end of the follow-up phase 
(36 months), lower eating disinhibition, higher weight-
related quality of life, higher self-esteem, and lower WL 
expectations emerged as significant pretreatment predic-
tors of WL in the intervention group. In the controls, higher 
exercise self-efficacy and more internal weight locus of 
control predicted more favourable weight outcomes. To our 
knowledge, this is the first study identifying pretreatment 
predictors of longer term WL (i.e., at the end of a 24-month 
follow-up with no intervention) among women with over-
weight and obesity enrolled in a behavioural weight manage-
ment intervention, not only in completers, but also includ-
ing non-completers. This study’s findings may, therefore, 
assume particular importance toward the improvement of 
intervention’s efficacy and clinical practice.

Fewer WL attempts in the past year emerged as a signif-
icant predictor of 12-month weight change in the interven-
tion group. This is in line with prior research identifying 
fewer self-reported WL attempts as the most consistent 
pretreatment predictor of successful weight control [4]. A 
potential explanation on why more previous weight control 
efforts might impair future weight control include a his-
tory of recurrent dieting attempts that could be related to 
a psychological profile that is more vulnerable to failure 
because of a continuous increase in frustration regarding 
the failed attempts and a parallel decrease in effort and 
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compliance with diet and physical activity. Other hypothe-
ses might be related to a genetic or physiological predispo-
sition toward weight gain, or with an obsession with food 
derived from repeated and restrictive dieting attempts [4]. 
Given that the previous WL attempts are an unchangeable 
pretreatment feature, which might reflect a “natural indi-
vidual resistance” to WL and its maintenance, practition-
ers would do well to assess the previous WL attempts at 
the beginning of behavioural WL interventions, to identify 
individuals with lower likelihood of success, and be able 
to tailor the intervention program to their needs.

Lower eating disinhibition and higher weight-related 
quality of life positively predicted 36-month weight 
change in the intervention group for those completing the 
follow-up phase. However, these findings are not in line 
with the most recent systematic reviews identifying eating 
disinhibition as a consistent non-predictor of weight con-
trol. Regarding the predictive role of weight-related qual-
ity of life, prior research has shown contradictory results, 
preventing reliable conclusions due to the lack of con-
sistent evidence [4, 6]. Considering that, presumably, no 
other long-term studies have explored this feature and that 
quality of life might play an important role in individuals’ 
compliance with their weight management process in the 
long term, further studies are needed.

Lower WL expectations and higher self-esteem posi-
tively predicted 36-month WL in the intervention group 
when non-completers were also considered in the analyses 
(BOCF). These results are somewhat contradicted by the 
most recent review on pretreatment predictors of weight 
control [4]. The fact that only 36-month WL (and not 12 
months) was predicted by lower WL expectations and 
higher self-esteem may suggest that, in the short term, 
higher WL expectations and lower self-esteem do not rep-
resent a hazard to WL, while both can hinder the process in 
the long term. Subjects who have higher WL expectations 
or lower self-esteem may make more efforts to change 
their behaviours, and therefore, achieve a higher WL in 
the short term, which can be motivating. However, in the 
long run, this effort may not be sustainable and can even 
be deleterious and counterproductive. In addition, in fact, 
most studies reviewed by Carraça et al. that analysed the 
predictive role of WL expectations were short-term stud-
ies, and only one long-term study evaluated self-esteem 
[4]. For instance, Dalle Grave et al. identified higher WL 
expectations as a pretreatment predictor of dropout in an 
observational study with 36-month follow-up [34].

Higher exercise self-efficacy predicted 36-month WL 
in the control group; however, it was not predictive in the 
intervention group. This is in line with the findings of the 
most recent systematic review on pretreatment predictors 
of WL in individuals that have received a weight manage-
ment intervention [4]. This is not surprising given that most Ta
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interventions tend to produce improvements in individuals’ 
exercise self-efficacy.

A more internal weight locus of control also predicted 
36-month weight change in the control group, but only in 
completers-only analyses. This finding is corroborated by 
previous studies using the same scale to assess this con-
struct [35], although the use of different scales has generated 
mixed predictive effects [4].

Several variables were identified as non-significant pre-
dictors in the current study (e.g., emotional eating, external 
eating, and depressive symptoms). Some of them were also 
previously classified as non-significant predictors [4, 6, 36], 
while for others, evidence is mixed (e.g., eating self-effi-
cacy and body shape concerns) or insufficient (e.g., bulimic 
symptoms) [4, 6]. Nevertheless, it is important to state that 
even if a variable is a consistent non-pretreatment predic-
tor of weight control, it does not mean that the change in 
that same variable during the treatment phase cannot be a 
significant predictor of weight control (e.g., an increase in 
cognitive eating restraint has been shown to significantly 
predict weight loss) [37]. In addition, indeed, in the current 
trial, there was an improvement in many psychological and 
behavioural factors at 12 and 36 months [8, 38], which might 
explain the lack of significant baseline predictive effects for 
some of these variables.

Interestingly, long-term prediction models explained 
higher portions of variance in WL, which is uncommon 
because of the expected changes in behavioural and psy-
chological variables throughout the treatment and/or main-
tenance phases, derived not only from the impact of the 
interventions and associated weight changes, but also from 
personal adaptations [36]. The higher explained variance 
may be due to the intervention program, which covered a 
wide range of topics, like increasing physical activity and 
energy expenditure, adopting a consistent diet with a mod-
erate energy deficit, and integrating the regulation of these 
behaviours with one’s sense of self and one’s values and 
goals for supporting WL; all aspects that could have poten-
tiated or inhibited the effect of the different baseline pre-
dictors. Moreover, the fact that the significant pretreatment 
predictors of 12- and 36-month WL differed may reflect dis-
tinct behavioural and psychological features in each study 
phase (intervention vs. follow-up with no intervention) and 
thus for short- and long-term weight control. These findings 
could inform the design of future WL and WL maintenance 
interventions. It is also important to highlight that the rea-
sons for the differences found between the 12- and 36-month 
outcomes could result from the passage of time, or merely 
be due to the different study phase participants were in at the 
time of assessment (intervention phase vs. follow-up phase 
with no intervention).

Completers-only and BOCF analyses led to the identifi-
cation of different pretreatment predictors, reinforcing the 

importance of performing both types of analyses. These 
findings suggest that non-completers might have been less 
responsive to treatment, and thus have dropped-out of the 
study, (potentially) because of their higher eating disinhi-
bition levels and lower perceived weight-related quality of 
life; factors that were only predictive of success in com-
pleters (i.e., lower disinhibition and higher weight-related 
quality of life resulted in more favourable weight out-
comes). This information is of great relevance to improve 
future interventions’ efficacy, highlighting that both these 
aspects should be enhanced in this type of intervention.

The fact that different pretreatment predictors of WL 
were found for the intervention and control groups sup-
ports the hypothesis that searching for universal pretreat-
ment predictors of WL may not bring new insights on how 
to improve short- and long-term WL, given that the inter-
vention itself can mask or attenuate the effect of potential 
pretreatment predictors, depending on whether they are 
addressed or not during the intervention. Perhaps, the main 
reason why previous WL attempts are the only consistent 
universal pretreatment predictor of weight control so far 
[4] is because it is an unmodifiable factor.

Limitations

The self-selected, homogeneous sample of women with 
overweight and obesity included in the current study may 
preclude generalization to other populations. For instance, 
men can display different predictors, as reported by Sas-
delli et al. for variables as stress, anxiety, depression, and 
self-confidence [39]. Furthermore, most women partici-
pating in this study were overweight or class I obesity 
(79%), which may affect their psychological and behav-
ioural characteristics. Results should also be interpreted, 
considering that the modest weight changes achieved by 
participants throughout the program. This study did not 
evaluate physiological features as predictors of short- and 
long-term WL, which can have important interactions with 
factors from the behavioural and psychological domains. 
In fact, interventions that include a strong focus on physi-
cal activity lead to a variety of individual responses, which 
can be explained by behavioural and physiological adap-
tations [40]. In addition, these kinds of WL programs are 
often searched by individuals who already tried to lose 
weight following a wide variety of commercial programs; 
thus, this sample may be composed of a large proportion 
of chronic dieters. It is also necessary to take into account 
that given this study’s sample size, the high number of 
variables explored, and the absence of multiple testing 
corrections, these results should be used and interpreted 
with caution due to the high risk of type I errors.
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Conclusion

This study identified fewer previous WL attempts as a con-
sistent predictor of short-term (12-month) WL, and sev-
eral other variables as pretreatment predictors of long-term 
(36-month) WL, including eating disinhibition, weight-
related quality of life, self-esteem, WL expectations, exer-
cise self-efficacy, and weight locus of control. Due to the 
scarcity of long-term randomized controlled trials aiming 
at identifying long-term pretreatment predictors of WL 
among women with overweight and obesity, these findings 
are especially important, potentially posing a benchmark 
for future research and practice.

It would be important that all pretreatment predictors 
discussed in this paper continue to be tested, to gener-
ate new hypotheses and create better and more complete 
WL prediction models. This will not only help treatment-
seeking populations with overweight/obesity (in particular 
women) be aware of more features that can be important in 
their personal weight control process, but also help practi-
tioners select the most appropriate information to evaluate 
at the beginning of treatment, and subsequently allocate 
their patients to the best treatment option.
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