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Abstract
To report the results of a systematic review and meta-analysis examining whether weight

loss interventions improve body image in obese/overweight individuals. Medline, Current

Contents, and the Cochrane database were searched to identify studies involving obese/

overweight adults who were enrolled in weight loss interventions in which body image was

quantitatively assessed. Outcomes assessed were changes in body shape concern, body

size dissatisfaction, and body satisfaction (intervention vs comparator/control group).

Seven studies were included in the systematic review (4 in the meta-analysis). All but 1

study involved female participants only. The type of weight loss intervention varied between

studies as did the type of control/comparator group. In 3 studies, there was no significant dif-

ference in body image outcomes, whereas in 4 studies, improvement in body image was

significantly more pronounced in the intervention vs the control/comparator group. Meta-

analysis revealed that improvements in body shape concern (standardized difference:

-0.52; 95% confidence interval [CI]: -1.04 to 0.00), body size dissatisfaction (standardized

difference: -0.66; 95% CI: -0.88 to -0.45), and body satisfaction (standardized difference:

0.74; 95% CI: 0.09 to 1.38) significantly favored the intervention over the comparator/control

group (P<0.05). The results of this systematic review/meta-analysis lend support to the no-

tion that weight loss interventions may improve body image. This is a noteworthy finding

that has clear clinical applicability because body image affects psychological well-being

and the ability of an individual to maintain weight loss. Future research should determine

which weigh loss interventions are associated with optimal improvements in body image

and maintenance of weight loss.

Introduction
Obesity and overweight are significant problems in developed countries and an increasing
problem in most undeveloped countries [1]. Of note, recent estimates indicate that
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approximately 35% of adults in the United States are obese [2]. High rates of obesity are con-
cerning given the well-established link between obesity and various medical conditions, such
as diabetes, high blood pressure/hypertension, dyslipidemia, cardiovascular disease, and
sleep apnea [3]. Unsurprisingly, the medical care costs associated with obesity are immense
[4]. As a consequence, research into the treatment of obesity and overweight is of consider-
able importance.

Obesity treatment typically comprises lifestyle changes, such as dietary modification and ex-
ercise interventions, that aim to reduce body weight. Such interventions may be effective in the
short term; however, long-term maintenance of weight loss is often challenging for obese indi-
viduals. An additional factor that appears to warrant consideration when designing and assess-
ing the effectiveness of weight loss interventions is body image, defined as “the multifaceted
psychological experience of embodiment” [5]. Body image consists of two dimensions, evalua-
tive and investment, which in turn comprise aspects of subjective (dis)satisfaction, cognitive
distortions, affective reactions, behavioral avoidance, and perceptual inaccuracy [6,7]. These
components can be assessed by various instruments designed to measure weight satisfaction,
appearance satisfaction, body image investment, and size perception [6]. Poor body image and
the consequent impact on psychological well-being is inextricably linked to obesity in many in-
dividuals [8]. Therefore, determining whether weight loss interventions affect body image in
obese individuals is a worthwhile endeavor.

During the last five to six years, a number of individual studies have reported the effects of
weight loss interventions on body image in overweight and obese people. To gain a more com-
prehensive understanding of this issue, we decided to perform a systematic review and meta-
analysis of the literature to determine whether obese individuals experience improvements in
body image while participating in targeted weight loss interventions.

Methods

Search Strategy
Medline, Current Contents, and the Cochrane database were searched using combinations of
the following search terms: body image, obesity/obese, overweight, weight loss, weight manage-
ment, physical activity, dietary behaviors, eating/dietary/nutrition, intervention/program/edu-
cation. The search was carried out on 30 May 2013. The following outlines the strategy used in
Medline. Filters activated were comparative study and clinical trial. 143 records were found
using the following combination of search terms: (Obesity or obese or overweight) and (Body
image) and (Weight loss or management) AND (body image) AND (weight loss). 69 records
were found using the following combination of search terms: (((Obesity or obese or over-
weight) and (Body image) and (Weight loss or management)) and ((physical activity or exer-
cise or dietary or eating or nutrition)) and ((intervention or program or education))). 64
duplicate records were found in both combinations. In total, 148 records (143+69–64) were
found. This systematic review and meta-analysis was carried out in accordance with the
PRISMA guidelines [9].

Selection of Studies
Prospective or retrospective studies were considered for inclusion if they involved obese or
overweight adults who were enrolled in weight loss interventions in which body image was
quantitatively assessed and they included a comparator control group of obese or overweight
adults. Studies were excluded if the participants had any co-existing chronic disease or if body
image was not assessed quantitatively.
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Data Extraction and Quality assessment
Two independent reviewers extracted the data from eligible studies. A third reviewer was con-
sulted for resolution of disagreement. The following information/data was extracted from each
eligible study: first author and year of publication, type of intervention and comparator/control
group, body mass index (BMI) of participants, duration of follow-up, tool(s) used for assessing
body image, body image domains assessed, and body image scores at baseline and follow-up.

The extent of agreement between reviewers was determined by calculating coder drift as de-
scribed by Cooper and colleagues [10]. Per case agreement was determined by dividing the
number of variables coded the same by the total number of variables. Acceptance required a
mean agreement of 0.90. The coder drift in this study was calculated to be 0.94, indicating an
acceptable level of agreement.

The methodological quality of each study was assessed using the risk-of-bias assessment
tool outlined in the Cochrane Handbook for Systematic Reviews of Interventions [11]. Two re-
viewers subjectively reviewed all studies and assigned a value of “low risk,” “high risk,” or “un-
clear” to the following: a) random sequence generation, b) allocation concealment, c) blinding
(patients, personnel, and assessor), d) adequate assessment of each outcome, e) selective out-
come reporting avoided, and f) if the analysis include an intention to treat analysis.

The outcomes of interest were body shape concern, body size dissatisfaction, and body
satisfaction.

Data Analysis
The standardized differences in means with 95% confidence intervals (CI) were calculated for
each outcome for the intervention group and comparator group. Heterogeneity among the eli-
gible studies was assessed by determining the Cochran Q and the I2 statistic. For the Q statistic,
P< 0.10 was considered to indicate statistically significant heterogeneity. For the I2 statistic,
which indicates the percentage of observed between-study variability due to heterogeneity rath-
er than chance, no heterogeneity was indicated by 0 to 25%, moderate heterogeneity was indi-
cated by 25 to 50%, large heterogeneity was indicated by 50 to 75%, and extreme heterogeneity
was indicated by 75 to 100%. If either the Q statistic (P< 0.1) or I2 statistic (> 50%) demon-
strated the existence of heterogeneity between studies, a random-effects model (DerSimonian—
Laird method) of analysis was used. Otherwise, a fixed-effect model (Mantel-Haenszel method)
of analysis was used. Pooled standardized differences in means for all three outcomes were cal-
culated. A two-sided P value< 0.05 was taken to indicate statistical significance. All statistical
analyses were performed using the statistical software Comprehensive Meta-Analysis, version
2.0 (Biostat, Englewood, NJ).

Results

Literature Search
After the removal of 9 duplicate publications, a total of 149 unique articles were identified in
the initial search. Of these, 124 did not report relevant body image outcomes and were exclud-
ed before full-text review. Of the remaining 25 articles that underwent full-text review, 7 were
included in the systematic review and 4 were included in the meta-analysis. The most common
reason for exclusion after full-text review was the lack of a treatment comparator group (Fig 1).
The 3 studies not included in the meta-analyses either used unique tools to assess body image
or did not report data in the form of mean and standard deviation.
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Study Characteristics
The characteristics of the 7 studies that met the eligibility criteria are summarized in Table 1.
All studies except that reported by Munsch et al [12] involved females only. The study reported
by Munsch et al [12] involved 92 females and 30 males. The type of weight loss interventions
varied between studies. In the study reported by Crerand et al [13], participants attended meet-
ings for 40 weeks during which they were recommended to follow specific dietary practice or
received more general information. In the studies reported by Teixeira et al [14] and Palmeira
et al [15], participants attended obesity treatment programs for 12 months or received general
health education. The two studies reported by Annesi et al comprised 6 months of exercise in
addition to advice on nutrition in comparison with no intervention [16] or 6 months of exer-
cise in addition to cognitive behavioral support in comparison with exercise intervention alone
[17]. In the study reported by Rapoport et al [18], participants received 10 weeks of CBT,
which focused on the psychosocial costs and the physiological health risks of obesity, or stan-
dard CBT. In the study reported by Munsch et al [12], participants underwent a treatment pro-
gram (duration not specified) for obesity, with an emphasis on lifestyle and eating behavior
changes (at a general practice or a clinical center) or received non-specific information about
weight loss. All participants in these studies were either overweight or obese, with BMI ranging
from 25 to 45. The number of participants ranged from 31 to 144 (N = 597) in the main inter-
vention group and from 17 to 88 (N = 334) in the comparator group. Different tools were used
to measure body image between studies. The Body Shape Questionnaire was used to assess
body shape concern in three studies [13–15], while the Body Image Assessment tool was used
to assess body size dissatisfaction in two studies [14,15]. The Body Areas Satisfaction Scale was
used to assess body satisfaction in two studies [16,17]. In the studies reported by Rapoport et al
[18] and Munsch et al [12] unique measurement tools (in the context of this review) were used
to assess body satisfaction and body image avoidance [18], and attractiveness/self confidence,

Fig 1. Flow diagram of study selection.

doi:10.1371/journal.pone.0124036.g001
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accentuation of appearance, insecurity/concern, and physical/sexual misperception
[12], respectively.

Study Outcomes and Quality Assessment
The individual study outcomes are summarized in Table 1. Crerand et al [13] reported that
body shape concern decreased (indicating improvement) in both groups after the intervention;
however, there was no significant between group difference in the extent of the decrease. Teix-
eira et al [14] reported that although body shape concern and body size dissatisfaction de-
creased in both groups after the intervention, the extent of the decrease was significantly more
pronounced in the behavior change intervention group compared with the general health
(comparator) education group. Palmeira et al [15] reported similar findings for body size dis-
satisfaction, but found no between group difference in body shape concern after the interven-
tion. In two studies, Annesi et al reported that body satisfaction significantly increased
(indicating improvement) in the main intervention group but not in the comparator group
[16] or that the extent of the increase was more pronounced in the main intervention group
[17]. Rapoport et al [18] reported that body satisfaction and body image avoidance significantly
increased (indicating improvement) in both groups; however, there was no significant differ-
ence between groups. Munsch et al [12] reported that attractiveness/self confidence significant-
ly increased (indicating improvement) in the CBT groups, but not in the control group. No
other measures of body image changed significantly in any of the groups.

The “risk of bias” summary is presented in Fig 2A, and an overall assessment of risk of bias
is presented in Fig 2B. All studies except that reported by Palmeira et al [15] had appropriate

Fig 2. Quality assessment of included studies: Risk of bias (A) and overall assessment of risk of bias (B).

doi:10.1371/journal.pone.0124036.g002
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random sequence and allocation concealment. Neither participants nor outcome assessors
were blinded to treatment in any of the studies. All studies had a low risk of attrition and re-
porting bias. Intention-to-treat analysis was only used in 2 studies [10, 13].

Meta-analysis
Two studies were included in the meta-analyses of body shape concern [14,15], body size dis-
satisfaction [14,15], and body satisfaction [16,17].

Body Shape Concern. Significant heterogeneity was found when data from the two studies
were pooled (Q = 5.58, df = 1, P = 0.018; I2 = 82.09%); therefore, a random-effects model of
analysis was used (Fig 3). The overall analysis showed the change in body shape concern signif-
icantly favored the main intervention group over the comparator group (pooled standardized
difference in means = -0.52, 95% CI = -1.04 to 0.00, Z = -1.97; P = 0.048).

Body Size Dissatisfaction. There was no evidence of significant heterogeneity when data
from the two studies were pooled (Q = 0.04, df = 1, P = 0.851; I2 = 0%); therefore, a fixed-effect
model of analysis was used (Fig 4). The overall analysis showed that the change in body size
dissatisfaction significantly favored the main intervention group over the comparator group
(pooled standardized difference in means = -0.66, 95% CI = -0.88 to -0.45, Z = -5.97;
P< 0.001).

Body Satisfaction. Significant heterogeneity was found when data from the two studies
were pooled (Q = 5.68, df = 1, P = 0.017; I2 = 82.38%); therefore, a random-effects model of
analysis was used (Fig 5). The overall analysis showed that the change in body satisfaction sig-
nificantly favored the main intervention group over the comparator group (pooled standard-
ized difference in means = 0.74, 95% CI = 0.09 to 1.38, Z = 2.24; P = 0.025).

Note: As each meta-analysis included only two studies, we did not perform sensitivity analy-
sis or assess publication bias.

Fig 3. Forest plot showing results of the meta-analysis of body shape concern scores among obese/
overweight participants. Abbreviations: Std diff, standardized difference; CI, confidence interval.

doi:10.1371/journal.pone.0124036.g003

Fig 4. Forest plot showing results of the meta-analysis of body size dissatisfaction scores among
obese/overweight participants. Abbreviations: Std diff, standardized difference; CI, confidence interval.

doi:10.1371/journal.pone.0124036.g004
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Discussion
In this systematic review and meta-analysis, we examined changes in body image among
obese/overweight individuals who were enrolled in weight loss intervention programs. A total
of 7 studies, involving 931 participants, met the eligibility criteria for inclusion. Four of these
studies included appropriate data for meta-analysis. Of interest, 4 of the studies included in the
systematic review reported that the intervention significantly improved body image to a greater
extent than the control/comparator intervention. Meta-analysis revealed that improvements in
body shape concerns, body size dissatisfaction, and body satisfaction significantly favored the
intervention over the comparator group.

The findings of our meta-analyses and systematic review suggest that weigh loss interven-
tion programs may help improve body image among obese/overweight persons. This is of in-
terest given that body image can affect psychological well-being [8] and indeed weight loss/
maintenance of weight loss [19,20]. Various other studies (not included in our systematic re-
view/meta-analysis because they did not include a comparator group) involving obese/over-
weight adult women have also found improvements in body image on the completion of
weight loss intervention programs [21–23]. Of note, we found that multiple measures of body
image, namely body shape concerns, body size dissatisfaction, and body satisfaction improved
to a greater extent with the active intervention. Taken together, these measures provide an indi-
cation of both dimensions of body image, evaluative and investment; therefore, weight loss in-
tervention programs may be effective for improving body image as a whole rather one
dimension more than the other. Nevertheless, it would be interesting to determine in future re-
search which dimensions of body image are more or less affected by certain interventions and
how these changes (or lack thereof) affect weight loss and maintenance of weight loss. To this
end, research examining the relationship between body image and self-eating regulation for
weight loss suggests that improvements in the investment dimension of body image may be
more important for improving self-eating regulation than the evaluative dimension [21]. Like-
wise, the investment dimension of body image appears to be more significantly affected by
physical activity than the evaluative dimension [24]. Whether or not targeted weight loss inter-
ventions other than self-eating regulation have similarly differential effects on the dimensions
of body image remains to be determined in appropriately designed studies.

Not all of the studies included in our review reported that the main weight loss intervention
was superior to the comparator intervention for improving body image. The lack of homogene-
ity between studies may account for this disparity. In particular, there was a large variability be-
tween the studies, namely regarding the type of intervention and comparator groups, the
length of follow-up, the type of body image assessment tools used, and the component(s) of
body image assessed. The lack of homogeneity between studies in the type of intervention used
may be critical because the variation in effectiveness may be dependent on intervention type.

Fig 5. Forest plot showing results of the meta-analysis of body satisfaction scores among obese/
overweight participants. Abbreviations: Std diff, standardized difference; CI, confidence interval.

doi:10.1371/journal.pone.0124036.g005
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In fact, no two studies used the same weight loss intervention program. The type of interven-
tion ranged from diet, to exercise, to CBT. It must be noted, however, that in the studies in
which significant between group differences were not apparent [13,15,18], improvements from
baseline were detected for both the intervention group and the comparator group. Hence, the
findings from these studies suggest that some form of intervention (e.g. general health educa-
tion or non-dieting program) may also have beneficial effects on body image in obese/over-
weight adults. Of note, only one of the studies [16] included in our review involved a true
control (ie, no intervention) comparator group. Clearly, there is a need for well-designed ran-
domized controlled trials to identify interventions that optimize improvements in body image.

Our systematic review and meta-analysis has a number of limitations. Firstly, only a rela-
tively small number of studies were included, particularly in the meta-analysis. Clearly, the
small number of studies raises the possibility of publication bias and limits the power of analy-
sis and, hence, the capacity to detect definitive effects of the intervention. Secondly, the studies
included in the analyses for each body image outcome were from the same group of research-
ers. Hence, potential investigator bias cannot be discounted. Further, the wider generalizability
of the findings from this group of researchers requires confirmation. Thirdly, as already noted,
there was a distinct lack of homogeneity between the studies included, with regards to various
factors, most notably both the active and comparator/control interventions and the tools used
to assess body image. Further, both within and between some studies, there was considerable
variability in the BMI range of participants. This lack of homogeneity and variability may have
affected the pattern of change in body image and hence our findings. Fourthly, neither the par-
ticipants nor the outcome assessors were blinded in any of the studies. This lack of blinding in-
troduces the possibility of bias (from both a participant and assessor perspective), but is really
something that is very difficult, if not impossible, to implement in studies of this nature. Final-
ly, all but one study [12] involved females only; hence, the applicability of the results to obese
males is uncertain. In light of these limitations, the results of our meta-analysis, in particular,
must be interpreted with some degree of caution. Nevertheless, all the studies included in our
systematic review/meta-analysis were prospective and randomized in design, thereby strength-
ening the results reported herein.

Conclusions
In conclusion, the findings of our systematic review and meta-analysis support the notion that
weight loss interventions may improve body image in obese/overweight adults. This is impor-
tant given that body image is an important mediator of psychological well-being and the capac-
ity for an individual to maintain weight loss. We do acknowledge, however, that the current
body of available evidence is far from conclusive. Clearly, further research, in large-scale ran-
domized controlled trials, is needed to determine whether certain weight loss interventions fa-
cilitate optimal outcomes in terms of both improving body image and facilitating and
maintaining weight loss.

Supporting Information
S1 PRISMA Checklist. S1 PRISMA 2009 Checklist.
(DOC)

S1 PRISMA Flow Diagram. S1 PRISMA 2009 Flow Diagram.
(DOC)

Body Image Change with Weight Loss in Obesity

PLOS ONE | DOI:10.1371/journal.pone.0124036 May 6, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124036.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124036.s002


Author Contributions
Conceived and designed the experiments: HLC. Performed the experiments: HLC. Analyzed
the data: HLC. Contributed reagents/materials/analysis tools: HLC. Wrote the paper: HLC.

References
1. Tsigos C, Hainer V, Basdevant A, Finer N, Fried M, Mathus-Vliegen E, et al. Management of obesity in

adults: European clinical practice guidelines. Obes Facts 2008; 1:106–116. doi: 10.1159/000126822
PMID: 20054170

2. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body
mass index among us adults, 1999–2010. JAMA 2012; 307:491–497. doi: 10.1001/jama.2012.39
PMID: 22253363

3. Centers for Disease Control and Prevention. Overweight and obesity. Available from: http://
wwwcdcgov/nccdphp/dnpa/obesity/defininghtm 2007

4. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending attributable to obesity:
Payer-and service-specific estimates. Health Aff (Millwood) 2009; 28:w822–831. doi: 10.1377/hlthaff.
28.5.w822 PMID: 19635784

5. Cash TF, Pruzinsky T. Body image: A handbook of theory, research, and clinical practice. Guilford,
New York, 2002.

6. Sarwer DB, Thompson JK, Cash TF. Body image and obesity in adulthood. Psychiatr Clin North Am
2005; 28:69–87, viii. PMID: 15733612

7. Cash TF, Melnyk SE, Hrabosky JI. The assessment of body image investment: An extensive revision of
the appearance schemas inventory. Int J Eat Disord 2004; 35:305–316. PMID: 15048946

8. Schwartz MB, Brownell KD. Obesity and body image. Body Image 2004; 1:43–56. PMID: 18089140

9. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: The prisma statement. PLoSMed 2009; 6:e1000097. doi: 10.1371/journal.pmed.
1000097 PMID: 19621072

10. Cooper HM, Hedges LV, Valentine JC. The handbook of research synthesis and meta-analysis, ed
2nd. New York, Russell Sage Foundation, 2009.

11. Higgins JPT, Green S, Cochrane Collaboration. Cochrane handbook for systematic reviews of interven-
tions. Chichester, England; Hoboken, NJ, Wiley-Blackwell, 2008.

12. Munsch S, Biedert E, Keller U. Evaluation of a lifestyle change programme for the treatment of obesity
in general practice. Swiss MedWkly 2003; 133:148–154. PMID: 12707842

13. Crerand CE, Wadden TA, Foster GD, Sarwer DB, Paster LM, Berkowitz RI. Changes in obesity-related
attitudes in women seeking weight reduction. Obesity (Silver Spring) 2007; 15:740–747. PMID:
17372325

14. Teixeira PJ, Silva MN, Coutinho SR, Palmeira AL, Mata J, Vieira PN, et al. Mediators of weight loss and
weight loss maintenance in middle-aged women. Obesity (Silver Spring) 2010; 18:725–735. doi: 10.
1038/oby.2009.281 PMID: 19696752

15. Palmeira AL, Markland DA, Silva MN, Branco TL, Martins SC, Minderico CS, et al. Reciprocal effects
among changes in weight, body image, and other psychological factors during behavioral obesity treat-
ment: A mediation analysis. Int J Behav Nutr Phys Act 2009; 6:9. doi: 10.1186/1479-5868-6-9 PMID:
19203389

16. Annesi JJ, Unruh JL. Relations of exercise, self-appraisal, mood changes and weight loss in obese
women: Testing propositions based on baker and brownell's (2000) model. Am J Med Sci 2008;
335:198–204. doi: 10.1097/MAJ.0b013e318152010c PMID: 18344693

17. Annesi JJ. Relations of changes in self-regulatory efficacy and physical self-concept with improve-
ments in body satisfaction in obese women initiating exercise with cognitive-behavioral support. Body
Image 2010; 7:356–359. doi: 10.1016/j.bodyim.2010.05.001 PMID: 20541986

18. Rapoport L, Clark M, Wardle J. Evaluation of a modified cognitive-behavioural programme for weight
management. Int J Obes Relat Metab Disord 2000; 24:1726–1737. PMID: 11126231

19. Foster GD, Wadden TA, Vogt RA. Body image in obese women before, during, and after weight loss
treatment. Health Psychol 1997; 16:226–229. PMID: 9152700

20. Cooper Z, Fairburn CG. A new cognitive behavioural approach to the treatment of obesity. Behav Res
Ther 2001; 39:499–511. PMID: 11341247

Body Image Change with Weight Loss in Obesity

PLOS ONE | DOI:10.1371/journal.pone.0124036 May 6, 2015 11 / 12

http://dx.doi.org/10.1159/000126822
http://www.ncbi.nlm.nih.gov/pubmed/20054170
http://dx.doi.org/10.1001/jama.2012.39
http://www.ncbi.nlm.nih.gov/pubmed/22253363
http://wwwcdcgov/nccdphp/dnpa/obesity/defininghtm
http://wwwcdcgov/nccdphp/dnpa/obesity/defininghtm
http://dx.doi.org/10.1377/hlthaff.28.5.w822
http://dx.doi.org/10.1377/hlthaff.28.5.w822
http://www.ncbi.nlm.nih.gov/pubmed/19635784
http://www.ncbi.nlm.nih.gov/pubmed/15733612
http://www.ncbi.nlm.nih.gov/pubmed/15048946
http://www.ncbi.nlm.nih.gov/pubmed/18089140
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://www.ncbi.nlm.nih.gov/pubmed/12707842
http://www.ncbi.nlm.nih.gov/pubmed/17372325
http://dx.doi.org/10.1038/oby.2009.281
http://dx.doi.org/10.1038/oby.2009.281
http://www.ncbi.nlm.nih.gov/pubmed/19696752
http://dx.doi.org/10.1186/1479-5868-6-9
http://www.ncbi.nlm.nih.gov/pubmed/19203389
http://dx.doi.org/10.1097/MAJ.0b013e318152010c
http://www.ncbi.nlm.nih.gov/pubmed/18344693
http://dx.doi.org/10.1016/j.bodyim.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/20541986
http://www.ncbi.nlm.nih.gov/pubmed/11126231
http://www.ncbi.nlm.nih.gov/pubmed/9152700
http://www.ncbi.nlm.nih.gov/pubmed/11341247


21. Carraca EV, Silva MN, Markland D, Vieira PN, Minderico CS, Sardinha LB, et al. Body image change
and improved eating self-regulation in a weight management intervention in women. Int J Behav Nutr
Phys Act 2011; 8:75. doi: 10.1186/1479-5868-8-75 PMID: 21767360

22. Martin Ginis KA, McEwan D, Josse AR, Phillips SM. Body image change in obese and overweight
women enrolled in a weight-loss intervention: The importance of perceived versus actual physical
changes. Body Image 2012; 9:311–317. doi: 10.1016/j.bodyim.2012.04.002 PMID: 22608984

23. Alberts HJ, Thewissen R, Raes L. Dealing with problematic eating behaviour. The effects of a mindful-
ness-based intervention on eating behaviour, food cravings, dichotomous thinking and body image
concern. Appetite 2012; 58:847–851. doi: 10.1016/j.appet.2012.01.009 PMID: 22265753

24. Carraca EV, Markland D, Silva MN, Coutinho SR, Vieira PN, Minderico CS, et al. Physical activity pre-
dicts changes in body image during obesity treatment in women. Med Sci Sports Exerc 2012; 44:1604–
1612. doi: 10.1249/MSS.0b013e31824d922a PMID: 22330022

Body Image Change with Weight Loss in Obesity

PLOS ONE | DOI:10.1371/journal.pone.0124036 May 6, 2015 12 / 12

http://dx.doi.org/10.1186/1479-5868-8-75
http://www.ncbi.nlm.nih.gov/pubmed/21767360
http://dx.doi.org/10.1016/j.bodyim.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22608984
http://dx.doi.org/10.1016/j.appet.2012.01.009
http://www.ncbi.nlm.nih.gov/pubmed/22265753
http://dx.doi.org/10.1249/MSS.0b013e31824d922a
http://www.ncbi.nlm.nih.gov/pubmed/22330022

