Does perceived overweight increase risk of depressive symptoms and suicidality beyond objective weight status? A systematic review and meta-analysis
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[bookmark: _GoBack]Overweight and obesity are associated with an increased risk of non-communicable diseases such as cardiovascular disease, type 2 diabetes, osteoarthritis, and some cancers, presenting a significant worldwide health burden (Kelly, Yang, Chen, Reynolds, & He, 2008; Must et al., 1999; The Global Burden of Disease 2015 Obesity Collaborators, 2017). The nature of the association between overweight or obesity and mental health, however, is less clear. Many reviews and meta-analyses have indicated an association between overweight or obesity and increased risk of mental health problems, but these relationships are complex (Atlantis & Baker, 2008; Faith et al., 2011; Friedman & Brownell, 1995; Heneghan, Heinberg, Windover, Rogula, & Schauer, 2012; Luppino et al., 2010; Mannan, Mamun, Doi, & Clavarino, 2016). Some evidence suggests that obesity increases risk of depression and suicidality in women but is unrelated or protective in men (Luo et al., 2018; Vittengl, 2018; Zhang, Yan, Li, & McKeown, 2013), and in some ethnic groups but not others (BeLue, Francis, & Colaco, 2009; Eaton, Lowry, Brener, Galuska, & Crosby, 2005). Others have found weak evidence for the association between obesity and mental health (Atlantis & Baker, 2008; Perera et al., 2016), or suggest a ‘U-shaped’ function describing the relationship between BMI and depression risk (de Wit, van Straten, van Herten, Penninx, & Cuijpers, 2009). Further, while some research has demonstrated a bidirectional longitudinal relationship between higher BMI and the development of depression (Hasler et al., 2005; Luppino et al., 2010), recent evidence from research using Mendelian randomisation suggests that higher BMI may be causally related to the development of depression, whereas depression may not increase risk of gaining weight (van den Broek et al., 2018; Wray et al., 2018). Given the high prevalence of overweight and obesity (Kelly et al., 2008; World Health Organization, 2016) and the negative impacts of poor mental health (Kessler et al., 2011; Murray & Lopez, 1996), understanding the relationship between overweight and obesity and risk of mental health problems is of importance.
A substantial proportion of individuals with overweight or obesity fail to accurately identify their weight status (Foti & Lowry, 2010; Johnson, Cooke, Croker, & Wardle, 2008; Robinson, 2017; Robinson & Oldham, 2016), and this factor could explain some variation in mental health outcomes associated with overweight and obesity. A failure to accurately self-identify as ‘overweight’ has traditionally been viewed as problematic, as it is thought to deter weight loss (Brug, Wammes, Kremers, Giskes, & Oenema, 2006; Duncan et al., 2011). This assumption has foundations in traditional theories of health behaviour and motivation. For example, the Health Belief Model proposes that perceived susceptibility to a health problem motivates behaviour change to mitigate that risk (Janz & Becker, 1984), and Self-Discrepancy Theory posits that individuals are motivated to attain a match between how they perceive themselves (‘self-concept’) and a personally-relevant or societal standard representing the ‘ideal’ self, or what they ‘ought’ to be (E. T. Higgins, 1987; Vartanian, 2012). In the case of self-identification of overweight, it is assumed that recognition of a discrepancy between one’s current status as being categorised as overweight (‘self-concept’) and the societal standard of having a ‘normal’ or healthy weight will motivate an individual to resolve that discrepancy. As a result, there is now increasing focus in public health and policy spheres on fostering awareness of personal weight status to promote weight loss (Moyer, 2012; NICE, 2014). However, while there is strong evidence to suggest that individuals who perceive themselves as overweight are more likely to attempt weight loss, recent prospective studies suggest that these individuals are actually at increased risk of overeating and weight gain (Haynes, Kersbergen, Sutin, Daly, & Robinson, 2018; Robinson, Hunger, & Daly, 2015; Sutin & Terracciano, 2015), and the effectiveness of interventions notifying individuals of their weight status for promoting weight loss is questionable. In a quasi-experimental study in public schools in New York City, female students with a BMI that just exceeded the threshold for being labelled as ‘overweight’ (and who were informed of this classification) were compared to students who fell just below this threshold (who therefore had similar BMI’s but were not classed as ‘overweight’). Contrary to the aim of the program, being labelled as ‘overweight’ was not associated with a decrease in weight in the following year (Almond, Lee, & Schwartz, 2016). Similar results were found among Korean adults participating in a national health screening program (H. Kim, Lee, & Lim, 2017).
One potential explanation for these seemingly divergent findings and for the effect of overweight on poor mental health, is that overweight and obesity are widely stigmatised (Puhl & Brownell, 2001, 2006). Experiencing discrimination based on weight has been shown to explain the association between obesity and poor psychological wellbeing (Carr & Friedman, 2005; Jackson, Beeken, & Wardle, 2015; Robinson, Sutin, & Daly, 2016). Individuals who identify as overweight may experience social identity threat stemming from weight stigma, such that they experience concern over or anticipate being devalued or negatively stereotyped because of their weight (Hunger, Major, Blodorn, & Miller, 2015). This may in turn result in physiological stress and impair self-regulation of weight-related behaviours such as eating and physical activity (Himmelstein, Incollingo Belsky, & Tomiyama, 2014; Hunger et al., 2015; Major, Eliezer, & Rieck, 2012; Schvey, Puhl, & Brownell, 2011; Tomiyama, 2014). In addition, the adverse mental health effects that have been shown to be associated with weight stigma (Papadopoulos & Brennan, 2015; Puhl & Suh, 2015) have also been demonstrated to promote weight gain (Blaine, 2008; Luppino et al., 2010), meaning that identifying as overweight may be detrimental for weight outcomes rather than promoting weight loss. Importantly, these effects arise because an individual need not objectively belong to a stigmatised group to experience the negative consequences of stigma, but merely perceiving oneself as having a stigmatised identity may be sufficient (Hunger et al., 2015; Schmitt, Branscombe, Postmes, & Garcia, 2014; Tomiyama, 2014). It follows then, that the adverse mental health effects that have been shown to be associated with overweight and obesity may not depend primarily on an individual’s objective weight status, but rather, whether or not they perceive themselves as belonging to the stigmatised group. 
There is now a body of observational evidence suggesting that personal identification of overweight and obesity regardless of one’s objective weight status may be associated with depression (including clinically-diagnosed depression or symptoms including low mood, hopelessness, anhedonia, fatigue, difficulty concentrating) and suicidality (i.e., suicidal ideation or attempted suicide). For example, in one study US adolescents who perceived themselves as overweight were more likely to have major depression than those who perceived themselves as having a normal weight (Roberts & Duong, 2013). Perceived overweight has also been shown to be associated with suicidal ideation in Korean adolescents (D. S. Kim, Cho, Cho, & Lim, 2009), and with increases in depressive symptoms at 7-year follow up in a prospective population-based survey of US adults (Daly, Robinson, & Sutin, 2017). However, another prospective study showed that perceived overweight at baseline was unrelated to depressive symptoms one year later (Lo et al., 2009). There are also some mixed findings by gender, which are consistent with the greater value placed on physical appearance in women than in men (Fredrickson & Roberts, 1997; McKinley, 1998). For example, Korean women categorised as having a ‘normal’ weight who misperceived themselves as overweight were more likely to experience suicidal ideation, however this was not observed in men (Shin et al., 2015). Similarly, studies on adolescents in China and the US found that only female adolescents who perceived themselves as overweight were at higher risk of depressive symptoms relative to those with perceived normal weight, whereas male adolescents were not (Yuan, 2007; Zhao et al., 2012), and the same pattern was found in a prospective study predicting suicidal ideation at one year follow-up in US adolescents (Seo & Lee, 2013). However, in other studies perceived overweight has been associated with worse mental health among males (Frisco, Houle, & Martin, 2010; D. S. Kim et al., 2009). Importantly, the effects discussed here were all observed when objective BMI or weight status was taken into account. Perceived weight may also differentially impact mental health depending on objective weight status. For Korean adolescents with normal weight, inaccurately viewing oneself as ‘overweight’ was associated with a higher risk of depressive symptoms but there was no elevated risk associated with accurately perceived overweight (Byeon, 2015). These findings run contrary to evidence from a prospective study of US adolescents with overweight or obesity demonstrating that those who accurately identified themselves as ‘overweight’ were at a higher risk of experiencing depressive symptoms in adulthood (Thurston et al., 2017). Thus, at present the extent to which personal identification of overweight is predictive of mental health problems, and whether the accuracy of this perception or a person’s age or gender determine the association, is unclear. 
Understanding whether and for whom identifying as overweight is associated with mental health problems is important, and will contribute to the consideration of the potential mental health costs of interventions promoting awareness of personal weight status (Moyer, 2012; NICE, 2014). The aim of the present systematic review and meta-analysis was to examine the relationship between self-perceived overweight and mental health. We focused on depressive symptoms and suicidality as key measures of mental health problems because of the number of studies studying these variables and weight perception now available. We aimed to examine whether there was evidence of both a cross-sectional and prospective association between perceived overweight and both depressive symptoms and suicidality, whether this association was observed in both adults and children, and whether the association depended on gender and accuracy of weight perception. Given that there is some evidence of cultural differences in the stigma associated with obesity (Brewis, Wutich, Falletta-Cowden, & Rodriguez-Soto, 2011; Crandall et al., 2001; Crandall & Martinez, 1996) and the prevalence of overweight and obesity varies across geographical regions (e.g., worldwide overweight and obesity prevalence is 52% in adults and 18% in children/adolescents; versus 67% and 21% in USA, and 32% and 12% in China, World Health Organization, 2016), we therefore examined whether the association between perceived overweight and mental health differed based on study origin. We also theorize that the relationship between objective overweight and poorer mental health may primarily depend on whether or not a person recognises that they are categorised as overweight. 
We hypothesised that individuals who perceived themselves as overweight would have higher odds of depressive symptoms and higher odds of suicidality compared to those who did not, in both cross-sectional and prospective studies. Given the mixed evidence to date, we did not have formal hypotheses about potential differences between subgroups separated by gender, study origin, accuracy of weight perception, or age. Moreover, in line with previous work we predicted that objective overweight would be associated with higher risk of depressive symptoms and suicidality (Heneghan et al., 2012; Pereira-Miranda, Costa, Queiroz, Pereira-Santos, & Santana, 2017; Quek, Tam, Zhang, & Ho, 2017), but that the relationships between weight status and mental health problems would be attenuated when accounting for self-perception of overweight; evidence which would suggest that the demonstrated association between overweight and poorer mental health is dependent on whether or not a person recognises that they are categorised as overweight
Methods
Review methodology was guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA, Moher, Liberati, Tetzlaff, & Altman, 2009) and was pre-registered with the International Prospective Register of Systematic Reviews (PROSPERO registration number CRD42017077357). Minor deviations from and additions to the pre-registered analysis plan are summarised in Appendix C, online supplemental materials.  
Eligibility criteria
We included studies that examined the association between perceived weight status and either depression (including depressive symptoms, diagnosis of depressive disorder) or suicidality (including suicidal thoughts, behaviours, intent, or attempts). Perceived weight indicators were required to include a comparison between individuals who perceived themselves as overweight and those who did not (e.g., perceived normal or healthy weight, or a combination of individuals with perceived normal or underweight). Studies were included if they were available in English and published in peer-reviewed articles from 1991 onwards. We decided to focus on studies conducted from 1991 onwards (producing a review of ≥25 years of research) as we believed results prior to this may not be representative and the majority of the research we were aware of was conducted after this date. We applied the following exclusion criteria: clinical (e.g., patients with schizophrenia) or non-general samples (e.g., pregnant women only), assessment of perceived weight status where it was unclear whether participants identified themselves as ‘overweight’ (e.g. pictorial scales without weight status labels as participants’ perceptions of the weight status of the figures, and therefore the label with which they describe their own weight status, could not be verified), analyses of perceived weight as a continuous variable or as the outcome variable, analyses that did not control or stratify by objective BMI or weight status (to minimise the potential confounding effect of objective weight). Studies published in languages other than English were excluded because translation was not feasible. We placed no restriction on country of origin or further restrictions on participant characteristics (e.g., gender, age group) in order to maximise the number of included studies, and because we planned to conduct subgroup analyses to explore differences across sample, participant, and methodological characteristics. See Appendix A (Supplemental Material) for further information on search strategy and eligibility.
Information sources and search strategy
Electronic searches of PubMed, PsycInfo, and Cumulative Index to Nursing and Allied Health Literature (CINAHL) databases were performed in June 2016 using search terms devised to identify articles related to perceived weight and outcome variables (Table S1). Database searches also targeted weight and eating-related outcomes (e.g., weight loss attempts, strategies, behaviours, disordered eating, and weight loss), which were included in a separate review (Haynes et al., 2018). In addition, we manually searched the reference lists of eligible articles for relevant articles and each author was responsible for suggesting additional articles. Supplementary database searches were also conducted in July 2017 (see Appendix A, Supplemental Material), and articles citing the eligible articles were identified using Google Scholar forward citation tracking in September 2017 to ensure coverage of recently published articles. 
Study selection
Two researchers independently performed title and abstract screening of electronic search results for eligibility, and discrepancies were resolved by discussion (97.5% agreement, κ = .95 [‘high’]). The same reviewers subsequently performed independent full text screening of those articles (87.8% agreement, κ = .76 [‘substantial’]). Discrepancies in screening decisions were resolved by discussion, and adjudicated by a third author when a decision could not be reached. 
Data extraction
One of three reviewers extracted data from each eligible study, and the data extracted by each reviewer was cross-checked by another. Information about: (a) publication features (title, authors, year of publication, journal), (b) study methods (design, country of origin, measurement of perceived and objective weight status and outcomes, analysis features), (c) sample characteristics (sample size, and distribution of age, gender, and weight status), and (d) effect size (association between perceived weight status and depression or suicidality) were extracted for each study. If a study reported effects in different independent subsamples (e.g., stratified by gender), those effect sizes and information on design and analysis features were extracted separately. We only extracted effect sizes from analyses in which objective weight status category or BMI was included as a covariate or was used to stratify analyses, and where multiple statistical analyses of the same relationship were reported in one study, we extracted effect sizes from the most appropriately adjusted model (i.e., adjusted for variables known to be associated with weight perception such as gender, socioeconomic status). Individual meta-analyses only included effect sizes from independent samples (i.e., did not include multiple effect sizes from overlapping samples within or across studies, see Appendix B in Supplemental Materials for further information on data extraction). 
	Data were also extracted from eligible studies for exploratory analyses of the association between objective overweight and mental health outcomes, before and after controlling for perceived weight. Studies that were eligible for inclusion in this analysis were those which provided (a) an estimate of the association between objective weight status (enabling a comparison of overweight or obesity with a reference category of ‘normal weight’) and either depression or suicidality, without controlling for perceived weight and (b) the same estimate, controlling for perceived weight. Importantly, effects were only eligible if the analysis of (a) and (b) were identical (i.e., identical covariates, independent and dependent variable, subsample) except for the inclusion of perceived weight as a covariate in (b). 
Quality Assessment
We assessed the methodological quality of studies included in the review against a set of criteria (Table 1) adapted from established quality checklists for cross-sectional and longitudinal observational studies (Joanna Briggs Institute, 2014; Tooth, Ware, Bain, Purdie, & Dobson, 2005). Two authors piloted the assessment tool by independently scoring 20 studies, with acceptable to high agreement for each criterion (κ = 0.69 – 1.00). The methodological quality of the remaining studies was then scored by one of those two authors. For each item, each study was scored as either meeting or not meeting the criterion, or as ‘not applicable’. The number of positively scored items was divided by the total number of applicable criteria to construct a total quality score for each study. A study was judged as being of ‘high quality’ if it was assigned a quality score ≥70%.
Table 1. 
Assessment criteria: methodological quality of included studies. 
	Criteria
	% of studies meeting criteriona 

	Study population and participation

	1 Adequate description of study population recruitment methods, period of recruitment and place of recruitment
	97%

	2 Sample representative of population of interest b
	78%

	3 Participation/response rate reported
	84%

	4 Study attrition: Reported whether loss to follow-up associated with key characteristics c 
	50%

	5 [bookmark: OLE_LINK1]Provision of the exact number of participants at each follow-up measurement c 
	100%

	6 Provision of exact information on follow-up duration c 
	100%

	Data collection
	

	7 Adequate description of methods of data collection (i.e. tools, processes, and setting and/or geographic location)
	97%

	8 Non-biased measurement of height and weight (anthropomorphic measurements by trained personnel, not self-report)
	44%

	9 Sample size based on a priori power calculation (or authors report a priori consideration of sample size), if N <1,000
	0%

	Data analysis
	

	10 Adequate description of in- and exclusion criteria for analysed sample, and reporting of number of people meeting inclusion and exclusion for analysis
	71%

	11 Adequate description of analysed sample (number of participants, age, gender, BMI) (positively scored if adequate information provided for all items)
	69%

	12 Analysed sample adequate (n>100 per weight perception group) in size? 
	84%

	13 Adjusts for BMI (continuous) in analysis d
	28%

	14 Adjusts or stratifies analyses by demographic characteristics potentially correlated with weight perception (gender, socioeconomic status indicator, ethnicity) (positively scored if controlled for each characteristic)
	38%


a Percentage of studies scored as meeting each quality criterion, excluding studies for which item was not applicable.
b Criterion met if article states that sampling method achieved nationally- or regionally-representative sample, or applies sampling weights to analyses of interest.
c Applicable to longitudinal studies only.
d All included studies either (a) controlled for BMI (continuous), or (b) controlled or stratified by objective weight status (categorical). This sensitivity analysis includes only (a). 
Statistical Analysis
We pooled odds ratios (ORs) reflecting the odds of an outcome in individuals who perceived themselves as overweight relative to those who did not (i.e., perceived normal or healthy weight, or perceived normal and perceived underweight combined) for depressive symptoms and suicidality separately. See Appendix B in supplemental materials for additional information on effect size coding and conversion of effect sizes for continuous outcomes to ORs. Meta-analyses were conducted using the ‘meta’ package in Stata (Sterne, Bradburn, & Egger, 2008), using the generic inverse variance method which allowed pooling of effect sizes adjusted for potential confounders (e.g., objective BMI, gender, age), rather than raw count data (e.g., % of each weight perception group with outcome). Heterogeneity was assessed by calculating I2 statistic (I2 = Cochran’s Q - df/Q, <25% = low, 50% = moderate, 75% = high) (J. P. T. Higgins, Thompson, Deeks, & Altman, 2003). As heterogeneity was moderate to high in a majority of the analyses, we conducted DerSimonian–Laird random effects meta-analyses. To examine signs of publication bias, we constructed funnel plots around fixed estimates, examined Egger’s test and used trim and fill methods for each outcome (Duval & Tweedie, 2000; Peters, Sutton, Jones, Abrams, & Rushton, 2007; Sterne & Harbord, 2004). 
To further examine potential sources of heterogeneity and to provide effect size estimates for readers interested in specific populations, a series of subgroup analyses were conducted to estimate the pooled effect size within groups separated by gender[footnoteRef:1], age group (children/adolescents, adults), objective weight status (normal weight, overweight/obesity), sample origin (North America, Europe, Asia, other), and study design (cross-sectional, longitudinal). We also pooled estimates of the association between perceived overweight and mental health in the following outcome categories: clinically-significant depression (diagnosis or ‘elevated depression symptoms’ according to clinical criteria); sub-clinical depressive symptoms (severity or frequency of depressive symptoms or depressed mood); suicidal ideation; and suicide attempts. In addition, we conducted three sets of sensitivity analyses to examine pooled effect sizes separately for observations meeting versus not meeting the following criteria: (a) high quality (quality score ≥70%) study; (b) analysis controls for BMI as a continuous variable; and (c) (for depression): outcome measured using a validated multi-item measure of depression (e.g., CES-D, BDI, instead of a single-item measure of depressed mood such as “in the past year, have you often felt depressed?” yes/no)[footnoteRef:2], (for suicidality): analysis controls for depressive symptoms. We also conducted meta-regression to test whether study-level characteristics distinguishing subgroups and sensitivity criteria (e.g., gender, study quality) predicted the strength of the association between perceived overweight and depression or suicidality.  [1:  Insufficient information was provided in published articles to determine whether participants were asked to report their assigned sex at birth or report their gender identity. We therefore use the term ‘gender’ in this review but note that this classification may be inaccurate for a very small proportion of participants across studies. ]  [2:  Single-item self-report screening measures of depressive symptoms have low diagnostic accuracy relative to validated multi-item instruments and were therefore considered a marker of lower measurement quality in the sensitivity analysis (Donker, van Straten, Marks, & Cuijpers, 2010; Rhew et al., 2010).] 

To examine whether the association between objective overweight and mental health is partially attributable to perceived overweight, we also conducted an exploratory analysis of the association between weight status and depressive symptoms and suicidality[footnoteRef:3]; first pooling effects where perceived weight was not statistically controlled for, and then pooling effects from otherwise identical models that controlled for perceived weight. Datasets and analysis scripts are available on Open Science Framework (https://osf.io/smbf7/). [3:  No studies reported an analysis of the association between BMI as a continuous variable and mental health, and then subsequently controlled for weight perception.] 

Results
Study selection
Electronic database searches identified 10,398 unique records, an additional 41 articles were suggested by authors, or were identified in the reference lists of eligible articles or in supplementary searches. Full text review of 381 articles was conducted, which yielded 32 studies that were eligible for inclusion in the present review (marked with asterisks in the reference list). From those studies, 110 eligible effect sizes were extracted or calculated (Figure 1).
Study and sample characteristics
Characteristics of the 32 included studies and the observations from each (k = 110) that were eligible for analysis are presented in Table S2a. All observations were from cross-sectional analyses except for 7 that were longitudinal estimates for depression (from 3 separate studies). Length of follow-up in longitudinal studies ranged from 1 to 12 years. Most studies were conducted in Asia (Korea, China, Hong Kong, or Japan: 15 studies) or the United States (15), and 2 were conducted in the Netherlands. Study sample sizes ranged from 106 to 109,373. The majority (58) of observations extracted were from males and females combined, and a large number were from participants of different objective weight status (50). The remainder of observations were from only males (22), females (30), participants with overweight or obesity (36), or with normal weight (or not overweight, 24). The majority of observations were from samples of participants aged 7-20 years (child/adolescent samples) (92).
Measurement Characteristics
Perceived weight was measured in all included studies by asking participants to describe their current weight on a rating scale. In the majority of studies (75%, Table S2b), participants responded by selecting one of the following options: ‘very underweight’, ‘slightly underweight’, ‘about right’ (or variants ‘acceptable’, ‘normal’, ‘average’), ‘slightly overweight’ (or ‘somewhat overweight’), ‘very overweight’ (or ‘obese’). The responses ‘slightly’ or ‘very overweight’ were categorised as ‘perceived overweight’ in most studies, and outcomes were compared between participants with ‘perceived overweight’ and a reference category of ‘perceived normal weight’ in a majority of studies (73%). The remainder of studies compared ‘perceived overweight’ with ‘perceived not overweight’. Objective weight status was categorised from BMI based on age and gender-specific percentiles for child and some adolescent samples, and region-specific criteria for samples outside USA (Table S2a). 
	The outcome measure was depression or depressive symptoms in 23 studies (contributing 58 observations), and were mostly assessed with a single self-report item or validated questionnaire (Table S2a). The outcome measure in 8 studies (contributing 22 observations) was a diagnosis of depression using a standardised clinical interview or ‘clinically significant’ levels of depressive symptoms (self-reported symptoms dichotomised according to clinical criteria). The outcome measure in the remaining observations (36) was severity or frequency of depressive symptoms assessed by self-report (with no reference to clinical diagnostic criteria). Suicidality was the outcome measure in 10 studies, and of the 52 eligible observations from these studies, 21 were of suicidal ideation, 24 were of suicide attempts, and 6 observations were of a combined measure encompassing both ideation and attempts. Suicidality was assessed in all studies by asking participants to report whether they had seriously considered, made plans to, or attempted to commit suicide either in the past year or ever (see Table S2a). 
Methodological Quality
The majority of studies eligible for review (53.1%) were judged to be of high methodological quality, and the average quality score was 68% (Table S3). The quality criteria that were most commonly met by eligible studies were the provision of an adequate description of recruitment (97%) and data collection methods (97%); and for longitudinal studies, a description of the follow-up duration and reporting of the number of participants at each follow-up measurement (each 100%, Table 1). Lack of evidence concerning appropriateness of sample size (e.g., power calculation) in studies with N<1,000 (no applicable studies met this criterion) and lack of demonstration that loss to follow up was not associated with key characteristics in longitudinal studies (50% of applicable studies met this criterion) were the most prevalent potential sources of bias. Thirty eight percent of studies did not adjust for demographic variables known to be associated with weight perception (e.g., socioeconomic status, Paeratakul, White, Williamson, Ryan, & Bray, 2002), and 28% did not adjust for BMI as a continuous variable in analyses. 
Association between perceived overweight and depressive symptoms.
Figure 2 presents a forest plot of the analysis of the association between perceived overweight and depressive symptoms. Overall, participants who perceived themselves as overweight had higher odds of depressive symptoms, OR: 1.42, 95% CI: 1.31, 1.54, p <.0001, although there was evidence of high heterogeneity, I2 = 85%, Q(32) = 212.56, p <.0001 (k = 33, n >128,585 with 1 observation for which n was not extracted). Visual inspection of the funnel plot (Figure 3) of effect size (OR) against standard error indicated minor asymmetry, however Egger’s test was not statistically significant, bias = 1.18, SE = 0.62, 95% CI = -0.08, 2.45, p = .066. The trim-and-fill method identified 10 hypothetical unpublished observations, and the effect estimate adjusted to include these data was smaller but consistent with the main effect estimate, OR: 1.30, 95% CI: 1.20, 1.41, p < .0001. 
Subgroup and sensitivity analyses.
Table 2 presents the results of meta-analyses of the association between perceived overweight and depressive symptoms within subgroups divided by sample and study characteristics, and sensitivity analyses examining effects within groups split by study quality, whether or not analyses controlled for continuous, and the use of validated depression measures. Between-study heterogeneity was high (I2 >75%) in all subgroup and sensitivity analyses, except for adult samples and longitudinal studies (low), and in the analysis of subclinical depressive symptoms (moderate). Consistent with results of the primary meta-analysis, perceived overweight (relative to perceived normal or non-overweight) was associated with significantly higher odds of depressive symptoms in all subgroup and sensitivity analyses, except for in samples of individuals with overweight or obesity, where the association was in the same direction but was not statistically significant. A series of meta-regressions indicated that none of the extracted participant or study characteristics moderated the strength of the relationship between perceived overweight and depressive symptoms (see Table S4, Supplemental Material for full meta-regression results).  
Weight status and depressive symptoms
Objective overweight status (relative to normal weight) was associated with greater odds of depressive symptoms, OR: 1.31, 95% CI: 1.06, 1.60, p =.011, although there was evidence of high heterogeneity, I2 = 91%, Q(12) = 139.06, p = .108 (k =13, n > 39,412 with 2 observations for which n was not extracted). After adding weight perception to the predictive model, overweight was no longer associated with depressive symptoms, OR: 1.02, 95% CI: 0.86, 1.22 p = .794, and again there was evidence of high heterogeneity, I2 = 80%, Q(12) = 60.02, p = .061. See Appendix E (Supplemental Material) for forest plots. 
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Table 2. 
Pooled estimates from subgroup and sensitivity analyses: association between perceived overweight and depressive symptoms
	
	OR
	95% CI
	I2
	Q
	k
	n

	Subgroup analyses
	
	
	
	
	
	

	Male
	1.38**
	1.19, 1.60
	86%
	70.86†
	11
	>43,5401

	Female
	1.51**
	1.32, 1.72
	85%
	94.86†
	15
	>80,8431

	Children/adolescents
	1.42**
	1.30, 1.55
	87%
	207.99†
	28
	>104,2381

	Adults
	1.40**
	1.27, 1.54
	0%
	2.65   
	5
	24,347

	Normal weight
	1.32**
	1.19, 1.47
	85%
	87.82†
	14
	>29,9033

	Overweight/obesity
	1.18
	0.94, 1.49
	76%
	33.46†
	9
	>2,8693

	North America
	1.48**
	1.31, 1.68
	73%
	62.08†
	18
	49,008

	Asia
	1.34**
	1.21, 1.49
	88%
	106.24†
	14
	79,577

	Europe
	1.69**
	1.53, 1.85
	n/a
	n/a
	1
	1

	Cross-sectional
	1.51**
	1.38, 1.66
	88%
	215.39†
	26
	>127,6041

	Longitudinal 
	1.35**
	1.16, 1.58
	25%
	4.00
	4
	11,689

	Compares perceived ‘normal weight’
	1.39**
	1.26, 1.53
	83%
	160.28†
	28
	117,833

	Compares perceived ‘not-overweight’ 
	1.55**
	1.34, 1.78
	84%
	24.69†
	5
	10,752

	Sub-clinical depressive symptoms
	1.39**
	1.29, 1.49
	71%
	58.83†
	18
	>58,0201

	Clinically-significant depression 
	1.56**
	1.34, 1.81
	86%
	117.58†
	17
	74,463

	Sensitivity analyses
	
	
	
	
	
	

	Low study quality
	1.70**
	1.42, 2.03
	79%
	52.17†
	12
	>38,0731

	High study quality
	1.35**
	1.24, 1.47
	83%
	131.03†
	23
	94,328

	Does not control continuous BMI
	1.47**
	1.28, 1.69
	91%
	163.46†
	16
	>69,5681

	Controls for continuous BMI
	1.34**
	1.20, 1.50
	88%
	103.44†
	13
	111,572

	Non-validated depression measure
	1.43**
	1.25, 1.34 
	88%
	119.65†
	16
	79,294

	Validated depression measure 
	1.42**
	1.30, 1.54
	73%
	58.88†
	17
	49,2911


k number of observations. *pooled effect p<.05, **pooled effect p <.0001. †significant Q (p <.1 with k-1 df). Numbered superscript in column n indicates number of observations for which n could not be extracted. 


Association between perceived overweight and suicidality
A forest plot of effect sizes from observations of the association between perceived overweight and suicidality is shown in Figure 4. Overall, participants who perceived themselves as overweight were at higher risk of suicidality, OR: 1.33, 95% CI: 1.21, 1.45, p <.0001 (k = 20, n = 133,576), although there was moderate between-study heterogeneity, I2 = 68%, Q(19) = 62.94, p <.0001. Visual inspection of the funnel plot (Figure 5) of OR against standard error indicated some asymmetry but Egger’s test was not significant, bias = 1.11, SE = 0.73, 95% CI = -0.43, 2.65, p = .148. For completeness, we used the trim-and-fill method to adjust the effect estimate for missing studies. This method identified 5 hypothetical unpublished observations, and the effect estimate recalculated with these hypothetical data included resulted in an effect that was consistent with the main estimate, OR: 1.25, 95% CI: 1.13, 1.37, p <.0001.
Subgroup and sensitivity analyses.
Table 3 presents the results of meta-analyses of the association between perceived overweight and suicidality within subgroups divided by participant and study characteristics, and sensitivity analyses examining effects within groups split by study quality, and whether or not analyses controlled for continuous BMI or depressive symptoms. There was substantial between-study heterogeneity in subgroups consisting of female participants, those with overweight/obesity, and in analyses that controlled for depressive symptoms (I2 >75%), but low to moderate heterogeneity in the remaining subgroups and sensitivity analyses. The results of all subgroup and sensitivity analyses were consistent with the main analysis (i.e., perceived overweight was associated with greater odds of suicidality), but effects were in the same direction but not statistically significant in male or female subgroups, observations that controlled for continuous BMI, or within high quality studies. Meta-regression analyses indicated that perceived overweight was more strongly associated with suicidality in North American than Asian samples, and in studies where the reference group was ‘perceived normal weight’ (rather than ‘non-perceived overweight’), although subgroup analyses based on these characteristics were all significant. No other extracted participant or study characteristics moderated the strength of the relationship between perceived overweight and suicidality (see Table S5, Supplemental Material for full meta-regression results). 
Weight status and suicidality 
Overweight was associated with greater odds of suicidality relative to normal weight, OR: 1.23, 95% CI: 1.11, 1.36, p <.0001, with moderate heterogeneity, I2 = 55%, Q(7) = 15.72, p = .03 (k = 8, n > 72,047 with 2 observations for which n was not extracted). Higher weight status was no longer associated with suicidality when estimates from predictive models controlling for perceived overweight were pooled, OR: 1.00, 95% CI: 0.94, 1.06 p = .976, with no heterogeneity, I2 = 0%, Q(7) = 6.23, p = .51. See Appendix E (Supplemental Material) for forest plots.

Table 3. 
Pooled estimates from subgroup and sensitivity analyses: association between perceived overweight and suicidality	
	
	OR
	95% CI
	I2
	Q
	k
	N

	Subgroup analyses
	

	Male
	1.13
	0.96, 1.31
	47%
	11.42†
	7
	>38,2061

	Female
	1.17
	0.95, 1.44
	86%
	56.35†
	9
	 >48,0481

	Children/adolescents
	1.40**
	1.26, 1.55
	67%
	33.24†
	12
	100,502

	Adults
	1.21*
	1.02, 1.44
	69%
	22.24†
	8
	33,074

	Normal weight
	1.33**
	1.14, 1.54
	44%
	5.38
	4
	30,104

	Overweight/obesity
	1.41*
	1.10, 1.81
	85%
	43.91†
	7
	20,958

	North America
	1.49**
	1.37, 1.62
	1%
	9.48
	10
	41,013

	Asia
	1.14*
	1.03, 1.27
	67%
	24.53†
	9
	89,375

	Europe
	2.32**
	1.50, 3.59
	n/a
	n/a 
	1
	3,188

	Perceived ‘normal weight’
	1.21**
	1.10, 1.34
	69%
	35.49†
	13
	106,194

	Perceived ‘not-overweight’ 
	1.56**
	1.41, 1.73
	10%
	6.70
	7
	27,382

	Suicidal ideation
	1.30**
	1.17, 1.45
	74%
	57.50†
	16
	114,670

	Suicide attempt
	1.27*
	1.10, 1.46
	23%
	15.54
	13
	30,017

	Sensitivity analyses
	
	
	
	
	
	

	Low study quality
	1.42**
	1.28, 1.58
	58%
	35.63†
	13
	95,487

	High study quality
	1.17
	0.99, 1.38
	69%
	19.58†
	7
	38,089

	Does not control continuous BMI 
	1.38**
	1.24, 1.53
	72%
	57.69†
	17
	104,984

	Controls for continuous BMI
	1.16
	0.99, 1.36
	41%
	3.36
	3
	28,592

	Does not control depression
	1.41**
	1.28, 1.56
	0%
	4.16
	7
	29,538

	Controls for depression
	1.28**
	1.14, 1.44
	78%
	54.07†
	13
	104,038


k number of observations. * p<.05, ** p <.0001. †significant Q (p <.1 with k-1 df). Numbered superscript in column n indicates number of observations for which n could not be extracted. No estimate for cross-sectional versus longitudinal, as all studies were classed as cross-sectional. 

Discussion
The present review revealed that self-identification as ‘overweight’ is associated with significantly higher odds of depressive symptoms and suicidality, in comparison to not identifying oneself as overweight. Notably, our analyses provide some indication that perceived overweight is a prospective risk factor for future declines in mental health (depression). In addition, we found that perceived overweight was associated with poorer mental health represented by clinically-significant levels of depression and attempted suicide, as well as subclinical levels of depressive symptoms and suicidal ideation. Analyses also revealed that the demonstrated association between objective overweight status and poor mental health may be partially attributable to whether or not a person identifies that they are categorised as overweight. 
Restricting analyses to include only longitudinal studies controlling for depressive symptoms at baseline established a prospective link between perceived overweight and future onset of depressive symptoms. One study found an association between perceived overweight at baseline and risk of suicide attempts at 1 year later in adolescent girls but not boys (Seo & Lee, 2013), however we did not include these estimates in a longitudinal subgroup analysis as baseline levels of suicidality were not controlled. The conclusion that perceived overweight was associated with suicidality was primarily based on cross-sectional evidence, which therefore precludes conclusions about the causal direction of this relationship. While our longitudinal analyses controlling for baseline levels of depression outcomes enabled evaluation of the temporal pathway between perceived overweight and later mental health, we did not extract evidence for the relationship in the opposite direction. It is possible that the negative cognitive biases that are a risk and maintaining factor of depression predispose an individual to subsequently perceive themselves as overweight and therefore confound cross-sectional associations between weight perception and depression (Everaert, Podina, & Koster, 2017). Further, the present review cannot rule out the existence of additional factors that may predispose individuals to both perceived overweight and poor mental health such as neuroticism (O'Connor & Nock, 2014; Sutin & Terracciano, 2016) or low self-esteem (Miller & Downey, 1999). To rule out this possibility requires controlled experimental studies exploring the effect of manipulating weight status perceptions on mental health. 
Despite the results of some individual studies suggesting an association between perceived overweight and depressive symptoms for females but not males (Yuan, 2007; Zhao et al., 2012) and studies showing stronger associations between overweight and poor self-esteem for women than men (Miller & Downey, 1999), gender did not moderate the association between perceived overweight and poor mental health indicated by either depressive symptoms or suicidality. Although societal standards tend to value physical attractiveness to a greater extent in women than in men (Fredrickson & Roberts, 1997; McKinley, 1998), a recent report indicates that weight stigma experienced by men is comparable to estimates from mixed-gender samples (Himmelstein, Puhl, & Quinn, 2018). The consistent effects observed across genders in the present review could therefore be due to both men and women being conscious of the societal devaluation of individuals with overweight and obesity.  
We pooled results across a range of geographic regions which will have differed in prevalence of overweight and obesity, depression, and suicidality (World Health Organization, 2016, 2017), which may have contributed to the heterogeneity in overall effect estimates. However, we found that the associations between perceived overweight and mental health were observed across countries: while the relationship for suicidality was stronger in studies conducted in North America than in Asia, perceived overweight was significantly associated with poorer mental health across all subgroups. Although the studies included in the review originated from a limited range of countries, the consistent pattern of results could reflect the ubiquity of weight stigma and the thin body weight ideal (Brewis, SturtzSreetharan, & Wutich, 2018; Crystal, Watanabe, & Chen, 2000; Klaczynski, 2008; Puhl et al., 2015; Swami et al., 2010). We identified a comparable number of studies from countries where the primary language is English (e.g., USA) versus another language (e.g., the Netherlands, China, Korea), however the exclusion of studies not published in English introduces a potential source of bias. Historically, lower levels of weight stigma have been documented in countries in the developing world than high income countries, but weight stigma is now becoming a global challenge which some have attributed to growing rates of obesity (Brewis et al., 2018; Hackman, Maupin, & Brewis, 2016). Exploring the psychological correlates of body weight perceptions in more diverse cross-cultural samples, including in middle-income and developing nations in which weight stigma is becoming more widespread is an important direction for future research (Brewis et al., 2011). Alternatively, examining the consequences of perceived overweight in societies that do not widely stigmatise overweight and obesity would be informative about the role of weight stigma in these relationships. While it was common for included studies to control for race or ethnicity in analyses, it was not possible to conduct subgroup analyses in the present review as too few studies provided estimates stratified by race or ethnicity. There is some evidence to suggest that perceived overweight is associated with poorer mental health in white adolescents but not those of other ethnicities (Eaton et al., 2005; Thurston et al., 2017), highlighting a need for further research on the effects of perceived weight by race and ethnicity. 
Despite changes in weight, body dissatisfaction, weight control practices, and psychological health between adolescence and midlife (Jones & Meredith, 2000; Keel, Baxter, Heatherton, & Joiner Jr, 2007), age group did not moderate the link between perceived overweight and either depressive symptoms or suicidality in the present review. These consistent findings could be attributable to the grouping of ‘child and adolescent’ samples for comparison with ‘adult’ samples. This analysis strategy was constrained by the effects reported in published articles, but further analysis of large longitudinal samples could examine developmental trajectories of the association between weight perception and mental health in order to determine at what age perceived overweight has the strongest impact on mental health. 
The primary analyses pooled results across samples with varying participant and measurement characteristics (e.g., geographic regions, age groups, outcome variables), however subgroup analyses shed little light on sources of the between-subject heterogeneity that was observed in the primary analyses and most of the subgroup analyses themselves were characterised by moderate to high heterogeneity. In one instance when depression studies were stratified into subgroups and examined in isolation (relation between perceived overweight and depression in studies with participants categorised as overweight only) the association between perceived overweight and depression remained in the expected direction (18% increased risk) but was not statistically significant. Likewise, this was observed for a minority of the stratified suicidality estimates (e.g. male and females separately, high quality studies only). However, we did not find any statistical evidence in formal tests of sub-group moderation (meta-regression) that these study characteristics (e.g. objective weight status, gender, study quality) moderated the effect of perceived overweight on depression or suicidality. Thus, these few instances of statistically non-significant effects of perceived overweight when smaller numbers of studies were examined in isolation may in part reflect a lack of statistical power. Further research targeting these specific sub-groups of studies would now be valuable. 
We extracted and combined adjusted effect sizes where available, rather than extracting raw frequency data which was often not reported in eligible studies. Differences in statistical adjustment for covariates between studies therefore presents a probable source of heterogeneity. Alternatively, the unexplained heterogeneity could be attributable to other aspects of the study samples or design that were either unreported in included studies or not uncovered in data extraction. Future work on the potential moderators and sources of heterogeneity in the relationship between perceived overweight and mental health would therefore be valuable. One possibility is that the intersection of multiple inequalities (e.g., multiplicative effects of ethnicity, gender, class) may more strongly moderate the relationship between perceived overweight and mental health than any one factor in isolation (Ciciurkaite & Perry, 2018; Himmelstein, Puhl, & Quinn, 2017). The robustness of the estimates derived from our primary analyses are supported by the results of meta-regression and trim-and-fill analyses. Specifically, none of the factors indicating more stringent study methodology (i.e., high study quality score, statistical control for continuous BMI or depressive symptoms [in suicidality analysis], or use of a validated multi-item outcome measure for depression) formally moderated the association between perceived overweight and mental health in meta-regression analyses. While the association between perceived overweight and suicidality was not statistically significant in high quality studies and those that controlled for continuous BMI, it was in a direction consistent with the results of the primary analyses (ORs = 1.16 – 1.17). While there was some evidence of publication bias in the literature, adjusting for hypothetical missing studies yielded patterns of results consistent with the primary analyses.
Objective weight status did not formally moderate the strength of the relationship between perceived overweight and mental health problems in meta-regression analyses. The relationship between perceived overweight and depressive symptoms was statistically significant in analyses limited to individuals with normal weight and directional (OR = 1.18) but not significant in analyses limited to individuals with overweight. However, we found that objective overweight status was associated with increased risk of experiencing depressive symptoms and suicidality (consistent with Heneghan et al., 2012; Pereira-Miranda et al., 2017; Quek et al., 2017; but see Atlantis & Baker, 2008; Klinitzke et al., 2013; Perera et al., 2016; Zhang et al., 2013) , but this relationship was no longer significant after controlling for perceived overweight. These results suggest that realising you are categorised as overweight rather than one’s objective weight status is responsible for the adverse mental health outcomes that have been shown to be associated with overweight, and are consistent with the view that weight stigma is at the core of this psychological experience. Contemporary conceptualisations of stigma emphasise that stigma encompasses not only objective situational experiences (e.g., actual discrimination or reactions from others such as social rejection, exclusion, or overt indicators of negative evaluation), but also encompasses an individual’s personal experience and awareness of the societal devaluation of their identity (Link & Phelan, 2001; Major & O'Brien, 2005). Individuals who merely perceive themselves as overweight may therefore fear negative evaluation and rejection from others, regardless of whether they are objectively categorised as overweight or whether they have previously experienced personally-directed denigration or discrimination based on their weight. This proposition is supported by recent evidence indicating that the tendency for perceived overweight to be associated with unhealthy eating behaviour is explained in part by concerns about being stigmatised based on weight among those who self-identify as overweight (Romano, Haynes, & Robinson, 2018). This fear of social devaluation resulting from perceiving oneself as being part of a stigmatised group may threaten core psychological needs of belongingness and acceptance, and in turn damage mental health (Baumeister & Leary, 1995; Williams, 2007; Wirth & Williams, 2009). 
It is also plausible that the poorer mental health outcomes that were found to be associated with perceived and actual overweight are attributable to higher levels of disordered eating and weight control behaviours. Perceived overweight may promote unhealthy weight control behaviours, such as excessive dietary restriction, laxative use, and vomiting (D. S. Kim et al., 2009; Lee, Seo, Shim, & Lee, 2015). These practices can lead to weight gain and have been shown to predict the development of depressive symptoms (Neumark-Sztainer et al., 2006; Presnell, Stice, Seidel, & Madeley, 2009; Stice & Bearman, 2001). Likewise, long-term weight loss is difficult to achieve (Hall, 2010; MacLean et al., 2015) and a cycle of dieting and weight regain may damage mental health. While the majority of included studies did not control for these variables, two studies demonstrated that both higher perceived and actual weight were associated with engaging in unhealthy weight control behaviours (such as restrictive dieting, laxative use, and vomiting), which were subsequently associated with poorer mental health indicated by depressed mood and suicidal ideation (D. S. Kim et al., 2009; D. S. Kim et al., 2008). However across these and other studies, the relationship between perceived overweight and poorer mental health remained significant when controlling for unhealthy weight control behaviours (Eaton et al., 2005; D. S. Kim et al., 2009; D. S. Kim et al., 2008; for adolescent girls only in Lim & Kim, 2017) and when controlling for self-reported attempts to lose weight in adolescent girls (Yuan, 2007, 2012). It is also possible that the association between perceived overweight and poor mental health is attributable to different mechanisms in individuals of different weight status. For example, a previous systematic review concluded that there was strong evidence for an association between perceived overweight and unhealthy weight control behaviours in individuals with objectively ‘normal’ weight, whereas the evidence for this association in participants with overweight or obesity was less consistent (Haynes et al., 2018). The association between perceived overweight and mental health may therefore be driven by factors associated with the development of unhealthy weight control such as a high perceived importance of body weight/shape or body dissatisfaction among individuals who are not categorised as overweight (Linde, Wall, Haines, & Neumark-Sztainer, 2009). Further research is needed to elucidate the mechanisms responsible for the association between perceived overweight and mental health in general, and across different objective weight status categories. An understanding of the mechanisms of these relationships may inform better targeted interventions to buffer against poor mental health. 
The results of the present review also have implications for theoretical understandings of how the psychological experience of overweight might contribute to further weight gain. The cyclic obesity/ weight-based stigma (COBWEBS) model proposes that individuals with overweight or obesity can be susceptible to experiencing social identity threat as a result of concerns over being stigmatised, which can in turn lead to psychological distress, and further weight gain (Tomiyama, 2014). Our results support the proposition that an individual need not be objectively overweight to enter this cycle: poorer mental health is associated with perceived overweight regardless of objective weight status. 
The results of the present work have implications for obesity policies, adding to mounting evidence that suggests that being aware of one’s overweight status may be more harmful than helpful (Haynes et al., 2018; Robinson, Haynes, Sutin, & Daly, 2017; Thurston et al., 2017). Although adults who are categorised as overweight are more likely to incorrectly perceive their weight as ‘about right’ than those who are categorised as having obesity, a large number of adults with obesity underestimate their weight status (Johnson, Beeken, Croker, & Wardle, 2014; Johnson et al., 2008). Large-scale programs which involve screening and providing weight status feedback with the aim of promoting weight loss in individuals with overweight or obesity have been implemented in schools and primary-care in several countries including the UK, USA, and Korea (H. Kim et al., 2017; Moyer, 2012; NHS; NICE, 2014). However, the results of a recent systematic review cast doubt on the assumption underlying this approach: while perceived overweight was associated with trying to lose weight, it was also associated with greater weight gain over time (Haynes et al., 2018). The present findings add to this evidence by suggesting that being aware of one’s overweight status may also be detrimental to mental health, and that furthermore, perceived weight may even account for the association between objective overweight and poor mental health. However, the body of evidence reviewed here was purely observational, highlighting a clear need for thorough evaluation of the impact of programs notifying individuals of their weight status. It is essential that this evaluation consider both the intended effects of such screening programs in terms of promoting healthy behaviour change and weight loss, as well as potential unintended ramifications for mental health. 
This work presents the first quantitative synthesis of the evidence for the associations between perceived overweight and depressive symptoms and suicidality. A strength of our review methodology is that we only included effects that were adjusted for or stratified by objective weight status or BMI, which could confound the relationship between perceived overweight and mental health. Few eligible studies controlled for other potential eating and weight-related confounds such as repeated attempts at weight loss, or disordered eating or weight control behaviours. These variables should be taken into account in future research as they may partially explain the relationship between perceived or actual weight status and mental health. Most included studies were of moderate to high quality, and a broadly consistent pattern of results was observed when analyses were restricted to subsets of studies with the most stringent methodology and measurement of clinically-significant outcomes. However, some caution is needed in interpreting the effect sizes from our meta-analyses, as there was a substantial degree of heterogeneity which warrants further exploration of additional moderators. Further, the majority of effects extracted for the present review were from child or adolescent samples (84%). Although age group did not moderate effects, given that UK clinical practice guidelines promote monitoring and notifying adult primary care patients of their weight the importance of future research on the effects of self-perceived weight status amongst adults should not be neglected (NICE, 2014). 
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