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Abstract 
Psychological factors may explain why some people develop obesity and others remain a normal weight during their life course. We use an umbrella review approach to build an evidence-based map of the psychological correlates of heavier body weight. Synthesising findings from 42 meta-analyses that have examined associations between psychological factors and heavier body weight, we assessed level of evidence for a range of cognitive, psychosocial and mental health individual difference factors. There is convincing evidence that impaired mental health is associated with heavier body weight and highly suggestive evidence that numerous cognitive factors are associated with heavier body weight. However, the relatively low methodological quality of meta-analyses resulted in lower evidential certainty for most psychosocial factors. Psychological correlates of heavier body weight tended to be small in statistical size and on average, people with obesity were likely to be more psychologically similar than different to people with normal weight. We consider implications for understanding the development of heavier body weight and identifying effective public health interventions to reduce obesity. 
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1. Introduction
Over the last thirty years there has been a dramatic worldwide increase in the number of people with overweight and obesity (Abarca-Gómez et al., 2017). The modern day ‘obesity epidemic’ is likely to be responsible for millions of deaths every year and in part explains why life expectancy gains are slowing down in developed countries (Preston, Vierboom, & Stokes, 2018). It is widely accepted that the emergence of the obesity epidemic was driven by economic factors creating an environment that promotes passive overconsumption of energy and physical inactivity (Swinburn et al., 2011). However, there is marked inter-individual variability in body weight and even in countries with the highest prevalence of obesity, many people will not develop overweight or obesity during their lifetime (Hales, Fryar, Carroll, Freedman, & Ogden, 2018). Although a range of diverse risk factors, including genetics (Goodarzi, 2018), social circumstances (Newton, Braithwaite, & Akinyemiju, 2017) and early life experiences (Hemmingsson, Johansson, & Reynisdottir, 2014), have been identified as increasing the likelihood of developing obesity, all obesity promoting factors will in part act on body weight through behaviour. Weight gain is caused by a relative imbalance between the amounts of energy a person is consuming and using, thus lifestyle behaviours relating to diet and physical activity levels play an important role in explaining body weight (Jakicic & Otto, 2005; Malik, Pan, Willett, & Hu, 2013; Romieu et al., 2017).
There is a plethora of literature examining whether individual differences in psychological factors can explain why some people engage in health promoting lifestyle behaviours, whilst others do not. Numerous studies indicate that healthiness of diet and engagement in regular physical activity can be predicted by personality (De Bruijn, Kremers, Van Mechelen, & Brug, 2005; Farstad, McGeown, & von Ranson, 2016; Sutin et al., 2016). Likewise, individual differences in cognitive processes, such as inhibitory control, may predispose some people to overeat palatable food in the absence of hunger whilst others are able to resist (Jasinska et al., 2012). Mental health, and in particular depression, has been shown to predict whether or not people behave in ways that are protective or damaging to long-term health (Luger, Suls, & Vander Weg, 2014; Schuch et al., 2017; Verger, Lions, & Ventelou, 2009). Individual difference-based psychological factors may therefore be central to understanding why some people develop obesity whilst others remain a healthy body weight throughout their life. Here we focus on psychological-based individual difference factors and build an evidence-based map of the psychological profile of obesity. 
Friedman and Brownell (1995) reviewed the psychological correlates of obesity twenty-five years ago. The authors concluded “studies comparing obese and non-obese persons have generally failed to find differences in global aspects of psychological functioning” (page 3) and that a new generation of research would be required to identify the psychological correlates of obesity (Friedman & Brownell, 1995). Researchers responded to this call and there have now been a large number of studies examining potential psychological differences between people with normal weight vs. obesity. Individual studies have produced evidence that heavier body weight is associated with psychological factors like personality (Sutin, Ferrucci, Zonderman, & Terracciano, 2011), attachment security (Wilkinson, Rowe, Bishop, & Brunstrom, 2010) and self-esteem (Miller & Downey, 1999), cognitive deficits in working memory (Coppin, Nolan-Poupart, Jones-Gotman, & Small, 2014) and attention (Kemps, Tiggemann, & Hollitt, 2014), and mental health (Scott et al., 2008). Because many of these factors are plausible contributors to weight gain, this has resulted in psychosocial, cognitive and mental-health based theoretical perspectives on the development of obesity. For example, mental health problems like depression are suggested to be both a cause and consequence of obesity (Konttinen et al., 2014) in part because negative emotion can lead to overeating (van Strien, Konttinen, Homberg, Engels, & Winkens, 2016), and because the stigma of obesity is likely to be damaging to mental health (Robinson, Sutin, & Daly, 2017). Personality theory (Gerlach, Herpertz, & Loeber, 2015) has been used to explain both individual differences in body weight, as well as the geographical distribution of obesity. In one study, a region’s prevalence of obesity was predicted by how common personality traits associated with the experience of negative emotions and poor emotional coping (neuroticism) were amongst people living in that region (McCann, 2011). In the cognitive domain, delay discounting or the preference for small immediate rewards (e.g. unhealthy food) over greater rewards following a delay (e.g. weight management) has been examined in relation to body weight. As people with obesity appeared to show more pronounced delay discounting than people of normal weight (Weller, Cook, Avsar, & Cox, 2008), this has led to theoretical suggestions that individual differences in cognitive processes like delay discounting may play a causal role in the development of overeating and weight gain (Epstein, Salvy, Carr, Dearing, & Bickel, 2010; Volkow & Baler, 2015).
However, as Friedman and Brownell observed in 1995, results of individual studies examining psychological individual difference factors associated with heavier body weight can be contradictory. For example, although initial evidence suggested that obesity is associated with higher rates of delay discounting, Tang and colleagues (2019) showed that half of published studies on delay discounting find no evidence of a relationship between delay discounting and heavier body weight, which questions the relative importance delay discounting has in explaining obesity (Tang, Chrzanowski-Smith, Hutchinson, Kee, & Hunter, 2019). Likewise, although obesity is consistently associated with higher levels of the personality trait of conscientiousness (Kim, 2016; Sutin et al., 2011), the relationship between obesity and other facets of personality like neuroticism has been mixed and less consistent across studies (Jokela et al., 2013; Kim, 2016; Wimmelmann et al., 2018). Inconsistent results can occur because of a range of factors, including differences in study procedures and measurements, sample characteristics and size, and as more research is conducted, the increased likelihood of false positive/negative findings and publication bias (Patil, Peng, & Leek, 2016; Simmons, Nelson, & Simonsohn, 2011). Because of this, it is now widely accepted that although individual studies play an important role in forming evidence bases, alone they cannot provide compelling evidence for an association between two variables (Maxwell, Lau, & Howard, 2015; Siddaway, Wood, & Hedges, 2019). Therefore, systematic reviews and meta-analyses are regarded to provide some of the highest levels of evidence (Berlin & Golub, 2014; Elamin & Montori, 2012; Evans, 2003). Unlike non-systematic literature reviews or narrative systematic reviews, systematic review and meta-analysis can provide a statistical quantification of the size of relationship between two variables whilst accounting for many of the problems associated with individual studies (e.g. adjusting for publication bias, accounting for lower vs. higher methodological quality studies).
Given the proliferation of studies examining the psychological individual difference factors associated with heavier body weight, a wave of systematic reviews and meta-analyses attempting to integrate these sometimes conflicting and inconsistent results have been published. For example, in 2008 Atlantis and Baker systematically reviewed and meta-analysed studies that tested whether depression is associated with obesity (Atlantis & Baker, 2008), and as more evidence accumulated there have been a number of other meta-analyses further quantifying this association (Luppino et al., 2010; Mannan, Mamun, Doi, & Clavarino, 2016b; Sutaria, Devakumar, Yasuda, Das, & Saxena, 2019). Quantifying the size of association between a psychological factor and obesity can also inform intervention. In the cognitive domain, it may be possible to ‘retrain’ or improve aspects of executive function, such as inhibitory control (Jones et al., 2016). However, if a cognitive individual difference factor like inhibitory control demonstrates little or no association with body weight, then training this cognitive function in people with obesity would be expected to have a little effect on body weight. Therefore, as well as informing theoretical understanding of the correlates of heavier body weight, quantifying the true size of association between a psychological factor and obesity can inform the treatment of obesity.
Although systematic review and meta-analysis is considered as one of the highest forms of evidence, there is a growing awareness that they can also produce conflicting results and be prone to bias (Ioannidis, 2016). To reduce this there is a range of best practice methodological recommendations to ensure that systematic reviews and meta-analyses are rigorous and provide unbiased and representative results of existing evidence (Moher, Liberati, Tetzlaff, Altman, & Group, 2010). However, adherence to methodological best practice can be highly variable in systematic reviews and meta-analyses (Hohn, Slaney, & Tafreshi, 2019; Willis & Quigley, 2011) and this impacts on the evidential value they can provide. The level of evidence a systematic review and meta-analysis can provide is also driven by the number and quality of the studies it includes (Ioannidis & Lau, 1998). These considerations are becoming particularly important as the number of systematic reviews and meta-analyses on the same research topic increases (Ioannidis, 2016). Disciplines that are reliant on evidence generated from systematic reviews and meta-analyses (e.g. treatment provided in medical settings) have adopted methodology to accommodate the existence of multiple systematic reviews answering the same research question. 
Umbrella reviews adopt a systematic approach to evaluating and integrating systematic reviews and meta-analyses answering very similar research questions (Edoardo Aromataris et al., 2015; Fusar-Poli & Radua, 2018). Umbrella reviews achieve this by considering the amount of evidence and its methodological quality (Bellou et al., 2017; Poole et al., 2017). By doing so, umbrella reviews allow for existing research to be summarised, evidential value to be formally graded (e.g. ‘convincing’ vs. ‘weak’ evidence) and provide a basis for recommendations to be made on real-world application and future research priorities (Fusar-Poli & Radua, 2018). As an illustrative example, Bellou and colleagues (2017) conducted an umbrella review of meta-analyses that had examined potential environmental risk factors for dementia. Although the systematic reviews and meta-analyses identified a range of environmental risk factors appearing to contribute to dementia, Bellou and colleagues concluded that there was only convincing evidence that late-life depression and type 2 diabetes were risk factors for dementia. Conversely, for a range of factors, including alcohol drinking and personality there was unconvincing evidence (Bellou et al., 2017).
In the present research, we review and synthesise psychological individual difference factors related to heavier body weight with the aim of examining the level of evidence supporting each psychological factor and the strength of association with heavier body weight. For descriptive purposes we group psychological factors into three broad categories of mental health (measured of psychological well-being, e.g. anxiety), cognitive (measures of basic mental processes, e.g. memory), and psychosocial (measures of beliefs about the self and others, e.g. personality) individual difference variables. By doing so we are able to examine whether there are types of psychological factor more strongly associated with heavier body weight, which psychological factors may be the most promising targets for intervention, and where research is required to build a more convincing picture of the psychological contributors to heavier body weight. Adopting an umbrella review approach, we build a comprehensive evidence-based map for the psychological correlates of heavier body weight.
2. Method
We aimed to identify and synthesise systematic reviews that included a quantitative research synthesis (i.e. meta-analysis) of the relationship between one or more psychological factor and heavier body weight. The methodology and analysis strategy were preregistered on PROSPERO (CRD42019141449) and data is openly available at https://osf.io/ry6b8/ 
2.1 Eligibility Criteria
Types of Review. To be eligible for inclusion an article was required to use systematic review methodology (i.e. use of systematic search and inclusion strategy to identify all available studies) and include a quantitative data synthesis (i.e. meta-analysis) of multiple studies that examined the association between a psychological individual difference factor and heavier body weight. We did not set eligibility criteria on the number or type (e.g. medical vs. psychology) of databases that reviews were required to have searched. Reviews with narrative synthesis only were ineligible. Articles that included a meta-analysis of studies, but did not use systematic review methodology (e.g. a meta-analysis of a limited collection of studies conducted by the authors of the article) were ineligible. Psychological Factors. We defined a ‘psychological factor’ as any variable that describes a psychological process, tendency or ability that can vary across individuals. For example, systematic reviews of cognitive factors (e.g. working memory), psychosocial factors (e.g. personality) and mental health (e.g. depression) were all eligible. Variables that exclusively related to extrinsic events (e.g. childhood mistreatment), lifestyle behaviours (e.g. frequency of exercise) or external circumstances (e.g. frequency of stressful life events) were therefore not eligible. Although these variables will invariably have psychological consequences, they are not typically considered to be trait-like individual difference measures and their inclusion was beyond the scope of the present work. During scoping we found a small number of meta-analyses examining the association between heavier body weight and brain area activation (n=3) or structure (n=2). Due to the small number and lack of effect size measures characterising size of association with body weight we did not include brain-imaging articles.
Heavier Body Weight. To be eligible for inclusion, reviews were required to have included studies that measured body weight or another indicator of adiposity. Reviews including studies that measured BMI, BMI-Z scores (for children) or abdominal obesity (waist circumference) were eligible.  
Study Designs. To be eligible for inclusion, reviews were required to consist of studies that examined the statistical association between a psychological variable and heavier body weight. Reviews consisting of correlational studies (psychological variable correlated with a continuous measure of body weight) and/or group comparison studies (participants with obesity compared to participants with normal weight on a psychological variable, or comparison in body weight of participants scoring ‘higher’ vs. lower on a psychological variable) were eligible. Reviews that included cross-sectional studies (concurrent measurement of psychological variable and body weight) and/or the prospective effect of a psychological variable on body weight were eligible. As our focus was on psychological factors that may play a role in the development of heavier body weight, reviews of studies on the prospective effect of heavier body weight on psychological variables were ineligible.
Populations. Reviews of studies including adults and/or children were eligible for inclusion. There were no exclusion criteria based on geographic location of included studies. However, reviews of studies limited to a specific medical population (e.g. bariatric patients, eating disorder patients, diabetic patients, pregnant women) were ineligible.
Publication Characteristics. To be eligible reviews were required to be published from 2009 onwards as reviews on psychological variables and heavier body weight were rare prior to this. Furthermore, outdated syntheses (i.e. more than 10 years old) would not reflect the state of current research, and/or had been superseded by more recent reviews. We did not exclude reviews based on language or publication status (e.g. published vs. unpublished).
2.2 Information Sources and Article Selection
We searched Medline, PsycINFO and PubMed on the 28th May 2019 and results were limited to articles published from 01st January 2009 onwards. We limited the search range to this period for practical reasons and because as discussed above, during scoping we noted that systematic reviews and meta-analyses on psychological variables and heavier body weight were rare prior to this and outdated syntheses (i.e. more than 10 years old) would not reflect the state of current research, and were likely to have been superseded by more recent reviews. 

For full search terms used, see online supplementary materials.  Two authors independently screened the title and abstract results, and assessed articles for eligibility. Disagreements were resolved by discussion and/or a third author. To further identify relevant published literature one author cross-checked the reference list of all eligible articles, and we searched the contents pages of obesity and psychology journals that routinely publish systematic reviews and meta-analyses. Any articles identified as potentially eligible were then assessed by a second author.  To identify unpublished research, one author searched the international systematic review protocol registry (PROSPERO) and the Open Science Framework preprint archive (this includes 30 pre-print services, e.g., PsychArxiv). In addition to our pre-registered search strategy, one author also searched two further grey literature databases (OpenGrey and WorldCat). If an unpublished article was identified, we planned to contact the authors for the most recent manuscript and eligibility was assessed by two authors.  
2.3 Data Collection
Data Extraction. Two authors independently extracted from each eligible article: bibliographic information, psychological factor(s) examined, measurements of body weight used in studies, total number of independent studies included in meta-analysis, total number of effect sizes included in meta-analysis (studies may contribute multiple effect sizes), total number of participants included in meta-analysis, any summary data on participant age, gender, body weight or geographic location of studies, type of studies included (cross-sectional vs. prospective), designs of studies included (correlational vs. group comparison), effect size estimate for relationship between psychological factor and heavier body weight, measure of effect size precision (e.g. 95% CIs, standard error), statistical significance (p value), and heterogeneity (e.g. I2). There were no major discrepancies between authors. We contacted study authors for any information was missing that prevented our planned quantitative analyses and stratification of evidence (see later section). 
Meta-Analysis Selection. If an eligible article did not report one meta-analysis with an overall pooled effect and instead reported a series of smaller individual meta-analyses (e.g. comparison of participants with normal weight vs. overweight, comparison of participants with normal weight vs. obesity) we extracted the meta-analysis that was the most methodologically appropriate. We defined this as the meta-analysis which allowed for the clearest test of obesity-based differences (i.e. sub-group comparison of obesity vs. normal weight more appropriate than overweight vs. normal weight) and/or included the largest number of studies. If a meta-analysis reported the overall effect of multiple conceptually related psychological ‘sub’ factors (e.g. ‘executive function’ split into inhibitory control, cognitive flexibility, etc.), we based extraction on evidence of any moderation results. If there was no statistical evidence of sub-group moderation by psychological sub-factor then we extracted the overall effect. If there was evidence of moderation, however, we extracted individual effect sizes for the sub-factors and treated them as independent psychological factors.
Effect Size Selection. If a meta-analysis adjusted for publication bias and reported a new effect size estimate, e.g. Trim and Fill (Duval & Tweedie, 2000) we favoured extraction of this effect size estimate. If an article reported analyses suggesting there was an outlier or ‘influential case’ (e.g. identified through leave out 1 analyses) and reported the pooled effect size with this outlier/influential case removed, we favoured this effect size estimate.
Methodological Quality and Risk of Bias Assessment.  To assess the methodological quality and risk of bias in each meta-analysis we developed a 17-item checklist based on best practice recommendations for systematic reviews and meta-analyses (Aromataris et al., 2015; Shea et al., 2007; Whiting et al., 2016). The checklist covered five main domains and each domain contained multiple items: study eligibility criteria (e.g. were the criteria unambiguous and appropriate for the research question?), identification and inclusion of studies (e.g. were multiple databases searched and attempts made to include grey literature?), data collection procedures and reporting (e.g. were multiple independent authors responsible for judging study eligibility?), appropriateness of quantitative data synthesis (e.g. were analyses appropriately weighted, was publication bias considered?), and author bias (e.g. were conflicts of interest reported?). See online supplementary for the full Methodological Quality and Risk of Bias Assessment tool and examples. Informed by rating categories from the most commonly used tool to assess methodological quality of systematic reviews; AMSTAR (Pollock, Fernandes, & Hartling, 2017), two authors independently used the checklist to provide an overall methodological quality rating for each included meta-analysis as being ‘high’, ‘reasonable’ or ‘low’ in quality. ‘High quality’ was characterised as there being no major concerns identified, with a small number of minor concerns (e.g. lack of pre-registration) permissible that would be unlikely to produce a grossly inaccurate representation of literature or results. ‘Reasonable quality’ was characterised as no major concerns identified, but multiple minor concerns identified that could cumulatively produce an inaccurate representation of literature or results. ‘Low quality’ was characterised as there being one or more major concern identified (e.g. exclusion of unpublished studies and lack of publication bias assessment) and/or, multiple minor concerns that could cumulatively produce an inaccurate representation of literature or results. Any disagreement was resolved through discussion with a third author. Initial agreement was 71% (vs. chance expectation of 33%). See online supplementary materials for detailed information on disagreements.
Moderation by Study Characteristics. We identified any participant or study characteristics that were frequently examined as moderators of psychological factor and heavier body weight associations (i.e. examined in at least half of included meta-analyses) and extracted the results of moderation analyses. See online supplementary materials for detailed information.
Heterogeneity. We coded each meta-analysis as having substantial heterogeneity (or not) if I2 squared ≥ 50% based on Cochrane recommendations (Higgins & Green, 2008) and/or reported a statistically significant Q test. Level of heterogeneity was coded as unclear if no relevant information was reported.
2.4. Grading of Evidence. Informed by evidence stratification criteria used in umbrella reviews (Fusar-Poli & Radua, 2018), we classified level of evidence based on the number of independent studies and participants contributing to the meta-analysis, level of statistical significance of the pooled effect size estimate and the methodological quality/risk of bias assessment for the meta-analysis. We graded evidence into one of four categories from ‘convincing’ (i.e. evidence of significant relationship unlikely to be contradicted by further research) to ‘weak’ (i.e. very plausible that evidence of significant relationship be contradicted by further research). See online supplementary material for a detailed explanation of criteria used in evidence category. Convincing evidence: Number of independent studies ≥10, number of participants ≥1000, p < 0.005, ‘high quality’ score on methodological quality measure. Highly suggestive evidence: Number of independent studies ≥10, number of participants ≥1000, p < 0.005 and ‘reasonable’ score on methodological quality measure. Suggestive evidence: Number of independent studies ≥10, number of participants ≥1000, p < 0.01 and ‘low’ score (or higher) on methodological quality measure. Weak evidence: Any number of independent studies and participants, p < 0.05 and ‘low’ score (or higher) on methodological quality and risk of bias measure. The same categories were used to grade level of evidence for any meta-analyses that provided evidence of no association (p ≥ 0.05).
2.5. Quantitative Synthesis. To allow for comparison across meta-analyses we converted extracted effect sizes (d) using effect size conversion formulas outlined in (Fusar-Poli & Radua, 2018). If required, we calculated standard error from reported confidence intervals (Upper 95% CI – Lower 95% CI) / 3.92). Cohen’s d values of .2, .5 and .8 are typically interpreted as small, medium and large effects. If a meta-analysis did not adequately test and/or account for potential publication bias, where possible we assessed and adjusted for publication bias using a Trim and Fill procedure (Duval & Tweedie, 2000). See online supplementary materials. We grouped psychological factors thematically (cognitive, psychosocial, mental health). We conducted a weighted random effects pooled meta-analysis of effect sizes, using Review Manager (Cochrane Collaboration) and conducted sub-group analysis based on psychological factor grouping. If there were multiple meta-analyses examining the same psychological factor in the same participant age population (e.g., depression in children) to avoid study/ evidence duplication (i.e. the same meta-analyses including the same studies and therefore invalidating independence of effects) we used the most methodologically appropriate meta-analysis (overall rating on methodological assessment tool, and if necessary, number of studies included). This approach was taken as it also minimised pooled effect size estimates being biased by lower quality meta-analyses when a similar higher quality meta-analysis on was available. Post-hoc analyses. To provide descriptive information about the strength of associations observed between psychological factors and body weight (e.g. for a psychological factor, how many people with obesity would be expected to differ to the average person without obesity) we report metrics of similarity (e.g. Cohen’s U3) derived from Cohen’s d. To inform future research we also calculated average statistical power of studies in included meta-analyses (see online supplementary materials for a detailed description).
3. Results
3.1. Article and Meta-Analysis Selection. Through electronic searches and other sources, we identified 1746 articles for review. After removal of duplicates and abstract and title screening, 136 full-text articles were assessed for eligibility. In total, 37 eligible articles were identified, providing 42 meta-analyses. See Figure 1. 
3.2. Characteristics of Included Meta-Analyses: Narrative Description
Eleven meta-analyses examined cognitive factors, 12 examined psychosocial factors and 19 examined mental health. It was most common for meta-analyses to include adults only (n=16), with a minority including children/adolescents only (n=14), and age was mixed or unclear in 12 meta-analyses. All meta-analyses included mixed gender samples or this information was not reported (7/42). The majority of meta-analyses that reported the geographic region of included studies were global, although a small number of meta-analyses (n=6) included studies from specific geographic regions (e.g. European countries only, Middle Eastern countries). Most meta-analyses (n=27) used group comparison designs, with this information not reported in four meta-analyses and the remaining 11 meta-analyses included studies that used both group comparison and correlational designs. Twenty-four of the meta-analyses were reported as including only cross-sectional studies, three included prospective studies only, three included a mixture of cross-sectional and prospective and this information was not reported in 12 meta-analyses. BMI was the measure of heavier body weight used in most meta-analyses (35/42) when this information was reported. The number of studies (median = 11 studies) and participants (median = 14848 participants) contributing to each meta-analysis was variable. Most meta-analyses were considered to be of low methodological quality (n=23), although a substantial proportion were of reasonable (n=16) or high (n=3) quality. See Table 1 and 2 for full characteristics of each meta-analysis.
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Figure 1. Article selection process
Table 1. Characteristics of all meta-analyses included in review(N=42)
	Author
	Psychological Factor
	Factor grouping
	No. studies
	Age

	Gender
	Study origin
	Study
types
	Study
designs
	Weight measure
	Quality assessment

	Abbas, 2015
	Depression
	Mental health
	8
	Adults
	Mixed
	Middle East
	Mixed
	C-S
	BMI
	Low

	Amlung, 2016
	Delay discounting*
	Cognitive
	39
	Mixed
	Mixed
	Unclear
	Mixed
	Unclear
	BMI
	Reasonable

	Burke, 2015
	Anxiety*
	Mental health
	61
	Children
	Mixed
	Worldwide
	Unclear
	C-S
	BMI
	High

	De Wit, 2010
	Depression*
	Mental health
	17
	Adults
	Mixed
	Worldwide
	G-C
	C-S
	NMI
	Reasonable

	Diener, 2016
	Attachment quality*
	Psychosocial
	7
	Adults
	Mixed
	Unclear
	Unclear
	C-S
	BMI
	Low

	Emery, 2017
	Impulsivity*
	Cognitive
	147
	Adults
	Mixed
	Worldwide
	Unclear
	C-S
	BMI
	Reasonable

	Fernandes, 2017
	Alexithymia*
	Psychosocial
	9
	Adults
	Mixed
	Unclear
	G-C
	C-S
	BMI
	Low

	Gariepy, 2010
	Anxiety*
	Mental health
	13
	Mixed
	Mixed
	Worldwide
	G-C
	C-S
	BMI
	Reasonable

	Jae Jung, 2017
	Depression*
	Mental health
	26
	Mixed
	Mixed
	Worldwide
	G-C
	C-S
	BMI
	Reasonable

	Lavagnino, 2016
	Inhibitory control*
	Cognitive
	6
	Adults
	Mixed
	Unclear
	G-C
	C-S
	BMI
	Low

	Luppino, 2010
	Depression
	Mental health
	9
	Mixed
	Mixed
	Worldwide
	G-C
	P
	BMI
	High

	Magallares, 2014
	Overall mental health*
	Mental health
	12
	Adults
	Mixed
	Worldwide
	G-C
	C-S
	BMI
	Low

	Mannan, 2016a
	Depression in children
	Mental health
	9
	Children
	Mixed
	Worldwide
	G-C
	P
	BMI
	Low

	Mannan, 2016b
	Depression in adults
	Mental health
	9
	Adults
	Mixed
	Worldwide
	G-C
	P
	BMI
	Low

	Martinez, 2011
	Social competence*
	Psychosocial
	8
	Children
	Unclear
	Unclear
	G-C
	Unclear
	Unclear
	Low

	Nigg, 2016
	ADHD*
	Mental health
	43
	Mixed
	Mixed
	Worldwide
	G-C
	Mixed
	BMI
	Reasonable

	Pearce, 2019
	Executive & reward functioning*
	Cognitive
	70
	Children
	Mixed
	Unclear
	Mixed
	C-S
	BMI
	Reasonable

	Pereira-Miranda, 2017
	Depression
	Mental health
	5
	Adults
	Unclear
	Worldwide
	G-C
	C-S
	BMI
	Low

	Pinquart, 2012a
	Social functioning*
	Psychosocial
	Unclear
	Children
	Unclear
	Unclear
	G-C
	Unclear
	Unclear
	Low

	Pinquart, 2010
	Body image concerns*
	Psychosocial
	62
	Children
	Unclear
	Unclear
	G-C
	Unclear
	Unclear
	Low

	Pinquart, 2012b
	Self-esteem*
	Psychosocial
	70
	Children
	Unclear
	Unclear
	G-C
	Unclear
	Unclear
	Low

	Quek, 2017
	Depressive symptoms
	Mental health
	10
	Children
	Mixed
	Worldwide
	G-C
	C-S
	BMI
	Reasonable

	Rao, 2019
	Depressive symptoms
	Mental health
	18
	Children
	Mixed
	Mainland China
	Mixed
	C-S
	BMI
	Reasonable

	Rotge, 2017
	Risky decision making*
	Cognitive
	6
	Mixed
	Mixed
	Unclear
	G-C
	Unclear
	BMI
	Low

	Sutaria, 2019
	Depression*
	Mental health
	22
	Children
	Mixed
	Worldwide
	G-C
	Mixed
	BMI
	High

	Sweeney, 2017
	Future temporal perspective
	Cognitive
	36
	Mixed
	Mixed
	Worldwide
	Unclear
	Mixed
	BMI
	Reasonable

	Thamotharan, 2013
	Impulsivity*
	Cognitive
	23
	Children
	Mixed
	Worldwide
	Mixed
	C-S
	Unclear
	Low

	Ul Haq, 2013
	Overall mental health
	Mental health
	2
	Adults
	Mixed
	Europe
	G-C
	C-S
	Unclear
	Low

	Vainik, 2019
	Neuroticism*
	Psychosocial
	11
	Adults
	Mixed
	Worldwide
	Mixed
	C-S
	BMI
	Low

	Vainik, 2019
	Extraversion*
	Psychosocial
	11
	Adults
	Mixed
	Worldwide
	Mixed
	C-S
	BMI
	Low

	Vainik, 2019
	Openness*
	Psychosocial
	11
	Adults
	Mixed
	Worldwide
	Mixed
	C-S
	BMI
	Low

	Vainik, 2019
	Agreeableness*
	Psychosocial
	11
	Adults
	Mixed
	Worldwide
	Mixed
	C-S
	BMI
	Low

	Vainik, 2019
	Conscientiousness*
	Psychosocial
	11
	Adults
	Mixed
	Worldwide
	Mixed
	C-S
	BMI
	Low

	Wang, 2019
	Depression
	Mental health
	10
	Children
	Unclear
	China
	G-C
	Unclear
	BMI
	Reasonable

	Wang, 2019
	Anxiety
	Mental health
	6
	Children
	Unclear
	China
	G-C
	Unclear
	BMI
	Reasonable

	Weinberger, 2016
	Body dissatisfaction*
	Psychosocial
	7
	Adults
	Mixed
	Worldwide
	G-C
	Unclear
	BMI
	Low

	Wu, 2014
	Set-shifting ability
	Cognitive
	10
	Mixed
	Unclear
	Unclear
	G-C
	Unclear
	BMI
	Reasonable

	Wu, 2016
	Reward-related decision making
	Cognitive
	24
	Mixed
	Unclear
	Unclear
	G-C
	Unclear
	BMI
	Reasonable

	Xu, 2011
	Depression
	Mental health
	15
	Mixed
	Mixed
	Worldwide
	Mixed
	C-S
	AO
	Reasonable

	Yang, 2018
	Executive function*
	Cognitive
	65
	Mixed
	Mixed
	Unclear
	G-C
	C-S
	BMI
	Reasonable

	Yu, 2010
	IQ*
	Cognitive
	8
	Children
	Mixed
	China
	G-C
	Unclear
	BMI
	Low

	Zhao, 2016
	Bipolar disorder*
	Mental health
	9
	Unclear
	Mixed
	Worldwide
	G-C
	C-S
	BMI
	Low


*indicates review was included in our meta-analysis of obesity-psychological factor effect sizes. GC (group comparison, e.g. participants with obesity vs. participants with normal weight), C-S (cross-sectional), P (prospective), AO (abdominal obesity)
Table 2. Results of all meta-analyses included in review (N=42)
	Author
	Directional association with heavier body weight
	No. effect sizes
	No. pps
	Effect size estimate (95% CIs)
	Statistical significance
	Substantial heterogeneity
	Evidence Grade

	Abbas, 2015
	Depression (increased)
	9
	12,641
	0.11 (0.004-0.22)
	p = 0.003
	N
	Weak

	Amlung, 20161
	Delay discounting (increased)*
	59
	10,278
	0.43 (0.33-0.55)
	p < 0.00001
	Y
	Highly suggestive

	Burke, 2015
	Anxiety (increased)*
	78
	180,135
	0.10 (0.07-0.16)
	p < 0.00001
	Y
	Convincing

	De Wit, 2010
	Depression (increased)*
	28
	204,507
	0.13 (0.09-0.17)
	p < 0.001
	N
	Highly suggestive

	Diener, 2016
	Attachment quality (decreased)*
	7
	2,135
	0.10 (0.01-0.18)
	p = 0.03
	N
	Weak

	Emery, 2017
	Impulsivity (increased)*
	322
	315,818
	0.14 (0.06-0.24)
	p = 0.002
	Y
	Highly suggestive

	Fernandes, 2016
	Alexithymia (increased)*
	10
	2,159
	0.28 (0.06-0.51)
	p < 0.0001
	Y
	Weak

	Gariepy, 2010
	Anxiety (increased)*
	13
	310,308
	0.17 (0.11-0.23)
	p < 0.00001
	Y
	Highly suggestive

	Jae Jung, 2017
	Depression (increased)*
	26
	548,407
	0.09 (0.06-0.13)
	p = 0.003
	Y
	Highly suggestive

	Lavagnino, 2016
	Inhibitory control (decreased)*
	6
	1,028
	0.20 (-0.11-0.51) pb
	p < 0.05
	Y
	Weak

	Luppino, 2010
	Depression (no effect)
	9
	6,436
	0.07 (-0.06-0.19)
	p = 0.16
	N
	Weak (no effect)

	Magallares, 20141
	Overall mental health (decreased)*
	24
	30,668
	0.12 (0.10-0.15)
	p < 0.01
	Y
	Suggestive

	Mannan, 2016a
	Depression in children (increased)
	11
	16,172
	0.42 (0.29-0.56)
	p < 0.00001
	N
	Weak

	Mannan, 2016b
	Depression in adults (increased)
	14
	85,405
	0.22 (0.17-0.26)
	p < 0.00001
	N
	Weak

	Martinez, 20111
	Social competence (decreased)*
	8
	657
	0.61 (0.35-0.88) pb
	p <0.001
	U
	Weak

	Nigg, 2016
	ADHD (increased)*
	43
	703,937
	0.06 (0.005-0.11)
	p = 0.02
	U
	Weak

	Pearce, 20191
	Executive & reward funct. (decreased)*
	149
	30,359
	0.24 (0.19-0.30) pb
	p < 0.001
	Y
	Highly suggestive

	Pereira-Miranda, 2017
	Depression (increased)
	5
	Unclear
	PR=1.32 (1.26-1.38)
	p < 0.00001
	Y
	Weak

	Pinquart, 2012a1
	Social functioning (decreased)*
	51
	Unclear
	0.59 (0.49-0.69) pb
	p < 0.001
	Y
	Weak

	Pinquart, 20101
	Body image concerns (increased)*
	84
	9,019
	0.79 (0.70-0.89) pb
	p < 0.001
	N
	Suggestive

	Pinquart, 2012b1
	Self-esteem (decreased)*
	96
	10,220
	0.34 (0.26-0.43) pb
	p<0.001
	N
	Suggestive

	Quek, 20171
	Depressive symptoms (increased)
	15
	Unclear
	0.23 (0.03-0.44)
	p=0.028
	Y
	Weak

	Rao, 2019
	Depressive symptoms (increased)*
	18
	23, 993
	0.27 (0.12-0.41)
	P<0.001
	Y
	Suggestive

	Rotge, 20171
	Risky decision making (increased)*
	6
	468
	0.48 (0.27-0.68) pb
	P<0.0001
	N
	Weak

	Sutaria, 2019
	Depression (increased)*
	35
	143,603
	0.15 (0.09-0.23)
	P<0.00001
	Y
	Convincing

	Sweeney, 2017
	Future temporal perspective (increased)
	36
	6,900
	0.20 (0.16-0.25)
	P<0.00001
	Y
	Highly suggestive

	Thamotharan, 20131
	Impulsivity (increased)*
	23
	3,898
	0.41 (0.22-0.60)
	P<0.001
	Y
	Suggestive

	Ul Haq, 2013
	Overall mental health (no effect)
	5
	Unclear
	0.10 (0.00-0.19)
	P=0.058
	N
	Weak (no effect)

	Vainik, 2019
	Neuroticism (increased)*
	11
	14,848
	0.06 (0.02-0.12) pb
	P=0.004
	N
	Suggestive

	Vainik, 2019
	Extraversion (no effect)*
	11
	14,848
	0.04 (-0.02-0.10) pb
	P=0.156
	Y
	Suggestive (no effect)

	Vainik, 2019
	Openness (no effect)*
	11
	14,848
	0.02 (-0.02-0.04) pb
	P=0.507
	N
	Suggestive (no effect)

	Vainik, 2019
	Agreeableness (no effect)*
	11
	14,848
	0.02 (-0.02-0.06) pb
	P=0.271
	N
	Suggestive (no effect)

	Vainik, 2019
	Conscientiousness (decreased)*
	11
	14,848
	0.08 (0.04-0.14) pb
	P<0.001
	N
	Suggestive

	Wang, 2019
	Depression (increased)
	10
	16,784
	0.15 (0.00-0.31)
	P=0.003
	Y
	Highly suggestive

	Wang, 2019
	Anxiety (increased)
	6
	4,901
	0.20 (0.07-0.33)
	P<0.001
	N
	Weak

	Weinberger, 20161
	Body dissatisfaction (increased)*
	11
	4,129
	0.89 (0.63-1.16)
	P<0.001
	Y
	Weak

	Wu, 20141
	Set-shifting ability (decreased)
	10
	1,046
	0.44 (0.11-0.77)
	P=0.008
	Y
	Suggestive

	Wu, 20161
	Reward-decision making (impaired)
	24
	1,727
	0.39 (0.25-0.53)
	P<0.001
	N
	Highly suggestive

	Xu, 2011
	Depression (increased)
	15
	34,832
	0.16 (0.09-0.23)
	P<0.000001
	Y
	Highly suggestive

	Yang, 20181
	Executive function (impaired)*
	183
	3,081
	0.39 (0.32-0.47)
	P<0.000001
	N
	Highly suggestive

	Yu, 2010
	IQ (decreased)*
	8
	1,086
	0.38 (0.25-0.51)
	P<0.01
	Y
	Weak

	Zhao, 2016
	Bipolar disorder (increased)*
	9
	627,749
	0.23 (0.11-0.35)
	P<0.0001
	Y
	Weak


PR = prevalence ratio (unable to convert to d), *indicates review was included in our meta-analysis of obesity-psychological factor effect sizes
pb indicates original authors and/or we were unable to examine and if appropriate, correct effect size estimate for potential publication bias. Y (yes), N (no). 1  Indicates effect size extracted from original meta-analysis was not converted or adjusted. 

3.3. Evidence from Individual Cross-Sectional Meta-Analyses: Narrative Description. Table 2 reports the results for each meta-analysis. There was convincing evidence for a cross-sectional relationship between heavier body weight and increased anxiety in children (Burke & Storch, 2015), as well as between heavier body weight and depression in children (Sutaria et al., 2019). There was highly suggestive evidence of a relationship between heavier body weight and a range of cognitive factors, including deficits in reward-related decision making (Wu et al., 2016), executive function (Yang, Shields, Guo, & Liu, 2018), increased delay discounting (Amlung, Petker, Jackson, Balodis, & MacKillop, 2016), impulsivity in adults (Emery & Levine, 2017) and future orientated temporal perspective (Sweeney & Culcea, 2017). There was suggestive evidence that heavier body weight was associated with other cognitive factors; decreased set-shifting ability (M. Wu et al., 2014), impulsivity in children (Thamotharan, Lange, Zale, Huffhines, & Fields, 2013). There was also suggestive evidence for psychosocial factors including impaired body image (Pinquart, 2013a) and self-esteem (Pinquart, 2013b), lower conscientiousness and higher neuroticism (Vainik et al., 2019), and overall mental health (Magallares & Pais-Ribeiro, 2014). Heavier body weight was also associated with a range of other cognitive, mental health and psychosocial factors (e.g. inhibitory control ADHD, alexithymia), but evidence was weak. See Table 2. Finally, there was suggestive evidence of no relationship between heavier body weight and the personality facets of openness, extraversion or agreeableness (Vainik et al., 2019) and one meta-analysis provided weak evidence of no effect for the relationship between heavier body weight and overall mental health (Ul‐Haq, Mackay, Fenwick, & Pell, 2013). See Figure 3 for an evidence map of cross-sectional associations between psychological factors and heavier body weight.
3.4. Evidence from Individual Prospective Meta-Analyses: Narrative Description. Three meta-analyses examined the prospective relationship between depression and changes in body weight. Two produced weak evidence of a positive relationship between depression and weight gain in children/adolescents and adults separately (Mannan, Mamun, Doi, & Clavarino, 2016a; Mannan et al., 2016b), whilst the other produced weak evidence of no significant relationship between depression and weight gain in adults (Luppino et al., 2010). See Table 2.
3.5. Heterogeneity and Moderation in Individual Meta-Analyses: Narrative Description. There was evidence of considerable heterogeneity in 26 of the 40 meta-analyses that reported information on heterogeneity. See Table 2. We were able to examine evidence of moderation by gender in 25/42 meta-analyses. Significant moderation by gender was rare (6/25 meta-analyses). Three meta-analyses examining depression (Jung et al., 2017; Quek, Tam, Zhang, & Ho, 2017; Sutaria et al., 2019), and individual meta-analyses of anxiety (Burke & Storch, 2015), general mental health (Magallares & Pais-Ribeiro, 2014) and body dissatisfaction (Weinberger, Kersting, Riedel-Heller, & Luck-Sikorski, 2016) found that the relationships between heavier body weight and psychological factor were stronger in females than males. We were able to examine evidence of moderation by age in 20/42 meta-analyses. Significant moderation by age was rare (3/20 meta-analyses). Vainik et al. (2019) found that the positive relationship between heavier body weight and extraversion increased with age, as did Nigg et al. (2016) when examining ADHD symptoms. Meta-analyses examining delay discounting (Amlung et al., 2016; children vs. adults) and anxiety (Burke & Storch, 2015; children vs. adolescents) indicated that there was a stronger positive relationship with heavier body weight as age increased. See online supplementary materials for full results.
3.6. Quantitative Synthesis of Meta-Analyses. Because there were few meta-analyses that included prospective studies only (n=3) our quantitative data synthesis was limited to meta-analyses that included predominantly cross-sectional studies.  Twenty-eight meta-analyses including effect size estimates for cognitive (n=8), mental health (n=8) and psychosocial (n=12) factors were meta-analysed. Overall, there was a small significant relationship between psychological factors and heavier body weight (d = 0.24, 95% CIs 0.19 – 0.30). See Figure 2. Sub-group analysis indicated that effect size estimates varied based on type of psychological factor (Chi2 = 26.72, df = 2, p < .0001), with a larger average effect size for cognitive (d = 0.33, 95% CIs = 0.24, 0.42) and psychosocial factors (d = 0.29, 95% CIs = 0.17, 0.41) than mental health factors (d = 0.12, 95% CIs = 0.09, 0.14). Because a large proportion of meta-analyses were judged as being of low quality, we conducted exploratory analyses by repeating our main analyses limited to high/reasonable quality meta-analyses only (n=10) and low quality meta-analyses only (n=18), see online supplementary materials. All psychosocial factor meta-analyses were of low quality. Effect size estimates for low quality vs. reasonable/high quality meta-analyses were broadly similar for cognitive factors (d = 0.39 vs. d = 0.30) and mental health factors (d = 0.16 vs. d = 0.11). An exploratory sub-group analysis comparing high/reasonable quality (n=10) vs. low quality (n=18) meta-analyses did not indicate statistically significant moderation of effect size estimate by study quality (see supplementary materials).
Figure 2. Meta-analysis of heavier body weight-psychological factor effect size estimates (N=28)
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Std. Mean Difference is the same as d, SE = standard error, CI = confidence interval. I2 = percentage of variation across studies that is due to heterogeneity rather than chance, ADHD = attention deficit hyperactivity disorder, Body Dis = body dissatisfaction, Social Comp = social competence, Social Func = social functioning. See Table 1 and Table 2 for bibliographic information and descriptions of individual meta-analyses included in this overall meta-analysis
3.7. Degree of difference/similarity in psychological factors based on body weight. For descriptive purposes, in Table 3 we provide metrics of similarity between people of lower vs. heavier body weight based on average effect sizes observed for all psychological factors (N=42). This descriptive data was not specified in our pre-registered protocol.  Across average effect sizes and their 95% confidence intervals there was a high degree of expected overlap (~90%) between participants of heavier vs. lighter body weight for psychological factors. Relatively few participants with heavier body weight would be above the average (mean) score of participants with lower body weight for a given psychological factor. Likewise, there would be a close to chance likelihood (~57% compared to 50%) that a randomly selected participant with heavier body weight would have a higher score on a psychological factor if compared to a randomly selected participant with lighter body weight. See Hanel, Maio and Manstead (2018) for a more detailed discussion of interpreting group similarities vs. difference.

Table 3. Metrics of similarity between people of lower vs. heavier body weight for average effect sizes by psychological factor domain (N=42)
	
	d  (95% CIs)
	Cohen’s U3 (%)
	% Overlap
	Probability of difference

	Cognitive 
	0.33 [0.24, 0.42]
	63% [60%, 67%]
	87% [90%, 83%]
	59% [57%, 62%]

	Mental health
	0.12 [0.09, 0.14]
	55% [54%, 56%]
	95% [96%, 94% ]
	53% [53%, 54%]

	Psychosocial
	0.29 [0.17, 0.41]
	61% [56%, 66%]
	89% [94%, 84%]
	58% [55%, 61% ]


Cohen’s U3 is the expected % of participants with heavier body weight (obesity) expected to be above the average (mean) of participants with lower body weight (normal weight), where 50% would be expected if there was no difference. % Overlap is the proportion of participants with heavier vs. lighter body weight whose scores on a psychological factor would overlap. Probability of difference is the likelihood that a randomly selected participant with heavier body weight would have a higher score on a psychological factor if compared to a randomly selected participant with lighter body weight, where 50% would be expected if there was no difference. Values computed using Magnussen (2020). Interpreting Cohen's d Effect Size: an Interactive Visualization. Version 2.0.0. https://rpsychologist.com/d3/cohend/ 
3.8. Statistical power of studies in the individual meta-analyses. We also examined the statistical power of the individual studies within each meta-analysis (not specified in our pre-registered protocol) as outlined in the online supplementary materials. The average statistical power of the individual studies within the meta-analyses tended to be low for cognitive (54%) and psychosocial factors (54%), but higher in mental health factors (75%).
4. General Discussion

In the present research, we used an umbrella review approach to build an evidence-based map of the psychological correlates of obesity (see Figure 3). The majority of included meta-analyses consisted of cross-sectional studies and psychological factors examined were categorised into cognitive, psychosocial and mental health domains. From the mental health domain, there was convincing evidence of both anxiety and depression being associated with heavier body weight in children and suggestive evidence of an association between depression and heavier body weight in adults. A range of cognitive and psychosocial factors were also found to be associated with heavier body weight (see figure 3), but evidential certainty tended to be lower.  This was in part because the majority of meta-analyses (particularly for psychosocial factors) were of relatively low methodological quality and therefore high for risk of bias.
The majority of effect size estimates for the relationship between psychological factors and heavier body weight were statistically small. In our quantitative synthesis of 28 of the meta-analyses, the average d for mental health factor effect size estimates was 0.12, whereas cognitive (d = 0.33) and psychosocial (d = 0.28) factors were larger, but still statistically ‘small’ (d = 0.2). We examined whether these domain-based differences in average effect size were attributable to differences in methodological quality of meta-analyses but did not find convincing evidence. Although cross-sectional, these findings indicate that studied psychosocial and cognitive factors to date tend to be more strongly associated with heavier body weight than mental health factors. If these associations are not explained by reverse causality then this may indicate that psychosocial and cognitive factors more strongly contribute to heavier body weight than mental health factors. In line with this, the three meta-analyses we identified that were prospective all examined the relation between a mental health factor (depression) and weight gain and did not produce convincing evidence of a significant prospective association. However, the number of effect sizes in each domain (10 vs. 18) were small and results should therefore be interpreted with caution. In addition, some of this heterogeneity is likely to be attributable to characteristics of included meta-analyses that we were not able to account for in analyses. For example, meta-analyses of mental health factors were often drawn from studies utilising data from large representative cohort studies, which may provide a more reliable (but smaller) estimate of the true size of an association with heavier body weight in the general population.  
There tended to be considerable heterogeneity within meta-analyses and we were able to examine the extent to which age or gender contributed to this heterogeneity. There was little evidence that the size of statistical association between psychological factors and heavier body weight was moderated by age or gender. However, meta-analyses examining depression (Jung et al., 2017; Quek, Tam, Zhang, & Ho, 2017; Sutaria et al., 2019), anxiety (Burke & Storch, 2015), general mental health (Magallares & Pais-Ribeiro, 2014) and body dissatisfaction (Weinberger, Kersting, Riedel-Heller, & Luck-Sikorski, 2016) produced evidence indicating that the relations between heavier body weight and psychological factors were stronger in females than males. These findings may in part be explained by heavier body weight being more stigmatised in females than males (Spahlholz, Baer, Konig, Riedel-Heller, & Luck-Sikorski, 2016) resulting in a larger mental health burden in women of heavier body weight.
 Because of the cross-sectional nature of the majority of included meta-analyses it remains unclear the extent to which psychological individual difference factors directly contribute to weight gain and obesity. For example, there is some evidence that cognitive factors, such as IQ, may play a causal role in weight gain (Chandola, Deary, Blane, & Batty, 2006). Yet, there is also evidence that the physiological consequences of adiposity may impair cognitive function (Marques et al., 2014), suggesting a bi-directional pathway. Likewise, the stigma and stress experienced by people living with obesity (consequence of heavier body weight) may have a causal effect a range of cognitive, mental health and psychosocial factors (Hunger, Major, Blodorn, & Miller, 2015; Robinson et al., 2017; Sutin et al., 2019). Now that there is at least some convincing evidence for a range of cross-sectional associations between psychological factors and heavier body weight, it will be important for future work to focus on examining temporal relations between psychological factors and weight gain, and understand the causal role that such factors have on the development of heavier body weight.
A commonality of a number of factors which produced highly suggestive evidence; executive function, delay discounting/impulsivity and reward related decision making, is the relevance of the prefrontal cortex (PFC). Recent neuroimaging studies suggest that obesity-related performance deficits in delay discounting and impulse control are associated with reduced activity in prefrontal areas such as the inferior, middle and superior frontal gyri (Kishinevsky et al., 2012; Weygandt et al., 2015). Moreover, activity in these brain regions may predict weight-gain over time (Kishinevsky et al., 2012) and this pattern of results is also observed more generally across other executive functions and decision-making (Lowe, Reichelt, & Hall, 2019). These observations may have treatment implications, as pharmacotherapy which targets PFC functioning (e.g. by increasing catecholamine transmission) would be predicted to support effortful weight loss (Berridge et al., 2006). However, when considering the relevance of the present findings for intervention development it is of importance to note that on average, associations between psychological factors and heavier body weight were statistically small. This indicates that in terms of psychological individual difference factors people with obesity will tend to be more similar than different to people of normal weight (Hanel et al., 2018). As an illustrative example, cognitive training of inhibitory control is a plausible intervention target for weight loss in part because theoretical work suggests that deficits in inhibitory control may explain risk of developing obesity (Jones, Hardman, Lawrence, & Field, 2018). Yet, based on the effect size observed in adults of d=0.2 estimated from Lavagnino et al. (2016), few people with obesity (58% of people with obesity as opposed to a base rate of 50% if there was no effect) would be expected to have weaker inhibitory control than the average normal weight person (Hanel, Maio, & Manstead, 2018). Even if we assume that this type cross-sectional effect is due to a causal impact of inhibitory control on body weight, based on the size of such associations it seems unlikely that only correcting cognitive ‘deficits’ in psychological processes like inhibitory control among people of heavier body weight would have meaningful implications on weight loss treatment for the majority. This observation may in part explain why the majority of studies examining cognitive training interventions for weight loss have produced null findings to date, particularly in  samples with obesity (Yang et al., 2019). Akin to the personalized medicine movement (Fröhlich et al., 2018), to have any meaningful impact, psychological-based interventions for weight loss like cognitive training may therefore need to be tailored based on identifying which people with obesity would be expected to respond to treatment (Jones et al., 2018). Although weight loss intervention approaches directly targeting mental health or psychosocial factors like personality are relatively rare, the same considerations will likely apply. For example, emerging evidence suggests that interventions targeting mental health (as opposed to standard care) when treating patients with both obesity and mental health problems (Ma et al., 2019) may be more effective than weight loss interventions that fail to address mental health.
Although it remains unclear whether targeting psychological factors associated with heavier body weight will benefit weight loss, the relatively small sized relationships observed between psychological factors and heavier body weight may still play an important role in explaining the development of heavier body weight. At a population level and over a prolonged period of time, statistically small effects can have meaningful real-world consequences (Abelson, 1985; Funder & Ozer, 2019). Although weight gain trajectories will be heterogeneous, for many weight gain will presumably occur gradually. Likewise, although a substantial proportion of children develop obesity and this tracks into adulthood, obesity can also be characterised as a life-course disease, as the majority of people who develop obesity do so in adulthood (Simmonds, Llewellyn, Owen, & Woolacott, 2016). With the current environment encouraging energy imbalance (Swinburn et al., 2011), the wide range of psychological individual differences reviewed may indeed make small contributions towards whether a person is able or motivated to maintain a healthy body weight and whether or not a person can lose weight once having developed obesity. However, the sheer number of people who are prone to developing overweight or obesity support suggestions that policies and interventions that change the environment will be required to have a meaningful impact on obesity prevalence (Wadden, Brownell, & Foster, 2002). For example, the US government have recently passed legislation that requires mandatory labelling of calorie information on restaurant menus (Cleveland, Simon, & Block, 2018). However, the relative success of this policy may be dictated by psychological individual differences (i.e. changing behaviour based on health information will be dependent in part on cognitive factors). Therefore, further research understanding the extent to which psychological individual difference factors are associated with intervention success may be useful in identifying which population-level policies will be most equitable and impactful.
The present findings also have practical implications for future research. The majority of meta-analyses we synthesised consisted of large numbers of individual studies that were likely too small in sample size to reliably detect the type of associations they aimed to investigate (see online supplementary material), which will exacerbate publication bias and likely inflate the magnitude of effect sizes (Rosenthal, 1979). If a psychological variable is associated with heavier body weight, the strength of that association will most likely be statistically small and this should influence the design of future studies attempting to replicate or examine previously untested associations between psychological factors and body weight. Although it is feasible that a more nuanced understanding of the sub-components of psychological individual difference factors, such as facets of personality rather than domains (Vainik et al., 2019)  or individual components of executive function (Diamond, 2013), may yield larger associations. Likewise, the approach commonly adopted in meta-analyses of psychological individual difference factors does not consider potential synergy or aggregation of factors and combinations of psychological factors may predict heavier body weight more precisely (Vainik et al., 2018). 
There are strengths and limitations to the present work and of the meta-analyses we synthesised. We conducted the first umbrella review of a now large area of research that has relevance to a substantial public health challenge. By doing so, we were able to evaluate current evidence for a number of psychological factors linked to heavier body weight and provide an objective evidence-based map of this literature. It was out of scope to review psychological factors that have not been meta-analysed, although future work will be able to build on the current evidence-based map. A further strength of the present work was that our methodology was pre-registered and where possible we attempted to correct meta-analyses for publication bias. However, this was not always possible and recent research suggests that even after accounting for publication bias meta-analyses can still result in overestimation of the true size of effects (Kvarven, Strømland, & Johannesson, 2019). We were limited to reviewing predominantly cross-sectional findings and this prohibits temporal inference. To address this, future meta-analyses would ideally consist of predominantly pre-registered studies examining prospective associations between psychological factors and weight gain. The strength of evidence generated was also limited by the methodological quality of meta-analyses included. The majority of systematic reviews and meta-analyses were of low methodological quality and the evidential value of future research in this area will benefit from adhering to best practice guidelines when conducting systematic review and meta-analysis. For simplicity and thematic grouping of variables, we categorised psychological individual difference factors into three broad categories of cognitive, mental health and psychosocial factors, and it is important to note that this is likely to be an oversimplification. For example, mental health has psychosocial influences. Finally, because a range of the psychological factors examined will be inter-related, it remains unclear whether each factor outlined in Figure 3 is uniquely associated with heavier body weight, or covaries with other factors. For example, poor mental health is associated with deficits in cognitive factors relating to impulse control (Cataldo, Nobile, Lorusso, Battaglia, & Molteni, 2005; Pulcu et al., 2014), so cognitive deficits may in part explain the relation between mental health and heavier body weight. In order to improve theoretical predictions and potential interventions a better understanding of how psychological individual difference factors relate or interact to predict heavier body weight may be required.
5. Conclusions
Using an umbrella review approach, we identified and assessed the level of evidence for a range of cognitive, psychosocial and mental health individual difference factors associated with heavier body weight. In particular, there is convincing evidence that heavier body weight is associated with impaired mental health and highly suggestive evidence that a range of cognitive factors are associated with heavier body weight. However, the relatively low methodological quality of most meta-analyses resulted in low evidential certainty for a range of psychosocial factors and the cross-sectional nature of most meta-analyses permits conclusions on temporal order of relations between psychological factors and heavier body weight. We also show that psychological correlates of heavier body weight tend to be small in magnitude and therefore for most psychological individual difference factors, people with obesity are likely to be more similar than different to people with normal weight.  By producing an evidence-based map of the psychological correlates of heavier body weight, the present work highlights areas of evidential certainty vs. uncertainty and can be used to inform targeted psychological interventions to reduce heavier body weight. 

Figure 3. Evidence map of cross-sectional associations between psychological factors and heavier body weight
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