[bookmark: _4aagl8r7eqfy]Prevalence of overweight and obesity in people with severe mental illness: systematic review and meta-analysis
Medhia Afzal1,2, Najma Siddiqi1,2, Bilal Ahmad3,Nida Afsheen3, Faiza Aslam3, Ayaz Ali3, Rubab Ayesha3, Maria Bryant1,2, Richard Holt4,5, Humaira Khalid3, Kousar Ishaq3, Kamrun Nahar Koly6, Sukanya Rajan7, Jobaida Saba6, Nilesh Tirbhowan2, Gerardo A Zavala*1

Affiliations
1 Department of Health Sciences, University of York, UK 
2 Hull York Medical School, UK
3 Institute of Psychiatry, Rawalpindi Medical University, Pakistan
4 Human Development and Health, Faculty of Medicine, University of Southampton, UK 
5 Southampton National Institute for Health Research Biomedical Research Centre, University Hospital Southampton NHS Foundation Trust, Southampton, UK
6 International Centre for Diarrhoeal Disease Research, Bangladesh
7 Department of Psychiatry, National Institute of Mental Health and Neurosciences, Banglore, India
 
Corresponding author: g.zavala@york.ac.uk 

Number of words: 4315
Number of tables: 3
Number of figures: 6

This manuscript was written using British spelling







[bookmark: _4o5jsfp5qcfx]


[bookmark: _r1rt9ryz3v9r]


[bookmark: _2y6n4chpg0yu]

[bookmark: _7t1cq685gtqr]
Abstract
Aims: 1) To determine the pooled prevalence of overweight and obesity in people with severe mental illness (SMI), overall and by type of SMI, geographical region, and year of data collection; and 2) to assess the likelihood of overweight and obesity, in people with SMI compared with the general population. 
Methods: PubMed, Medline, EMBASE, and PsycINFO databases were searched to identify observational studies assessing the prevalence of obesity in adults with SMI. Screening, data extraction and risk of bias assessments were performed independently by two co-authors. Random effect estimates for the pooled prevalence of overweight and obesity and the pooled odds of obesity in people with SMI compared with the general population were calculated. Subgroup analyses were conducted for types of SMI, setting, antipsychotic medication, region of the world, country income classification, date of data collection and sex. We assessed publication bias and performed a series of sensitivity analyses, excluding studies with high risk of bias, with low sample size and those not reporting obesity according to WHO classification. 
Result: 120 studies from 43 countries were included, the majority were from high income countries. The pooled prevalence of obesity in people with SMI was 25.9% (95% C.I.=23.3-29.1) and the combined pooled prevalence of overweight and obesity was 60.1% (95% C.I. = 55.8-63.1). Sub-Saharan Africa (13.0%, 95%C.I.= 6.7-25.1) and South Asia (17.7%, 95%C.I.=10.5-28.5) had the lowest prevalence of obesity whilst North Africa and the Middle East (35.8%, 95%C.I.=23.8-44.8) reported the highest prevalence. People with SMI were 3.04 more likely (95% C.I.=2.42-3.82) to have obesity than the general population, but there was no difference in the prevalence of overweight. Women with schizophrenia were 1.44 (95% C.I.=1.25-1.67) times more likely than men with schizophrenia to live with obesity; however, no gender differences were found among those with bipolar disorder. 
Conclusion: People with SMI have a markedly high prevalence and higher odds of obesity than the general population. This may contribute to the very high prevalence of physical health conditions and mortality in this group. People with SMI around the world would likely benefit from interventions to reduce and prevent obesity.  
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[bookmark: _mhmuyzby3kyc]Contribution to the Field Statement 
The prevalence of obesity in people with severe mental illness (SMI) has been estimated to be between 10 to 60% by a large number of studies from around the world; however, to date no synthesis of these studies exists. In the current review, we summarise the prevalence and trends for obesity from 120 studies across 43 countries, overall, and by type of SMI (e.g. schizophrenia and bipolar disorder), setting, region of the world, country income classification, sex and year of data collection. We report a pooled prevalence of obesity of just over 30%; people with SMI are three times more likely to have obesity compared with the general population. There were differences in the prevalence of obesity according to the geographical region, country income classification and sex. There was a disproportionately low number of studies from low- to middle- income countries (LMICs), particularly from Africa, the Middle East and Latin America regions. This is the first study to systematically estimate the pooled prevalence and patterns of obesity in people with SMI, and to report  regional differences in this population.


[bookmark: _cet6ecbzcf3o]

[bookmark: _n89iw6wj2avs]Introduction 
Obesity is a major global public health challenge (1). The prevalence has steadily risen over recent decades, with rates tripling since 1975 to the point where 30% of the world’s population has either overweight or living with obesity (1). According to the World Health Organization (WHO), the body mass index (BMI) provides the most useful, albeit crude, measure of population-level obesity (2). People with severe mental illness (SMI), (defined as those with schizophrenia and psychotic disorders, bipolar disorder and major depressive disorder with psychotic features), have been reported to be disproportionately affected by the obesity epidemic (3,4). Studies from different countries and settings (inpatient, outpatient and community) around the world have reported prevalence of obesity ranging from 10% to 60%, suggesting the risk and prevalence of obesity in this population might vary by setting, country and region of the world (5,6). Current data suggest that the prevalence of obesity among people with SMI is increasing at a faster rate than the general population (7). The high prevalence of obesity has been attributed to a combination of side effects and increased appetite associated with psychotropic medication, clustering of health risk behaviours such as poor diet with a high content of saturated fats (8), low engagement with physical activity (9), and social determinants of poor health such as stigma and poverty (10).  

Obesity leads to metabolic disorders such as diabetes and cardiovascular disease, musculoskeletal disorders, cancers and premature death. People with SMI have nearly twice the risk of dying from cardiovascular disease and die on average 10 to 20 years earlier than the general population (11). Concerningly, this mortality gap appears to have widened in recent decades (12,13). It is estimated that 33% of the excess mortality in SMI is attributable to obesity and its comorbidities (14-16). 

Currently there are no systematic reviews reporting the prevalence and trends of obesity in people with SMI. Previous reviews have focused predominantly on the metabolic syndrome in this population (11,12,17). One review included data for all types of SMI and two reviews focused solely on people with schizophrenia. In all these studies, only abdominal obesity based on waist circumference was reported as a component of metabolic syndrome or as a secondary outcome, which means that studies that measured obesity using body mass index (BMI) may have been missed. This is an important gap as overweight and obesity are found to be earlier on the causal pathway that leads to metabolic syndrome, and thus deserve to be explored independently (9). Moreover, separately from the metabolic pathway, they are associated with additional adverse outcomes (e.g. osteoarthritis, mental disorders and sleep apnoea). 

An up-to-date synthesis examining the prevalence of overweight and obesity is needed to raise awareness amongst stakeholders and policymakers about the extent of the obesity epidemic in people with SMI. This can inform strategies and interventions to address the problem and help reduce health inequalities for this population. The aims of this study were: 1) to determine the overall pooled prevalence of overweight and obesity and prevalence by type of SMI, setting, geographical region, country economy classification, year of data collection and sex; and 2) to assess the likelihood of obesity in people with SMI compared with matched controls from the general population. 
[bookmark: _s9h09rqh98sz]Materials and Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)(18) and Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines (19). The protocol has been registered and published in the International prospective register of systematic reviews (PROSPERO) CRD-42020200380 (20). 
[bookmark: _7709y2h8dfxl]Search strategy
We conducted a systematic search of PubMed, Medline, EMBASE, and PsycINFO databases with the help of an information specialist. Studies published from the date of inception up to July 2020 were included. Combining the following key words, the search terms used were: 1) Population (“severe mental illness” OR “serious mental illness” OR “schizophrenia” OR “psychosis” OR “psychotic” OR “psychotic disorder*” OR “psychosis” OR “schizoaffective” OR “schizo-affective” OR “bipolar disorder*” OR “mania” OR “manic” OR “bipolar” OR “depression” OR “major depressive disorder” or “antipsychotic” ); 2) Outcome (BMI OR “Body Mass Index” OR weight OR “waist circumference” OR “waist to hip ratio” OR “percentage body fat” OR  obesity OR overweight OR underweight OR thinness OR undernourished* OR malnutrition * OR undernutrition * OR adiposity); 3) study design (epidemiology* OR prevalence OR cross-sectional OR “ cohort” OR longitudinal OR observant OR observational OR case-control OR survey). In addition, we conducted citation searches for included studies and relevant systematic reviews to identify any relevant additional studies. 
[bookmark: _h60mk7phukls]Study selection 
[bookmark: _mp3vu8lf3u83]For the systematic review and the meta-analysis we included studies according to the following criteria: 
[bookmark: _l3ncwzmtiga9]1) Studies including adult populations (aged ≥18 years) with a diagnosis of a SMI (schizophrenia spectrum disorders, bipolar affective disorder and major depression with psychosis), using definitions of any standardised tool such as the International Classification of Diseases (ICD)(3), or the Diagnostic and Statistical Manual of Mental Disorders (DSM)(21); 
[bookmark: _wiyac02rpdre]2) Studies reporting the prevalence of obesity using body mass index (BMI) using any established standardised definition, such as the WHO (22,23); 
[bookmark: _z4uvx0dlfuyc]3) Observational studies (e.g., cross-sectional, prospective or retrospective cohort studies, and case-control or studies). 
[bookmark: _gel01ax6z97]Qualitative studies,  studies with a sample size below 30, case reports, and studies where the majority of the population were under 18 years of age were excluded. We originally intended to include papers in any language, however due to time and resource restrictions,  we excluded papers in a language other than English.  
[bookmark: _8idw3ktoyvgo]Outcomes 
Primary: prevalence of obesity among people with SMI. Secondary: Prevalence of overweight and combined prevalence of overweight and obesity among people with SMI; and prevalence of overweight, obesity and combined prevalence of overweight and obesity in matched controls from the general population (when available). Overweight (25-29.9 Kg/m2) and obesity (≥30 Kg/m2) were defined according to the WHO BMI cut-off points for most populations(22). However, we also included studies presenting ethnicity adjusted classifications which usually have a lower cutoff score for overweight (23–27.4 kg/m2) and obesity (≥27.5 Kg/m2)(23).
[bookmark: _v7h6iklqggyv]Data Extraction (selection and coding)
Data screening and selection were completed using Covidence (Melbourne, Australia)(24). Two of four independent co-authors (AA, HK, MA, NT) completed screening of records (titles and abstracts); disagreements were resolved by consensus or in consultation with a third independent author (KK, GZ). Full texts were retrieved for those records considered eligible and for those where there was insufficient information from the abstract. For each included study data were extracted and reviewed by two of four independent authors using a pre-designed data extraction form (BA, JS, KK, RA). The extracted information included: title, authors, year of data collection, study design, study setting (inpatient, outpatient, and community-based), sample size, geographical region based in the World Bank region classification(25), World Bank country income classification (Low and middle income countries (LMIC) or High income countries (HIC))(25), antipsychotic medication use (antipsychotic-naive cohort versus antipsychotic exposed and mixed SMI population), SMI diagnosis criteria, BMI classification criteria and prevalence estimates of overweight and obesity. When available in the studies we also extracted the prevalence of overweight and obesity by sex and for matched controls from the general population independently. Where there was more than one paper for the same study we selected the paper with the largest sample size or most recent date of publication (if the sample size was the same). In papers where the estimates of obesity were reported independently by country or type of SMI, they were separated and considered as independent studies. 
[bookmark: _8kxva4c6ia5d]Risk of bias
The quality of included studies was evaluated by two independent co-authors (KI, SR) according to criteria from the Joanna Briggs Institute (JBI) Critical Appraisal Checklist (26). An overall risk of bias assessment was conducted for each study following the procedure suggested by the Cochrane RoB tool (27). If all domains of the tool were scored as “yes” or only one of the domains was assessed as “unclear” the study was classified as “low risk of bias”; if two or three domains were assessed as “unclear” the study was classified as “medium risk of bias”; and if four or more were assessed as “unclear” or at least one was assessed as “no” the study was classified as “high risk of bias”(28). 
[bookmark: _yjy6yisalctx]Data analysis
[bookmark: _bpw9yrs9s6q5]Descriptive analysis 
Data from eligible studies were summarised providing information on the number and frequency of studies according to the World Bank income classification, the World Bank geographical region, type of SMI (schizophrenia, bipolar disorders, or a combination of SMI operationalized as “any”), the diagnostic tool to define the SMI, the study design, year of data collection, BMI classification, sex and overall risk of bias. Using standard procedures, we imputed the year of data collection, whenever this information was not available  (29). 

[bookmark: _19hy7s2o05c8]Meta-analysis
We conducted three separate meta-analyses using random effect models to account for the high heterogeneity expected between the studies. The first determined the pooled prevalence of overweight, prevalence of obesity and combined prevalence of overweight and obesity. The second calculated the odds of overweight or obesity in people with SMI compared with the general population. The third estimated the odds of women with SMI having overweight and obesity compared to men with SMI. For the second and third meta-analysis, we used only the studies with available data on overweight and obesity for matched controls from the general population or men and women independently. Results are presented as odds ratios with 95% CI. We generated forest plots calculating the pooled prevalence and pooled odds ratios according to the type of SMI, setting, medication use, World Bank region, World Bank country income classification, and date of data collection.   

Heterogeneity of studies was determined by inspecting forest plots and using the chi-square test for heterogeneity with a 10% level of statistical significance, and the I2 statistic. All analyses were performed using the metafor package in R V4.1.1 (Vienna, Austria)(30). We assessed publication bias by a visual inspection of a funnel plot of the log transformed proportion versus the standard error. 

[bookmark: _6bzvfj6jzbe1]Sensitivity analyses 
To evaluate the robustness of the results we performed a series of sensitivity analyses. In the first analysis, we removed the studies assessed as “high risk of bias”. In the second, we removed studies that had an obesity cut-off point that differed from the WHO classification. In the third, we excluded studies with a sample size smaller than 323 (because this is the sample size needed to estimate the prevalence of obesity with a precision of 0.05 and confidence of 0.95, assuming a prevalence of 30%). We conducted the same set of analyses and compared the pooled estimate of obesity and heterogeneity with the data which included all studies (31). 
[bookmark: _cq7ra9ix8yr]
We mapped the pooled prevalence of obesity by country in a world map. For countries with more than one study we calculated a weighted mean using data from all available studies. The maps were generated using the Rworldmap library in R V4.1.1 (Vienna, Austria)(30). 
[bookmark: _epal7smpi3rh]Results
As shown in the PRISMA chart (Figure 1) we screened 12,653 reports, identified 725 that fulfilled the inclusion criteria (one could not be retrieved (32)), and extracted data from 107 reports. Eight reports had duplicated data from the same cohort of people with SMI, we only kept the four reports with the most recent date of publication. We separated the prevalence of obesity for each country from a report that provided obesity estimates in 10 European countries and one from six Asian countries. We also separated the prevalence of obesity for each SMI condition in three reports that provided estimates separately for people with schizophrenia and bipolar disorders. We extracted 120 estimates of obesity, 108 estimates of overweight, 24 estimates of the prevalence of obesity in the general population and 30 estimates of obesity for men and women separately. The complete list of the papers is provided in the supplementary material. We found less than 10% of disagreements in the title and abstract and full text screening and less than 5% in data extraction, indicating good interrater reliability.

Figure 1. PRISMA chart 

Table 1 summarises characteristics of the 107 papers providing 120 estimates of obesity (called studies hereafter), including 139,282 people with SMI. The sample size of the studies ranged from 30 to 43,093 with a mean of 267. The sample ages ranged from 21.3 years to 70.4 years with a mean of 41.3 years. We found 95 studies (79.1%) from HICs and 25 (20.1%) from LMICs, including data from 43 countries; more than 50% of the studies were conducted in the regions of Europe and North America, whilst the percentage of studies from the regions of Sub-Saharan Africa (2.4%), South Asia (4.0%), Middle East and North Africa (1.6%), and Latin America and the Caribbean (4.8%) were low. More than 80% of the studies classified SMI according to DSM and ICD criteria and 90% of the studies used the WHO classification of overweight and obesity.  
[bookmark: _9c35nsav97fi]Risk of bias 
Fifty eight percent of the studies were classified as having “low” risk of bias, 22.5% as “medium” risk of bias and almost 20% were classified as having “high” risk of bias (Table 1 and supplementary material ). 
[bookmark: _gbiu9cms615f]Prevalence of overweight and obesity in people with SMI
As shown in Figure 2 and Table 2, the pooled prevalence of obesity in this population was 25.9% (95% C.I. = 23.3-29.1) and the combined prevalence of overweight and obesity was 60.1% (95% C.I.=55.8-63.1). The pooled prevalence of obesity was 22.4% (95% C.I.=17.2-27.3) in LMICs and 27.1% (95% C.I.=24.1-29.9) in HICs, and the combined prevalence of overweight and obesity was 55.7% (95% C.I.=49.5-61.7) in LMICs and 60.7% (95% C.I.= 56.9-64.2) in HICs. The region with the lowest prevalence of obesity was Sub-Saharan Africa with a pooled prevalence of 13.3% (95% C.I.=6.7-25.1), followed by South Asia with a pooled prevalence of 17.7% (95% C.I. = 10.5-28.5). The regions with the highest prevalence of obesity were the Middle East and North Africa with obesity prevalence of 35.8% (95% C.I. = 23.8-44.8) and a combined overweight and obesity prevalence of 71.4% (95% C.I. = 67.8-74.7). There were no differences in the prevalence of obesity between studies performed in antipsychotic-naive populations (33.7% (95% C.I. =24.8-43.8)) and those in people prescribed antipsychotics (30.6% (95% C.I. = 29.4-32.1)). There were no substantial differences in the prevalence of overweight and obesity between the types of SMI and between inpatient, outpatient, or community settings. We found substantial heterogeneity ( I2 =88-98%, p<0.01) in overall estimates, which was not reduced in the subgroup estimates ( I2 =97-98%, p<0.01). 

Figure 2. Prevalence of obesity in people with SMI according to type of SMI, region, World Bank classification and year of data collection

As shown in Figure 3, the countries with the highest prevalence of obesity (over 40%) were Germany, Italy and the UK. While the countries with the lowest reported prevalence were Ethiopia and Uganda. There were no available estimates in most of the countries in the regions of Africa, the Middle East and Latin America. 

Figure 3. Geographical variation in the prevalence of obesity in people with SMI 

Figure 4 shows trend lines of the prevalence of obesity in each geographical World Bank region over time. There was a decreasing trend in the prevalence of obesity in the region of Europe and Central Asia; in contrast there was an increasing trend in the regions of Latin America and the Caribbean,  Middle East and North Africa, North America, South Asia and Sub-Saharan Africa. 

Figure 4. Weighted linear regression models between the prevalence of obesity and time according to World Bank region. 
Footnote figure 4. Data on global trends in the prevalence of obesity in people with SMI from 1995 to 2020 from the World Bank regions of the world show differences in the trend of the prevalence of obesity. The area of the dots corresponds to the sample size of each study. WB: World Bank; SMI: Severe mental illness. 
[bookmark: _mo5r632t808x]Obesity in people with SMI compared with the general population 
Twenty four studies reported the prevalence of obesity in the general population by using matched controls. As seen in Table 3, people with SMI were 3.04 (95% C.I. = 2.42 - 3.82) times more likely to have obesity and 2.03 (95% C.I. = 1.60 - 2.59) times more likely to have either overweight or obesity compared with the general population. People with SMI in the East Asia and Pacific region were 4.84 (95% C.I. = 2.80 - 7.00) times more likely to have obesity than people in the general population, while people with SMI from Europe and Central Asia had 2.21 (95% C.I. = 1.52 - 3.22) higher odds (figure 5). There were no differences in the odds of people with SMI being overweight compared with the general population. We found high heterogeneity between the studies both in the overall (88%) and subgroup estimates (88-93%). 

Figure 5. Odds of people with SMI of having obesity as compared to the general population 

Sex differences in the prevalence of obesity in people with SMI  
As shown in figure 6, twenty four studies reported obesity outcomes independently for men and women; the meta-analysis from these studies showed that women with schizophrenia were 1.46 (95% C.I. = 1.23-1.72) times more likely to have obesity and 1.27 (95% C.I. = 1.16-1.39) more likely to be overweight compared with men with schizophrenia. There were no differences in the odds of obesity between men and women with bipolar disorder or any SMI. 

Figure 6. Association between sex and obesity in people with SMI

[bookmark: _f2bd4b3trdz8]Sensitivity analysis and publication bias
The pooled prevalence of obesity did not change substantially (more than 1.2%) when studies with high risk of bias, BMI classification other than WHO, and small sample sizes were removed. The model excluding studies with high risk of bias (n= 95) had a pooled estimate of obesity of 25.6% (95% C.I. = 22.8-28.7%;I2=98.2, t2=0.57); the model excluding studies (n=109) with cut-off values different from the WHO gave a pooled prevalence of 25.3% (22.7 - 28.2%; I2=97.9, t2=0.56); and the model excluding studies with small sample sizes (n=43) showed a pooled prevalence of 27.1% (22.8=38.1%; I2=99.1, t2=0.58). As shown in the funnel plot (see supplementary material), there was no evidence of publication bias.
[bookmark: _b6icq3f4sm37]Discussion
[bookmark: _gg2u93aer9z]Main findings
This review provides the first comprehensive overview of the prevalence of overweight and obesity among people with SMI, with data from 43 countries from all regions of the world. We found a high prevalence of overweight and obesity and higher odds of people with SMI living with obesity than the general population in all regions. There were differences in the prevalence of obesity according to the geographical region, country income classification and sex. We also found regional differences in the trend of obesity in this population. There was a disproportionately low number of studies from LMICs, particularly from Sub-Saharan Africa, the Middle East and Latin American regions.   
[bookmark: _be4otxcfn2h8]Prevalence of overweight and obesity 
The high prevalence of overweight and obesity found in this SMI population and the higher odds of obesity compared with the general population is consistent with epidemiological data, where the prevalence of obesity in the general population was lower than the prevalence found in people with SMI across all regions of the world such as Africa (12.7%), Americas (27%), Europe (22.5%), and West Pacific and East asia (5.4%)(33). The high prevalence of obesity found in people with SMI is likely to be linked to the use of antipsychotic medications and unhealthy lifestyle behaviours which are more common in SMI(34–36). Despite the high prevalence of obesity and the excess mortality, studies have consistently shown that this population has poorer access to health risk modification advice and lifestyle interventions to prevent and treat obesity compared with the general population(37). These disparities are even greater in LMICs, where poverty affects a higher proportion of the SMI population and where access to healthcare is even more limited, and where evidence of availability and effectiveness of lifestyle intervention among people with SMI is nearly non-existent (38,39). Implementation of screening programmes assessing overweight and obesity might be useful to identify people at higher risk, and referral to lifestyle interventions and collaborative care as suggested by the WHO guidelines for management of physical conditions in adults with SMI (8). Despite the multiple barriers faced by this population such as stigma, illness symptoms and low motivation, the few pharmacological and lifestyle interventions available to prevent and treat obesity in this population have proven to be effective to maintain and reduce body weight (39–42). In addition, they have shown benefits in other parameters such as fasting blood glucose, hypertension and dyslipidemia (43). Thus, lifestyle and pharmacological interventions could provide a feasible and cost-effective solution to reduce obesity, prevent non-communicable diseases (NCDs) and contribute to reduction of the mortality gap seen in this population (44). 

The geographical differences in the prevalence and trends of obesity are also found in the general population (33), and may be associated with socio-economic inequalities, lifestyle, food availability and other environmental and genetic factors in each region (45). These differences should be taken into consideration in developing tailored interventions and programmes to prevent and treat obesity in each country or region (46). Special attention should be placed in countries and regions where the prevalence of obesity is high and where there is an increasing trend in the prevalence. An unexpected finding of the review was the higher prevalence of obesity (although not statistically significant) in studies conducted in an antipsychotic naive population compared with studies where the participants were on psychotropic medication. These findings should be interpreted with caution since the estimate of obesity for antipsychotic naive populations comes from only seven studies conducted in Europe and North America, which reported a high prevalence of obesity.

The sex differences concerning the burden of overweight and obesity are also seen in the general population (47), where the prevalence of overweight and obesity is higher among women especially in LMICs (36,48). Studies looking specifically into gender differences have found fewer gender differences in health outcomes in people with bipolar disorder (49) than those with schizophrenia (50,51). It has been suggested that interventions to prevent and treat obesity should be tailored to the sex of the participant to increase their acceptability and effectiveness (52). 
[bookmark: _e9d0ufchndwo]Disparities between HICS and LMICs
Even if we consider the papers other than English (supplementary material), we found a disproportionately low number of studies from LMICs and, in particular, a big gap in the evidence available from Sub-Saharan Africa and Latin American regions. These disparities in the contribution of LMICs in health research have been highlighted in other health disciplines (53,54). Possible explanations could include challenges such as stigmatized health conditions, inadequate health care infrastructure, lack of national budget designated to the mental health sector and research budget (55). Collecting information on the prevalence of obesity and other physical conditions is needed in these regions to develop health policy and tailored programmes and interventions that might improve health and reduce inequalities in this population. Approaches such as the “Investigating Mental and Physical Health Together” (IMPACT) SMI survey could be used to collect and analyse data on obesity, NCDs and health risk behaviours in this population in a cost-effective manner in a budget restricted setting (56). 
[bookmark: _ocpwdhv4xuyf]Strengths and limitations
There are some limitations that require acknowledgment. First, because of the diversity in the regions, type of SMI and setting, there was substantial heterogeneity between the studies, which could not be reduced by stratifying the sample. However, we did not find evidence of publication bias and performed sensitivity analyses that supported the robustness of our results. Second, there was not a consistent definition of obesity across studies conducted in Asia which may have led to the overestimation of the prevalence of obesity, to address this we conducted sensitivity analysis excluding these studies and providing the data of the prevalence of obesity using only these studies. Third, there were also minor deviations from the protocol, such as the inclusion of papers written in all languages , which was not possible due to resources and time constraints, this may have affected the estimates of obesity especially in China, Turkey and Russia  (were most of these publications in other languages came from –  A list of these publications are available in the supplementary material-) ;  the use of any validated definition of obesity rather than only the WHO, which was changed to be more inclusive particularly studies conducted in Asia;  we stated we would only conduct a meta-analysis if the heterogeneity between the studies was low, however after inspection of the data we decided to provide an estimate acknowledging this limitation. Fourth, we could not account for unmeasured confounders such as diet and physical activity that could have affected the prevalence of obesity in each study. Despite these limitations this is the first study to examine the prevalence of obesity and overweight in people with SMI from a global perspective estimating the prevalence and trend of obesity in every region of the world.
[bookmark: _pybvxxarqcv0]Conclusion 
People with SMI have a high prevalence of obesity and higher odds of having obesity than the general population. This may be contributing to the higher morbidity and mortality seen in this population. This study demonstrated regional and sex differences in the prevalence and trends of obesity. The progression from obesity to metabolic diseases and premature mortality in this population should be assessed in more detail. People with SMI around the world could benefit from screening programs and tailored interventions to reduce and prevent obesity.
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Tables 
Table 1. Summary of the studies 
	Variable 
	N  (120) 
	Percentage

	World Bank classification 
	
	

	  HICs
	95
	79.1%

	  LMICs
	25 
	20.1%

	World Bank region 
	
	

	 Sub Saharan Africa 
	3 
	2.4%

	  East Asia and Pacific
	32 
	25.8%

	  North America
	31
	25%

	  Europe and Central Asia
	45
	36.3%

	  South Asia
	5 
	4.0%

	  Middle East and North Africa
	2 
	1.6%

	  Latin America and Caribbean
	6
	4.8%

	Type of SMI
	
	

	  Any SMI1 
	27
	22.5%

	  Schizophrenia2 
	71
	59.1%

	  Bipolar Disorder 
	22
	18.3%

	Setting
	
	

	  Inpatient 
	33
	26.6%

	  Outpatient 
	61
	49.2%

	  In- and Outpatient 
	24
	19.4%

	  Community
	6
	4.8%

	Antipsychotic medication 
	
	

	  Prescribed antipsychotic medication 3 
	111
	89.5%

	  Antipsychotic-naive population 
	7
	5.6%

	  Not reported
	6
	4.8%

	SMI diagnostic tool 
	
	

	  DSM 
	78 
	65.0%

	  ICD 
	18 
	15.0%

	  DSM and ICD
	3 
	2.5%

	  Not specified 
	21 
	17.5%

	Study design 
	
	

	  Cross-sectional 
	110
	91.6%

	  Cohort
	6 
	5.0%

	  Prospective longitudinal 
	4
	3.3%

	Year of data collection 
	
	

	  1990 - 1999
	1
	0.8%

	  2000 - 2009
	39
	32.5%

	  2010 - Date
	80
	66.6%

	BMI classification 
	
	

	  World Health Organization 
	109
	90.8%

	  Taiwan standards 
	3 
	2.5%

	  Japanese Society for the Study of Obesity 
	3 
	2.5%

	  Indonesian Standards
	1
	0.8%

	  Working Group on Obesity China 
	1 
	0.8%

	  Asia Standard Scale
	3
	2.4%

	Overall risk of bias

	  Low
	70
	58.3%

	  Medium
	27
	22.5%

	  High 
	23
	19.1%

	HIC: High income country, LMIC: Low- and middle-income countries, SMI: Severe mental illness. 1The “any” category includes studies where the estimates of obesity were not separated between the type SMI; 2we did not find studies focusing on major depression with psychotic features independently and only found one study focusing at first episode of psychosis which was included in the “schizophrenia” category; 3 Studies including participants with prescribed antipsychotic medication or open population (mix of participants taking and not taking antipsychotic medication).



Table 2.  Pooled prevalence of overweight obesity and combined overweight and obesity according to SMI, geographical region, World Bank classification and year of publication. 
	
	Overweight
	Obesity 
	Combined prevalence of overweight and obesity 

	Number of studies
	108
	120
	108

	Overall pooled  prevalence (95%CI) 
	31.2% (28.9-32.1)
	25.9% (23.3-29.1) 
	60.1% (55.8-63.1)

	Heterogeneity I2 
	97.1%
	88.3%
	98.1%

	T2 
	0.11
	0.55
	0.47

	P 
	<0.01
	<0.01
	<0.01

	Type of SMI 
	
	
	

	  Any SMI1 
	32.9% (31.2-34.7)
	25.4% (20.1-31.7)
	61.2% (56.3-65.7)

	  Bipolar disorder 
	31.1% (28.8-33.8)
	27.5% (22.6-33.1)
	60.7% (55.8-65.2)

	   Schizophrenia  
	29.8% (27.4-32.2)
	25.5% (22.2-29.3)
	58.6% (53.5-63.6)

	Setting
	
	
	

	  Inpatient 
	31.2% (28.2-33.9)
	25.9% (21.1-31.5)
	60.1% (54.4-67.2)

	  Outpatient 
	30.1% (28.4-33.1)
	25.9% (22.4-30.1)
	58.8% (53.8-65.1)

	  In- and outpatient
	31.4% (29.1-34.3)
	23.8% (18.6-29.9)
	58.5% (51.8-65.1)

	  Community 
	29.8% (26.6-33.9)
	32.8% (25.2-41.8)
	63.2% (55.3-70.5)

	Antipsychotic medication 
	
	
	

	Prescribed antipsychotic medication 2 
	30.6% (29.4-32.1)
	25.8% (23.1-28.8)
	59.3% (55.8-62.6)

	  Antipsychotic-naive population 
	34.7% (32.2-37.4)
	33.7% (24.8-43.8)
	68.2% (59.7-75.7)

	  Not reported 
	30.9% (19.2-45.7)
	18.8% (13.1-28.7)
	53.7% (37.7-69.0)

	World Bank Region 
	
	
	

	  East Asia and Pacific
	28.4% (25.4-31.6)
	22.5% (17.9-27.1)
	53.8% (46.8-60.9)

	  East Asia and Pacific (WHO)3
	28.2% (24.7-32.3) 
	18.1% (14.6-24.1)
	51.2% (44.3-59.3)

	  Europe and Central Asia
	31.9% (28.9-35.1)
	27.5% (22.9-32.6)
	63.1% (56.3-69.7)

	  Latin America & Caribbean
	34.5% (31.6-37.5)
	31.7% (29.2-34.6)
	65.2% (60.0-70.1)

	  Middle East and North Africa
	34.2% (25.5-44.2)
	35.8% (23.8-44.8)
	71.4% (67.8-74.7)

	  North America
	31.1% (29.1-33.9)
	30% (25.4-35.1)
	62.8% (58.2-66.9)

	  South Asia
	31.1% (21.7-41.3)
	17.7% (10.5-28.5)
	51.3% (40.9-61.6)

	  Sub-Saharan Africa
	33.1% (27.8-38.7) 
	13.4% (6.7-25.1)
	47.9% (43.7-52.3)

	World Bank Classification 
	
	
	

	  HICs 
	30.0% (29.1-32.1)
	27.1% (24.1-29.9)
	60.7% (56.9-64.2)

	  LMICs
	32.1% (29.7-35.2)
	22.4% (17.2-27.3)
	55.7% (49.5-61.7)

	Year of data collection
	
	
	

	2005 and Older 
	27.2% (22.9-31.9)
	20.4% (12.8-30.8)
	51.1% (38.3-63.8)

	2006 - 2010 
	33.2% (30.0-36.6)
	30.6% (25.8-35.8)
	66.0% (60.5-71.1)

	2011 - 2015 
	30.6% (28.2-33.2)
	27.2% (24.8-31.1)
	59.5% (54.6-64.1)

	2016 - Date
	29.5% (27.2-32.8)
	22.4% (17.2-29.6)
	55.3% (48.9-61.5)

	1The “any” category includes studies where the estimates of obesity were not separated between the type SMI, we did not find studies looking at major depression with psychotic features independently and only found one study looking at first episode of psychosis which was included in the “schizophrenia” category; 2 Studies including participants with prescribed antipsychotic medication or open population (mix of participants taking and not taking antipsychotic medication);3 Prevalence from the sensitivity analysis excluding papers with cut-of scores different than the WHO. 



Table 3. Odds of people with SMI of having overweight and obesity as compared with the general population 
	
	Number of studies 
	N people with SMI 
	N General population
	Odds ratio 
	95% CI1 
	p
	I2 2 
	T2 3

	Overweight
	21
	6478
	78937
	1.07
	0.91-1.27
	<0.01
	81%
	0.11

	Obesity 
	24
	7165
	83033
	3.04
	2.42 - 3.82
	<0.01
	91%
	0.42

	Overweight and obesity
	21
	6478
	78937
	2.03
	1.60-2.59
	<0.01
	92%
	0.27

	1 95% confidence interval; 2 I squared test for heterogeneity; 3Tau squared test for heterogeneity







Figures 

Figure 1 PRISMA Flow chart 
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Figure 2 Prevalence of obesity in people with SMI 
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Figure 3 Map of the prevalence of obesity in people with SMI 
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Figure 4 Trend of obesity 
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Figure 5 Odds of people with SMI of having obesity as c compared with the general population [image: Chart, box and whisker chart
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Supplementary Table 1. Characteristics of the eligible studies
	Author 
	Sample size
	SMIa 
	Setting
	Country 
	WB region 
	WB income classification 
	Study design
 
	Comparison with the general population 
	Comparison Males and Females 
	Overall risk of bias 

	Silversone 1988 (1)
	226
	Schizophrenia
	Outpatient
	England
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Medium

	Elmslie 2000 (2)
	89
	Bipolar disorders
	Out and Inpatient
	New Zealand
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Coodin 2001 (3)
	183
	Schizophrenia
	Inpateint
	Canada
	North America
	HIC
	Cross-sectional
	Yes
	No
	High

	Davidson 2001 (4)
	234
	Any
	Outpatient
	Australia
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	High

	Winkelman 2001 (5)
	46
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Medium

	Winkelman 2001 (5)
	92
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Medium

	Strassnig 2003 (6)
	146
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Daumit 2003 (7)
	223
	Any
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	Yes
	Yes
	High

	Hsiao 2004 (8)
	201
	Schizophrenia
	Outpatient
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	Yes
	Yes
	High

	Strassnig 2005 (9)
	143
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Fagiolini 2005 (10)
	171
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Wang 2006 (11)
	377
	Bipolar disorders
	Community
	US
	North America
	HIC
	Cross-sectional
	No
	Yes
	High

	DeHert 2006 (12)
	300
	Any
	Out and Inpatient
	Belgium
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Dickerson 2006 (13)
	169
	Any
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Faulkner 2007 (14)
	90
	Schizophrenia
	Inpateint
	Canada
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Henderson 2006 (15)
	88
	Schizophrenia
	Out and Inpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	High

	Kitabayashi 2006 (16)
	273
	Schizophrenia
	Inpateint
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Leitao-azevedo 2006 (17)
	121
	Schizophrenia
	Outpatient
	Brazil
	Latin America & Carribean
	HIC
	Cross-sectional
	No
	No
	Low

	Feeney 2007 (18)
	122
	Schizophrenia
	Out and Inpatient
	Ireland
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Medium

	Hellerstein 2007 (19)
	69
	Schizophrenia
	Outpatient
	England
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Medium

	Kim 2008 (20)
	179
	Bipolar disorders
	Inpateint
	South Korea
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	No
	Medium

	Mackin 2007 (21)
	106
	Any
	Outpatient
	England
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Low

	Nishiyama 2007 (22)
	208
	Schizophrenia
	Inpateint
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Medium

	Tirupati 2007 (23)
	221
	Any
	Out and Inpatient
	Australia
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	No
	High

	Maina 2008 (24)
	76
	Bipolar disorders
	Out and Inpatient
	Italy
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Ainsah 2008 (25)
	97
	Schizophrenia
	Outpatient
	Malaysia
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	High

	Correll 2008 (26)
	185
	Any
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	No
	No
	High

	Limosin 2008 (27)
	5962
	Schizophrenia
	Out and Inpatient
	France
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Low

	McLaren 2008 (28)
	5137
	Any
	Out and Inpatient
	Canada
	North America
	HIC
	Cross-sectional
	No
	No
	Medium

	VanWinkel 2008 (29)
	60
	Bipolar disorders
	Outpatient
	Belgium
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Calkin 2009 (30)
	276
	Bipolar disorders
	Inpateint
	Canada
	North America
	HIC
	Cross-sectional
	No
	No
	Medium

	Bell 2009 (31)
	819
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Bernado 2009 (32)
	733
	Schizophrenia
	Inpateint
	Spain
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Boden 2009 (33)
	59
	Schizophrenia
	Outpatient
	Sweden
	Europe & Central Asia
	HIC
	Cohort
	No
	No
	Low

	deAlmeida 2009 (34)
	84
	Bipolar disorders
	Outpatient
	Brazil
	Latin America & Carribean
	LMIC
	Cross-sectional
	No
	No
	Medium

	Fiedorowicz 2008 (35)
	217
	Bipolar disorders
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	Yes
	No
	High

	Huang 2009 (36)
	650
	Schizophrenia
	Inpateint
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	Yes
	Low

	UmaDevi 2009 (37)
	60
	Schizophrenia
	Inpateint
	India
	South Asia
	LMIC
	Cross-sectional
	No
	No
	High

	Vancampfort 2011 (38)
	60
	Schizophrenia
	Inpateint
	Belgium
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Correll 2010 (39)
	10084
	Any
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Lee 2010 (40)
	152
	Bipolar disorders
	Out and Inpatient
	South Korea
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Mahendran 2010 (41)
	266
	Schizophrenia
	Outpatient
	Singapore
	East Asia & Pacific
	HIC
	Cohort
	No
	Yes
	High

	Arango 2011 (42)
	1452
	Schizophrenia
	Outpatient
	Spain
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Medium

	Chu 2011 (43)
	878
	Schizophrenia
	Inpateint
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	484
	Schizophrenia
	Outpatient
	Bulgaria
	Europe & Central Asia
	LMIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	163
	Schizophrenia
	Outpatient
	Czech Republic
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	106
	Schizophrenia
	Outpatient
	Estonia
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	57
	Schizophrenia
	Outpatient
	Germany
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	261
	Schizophrenia
	Outpatient
	Greece
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	145
	Schizophrenia
	Outpatient
	Italy
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	119
	Schizophrenia
	Outpatient
	Latvia
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	195
	Schizophrenia
	Outpatient
	Lithuania
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	92
	Schizophrenia
	Outpatient
	Romania
	Europe & Central Asia
	LMIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	383
	Schizophrenia
	Outpatient
	Russia
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	91
	Schizophrenia
	Outpatient
	Slovenia
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Falissard 2011 (44)
	174
	Schizophrenia
	Outpatient
	Turkey
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Goldstein 2011 (45)
	43093
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Cohort
	No
	No
	Low

	McElroy 2011 (46)
	875
	Bipolar disorders
	Community
	UK
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Mookhoek 2011 (47)
	256
	Schizophrenia
	Inpateint
	The Netherlands
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Udo 2011 (48)
	30
	Any
	Inpateint
	Ireland
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Inamura 2012 (49)
	15171
	Schizophrenia
	Inpateint
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	Yes
	Low

	Centorrino 2012 (50)
	76
	Schizophrenia
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Centorrino 2012 (50)
	173
	Bipolar disorders
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Choong 2012 (51)
	196
	Schizophrenia
	Outpatient
	Switzerland
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Low

	Feiler 2012 (52)
	106
	Any
	Inpateint
	Australia
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Galletly 2012 (53)
	1286
	Any
	Community
	Australia
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	Yes
	Low

	Gurpegui 2012 (54)
	648
	Bipolar disorders
	Outpatient
	Spain
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Gurpegui 2012 (54)
	648
	Schizophrenia
	Outpatient
	Spain
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Lan 2012 (55)
	1030
	Schizophrenia
	Inpateint
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	Yes
	Low

	Lee 2012 (56)
	100
	Schizophrenia
	Out and Inpatient
	Singapore
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Schuster 2012 (57)
	3714
	Schizophrenia
	Outpatient
	France
	Europe & Central Asia
	HIC
	Propective Longitudinal
	No
	No
	Medium

	Janney 2014 (58)
	60
	Bipolar disorders
	Community
	US
	North America
	HIC
	Cross-sectional
	No
	Yes
	Medium

	Sugawara 2013 (59)
	225
	Schizophrenia
	Outpatient
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	Yes
	Low

	Bener 2014 (60)
	233
	Schizophrenia
	Outpatient
	Qatar
	Middle East & North Africa
	HIC
	Cross-sectional
	Yes
	Yes
	Medium

	Gordan 2012 (61)
	261
	Schizophrenia
	Outpatient
	Brazil
	Latin America & Carribean
	LMIC
	Cross-sectional
	No
	Yes
	High

	Guo 2013 (62)
	1108
	Schizophrenia
	Outpatient
	China
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Low

	Minsky 2013 (63)
	586
	Any
	Out and Inpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	High

	Nunes 2014 (64)
	25
	Schizophrenia
	Outpatient
	Brazil
	Latin America & Carribean
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Suzuki 2013 (65)
	171
	Schizophrenia
	Inpateint
	Japan
	East Asia & Pacific
	HIC
	Cohort
	No
	No
	Medium

	Depp 2014 (66)
	358
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Depp 2014 (66)
	400
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Foldemo 2014 (67)
	903
	Schizophrenia
	Outpatient
	Sweden
	Europe & Central Asia
	HIC
	Cross-sectional
	Yes
	Yes
	Medium

	Post 2014 (68)
	165
	Bipolar disorders
	Outpatient
	Germany
	Europe & Central Asia
	HIC
	Propective Longitudinal
	No
	No
	Medium

	Post 2014 (68)
	166
	Bipolar disorders
	Outpatient
	The Netherlands
	Europe & Central Asia
	HIC
	Propective Longitudinal
	No
	No
	Medium

	Post 2014 (68)
	676
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Propective Longitudinal
	No
	No
	Medium

	Subramaniam 2014 (69)
	973
	Schizophrenia
	Outpatient
	Singapore
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Suzuki 2014 (70)
	333
	Schizophrenia
	Inpateint
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	Yes
	Yes
	Medium

	Ventriglio 2014 (71)
	66
	Any
	Outpatient
	Italy
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Low

	Bernstein 2015 (72)
	62
	Bipolar disorders
	Outpatient
	US
	North America
	HIC
	Cross-sectional
	No
	No
	High

	Marthoenis 2014 (73)
	86
	Schizophrenia
	Inpateint
	Indonesia
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Medium

	Sugai 2015 (74)
	19678
	Schizophrenia
	Out and Inpatient
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	No
	Low

	Bioque 2018 (75)
	335
	Schizophrenia
	Out and Inpatient
	Spain
	Europe & Central Asia
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Chouinard 2016 (76)
	262
	Any
	Inpateint
	US
	North America
	HIC
	Cross-sectional
	No
	No
	Low

	Lopuszanska 2016 (77)
	91
	Any
	Inpateint
	Poland
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Low

	McElroy 2016 (78)
	1114
	Bipolar disorders
	Community
	UK
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Medium

	Annamalai 2017 (79)
	326
	Schizophrenia
	Outpatient
	US
	North America
	HIC
	Cohort
	Yes
	Yes
	Medium

	Najar 2017 (80)
	1141
	Any
	Outpatient
	Sweden
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	Medium

	Oh 2017 (81)
	167
	Schizophrenia
	Inpateint
	South Korea
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	No
	Low

	Susilova 2017 (82)
	462
	Schizophrenia
	Inpateint
	Czech Republic
	Europe & Central Asia
	HIC
	Propective Longitudinal
	No
	Yes
	High

	Berti 2018 (83)
	193
	Schizophrenia
	Outpatient
	Italy
	Europe & Central Asia
	HIC
	Cross-sectional
	Yes
	Yes
	High

	Blomqvist 2019 (84)
	57
	Schizophreni
	Outpatient
	Sweden
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	No
	High

	Asaye 2018 (85)
	360
	Any
	Out and Inpatient
	Ethiopia
	Africa
	LMIC
	Cross-sectional
	No
	No
	Low

	Aziz 2018 (86)
	50
	Schizophrenia
	Outpatient
	Pakistan
	South Asia
	LMIC
	Cross-sectional
	No
	No
	High

	Iruretagoyena 2018 (87)
	148
	Schizophrenia
	Out and Inpatient
	Chile
	Latin America & Carribean
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Zhao 2018 (88)
	466
	Schizophrenia
	Inpateint
	China
	East Asia & Pacific
	LMIC
	Cohort
	Yes
	Yes
	Low

	deCaluwe 2019 (89)
	350
	Any
	Out and Inpatient
	Curaçao
	Latin America & Carribean
	HIC
	Cross-sectional
	No
	No
	Low

	Tzeng 2020 (90)
	260
	Any
	Inpateint
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Medium

	Vedal 2019 (91)
	750
	Any
	Outpatient
	Norway
	Europe & Central Asia
	HIC
	Cross-sectional
	Yes
	Yes
	Low

	Agaba 2020 (92)
	304
	Any
	Outpatient
	Uganda
	Africa
	LMIC
	Cross-sectional
	No
	No
	Medium

	Hammoudeh 2020 (93)
	439
	Any
	Out and Inpatient
	Qatar
	Middle East & North Africa
	HIC
	Cross-sectional
	No
	No
	High

	Park 2020 (94)
	420
	Schizophrenia
	Out and Inpatient
	India
	South Asia
	LMIC
	Cross-sectional
	No
	No
	Low

	Park 2020 (94)
	463
	Schizophrenia
	Out and Inpatient
	Indonesia
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Low

	Park 2020 (94)
	145
	Schizophrenia
	Out and Inpatient
	Japan
	East Asia & Pacific
	HIC
	Cross-sectional
	No
	No
	Low

	Park 2020 (94)
	230
	Schizophrenia
	Out and Inpatient
	Malaysia
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Low

	Park 2020  (94)
	184
	Schizophrenia
	Out and Inpatient
	Taiwan
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	No
	Low

	Smith 2016 (95)
	46
	Any
	Outpatient
	UK
	Europe & Central Asia
	HIC
	Cross-sectional
	No
	Yes
	Low

	Teshome 2020 (96)
	245
	Any
	Outpatient
	Ethiopia
	Africa
	LMIC
	Cross-sectional
	No
	No
	Medium

	Wang 2020 (97)
	325
	Schizophrenia
	Community
	China
	East Asia & Pacific
	LMIC
	Cross-sectional
	No
	Yes
	Low

	Zavala 2020 (98)
	1500
	Any
	Out and Inpatient
	Bangladesh
	South Asia
	LMIC
	Cross-sectional
	No
	No
	Low

	Zavala 2020 (98)
	858
	Any
	Out and Inpatient
	Pakistan
	South Asia
	LMIC
	Cross-sectional
	No
	No
	Low








Supplementary figure 1. Funnel plot assessing publication bias
The visual inspection of the funnel plot from the selected studies shown no evidence of publication bias [image: Chart, scatter chart
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