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From 1985 to 2016, the prevalence of underweight decreased and that of obesity and severe obesity increased in most regions, with significant variation in the magnitude of these changes across regions. We investigated how much change in mean BMI explains changes in the prevalence of underweight, obesity and severe obesity in different regions using data from 2,897 population-based studies with 187 million participants. Changes in the prevalence of underweight and total obesity, and to a lesser extent severe obesity, were largely driven by shifts in the distribution of BMI, with smaller contributions from changes in the shape of the distribution. In east and southeast Asia and sub-Saharan Africa, the underweight tail of the BMI distribution was left behind as the distribution shifted. There is a need for policies that address all forms of malnutrition by making healthy foods accessible and affordable, while restricting unhealthy foods through fiscal and regulatory restrictions. 

Introduction
Underweight as well as obesity can lead to adverse health outcomes.1-3 For at least four decades, the prevalence of underweight has decreased and that of obesity has increased in most countries with significant variation in the magnitude of these changes across regions of the world.4,5

A shift in the whole distribution of body-mass index (BMI) would simultaneously affect mean BMI as well as the prevalence of underweight and obesity.6,7 In contrast, changes in the shape of the BMI distribution – e.g., widening or narrowing of the BMI distribution, becoming more or less skewed, or having a thinner or thicker tail – would affect the prevalence of underweight and obesity with only small impacts on the population mean, as shown systematically in Figure 1. Understanding these two mechanisms is essential as they may require different public health and clinical responses.8 But it is unclear how much the two mechanisms have contributed to the observed decline in underweight and rise in obesity in different world regions.

Some studies have investigated whether the rise in obesity or the decrease of underweight over time, or differences across countries, were due to a shift in BMI distribution, versus changes in the low- or high-BMI tails of the distribution.6,9-28 Most of these studies focused on a single or small number of countries over relatively short durations, or covered only one sex, a narrow age group, or specific social groups. To understand whether weight gain occurs across all BMI levels or disproportionately affects the underweight or obese segments of the distribution, and how this phenomenon varies geographically, there is a need for a population-based study that simultaneously investigates both underweight and obesity in relation to mean BMI in different regions of the world. We used a comprehensive global database to investigate how much change in mean BMI can explain the corresponding changes in prevalence of adults with underweight (defined as BMI < 18.5 kg/m2), total obesity (BMI ≥ 30 kg/m2) and severe obesity (BMI ≥ 35 kg/m2) over three decades from 1985 to 2016 in different regions of the world. 

Results
Data sources
The NCD-RisC database contains 2,896 population-based studies conducted from 1985 to 2019 with height and weight measurements of 187 million participants. Of these, 2,033 studies had measurements of height and weight on 132.6 million participants aged 20-79 years. The number of studies with participants aged 20-79 years in different regions ranged from 53 in Oceania to 637 in the high-income western region. The number of data sources by country is shown in Figure 2. The list of data sources and their characteristics is provided in Supplementary File 4.

Change in mean BMI and prevalence of underweight, obesity, severe obesity by region 
In 2016, the age-standardised prevalence of underweight was highest (>16% in different sex-age groups) in south Asia; it was <2.5% in central and eastern Europe; the high-income western region; Latin America and the Caribbean; Oceania; and central Asia, the Middle East and north Africa for most age and sex groups. The age-standardised prevalence of obesity was highest (>24%) in these same regions for most age and sex groups. It was lowest (<7%) in men and women from south Asia; the high-income Asia Pacific region; and men from sub-Saharan Africa. The age-standardised prevalence of severe obesity was highest (12-18%) in women aged 50-79 years from central Asia, the Middle East and north Africa; the high-income western region; central and eastern Europe; and Latin America and the Caribbean. It was lowest (<2%) in south Asia; east and southeast Asia; the high-income Asia Pacific region; and men in sub-Saharan Africa.

From 1985 to 2016, age-standardised mean BMI increased by 1-4 kg/m2 in all regions, with the exception of women in the high-income Asia Pacific region and central and eastern Europe whose mean BMI changed by less than 1 kg/m2 (Figure 3). The prevalence of underweight decreased or stayed unchanged and that of obesity and severe obesity increased from 1985 to 2016 in all regions, with the exception of an increase in the prevalence of underweight in younger women in the high-income Asia Pacific region. The largest absolute decrease in underweight prevalence from 1985 to 2016 was seen in south Asia; east and southeast Asia; and sub-Saharan Africa, where it declined by 14-35 percentage points in different age-sex groups (Figure 4). Nonetheless, underweight prevalence remained higher in these three regions than elsewhere in 2016. Prevalence of underweight changed only marginally in regions such as central and eastern Europe and the high-income western region, where prevalence was already low in 1985. 

The largest absolute increase in obesity prevalence from 1985 to 2016 occurred in central Asia, the Middle East and north Africa; the high-income western region; Latin America and the Caribbean; Oceania (women); and central and eastern Europe (men) (Figure 4). Women in these regions also experienced the largest increase in severe obesity prevalence, along with men in the high-income western region. In these regions and sexes, obesity prevalence increased by 16-24 percentage points in different age groups, and severe obesity increased by 5-13 percentage points. The increase in obesity was less than five percentage points in the high-income Asia Pacific region; south Asia; and in men in sub-Saharan Africa; in the same regions, along with east and southeast Asia, the increase in severe obesity was less than two percentage points.

Associations of underweight, obesity and severe obesity prevalence with mean BMI
There was a strong association between the prevalence of underweight, obesity and severe obesity with mean BMI as measured by R-squared of the regressions of prevalence on mean (Supplementary File 1 and 2). These indicate that 93% (men) and 96% (women) of variation in obesity, and between 83% and 92% of variation in underweight and severe obesity were explained by mean BMI and other variables (year, region and age group) in the regression models. The coefficients of the mean BMI terms represent the changes in (probit-transformed) prevalence associated with a unit change in mean BMI, and their interactions with region represent variations in this association across regions. For all three outcomes, the association of prevalence with mean BMI varied across regions. 

The inter-regional variation in the prevalence-mean association was more pronounced for obesity and severe obesity than underweight, as seen in larger inter-regional range of the interaction terms. The extent to which prevalence changes with any variation in mean BMI in each region is an outcome of the main BMI term and its interaction with region; to be epidemiologically interpretable, this will have to be converted from probit-transformed to original prevalence scale. For example, in the year 2016, for women aged 50-59 years, at a mean BMI of 25 kg/m2 (which was approximately the global age-standardised mean level of BMI)4, prevalence of underweight would have varied by 7 percentage points across regions, being lowest in central and eastern Europe and highest in sub-Saharan Africa; a unit increase in mean BMI would have been associated with a relative change in prevalence ranging from -49% in the high-income Asia Pacific region to -14% in Oceania. Also for women aged 50-59 years and a mean BMI of 25 kg/m2, the prevalence of obesity and severe obesity would both have been the highest in Oceania and the lowest in the high-income Asia Pacific region, with a difference of 12 and 6 percentage points, respectively, for the two outcomes; a unit increase in mean BMI would have been associated with a relative change ranging from 21% to 46% for obesity and from 30% to 59% for severe obesity, the smallest change for both being in Oceania and the largest in east and southeast Asia. There was similar inter-regional variation in the other year-age-sex strata.

Contribution of mean BMI to changes in underweight and obesity prevalence
The rise in mean BMI accounted for >82% of the decline in underweight in different age-sex groups in south Asia, where underweight prevalence declined by over 16 percentage points for all age-sex groups (Figure 5). The remainder of the decline was due to change in the shape of the BMI distribution which reduced underweight prevalence beyond the effects of the population mean. In contrast, in sub-Saharan Africa and east and southeast Asia, the total change in prevalence of underweight (3-12 percentage points) was 20-80% less than what was expected based on the increase in mean BMI (Figure 5). In other words, in these regions the underweight tail of the BMI distribution was left behind as the distribution shifted.

Where obesity increased the most – central Asia, the Middle East and north Africa; Latin America and the Caribbean; and the high-income western region – the rise in mean BMI accounted for over three quarters of the increase in different age-sex groups (Figure 5). In Oceania, the actual rise in prevalence of obesity (8-14 percentage points for all age-sex groups) was about two thirds to one half of what would have been expected by the observed increase in mean BMI in men and women (Figure 5). Change in mean BMI consistently accounted for a smaller share of the change in severe obesity than it did for change in total obesity. Specifically, in regions where prevalence of severe obesity changed by more than one percentage point, the contribution of change in mean BMI to change in severe obesity in different regions was 53-90% of the corresponding contribution for total obesity (Figure 5). 

In other regions, the change in the prevalence of underweight, obesity or severe obesity was too small for the contribution of change in mean BMI to be epidemiologically relevant (Figure 5).

Discussion
We found that the trends in the prevalence of underweight, total obesity and to a lesser extent severe obesity are largely driven by shifts in the distribution of BMI, with smaller contributions from changes in the shape of the distribution. The notable exceptions to this pattern were the decline in the prevalence of underweight in east and southeast Asia and sub-Saharan Africa and the rise of obesity in Oceania, which were both smaller than expected based on change in mean BMI.

Our results are consistent with a recent cross-sectional study6 using data from women in low- and middle-income countries that found a strong association between mean BMI and prevalence of obesity, and a moderate association between mean BMI and prevalence of underweight. Being cross-sectional, this study did not consider changes over time, as we have. Our results are also consistent with another study which found that changes in median BMI contributed more than 75% to the increase in obesity in the USA from 1980 to 2000.21

Previous studies used one or more approaches to investigate changes in population BMI distribution: some analysed percentiles of the BMI distribution,10-16,19,22 others focused on the change in prevalence above or below pre-specified BMI thresholds,9,12,14-16,20,24 or evaluated how the shape of the BMI distribution has changed via examining metrics such as standard deviation and skewness.15,16,19,20,22,24 Most of these studies reached the same conclusion as our study that, as the BMI distribution shifts upwards, the prevalence of underweight declines somewhat more slowly than prevalence of obesity rises. 

Our study has strengths in scope, data, and methods: the strengths of our study include presenting the first global analysis of how much the rise in mean BMI versus changes in the shape of its distribution influenced changes in both underweight and obesity prevalence. We used an unprecedented amount of data from different regions covering three decades, and used only measured data on height and weight to avoid biases in self-reported data.

As with all global analyses, our study has some limitations. Despite using the most comprehensive global collection of population-based studies to date, some regions, especially Oceania and sub-Saharan Africa, had less data, especially early in our analysis period. Further, given the large number of age, sex and region subgroups of population in our analysis, and its long duration, it was not possible to visually explore how the shape of BMI distribution has changed in the underweight and obesity ranges where changes in the mean did not fully explain change in prevalence. Finally, there are variations in characteristics such as response rate and measurement protocol across studies. Some of these, such as exclusion of studies with self-reported height and weight, were a part of our inclusion and exclusion criteria. Others may affect population mean or prevalence.

The finding that the majority of the rise in the prevalence of obesity from 1985 to 2016 is mostly the result of a distributional shift points towards an important role for societal drivers, including lower availability and higher price of healthy and fresh foods compared to caloric-dense and nutrient-deficient foods,29 and mechanisation of work and motorisation of transport throughout the world that have reduced energy expenditure in populations around the world.5,30 First, although there is a genetic component to BMI at the individual level,31-34 genetics explain only a small part of changes over time, especially when people have access to healthy food and living environment. When the environment becomes more obesogenic, some people or population subgroups may gain more weight than others, implying that the environment remains the main contributor.34 This interplay of genetic predisposition and changes in the environment might account for some of the excess rise in obesity and severe obesity beyond the effect of distributional shift alone.34 The exception observed in Oceania is possibly because in 1985 obesity prevalence in this region was already so high4 that the rise in BMI did not change overall obesity status (but there was a substantial increase in those with severe obesity, mostly accounted for by the change in mean BMI). The smaller decline in underweight than expected in sub-Saharan Africa and east and southeast Asia may be because underweight is associated with lower socioeconomic status, food insecurity and for sub-Saharan Africa widening difference between rural and urban BMI levels which is different from other regions.5,34-37 If the benefits of economic development do not sufficiently reach the poor, they remain nutritionally vulnerable, as has been seen for height and weight during childhood and adolescence.38-43 Together with the rise in mean BMI and obesity (and short stature which is not a topic of this paper but addressed in other studies)38,43,44 this creates a double burden of malnutrition.45

In summary, we found that the worldwide rise in obesity and the decline in underweight are primarily driven by the shift in the population distribution of BMI. At the same time, there is an evidence of both excess obesity, and especially severe obesity, and persistent underweight beyond the distributional shift in some regions, which may be related to growing social inequalities that restrict access to healthy foods in those at highest risk of undernutrition.45-47 The response to these trends must motivate “double-duty actions” that prevent and tackle all forms of malnutrition through both fiscal and regulatory restrictions on unhealthy foods, and making healthy foods available, accessible and affordable especially to those at high risks of underweight and obesity.48-50

Methods
Study design
Our aim was to quantify, for all regions of the world, how much of the change in prevalence of underweight (defined as BMI < 18.5 kg/m2), (total) obesity (BMI ≥ 30 kg/m2) and severe obesity (BMI ≥ 35 kg/m2) among men and women aged 20-79 years from 1985 to 2016 could be accounted for by change in mean BMI. In the first step, we used data from a global database of human anthropometry to estimate the associations of the prevalence of underweight, prevalence of obesity or prevalence of severe obesity with population mean BMI, including how the association varies in relation to age group and region. We then used the fitted association to estimate the contribution of change in the population mean BMI to change in the prevalence of underweight, obesity or severe obesity in different regions. 

Data sources
To estimate the prevalence-mean associations, i.e., the first step of the analysis, we used a data from a comprehensive database on cardiometabolic risk factors collated by the Non-Communicable Disease Risk Factor Collaboration (NCD-RisC) as described below. In the second step, we needed consistent estimates of mean BMI for all regions. For this purpose, we used data from a recent comprehensive analysis of worldwide trends in mean BMI from 1985 to 2016,4 which had fitted a Bayesian hierarchical model to the NCD-RisC data.

Data in the NCD-RisC database were obtained from publicly available multi-country and national measurement surveys (e.g., Demographic and Health Surveys (DHS), WHO-STEPwise approach to Surveillance (STEPS) surveys, and those identified via the Inter-University Consortium for Political and Social Research and European Health Interview & Health Examination Surveys Database). With the help of the World Health Organization (WHO) and its regional and country offices as well as the World Heart Federation, we identified and accessed population-based survey data from national health and statistical agencies. We searched and reviewed published studies as detailed previously,4 and invited eligible studies to join NCD-RisC, as we did with data holders from earlier pooled analysis of cardiometabolic risk factors.51-54

Data inclusion and exclusion
We carefully checked that each data source met our inclusion criteria as listed below:
· measurement data on height and weight were available;
· study participants were five years of age and older (as described earlier data used here were for those 20-79 years);
· data were collected using a probabilistic sampling method with a defined sampling frame;
· data were from population samples at the national, sub-national (i.e., covering one or more sub-national regions, with more than three urban or five rural communities), or community level;
· data were from the countries and territories listed in Supplementary File 3.

We excluded all data sources that only used self-reported weight and height without a measurement component because these data are subject to biases that vary with geography, time, age, sex and socioeconomic characteristics.55-57 We also excluded data on population subgroups whose anthropometric status may differ systematically from the general population, including:
· studies that had included or excluded people based on their health status or cardiovascular risk;
· studies whose participants were only ethnic minorities;
· specific educational, occupational, or socioeconomic subgroups, with the exception noted below;
· those recruited through health facilities, with the exception noted below.
We included school-based data in countries and age-sex groups with enrolment of 70% or higher. We also included data whose sampling frame was health insurance schemes in countries where at least 80% of the population were insured. Finally, we included data collected through general practice and primary care systems in high-income and central European countries with universal insurance, because contact with the primary care systems tends to be as good as or better than response rates for population-based surveys. The list of data sources with participants aged 20-79 years and their characteristics is provided in Supplementary File 4, with additional information in Source Data 1.

Duplicate data were identified by comparing studies from the same country and year, and then discarded. All NCD-RisC members are also periodically asked to review the list of sources from their country, to verify that the included data meet the inclusion criteria and are not duplicates, and to suggest additional sources. The NCD-RisC database is continuously updated through all the above routes. For each data source, we recorded the study population, sampling approach, years of measurement, and measurement methods. Only population-representative data were included, and these were assessed in terms of whether they covered the whole country, multiple sub-national regions, or one or a small number of communities, and whether rural, urban, or both participants were included. All submitted data were checked by at least two independent persons. Questions and clarifications were discussed with NCD-RisC members and resolved before data were incorporated in the database.

We calculated mean BMI and the associated standard errors by sex and age. All analyses incorporated sample weights and complex survey design, when applicable, in calculating summary statistics, with computer code provided to NCD-RisC members who requested assistance.

Additionally, summary statistics for nationally representative data from sources that were identified but not accessed via the above routes were extracted from published reports. Data were also extracted for nine STEPS surveys that were not publicly available, one Countrywide Integrated Non-communicable Diseases Intervention (CINDI) survey, and five sites of the WHO Multinational MONItoring of trends and determinants in CArdiovascular disease (MONICA) project that were not deposited in the MONICA Data Centre. We also included data from a previous global-data pooling study,51 when they had not been accessed as described above.

[bookmark: _Hlk52464637]Here, to estimate the association of underweight, obesity and severe obesity prevalence with mean BMI as described below, we used data collected from 1985 to 2019 with measured height and weight among men and women aged 20-79 years, in 10-year age groups. Data that did not cover the complete 10-year age groups, e.g. 25-29 or 60-64 years, were excluded. We included data from study-age-sex strata with a prevalence between 0 and 1 to allow probit transformation and with at least 25 participants in each stratum. These data were summarised into 11,652 study-age-sex-specific pairs of mean and prevalence of adults with underweight, obesity or severe obesity.

Statistical methods
Anonymised data from studies in the NCD-RisC database were reanalysed according to a common protocol. We calculated mean BMI and prevalence of underweight, obesity and severe obesity by sex and age group in each study in the NCD-RisC database from 1985 to 2019. We used data through 2019 so that the prevalence-mean association is informed by as much data as possible. All calculations took into account complex survey design where relevant. We excluded study-age-sex groups with less than 25 participants because their means and prevalence have larger uncertainty. 

We then estimated the relationship between probit-transformed prevalence of underweight, obesity and severe obesity and mean BMI in a regression model, separately for each of these prevalences. The correlation coefficient between mean BMI and median BMI was ≥ 0.98 in different age-sex groups, indicating a strong correlation between the two. In our statistical model, described below, the prevalence of underweight, obesity or severe obesity depends on population mean BMI as well as on age group, region and year.

All analyses were done separately for men and women. We chose a probit-transformed prevalence because it changes in an approximately linear manner as the mean changes, thus providing a better fit to the data. The regressions also included age group in 10-year bands, region and the year when the data were collected. The regions, used in previous analyses of cardiometabolic risk factors,4,5,38,44,58-61 were: central and eastern Europe; central Asia, the Middle East and north Africa; east and southeast Asia; high-income Asia Pacific region; high-income western region; Latin America and the Caribbean; Oceania; south Asia; and sub-Saharan Africa. Countries in each region are listed in Supplementary File 3. The model also included interactions between mean BMI and age group, mean BMI and region, age group and region, age group and year, and year and region. These terms allowed the prevalence-mean association to vary by age group, by region and over time. The models were fitted in statistical software R (version 4.0.2) (Source Code 1). The coefficients of the regression models are presented in Supplementary Tables 1 and 2.

We used the fitted regressions to quantify how much of the change over time in the prevalence of underweight, obesity or severe obesity in each region and age group can be explained by the corresponding change in mean BMI. To do so, we first used the region- and age-sex-specific mean BMI in 1985 and 2016 in the fitted association, and estimated the total change in prevalence of underweight, obesity or severe obesity by region. The mean BMI values were from a recent comprehensive analysis of worldwide trends in mean BMI,4 and are listed in Supplementary File 5. We then calculated the contribution of change in mean BMI to the change in prevalence of underweight or obesity by allowing mean BMI for each age group and region to change over time, while keeping year fixed at 1985. Results were calculated by 10-year age group and then aggregated into two age bands, 20-49 and 50-79 years, by taking weighted average of age-specific results using weights from the WHO standard population.62


Acknowledgments
We thank WHO country and regional offices and World Heart Federation for support in data identification and access. The NCD-RisC database was funded by the Wellcome Trust. Maria LC Iurilli was supported by a Medical Research Council studentship. Sylvain Sebert received funding by the European commission with grant agreements 633595 and 874739 respectively for the DynaHEALTH and LongITools projects. The following contributors have deceased: Konrad Jamrozik, Altan Onat, Robespierre Ribeiro, Michael Sjöström, Agustinus Soemantri, Jutta Stieber, Dimitrios Trichopoulos. The list of authors shows their last affiliation.

Declaration of interests
Majid Ezzati reports a charitable grant from the AstraZeneca Young Health Programme, and personal fees from Prudential, outside the submitted work. Other authors declare no competing interests. The authors alone are responsible for the views expressed in this Article and they do not necessarily represent the views, decisions, or policies of the institutions with which they are affiliated.

References
[bookmark: _ENREF_1]1.	Prospective Studies Collaboration, Whitlock G, Lewington S, et al. Body-mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet 2009; 373(9669): 1083-96.
[bookmark: _ENREF_2]2.	Global BMI Mortality Collaboration, Di Angelantonio E, Bhupathiraju Sh N, et al. Body-mass index and all-cause mortality: individual-participant-data meta-analysis of 239 prospective studies in four continents. Lancet 2016; 388(10046): 776-86.
[bookmark: _ENREF_3]3.	Emerging Risk Factors Collaboration, Wormser D, Kaptoge S, et al. Separate and combined associations of body-mass index and abdominal adiposity with cardiovascular disease: collaborative analysis of 58 prospective studies. Lancet 2011; 377(9771): 1085-95.
[bookmark: _ENREF_4]4.	NCD Risk Factor Collaboration. Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults. Lancet 2017; 390(10113): 2627-42.
[bookmark: _ENREF_5]5.	NCD Risk Factor Collaboration. Rising rural body-mass index is the main driver of the global obesity epidemic in adults. Nature 2019; 569(7755): 260-4.
[bookmark: _ENREF_6]6.	Razak F, Subramanian SV, Sarma S, et al. Association between population mean and distribution of deviance in demographic surveys from 65 countries: cross sectional study. BMJ 2018; 362: k3147.
[bookmark: _ENREF_7]7.	Rose G, Day S. The population mean predicts the number of deviant individuals. BMJ 1990; 301(6759): 1031-4.
[bookmark: _ENREF_8]8.	Penman AD, Johnson WD. The changing shape of the body mass index distribution curve in the population: implications for public health policy to reduce the prevalence of adult obesity. Prev Chronic Dis 2006; 3(3): A74.
[bookmark: _ENREF_9]9.	Wang H, Du S, Zhai F, Popkin BM. Trends in the distribution of body mass index among Chinese adults, aged 20-45 years (1989-2000). Int J Obes (Lond) 2007; 31(2): 272-8.
[bookmark: _ENREF_10]10.	Wagner KJP, Boing AF, Cembranel F, Boing A, Subramanian SV. Change in the distribution of body mass index in Brazil: analysing the interindividual inequality between 1974 and 2013. J Epidemiol Community Health 2019; 73(6): 544-8.
[bookmark: _ENREF_11]11.	Vaezghasemi M, Razak F, Ng N, Subramanian SV. Inter-individual inequality in BMI: An analysis of Indonesian Family Life Surveys (1993-2007). SSM Popul Health 2016; 2: 876-88.
[bookmark: _ENREF_12]12.	Razak F, Corsi DJ, Subramanian SV. Change in the body mass index distribution for women: analysis of surveys from 37 low- and middle-income countries. PLoS Med 2013; 10(1): e1001367.
[bookmark: _ENREF_13]13.	Popkin BM, Slining MM. New dynamics in global obesity facing low- and middle-income countries. Obes Rev 2013; 14 Suppl 2: 11-20.
[bookmark: _ENREF_14]14.	Popkin BM. Recent dynamics suggest selected countries catching up to US obesity. Am J Clin Nutr 2010; 91(1): 284S-8S.
[bookmark: _ENREF_15]15.	Peeters A, Gearon E, Backholer K, Carstensen B. Trends in the skewness of the body mass index distribution among urban Australian adults, 1980 to 2007. Ann Epidemiol 2015; 25(1): 26-33.
[bookmark: _ENREF_16]16.	Ouyang Y, Wang H, Su C, et al. Use of quantile regression to investigate changes in the body mass index distribution of Chinese adults aged 18-60 years: a longitudinal study. BMC Public Health 2015; 15: 278.
[bookmark: _ENREF_17]17.	Monteiro CA, Conde WL, Popkin BM. Is obesity replacing or adding to undernutrition? Evidence from different social classes in Brazil. Public Health Nutr 2002; 5(1A): 105-12.
[bookmark: _ENREF_18]18.	Midthjell K, Lee CM, Langhammer A, et al. Trends in overweight and obesity over 22 years in a large adult population: the HUNT Study, Norway. Clin Obes 2013; 3(1-2): 12-20.
[bookmark: _ENREF_19]19.	Lebel A, Subramanian SV, Hamel D, Gagnon P, Razak F. Population-level trends in the distribution of body mass index in Canada, 2000-2014. Can J Public Health 2018; 109(4): 539-48.
[bookmark: _ENREF_20]20.	Khang YH, Yun SC. Trends in general and abdominal obesity among Korean adults: findings from 1998, 2001, 2005, and 2007 Korea National Health and Nutrition Examination Surveys. J Korean Med Sci 2010; 25(11): 1582-8.
[bookmark: _ENREF_21]21.	Helmchen LA, Henderson RM. Changes in the distribution of body mass index of white US men, 1890-2000. Ann Hum Biol 2004; 31(2): 174-81.
[bookmark: _ENREF_22]22.	Hayes A, Gearon E, Backholer K, Bauman A, Peeters A. Age-specific changes in BMI and BMI distribution among Australian adults using cross-sectional surveys from 1980 to 2008. Int J Obes (Lond) 2015; 39(8): 1209-16.
[bookmark: _ENREF_23]23.	Green MA, Subramanian SV, Razak F. Population-level trends in the distribution of body mass index in England, 1992-2013. J Epidemiol Community Health 2016; 70(8): 832-5.
[bookmark: _ENREF_24]24.	Flegal KM, Troiano RP. Changes in the distribution of body mass index of adults and children in the US population. Int J Obes Relat Metab Disord 2000; 24(7): 807-18.
[bookmark: _ENREF_25]25.	Stenholm S, Vahtera J, Kawachi I, et al. Patterns of weight gain in middle-aged and older US adults, 1992-2010. Epidemiology 2015; 26(2): 165-8.
[bookmark: _ENREF_26]26.	Hayes AJ, Lung TW, Bauman A, Howard K. Modelling obesity trends in Australia: unravelling the past and predicting the future. Int J Obes (Lond) 2017; 41(1): 178-85.
[bookmark: _ENREF_27]27.	Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body mass index among US adults, 1999-2010. JAMA 2012; 307(5): 491-7.
[bookmark: _ENREF_28]28.	Bovet P, Chiolero A, Shamlaye C, Paccaud F. Prevalence of overweight in the Seychelles: 15 year trends and association with socio-economic status. Obes Rev 2008; 9(6): 511-7.
[bookmark: _ENREF_29]29.	Swinburn BA, Sacks G, Hall KD, et al. The global obesity pandemic: shaped by global drivers and local environments. Lancet 2011; 378(9793): 804-14.
[bookmark: _ENREF_30]30.	Ng SW, Popkin BM. Time use and physical activity: a shift away from movement across the globe. Obes Rev 2012; 13(8): 659-80.
[bookmark: _ENREF_31]31.	Silventoinen K, Jelenkovic A, Sund R, et al. Differences in genetic and environmental variation in adult BMI by sex, age, time period, and region: an individual-based pooled analysis of 40 twin cohorts. Am J Clin Nutr 2017; 106(2): 457-66.
[bookmark: _ENREF_32]32.	Silventoinen K, Jelenkovic A, Sund R, et al. Genetic and environmental effects on body mass index from infancy to the onset of adulthood: an individual-based pooled analysis of 45 twin cohorts participating in the COllaborative project of Development of Anthropometrical measures in Twins (CODATwins) study. Am J Clin Nutr 2016; 104(2): 371-9.
[bookmark: _ENREF_33]33.	Locke AE, Kahali B, Berndt SI, et al. Genetic studies of body mass index yield new insights for obesity biology. Nature 2015; 518(7538): 197-206.
[bookmark: _ENREF_34]34.	Brandkvist M, Bjorngaard JH, Odegard RA, Asvold BO, Sund ER, Vie GA. Quantifying the impact of genes on body mass index during the obesity epidemic: longitudinal findings from the HUNT Study. BMJ 2019; 366: l4067.
[bookmark: _ENREF_35]35.	Di Cesare M, Bhatti Z, Soofi SB, Fortunato L, Ezzati M, Bhutta ZA. Geographical and socioeconomic inequalities in women and children's nutritional status in Pakistan in 2011: an analysis of data from a nationally representative survey. Lancet Glob Health 2015; 3(4): e229-39.
[bookmark: _ENREF_36]36.	Subramanian SV, Smith GD. Patterns, distribution, and determinants of under- and overnutrition: a population-based study of women in India. Am J Clin Nutr 2006; 84(3): 633-40.
[bookmark: _ENREF_37]37.	Di Cesare M, Khang YH, Asaria P, et al. Inequalities in non-communicable diseases and effective responses. Lancet 2013; 381(9866): 585-97.
[bookmark: _ENREF_38]38.	NCD Risk Factor Collaboration. Height and body-mass index trajectories of school-aged children and adolescents from 1985 to 2019 in 200 countries and territories: a pooled analysis of 2181 population-based studies with 65 million participants. The Lancet 2020; 396(10261): 1511-24.
[bookmark: _ENREF_39]39.	Subramanyam MA, Kawachi I, Berkman LF, Subramanian SV. Is economic growth associated with reduction in child undernutrition in India? PLoS Med 2011; 8(3): e1000424.
[bookmark: _ENREF_40]40.	Sanchez PA, Swaminathan MS. Hunger in Africa: the link between unhealthy people and unhealthy soils. Lancet 2005; 365(9457): 442-4.
[bookmark: _ENREF_41]41.	Pongou R, Salomon JA, Ezzati M. Health impacts of macroeconomic crises and policies: determinants of variation in childhood malnutrition trends in Cameroon. Int J Epidemiol 2006; 35(3): 648-56.
[bookmark: _ENREF_42]42.	Haddad L. Reducing Child Malnutrition: How Far Does Income Growth Take Us? The World Bank Economic Review 2003; 17(>1): 107-31.
[bookmark: _ENREF_43]43.	Stevens GA, Finucane MM, Paciorek CJ, et al. Trends in mild, moderate, and severe stunting and underweight, and progress towards MDG 1 in 141 developing countries: a systematic analysis of population representative data. Lancet 2012; 380(9844): 824-34.
[bookmark: _ENREF_44]44.	NCD Risk Factor Collaboration. A century of trends in adult human height. Elife 2016; 5.
[bookmark: _ENREF_45]45.	Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of malnutrition and the changing nutrition reality. Lancet 2020; 395(10217): 65-74.
[bookmark: _ENREF_46]46.	Wells JC, Sawaya AL, Wibaek R, et al. The double burden of malnutrition: aetiological pathways and consequences for health. Lancet 2020; 395(10217): 75-88.
[bookmark: _ENREF_47]47.	Darmon N, Drewnowski A. Contribution of food prices and diet cost to socioeconomic disparities in diet quality and health: a systematic review and analysis. Nutr Rev 2015; 73(10): 643-60.
[bookmark: _ENREF_48]48.	Powell LM, Chriqui JF, Khan T, Wada R, Chaloupka FJ. Assessing the potential effectiveness of food and beverage taxes and subsidies for improving public health: a systematic review of prices, demand and body weight outcomes. Obes Rev 2013; 14(2): 110-28.
[bookmark: _ENREF_49]49.	Hawkes C, Ruel MT, Salm L, Sinclair B, Branca F. Double-duty actions: seizing programme and policy opportunities to address malnutrition in all its forms. Lancet 2020; 395(10218): 142-55.
[bookmark: _ENREF_50]50.	Bleich SN, Rimm EB, Brownell KD. U.S. Nutrition Assistance, 2018 - Modifying SNAP to Promote Population Health. N Engl J Med 2017; 376(13): 1205-7.
[bookmark: _ENREF_51]51.	Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and global trends in body-mass index since 1980: systematic analysis of health examination surveys and epidemiological studies with 960 country-years and 9.1 million participants. Lancet 2011; 377(9765): 557-67.
[bookmark: _ENREF_52]52.	Farzadfar F, Finucane MM, Danaei G, et al. National, regional, and global trends in serum total cholesterol since 1980: systematic analysis of health examination surveys and epidemiological studies with 321 country-years and 3.0 million participants. Lancet 2011; 377(9765): 578-86.
[bookmark: _ENREF_53]53.	Danaei G, Finucane MM, Lu Y, et al. National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: systematic analysis of health examination surveys and epidemiological studies with 370 country-years and 2.7 million participants. Lancet 2011; 378(9785): 31-40.
[bookmark: _ENREF_54]54.	Danaei G, Finucane MM, Lin JK, et al. National, regional, and global trends in systolic blood pressure since 1980: systematic analysis of health examination surveys and epidemiological studies with 786 country-years and 5.4 million participants. Lancet 2011; 377(9765): 568-77.
[bookmark: _ENREF_55]55.	Tolonen H, Koponen P, Mindell JS, et al. Under-estimation of obesity, hypertension and high cholesterol by self-reported data: comparison of self-reported information and objective measures from health examination surveys. Eur J Public Health 2014; 24(6): 941-8.
[bookmark: _ENREF_56]56.	Hayes AJ, Clarke PM, Lung TW. Change in bias in self-reported body mass index in Australia between 1995 and 2008 and the evaluation of correction equations. Popul Health Metr 2011; 9: 53.
[bookmark: _ENREF_57]57.	Ezzati M, Martin H, Skjold S, Vander Hoorn S, Murray CJ. Trends in national and state-level obesity in the USA after correction for self-report bias: analysis of health surveys. J R Soc Med 2006; 99(5): 250-7.
[bookmark: _ENREF_58]58.	NCD Risk Factor Collaboration. Contributions of mean and shape of blood pressure distribution to worldwide trends and variations in raised blood pressure: a pooled analysis of 1018 population-based measurement studies with 88.6 million participants. Int J Epidemiol 2018.
[bookmark: _ENREF_59]59.	NCD Risk Factor Collaboration. Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of 1479 population-based measurement studies with 19.1 million participants. Lancet 2017; 389(10064): 37-55.
[bookmark: _ENREF_60]60.	NCD Risk Factor Collaboration. Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based studies with 4.4 million participants. Lancet 2016; 387(10027): 1513-30.
[bookmark: _ENREF_61]61.	NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 1975 to 2014: a pooled analysis of 1698 population-based measurement studies with 19.2 million participants. Lancet 2016; 387(10026): 1377-96.
[bookmark: _ENREF_62]62.	Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age standardization of rates: a new WHO standard. Geneva: World Health Organization 2001; 9(10).
Figure 1. Schematic diagram of contribution of change in mean BMI to change of total prevalence of underweight or obesity.

Panel A shows change in prevalence of underweight and obesity if the distribution shifts, represented by a change in its mean, and its shape changes. In this example, the change (shown in blue) results in a small decrease of underweight and a large increase in obesity. Panel B shows change in prevalence of underweight and obesity when only mean BMI changes (shown in orange), without a change in the shape of the distribution.


Figure 2. Number of data sources, by country.


Figure 3. Change in mean BMI from 1985 to 2016 by region, sex and age group.


Figure 4. Change in prevalence of underweight, obesity and severe obesity from 1985 to 2016 by region, sex and age group.


Figure 5. Contribution of change in mean BMI to total change from 1985 to 2016 in prevalence of underweight, obesity or severe obesity by region, sex and age group.

Arrows in blue show the total change in prevalence of underweight, obesity, or severe obesity. Arrows in orange show the contribution of change in mean BMI to the change in prevalence. The difference between these two arrows is shown with a line, whose colour follows the shorter arrow.


Source Data 1. Data from studies in the NCD-RisC database conducted from 1985 to 2019 with participants aged 20-79 years old.

Source Code 1. Liner regression model used for the analysis of the association of prevalence of underweight, total obesity and severe obesity with mean BMI.
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