for growth and development of school-aged children and adolescents in the 21 st century

Diminishing benefits of urban living

epicentre of suboptimal growth and development during school ages, with long-term adverse consequences for health and wellbeing.

Throughout school ages (i.e., ages 5-19 years), children and adolescents' growth and development are influenced by their nutrition and environment at home, in the community and at school [START_REF] Neufeld | Food choice in transition: adolescent autonomy, agency, and the food environment[END_REF] . Healthy growth and development at these ages helps consolidate gains and mitigate inadequacies from early childhood, and vice versa, [START_REF] Norris | Nutrition in adolescent growth and development[END_REF][START_REF] Prentice | Critical windows for nutritional interventions against stunting[END_REF][START_REF] Georgiadis | Child undernutrition: opportunities beyond the first 1000 days[END_REF][START_REF] Fink | Childhood growth, schooling, and cognitive development: further evidence from the Young Lives study[END_REF] with lifelong implications for health and wellbeing. Until recently, growth and development of older children and adolescents received substantially less attention than in early childhood and adulthood [START_REF] Patton | Nourishing our future: the Lancet Series on adolescent nutrition[END_REF][START_REF]NCD-RisC). 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[END_REF] . Increasing policy attention to health and nutrition during school years has been accompanied by a presumption that differences in nutrition and environment lead to distinct, and generally less healthy, patterns of growth and development in these ages in cities compared to their rural counterparts [START_REF]Report of the commission on ending childhood obesity[END_REF][START_REF] Pirgon | The Role of Urbanization in Childhood Obesity[END_REF][START_REF]Global report on urban health: equitable healthier cities for sustainable development[END_REF][START_REF]Healthy environments for healthy children: Key messages for action[END_REF][START_REF] Smith | Obese Cities: How Our Environment Shapes Overweight[END_REF][START_REF] Fraser | Latin America's urbanisation is boosting obesity[END_REF][START_REF]The state of the world's children 2012: children in an urban world[END_REF][START_REF] Kirchengast | Obesity in the City"urbanization, health risks and rising obesity rates from the viewpoint of human biology and public health[END_REF][START_REF] Congdon | Obesity and Urban Environments[END_REF][START_REF] Gong | Urbanisation and health in China[END_REF] , even though some empirical studies, in particular in the USA, have found that food quality and nutrition are better in cities [START_REF] Liese | Food store types, availability, and cost of foods in a rural environment[END_REF][23][START_REF] Tambalis | Greek children living in rural areas are heavier but fitter compared to their urban counterparts: a comparative, time-series (1997-2008) analysis[END_REF][START_REF] Krumdiek | The rural-to-urban malnutrition gradient: a key factor in the pathogenesis of urban slums[END_REF] .

Data on growth and developmental outcomes in school ages are needed, alongside data on efficacy of specific interventions and policies, to select and prioritise policies and programmes both for the increasing urban population and for children who continue to grow up in rural areas.

Consistent and comparable global data also help benchmark across countries and draw lessons on good practice. Yet, globally there are far fewer data on growth trajectories in rural and urban areas in these formative ages than for under-five children [START_REF] Paciorek | Children's height and weight in rural and urban populations in low-income and middle-income countries: a systematic analysis of population-representative data[END_REF] or for adults [START_REF]Rising rural body-mass index is the main driver of the global obesity epidemic in adults[END_REF] . The available studies have been in one country, at one point in time and/or in one sex and narrow age groups 24,28-33 ; the few studies that covered more than one country [START_REF] Jaacks | Recent trends in the prevalence of underand overweight among adolescent girls in low-and middle-income countries[END_REF][START_REF] Wang | Trends of obesity and underweight in older children and adolescents in the United States, Brazil, China, and Russia[END_REF][START_REF] Neuman | Urban-rural differences in BMI in low-and middle-income countries: the role of socioeconomic status[END_REF] mostly focused on older girls, and used at most a few dozen data sources and hence could not systematically measure long-term trends. Consequently, many policies and programmes that aim to enhance healthy growth and development in school ages focus narrowly, and somewhat generically, on specific features of nutrition or the environment in either cities or rural areas [START_REF]Report of the commission on ending childhood obesity[END_REF][START_REF]Population-based approaches to childhood obesity prevention[END_REF][START_REF]United Nations Children's Fund (UNICEF). Prevention of overweight and obesity in children and adolescents: UNICEF programming guidance[END_REF][START_REF] Pirgon | The Role of Urbanization in Childhood Obesity[END_REF][START_REF]Hidden cities: unmasking and overcoming health inequities in urban settings[END_REF][START_REF] De Sa | Urban design is key to healthy environments for all[END_REF] , with little attention to similarities and differences between relevant outcomes in these settings, nor to the heterogeneity of the urbanrural difference across countries.

Here, we report on mean height and body-mass index (BMI) of school-aged children and adolescents in rural and urban areas of 200 countries and territories from 1990 to 2020. Height and BMI are anthropometric measures of growth and development that are influenced by the quality of nutrition and healthiness of the living environment, and are highly predictive of health and wellbeing throughout life in observational and Mendelian randomization studies [START_REF] Tanner | Growth as a mirror of the condition of society: secular trends and class distinctions[END_REF][START_REF] Strauss | Nutrition, and Economic Development[END_REF][START_REF] Park | The impact of childhood obesity on morbidity and mortality in adulthood: a systematic review[END_REF][40][START_REF] Caird | Does being overweight impede academic attainment? A systematic review[END_REF] . These studies have shown than having low height and excessively low BMI increases the risk of morbidity and mortality, and low height impairs cognitive development, and reduces educational performance and work productivity in later life [START_REF] Tanner | Growth as a mirror of the condition of society: secular trends and class distinctions[END_REF][START_REF] Strauss | Nutrition, and Economic Development[END_REF]40 . Having high BMI in these ages increases the lifelong risk of overweight and obesity and several non-communicable diseases, and might contribute to poor educational outcomes [START_REF] Park | The impact of childhood obesity on morbidity and mortality in adulthood: a systematic review[END_REF][START_REF] Caird | Does being overweight impede academic attainment? A systematic review[END_REF] .

We used 2,325 population-based studies that had measured height and weight in 71 million participants in 194 countries (Extended Data Fig. 1, Supplementary Table 2). We used these data in a Bayesian hierarchical meta-regression model to estimate mean height and BMI of children and adolescents aged 5-19 years by rural and urban place of residence, year and age for 200 countries and territories. Details of data sources and statistical methods are provided in Methods. Our results represent height and BMI for children and adolescents of the same age over time, i.e., successive cohorts, in each country's rural and urban areas, and the difference between the two. For presentation, we summarise the 15 age-specific estimates, for single years of age from 5 through 19, through age standardisation which puts each country-year's child and adolescent population on the same age distribution, and allows comparisons to be made over time and across countries. We also show results, graphically and numerically, for index ages of 5, 10, 15 and 19 years in Extended Data and Supplementary Materials. In 1990, school-aged boys and girls who lived in cities had a height advantage (i.e., were taller) compared to their rural counterparts, except in high-income countries where the urban height advantage was either negligible (<1 cm for age-standardised mean height; posterior probability (PP) for urban children being taller ranging from 0.51 to >0.99) or there was even a small rural advantage (e.g., Belgium, Netherlands, and the UK) (PP for rural children being taller ranging from 0.53 to >0.99 where there was a rural height advantage) (Fig. 1A and Extended Data Fig. 2). The largest height differences between cities and rural areas in 1990 occurred in some countries in Latin America (e.g., Mexico, Guatemala, Panama and Peru), east and southeast Asia (China, Indonesia and Vietnam), central and eastern Europe (Bulgaria, Hungary and Romania), and sub-Saharan Africa (DR Congo and Rwanda). The urban height advantage in boys and girls in the named countries ranged 2.5-5.0 cm and the PP of urban children being taller than rural children was >0.99 (see Supplementary Table 3 for country-specific numerical values of height in rural and urban areas, their difference, and the corresponding credible intervals).

The urban-rural height gap in the late 20 th century differed among low-and middle-income countries based on how much children and adolescents in cities and rural areas had approached versus fallen behind their peers in high-income countries, where there was little difference in rural and urban height. In countries such as Bulgaria, Hungary and Romania, urban children and adolescents' height approached that of high-income countries, whereas rural children and adolescents still lagged behind, leading to a relatively large gap. In much of sub-Saharan Africa and south Asia, the height of both urban and rural children and adolescents lagged behind their peers in high-income countries, such that the urban-rural gap was relatively small. In a third group of low-or middle-income countries that included Indonesia, Vietnam, Panama, Peru, DR Congo and Rwanda, urban children were still shorter than in high-income countries, while rural children lagged so far behind that the urban-rural gap became large.

By 2020, the urban height advantage in school ages became smaller in much of the world, and, in many high-income western countries and some central European countries it disappeared or reversed into a small (typically <1 cm) urban disadvantage (Fig. 1A, Extended Data Fig. 2 and Extended Data Fig. 9). Countries with substantial convergence over these three decades were in central and eastern Europe (e.g., Croatia), Latin America and the Caribbean (e.g., Argentina, Brazil, Chile and Paraguay), east and southeast Asia (e.g., Taiwan), and for girls in central Asia (e.g., Kazakhstan and Uzbekistan). The urban height advantage in the named countries declined by ~1-2 cm from 1990 to 2020; the PP of urban-rural height difference having declined ≥0.90 for named countries). In many other middle-income countries (e.g., China, Romania and Vietnam), the urban-rural height gaps declined, but children and adolescents living in cities remained taller than their rural counterparts (by 1.7-2.5 cm in the named countries for boys and girls; PP of urban children being taller than rural children >0.99). The exception to this convergence was for boys in most countries in sub-Saharan Africa and some countries in Oceania, South Asia, and the region of central Asia, Middle East and north Africa, where the urban height advantage slightly increased over these three decades. The largest increase in the urban height advantage occurred in countries in East Africa such as Ethiopia (0.9 cm larger height gap in 2020 than 1990; 95% credible interval (CrI) -0.9 to 2.9 and PP of increase = 0.93), Rwanda (1.0, -0.7 to 3.0 and PP = 0.88), and Uganda (1.1, -0.6 to 3.1 and PP = 0.89). For girls in many countries in sub-Saharan Africa and south Asia, the urban-rural gap remained largely unchanged.

(Fig. 3). There was heterogeneity in low-and middle-income countries in how much BMI increased in cities versus rural areas. In the great majority of countries in sub-Saharan Africa and south Asia, BMI of successive cohorts of children and adolescents increased more in rural areas than in cities leading to a closing of the urban-rural difference; the reductions in the urbanrural BMI gap ranged from 0.1 to 0.65 kg/m 2 for both girls and boys, and the PP of urban-rural BMI difference declining from 1990 to 2020 ranged from 0.52 to 0.95. In both sub-Saharan Africa and south Asia, these changes shifted the mean BMI of rural boys and girls out of the range for being underweight; in many countries in sub-Saharan Africa this shift continued beyond the median of the WHO reference population, and in some cases approached the threshold for being overweight (i.e., >1SD above the median of the WHO reference population).

The opposite, i.e., a larger rise in urban BMI happened in most other low-and middle-income countries, leading to a slightly larger urban BMI excess in 2020 than in 1990. High-income countries and those in central and eastern Europe experienced a mix of increasing and decreasing urban BMI excess but remained within a relatively small range (-0.3 to 0.6 kg/m 2 for almost all countries) over the entire period of analysis; at the regional level the urban-rural BMI difference changed by <0.25 kg/m 2 in these regions.

The urban height advantage was larger in boys than girls in most countries (Extended Data Fig. 7). Urban excess BMI was higher in boys in only about one half of countries; in the other half, mostly in high-income western countries and those in sub-Saharan Africa, urban excess BMI was higher in girls. The urban height advantage was slightly larger at five years of age than at 19 years of age in most low-and middle-income countries, especially for girls, but there was little difference across ages in high-income regions and in central and eastern Europe (Extended Data Fig. 4).

Since the introduction of modern sanitation in 19 th century, cities provided substantial nutritional and health advantages in high-income and subsequently low-and middle-income countries [START_REF] Krumdiek | The rural-to-urban malnutrition gradient: a key factor in the pathogenesis of urban slums[END_REF][START_REF] Leon | Cities, urbanization and health[END_REF][START_REF] Godfrey | Urbanisation and health[END_REF] . Our results show that, in the 21 st century, during school ages these advantages have disappeared in high-income countries and diminished in middle-income countries and emerging economies in Asia, Latin America and the Caribbean, and parts of Middle East and north Africa. Specifically, in countries of these regions, successive cohorts of school-aged children and adolescents living in cities were outpaced by those in rural areas in terms of height gain but gained slightly more weight, typically in the unhealthy range. This contrasted with the world's poorest region, sub-Saharan Africa, where the urban height advantage persisted or even expanded while rural mean BMI went beyond remedying underweight and surpassed the median of the WHO reference population in 2020, hence consolidating the urban advantage.

South Asia had a mixed pattern of urban versus rural trends from 1990 to 2020, with children and adolescents in rural areas gaining both more height and more weight for their height than those in cities in. Importantly, our results also show that differences in height and BMI between urban and rural populations within most countries are smaller than the differences across countries, even those in the same region.

Long-term follow up studies have shown that children and adolescents do not achieve their height potential without sufficient and diverse nutritious foods, or if they are exposed to repeated or persistent infections which result in loss of nutrients [START_REF] Tanner | Growth as a mirror of the condition of society: secular trends and class distinctions[END_REF][START_REF] Scrimshaw | Synergism of nutrition, infection, and immunity: an overview[END_REF][START_REF] Grasgruber | Major correlates of male height: A study of 105 countries[END_REF][START_REF] Hatton | How have Europeans grown so tall?[END_REF] . Studies with data on household socioeconomic and environmental variables have indicated that these physiological determinants of height are themselves affected by income, quality of the living environment, and access to healthcare in rural as well as urban areas [START_REF] Garrett | Are Determinants of Rural and Urban Food Security and Nutritional Status Different? Some Insights from Mozambique[END_REF][START_REF] Smith | Why Is Child Malnutrition Lower in Urban Than in Rural Areas? Evidence from 36 Developing Countries[END_REF] . This evidence indicates that, underlying our finding on small urban-rural height differential in high-income countries may be a greater abundance of nutritious foods, including some fortified foods, better healthcare, and greater ability to finance programmes that promote healthy growth in countries with greater per-capita income and better infrastructure. Variations across these countries in the urban-rural height gap within this small range may be due to socioeconomic inequalities, poverty differentials and differences in availability and cost of different foods between cities and rural areas, and whether there are specific programmes that improve nutrition of disadvantaged rural and urban groups 51- 53 . The more striking changes in height in urban versus rural areas took place in middle-income countries and emerging economies. Case studies in some countries where the of heights of rural and urban children and adolescents converged show that the convergence was partly due to using the growth in national income towards programmes and services that helped close gaps in nutrition, sanitation and healthcare between different areas and social groups [START_REF] Monteiro | Narrowing socioeconomic inequality in child stunting: the Brazilian experience, 1974-2007[END_REF][START_REF] Winichagoon | Thailand nutrition in transition: situation and challenges of maternal and child nutrition[END_REF][START_REF] Vial | The evolution of Chile's main nutrition intervention programmes[END_REF][START_REF] Paes-Sousa | The Zero Hunger and Brazil without Extreme Poverty programs: a step forward in Brazilian social protection policy[END_REF][START_REF] Torres | Chile Crece Contigo: Implementation, results, and scaling-up lessons[END_REF][59] . In countries in central and eastern Europe, transition to a market economy and increases in trade may have reduced disparity in access to, and seasonality of, healthy foods between urban and rural areas 60 , and partly underlie the convergence of height seen in our results. In contrast, country case studies show that where economic growth was accompanied by large inequalities in income, nutrition and/or services, the urban advantage persisted [61][62][63][64][65][66][67] .

We also found that the urban-rural BMI gap, although dynamic, changed much less than the BMI of either subgroup of the population, and less than commonly assumed when discussing the role of cities in the obesity epidemic [START_REF]Report of the commission on ending childhood obesity[END_REF][START_REF] Pirgon | The Role of Urbanization in Childhood Obesity[END_REF][START_REF]Global report on urban health: equitable healthier cities for sustainable development[END_REF][START_REF] Fraser | Latin America's urbanisation is boosting obesity[END_REF][START_REF] Kirchengast | Obesity in the City"urbanization, health risks and rising obesity rates from the viewpoint of human biology and public health[END_REF][START_REF] Congdon | Obesity and Urban Environments[END_REF] . Urban-rural BMI differences were especially small in high-income countries, consistent with the evidence from a few countries that diets and behaviours are affected more by household socioeconomic status than whether children and adolescents live in cities or rural areas 23,[START_REF] Conrad | Associations between deprivation and rates of childhood overweight and obesity in England, 2007-2010: an ecological study[END_REF][68][69][70] . Urban BMI excess increased slightly more in middle-income countries in east and southeast Asia, Latin America and the Caribbean, and Middle East and north Africa, a trend that was the opposite of the convergence in BMI of adults in these same regions [START_REF]Rising rural body-mass index is the main driver of the global obesity epidemic in adults[END_REF] . Additional analysis of NCD-RisC data for young adults (20-29 and 30-39 years) showed that the shift from a small divergent trend to convergence of BMI between urban and rural areas happens in young adulthood (Extended Data Fig. 8), a period during which there is substantial, but variable, weight gain among population subgroups [71][72][START_REF] Katsoulis | Identifying adults at high-risk for change in weight and BMI in England: a longitudinal, large-scale, population-based cohort study using electronic health records[END_REF] . These shifts in trends from adolescence to young adulthood might be a result of changes in diet and energy expenditure that accompany changes in household structure, social and economic roles and the living environment [START_REF] Arnett | Emerging Adulthood: A Theory of Development From the Late Teens Through the Twenties[END_REF][START_REF] Beasley | The dietary and health behaviour of young people aged 18-25 years living independently or in the family home in Liverpool, UK[END_REF][START_REF] Ihara | A cross-sectional study of the association between city scale and daily steps in Japan: Data from the National Health and Nutrition Survey Japan (NHNS-J) 2006-2010[END_REF][START_REF] Poobalan | Diet behaviour among young people in transition to adulthood (18-25 year olds): a mixed method study[END_REF][START_REF] Patterson | Accumulated exposure to rural areas of residence over the life course is associated with overweight and obesity in adulthood: a 25-year prospective cohort study[END_REF][START_REF] Winpenny | Changes in diet through adolescence and early adulthood: longitudinal trajectories and association with key life transitions[END_REF][START_REF] Harker | Leaving home: Food choice behavior of young German adults[END_REF] .

The notable exception in the global trends was sub-Saharan Africa, where a stagnation or reversal of height gain in rural areas led to persistence or widening of urban-rural height differences, while the opposite happened for BMI. Case studies of specific countries have indicated that unfavourable trends in nutrition in rural Africa, where the majority of the world's poorest people live [START_REF]Poverty and shared prosperity 2020: Reversals of fortune[END_REF] , started from macroeconomic shocks in the late 20 th century, and the subsequent agriculture, trade and development policies that limited improvements in income and services in rural Africa, which increased urban-rural income inequality, and emphasised agricultural exports over local food security and diversity [START_REF] Pongou | Health impacts of macroeconomic crises and policies: determinants of variation in childhood malnutrition trends in Cameroon[END_REF][START_REF] Sundberg | poverty and growth in Africa: Linkages and policy challenges[END_REF][START_REF] Jonah | A comparative analysis of socioeconomic inequities in stunting: a case of three middle-income African countries[END_REF][START_REF] Sulemana | Urbanization and income inequality in sub-Saharan Africa[END_REF][START_REF] Weatherspoon | Stunting, food security, markets and food policy in Rwanda[END_REF][START_REF] Kray | Productive Diversification in African Agriculture and its Effects on Resilience and Nutrition[END_REF] . These macroeconomic factors in turn led to less diverse diets, with higher caloric intake rather than shifting to protein-and nutrient-rich foods (e.g., animal products, seafood, fruits and vegetables) [START_REF] Weatherspoon | Stunting, food security, markets and food policy in Rwanda[END_REF][START_REF] Kray | Productive Diversification in African Agriculture and its Effects on Resilience and Nutrition[END_REF][START_REF] Bentham | Multidimensional characterization of global food supply from 1961 to 2013[END_REF][START_REF] Wolmarans | Background paper on global trends in food production, intake and composition[END_REF][START_REF] Micha | Global, regional and national consumption of major food groups in 1990 and 2010: a systematic analysis including 266 country-specific nutrition surveys worldwide[END_REF][START_REF] Fraval | Food Access Deficiencies in sub-Saharan Africa: Prevalence and Implications for Agricultural Interventions[END_REF][START_REF] Godha | Determinants of adolescent nutritional status and practices in Burkina Faso: A pooled secondary analysis[END_REF][START_REF] Cockx | Urbanization as a driver of changing food demand in Africa: Evidence from rural-urban migration in Tanzania[END_REF][94] , while the slow expansion of infrastructure and services in rural areas restricted improvements in other determinants of healthy growth such as clean water and sanitation and health care 94,[START_REF] Thomson | Structural adjustment programmes adversely affect vulnerable populations: a systematic-narrative review of their effect on child and maternal health[END_REF] .

Secondary factors underlying the observed trends in height and BMI in rural sub-Saharan Africa may be changes in the age of puberty onset, which is influenced by weight gain during childhood, and might affect height gain during the adolescent growth spurt and in late adolescence [START_REF] Frisch | Height and Weight at Menarche and a Hypothesis of Critical Body Weights and Adolescent Events[END_REF][START_REF] Holmgren | Pubertal height gain is inversely related to peak BMI in childhood[END_REF] , differential trends in survival beyond five years of age in rural and urban areas, and possibly rural to urban migration. Some researchers and international development organisations have argued that the simultaneous rise, as a result of the COVID-19 pandemic and of the invasion of Ukraine, in poverty and the cost of agricultural supplies like fertilisers and food, especially of nutrient-rich foods, can hinder and set back the gains in growth and development throughout the world [START_REF] Laborde | COVID-19 pandemic leads to greater depth of unaffordability of healthy and nutrient-adequate diets in low-and middle-income countries[END_REF][START_REF] Osendarp | Act now before Ukraine war plunges millions into malnutrition[END_REF][100][101][102] . These setbacks may be particularly large in poor countries and population subgroups, both those in rural areas who rely on food production and those in cities who purchase foods. These groups, especially those in rural Africa, already face food insecurity [START_REF] Fraval | Food Access Deficiencies in sub-Saharan Africa: Prevalence and Implications for Agricultural Interventions[END_REF]103 and emerged in our results as the most pronounced loci of suboptimal growth and development during school ages, with potential long-term adverse consequences for health and wellbeing. As attention in global health turns to older children and adolescents 104 , there is a need for policies and programmes that take into account patterns of growth and development in population subgroups. Our results on growth and development outcomes in rural and urban areas of different countries, together with the extant evidence on the role of poverty and poor infrastructure and services [START_REF] Smith | Why Is Child Malnutrition Lower in Urban Than in Rural Areas? Evidence from 36 Developing Countries[END_REF] , indicate that there is a need for social, economic and development policies that reduce poverty and infrastructure inadequacies and inequalities across and within rural and urban areas 105,106 . Second, as these macro policies are implemented and with deteriorating global poverty and food crises, based on the evidence from specific countries on the benefits of targeted nutrition programmes and health and social services [START_REF] Torres | Chile Crece Contigo: Implementation, results, and scaling-up lessons[END_REF][107][108][109][110][111][112][113][114][115] , there is an urgent need for programmes that equalise nutrition, and health and social services for children and adolescents at home, school and in the community.

Methods

We estimated trends in mean height and BMI for children aged 5-19 years from 1990 to 2020 by rural and urban place of residence for 200 countries and territories listed in Supplementary Table 1. We pooled, in a Bayesian meta-regression, repeated cross-sectional population-based data on height and BMI. Our results represent estimates of height and BMI for children and adolescents of the same age over time, i.e., for successive cohorts, in each country's rural and urban settings.

Data sources

We used a database on cardiometabolic risk factors collated by the Non-Communicable Disease Risk Factor Collaboration (NCD-RisC). Data 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, UK Data Service, and European Health Interview & Health Examination Surveys Database). With the help of World Health Organization (WHO) and its regional and country offices as well as 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 116 and invited eligible studies to join NCD-RisC, as did we with data holders from earlier pooled analyses of cardiometabolic risk factors [117][118][119][120] . The NCD-RisC database is continuously updated through all the above routes and periodic requests to NCD-RisC members to suggest additional sources in their countries.

We carefully checked that each data source met our inclusion criteria, as listed below. Potential duplicate data sources were first identified by comparing studies from the same country and year, followed by checking with NCD-RisC members that had provided data about whether the sources from the same country and year were the same or distinct. If two sources were confirmed as duplicates, one was discarded. All NCD-RisC members were 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.

For each data source, we recorded the study population, sampling approach, years of measurement, and measurement methods. Only data that were representative of the population were included. All data sources were assessed in terms of whether they covered the whole country, multiple subnational regions (i.e., one or more subnational regions/provinces/states, more than three cities or more than five rural communities), or one or a small number of communities (limited geographical scope not meeting above national or subnational criteria), and whether participants in rural, urban or both areas were included. As stated in the sections on statistical model, these study-level attributes were used in the Bayesian hierarchical model to estimate mean height and BMI by country, year, sex, age and place of residence using all available data while taking into account differences in the populations from which different studies had sampled. 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. Anonymised individual data from the studies in the NCD-RisC database were reanalysed according to a common protocol. We calculated mean height and mean BMI, and the associated standard errors, by sex, single year of age from five to 19 years, and rural or urban place of residence. Additionally, for analysis of height, participants aged 20-30 years were included, assigned to their corresponding birth cohort, because mean height in these ages would be at least that when they were aged 19 years, given that the decline of height with age begins in the third and fourth decades of life 121 . All analyses incorporated sample weights and complex survey design, when applicable, in calculating summary statistics. For studies that had used simple random sampling, we calculated mean as average of all individuals within the group and their associated standard errors (standard deviation divided by the square root of sample size); for studies that had used multistage (stratified) sampling, we accounted for survey design features including clusters, strata and sample weights, to weight each observation by the inverse sampling probability and estimate standard error via Taylor series linearisation, as implemented in the R 'survey' package 122 . Computer code was provided to NCD-RisC members who requested assistance. For surveys without information on place of residence, we calculated age-and sex-stratified summary statistics for the entire sample, which represented the population-weighted sum of rural and urban means; data on the share of population in urban versus rural areas were from the United Nations Population Division 123 .

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 two STEPS surveys that were not publicly available. We also included data from a previous global-data pooling study 120 , when not accessed through the above routes.

Data inclusion and exclusion

Data sources were included in the NCD-RisC height and weight database if:

 measured data on height and weight were available;

 study participants were five years of age and older;  data were collected using a probabilistic sampling method with a defined sampling frame;  data were from population samples at the national, subnational, or community level as defined above; and  data were from the countries and territories listed in Supplementary Table 1.

We excluded all data sources that were solely based on self-reported weight and height without a measurement component because these data are subject to biases that vary by geography, time, age, sex and socioeconomic characteristics [124][125][126] . Due to these variations, approaches to correcting self-reported data may leave residual bias. We also excluded data sources 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; and  females aged 15-19 years in surveys which sampled only ever-married women or measured height and weight only among mothers.

We used school-based data in countries and age-sex groups with school enrolment of 70% or higher. We used data whose sampling frame was health insurance schemes in countries where at least 80% of the population were insured. Finally, we used 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.

We excluded <0.01% of all participants whose age was <18 years and whose data not reported by single year of age because height and weight may have non-linear age associations in these ages, especially during growth spurts. We excluded BMI data for females who were pregnant at the time of measurement (<0.01% of all participants). We excluded <0.2% of all participants who had recorded height outside the range <60 cm or >180 cm for ages <10 years; <80 cm or >200 cm for ages 10-14 years; <100 cm or >250 cm for ages ≥15 years, recorded weight outside the range <5 kg or >90 kg for age <10 years; <8 kg or >150 kg for ages 10-14 years; <12 kg or >300 kg for ages ≥15 years, or recorded BMI outside the range <6 kg/m 2 or >40 kg/m 2 for ages < 10 years; <8 kg/m2 or >60 kg/m 2 for ages 10-14 years; <10 kg/m2 or >80 kg/m 2 for ages ≥15 years.

Conversion of BMI prevalence metrics to mean BMI

In 0.5% of our data points mostly extracted from published reports or from a previous pooling analysis 120 , mean BMI was not reported, but data were available for the prevalence of one or more BMI categories, for example, BMI ≥30 kg/m 2 . In order to use these data, we used previously validated conversion regressions [START_REF]NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 populationbased measurement studies in 128•9 million children, adolescents, and adults[END_REF] to estimate the missing primary outcome from the available BMI prevalence metric(s). Additional details on regression model specifications along with the regression coefficients are reported on https://github.com/NCD-RisC/ncdrisc-methods/.

Statistical model overview

We used a Bayesian hierarchical meta-regression model to estimate mean height and BMI by country, year, sex, age and place of residence using the aforementioned data. For presentation, we summarised the 15 age-specific estimates, for single years of age from 5 through 19, through age standardisation which puts each country-year's child and adolescent population on the same age distribution, and hence allows comparisons to be made over time and across countries. We generated age-standardised estimates by taking weighted means of age-specific estimates, using age weights from the WHO standard population 127 . We also show results, graphically and numerically, for index ages of 5, 10, 15 and 19 years in Extended Data and Supplementary Materials. The statistical model is described in detail in statistical papers 128,129 , related substantive papers [START_REF]NCD-RisC). 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[END_REF][START_REF] Paciorek | Children's height and weight in rural and urban populations in low-income and middle-income countries: a systematic analysis of population-representative data[END_REF][START_REF]Rising rural body-mass index is the main driver of the global obesity epidemic in adults[END_REF][START_REF]NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 populationbased measurement studies in 128•9 million children, adolescents, and adults[END_REF][117][118][119][120]130 and in the section below on model specification. In summary, the model had a hierarchical structure in which estimates for each country and year were informed by its own data, if available, and by data from other years in the same country and from other countries, especially those in the same region and super-region, with data for similar time periods. The extent to which estimates for each country-year were influenced by data from other years and other countries depended on whether the country had data, the sample size of the data, whether they were national, and the within-country and within-region variability of the available data. For the purpose of hierarchical analysis, countries were organised into 21 regions, mostly based on geography and national income (Supplementary Table 1). Regions were in turn organised into nine super-regions. We used observation year, i.e., the year in which data were collected, as the time-scale for the analysis of BMI and birth year as the time scale for the analysis of height, consistent with previous analyses [START_REF]NCD-RisC). 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[END_REF][START_REF]NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 populationbased measurement studies in 128•9 million children, adolescents, and adults[END_REF]131 . Time trends were modelled through a combination of a linear term, to capture gradual long-term change, and a second-order random walk, which allows for non-linear trends 132 , both modelled hierarchically The age associations of height and BMI were modelled, using cubic splines, to allow non-linear changes over age, including periods of rapid as well as slow rise.. Periods of rapid rise represent adolescent growth spurts, which occur earlier in girls than boys [START_REF] De Onis | Development of a WHO growth reference for school-aged children and adolescents[END_REF]133,134 , was reflected in placement of spline knots for boys and girls, respectively, as detailed in the section on model specification. Spline coefficients were allowed to vary across countries, based on their own data as well as in a hierarchical structure, as previously described 130 .

The model also accounted for the possibility that height or BMI in subnational and community samples might differ systematically from nationally representative samples and have larger variation than in national studies. These features were accounted for through the inclusion of fixed-effect and random-effect terms for subnational and community data as detailed in the model specification section below. The fixed effects accounted for systematic differences between subnational or community studies and national studies. The inclusion of random effects allowed national data to have greater influence on the estimates than subnational or community data with similar sample sizes, because the subnational and community data have additional variance from the random effect terms. Both were estimated empirically as a part of model fitting.

Following the approach of previous papers [START_REF] Paciorek | Children's height and weight in rural and urban populations in low-income and middle-income countries: a systematic analysis of population-representative data[END_REF][START_REF]Rising rural body-mass index is the main driver of the global obesity epidemic in adults[END_REF]128 , the model included parameters representing the urban-rural height or BMI difference, which is empirically estimated and allowed to vary by country, year, and age. We further expanded the model to allow urban-rural difference in height or BMI to vary by age, as height or weight with age may vary between rural versus urban children. If data for a country-year-age group contained mixed urban and rural children, but were not stratified by place of residence (21% of all data sources), the estimated BMI difference was informed by stratified data from other age groups, years and countries, especially those in the same region with data from similar time periods and/or ages.

Statistical model specification

As stated earlier, for each data source, we calculated mean height and BMI, together with corresponding standard errors, stratified by sex, age and rural or urban place of residence. For sources that did not stratify the sample on the place of residence, we obtained age-and-sexstratified data. Each study contributed up to 30 mean BMI data points or 32 mean height data points for each sex with the exact number depending how many age groups were represented in the study, and whether or not the study provided data stratified on urban and rural place of residence. The likelihood for an observation at urbanicity level s (urban-only, rural-only or mixed; referred to as stratum hereinafter) and age group h, with age z, from study i, carried out in country j at time t is:

where the country-specific intercept and linear time slope from the j th country (j = 1 … J, where J = 200 which is the total number of countries in our analysis) are denoted and , respectively.

We describe the hierarchical model used for the 's and 's in Linear components of country time trends section. Letting T = 31 be the total number of years from 1990 to 2020, the T-vector captures smooth non-linear change over time in country j, as described in Non-linear change section. The age effects of the h th age group (with age ) in study are denoted by ; we describe the age model in Age model section. The matrix contains terms describing whether studies were representative at the national, sub-national or community level. In addition, a random effect, , is estimated for each study, described in Study-level term and study-specific random effects section.

Linear components of country time trends

The model had a hierarchical structure: studies were nested in countries, which were nested in regions (indexed by k), which were nested in super-regions (indexed by l), which were, of course, all nested in the globe (see Supplementary Table 1 for list of countries in each region, and regions in each super-region). This structure allowed the model to share information across units to a greater degree when data were non-existent or weakly informative (e.g., have a small sample size or were not nationally representative), and to a lesser extent in data-rich countries and regions 135 .

The and terms are country-specific linear intercepts and time slopes with terms at each level of the hierarchy, denoted by the superscripts and , respectively:

(where )

The terms are each assigned a flat prior on the standard deviation scale 136 . We also assigned flat priors to and .

Non-linear change

Mean BMI or height may change non-linearly over time [START_REF]NCD-RisC). 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[END_REF][START_REF]NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 populationbased measurement studies in 128•9 million children, adolescents, and adults[END_REF]116,120,131 . We captured smooth nonlinear change in time in urban and rural strata of country j using the vector . Just as and are each defined as the sum of country, region, super-region, and global components, we defined:

In order to allow the model to differentiate between the degrees of non-linearity that exist at the country, region, super-region, and global levels, we assigned each of the 's four components a

Gaussian autoregressive prior as in Breslow and Clayton 137 and Rue and Held 132 . In particular, the -vectors (j = 1 … J), (k = 1 … K), (l = 1 … L), and each have a normal prior with mean zero and precision , , , and respectively, where the scaled precision matrix in the Gaussian autoregressive prior penalizes first and second differences:

P is multiplied by the estimated precision parameters , , , and , thus up-weighting or down-weighting the strength of its penalties and ultimately determining the degree of smoothing at each level. For each of the four precision parameters, we used a truncated flat prior on the standard deviation scale ( ) as recommended by Gelman 136 . We truncated these priors such that log ≤20 for each of the four 's. This upper bound is enforced as a computational convenience: models with log >20 are treated as equivalent to a model with log = 20 as they essentially have no extra-linear variability in time. In practice, this upper bound had little effect on the parameter estimates. Furthermore, we order the 's a priori: < < < . This prior constraint conveys the natural expectation that, for example, the global BMI trend has less extra-linear variability than the trend of any given region.

The matrix has rank -2, corresponding to a flat, improper prior on the mean and the slope of the 's, the 's, the 's and of , and is not invertible 138 Thus, we have a proper prior in a reduced-dimension space as discussed in Rue and Held 132 , with the prior expressed as:

Note that if had a non-zero mean, this would introduce non-identifiability with respect to .

By the same token, would not be identified if had a non-zero time slope, and similarly for the other means and slopes. Thus, in order to achieve identifiability of the 's, 's, and 's, we constrained the mean and slope of and of each , , and to be zero. Enforcing orthogonality between the linear and non-linear portions of the time trends means that each can be interpreted independently.

In cases where we have observations for at least two different time points, this improper prior will not lead to an improper posterior since the data will provide information about the mean and slope. However, to enforce the desired orthogonality between the linear and non-linear portions of the model, we constrained the mean and slope of the 's, 's, 's, and of to be zero, using the approach described by Rue and Held 132 .

For the six countries with no height data, and seven countries with no BMI data, we took the Moore-Penrose pseudoinverse of P 139 , setting to infinity those eigenvalues that correspond to the non-identifiability. This effectively constrains the non-identified portions of the model to zero, as the corresponding variances are set to zero 137 ; in this case the Rue and Held correction 132 is not needed. An intermediate case occurs when data are observed for only one time point in a country. In this case, the full conditional precision has rank because the mean but not the linear trend of is identified by the data. We thus constrained the linear trend of to zero by taking the generalised inverse of the full conditional precision. We then constrained the mean of to zero using the one-dimensional version of the correction described in Rue and Held 132 .

Age Model

To capture sex-specific patterns of growth, especially adolescent growth spurts, we modelled age using cubic splines. The number and position of splines' knots were selected based on a combination of physiological and statistical considerations, as described in a national level analysis [START_REF]NCD-RisC). 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[END_REF] . For age group h with age z, in study i, the age effect for height and BMI is given, respectively, by: (

For height, four spline knots were placed at ages { , for girls and at ages { , for boys. For BMI, we used two spline knots (at ages 10 and 15 years) because, at the population level, changes in BMI with age are smoother than those in height [START_REF]NCD-RisC). 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[END_REF][START_REF] De Onis | Development of a WHO growth reference for school-aged children and adolescents[END_REF]133 . Each of the spline coefficients was allowed to vary across countries, with a hierarchical structure as described in a previous paper 130 , using the equation below, where is the global intercent and are the country, region and super-region random intercepts, respectively, The age effect coefficients ( ) for each age group h, with age z, are given by: A flat improper prior was placed of each of the s.

Study-level term and study-specific random effects

Mean height or BMI from individual studies may deviate from the true country-year mean due to factors associated with sampling, response or measurement. We used a study-level term to help account for potential systematic differences associated with data sources that are representative of sub-national and community populations. Our model thus included timevarying offsets (referred to as fixed effects above) for sub-national and community data in the term :

where is the indicator for whether the coverage of study i, in country j and year t, is subnational or community.

Even after accounting for sampling variability, national studies may still not reflect the country's true mean BMI level with perfect accuracy, and sub-national and community studies have even larger variability. In study i, the study-specific random effect allows all age groups from the same study to have an unusually high or an unusually low mean after conditioning on the other terms in the model. Each is assigned a normal prior with variance depending on whether study i is representative at the national, sub-national or community level. Random effects from national studies were constrained to have smaller variance ( ) than random effects of subnational studies ( ), which were in turn constrained to have smaller variance than community studies ( ). To make country-level predictions, we set = 0, thus not including random effects due to imperfections in study design and to within-country variability of BMI means.

Urban and rural strata

To model mean height and BMI by urban and rural places of residence, the model included offsets for the two strata. The offsets were captured by country-specific intercept, linear time and age effects, using a centred indicator term ( ): The study random effect term incorporates deviations from the country-level urban-rural difference in each study and is analogous to .

Residual age-by-study variability

The age patterns across communities within a given country may differ from their country's overall age pattern. This within-study variability cannot be captured by the 's, which are equal across age-specific observations in each study, so we include an additional variance component for each study, . We again assume that there is less residual variability in national studies than in sub-national and community-level studies, with < < .

Model implementation

All analyses were done separately by sex because age, geographical and temporal patterns of height and BMI differ between girls and boys [START_REF]NCD-RisC). 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[END_REF][START_REF]NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 populationbased measurement studies in 128•9 million children, adolescents, and adults[END_REF] . We fitted the statistical model using Markov chain Monte Carlo (MCMC). We started 35 parallel MCMC from randomly-generated overdispersed starting values. For computational efficiency, each chain was run for a total of 75,000

iterations. All chains converged to the same target distribution within this number, but with the over-dispersed initial values, the length of burn-in required to converge to the target distribution varied. After the runs were completed, we used trace plots to monitor convergence and select chains that had completed burn-in within 35,000 iterations. This resulted in 16 chains for boys and 17 for girls for BMI; 14 chains for boys and 16 for girls for height. Within each chain, postburn-in iterations were thinned by keeping every 10 th iteration, which were then combined for all chains and further thinned to a final set of 5,000 draws of the model parameter estimates. We used the posterior distribution of the model parameters to obtain the posterior distributions of our outcomes: mean urban and rural height and BMI, and the urban-rural difference in mean height and BMI. Posterior estimates were made for by one-year age groups from five to 19 years, as well as for age-standardised outcomes, by year. The reported credible intervals represent the 2.5 th and the 97.5 th percentiles of the posterior distributions. We also report the posterior standard deviation of estimates, and posterior probability that the estimated change in height or BMI in rural or urban areas, and in the estimated urban-rural height or BMI difference over time, represents a true increase or decrease.

Convergence was confirmed for the country-sex specific posterior outcomesnamely mean urban height and BMI, mean rural height and BMI and the urban-rural difference in mean height and BMIfor reporting ages (5, 10, 15, 19 years and age-standardised) and years (1990 and 2020) using the R-hat diagnostic 140,141 . For height, the 2.5 th to 97.5 th percentiles of the R-hats for the reporting ages and years were 0.999-1.010 for girls and 0.999-1.004 for boys. For BMI, the 2.5 th to 97.5 th percentiles of the R-hats were 0.999-1.004 for girls and 0.999-1.005 for boys.

We applied the pool-adjacent-violators algorithm, a monotonic regression that uses an iterative algorithm based on least squares to fit a free-form line to a sequence of observations such that the fitted line is non-decreasing 142,143 , on the posterior height estimates to ensure that each birth cohort's height increased monotonically with age. In practice, this had little effect on the results, with height at age 19 years adjusted by an average 0.26 cm or less for both boys and girls.

Strengths and limitations

An important strength of our study is its novel scope of presenting consistent and comparable estimates of urban and rural height and BMI among school-aged children and adolescents, which is essential to formulate and evaluate policies that aim to improve health in these formative ages. We used an unprecedented amount of population-based data from 194 countries and territories covering ~99% of the world's population. We maintained a high level of data quality and representativeness through repeated checks of study characteristics against our inclusion and exclusion criteria, and did not use any self-reported data to avoid bias in height and weight. Data were analysed according to a consistent protocol, and the characteristics and quality of data from each country were rigorously verified through repeated checks by NCD-RisC members. We used a statistical model that used all available data and took into account the epidemiological features of height and BMI by using non-linear time trends and age associations. The model used the available information on the urban-rural difference in height and BMI and estimated the age-and time-varying urban-rural difference for all countries hierarchically.

Despite our extensive efforts to identify and access data, some countries and regions had fewer that affect access to and the quality of nutrition, the living environment and healthcare [START_REF] Menon | Socio-economic Differentials in Child Stunting are Consistently Larger in Urban than in Rural Areas[END_REF][START_REF] Smith | Why Is Child Malnutrition Lower in Urban Than in Rural Areas? Evidence from 36 Developing Countries[END_REF]144 .

Among these, in some cities, a large number of families live in slums [START_REF] Krumdiek | The rural-to-urban malnutrition gradient: a key factor in the pathogenesis of urban slums[END_REF]145 . School-aged children and adolescents in slums have nutrition, environment and healthcare access that is typically worse than other residents of the city, although often better than those in rural areas [START_REF] Krumdiek | The rural-to-urban malnutrition gradient: a key factor in the pathogenesis of urban slums[END_REF][145][146][147][148] . The dashed arrows in darker shade show the regional averages, calculated as the unweighted arithmetic mean of the values for all countries in each region along the horizontal and vertical axes. For urban-rural difference, a positive number shows higher urban mean height and BMI and a negative number shows higher rural mean height and BMI.

See Extended Data Fig. 2 and Extended Data Fig. 3 for urban-rural differences in agestandardised mean height and BMI, and their change over time shown as maps, together with uncertainties in the estimates. See Extended Data Fig. 4 for results at ages 5, 10, 15 and 19 years.

We did not estimate the difference between rural and urban height for areas classified as entirely urban (Bermuda, Kuwait, Nauru and Singapore) or entirely rural (Tokelau). See Extended Data Fig. 9 for PPs of the urban-rural difference in age-standardised mean height and its change. See Supplementary Figure 5 for results at ages 5, 10, 15 and 19 years.

We did not estimate the difference between rural and urban height for areas classified as entirely urban (Bermuda, Kuwait, Nauru and Singapore) or entirely rural (Tokelau), as indicated by grey colour.

  words, for data not stratified by place of residence, the model treats the unstratified mean height or BMI as equivalent to the weighted sum of the (unobserved) urban sample mean BMI and rural sample mean BMI, with the weights based on the proportion of the study country's population living in urban areas in the year of the survey ( .The intercept ( ) and slope ( ) terms capture the country-to-country variation in the magnitude of the height or BMI difference between urban and rural populations and how the difference changes over time. The slope ( ) captures the country-to-country variation in the BMI or height difference between urban and rural populations across age groups. These were specified with the same geographical hierarchy as the country-specific intercepts ( ) and slopes (

  data, especially those in the Caribbean and Polynesia, Micronesia, and sub-Saharan Africa. Of the studies used, fewer than half had data for children aged 5-9 years compared with nearly 90% with data for children and adolescents aged 10-19 years, which increases the uncertainty of findings. The scarcity of data is reflected in the larger uncertainty of our estimates for these countries and regions, and younger age groups. This reflects the need to systematically include school-aged children in both health and nutrition surveys, and especially in countries where school enrolment is high, to use schools as a platform for monitoring growth and developmental outcomes for entire national populations and key subgroups such as those in rural and urban areas. Though urban and rural classifications are commonly based on national statistical offices definitions, classification of cities and rural areas may, appropriately, vary by country due to their demographic characteristics (e.g., population size or density), economic activity, administrative structures, infrastructure and environment. Similarly, urbanisation takes place through a variety of mechanisms such as changes in fertility in rural and urban areas, migration, and reclassification of previously rural areas to urban as they grow and industrialise. Each of these mechanisms may have different implications for nutrition and physical activity, and hence height and/or BMI, and should be a subject of studies that follow individual participants and changes in their place of residence. Finally, there is variation in growth and development of children within rural or urban areas, based on household socioeconomic status and community characteristics

Fig. 1 .

 1 Fig. 1. Change in the urban-rural height and body-mass index (BMI) difference from 1990

Fig. 2 .

 2 Fig. 2. Urban and rural height in 2020 and change from 1990 to 2020.
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We did not estimate mean rural BMI in areas classified as entirely urban (Singapore, Bermuda and Nauru), mean urban BMI in areas classified as entirely rural (Tokelau), or their change over time, as indicated by grey colour. The dashed arrows in darker shade show the regional averages, calculated as the unweighted arithmetic mean of the values for all countries in each region along the horizontal and vertical axes. For urban-rural difference, a positive number shows higher urban mean height and BMI and a negative number shows higher rural mean height and BMI. The dark vertical dashed lines indicate the median of the WHO reference population. For BMI, the lighter vertical dashed lines are placed one standard deviation below and above the median of the WHO reference population.

Extended Data

We did not estimate the difference between rural and urban height for areas classified as entirely urban (Bermuda, Kuwait, Nauru and Singapore) or entirely rural (Tokelau). The maps show the posterior probability (PP) that the age-standardised mean BMI increased from 1990 to 2020. The PP of a decrease is one minus that of an increase.

Extended Data

We did not estimate PP for change in mean rural BMI in areas classified as entirely urban (Bermuda, Kuwait, Nauru and Singapore) or change in mean urban BMI in areas classified as entirely rural (Tokelau).

Extended Data Fig. 7. Comparison of urban-rural difference in height and body-mass index (BMI) by sex in 2020.

We did not estimate the difference between rural and urban BMI or height for areas classified as entirely urban (Bermuda, Kuwait, Nauru and Singapore) or entirely rural (Tokelau). The figure shows trends in mean BMI at ages five and 19 years, and in age-standardised mean BMI for young adults (20-29 years and 30-39 years). Shaded areas show the 95% credible intervals. Trend for young adults were estimated using a model similar to the one described in Methods, where BMI-age patterns were allowed to vary flexibly via a cubic spline function without knots.

Extended

Extended Data Fig. 9. Posterior probability of urban-rural height difference and its increase from 1990 to 2020.

The maps show the posterior probability (PP) that age-standardised mean height in 2020 in urban areas was higher than in rural areas (left-hand panels), and the PP that the urban-rural difference in age-standardised mean height increased from 1990 to 2020 (right-hand panels).

For 2020, if estimated age-standardised mean urban height is statistically indistinguishable from rural height, the PP is 0. The maps show the posterior probability (PP) that age-standardised mean BMI in 2020 in urban areas was higher than in rural areas (left-hand panels), and the PP that the urban-rural difference in mean BMI increased from 1990 to 2020 (right-hand panels).