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Abstract

IMPORTANCE The degree to which health and economic outcomes of musculoskeletal disorders are
attributable to high body mass index (BMI) has not been quantified on a global scale.

OBJECTIVE To estimate global health and economic outcomes associated with musculoskeletal
disorders—low back pain (LBP), gout, and osteoarthritis attributable to high BMI in 2019.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used data of 192 countries and
territories from the Global Burden of Diseases, Injuries, and Risk Factors Study, World Health
Organization Global Health Expenditure, World Bank, and International Labour Organization
databases. Data analyses were conducted from February 24 to June 16, 2022.

MAIN OUTCOMES AND MEASURES Prevalence, years lived with disability (YLDs), health care
costs, and productivity losses due to morbidity from LBP, gout, and osteoarthritis attributable to high
BMI by region and country. Prevalence and YLDs were calculated with the population attributable
fraction approach. The economic burden, including health care costs and productivity losses due to
morbidity, was also quantified. Health care costs borne by the public, private, and out-of-pocket
sectors were estimated based on their corresponding payment shares. Productivity losses were
estimated based on the output per worker. A sensitivity analysis was conducted to arrive at the base,
minimum, and maximum estimates (ie, uncertainty interval [UI]) by using the mean, lower, and upper
bounds of all input variables.

RESULTS High BMI was estimated to be responsible for 36.3 million (UI, 18.4-61.0 million), 16.9
million (UI, 7.5-32.5 million), and 73.0 million (UI, 32.4-131.1 million) prevalent cases of LBP, gout, and
osteoarthritis, respectively, which accounted for 7.3 million (UI, 3.0-15.0 million) YLDs across 192
countries and territories in 2019. Globally, the YLDs of musculoskeletal disorders attributable to high
BMI accounted for 1.0% of all-cause YLDs in the working-age population aged 15 to 84 years. The
global total costs of musculoskeletal disorders attributable to high BMI reached $180.7 billion (UI,
$83.8-$333.1 billion), including $60.5 billion (UI, $30.7-$100.5 billion) in health care costs and $120.2
billion (UI, $53.1-$232.7 billion) in productivity losses. In terms of the global health care costs, 58.9%
($35.6 billion; UI, $17.8-$59.6 billion) was borne by the public sector, 24.0% ($14.5 billion; UI, $7.8-
$23.2 billion) by the private sector, and 17.1% ($10.3 billion; UI, $5.1-$17.6 billion) by the out-of-pocket
sector. On average, the total costs accounted for 0.2% of global gross domestic product. Great
inequalities in the disease and economic burden existed across regions and countries. Nearly 80% of
global health care (82.4%) and morbidity-related costs (82.9%) were paid by high-income countries,
whereas more than 60% (61.4%) of global YLDs occurred in middle-income countries.

CONCLUSIONS AND RELEVANCE In this cross-sectional study of 192 countries and territories, a
substantial amount of the health and economic impact of musculoskeletal disorders was attributable
to high BMI. Developing effective policies and active participation from health professionals to
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Key Points
Question What health and economic

outcomes associated with

musculoskeletal disorders are

attributable to high body mass index

(BMI) worldwide?

Findings In this cross-sectional study of

192 countries and territories, 7.3 million

years lived with disability and $180.7

billion total costs associated with

musculoskeletal disorders were

attributable to high BMI. The disease

and economic burden varied by region

and country.

Meaning These results suggest that

weight management should be given a

paramount priority on the global health

and economy agenda, and effective

policies and active participation from

health professionals to prevent excess

weight gain are needed.
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prevent excessive weight gain are needed. More available estimates are also needed to facilitate a
global analysis.
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Introduction

Musculoskeletal disorders cause long-term pain, physical disability, psychological distress, and
reduced quality of life.1,2 In 2017, the global number of prevalent cases of musculoskeletal disorders
reached 1.3 billion, leading to 121.3 thousand deaths and 138.7 million disability-adjusted life years
(DALYs).3 In addition to adverse health outcomes, musculoskeletal disorders also lead to work
disability, declines in productivity, and increases in health care spending.4 Health care spending on
musculoskeletal disorders in the US reached $380.9 billion,5 and health care costs combined with
productivity losses due to musculoskeletal disorders cost the European region €240 billion.4

High body mass index (BMI; calculated as weight in kilograms divided by height in meters
squared) refers to a BMI of 25 or more for individuals aged 20 years and older, and having overweight
or obesity according to the International Obesity Task Force standards for children aged 1 to 19
years.6 In 2019, high BMI accounted for 5.0 million deaths and 160 million DALYs globally.7

Additionally, high BMI has cost Australia approximately $23.7 billion, including $12.0 billion in health
care costs and $11.7 billion in productivity losses.8 The economic costs of high BMI also accounted for
9.3% of gross domestic product (GDP) in the US.9

High BMI has been proven to be a risk factor for low back pain (LBP), osteoarthritis, and gout
among musculoskeletal disorders in the Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2019.6 Such risk–outcome pairs were determined by the inclusion criteria that the association
demonstrated compelling evidence (eg, the absence of confounding).6 Although other categories
of musculoskeletal disorders (eg, neck pain) might also be associated with high BMI,10 the
associations were supported with too weak evidence to be considered in the GBD study.6

Additionally, although previous studies3-5,7-9 have advanced our understanding of the disease and
economic burden of musculoskeletal disorders and high BMI, respectively, how the burden of
musculoskeletal disorders is attributable to high BMI has not been investigated. This is a major
limitation because research aimed at lightening the burden of diseases by reducing exposure to risk
factors often fails due to insufficient knowledge about the full range of social effects associated with
these risk factors. In addition, although previous studies4,8,9 have shown aggregate research
findings, it is necessary to understand how the economic costs are distributed among the public,
private, and out-of-pocket sectors. This will provide greater insight into developing further
interventions through coordinated endeavors by different sectors.

Therefore, this study aimed to investigate the health and economic burden of musculoskeletal
disorders, more specifically, LBP, gout, and osteoarthritis attributable to high BMI on a global scale. In
this study, we estimated economic costs, including both direct (ie, health care) and indirect (ie,
productivity losses due to morbidity) costs.

Methods

This cross-sectional study was approved by the institutional review board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster and a waiver of informed consent was granted
because this study used deidentified and aggregated data. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for cross-
sectional studies.
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Data Sources
To our knowledge, the GBD 2019 study was the most systematic effort to measure the global
epidemiological patterns of diseases, injuries, and risk factors from 1990 to 2019.11 We derived data
on prevalence estimates and years lived with disability (YLDs) from the GBD result tool.12 We also
extracted GDP data and the proportion of health care costs paid by sector from the World Health
Organization Global Health Expenditure Database.13 Additionally, we obtained employment data
from the World Bank and International Labour Organization (ILO) data portals.14,15 Moreover, labor
income shares in GDP and labor force participation rates were derived from the ILO data sets.16,17 In
total, we included 192 countries and territories with available data (eMethods and eTables 1-3 in
Supplement 1).

Statistical Analysis
Estimation of Disease Burden: Prevalence and YLDs
The population attributable fraction (PAF) refers to the level of morbidity that could be reduced if a
risk factor is removed.18,19 The high BMI PAFs for the age-standardized YLD rates of LBP, gout, and
osteoarthritis were extracted from the GBD 2019 database.12 In each disease category, we estimated
the number of attributable prevalent cases by multiplying the number of prevalent cases by the PAF
for the age-standardized YLD rate. We also extracted high BMI–attributable YLDs of musculoskeletal
disorders by category from the GBD 2019 database.12 However, due to a lack of data, for patients
aged 15 to 19 years with LBP or gout, and those aged 15 to 29 years with osteoarthritis, we estimated
the attributable YLDs by multiplying YLDs by the PAF for the age-standardized YLD rate in each
disease category (eMethods in Supplement 1). We summed these YLDs across diseases and ages as
the total YLDs in each country.

Estimation of Health Care Costs
To our knowledge, there have been no global estimates on disease-specific health care expenditures.
Therefore, we estimated the health care costs of musculoskeletal disorders attributable to high BMI
in each country by extrapolating a representative estimate. We conducted a systematic review and
ranked the existing national reports with several criteria. Finally, health care spending in the US was
selected as a baseline result (eMethods, eFigure 1, and eTable 4 in Supplement 1).5

We calculated health care costs for each country in several steps. First, we calculated health care
spending per case on musculoskeletal disorders by category in the US (eMethods and eTable 5 in
Supplement 1). The costs per case were then extrapolated to other countries based on the country-
specific spending ratio (ie, the value of health spending per head in a country divided by that in the
US). We obtained health spending per head from a global health spending study.20 The extrapolation
approach has been well applied in previous economic analyses of noncommunicable diseases.19,21,22

Health care costs per case estimated in our study were generally comparable with previous estimates
(eMethods and eFigure 2 in Supplement 1).23-28 We then multiplied the number of attributable
prevalent cases by health care spending per case to arrive at disease-specific health care spending.
Lastly, health care costs in each country were quantified by summing across disease-specific
estimates. Generally, 3 main sectors pay for health care costs worldwide. This includes the public
sector (eg, funds from government), the private sector or third party (eg, funds from insurance
companies), and the out-of-pocket sector. Health care costs distributed among sectors were
estimated based on the spending shares.13

Estimation of Lost Output Due to Morbidity
In this study, the labor income per worker was used as a measure of productivity losses. Particularly,
we calculated the labor income per head by multiplying GDP13 by the labor income share of GDP,16

and dividing by the size of the labor force.14 Because not all people entered the labor market, we
weighted the labor income per worker by the labor force participation rate (ie, the ratio of the
number of workers to the population size) in each age group.
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In addition to the decreased market production, high BMI also led to a decline in nonmarket
production (ie, household production), which is often excluded from the calculation of GDP. Based
on previous reports, nonmarket production is equivalent to 23%29 and 35%30 of GDP in the US and
Ghana, respectively. Given that most countries do not publish such data, we assumed that household
production equally accounted for 23% of GDP in upper-middle–income and high-income countries,
and 35% of GDP in lower-middle–income and low-income countries. We estimated morbidity-related
productivity losses in the working-age population (ie, 15 years and older).17 Consistent with a
previous study,30 we assumed the labor force participation rate to be zero in people aged 85 years
and older. Therefore, YLDs and productivity losses were only estimated in workers aged 15 to 84
years. In each age group, we estimated productivity losses by multiplying lost production per person
by YLD counts (eMethods in Supplement 1). Furthermore, productivity losses were summed across
age groups and diseases. We estimated the total costs in monetary terms and as a percentage of GDP
for each country and territory. Complying with the standards, we presented health care costs,
productivity losses, and the total costs in US dollars to facilitate comparisons across regions and
countries.

Sensitivity Analysis
We also conducted a sensitivity analysis to calculate the base, minimum, and maximum estimates (ie,
uncertainty interval [UI]) by using the mean, lower, and upper bounds of all input variables (eTable 3
in Supplement 1). As long as the input variables were not accompanied by uncertainty intervals (eg,
GDP), the values of input variables were used to calculate the minimum, base, and maximum
estimates. Data analyses were conducted in RStudio Version 1.3.1093.

Results

Globally, high BMI accounted for 7.3 million (UI, 3.0-15.0 million) YLDs in 2019. Particularly, the
number of prevalent cases of LBP attributable to high BMI reached 36.3 million (UI, 18.4-61.0 million)
with 4.3 million (UI, 1.9-8.1 million) YLDs (Table 1). There were also 16.9 million (UI, 7.5-32.5 million)
prevalent cases with gout attributable to high BMI, leading to 0.5 million (UI, 0.2-1.0 million) YLDs. In
addition, 73.0 million (UI, 32.4-131.1 million) prevalent cases with osteoarthritis were attributable to
high BMI, contributing to 2.6 million (UI, 0.9-5.8 million) YLDs (Table 1). High BMI–attributable YLDs
of musculoskeletal disorders accounted for 1.0% of all-cause YLDs in the working-age population
aged 15 to 84 years (Figure, panel A).

At the regional level, in terms of LBP and gout, the heaviest burden was found in the Americas
(10.2 million [UI, 5.7-15.7 million] prevalent cases with 1.2 million [UI, 0.6-2.1 million] YLDs, and 5.6
million [UI, 2.9-9.3 million] prevalent cases with 0.2 million [UI, 0.1-0.3 million] YLDs, respectively). In
contrast, the Western Pacific region was most affected by osteoarthritis (19.7 million [UI, 7.0-39.7
million] prevalent cases and 0.7 million [UI, 0.2-1.7 million] YLDs). Africa was least affected (Table 1).
Additional results are presented in eTables 6 and 7 in Supplement 1.

In 2019, high BMI accounted for $180.7 billion (UI, $83.8-$333.1 billion) of total costs worldwide
(Table 2). Of these, $1.6 billion (UI, $0.7-$3.0 billion) was contributed by Africa, $98.4 billion (UI,
$49.4-$171.0 billion) by the Americas, $3.9 billion (UI, $1.9-$7.0 billion) by the Eastern Mediterranean,
$50.6 billion (UI, $22.6-$95.9 billion) by Europe, $3.1 billion (UI, $1.2-$6.2 billion) by Southeast Asia,
and $23.1 billion (UI, $7.9-$49.9 billion) by the Western Pacific. Notably, the total costs accounted for
0.2% of global GDP on average. This percentage ranged from 0.02% in Ethiopia to 0.4% in the US.
In 2019, total costs as a percentage of GDP were generally higher in high-income countries than in
low-income and lower-middle–income countries. Despite this, the total costs also accounted for
more than 0.3% of GDP in some low-income (eg, the Syrian Arab Republic) and lower-middle–income
countries (eg, the Republic of Moldova and Ukraine) (Figure, panel B). Health care costs accounted
for nearly 30% of the total costs globally, with 29.3% in Africa, 34.9% in the Americas, 37.5% in the
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Eastern Mediterranean, 32.2% in Europe, 27.0% in Southeast Asia, and 30.4% in the Western Pacific
(Table 2). This proportion by country is shown in eTable 8 in Supplement 1.

In 2019, $60.5 billion (UI, $30.7-$100.5 billion) health care costs of musculoskeletal disorders
were attributable to high BMI globally (costs by disease category and location are provided in
eTables 9 through 11 in Supplement 1). Globally, the public sector bore the largest burden (58.9%;
$35.6 billion; UI, $17.8-$59.6 billion) (Table 3). Specifically, the public sector bore more than half of
health care costs across the world except Southeast Asia (43.5%; $0.4 billion; UI, $0.2-$0.7 billion).
Additionally, the European and Western Pacific regions were the only 2 regions wherein the private

Figure. Health and Economic Burden of Musculoskeletal Disorders Attributable to High Body Mass Index Worldwide

Attributable YLDsA

Attributable economic costsB

0.45 to <0.90

0.90 to <1.35

1.35 to <1.80

1.80 to <2.25

0 to <0.45

Attributable YLDs
as a percentage of
all-cause YLDs, %

Attributable economic
costs as a percentage
of GDP, %

0.01 to <0.05

0.05 to <0.10

0.10 to <0.15

0.15 to <0.20

0.20 to <0.25

0.25 to <0.30

0.30 to <0.41

Grey areas represent countries or territories with no available data. GDP indicates gross domestic product; YLDs, years lived with disability.
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sector contributed less than 10% (8.3% and 8.1%, respectively). Furthermore, the out-of-pocket
sector was responsible for 17.1% ($10.3 billion; UI, $5.1-$17.6 billion) of global health care costs. This
proportion ranged from 12.9% ($4.4 billion; UI, $2.4-$7.0 billion) in the Americas to 42.2% ($0.4
billion; UI, $0.2-$0.6 billion) in Southeast Asia. Health care costs paid by sector and location are
presented in eTable 12 in Supplement 1.

High BMI–associated morbidity led to productivity losses of $120.2 billion (UI, $53.1-$232.7
billion) globally. The Americas was the most affected region ($64.0 billion; UI, $30.8-$116.9 billion),
followed by Europe ($34.3 billion; UI, $14.6-$68.2 billion), the Western Pacific ($16.1 billion; UI, $5.3-
$35.9 billion), the Eastern Mediterranean ($2.5 billion; UI, $1.1-$4.7 billion), Southeast Asia ($2.3
billion; UI, $0.9-$4.7 billion), and Africa ($1.1 billion; UI, $0.5-$2.3 billion) (Table 2). Additional results
are shown in eTable 13 in Supplement 1. The economic burden was not directly proportional to the
population size and morbidity. For example, 13.2% of the world’s population is in the Americas (1.0
billion people), accounting for $34.4 billion (56.8%) of global health care costs, $64.0 billion (53.3%)
of global morbidity-related costs, and 2.0 million (26.6%) of global YLDs. In contrast, Southeast Asia
accounted for 2.0 billion (25.9%) of the world’s population but contributed to $838 million (1.4%) of
global health care costs, $2.3 billion (1.9%) of global morbidity-related costs, and only 1.0 million
(13.1%) of global YLDs. Approximately 80% of global health care (82.4%) and morbidity-related costs
(82.9%) were paid by high-income countries, whereas more than 60% (61.4%) of the world’s YLDs
occurred in middle-income countries (Table 4).

Based on the uncertainty intervals of all input variables, we estimated that high BMI was
responsible for between 18.4 and 61.0 million prevalent cases of LBP, 7.5 and 32.5 million prevalent
cases of gout, 32.4 and 131.1 million prevalent cases of osteoarthritis, and 3.0 and 15.0 million YLDs
(Table 1). High BMI was also associated with $30.7 and $100.5 billion of health care costs, $53.1 and
$232.7 billion of productivity losses, and $83.8 and $333.1 billion of total costs (Table 2).

Discussion

Our results suggest that high BMI was responsible for 7.3 million YLDs of musculoskeletal disorders,
which cost the global economy approximately $180.7 billion in 2019. Of these, $60.5 billion were
health care costs, which exceeded the GDP in 113 out of 192 countries and territories. In addition, the
productivity losses due to morbidity were $120.2 billion.

In 2019, the total costs representing a high percentage of GDP was observed not only in high-
income countries but also in low-income and lower-middle–income countries. Therefore, the

Table 3. Health Care Costs of Musculoskeletal Disorders Attributable to High Body Mass Index Borne by Sector and World Health Organization Region in 2019

Region

Public sector Private or third-party sector Out-of-pocket sector

Amount,
millions US$
(UI)

Proportion
of health
care costs,
%a

Amount per
1000 persons,
US$ (UI)

Amount,
million US$
(UI)

Proportion
of health
care costs,
%a

Amount per
1000 persons,
US$ (UI)

Amount,
million US$
(UI)

Proportion
of health
care costs,
%a

Amount per
1000 persons,
US$ (UI)

Global 35 600
(17 845-59 622)

58.9 4667
(2339-7816)

14 534
(7764-23 215)

24.0 1905
(1018-3043)

10 322
(5058-17 571)

17.1 1353
(663-2303)

Africa 237
(125-384)

50.5 217
(114-352)

116
(61-191)

24.7 106
(55-175)

116
(57-198)

24.7 106
(52-181)

The Americas 17 725
(9615-27 937)

51.6 17 550
(9520-27 662)

12 176
(6661-19 074)

35.4 12 056
(6596-18 886)

4443
(2389-7048)

12.9 4399
(2366-6978)

Eastern Mediterranean 795 (423-1270) 53.9 1141
(607-1823)

192
(102-306)

13.0 275
(147-440)

488
(254-793)

33.1 701
(364-1137)

Europe 11 838
(5824-20 086)

72.6 12 727
(6261-21 594)

1362
(663-2327)

8.3 1464
(713-2502)

3118
(1538-5291)

19.1 3353
(1654-5688)

Southeast Asia 365
(165-655)

43.5 185
(83-332)

120
(54-216)

14.3 61
(27-109)

353
(158-639)

42.2 179
(80-323)

Western Pacific 4639
(1694-9289)

66.2 2412
(881-4830)

568
(223-1101)

8.1 295
(116-572)

1803
(662-3603)

25.7 937
(344-1873)

Abbreviation: UI, uncertainty interval.
a Percentage calculations were based on mean values.
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increased prevalence of overweight and obesity should not be simply treated as a result of increased
income.31 The comprehensive effects of rapid urbanization should also be taken into account.
Although urbanization has played a key role in increasing BMI by changing eating habits and physical
exercise, increasing BMI in rural areas is the leading contributor to the obesity epidemic globally.32

Particularly, BMI is rising at the same rate or even faster in rural dwellers (except for women in
sub-Saharan Africa) than in their urban peers in low-income and middle-income countries.32

Therefore, the total costs accounting for a substantial proportion of GDP in low-income and lower-
middle–income countries could be a function of increased BMI in rural settings.

Interestingly, although there were a higher rate and a larger number of rural residents in Africa
than in other economically developed regions (eg, the Americas),33 Africa suffered least from the
disease burden. The possible reason might be that Africa was less affected by high BMI. The
prevalence rates of overweight (34.5%) and obesity (12.7%) in Africa were much lower than those
(overweight, 64.2%; obesity, 28.3%) in the Americas.34 As high BMI increased the risk for
musculoskeletal disorders, the number of prevalent cases and YLDs of musculoskeletal disorders
were also lower in Africa than in the Americas.12 Consequently, the prevalence of high BMI among
cases of musculoskeletal disorders would be lower, and lower PAFs were observed in Africa than in
the Americas.12 Therefore, the high BMI–attributable disease burden was lower in Africa than in the
Americas. Another explanation might be poor diagnostic preparedness. A shortage of health
professionals and medical equipment in Africa hindered timely and precise diagnosis and a
proportion of cases were underdiagnosed.35

In this study, we also found that the economic burden was not directly proportional to the
population size and morbidity. The possible reasons might be population aging and increased life
expectancy. We took the disease and economic burden in Southeast Asia and the Americas for
example. In 2019, the number of people aged 65 years and older accounted for 8.6% and 16.0% of
the total population in Latin America and the Caribbean and in North America, respectively.36 In
contrast, this proportion was 7.2% in Southeast Asia.36 Additionally, life expectancy at 60 years was
22.7 years in the Americas, whereas it was 19.1 years in Southeast Asia.37 As the musculoskeletal
disease burden increased with age,3 the disease and economic burden was heavier in the region with
a higher proportion of older people. The prevalence of people classified as overweight or with
obesity also contributed. Overweight prevalence was 24.3% in Southeast Asia compared with 64.2%
in the Americas, and obesity prevalence was 6.2% in Southeast Asia compared to 28.3% in the
Americas.34

Table 4. Health Care Costs, Morbidity-Related Costs, and YLDs of Musculoskeletal Disorders Attributable to High Body Mass Index by WHO Region and World Bank
Income Group, 2019

Characteristics

Population,
No. in millions
(proportion of
global total, %)

Health-care costs,
million US$
(proportion of
global total, %)

Per capita
health care
costs, US$

Morbidity-related
costs, million US$
(proportion of global
total, %)

Per capita
morbidity-related
costs, US$

YLDs , No. in
thousands
(proportion of
global total, %)

YLDs per 1000
persons

Global 7628 (100.0) 60 485 (100.0) 7.9 120 233 (100.0) 15.8 7346 (100.0) 1.0

WHO region

Africa 1092 (14.3) 470 (0.8) 0.4 1132 (0.9) 1.0 472 (6.4) 0.4

The Americas 1010 (13.2) 34 376 (56.8) 34.0 64 049 (53.3) 63.4 1957 (26.6) 1.9

Eastern Mediterranean 697 (9.1) 1475 (2.4) 2.1 2454 (2.0) 3.5 603 (8.2) 0.9

Europe 930 (12.2) 16 316 (27.0) 17.5 34 278 (28.5) 36.9 1797 (24.5) 1.9

Southeast Asia 1976 (25.9) 838 (1.4) 0.4 2265 (1.9) 1.1 960 (13.1) 0.5

Western Pacific 1923 (25.2) 7011 (11.6) 3.6 16 055 (13.4) 8.3 1556 (21.2) 0.8

Income group

High 1197 (15.7) 49 832 (82.4) 41.6 99 684 (82.9) 83.3 2640 (35.9) 2.2

Upper-middle 2895 (37.9) 9068 (15.0) 3.1 17 074 (14.2) 5.9 2991 (40.7) 1.0

Lower-middle 2909 (38.1) 1477 (2.4) 0.5 3351 (2.8) 1.2 1521 (20.7) 0.5

Low 627 (8.2) 107 (0.2) 0.2 123 (0.1) 0.2 193 (2.6) 0.3

Abbreviations: WHO, World Health Organization; YLDs, years lived with disability.
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Despite the noted burden, it is difficult to take action, such as increasing access to and
delivering healthy food in low-income and lower-middle–income countries, where resources are
often scarce and undernutrition brings additional threats.38 Most often, these countries seek
external funding to prioritize interventions to address nutritional deficiencies. Therefore, food
security outweighs increasing BMI in these areas.31 To enhance the double-duty actions, more
adjustments are needed in administration and funding.39 New food policies such as enhancing
healthy education and behaviors, taxes on unhealthy foods, and encouraging healthy food
production were proposed in 2015.40 However, given the increasing burden of high BMI, it could be
concluded that these policies might achieve success in the long term, but only slight progress in the
short term.31 To tackle the significant burden effectively, more substantial efforts from health care
professionals should be made to prevent excess weight gain, such as launching awareness-raising
initiatives, delivering knowledge about weight management, and monitoring weight gain.41

Several studies have shown the mechanisms of high BMI in musculoskeletal disorders. Lee
et al42 found that as weight increased, the lumbar spine and intervertebral discs were compressed,
leading to LBP. In addition to the elevated loading borne by joints, excessive pressure worsened
cartilage loss and caused osteoarthritis.43,44 Furthermore, high BMI contributed to gout by increasing
the levels of serum uric acid,45 contributing to monosodium urate crystal deposits and systemic
inflammation.46

In this study, the total costs of high BMI ranged from $83.8 to $333.1 billion, presenting
approximately a 4-fold difference between the lower and upper limits. In contrast, the total costs of
physical inactivity estimated in a previous global work ranged from $18.5 to $182.1 billion,19 nearly a
10-fold variation existing in the uncertainty levels. The disparities were derived from the differences
in the uncertainty intervals of input variables. Conducting a sensitivity analysis with the lower and
upper limits of input variables did not necessarily indicate the presence of extreme situations.19

Monte Carlo simulation could be an ideal strategy. However, lacking a full understanding of the
distributions of input data impeded such efforts.19

Limitations
This study had several limitations. First, we assumed that nonmarket production equally accounted
for 23% of GDP in high-income and upper-middle–income countries, and 35% of GDP in lower-
middle–income and low-income countries. Although this might not be in line with the actual
situations, such data in most countries were absent. Second, our health outcomes only included
prevalence estimates and YLDs without capturing psychosociological impact due to the absence of
standardizing measurement tools. Third, the input variables of a country segmented into urban and
rural areas would provide additional information on the distribution of burden across settings.
However, only the aggregate data of a country are available. Fourth, because the prevalence of high
BMI among cases of musculoskeletal disorders by category and the relative risk adjusted for
sociodemographics were not estimated in the GBD result tool,12 we could not provide results with
the adjusted PAFs. Fifth, smoking was also a risk factor for musculoskeletal disorders, and high BMI
was also a risk factor for cardiovascular diseases.6 However, due to the limited article length, we
could not investigate all relevant risk factors and diseases given different PAFs. Future efforts are
warranted to address these issues.

Additionally, several missing values were imputed. For example, the spending shares by sector
were not available in Albania in 2019, which were replaced with its latest values in 2018. The missing
rate for this variable was 2.1% only, which was unlikely to make substantial changes to the regional
and global estimates. Despite these, the socioeconomic factors in a country change over time, which
might affect the interpretation of our results. This study also used data from other databases.
Limiting analysis to those countries with complete data could reduce the sample size and valuable
information provided by other variables would not be used. However, different databases might
apply different methodologies during the data estimation process, and it is challenging to determine
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whether data are comparable.47 Therefore, future work aiming at providing more available estimates
is needed to generate global estimates.

Conclusions

Substantial health and economic outcomes of musculoskeletal disorders were associated with high
BMI. More effective policies and active participation from health professionals are recommended to
prevent excess weight gain. More available estimates are also needed to facilitate a global analysis.

ARTICLE INFORMATION
Accepted for Publication: November 20, 2022.

Published: January 20, 2023. doi:10.1001/jamanetworkopen.2022.50674

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Chen N
et al. JAMA Network Open.

Corresponding Author: Daniel Yee Tak Fong, PhD, School of Nursing, Li Ka Shing Faculty of Medicine, The
University of Hong Kong, 3 Sassoon Rd, Hong Kong, China (dytfong@hku.hk).

Author Affiliations: School of Nursing, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong,
China (Chen, Fong, Wong); School of Nursing and Health Studies, Hong Kong Metropolitan University, Hong Kong,
China (Wong).

Author Contributions: Ms Chen and Dr Fong had full access to all the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: Chen, Fong.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Chen.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Chen, Fong.

Administrative, technical, or material support: Fong, Wong.

Supervision: Fong, Wong.

Conflict of Interest Disclosures: None reported.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank investigators from the Institute for Health Metrics and Evaluation, World
Health Organization, World Bank, and International Labour Organization for their efforts to make data available to
the public.

REFERENCES
1. Chen N, Fong DYT, Wong JYH. Trends in musculoskeletal rehabilitation needs in China from 1990 to 2030:
a Bayesian age-period-cohort modeling study. Front Public Health. 2022;10:869239. doi:10.3389/fpubh.
2022.869239

2. Chen N, Fong DYT, Wong JYH. Secular trends in musculoskeletal rehabilitation needs in 191 countries and
territories from 1990 to 2019. JAMA Netw Open. 2022;5(1):e2144198. doi:10.1001/jamanetworkopen.2021.44198

3. Safiri S, Kolahi AA, Cross M, et al. Prevalence, deaths, and disability-adjusted life years due to musculoskeletal
disorders for 195 countries and territories 1990-2017. Arthritis Rheumatol. 2021;73(4):702-714. doi:10.1002/
art.41571

4. Bevan S. Economic impact of musculoskeletal disorders (MSDs) on work in Europe. Best Pract Res Clin
Rheumatol. 2015;29(3):356-373. doi:10.1016/j.berh.2015.08.002

5. Dieleman JL, Cao J, Chapin A, et al. US health care spending by payer and health condition, 1996-2016. JAMA.
2020;323(9):863-884. doi:10.1001/jama.2020.0734

6. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-
2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396(10258):1223-1249.
doi:10.1016/S0140-6736(20)30752-2

JAMA Network Open | Global Health Health and Economic Outcomes Associated With Musculoskeletal Disorders Attributable to High Body Mass Index

JAMA Network Open. 2023;6(1):e2250674. doi:10.1001/jamanetworkopen.2022.50674 (Reprinted) January 20, 2023 11/14

Downloaded From: https://jamanetwork.com/ on 08/30/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.50674&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
mailto:dytfong@hku.hk
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.50674&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
https://dx.doi.org/10.3389/fpubh.2022.869239
https://dx.doi.org/10.3389/fpubh.2022.869239
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.44198&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
https://dx.doi.org/10.1002/art.41571
https://dx.doi.org/10.1002/art.41571
https://dx.doi.org/10.1016/j.berh.2015.08.002
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.0734&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
https://dx.doi.org/10.1016/S0140-6736(20)30752-2


7. Institute for Health Metrics and Evaluation. High body-mass index—level 2 risk. Accessed July 9, 2022. https://
www.healthdata.org/results/gbd_summaries/2019/high-body-mass-index-level-2-risk

8. Okunogbe A, Nugent R, Spencer G, Ralston J, Wilding J. Economic impacts of overweight and obesity: current
and future estimates for eight countries. BMJ Glob Health. 2021;6(10):e006351. doi:10.1136/bmjgh-2021-006351

9. Milken Institute. Economic impact of excess weight now exceeds $1.7 trillion: costs include $1.24 trillion in lost
productivity, according to study documenting role of obesity and overweight in chronic diseases. ScienceDaily
website. October 30, 2018. Accessed July 9, 2022. https://www.sciencedaily.com/releases/2018/10/
181030163458.htm

10. Nilsen TI, Holtermann A, Mork PJ. Physical exercise, body mass index, and risk of chronic pain in the low back
and neck/shoulders: longitudinal data from the Nord-Trondelag Health Study. Am J Epidemiol. 2011;174(3):
267-273. doi:10.1093/aje/kwr087

11. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396
(10258):1204-1222. doi:10.1016/S0140-6736(20)30925-9

12. Institute for Health Metrics and Evaluation. GBD results tool. Accessed April 15, 2022. https://ghdx.healthdata.
org/gbd-results-tool

13. World Health Organization. WHO global health expenditure database. Accessed December 20, 2021. https://
apps.who.int/nha/database/Select/Indicators/en

14. The World Bank Group. World development indicators. Accessed December 25, 2021. https://databank.
worldbank.org/source/world-development-indicators

15. International Labour Office Department of Statistics. Labour force by sex and age. Accessed March 10, 2022.
https://www.ilo.org/shinyapps/bulkexplorer41/?lang=en&segment=indicator&id=EAP_TEAP_SEX_AGE_NB_A

16. International Labour Office Department of Statistics. Statistics on labour income and inequality. Accessed
March 2, 2022. https://ilostat.ilo.org/topics/labour-income/

17. International Labour Office Department of Statistics. Statistics on the working-age population and labour
force. Accessed April 4, 2022. https://ilostat.ilo.org/topics/population-and-labour-force/#

18. Wu D, Wong P, Guo C, Tam LS, Gu J. Pattern and trend of five major musculoskeletal disorders in China from
1990 to 2017: findings from the Global Burden of Disease Study 2017. BMC Med. 2021;19(1):34. doi:10.1186/
s12916-021-01905-w

19. Ding D, Lawson KD, Kolbe-Alexander TL, et al; Lancet Physical Activity Series 2 Executive Committee. The
economic burden of physical inactivity: a global analysis of major non-communicable diseases. Lancet. 2016;388
(10051):1311-1324. doi:10.1016/S0140-6736(16)30383-X

20. Global Burden of Disease 2020 Health Financing Collaborator Network. Tracking development assistance for
health and for COVID-19: a review of development assistance, government, out-of-pocket, and other private
spending on health for 204 countries and territories, 1990-2050. Lancet. 2021;398(10308):1317-1343. doi:10.
1016/S0140-6736(21)01258-7

21. The Economist Intelligence Unit. Breakaway: The global burden of cancer—challenges and opportunities.
Accessed November 1, 2022. https://graphics.eiu.com/upload/eb/EIU_LIVESTRONG_Global_Cancer_Burden.pdf

22. World Economic Forum; Harvard School of Public Health. The global economic burden of non-communicable
diseases. Accessed November 1, 2022. https://www3.weforum.org/docs/WEF_Harvard_HE_
GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf

23. Dieleman JL, Baral R, Birger M, et al. US spending on personal health care and public health, 1996-2013.
JAMA. 2016;316(24):2627-2646. doi:10.1001/jama.2016.16885

24. Ebata-Kogure N, Murakami A, Nozawa K, et al. Treatment and healthcare cost among patients with hip or knee
osteoarthritis: a cross-sectional study using a real-world claims database in Japan between 2013 and 2019. Clin
Drug Investig. 2020;40(11):1071-1084. doi:10.1007/s40261-020-00968-6

25. Lee YR, Cho B, Jo MW, et al. Measuring the economic burden of disease and injury in Korea, 2015. J Korean Med
Sci. 2019;34(suppl 1):e80. doi:10.3346/jkms.2019.34.e80

26. Olafsson G, Jonsson E, Fritzell P, Hägg O, Borgström F. Cost of low back pain: results from a national register
study in Sweden. Eur Spine J. 2018;27(11):2875-2881. doi:10.1007/s00586-018-5742-6

27. Alonso-García M, Sarría-Santamera A. The economic and social burden of low back pain in Spain: a national
assessment of the economic and social impact of low back pain in Spain. Spine (Phila Pa 1976). 2020;45(16):
E1026-E1032. doi:10.1097/BRS.0000000000003476

JAMA Network Open | Global Health Health and Economic Outcomes Associated With Musculoskeletal Disorders Attributable to High Body Mass Index

JAMA Network Open. 2023;6(1):e2250674. doi:10.1001/jamanetworkopen.2022.50674 (Reprinted) January 20, 2023 12/14

Downloaded From: https://jamanetwork.com/ on 08/30/2023

https://www.healthdata.org/results/gbd_summaries/2019/high-body-mass-index-level-2-risk
https://www.healthdata.org/results/gbd_summaries/2019/high-body-mass-index-level-2-risk
https://dx.doi.org/10.1136/bmjgh-2021-006351
https://www.sciencedaily.com/releases/2018/10/181030163458.htm
https://www.sciencedaily.com/releases/2018/10/181030163458.htm
https://dx.doi.org/10.1093/aje/kwr087
https://dx.doi.org/10.1016/S0140-6736(20)30925-9
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://www.ilo.org/shinyapps/bulkexplorer41/?lang=en&segment=indicator&id=EAP_TEAP_SEX_AGE_NB_A
https://ilostat.ilo.org/topics/labour-income/
https://ilostat.ilo.org/topics/population-and-labour-force/
https://dx.doi.org/10.1186/s12916-021-01905-w
https://dx.doi.org/10.1186/s12916-021-01905-w
https://dx.doi.org/10.1016/S0140-6736(16)30383-X
https://dx.doi.org/10.1016/S0140-6736(21)01258-7
https://dx.doi.org/10.1016/S0140-6736(21)01258-7
https://graphics.eiu.com/upload/eb/EIU_LIVESTRONG_Global_Cancer_Burden.pdf
https://www3.weforum.org/docs/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf
https://www3.weforum.org/docs/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_2011.pdf
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.16885&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.50674
https://dx.doi.org/10.1007/s40261-020-00968-6
https://dx.doi.org/10.3346/jkms.2019.34.e80
https://dx.doi.org/10.1007/s00586-018-5742-6
https://dx.doi.org/10.1097/BRS.0000000000003476


28. Zhao X, Shah D, Gandhi K, et al. Clinical, humanistic, and economic burden of osteoarthritis among
noninstitutionalized adults in the United States. Osteoarthritis Cartilage. 2019;27(11):1618-1626. doi:10.1016/j.joca.
2019.07.002

29. Kanal D, Kornegay JT. Accounting for household production in the national accounts: an update, 1965–2017.
US Bureau of Economic Analysis Survey of Current Business. June 2019. Accessed February 16, 2022. https://apps.
bea.gov/scb/2019/06-june/0619-household-production.htm

30. Fisher S, Bellinger DC, Cropper ML, et al. Air pollution and development in Africa: impacts on health, the
economy, and human capital. Lancet Planet Health. 2021;5(10):e681-e688. doi:10.1016/S2542-5196(21)00201-1

31. Afshin A, Forouzanfar MH, Reitsma MB, et al; GBD 2015 Obesity Collaborators. Health effects of overweight
and obesity in 195 countries over 25 years. N Engl J Med. 2017;377(1):13-27. doi:10.1056/NEJMoa1614362

32. NCD Risk Factor Collaboration (NCD-RisC). Rising rural body-mass index is the main driver of the global obesity
epidemic in adults. Nature. 2019;569(7755):260-264. doi:10.1038/s41586-019-1171-x

33. United Nations Department of Economic and Social Affairs Population Dynamics. World Urbanization
Prospects 2018. 2018. Accessed October 30, 2022. https://population.un.org/wup/download/

34. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism. 2019;92:6-10. doi:10.1016/j.metabol.
2018.09.005

35. Genga EK, Oyoo GO, Kalla AA. The management of gout in Africa: challenges and opportunities. Clin
Rheumatol. 2021;40(9):3393-3400. doi:10.1007/s10067-020-05401-z

36. United Nations Department of Economic and Social Affairs Population Division. World Population Prospects
2022, population percentage by select age groups—both sexes. 2022. Accessed November 1, 2022. https://
population.un.org/wpp/Download/Standard/Population/

37. World Health Organization. Life expectancy at age 60 (years). Accessed November 1, 2022. https://www.who.
int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years)

38. Dai H, Alsalhe TA, Chalghaf N, Riccò M, Bragazzi NL, Wu J. The global burden of disease attributable to high
body mass index in 195 countries and territories, 1990-2017: an analysis of the Global Burden of Disease Study.
PLoS Med. 2020;17(7):e1003198-e1003198. doi:10.1371/journal.pmed.1003198

39. 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):142-155. doi:10.1016/S0140-6736
(19)32506-1

40. Hawkes C, Smith TGP, Jewell J, et al. Smart food policies for obesity prevention. Lancet. 2015;385(9985):
2410-2421. doi:10.1016/S0140-6736(14)61745-1

41. Wang Y, Xue H, Sun M, Zhu X, Zhao L, Yang Y. Prevention and control of obesity in China. Lancet Glob Health.
2019;7(9):e1166-e1167. doi:10.1016/S2214-109X(19)30276-1

42. Lee CA, Jang HD, Moon JE, Han S. The relationship between change of weight and chronic low back pain in
population over 50 years of age: a nationwide cross-sectional study. Int J Environ Res Public Health. 2021;18
(8):3969. doi:10.3390/ijerph18083969

43. Teichtahl AJ, Wluka AE, Tanamas SK, et al. Weight change and change in tibial cartilage volume and symptoms
in obese adults. Ann Rheum Dis. 2015;74(6):1024-1029. doi:10.1136/annrheumdis-2013-204488

44. Kulkarni K, Karssiens T, Kumar V, Pandit H. Obesity and osteoarthritis. Maturitas. 2016;89:22-28. doi:10.1016/
j.maturitas.2016.04.006

45. Bai L, Zhou JB, Zhou T, Newson RB, Cardoso MA. Incident gout and weight change patterns: a retrospective
cohort study of US adults. Arthritis Res Ther. 2021;23(1):69. doi:10.1186/s13075-021-02461-7

46. Cleophas MC, Crişan TO, Joosten LA. Factors modulating the inflammatory response in acute gouty arthritis.
Curr Opin Rheumatol. 2017;29(2):163-170. doi:10.1097/BOR.0000000000000366

47. Mackey TK, Cuomo RE, Liang BA. The rise of digital direct-to-consumer advertising?: comparison of direct-to-
consumer advertising expenditure trends from publicly available data sources and global policy implications. BMC
Health Serv Res. 2015;15:236. doi:10.1186/s12913-015-0885-1

SUPPLEMENT 1.
eMethods.
eTable 1. Sources or Calculation Methods for the Labor Force
eTable 2. Locations With Missing Values, Substitutes, and Income Levels
eTable 3. A Summary of Variables in This Study
eFigure 1. Study Selection
eTable 4. Study Ranking

JAMA Network Open | Global Health Health and Economic Outcomes Associated With Musculoskeletal Disorders Attributable to High Body Mass Index

JAMA Network Open. 2023;6(1):e2250674. doi:10.1001/jamanetworkopen.2022.50674 (Reprinted) January 20, 2023 13/14

Downloaded From: https://jamanetwork.com/ on 08/30/2023

https://dx.doi.org/10.1016/j.joca.2019.07.002
https://dx.doi.org/10.1016/j.joca.2019.07.002
https://apps.bea.gov/scb/2019/06-june/0619-household-production.htm
https://apps.bea.gov/scb/2019/06-june/0619-household-production.htm
https://dx.doi.org/10.1016/S2542-5196(21)00201-1
https://dx.doi.org/10.1056/NEJMoa1614362
https://dx.doi.org/10.1038/s41586-019-1171-x
https://population.un.org/wup/download/
https://dx.doi.org/10.1016/j.metabol.2018.09.005
https://dx.doi.org/10.1016/j.metabol.2018.09.005
https://dx.doi.org/10.1007/s10067-020-05401-z
https://population.un.org/wpp/Download/Standard/Population/
https://population.un.org/wpp/Download/Standard/Population/
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years)
https://dx.doi.org/10.1371/journal.pmed.1003198
https://dx.doi.org/10.1016/S0140-6736(19)32506-1
https://dx.doi.org/10.1016/S0140-6736(19)32506-1
https://dx.doi.org/10.1016/S0140-6736(14)61745-1
https://dx.doi.org/10.1016/S2214-109X(19)30276-1
https://dx.doi.org/10.3390/ijerph18083969
https://dx.doi.org/10.1136/annrheumdis-2013-204488
https://dx.doi.org/10.1016/j.maturitas.2016.04.006
https://dx.doi.org/10.1016/j.maturitas.2016.04.006
https://dx.doi.org/10.1186/s13075-021-02461-7
https://dx.doi.org/10.1097/BOR.0000000000000366
https://dx.doi.org/10.1186/s12913-015-0885-1


eTable 5. Health Care Costs per Case of Low Back Pain, Gout, and Osteoarthritis in the US
eFigure 2. Comparisons of Health Care Costs per Case (US$)
eTable 6. Disease Burden of Low Back Pain, Gout, and Osteoarthritis Attributable to High Body Mass Index by
Location in 2019 (Amount, Uncertainty Interval)
eTable 7. Disease Burden of Musculoskeletal Disorders Attributable to High Body Mass Index by Sex, Age, and
World Bank Income Group, 2019 (Number in Thousands)
eTable 8. Health Care, Morbidity-related, and Total Costs of Musculoskeletal Disorders Attributable to High Body
Mass Index by Location in 2019
eTable 9. Health Care Costs of Low Back Pain Attributable to High Body Mass Index by Location in 2019
eTable 10. Health Care Costs of Gout Attributable to High Body Mass Index by Location in 2019
eTable 11. Health Care Costs of Osteoarthritis Attributable to High Body Mass Index by Location in 2019
eTable 12. Health Care Costs of Musculoskeletal Disorders Attributable to High Body Mass Index Borne by Sector
and Location in 2019
eTable 13. Health Care, Morbidity-related, and Total Costs of Musculoskeletal Disorders Attributable to High Body
Mass Index by World Bank Income Group in 2019
eReferences.

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Global Health Health and Economic Outcomes Associated With Musculoskeletal Disorders Attributable to High Body Mass Index

JAMA Network Open. 2023;6(1):e2250674. doi:10.1001/jamanetworkopen.2022.50674 (Reprinted) January 20, 2023 14/14

Downloaded From: https://jamanetwork.com/ on 08/30/2023


