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Summary
Background Neck pain is a highly prevalent condition that leads to considerable pain, disability, and economic cost. 
We present the most current estimates of neck pain prevalence and years lived with disability (YLDs) from the Global 
Burden of Diseases, Injuries, and Risk Factors Study (GBD) by age, sex, and location, with forecasted prevalence 
to 2050.

Methods Systematic reviews identified population-representative surveys used to estimate the prevalence of and YLDs 
from neck pain in 204 countries and territories, spanning from 1990 to 2020, with additional data from opportunistic 
review. Medical claims data from Taiwan (province of China) were also included. Input data were pooled using 
DisMod-MR 2.1, a Bayesian meta-regression tool. Prevalence was forecast to 2050 using a mixed-effects model using 
Socio-demographic Index as a predictor and multiplying by projected population estimates. We present 95% UIs for 
every metric based on the 2·5th and 97·5th percentiles of 100 draws of the posterior distribution.

Findings Globally, in 2020, neck pain affected 203 million (95% uncertainty interval [UI] 163–253) people. The global 
age-standardised prevalence rate of neck pain was estimated to be 2450 (1960–3040) per 100 000 population and global 
age-standardised YLD rate was estimated to be 244 (165–346) per 100 000. The age-standardised prevalence rate 
remained stable between 1990 and 2020 (percentage change 0·2% [–1·3 to 1·7]). Globally, females had a higher age-
standardised prevalence rate (2890 [2330–3620] per 100 000) than males (2000 [1600–2480] per 100 000), with the 
prevalence peaking between 45 years and 74 years in male and female sexes. By 2050, the estimated global number of 
neck pain cases is projected to be 269 million (219–322), with an increase of 32·5% (23·9–42·3) from 2020 to 2050. 
Decomposition analysis of the projections showed population growth was the primary contributing factor, followed 
by population ageing.

Interpretation Although age-standardised rates of neck pain have remained stable over the past three decades, by 2050 
the projected case numbers are expected to rise. With the highest prevalence in older adults (higher in females than 
males), a larger effect expected in low-income and middle-income countries, and a rapidly ageing global population, 
neck pain continues to pose a challenge in terms of disability burden worldwide. For future planning, it is essential 
we improve our mechanistic understanding of the different causes and risk factors for neck pain and prioritise the 
consistent collection of global neck pain data and increase the number of countries with data on neck pain.

Funding Bill & Melinda Gates Foundation and Global Alliance for Musculoskeletal Health.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license. 

Introduction
Neck pain, irrespective of traumatic or non-traumatic 
cause, is a common and often disabling condition, 
contributing to considerable self-reports of pain, disability, 
and ongoing personal and health-care burden worldwide.1,2 
The Global Burden of Diseases, Injuries, and Risk Factors 
Study (GBD) is a comprehensive analysis of health loss 
attributed to diseases, injuries, and risk factors across 
204 countries and territories.3 Each iteration of the GBD 
has reported on the combined burden of musculoskeletal 
conditions in general, and on neck pain specifically,4 with 
the aim of assisting health-care providers and policy 
makers to identify and promote the implementation of 
effective assessment and intervention strategies. Reports 
of neck pain epidemiology have characterised neck pain on 

the basis of common clinical features (such as tenderness 
and limited mobility);2,3,5 however, it is crucial to recognise 
that neck pain is a heterogeneous condition clinically.6,7

Despite the high prevalence of neck pain, causes and 
associated risk factors have not been clearly defined in 
population estimates. Evidence suggests causes are 
multifactorial8–10 and include, but are not limited to, muscle 
strain (including resulting from poor posture, sleep 
disorders, repetitive movements, or injury); lack of exercise; 
inflammatory and degenerative changes in the spinal discs, 
joints, ligaments, and nerves; non-catastrophic injury from 
a motor vehicle collision, work-related event, sports-related 
event, or other degenerative conditions (eg, secondary 
osteoarthritis of cervical facet joints or degenerative cervical 
myelopathy); or neurological conditions and neoplasms.9,11–13

http://crossmark.crossref.org/dialog/?doi=10.1016/S2665-9913(23)00321-1&domain=pdf
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The aim of this systematic analysis was to provide an 
update on global, regional, and national estimates of 
prevalence and years lived with disability (YLDs) due to 
neck pain, with projections of prevalence for 2030–50.

Methods
Overview
This GBD study produced comprehensive estimates of 
neck pain prevalence and YLDs according to age, sex, 
location, and year in 204 countries and territories from 
1990 to 2020. The Guidelines for Accurate and 
Transparent Health Estimates Reporting (GATHER)14 
statement were followed (appendix p 2). Detailed 
methodology for the GBD study is reported elsewhere.3 
This Article was produced as part of the GBD Collaborator 
Network and in accordance with the GBD Protocol.

Case definition
The GBD reference case definition for neck pain was 
pain (with or without referral into the upper limb [or 
limbs]) that lasts for at least 1 day.5 The neck includes the 
area from the occiput to the first thoracic vertebra.

Input data
An initial systematic review of neck pain incidence and 
prevalence in population-representative data sources was 
presented for GBD 20105 and updated for GBD 2017.3,4 A 
further search of data between 2017 and 2020 found an 
additional eight neck pain studies, which were included 
for this study (PRISMA diagram in the appendix p 4). All 
included studies are presented in the appendix (p 28). 
Survey sources were excluded if they were not 
representative of the population, did not include primary 
data, or captured a small sample size. Further data for 

this study were included from opportunistic searches 
and contributions of datasets by GBD Collaborators.3 
Additionally, available medical claims data from Taiwan 
(province of China) for 2016 were included based on 
ninth and tenth revision International Classification of 
Diseases (ICD) coding (appendix p 4). The ICD-9 
code is 723.1, and the ICD-10 code is M54.2. Each newly 
identified and obtained data source was given a unique 
identifier (NID) and included in the Global Health Data 
Exchange (GHDx).

The GBD study estimated neck pain prevalence in all 
countries; however, for most GBD disease models, input 
data were not available for every location. In these cases, 
prevalence estimates were obtained through the use of 
regional priors and country-level covariates. Available 
data were used from all countries in a given GBD region 
to produce regional estimates, and these priors were 
passed down to each country in the region to help inform 
country estimates. In regions with no data, estimates 
were informed by super-region priors. Countries for 
which data were available are in the appendix (pp 5–6).

Soft-tissue neck conditions, such as non-catastrophic 
trauma events, were assumed to be included in these 
prevalence studies of neck pain because there is no 
category in the separate GBD injury model process to 
identify these neck injuries. However, cervical vertebral 
fractures and their sequelae would be included in the 
GBD injury model and not be represented in the 
estimates for neck pain reported here.

Data processing and disease modelling
Reported estimates of prevalence were split by age and sex 
where possible. If studies reported prevalence for broad 
age groups by sex and by specific age groups for male and 

Research in context

Evidence before this study
The Global Burden of Diseases, Injuries, and Risk Factors Study 
(GBD) is a comprehensive source of global, regional, and 
country-level estimates of disease burden over time. Previous 
studies have reported neck pain to be a major cause of 
disability. To update these GBD data, a systematic review of 
population-representative studies of neck pain from 
1980 to 2017 using the search terms “neck pain”, “neck ache”, 
“neckache”, and “cervical pain” individually and combined with 
each of the following terms: “prevalen*”, “inciden*”, “cross-
sectional”, “cross sectional”, “epidemiol*”, “survey”, 
“population-based”, “population based”, “population study”, 
and “population sample”. A further search from 2017 to 2020 
was also done. These data were incorporated into the GBD 
model to estimate the burden of neck pain in 2020.

Added value of this study
For the first time, this work provides projections of neck pain 
prevalence at the global and regional level to the year 2050. 

We estimated that neck pain affected 203 million people in 
2020 with age-standardised prevalence higher in females than 
males. The number of people with neck pain is projected to 
increase by 32∙5% (95% uncertainty interval 23·9–42·3) globally 
to 269 million by the year 2050. In most regions, population 
growth is the main contributor to the increase in number of 
neck pain cases, followed by population ageing.

Implications of all the available evidence
There remains a substantial burden from neck pain. These GBD 
estimates are based on few and disparate sources of data, 
highlighting the need to increase the collection of standardised 
data at the country level. The identification and evaluation of 
the risk factors for neck pain, such as trauma and work-related 
risks, are essential to determine effective prevention and 
management strategies to decrease this burden.

For more on the Global Health 
Data Exchange see http://ghdx.
healthdata.org/gbd-2019/data-
input-sources 

See Online for appendix
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female sexes combined, age-specific estimates were split 
by sex using the reported sex ratio and bounds of 
uncertainty. Data that exclusively reported male and 
female prevalence combined were split into sex-specific 
data points by running a regression on the ratio of female-
to-male prevalence in the total dataset using a meta-
regression tool, MR-BRT (Meta—Regression-Bayesian 
Regularised Trimmed; details described elsewhere3), then 
applying this ratio to data reporting male and female sexes 
combined. The female-to-male ratio was 1·31 
(95% uncertainty interval [UI] 1·30–1·32). Additionally, 
data that reported prevalence in large age groups 
(>25 years) were split into 5-year age groups by applying 
the global age pattern of prevalence from the model of 
neck pain in GBD 2017. To estimate age-standardised 
rates, the standard population was calculated using the 
non-weighted mean of the GBD year’s age-specific 
population proportional distributions for all national 
locations with a population greater than 5 million people 
in the GBD year.15 Uncertainty was estimated using 
100 draws from our Bayesian model. We present 95% UIs 
for every metric based on the 2·5th and 97·5th percentiles 
of 100 draws of the posterior distribution.

In order to have the greatest data coverage possible, we 
accepted studies that used alternative case definitions than 
our reference and then adjusted for systematic bias using 
an adjustment factor specific to each alternative case 
definition. Bias adjustments were conducted using a 
network MR-BRT analysis for studies that reported an 
anatomical region beyond the defined area for the neck, 
episode duration greater than 3 months, recall periods of 
1 week to 1 month, recall periods between 1 month and 
1 year, activity-limiting pain, and studies surveying school 
children. Adjustment factors were calculated by pairing 
data with varying case definitions by year, age, sex, and 
location, and then estimating the logit difference between 
the prevalence of alternative and reference case definitions 
(appendix p 7). The adjustment factors reflect the ratio of 
the alternative over the reference case definition. Thus, for 
example, data for “anatomical region too broad” are 
divided by the adjustment factor of 2·63 (appendix p 7). 
After adjustment, data points with an age-adjusted 
prevalence rate of more than two median absolute 
deviations from the median by sex, year, and location were 
considered outliers and removed. Data inputs measured 
as period prevalence were adjusted in our crosswalking 
process to the level expected if it had been measured as 
point prevalence. Data were pooled using DisMod-MR 2.1. 
We assumed no incidence or prevalence before 5 years of 
age, and no risk factors for neck pain were included in the 
modelling process.

Neck pain estimates were then split by severity based on 
Medical Expenditure Panel Surveys (MEPS;16 appendix p 7). 
Respondents of the MEPS reported on reasons for health-
care contact over a 2-year period, which were then coded 
to ICD-9. MEPS respondents reported on general health 
status through the 12-Item Short Form Survey (SF-12), a 

self-reported outcome measure assessing the impact of 
health on an individual’s everyday life.3 From a series of 
purposive surveys among staff at the Institute for Health 
Metrics and Evaluation (University of Washington, Seattle, 
WA, USA) and participants at a GBD training workshop 
who completed SF-12 for 60 health states in GBD ranging 
from mild to very severe, a person’s disability weight was 
predicted from a regression of the SF-12 scores and the 
value of the GBD disability weight for each health state. 
Thus, for each MEPS respondent, we derived a value of 
the disability weight indirectly reported on SF-12 and 
parsed out the contribution of other conditions by 
correcting for any comorbid conditions influencing an 
individual’s experience of health loss. Respondents were 
then classified into five categories (the four neck pain 
health states with disability weights and an asymptomatic 
health state) taking the midpoint between disability weight 
values as the threshold between severity levels 
(appendix p 8).3 Disability weights were derived from 
pairwise comparisons of the relative severity of different 
health states conducted in nine countries’ disability weight 
surveys (such as interviews with communities and 
stakeholders, as well as the individuals through SF-12) 
and an open-access web-based survey (appendix p 8).1,17 
Finally, YLD estimates underwent comorbidity correction 
to account for the co-occurrence of all other conditions 
(eg, the neck pain associated with other disorders such as 
rheumatoid arthritis, depression, or headache) quantified 
in GBD.3 No mortality is attributed to neck pain within the 
GBD model, and as a result estimates for disability-
adjusted life-years (DALYs) and YLDs are identical.

Estimate projections
Forecast global and regional cases of neck pain to the 
year 2050 were computed by forecasting prevalence and 
population estimates.18,19 Age-specific, location-specific, 
and sex-specific GBD prevalence from 1990 to 2020 was 
logit transformed and used in the following regression 
model:

The term on the left side of the equation is the forecasted 
logit(prevalence), β1 is the fixed coefficient on Socio-
demographic Index (SDI) over time, and αl,a,s is the location-
age-sex-specific random intercept. SDI is a composite 
indicator of development status strongly correlated with 
health outcomes.15 In short, it is a summary measure of 
the total fertility rate for females younger than 25 years, 
mean years of schooling for those aged 15 years and older, 
and lag-distributed income per capita, which models 
changes in consumption because of a change in disposable 
income. Forecasts of SDI for every year–location 
combination were generated from forecasts for the 
three underlying components: total fertility under age 25, 
educational attainment, and lag-distributed income.19 To 
obtain forecasted cases, forecasted rates were multiplied by 

E[logit(Yl,a,s,y)] = β1SDIl,y + αl,a,s
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Prevalence YLDs

Counts, 2020 Percentage change in 
counts, 1990–2020

Age-standardised rate 
per 100 000, 2020

Percentage change 
in age-standardised 
rate per 100 000, 
1990–2020

Counts, 2020 Age-standardised rate 
per 100 000, 2020

Percentage change in 
age-standardised 
rate per 100 000, 
1990–2020

Global 203 000 000 
(163 000 000 to 
253 000 000)

77·3% (70·1 to 84·9) 2450 (1960 to 3040) 0·2% (–1·3 to 1·7) 20 200 000 
(13 700 000 to 
28 800 000)

244·0 (165·0 to 346·0) 0·2% (–1·3 to 1·6)

Males 81 600 000 
(65 400 000 to 
102 000 000)

72·3% (64·7 to 79·6) 2000 (1600 to 2480) 17·2% (15·6 to 18·7) 8 210 000 
(5 510 000 to 
11 800 000)

201·0 (135·0 to 286·0) 17·0% (15·0 to 19·7)

Females 122 000 000 
(97 900 000 to 
152 000 000)

80·8% (72·2 to 89·3) 2890 (2330 to 3620) 13·6% (12·0 to 15·0) 12 000 000 
(8 160 000 to 
17 000 000)

286·0 (194·0 to 406·0) 13·2% (11·6 to 15·0)

Central Europe, eastern 
Europe, and central Asia

12 800 000 
(10 300 000 to 
15 900 000)

11·7% (8·2 to 15·6) 2540 (2040 to 3190) –0·8% (–1·1 to –0·5) 1 260 000 
(853 000 to 
1 790 000)

254·0 (170·0 to 358·0) –0·5% (–1·2 to 0·1)

Central Asia 2 200 000 
(1 720 000 to 
2 780 000)

60·4% (53·3 to 66·1) 2340 (1860 to 2910) –0·2% (–0·3 to –0·1) 221 000 
(147 000 to 
320 000)

234·0 (157·0 to 334·0) –0·2% (–1·5 to 1·0)

Central Europe 3 590 000 
(2 900 000 to 
4 440 000)

8·9% (4·0 to 14·2) 2450 (1960 to 3080) 0·3% (0·1 to 0·6) 355 000 
(240 000 to 
505 000)

246·0 (165·0 to 349·0) 0·7% (–0·1 to 1·5)

Eastern Europe 6 970 000 
(5 680 000 to 
8 660 000)

3·2% (-0·1 to 7·2) 2670 (2150 to 3360) –0·1% (–0·2 to 0·0) 687 000 
(465 000 to 
981 000)

266·0 (179·0 to 375·0) 0·1% (–0·7 to 0·8)

High income 35 200 000 
(28 000 000 to 
43 100 000)

28·0% (22·9 to 32·8) 2560 (2060 to 3170) –3·8% (–5·1 to –2·7) 3 470 000 
(2 360 000 to 
4 730 000)

256·0 (170·0 to 357·0) –4·0% (–5·5 to –2·7)

Australasia 494 000 
(399 000 to 
612 000)

66·5% (59·5 to 73·8) 1360 (1070 to 1670) 0·0% (–0·1 to 0·1) 48 800 
(33 100 to 
66 700)

135·0 (90·4 to 188·0) –0·0% (–3·6 to 2·6)

 High-income Asia 
Pacific

5 750 000 
(4 650 000 to 
7 100 000)

26·4% (18·3 to 36·4) 2260 (1810 to 2870) –2·3% (–3·3 to –1·6) 573 000 
(387 000 to 
802 000)

229·0 (153·0 to 328·0) –2·1% (–3·2 to –1·0)

High-income North 
America

10 300 000 
(8 310 000 to 
12 700 000)

40·1% (33·0 to 46·9) 2380 (1880 to 3000) –0·2% (–0·3 to –0·1) 1 010 000 
(679 000 to 
1 410 000)

235·0 (158·0 to 336·0) –1·1% (–1·7 to –0·2)

Southern Latin America 1 570 000 
(1 250 000 to 
1 990 000)

55·9% (51·4 to 59·4) 2100 (1680 to 2670) –0·0% (–0·1 to –0·0) 157 000 
(105 000 to 
218 000)

210·0 (139·0 to 295·0) –0·4% (–2·5 to 1·7)

Western Europe 17 100 000 
(13 800 000 to 
21 200 000)

19·5% (14·9 to 24·0) 2970 (2370 to 3670) –4·5% (–6·6 to –2·5) 1 680 000 
(1 140 000 to 
2 270 000)

297·0 (196·0 to 413·0) –4·4% (–6·7 to –2·4)

Latin America and 
Caribbean

16 800 000 
(13 400 000 to 
21 100 000)

93·9% (82·1 to 105·0) 2690 (2150 to 3350) 0·1% (–0·0 to 0·2) 1 670 000 
(1 140 000 to 
2 400 000)

267·0 (182·0 to 380·0) –0·0% (–0·6 to 0·5)

Andean Latin America 1 590 000 
(1 250 000 to 
2 010 000)

112·0% (101·0 to 122·0) 2480 (1960 to 3110) –0·0% (–0·1 to 0·1) 159 000 
(106 000 to 
228 000)

248·0 (166·0 to 353·0) –0·3% (–2·4 to 1·3)

Caribbean 1 260 000 
(998 000 to 
1 580 000)

60·0% (52·5 to 67·4) 2480 (1970 to 3120) 0·0% (–0·0 to 0·1) 125 000 
(85 200 to 
179 000)

247·0 (168·0 to 354·0) –0·3% (–1·4 to 1·0)

Central Latin America 6 980 000 
(5 570 000 to 
8 780 000)

101·0% (87·4 to 113·0) 2680 (2150 to 3350) –0·0% (–0·2 to 0·1) 697 000 
(470 000 to 
1 000 000)

267·0 (181·0 to 381·0) –0·0% (–0·8 to 0·8)

Tropical Latin America 6 990 000 
(5 540 000 to 
8 740 000)

90·7% (78·8 to 103·0) 2790 (2220 to 3480) 0·1% (–0·0 to 0·2) 692 000 
(470 000 to 
989 000)

277·0 (188·0 to 392·0) 0·0% (–0·7 to 0·9)

North Africa and Middle 
East

22 200 000 
(17 500 000 to 
28 400 000)

143·0% (132·0 to 151·0) 3750 (3010 to 4720) –0·8% (–1·1 to –0·6) 2 210 000 
(1 470 000 to 
3 210 000)

370·0 (251·0 to 533·0) –1·4% (–2·1 to –0·7)

(Table continues on next page)
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forecasted population counts.19 Forecasted prevalence rates 
were intercept-shifted to GBD prevalence by subtracting 
forecasted estimation year 2020 prevalence rates from 
GBD estimation year 2020 prevalence rates and using this 
difference to shift all forecasted values through to the 
year 2050. Validation testing was done (appendix p 8). A 
Das Gupta decomposition analysis was performed to 
determine the relative contributions to the change in case 
number between 2020 and 2050 of population growth, 
population ageing, and changes in prevalence unrelated to 
demographics.20

Role of the funding source
The funders of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
A total of 92 sources were used in the current analysis, 
spanning 27 countries and territories over 12 regions 

(appendix p 5).In 2020, there were an estimated 
203 million (95% UI 163–253) people (all ages) with neck 
pain globally, representing an increase of 77·3% 
(70·1–84·9), from 115 million (91·6–142) in 1990 (table; 
appendix p 9). Between 1990 and 2020, the global age-
standardised prevalence rate remained almost constant, 
at 2440 (1960–3030) per 100 000 population in 1990 and 
2450 (1960–3040) per 100 000 in 2020 (figure 1; table). The 
percentage change in age-standardised rates of 
prevalence from 1990 to 2020 was 0·2% (–1·3 to 1·7).

Total YLDs increased by 76·2% (95% UI 69.3–83·7), 
from 11·5 million (7·7–16·4) in 1990 to 20·2 million 
(13·7–28·8) in 2020 (table).The age-standardised YLD 
rate was 244 (165–346) per 100 000 in 2020, which was 
similar to the estimate of 243 (165–345) per 100 000 
in 1990, a percentage change of 0·2% (–1·3 to 1·6).

Prevalence of neck pain was higher in females than 
males: the 2020 age-standardised prevalence was 
2890 (95% UI 2330–3620) per 100 000 in females and 
2000 (1600–2480) per 100 000 in males. Similarly, YLD 

Prevalence YLDs

Counts, 2020 Percentage change in 
counts, 1990–2020

Age-standardised rate 
per 100 000, 2020

Percentage change 
in age-standardised 
rate per 100 000, 
1990–2020

Counts, 2020 Age-standardised rate 
per 100 000, 2020

Percentage change in 
age-standardised 
rate per 100 000, 
1990–2020

(Continued from previous page)

South Asia 27 600 000 
(22 200 000 to 
34 600 000)

112·0% (105·0 to 118·0) 1590 (1290 to 1970) 0·4% (0·2 to 0·5) 2 740 000 
(1 880 000 to 
3 980 000)

157·0 (109·0 to 228·0) 0·9% (0·1 to 1·7)

Southeast Asia, east Asia, 
and Oceania

67 300 000 
(54 400 000 to 
83 600 000)

85·8% (69·1 to 102·0) 2520 (2010 to 3130) 2·1% (–2·5 to 5·8) 6 730 000 
(4 500 000 to 
9 560 000)

253·0 (170·0 to 357·0) 2·2% (–2·3 to 6·1)

East Asia 49 900 000 
(40 000 000 to 
62 000 000)

80·5% (61·7 to 100·0) 2560 (2040 to 3170) 2·6% (–3·4 to 7·6) 4 980 000 
(3 340 000 to 
7 120 000)

257·0 (173·0 to 362·0) 2·7% (–3·0 to 7·9)

Oceania 259 000 
(209 000 to 
328 000)

138·0% (132·0 to 143·0) 2430 (1990 to 3010) 0·1% (–0·0 to 0·1) 26 000 
(17 500 to 
37 300)

240·0 (164·0 to 335·0) 0·2% (–1·7 to 2·2)

Southeast Asia 17 200 000 
(13 600 000 to 
21 900 000)

102·0% (91·0 to 112·0) 2400 (1920 to 3010) 0·1% (–0·2 to 0·4) 1 720 000 
(1 140 000 to 
2 490 000)

240·0 (161·0 to 341·0) 0·5% (–0·3 to 1·1)

Sub-Saharan Africa 21 500 000 
(17 200 000 to 
27 600 000)

145·0% (140·0 to 149·0) 2750 (2220 to 3490) 1·4% (0·1 to 2·6) 2 160 000 
(1 430 000 to 
3 150 000)

272·0 (183·0 to 395·0) 1·7% (0·3 to 2·8)

Central sub-Saharan 
Africa

2 450 000 
(1 950 000 to 
3 140 000)

160·0% (157·0 to 163·0) 2580 (2090 to 3320) –0·5% (–0·7 to –0·2) 244 000 
(164 000 to 
354 000)

254·0 (172·0 to 369·0) 0·1% (–1·9 to 2·1)

Eastern sub-Saharan 
Africa

6 330 000 
(5 020 000 to 
8 020 000)

143·0% (140·0 to 146·0) 2220 (1790 to 2790) 0·1% (0·0 to 0·2) 636 000 
(422 000 to 
943 000)

220·0 (150·0 to 325·0) 0·7% (–0·2 to 1·5)

Southern sub-Saharan 
Africa

2 150 000 
(1 720 000 to 
2 740 000)

88·2% (80·8 to 93·7) 2880 (2320 to 3640) –0·0% (–0·3 to 0·2) 212 000 
(142 000 to 
314 000)

283·0 (192·0 to 417·0) –0·9% (–1·7 to 0·1)

Western sub-Saharan 
Africa

10 600 000 
(8 370 000 to 
13 600 000)

159·0% (152·0 to 166·0) 3240 (2610 to 4100) 3·0% (0·4 to 5·6) 1 070 000 
(700 000 to 
1 530 000)

321·0 (214·0 to 458·0) 3·4% (0·5 to 5·5)

Data in parentheses are 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. YLDs=years lived with disability. 

Table: Prevalence, YLDs, age-standardised rates of prevalence and YLDs per 100 000 population in 2020, and percentage change between 1990 and 2020 for neck pain globally, by GBD 
super-region and region
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rates were higher in females (286 [194–406] per 100 000) 
than males (201 [135–286] per 100 000). Prevalence and 
YLD rates peaked between the ages of 50 years and 
74 years (figure 2).

Among the 21 GBD regions, the region with the highest 
age-standardised point prevalence of neck pain was 
north Africa and the Middle East (3750 [95% UI 
3010–4720] per 100 000), and the region with the lowest 
was Australasia (1360 [1070–1670]; figure 1; table). 
Regional-level prevalence estimates of neck pain are 
provided in the table, with country-level prevalence 
reported in the appendix (p 9).

The GBD super-region of north Africa and the Middle 
East had the highest age-standardised YLD rates, at 
370 (251–533) per 100 000. The lowest rates were in the 
south Asia super-region with an age-standardised YLD 
rate of 157 (109–228) per 100 000. From 1990 to 2020, 
changes in age-standardised YLDs ranged from 
a decrease of 4·0% (2·7–5·5) in the high-income super-
region to a 2·2% (–2·3 to 6·1) increase in southeast Asia, 
east Asia, and Oceania super-region.

Based on forecasted changes in population and 
prevalence estimates, in 2050 an estimated 269 million 
(219–322) people globally will have neck pain, an 
increase of 32·5% (23·9–42·3) from 2020 to 2050 
(figure 3). Of the total neck pain cases in 2050, there are 

160 million (131–192) forecasted cases in females, and 
109 million (88·8–131) forecasted cases in males.

Three regions with declining population growth—
high-income Asia Pacific, central Europe, and 
eastern Europe—were forecasted to have a decrease in 
total neck pain cases between 2020 and 2050 (figure 4). 
The regions with a projected increase in neck pain of 
more than 100% included central sub-Saharan Africa, 
eastern sub-Saharan Africa, western sub-Saharan Africa, 
and Oceania (figure 4; appendix p 27).

Decomposition analysis shows the relative contribution 
of population ageing, population growth, and changes in 
prevalence to the forecasted increase in total cases of 
neck pain across regions (figure 4). In most regions, 
population growth is the largest contributor to projected 
prevalence changes. In sub-Saharan Africa and Oceania, 
for example, the population growth contributes 
83% change in Oceania, and more than 100% change in 
central, eastern, and western sub-Saharan Africa. 
However, population growth is a negative contributor in 
regions within central Europe, eastern Europe, high-
income Asia Pacific, and east Asia. Changes in 
prevalence have a minor effect on forecasts. Population 
ageing had a considerable contribution to the increased 
prevalence in the Latin American countries and 
south and east Asia.

Figure 1: Age-standardised prevalence (per 100 000 population) of neck pain by location for male and female sexes combined, 2020
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Discussion
The present study provides the most up-to-date and 
comprehensive prevalence and YLD estimates of neck 
pain at global and regional levels, including the addition 
of opportunistic studies from GBD collaborators adding 
to previous data. The forecasted prevalence to 2050 is 
also presented.

We found that the global age-standardised point 
prevalence and the YLD rate of neck pain have remained 
consistent over the past three decades but are forecasted 
to increase by more than 30% in the next three decades. 
Total YLDs increased by 78% from 1990 to 2020, 
suggesting that the increase is driven mainly by 
population growth and an ageing population. Our 
decomposition analysis found that, in most regions, 
population growth was the largest contributor to the 
forecasted increase in neck pain prevalence. Females had 
a higher prevalence of insidious or traumatic neck pain 
than males, and this pattern is expected to continue over 
the next three decades. Although multifactorial, 
geometric differences in the size of cervical vertebrae and 

paraspinal musculature, which are smaller in females 
than males,21 might contribute to the sex-dependent 
discrepancies in the prevalence of neck pain following 
trauma (eg, motor vehicle collision). Studies have 
suggested biological (genetic) factors might contribute to 
the sex disparities in perception of pain.22 The reasons for 
this sex disparity need to be explored.

GBD 2019 found neck pain ranked 11th out of the 
369 conditions in terms of YLDs.3 Given this ongoing high 
global burden, with neck pain featuring in the leading 
causes of YLDs since 1990, it is disappointing that effective 
prevention and management interventions have not been 
forthcoming,23 and we still do not understand all the 
determinants and risk factors. Lack of leadership at 
country and global levels towards implementation of 
specific musculoskeletal health strategies has probably 
contributed to minimal prioritisation of musculoskeletal 
disorders among policy makers and thereby funders and 
primary health-care practitioners.24 Potential reasons are 
that neck pain is not a homogeneous condition or single 
disease but rather the symptom state associated with a 
broad range of conditions, and each person has their own 
unique experience with their pain. Causes of neck (and 
low back) pain might be unknown and have not been well 
defined in population estimates and might include 
muscle strain (including bad sleeping posture, repetitive 
movements or injury, carrying of heavy goods, and 
wearing of heavy loads in the neck region); inflammatory 
and degenerative changes in the intervertebral discs, 
joints, ligaments, and nerves; or a non-catastrophic injury 
from a motor vehicle collision, work-related or sports-
related event, or degenerative condition (eg, secondary 
osteoarthritis of cervical facet joints or degenerative 
cervical myelopathy).25,26 It is also possible the heterogeneity 
of the clinical course should be reconceptualised as both a 
tissue-based and stress-based interaction where individual 
diatheses influence the interaction between inherent 
vulnerability and environmental stressors. By endorsing 
the concept of diatheses, we encourage recognition that 
no two people will respond the same to their neck pain. 
Whether those responses are driven by the pain 
experience, genetics, microbiome, life experiences, 
cultural beliefs and pressures, or (more likely) some 
contribution from all of these, the challenge for clinicians 
and researchers is to work beyond their typical academic 
boundaries to find points of convergence that can start to 
unravel what continues to be a burdensome and 
recalcitrant problem: acute and chronic neck pain.7,27,28

It is of particular concern that both prevalence and 
YLDs for neck pain peak during the working years, 
between the ages of 45 years and 74 years. Neck pain has 
been reported to result in negative effects on employee 
productivity with considerable financial effects placed on 
the employee, employer, and health-care systems. A 
study in Spain12 reported that 12·3% of Spanish workers 
missed at least 7 days of work over the year due to neck 
pain. A study in Greece found that 8·6% of working 

Figure 2: Global neck pain prevalence (A) and YLD (B) rate per 100 000 population by age and sex in 2020
The shaded area represents 95% uncertainty intervals, including overlap between male and female. YLD=years 
lived with disability.
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individuals (aged 15–65 years) missed an average of 
4·6 days of work over the course of 1 month due to neck 
pain.13 Neck pain might also be responsible for 
presenteeism, where those with neck pain stay at work 
but are not as productive.29 Tailored early exercise aimed 
at reducing muscular tension and workplace ergonomic 
interventions, such as keyboard position close to the 
body and varying work tasks,11 along with the addition of 
strengthening exercises at the workplace,30 have been 
suggested to relieve neck pain, increase productivity, and 
decrease time lost from work.31,32 Evidence remains 
inconclusive as to whether such approaches are affecting 
the global burden of neck pain. We opine that there is a 
need to develop better causal explanations and identify 
more effective interventions for prevention and 
management to mitigate the neck pain suffered by 
individuals and the resulting disease burden.7,33

With the exception of north Africa and the Middle East 
and south Asia, which had the highest and lowest rates, 
respectively, age-standardised rates of prevalence and 
YLDs were similar across the GBD super-regions. 
Cultural and lifestyle differences might come into play 
when examining regional differences. Regions where 
there is a greater reliance on neck transfer of heavy goods, 
particularly among women, might show higher 
prevalence and YLDs for neck pain. However, in high-
income countries, high prevalence and YLDs might be 
attributed to a greater use of technological devices such as 
computers, laptops, and mobile phones. A more 
sedentary lifestyle and home working with poor 
ergonomics during the COVID-19 pandemic might have 
also contributed to greater neck pain, which are not 
captured in our estimates’ or something similar. This 
raised a question as to whether it is a cause or effect of the 
greater availability and access to health practitioners, 
compensation insurance, diagnostic testing such as 
imaging, and subsequent treatment options, including 
spinal manipulation, spinal injections, or surgery, which 
might not always reflect current best evidence practice.34 
The use of imaging and diagnostic tests might contribute 
to an increase in high-cost, low-value care and could be 
associated with poorer outcomes,35 including the 
possibility of producing iatrogenic neck pain, for which a 
solution challenges the acumen of even the most astute 
clinician.36,37 Evidence should be provided to both 
clinicians and patients to ensure high-value care whereby 
informed treatments and adequate pain management 
options prevail. We would recommend that a focus for 
future research should involve an interdisciplinary 
collaborative effort among researchers, clinicians, patient 
groups, policy makers, and funding bodies, to optimise 
diagnostics and treatments through the global 
implementation of consistent research methodologies 
that can be replicated, including new discovery and 
innovation. Recommendations for value-based care for 
patients with chronic musculoskeletal pain could then be 
realised.38 In the absence of trauma and red flags, such as 

signs and symptoms of infection or upper motor neuron 
pathology or associated chest pain or shortness of breath, 
routine imaging and the associated radiation exposure 
should not be used in the vast majority of cases, and 
patients should be encouraged to be active and return to 
their own bespoke levels of normal functioning,39 whereby 
satisfaction and recovery can be measured and reported.40

Strengths of this analysis include the use of modelling 
techniques to adjust available data to enable estimates for 
all countries and regions through the use of regional 

Figure 3: Estimated global cases of neck pain from 1990 to 2050, with 95% uncertainty intervals
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priors and country-level covariates. The current analyses 
also include, for the first time, prevalence projections of 
neck pain to 2050.

A first limitation of the current GBD study is the lack of 
primary data, particularly from low-income countries, 
and as a result there is a high risk of compositional bias; 
additional prevalence and incidence data are crucial to 
improve the accuracy and reporting of results. 
Uncertainty in these estimates is based on 100 draws 
using the fractional interpolation method, and although 
we acknowledge that 1000 draws would be ideal, we 
would expect minimal bias in the results and uncertainty 
intervals from having used 100 draws only. There is a lack 
of data from low-income countries, where neck pain 
might not be reported and where more physical labour 
might be undertaken on a daily basis, such as neck 
transfer of heavy goods. We strongly encourage resources 
to be directed to collection of data within these low-
income countries in addition to data from rural versus 
urban areas and differing ethnicity and education levels.

Moreover, the heterogeneity of neck pain data requires 
the usage of data adjustment methods that introduce 
additional uncertainty. It can be unstable due to limited 
input data, and potentially mask true differences in 
disease burden, too. There remains a need for collection 
of neck pain data in a standard way that they are 
generalisable worldwide. Validated musculoskeletal 
questionnaires such as Community Oriented Program 
for Control of Rheumatic Diseases (COPCORD) surveys 
and the Global Alliance for Musculoskeletal Health 
Musculoskeletal (G-MUSC) Survey Module hold the 
potential to standardise survey methodology and increase 
comparability.41,42

A limitation to interpreting and therefore responding 
to the neck pain burden estimates is how it has been 
defined as pain that “lasted for at least one day”, meaning 
that chronicity cannot be fully appreciated. We would 
advise that chronic neck pain should be quantified 
separately from shorter-duration episodes of neck pain in 
future GBD iterations. Wider literature suggests about 
20% of people with neck pain do not fully recover, with 
potential poor prognostic factors including greater pain 
intensity at onset, report of associated headache, higher 
levels of distress, and co-occurrence with low back pain. 
A focus on only reducing neck pain but not physical 
impairments in the articular and muscular system might 
be reasons for recurrent episodes. Delays in access to 
evidence-based treatments for pain might result in 
significant deterioration in health-related quality of life 
and psychological wellbeing,2 which then leads to chronic 
presentation across services.

To obtain estimates of neck pain severity to include in 
the modelling process, proportions of people with mild, 
moderate, or severe neck pain were derived from analysis 
of US MEPS data, and those proportions were attributed 
across all data. The GBD methodology assumes the same 
distribution of severity for all countries regardless of 

access to health care, and for males and females alike 
and across ages. It is not known how this affects 
prevalence estimates and severity distributions. Methods 
to take into account potential variation in severity across 
countries, between sexes, and across ages should be 
developed, in addition to prioritisation of better global 
data collection.

No data on risk factors for neck pain were included that 
could have assisted the modelling process. As a result, the 
model suffers from an absence of predictive covariates, 
which have been suggested by previous research, 
including genetics, psychopathology, smoking, obesity, 
sedentary lifestyles, trauma, back pain, and those within 
the workplace.10,43 As evidence-based data on risk factors 
are required for inclusion in GBD models, further 
research on modifiable risk factors for neck pain is needed 
to strengthen estimates in data-sparse locations and 
provide relevant information for policy makers, as well as 
the patients themselves, regarding assessment and 
prevention. Furthermore, the forecasting decomposition 
analysis shows that there is little change in neck pain case 
numbers attributable to the age-standardised rate. Instead, 
it is wholly due to demographics across GBD regions. 
Additionally, our projections did not account for 
COVID-19’s impact on the prevalence or burden of neck 
pain, such as decreased access to treatment.

From 1990 to 2020, a reduction in the burden of neck 
pain was not realised, and based on the forecast to 2050 
absolute burden will increase significantly. Similar to the 
burden of other non-communicable diseases, we suggest 
that interdisciplinary and collaborative action that 
includes the affected patient groups at the primary care 
level is needed, including physical exercises, physical 
therapy, and advice to self-manage where appropriate, if 
we are to realise a reduction in the burden of neck pain.44 
To enable more accurate estimation of prevalence and 
burden over time and across geographies, consensus on 
a standard definition that allows more targeted models of 
service delivery and referral, in addition to collecting 
comparable data on neck pain and its risk factors are 
needed. Such data would enable health systems to deliver 
high-value musculoskeletal care based on a global 
framework of action.38 This evidence is a call to action for 
policy makers to strengthen the capacity of their health 
systems to deliver quality musculoskeletal care services, 
including early detection, management, and long-term 
care; undertake research that incorporates sex and age as 
biological variables influencing the differential burdens 
and consequences of neck pain; and invest adequate 
resources to prevent neck pain such as improve the 
working environment of their citizens using ergonomics.

The global age-standardised prevalence and YLD rate of 
neck pain have remained constant over the past three 
decades. Females and middle-aged and older populations 
continue to have the highest burden of neck pain, the latter 
of which represents a non-modifiable factor. The current 
state of the prevalence and disability associated with neck 
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pain needs to be highlighted and combined with greater 
patient and consumer group engagement to drive real-
world policy at country and global leadership levels towards 
lessening its burden across an ageing and culturally 
diverse world. Meanwhile, the global musculoskeletal 
community needs to generate better country-based 
estimates, using standardised definitions, addressing 
modifiable risk factors and covariates so that trends in 
prevalence and severity over time can be documented. 
Future discovery and innovation towards identifying and 
preventing the transition from acute to chronic neck pain 
with patient-centred interventions is the next step.
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Ai-Min Wu*, Marita Cross*, James M Elliott, Garland T Culbreth, 
Ewerton Cousin, Lydia M Haile, Jaimie D Steinmetz, Hailey Hagins, 
Jacek A Kopec, Peter M Brooks, Anthony D Woolf, 
Deborah R Kopansky-Giles, David M Walton, Julia M Treleaven, 
Karsten E Dreinhoefer, Neil Betteridge, Mitra Abbasifard, 
Zeinab Abbasi-Kangevari, Isaac Yeboah Addo, 
Miracle Ayomikun Adesina, Qorinah Estiningtyas Sakilah Adnani, 
Janardhana P Aithala, Fadwa Alhalaiqa Naji Alhalaiqa, 
Yousef Alimohamadi, Sohrab Amiri, Hubert Amu, Benny Antony, 
Jalal Arabloo, Aleksandr Y Aravkin, Mohammad Asghari-Jafarabadi, 
Gamechu Hunde Atomsa, Sina Azadnajafabad, Ahmed Y Azzam, 
Soroush Baghdadi, Saliu A Balogun, Asaminew Birhanu Balta, 
Maciej Banach, Morteza Banakar, Amadou Barrow, Azadeh Bashiri, 
Alehegn Bekele, Isabela M Bensenor, Pankaj Bhardwaj, 
Ajay Nagesh Bhat, Awraris Hailu Bilchut, Andrew M Briggs, 
Rachelle Buchbinder, Chao Cao, Akhilanand Chaurasia, 
Jesus Lorenzo Chirinos-Caceres, Steffan Wittrup McPhee Christensen, 
Kaleb Coberly, Omid Dadras, Xiaochen Dai, Katie de Luca, 
Azizallah Dehghan, Huan-Ji Dong, Michael Ekholuenetale, 
Muhammed Elhadi, Habitu Birhan Eshetu, Sharareh Eskandarieh, 
Farshid Etaee, Adeniyi Francis Fagbamigbe, Jawad Fares, 
Ali Fatehizadeh, Alireza Feizkhah, Manuela L Ferreira, Nuno Ferreira, 
Florian Fischer, Richard Charles Franklin, Balasankar Ganesan, 
Mathewos Alemu Gebremichael, Urge Gerema, Ali Gholami, 
Sherief Ghozy, Tiffany K Gill, Mahaveer Golechha, Pouya Goleij, 
Davide Golinelli, Simon Matthew Graham, Arvin Haj-Mirzaian, 
Netanja I. Harlianto, Jan Hartvigsen, Mohammad Hasanian, 
Mohammed Bheser Hassen, Simon I Hay, Jeffrey J Hebert, 
Golnaz Heidari, Amir Human Hoveidaei, Alexander Kevin Hsiao, 
Segun Emmanuel Ibitoye, Chidozie C D Iwu, Louis Jacob, 
Manthan Dilipkumar Janodia, Yingzhao Jin, Jost B. Jonas, 
Charity Ehimwenma Joshua, Himal Kandel, Yousef Saleh Khader, 
Himanshu Khajuria, Ejaz Ahmad Khan, Moien AB Khan, 
Moawiah Mohammad Khatatbeh, Sorour Khateri, 
Hamid Reza Khayat Kashani, Mohammad Saeid Khonji, 
Jagdish Khubchandani, Yun Jin Kim, Adnan Kisa, Ali-Asghar Kolahi, 
Hamid Reza Koohestani, Kewal Krishan, Mohammed Kuddus, 
Ambily Kuttikkattu, Savita Lasrado, Yo Han Lee, 
Samson Mideksa Legesse, Stephen S Lim, Xuefeng Liu, Justin Lo, 
Narges Malih, Shisir Prasad Manandhar, Elezebeth Mathews, 
Mohamed Kamal Mesregah, Tomislav Mestrovic, Ted R Miller, 
Seyed Peyman Mirghaderi, Awoke Misganaw, Esmaeil Mohammadi, 
Shafiu Mohammed, Ali H Mokdad, Sara Momtazmanesh, 
Mohammad Ali Moni, Ebrahim Mostafavi, Christopher J L Murray, 
Tapas Sadasivan Nair, Seyed Aria Nejadghaderi, 
Ogochukwu Janet Nzoputam, In-Hwan Oh, Osaretin Christabel Okonji, 
Mayowa O Owolabi, Kevin Pacheco-Barrios, 
Mohammad Taha Pahlevan Fallahy, Seoyeon Park, Jay Patel, 
Shrikant Pawar, Paolo Pedersini, Mario F P Peres, Ionela-Roxana Petcu, 
Mohammadreza Pourahmadi, Ibrahim Qattea, Pradhum Ram, 
Mohammad-Mahdi Rashidi, Salman Rawaf, Nazila Rezaei, Negar Rezaei, 
Umar Saeed, Fatemeh Saheb Sharif-Askari, Saina Salahi, 
Monika Sawhney, Austin E Schumacher, Mahan Shafie, Saeed Shahabi, 
Ataollah Shahbandi, Ali Shamekh, Saurab Sharma, Rahman Shiri, 
Parnian Shobeiri, Ehsan Sinaei, Ambrish Singh, Jasvinder A. Singh, 

Paramdeep Singh, Anna Aleksandrovna Skryabina, Amanda E Smith, 
Mohammad Tabish, Ker-Kan Tan, Masresha Derese Tegegne, 
Samar Tharwat, Seyed Mohammad Vahabi, Sahel Valadan Tahbaz, 
Tommi Juhani Vasankari, Narayanaswamy Venketasubramanian, 
Stein Emil Vollset, Yuan-Pang Wang, Taweewat Wiangkham, 
Naohiro Yonemoto, Moein Zangiabadian, Iman Zare, 
Dawit T Zemedikun, Peng Zheng, Kanyin Liane Ong†, Theo Vos†, 
Lyn M March†.

*Joint first authors.
†Joint senior authors.

Affiliations
Department of Orthopaedics, The Second Affiliated Hospital of 
Wenzhou Medical University (Prof A Wu MD), Wenzhou, China; Faculty 
of Medicine and Health (M Cross PhD, Prof L M March PhD), 
Department of Physical Therapy (D M Walton PhD), Kolling Institute of 
Medical Research (Prof M L Ferreira PhD), Save Sight Institute 
(H Kandel PhD), University of Sydney, Sydney, NSW, Australia; Global 
Alliance for Musculoskeletal Health, Sydney, NSW, Australia 
(M Cross PhD, Prof A D Woolf MBBS, 
Prof K E Dreinhoefer Staatsexamen); Kolling Institute of Medical 
Research (Prof J M Elliott PhD), University of Sydney and Northern 
Sydney Local Health District, St Leonards, NSW, Australia; Department 
of Physical Therapy and Human Movement Sciences 
(Prof J M Elliott PhD), Department of Neurological Surgery 
(J Fares MD), Northwestern University, Chicago, IL, USA; Institute for 
Health Metrics and Evaluation (G T Culbreth PhD, L M Haile BA, 
J D Steinmetz PhD, H Hagins MSPH, A Y Aravkin PhD, K Coberly BS, 
E Cousin PhD, X Dai PhD, M Hassen BSc, Prof S I Hay FMedSci, 
Prof S S Lim PhD, J Lo BA, T Mestrovic PhD, A H Mokdad PhD, 
Prof C J L Murray DPhil, A E Schumacher PhD, A E Smith MPA, 
Prof S Vollset DrPH, P Zheng PhD, K L Ong PhD, Prof T Vos PhD), 
Department of Applied Mathematics (A Y Aravkin PhD), Department of 
Health Metrics Sciences, School of Medicine (A Y Aravkin PhD, 
E Cousin PhD, X Dai PhD, Prof S I Hay FMedSci, Prof S S Lim PhD, 
A Misganaw PhD, A H Mokdad PhD, Prof C J L Murray DPhil, 
Prof S Vollset DrPH, P Zheng PhD, Prof T Vos PhD), University of 
Washington, Seattle, WA, USA; School of Population and Public Health 
(J A Kopec PhD), University of British Columbia, Vancouver, BC, 
Canada; Arthritis Research Canada, Richmond, BC, Canada 
(J A Kopec PhD); Centre for Health Policy (Prof P M Brooks MD), 
University of Melbourne, Melbourne, VIC, Australia; Bone and Joint 
Research Group (Prof A D Woolf MBBS), Royal Cornwall Hospital, 
Truro, UK; Department of Family and Community Medicine 
(Prof D R Kopansky-Giles MSc), University of Toronto, Toronto, ON, 
Canada; Department of Research and Innovation 
(Prof D R Kopansky-Giles MSc), Canadian Memorial Chiropractic 
College, Toronto, ON, Canada; School of Physical Therapy 
(D M Walton PhD), Western University, London, ON, Canada; School of 
Health and Rehabilitation Sciences (J M Treleaven PhD), The University 
of Queensland, Brisbane, Australia; Center of Musculoskeletal Surgery 
(Prof K E Dreinhoefer Staatsexamen), Institute of Public Health 
(F Fischer PhD), Charité Universitätsmedizin Berlin (Charité Medical 
University Berlin), Berlin, Germany; Independent Consultant, London, 
UK (N Betteridge MPH); Department of Internal Medicine 
(M Abbasifard MD), Clinical Research Development Unit 
(M Abbasifard MD), Rafsanjan University of Medical Sciences, 
Rafsanjan, Iran; Social Determinants of Health Research Center 
(Z Abbasi-Kangevari BSc, A Kolahi MD, M Rashidi MD), Obesity 
Research Center (A Haj-Mirzaian MD), Department of Neurosurgery 
(H Khayat Kashani MD), School of Medicine (S Nejadghaderi MD, 
M Zangiabadian MD), Shahid Beheshti University of Medical Sciences, 
Tehran, Iran; Non-communicable Diseases Research Center 
(Z Abbasi-Kangevari BSc, S Azadnajafabad MD, S Momtazmanesh MD, 
M Rashidi MD, N Rezaei MD, N Rezaei PhD), Dental Research Center 
(M Banakar PhD), Multiple Sclerosis Research Center 
(S Eskandarieh PhD), Students’ Scientific Research Center 
(S Mirghaderi MD), Faculty of Medicine (E Mohammadi MD, 
P Shobeiri MD, S Vahabi MD), School of Medicine 
(S Momtazmanesh MD), Department of Medicine 
(M Pahlevan Fallahy MD, A Shahbandi Med Student), Endocrinology 



Articles

e152	 www.thelancet.com/rheumatology   Vol 6   March 2024

and Metabolism Research Institute (N Rezaei PhD), Department of 
Neurology (M Shafie MD), Tehran University of Medical Sciences, 
Tehran, Iran (E Mohammadi MD); Centre for Social Research in Health 
(I Y Addo PhD), Faculty of Medicine and Health (S Sharma PhD), 
University of New South Wales, Sydney, NSW, Australia; Quality and 
Systems Performance Unit (I Y Addo PhD), Cancer Institute NSW, 
Sydney, NSW, Australia; Slum and Rural Health Initiative Research 
Academy (M A Adesina BPT), Slum and Rural Health Initiative, Ibadan, 
Nigeria; Department of Physiotherapy (M A Adesina BPT), Department 
of Epidemiology and Medical Statistics (M Ekholuenetale MSc, 
A F Fagbamigbe PhD), Faculty of Public Health (M Ekholuenetale MSc), 
Department of Health Promotion and Education (S E Ibitoye MPH), 
Department of Medicine (Prof M O Owolabi DrM), University of Ibadan, 
Ibadan, Nigeria; Faculty of Medicine (Q E S Adnani PhD), Universitas 
Padjadjaran (Padjadjaran University), Bandung, Indonesia; Department 
of Orthopedics (Prof J P Aithala DNB), Yenepoya Medical College, 
Mangalore, India; College of Nursing (Prof F A N Alhalaiqa PhD), Qatar 
University, Doha, Qatar; Psychological Sciences Association, Amman, 
Jordan (Prof F A N Alhalaiqa PhD); Pars Advanced and Minimally 
Invasive Medical Manners Research Center (Y Alimohamadi PhD), 
Health Management and Economics Research Center (J Arabloo PhD), 
Bone and Joint Reconstruction Research Center (M Khonji MD), 
Department of Physiotherapy (M Pourahmadi PhD), Iran University of 
Medical Sciences, Tehran, Iran; Medicine, Quran and Hadith Research 
Center (S Amiri PhD), Baqiyatallah University of Medical Sciences, 
Tehran, Iran; Department of Population and Behavioural Sciences 
(H Amu PhD), University of Health and Allied Sciences, Ho, Ghana; 
Menzies Institute for Medical Research (B Antony PhD, 
S A Balogun PhD, A Singh M.Tech), University of Tasmania, Hobart, 
TAS, Australia; Cabrini Research (Prof M Asghari-Jafarabadi PhD), 
Cabrini Health, Malvern, VIC, Australia; School of Public Health and 
Preventative Medicine (Prof M Asghari-Jafarabadi PhD), Department of 
Epidemiology and Preventive Medicine (Prof R Buchbinder PhD), 
Monash University, Melbourne, VIC, Australia; Department of Pediatrics 
and Child Health Nursing (G H Atomsa MSc), Department of Public 
Health (U Gerema MSc), Jimma University, Jimma, Ethiopia; 
Department of Neurovascular Research (A Y Azzam MD), Nested 
Knowledge, Inc., Saint Paul, MN, USA; Faculty of Medicine 
(A Y Azzam MD), October 6 University, 6th of October City, Egypt; 
Division of Orthopaedics (S Baghdadi MD), Children’s Hospital of 
Philadelphia, Philadelphia, PA, USA; Department of Clinical Anatomy 
(A B Balta MSc), Department of Medical Anatomy (A Bekele MSc), 
Department of Epidemiology and Biostatistics 
(M A Gebremichael MPH), Arba Minch University, Arba Minch, 
Ethiopia; Department of Hypertension (Prof M Banach PhD), Medical 
University of Lodz, Lodz, Poland; Polish Mothers’ Memorial Hospital 
Research Institute, Lodz, Poland (Prof M Banach PhD); Health Policy 
Research Center (M Banakar PhD, S Shahabi PhD), Health Information 
Management (A Bashiri PhD), Department of Physical Therapy 
(E Sinaei MSc), Shiraz University of Medical Sciences, Shiraz, Iran; 
Department of Public and Environmental Health (A Barrow MPH), 
University of The Gambia, Brikama, The Gambia; Epidemiology and 
Disease Control Unit (A Barrow MPH), Ministry of Health, Kotu, 
The Gambia; Department of Internal Medicine (I M Bensenor PhD), 
Department of Psychiatry (Prof M F P Peres MD, Y Wang PhD), 
University of São Paulo, São Paulo, Brazil; Department of Community 
Medicine and Family Medicine (P Bhardwaj MD), School of Public 
Health (P Bhardwaj MD), All India Institute of Medical Sciences, 
Jodhpur, India; Department of General Medicine (A N Bhat MD), 
Manipal Academy of Higher Education, Mangalore, India; Department 
of Public Health (A H Bilchut PhD), Debre Berhan University, Debre 
Berhan, Ethiopia; School of Physiotherapy and Exercise Science 
(Prof A M Briggs PhD), School of Public Health (T R Miller PhD), 
Curtin University, Perth, WA, Australia; Monash Department of Clinical 
Epidemiology at Cabrini Hospital (Prof R Buchbinder PhD), Cabrini 
Institute, Melbourne, VIC, Australia; Dana-Farber Cancer Institute, 
Boston, MA, USA (C Cao MPH); Department of Oral Medicine and 
Radiology (A Chaurasia MD), King George’s Medical University, 
Lucknow, India; Department of Public Health, Administration, and 
Social Sciences (J L Chirinos-Caceres DrPH), Cayetano Heredia 
University, Lima, Peru; Department of Health Science and Technology 

(S W M Christensen PhD), Aalborg University, Aalborg, Denmark; 
Department of Physiotherapy (S W M Christensen PhD), University 
College of Northern Denmark, Aalborg, Denmark; Department of 
Addiction Medicine (O Dadras DrPH), Haukland University Hospital, 
Bergen, Norway; Department of Global Public Health and Primary Care 
(O Dadras DrPH), University of Bergen, Bergen, Norway; Discipline of 
Chiropractic (K de Luca PhD), CQ University, Brisbane, QLD, Australia; 
Department of Epidemiology and Community Medicine 
(A Dehghan PhD), Fasa University of Medical Sciences, Fasa, Iran; Pain 
and Rehabilitation Center (H Dong PhD), Linköping University 
Hospital, Linköping, Sweden; Pain and Rehabilitation Centre, and 
Department of Health, Medicine and Caring Sciences (H Dong PhD), 
Linköping University, Linköping, Sweden; Faculty of Medicine 
(M Elhadi MD), University of Tripoli, Tripoli, Libya; Department of 
Health Promotion and Health Behavior (H B Eshetu MPH), Department 
of Health Informatics (M D Tegegne MPH), University of Gondar, 
Gondar, Ethiopia; Department of Internal Medicine (F Etaee MD), 
Department of Genetics (S Pawar PhD), Yale University, New Haven, CT, 
USA; Institute of Applied Health Sciences (A F Fagbamigbe PhD), 
University of Aberdeen, Aberdeen, UK; Department of Environmental 
Health Engineering (A Fatehizadeh PhD), Isfahan University of Medical 
Sciences, Isfahan, Iran; Department of Social Medicine and 
Epidemiology (A Feizkhah MD), Guilan University of Medical Sciences, 
Rasht, Iran; Department of Social Sciences (Prof N Ferreira PhD), 
University of Nicosia, Nicosia, Cyprus; School of Public Health, Medical, 
and Veterinary Sciences (Prof R C Franklin PhD), James Cook 
University, Douglas, QLD, Australia; School of Global Health 
(B Ganesan PhD), Institute of Health and Management, Melbourne, 
VIC, Australia; Department of Occupational Therapy (B Ganesan PhD), 
Mahatma Gandhi Occupational Therapy College, Jaipur, India; 
Department of Epidemiology and Biostatistics (A Gholami PhD), Non-
Communicable Diseases Research Center (A Gholami PhD), Neyshabur 
University of Medical Sciences, Neyshabur, Iran; Department of 
Radiology (S Ghozy MD), Mayo Clinic, Rochester, MN, USA; Adelaide 
Medical School (T K Gill PhD), University of Adelaide, Adelaide, SA, 
Australia; Health Systems and Policy Research Department 
(M Golechha PhD), Indian Institute of Public Health, Gandhinagar, 
India; Department of Genetics (P Goleij MSc), Sana Institute of Higher 
Education, Sari, Iran; Universal Scientific Education and Research 
Network (USERN) (P Goleij MSc), Kermanshah University of Medical 
Sciences, Kermanshah, Iran; Department of Biomedical and 
Neuromotor Sciences (D Golinelli MD), University of Bologna, Bologna, 
Italy; Nuffield Department of Orthopaedics (S M Graham PhD), Oxford 
University, Oxford, UK; Liverpool Orthopaedic and Trauma Service 
(S M Graham PhD), University of Liverpool, Liverpool, UK; Department 
of Radiology (A Haj-Mirzaian MD), Massachusetts General Hospital, 
Boston, MA, USA; Faculty of Medicine (N I Harlianto BSc), Utrecht 
University, Utrecht, Netherlands; Department of Radiology 
(N I Harlianto BSc), University Medical Center Utrecht, Utrecht, 
Netherlands; Department of Sports Science and Clinical Biomechanics 
(Prof J Hartvigsen PhD), University of Southern Denmark, Odense, 
Denmark; Research Department (Prof J Hartvigsen PhD), Nordic 
Institute of Chiropractic and Clinical Biomechanics, Odense, Denmark; 
Department of Radiology (M Hasanian MD), Arak University of Medical 
Sciences, Arak, Iran; National Data Management Center for Health 
(NDMC) (M Hassen BSc, A Misganaw PhD), Knowledge Translation 
Directorate (S M Legesse PhD), Ethiopian Public Health Institute, Addis 
Ababa, Ethiopia; Faculty of Kinesiology (Prof J J Hebert PhD), University 
of New Brunswick, Fredericton, NB, Canada; School of Psychology and 
Exercise Science (Prof J J Hebert PhD), Murdoch University, Murdoch, 
WA, Australia; Independent Consultant, Santa Clara, CA, USA 
(G Heidari MD); Sinai Hospital, Baltimore, MD, USA 
(A Hoveidaei MD); Outpatient Rehabilitation Department 
(A K Hsiao DPT), Southcoast Health: Tobey Hospital, Wareham, MA, 
USA; School of Health Systems and Public Health (C C D Iwu MPH), 
University of Pretoria, Pretoria, South Africa; Research and 
Development Unit (L Jacob MD), Biomedical Research Networking 
Center for Mental Health Network (CiberSAM), Sant Boi de Llobregat, 
Spain; Faculty of Medicine (L Jacob MD), University of Versailles Saint-
Quentin-en-Yvelines, Montigny-le-Bretonneux, France; Manipal College 
of Pharmaceutical Sciences (Prof M D Janodia PhD), Manipal Academy 



Articles

www.thelancet.com/rheumatology   Vol 6   March 2024	 e153

of Higher Education, Manipal, India; Department of Medicine and 
Therapeutics (Y Jin MD), The Chinese University of Hong Kong, 
Hong Kong, China; Institute of Molecular and Clinical Ophthalmology 
Basel, Basel, Switzerland (Prof J B Jonas MD); Department of 
Ophthalmology (Prof J B Jonas MD), Heidelberg University, Mannheim, 
Germany; Department of Economics (C E Joshua BSc), National Open 
University, Benin City, Nigeria; Sydney Eye Hospital (H Kandel PhD), 
South Eastern Sydney Local Health District, Sydney, NSW, Australia; 
Department of Public Health (Prof Y S Khader PhD), Jordan University 
of Science and Technology, Irbid, Jordan; Amity Institute of Forensic 
Sciences (H Khajuria PhD), Amity University, Noida, India; Department 
of Epidemiology and Biostatistics (E A Khan MPH), Health Services 
Academy, Islamabad, Pakistan; Family Medicine Department 
(M A Khan MSc), United Arab Emirates University, Al Ain, 
United Arab Emirates; Primary Care Department (M A Khan MSc), 
NHS North West London, London, UK; Department of Basic Medical 
Sciences (M M Khatatbeh PhD), Yarmouk University, Irbid, Jordan; 
School of Medicine (S Khateri MD), Kurdistan University of Medical 
Sciences, Sanandaj, Iran; Department of Public Health 
(Prof J Khubchandani PhD), New Mexico State University, Las Cruces, 
NM, USA; School of Traditional Chinese Medicine (Y Kim PhD), 
Xiamen University Malaysia, Sepang, Malaysia; School of Health 
Sciences (Prof A Kisa PhD), Kristiania University College, Oslo, Norway; 
Department of International Health and Sustainable Development 
(Prof A Kisa PhD), Tulane University, New Orleans, LA, USA; Social 
Determinants of Health Research Center (H Koohestani PhD), Saveh 
University of Medical Sciences, Saveh, Iran; Department of 
Anthropology (Prof K Krishan PhD), Panjab University, Chandigarh, 
India; Department of Biochemistry (Prof M Kuddus PhD), University of 
Hail, Hail, Saudi Arabia; Department of Nephrology (A Kuttikkattu MD), 
Pushpagiri Institute of Medical Sciences and Research Centre, 
Thiruvalla, India; Department of Otorhinolaryngology (S Lasrado MS), 
Father Muller Medical College, Mangalore, India; Department of 
Preventive Medicine, College of Medicine (Prof Y Lee PhD), Korea 
University, Seoul, South Korea; Lerner Research Institute (X Liu PhD), 
Cleveland Clinic, Cleveland, OH, USA; Department of Quantitative 
Health Science (X Liu PhD), Department of Neonatology (I Qattea MD), 
Case Western Reserve University, Cleveland, OH, USA; Research Group 
on Global Health and Human Development (N Malih MD), University 
of the Balearic Islands (UIB), Palma, Spain; Department of Academics 
(S P Manandhar PhD), Health Careers International, Institute of Health 
& Management, Rosanna, VIC, Australia; Department of Public Health 
and Community Medicine (E Mathews PhD), Central University of 
Kerala, Kasaragod, India; Faculty of Medicine (M K Mesregah MD), 
Menoufia University, Shebin El-Kom, Egypt; University Centre Varazdin 
(T Mestrovic PhD), University North, Varazdin, Croatia; Pacific Institute 
for Research &amp; Evaluation, Calverton, MD, USA (T R Miller PhD); 
Health Systems and Policy Research Unit (S Mohammed PhD), Ahmadu 
Bello University, Zaria, Nigeria; Department of Health Care 
Management (S Mohammed PhD), Technical University of Berlin, 
Berlin, Germany; School of Health and Rehabilitation Sciences 
(M Moni PhD), The University of Queensland, Brisbane, QLD, 
Australia; Department of Medicine (E Mostafavi PhD), Stanford 
Cardiovascular Institute (E Mostafavi PhD), Stanford University, 
Palo Alto, CA, USA; Health Workforce Department (T S Nair MD), 
WHO, Geneva, Switzerland; Department of Epidemiology 
(S Nejadghaderi MD), Department of International Studies 
(P Shobeiri MD), Non-Communicable Diseases Research Center 
(NCDRC), Tehran, Iran; Department of Physiology (O J Nzoputam PhD), 
University of Benin, Edo, Nigeria; Department of Physiology 
(O J Nzoputam PhD), Benson Idahosa University, Benin City, Nigeria; 
Department of Preventive Medicine (I Oh PhD), Kyung Hee University, 
Dongdaemun-gu, South Korea; School of Pharmacy (O C Okonji MSc), 
University of the Western Cape, Cape Town, South Africa; Department of 
Medicine (Prof M O Owolabi DrM), University College Hospital, Ibadan, 
Ibadan, Nigeria; Department of Physical Medicine and Rehabilitation 
(K Pacheco-Barrios MD), Harvard University, Boston, MA, USA; 
Vicerrectorado de Investigacion (K Pacheco-Barrios MD), Universidad 
San Ignacio de Loyola, Lima, Peru; Yonsei University College of 
Medicine, Seodaemun-gu, South Korea (S Park MD); Global Health 
Governance Programme (J Patel BSc), University of Edinburgh, 

Edinburgh, UK; School of Dentistry (J Patel BSc), University of Leeds, 
Leeds, UK; Clinical Research Department (P Pedersini MSc), IRCCS 
Fondazione Don Carlo Gnocchi, Milan, Italy; International Institute for 
Educational Planning (IIEP) (Prof M F P Peres MD), Albert Einstein 
Hospital, São Paulo, Brazil; Department of Statistics and Econometrics 
(I Petcu PhD), Bucharest University of Economic Studies, Bucharest, 
Romania; Department of Cardiology (P Ram MD), Emory University, 
Atlanta, GA, USA; Department of Primary Care and Public Health 
(Prof S Rawaf MD), Imperial College London, London, UK; Academic 
Public Health England (Prof S Rawaf MD), Public Health England, 
London, UK; Multidisciplinary Laboratory Foundation University School 
of Health Sciences (FUSH) (Prof U Saeed PhD), Foundation University, 
Islamabad, Pakistan; International Center of Medical Sciences Research 
(ICMSR), Islamabad, Pakistan (Prof U Saeed PhD); Sharjah Institute of 
Medical Sciences (F Saheb Sharif-Askari PhD), University of Sharjah, 
Sharjah, United Arab Emirates; Medical Laboratory (S Salahi B.Med.Sc.), 
Azad University of Medical Sciences, Tehran, Iran; Department of Public 
Health Sciences (M Sawhney PhD), University of North Carolina at 
Charlotte, Charlotte, NC, USA; Faculty of Medicine (A Shamekh MD), 
Aging Research Institute (A Shamekh MD), Tabriz University of Medical 
Sciences, Tabriz, Iran; Department of Physiotherapy (S Sharma PhD), 
Kathmandu University, Dhulikhel, Nepal; Finnish Institute of 
Occupational Health, Helsinki, Finland (R Shiri PhD); School of 
Medicine (Prof J A Singh MD), University of Alabama at Birmingham, 
Birmingham, AL, USA; Medicine Service (Prof J A Singh MD), US 
Department of Veterans Affairs (VA), Birmingham, AL, USA; 
Department of Radiodiagnosis (P Singh MD), All India Institute of 
Medical Sciences, Bathinda, India; Department of Infectious Diseases 
and Epidemiology (A A Skryabina MD), Pirogov Russian National 
Research Medical University, Moscow, Russia; Department of 
Pharmacology (M Tabish MPharm), Shaqra University, Shaqra, Saudi 
Arabia; Department of Surgery (K Tan PhD), Yong Loo Lin School of 
Medicine (Prof N Venketasubramanian MBBS), National University of 
Singapore, Singapore, Singapore; Rheumatology and Immunology Unit 
(S Tharwat MD), Mansoura University, Mansoura, Egypt; Clinical Cancer 
Research Center (S Valadan Tahbaz PhD), Milad General Hospital, 
Tehran, Iran; Department of Microbiology (S Valadan Tahbaz PhD), 
Islamic Azad University, Tehran, Iran; UKK Institute, Tampere, Finland 
(Prof T J Vasankari MD); Faculty of Medicine and Health Technology 
(Prof T J Vasankari MD), Tampere University, Tampere, Finland; Raffles 
Neuroscience Centre (Prof N Venketasubramanian MBBS), Raffles 
Hospital, Singapore, Singapore; Department of Physical Therapy 
(T Wiangkham PhD), Naresuan University, Phitsanulok, Thailand; 
Department of Neuropsychopharmacology (N Yonemoto PhD), National 
Center of Neurology and Psychiatry, Kodaira, Japan; Department of 
Public Health (N Yonemoto PhD), Juntendo University, Tokyo, Japan; 
Research and Development Department (I Zare BSc), Sina Medical 
Biochemistry Technologies, Shiraz, Iran; School of Population and Global 
Health (D T Zemedikun PhD), University of Western Australia, Perth, 
WA, Australia; Institute of Applied Health Research 
(D T Zemedikun PhD), University of Birmingham, Birmingham, UK; 
Department of Rheumatology (Prof L M March PhD), Royal North Shore 
Hospital and Kolling Institute of Medical Research, St Leonards, NSW, 
Australia.

Contributors
Members of the core research team for this topic area had full access to 
the underlying data used to generate estimates presented in this Article. 
All other authors had access to, and reviewed, estimates as part of the 
GBD study and research evaluation process, which includes additional 
stages of formal review. Please see appendix (pp 34–36) for more detailed 
information about individual author contributions to the research, 
divided into the following categories: providing data or critical feedback 
on data sources; developing methods or computational machinery; 
providing critical feedback on methods or results; drafting the 
manuscript or revising it critically for important intellectual content; and 
managing the estimation or publications process.

Declaration of interests
B Antony reports grants from the Rebecca Cooper Foundation and the 
Nat Rem Ltd grant; payment or honoraria for lectures, presentations, 
speakers bureaus, or educational events from Nat Red Ltd and IRACON; 



Articles

e154	 www.thelancet.com/rheumatology   Vol 6   March 2024

outside the submitted work. A M Briggs reports grants or contracts paid 
to his institution from the Bone and Joint Decade Foundation, AO 
Alliance, Canadian Memorial Chiropractic College, Australian 
Rheumatology Association, Pan-American League of Associations for 
Rheumatology, World Federation of Chiropractic, and Asia Pacific 
League of Associations for Rheumatology; consulting fees from WHO; 
payment or honoraria for lectures, presentations, speakers bureaus, 
manuscript writing or educational events from the American College of 
Rheumatology; support for attending meetings/travel from WHO; 
outside the submitted work. R Buchbinder reports grants or contracts 
from Australian National Health and Medical Research Council 
(NHMRC), Australian Commonwealth government, HCF Foundation, 
Cabrini Foundation, and Arthritis Australia; royalties from UptoDate for 
plantar fasciitis; outside the submitted work. J M Elliott reports other 
financial support from Orofacial Therapeutics LLC, outside the 
submitted work. R C Franklin reports grants or contracts from 
Heatwaves in Queensland – Queensland Government, Arc Flash –
Human Factors – Queensland Government, and Mobile Plant Safety – 
Agrifutures; honoraria for lectures, presentations, speakers bureaus, 
manuscript writing or educational events from the World Safety 
Conference 2022 - Conference Convener; support for attending meetings 
and/or travel from ACTM – Tropical Medicine and Travel Medicine 
Conference 2022 and ISTM – Travel Medicine Conference, Basel 2023; 
leadership or fiduciary roles in board, society, committee or advocacy 
groups, paid or unpaid with Kidsafe as a Director, Auschem as a 
Director, the International Society for Agricultural Safety and Health 
(ISASH) on the Governance Committee, Farmsafe as a Director, and the 
Public Health Association of Australia (PHAA) as the Injury Prevention 
SIG Convenor; outside the submitted work. J J Hebert reports financial 
support from the New Brunswick Health Research Foundation and the 
Canadian Chiropractic Research Foundation; outside the submitted 
work. D Kopansky-Giles reports leadership roles in board, society, 
committee or advocacy groups, paid or unpaid with the Global Alliance 
for Musculoskeletal Health as a member of the executive committee; 
outside the submitted work. K Krishan reports other non-financial 
support from UGC Centre of Advanced Study, CAS II, Department of 
Anthropology, Panjab University, Chandigarh, India; outside the 
submitted work. E Mathews reports grants or contracts from Wellcome 
DBT India Alliance; outside the submitted work. S Sharma reports 
grants or contracts from the International Association for the Study of 
Pain John J Bonica Postdoctoral Fellowship (the funder does not have 
any influence on S Sharma’s research); support for attending meetings/
travel from the International Association for the Study of Pain (IASP) 
Congress in Toronto in 2022; other nonfinancial support as a Board 
Member of the IASP Pain Mind and Movement Special Interest Group 
of the IASP, Global Year Task Force Member 2022 and 2023, and as a 
Board Member of Global Alliance of Partners for Pain Advocacy; outside 
the submitted work. J A Singh reports consulting fees from Crealta/
Horizon, Medisys, Fidia, PK Med, Two labs Inc., Adept Field Solutions, 
Clinical Care options, Clearview healthcare partners, Putnam associates, 
Focus forward, Navigant consulting, Spherix, MedIQ, Jupiter Life 
Science, UBM LLC, Trio Health, Medscape, WebMD, and Practice Point 
communications; and the National Institutes of Health and the 
American College of Rheumatology; payment or honoraria for lectures, 
presentations, speakers bureaus, manuscript writing or educational 
events from the speaker’s bureau of Simply Speaking; support for 
attending meetings and/or travel from OMERACT as a member of the 
steering committee; participation on a Data Safety Monitoring Board or 
Advisory Board with the FDA Arthritis Advisory Committee; leadership 
or fiduciary roles in board, society, committee or advocacy groups, paid 
or unpaid as a past steering committee member of the OMERACT, an 
international organization that develops measures for clinical trials and 
receives arms length funding from 12 pharmaceutical companies, 
Co-Chair of the Veterans Affairs Rheumatology Field Advisory 
Committee, and the editor and Director of the UAB Cochrane 
Musculoskeletal Group Satellite Center on Network Meta-analysis; 
stock or stock options in Atai Life Sciences, Kintara Therapeutics, 
Intelligent Biosolutions, Acumen Pharmaceutical, TPT Global Tech, 
Vaxart Pharmaceuticals, Atyu Biopharma, Adaptimmune Therapeutics, 
GeoVax Labs, Pieris Pharmaceuticals, Enzolytics Inc., Seres 
Therapeutics, Tonix Pharmaceuticals Holding Corp., and Charlotte’s 

Web Holdings, Inc, as well as previously owned stock options in 
Amarin, Viking and Moderna Pharmaceuticals; outside the submitted 
work. D M Walton reports grants from Natural Science and 
Engineering Research Council (NSERC) in Canada; Consulting fees for 
digital MSK health start-up; payment for expert testimony from the 
College of Physiotherapists of Ontario; patents planned, issued, or 
pending for a panel of blood markers to detect ‘risk’ of chronic pain 
after MSK trauma – including but not specific to the neck; stock or 
stock options in TSX stocks; other financial support as a co-author of a 
book on musculoskeletal pain from Handspring Publishers; all outside 
the submitted work. A Woolf reports leadership or fiduciary roles in 
board, society, committee or advocacy groups, paid or unpaid with the 
Global Alliance for Musculoskeletal Health as a co-chair; outside the 
submitted work.

Data sharing
The findings of this study are supported by data available in public 
online repositories, data publicly available upon request of the data 
provider, and data not publicly available due to restrictions by the data 
provider. Non-publicly available data were used under licence for the 
current study but can be made available by the authors upon 
reasonable request and with permission of the data provider. Data 
sources used in this analysis are listed in the appendix (pp 28–33).

Acknowledgments
This study was funded by the Bill & Melinda Gates Foundation and the 
Global Alliance for Musculoskeletal Health.

References
1	 Hoy DG, Protani M, De R, Buchbinder R. The epidemiology of 

neck pain. Best Pract Res Clin Rheumatol 2010; 24: 783–92.
2	 Lynch ME, Campbell F, Clark AJ, et al. A systematic review of the 

effect of waiting for treatment for chronic pain. Pain 2008; 
136: 97–116.

3	 Vos T, Lim SS, Abbafati C, et al. 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: 1204–22.

4	 Safiri S, Kolahi AA, Hoy D, et al. Global, regional, and national 
burden of neck pain in the general population, 1990–2017: 
systematic analysis of the Global Burden of Disease Study 2017. 
BMJ 2020; 368: m791.

5	 Hoy D, March L, Woolf A, et al. The global burden of neck pain: 
estimates from the global burden of disease 2010 study. 
Ann Rheum Dis 2014; 73: 1309–15.

6	 Elliott JM, Noteboom JT, Flynn TW, Sterling M. Characterization 
of acute and chronic whiplash-associated disorders. 
J Orthop Sports Phys Ther 2009; 39: 312–23.

7	 Walton DM, Elliott JM. An integrated model of chronic whiplash-
associated disorder. J Orthop Sports Phys Ther 2017; 47: 462–71.

8	 Genebra CVDS, Maciel NM, Bento TPF, Simeão SFAP, Vitta A. 
Prevalence and factors associated with neck pain: a population-
based study. Braz J Phys Ther 2017; 21: 274–80.

9	 Jahre H, Grotle M, Smedbråten K, Dunn KM, Øiestad BE. Risk 
factors for non-specific neck pain in young adults. A systematic 
review. BMC Musculoskelet Disord 2020; 21: 366.

10	 Kim R, Wiest C, Clark K, Cook C, Horn M. Identifying risk factors for 
first-episode neck pain: a systematic review. Musculoskelet Sci Pract 
2018; 33: 77–83.

11	 Jun D, Zoe M, Johnston V, O’Leary S. Physical risk factors for 
developing non-specific neck pain in office workers: a systematic 
review and meta-analysis. Int Arch Occup Environ Health 2017; 
90: 373–410.

12	 Mesas AE, González AD, Mesas CE, de Andrade SM, Magro IS, 
del Llano J. The association of chronic neck pain, low back pain, and 
migraine with absenteeism due to health problems in Spanish 
workers. Spine 2014; 39: 1243–53.

13	 Stranjalis G, Kalamatianos T, Stavrinou LC, Tsamandouraki K, 
Alamanos Y. Neck pain in a sample of Greek urban population 
(fifteen to sixty-five years): analysis according to personal and 
socioeconomic characteristics. Spine 2011; 36: E1098–104.

14	 Stevens GA, Alkema L, Black RE, et al. Guidelines for Accurate and 
Transparent Health Estimates Reporting: the GATHER statement. 
Lancet 2016; 388: e19–23.



Articles

www.thelancet.com/rheumatology   Vol 6   March 2024	 e155

15	 Wang H, Abbas KM, Abbasifard M, et al. Global age-sex-specific 
fertility, mortality, healthy life expectancy (HALE), and population 
estimates in 204 countries and territories, 1950–2019: 
a comprehensive demographic analysis for the Global Burden of 
Disease Study 2019. Lancet 2020; 396: 1160–203.

16	 Agency for Healthcare Research and Quality. Medical Expenditure 
Panel Survey. https://meps.ahrq.gov/mepsweb/ (accessed 
Nov 16, 2023).

17	 Salomon JA, Haagsma JA, Davis A, et al. Disability weights for the 
Global Burden of Disease 2013 study. Lancet Glob Health 2015; 
3: e712–23.

18	 GBD 2017 Mortality Collaborators. Global, regional, and national age-
sex-specific mortality and life expectancy, 1950–2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet 2018; 
392: 1684–735.

19	 Vollset SE, Goren E, Yuan CW, et al. Fertility, mortality, migration, 
and population scenarios for 195 countries and territories from 2017 
to 2100: a forecasting analysis for the Global Burden of Disease Study. 
Lancet 2020; 396: 1285–306.

20	 Das Gupta P. A general method of decomposing a difference 
between two rates into several components. Demography 1978; 
15: 99–112.

21	 Vasavada AN, Danaraj J, Siegmund GP. Head and neck 
anthropometry, vertebral geometry and neck strength in height-
matched men and women. J Biomech 2008; 41: 114–21.

22	 Hartvigsen J, Nielsen J, Kyvik KO, et al. Heritability of spinal pain 
and consequences of spinal pain: a comprehensive genetic 
epidemiologic analysis using a population-based sample of 15,328 
twins ages 20-71 years. Arthritis Rheum 2009; 61: 1343–51.

23	 Walton DM, Macdermid JC, Giorgianni AA, Mascarenhas JC, 
West SC, Zammit CA. Risk factors for persistent problems following 
acute whiplash injury: update of a systematic review and meta-
analysis. J Orthop Sports Phys Ther 2013; 43: 31–43.

24	 Huckel Schneider C, Parambath S, Young JJ, et al. From local action 
to global policy: a comparative policy content analysis of national 
policies to address musculoskeletal health to inform global policy 
development. Int J Health Policy Manag 2023; 12: 7031.

25	 Elliott JM, Smith AC, Hoggarth MA, et al. Muscle fat infiltration 
following whiplash: A computed tomography and magnetic 
resonance imaging comparison. PLoS One 2020; 15: e0234061.

26	 Fortin M, Dobrescu O, Courtemanche M, et al. Association between 
paraspinal muscle morphology, clinical symptoms, and functional 
status in patients with degenerative cervical myelopathy. Spine 2017; 
42: 232–39.

27	 Mittinty MM, Lee JY, Walton DM, El-Omar EM, Elliott JM. 
Integrating the gut microbiome and stress-diathesis to explore post-
trauma recovery: an updated model. Pathogens 2022; 11: 716.

28	 Walton DM, Tremblay P, Seo W, et al. Effects of childhood trauma on 
pain-related distress in adults. Eur J Pain 2021; 25: 2166–76.

29	 Frutiger M, Taylor T, Borotkanics R. Self-reported non-specific neck 
pain (NSNP) is associated with presenteeism and biopsychosocial 
factors among office workers. Int J Workplace Health Manag 2019; 
12: 214–27.

30	 Johnston V, Chen X, Welch A, et al. A cluster-randomized trial of 
workplace ergonomics and neck-specific exercise versus ergonomics 
and health promotion for office workers to manage neck pain 
– a secondary outcome analysis. BMC Musculoskelet Disord 2021; 
22: 68.

31	 de Zoete RM, Armfield NR, McAuley JH, Chen K, Sterling M. 
Comparative effectiveness of physical exercise interventions for 
chronic non-specific neck pain: a systematic review with network 
meta-analysis of 40 randomised controlled trials. Br J Sports Med 
2021; 55: 730–42.

32	 Chen X, Coombes BK, Sjøgaard G, Jun D, O’Leary S, Johnston V. 
Workplace-based interventions for neck pain in office workers: 
systematic review and meta-analysis. Phys Ther 2018; 98: 40–62.

33	 Walton DM, Elliott JM. A new clinical model for facilitating the 
development of pattern recognition skills in clinical pain 
assessment. Musculoskelet Sci Pract 2018; 36: 17–24.

34	 Cohen SP, Hooten WM. Advances in the diagnosis and 
management of neck pain. BMJ 2017; 358: j3221.

35	 Costello JE, Shah LM, Peckham ME, Hutchins TA, Anzai Y. 
Imaging appropriateness for neck pain. J Am Coll Radiol 2020; 
17: 584–89.

36	 Smith AC, Parrish TB, Hoggarth MA, et al. Potential associations 
between chronic whiplash and incomplete spinal cord injury. 
Spinal Cord Ser Cases 2015; 1: 15024.

37	 Higgins JP, Elliott JM, Parrish TB. Brain network disruption in 
whiplash. AJNR Am J Neuroradiol 2020; 41: 994–1000.

38	 Briggs AM, Slater H, Hsieh E, et al. System strengthening to 
support value-based care and healthy ageing for people with chronic 
pain. Pain 2019; 160: 1240–44.

39	 Haldeman S, Carroll L, Cassidy JD. Findings from the bone and 
joint decade 2000 to 2010 task force on neck pain and its associated 
disorders. J Occup Environ Med 2010; 52: 424–27.

40	 Walton DM, MacDermid JC, Pulickal M, Rollack A, Veitch J. 
Development and initial validation of the Satisfaction and Recovery 
Index (SRI) for measurement of recovery from musculoskeletal 
trauma. Open Orthop J 2014; 8: 316–25.

41	 Hoy DG, Raikoti T, Smith E, et al. Use of The Global Alliance for 
Musculoskeletal Health survey module for estimating the 
population prevalence of musculoskeletal pain: findings from the 
Solomon Islands. BMC Musculoskelet Disord 2018; 19: 292.

42	 Chopra A. The COPCORD world of musculoskeletal pain and 
arthritis. Rheumatology (Oxford) 2013; 52: 1925–28.

43	 Jun D, Johnston V, McPhail SM, O’Leary S. A longitudinal 
evaluation of risk factors and interactions for the development of 
nonspecific neck pain in office workers in two cultures. 
Hum Factors 2021; 63: 663–83.

44	 Buchbinder R, van Tulder M, Öberg B, et al. Low back pain: a call 
for action. Lancet 2018; 391: 2384–88.


	Global, regional, and national burden of neck pain, 1990–2020, and projections to 2050: a systematic analysis of the Global Burden of Disease Study 2021
	Introduction
	Methods
	Overview
	Case definition
	Input data
	Data processing and disease modelling
	Estimate projections
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


