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Global and regional reference curves for pain 
across the lifespan in 6.1 million individuals 
in 118 countries
 

Pain is the leading cause of disability worldwide, yet no harmonized 
self-reported reference framework exists to characterize how its burden 
is distributed across the lifespan and world regions. In this study, we 
harmonized individual-level self-reported pain data from 6,125,459 
participants across 902 population-based data sources in 118 countries 
to establish global reference trajectories of pain. We implemented these 
trajectories in an open-access benchmarking platform for positioning 
external datasets against global pain norms. Pain prevalence ranged from 
roughly 2% for facial pain to 40% for back pain, was consistently higher 
in women across all 11 anatomical sites (risk ratio range: 1.08−1.83) and 
increased most steeply before age 55 years. Contrary to existing estimates 
that generally project higher prevalence of pain conditions in higher Human 
Development Index (HDI) regions, we found that individuals in the lowest 
HDI countries experienced a substantially higher late-life prevalence of any 
bodily pain than those in the highest (risk difference: 30.6 percentage points 
(95% confidence interval: 26.9−34.3)), with low back pain approaching twice 
the prevalence at the oldest ages. Globally, 18.3% of pain burden across 
anatomical sites was attributable to three modifiable risk factors (smoking, 
obesity and low income), but this varied from 12.6% in sub-Saharan Africa 
to 27.1% in eastern Europe, indicating that the factors underlying pain in 
lower-HDI settings remain poorly characterized. Together, these reference 
trajectories provide a common framework for defining and comparing pain 
burden and informing more equitable global surveillance and prevention.

Pain is a leading cause of years lived with disability worldwide1. Unlike 
most major health conditions, it lacks an objective biomarker and can-
not be assessed independently of self-report2. As a result, its population 
burden depends on how pain is captured across studies and health 
systems. Existing frameworks, including the Global Burden of Disease 
(GBD) study, rely on clinically defined conditions and modeled esti-
mates of heterogeneous data sources. These approaches are essential 
for disease surveillance but may not fully capture pain that does not 
enter diagnostic pathways, particularly in settings with limited access 

to care. Site-specific self-reported pain provides a complementary 
framework because anatomical pain reports are more consistently 
available across population-based studies than diagnostic information 
and can be compared across settings where clinical work-up, diagnostic 
criteria and health system access vary.

Although self-reported pain is routinely collected in population- 
based studies, these data are fragmented across heterogeneous instru-
ments, recall periods, anatomical definitions and study designs that 
have not been systematically harmonized at global scale. Reported 
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(Supplementary Table 2). We analyzed a total of 6,125,459 participants 
across 902 data sources from 138 population-based study programs, 
spanning 118 countries and territories (Fig. 1a). Participants were aged 
5 to more than 100 years, and 55% were female. Demographic char-
acteristics of the analytic sample are summarized by world region 
in Supplementary Table 1. Studies represented all inhabited conti-
nents, and data density ranged from 2.1 data sources per country in 
sub-Saharan Africa to 19.4 in western Europe (Fig. 1b). The age distribu-
tion of contributing study populations is shown in Fig. 1c.

Lifespan pain trajectories
Pain prevalence estimates are known to vary with methodological 
factors. To generate global reference curves, our harmonization 
procedure mapped study-specific wording and body map coding 
schemes to standardized categories (Supplementary Information, 
section 3) after evaluating seven key methodological features (Methods  
and Supplementary Information, section 6.2) through a series of 
sensitivity analyses (Supplementary Information, section 6 and 
Supplementary Figs. 1–13). Binary indicators of self-reported pain were 
harmonized at 11 major anatomical sites: head, face, neck or shoulder, 
foot or ankle, hand or wrist, elbow, chest, back, stomach or abdomen, 
hip and knee. Age-specific trajectories of pain prevalence were esti-
mated across the lifespan (ages 5 to 100+; Supplementary Information, 
section 6.5) using GLMMs with a logit link, incorporating natural cubic 
splines to flexibly capture nonlinear age trajectories. Random effects 
accounted for the hierarchical correlation structure of the data, with 
individuals nested within cohorts and world regions.

Drawing on individual-level data from 1.2−4.9 million distinct 
participants per pain site, pain prevalence varied markedly across 
anatomical sites and followed distinct age trajectories by site and sex 
(Fig. 2). Overall prevalence ranged from 2% for facial pain to 40% for 

prevalence in the general population, therefore, varies widely, rang-
ing from 8% to 64% across studies3–5, with much of the evidence being 
derived from high-income settings, often focusing on single pheno-
types such as low back pain. Dimensions more closely related to dis-
ability and care seeking, such as pain intensity, generalized pain and 
multi-site pain, are also rarely captured in comparable ways across 
populations6,7. Consequently, the absence of a consistent framework 
leaves fundamental questions unresolved: When does pain emerge 
across the lifespan, and how do these trajectories differ by phenotype, 
sex and world region? Establishing reference trajectories for pain 
would provide a common ground for comparing cohorts, clinical 
populations and countries and for assessing whether patterns derived 
from self-report align with those from condition-based surveillance, 
particularly in settings underrepresented in global estimates.

In the present study, we applied generalized linear mixed-effects 
models (GLMMs) to individual-level self-reported pain data from a 
global network of population-based studies to construct reference 
trajectories of pain across the lifespan, implemented in an open-access 
benchmarking platform. Here we present distinct lifespan trajectories 
that differ by anatomical site and population context, with most burden 
accumulating rapidly before age 55 years. Moreover, we report that 
self-reported pain is substantially higher in lower human development 
settings than condition-based estimates suggest, with the drivers of 
this excess poorly understood and distinct from the modifiable risk 
factors that dominate pain burden in high-income settings.

Results
Study population and data coverage
We compiled individual participant data from population-based 
national, regional and international health studies and surveys con-
ducted between 1990 and 2025 that assessed self-reported bodily pain 
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Fig. 1 | Global coverage and age structure of the pooled dataset. a, Country-
level total sample size (participants with valid data for at least one pain outcome), 
shown in categories from <5,000 to ≥500,000. b, Number of contributing data 
sources per country (distinct surveys and cohorts), shown in categories from 
1 to ≥20. Countries without eligible data are shown in gray. c, Age distribution 
for each contributing study program or data source, plotted as box plots 

(interquartile range with whiskers indicating the age range) and ordered by 
median age (black points). Box color indicates study sample size (1,000 to 
>500,000 participants). Each box summarizes the age distribution of one 
contributing study program or data source; across all sources, the total sample is 
n = 6,125,459 participants (902 data sources, 138 study programs). yr, years.
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back pain. Women consistently reported higher prevalence than men 
across all 11 sites (risk ratio (RR) range: 1.08−1.83), with the largest  
sex differences observed for facial (RR = 1.83 (95% confidence interval 
(CI): 1.79−1.88)), headache (RR = 1.74 (95% CI: 1.73−1.75)) and stomach/
abdominal (RR = 1.60 (95% CI: 1.59−1.62)) pain. Musculoskeletal sites 
including back, hip and knee showed progressive nonlinear increases 
through adulthood, with the most rapid gains between ages 20 and 

55 years and peaking at or beyond age 75. Using the age-specific  
rates of change from the fitted trajectories, most sites (seven of 11)  
exhibited an inverted-U trajectory, with prevalence peaking in 
mid-to-late adulthood and declining thereafter. This pattern was most 
pronounced for headache (peak age 34 years) and abdominal pain 
(23 years) and across upper-body sites including neck or shoulder 
(62 years), elbow (59 years) and facial (45 years). These results refine 

Women Men

Age at peak 
change per yr

Age at peak 
prevalence

All pain sites (both sexes)

0%

10%

20%

30%

40%

50%

Es
tim

at
ed

pr
ev

al
en

ce
Back pain (n = 4,916,144) 100

80

0%

10%

20%

30%

40%

50%

0%
0.5%
1.0%

Knee pain (n = 2,024,850)

50
40

100

82

0%

10%

20%

30%

40%

50%

0%
0.2%
0.4%
0.6%

Hip pain (n = 2,096,716)

42 52

100

91

0%

10%

20%

30%

0%
0.2%
0.4%

Neck/shoulder pain (n = 2,355,438)

30

61
 63

0%

10%

20%

30%

0%

0.5%

Foot pain (n = 1,456,938)

40

71

74

0%

10%

20%

30%

0%

0.5%

Stomach/abdominal pain (n = 2,655,669)

9

23

5

0%

5%

10%

15%

20%

0.2%
0%

0.2%
0.4%

Chest pain (n = 1,330,842)

31

100

55

0%

5%

10%

15%

20%

0%
0.1%
0.2%

Facial pain (n = 1,622,382)

21

14

45

41

0%

1%

2%

3%

4%

10 20 30 40 50 60 70 80 90 100

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Headache (n = 3,739,910)

15

16

34

38

0%

10%

20%

30%

40%

50%

Es
tim

at
ed

pr
ev

al
en

ce

0%
1.0%

C
ha

ng
e

pe
r y

ea
r

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Hand pain (n = 1,477,684)

49
52

72

72

0%

10%

20%

30%

Es
tim

at
ed

pr
ev

al
en

ce

0%

0.5%

C
ha

ng
e

pe
r y

ea
r

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

0%

21

23

32

39

Age

Elbow pain (n = 1,189,271)

37

59

0%

5%

10%

15%

20%

Es
tim

at
ed

pr
ev

al
en

ce

0%

0.5%

C
ha

ng
e

pe
r y

ea
r

10 20 30 40 50 60 70 80 90 100

37

58

Age Age

HeadacheBack Knee
HandHip Neck/Sh.
ElbowFoot Stom./Abd.

Chest Facial

Fig. 2 | Lifespan trajectories of pain prevalence for 11 anatomical sites. Each 
site-specific trajectory was estimated using a mixed-effects logistic regression 
model with natural cubic splines (3 degrees of freedom, selected via study-
clustered five-fold cross-validation) to capture nonlinear age effects, fitted 
to individual-level data from 902 population-based sources nested within 
cohorts and world regions. Trajectories are marginal predictions standardized 
to a past-month recall period and general case definition. For each site, the 
upper panel shows model-estimated prevalence (%) across the lifespan (ages 
5 to 100+), and the lower panel shows the corresponding age-specific rate of 

change (percentage-point change per year). Shaded bands indicate 95% CIs. 
Open triangles mark the age of peak rate of increase in prevalence; open circles 
mark the age of peak prevalence. Colors denote sex (women: orange; men: blue). 
Annotated ages are shown in the prevalence panels, with corresponding vertical 
dashed lines in the rate-of-change panels. Sample sizes reflect the number of 
distinct individual-level records per site and are shown in panel titles. In all 
panels, plotted lines denote the model-estimated marginal mean prevalence, and 
shaded bands denote 95% CIs. yr, year.
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the prevailing assumption that pain accumulates monotonically with 
age and instead suggest that several common pain phenotypes peak 
by mid-to-late adulthood and decline thereafter. Across all sites, preva-
lence rose most steeply before age 55, indicating that the majority of 
pain burden accumulates before midlife. These trajectories are publicly 
accessible through the Global Pain Benchmarking Tool (https://evp-
painlab.shinyapps.io/global-pain-benchmark/; Extended Data Fig. 1 
and Supplementary Information, section 10).

Any bodily pain, high-intensity pain and generalized pain 
across the lifespan
A composite ‘any bodily pain’ outcome was coded as present if pain was 
reported at any site (Supplementary Information, section 3). Second-
ary outcomes included high-intensity pain (average intensity of 7 or 
higher on a 0−10 scale) and generalized pain (pain in at least four of 
five body regions following the 2016 fibromyalgia spatial criteria8), 
capturing dimensions of burden more closely related to disability and 
care seeking6,7,9. Here, the prevalence of any bodily pain increased pro-
gressively across the lifespan, from approximately 30% at age 5 years 
to 70% at age 100 years or older (Fig. 3). All three aggregate pain meas-
ures were consistently higher in women than in men: any bodily pain 
(RR = 1.16 (95% CI: 1.16−1.17)), high-intensity pain (RR = 1.52 (95% CI: 
1.49−1.55)) and generalized pain (RR = 1.50 (95% CI: 1.46−1.54)). Whereas 
any bodily pain increased with age, the severity-based measures showed 
mid- to late-life peaks followed by declines, with high-intensity pain 
peaking around 50 years and generalized pain peaking later, around 
age 70 years. Average pain intensity among individuals reporting pain 
followed a similar nonlinear trajectory, peaking at approximately 5.0 
in women and 4.6 in men around age 48 before declining through later 
life (Extended Data Fig. 2). Overall, our results suggest that, although 
the likelihood of experiencing any pain rises steadily with age, the most 
disabling forms of pain followed an inverted-U trajectory, peaking in 
mid-to-late adulthood before declining. This distinction, between pain 
accumulation and pain that intensifies and then resolves, has direct 
implications for where prevention and care should be concentrated 
across the lifespan.

Regional variation and national development
Regional trajectories revealed a consistent pattern of early-life conver-
gence and late-life divergence. For any bodily pain and joint pain, preva-
lence was broadly similar across regions in early adulthood but diverged 

substantially after age 65 years (Fig. 4a). Eastern Europe showed the 
greatest late-life excess, reaching approximately 21 percentage points 
above the global reference at age 80 or older, whereas western Europe 
remained below it throughout late adulthood. Sub-Saharan Africa, 
central and southern Asia and north Africa and west Asia showed 
comparatively low prevalence in early adulthood followed by steeper 
increases after midlife, ultimately converging with or exceeding the 
global reference in older age. Back pain followed a similar pattern, 
diverging across regions after approximately age 50 years, with con-
tinued increases into late life in eastern Europe, sub-Saharan Africa and 
central and southern Asia, and plateauing or declining trajectories in 
western Europe and northern America.

Headache showed the greatest regional heterogeneity, differing 
not only in magnitude but also in trajectory shape. Northern America 
and western Europe followed an early-adulthood peak and decline 
consistent with the global reference, whereas east and southeast Asia 
showed consistently lower and flatter prevalence across the lifespan. 
Eastern Europe and north Africa and west Asia showed later peaks 
with more gradual declines, and sub-Saharan Africa showed a modest 
monotonic increase from adolescence into later life. These contrasting 
patterns highlight how regional trajectories can differ substantially 
from the global reference when data from historically underrepre-
sented regions are examined directly.

To examine whether regional differences partly reflected variation 
in national development, we estimated trajectories as a continuous 
function of country-level HDI (Fig. 4b). From age 40 years onward, the 
prevalence of any bodily pain, joint pain and back pain increased more 
steeply in countries with low HDI values, such that, by age 80 years or 
older, people in low-HDI settings experienced a substantially higher 
prevalence than in high-HDI settings (any bodily pain: risk difference: 
30.6 percentage points (95% CI: 26.9−34.3); joint pain: 21.0 percentage 
points (95% CI: 20.2−21.8); back pain: 20.2 percentage points (95% CI: 
19.6–20.9)). For low back pain specifically, prevalence in low-HDI set-
tings approached twice that of high-HDI settings at the oldest ages. 
Headache prevalence was higher in lower-HDI settings throughout the 
lifespan. In high-HDI settings, headache prevalence declined after age 
35 years, whereas this decline was attenuated in lower-HDI settings.

Individual risk factors and socioeconomic gradients
Smoking, obesity and low household income each showed distinct 
age-specific and anatomically patterned associations with pain 
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prevalence (Fig. 5a and Extended Data Fig. 3). Current smoking was 
associated with a modest but consistent excess across pain sites 
from adolescence to age 65 years, with the largest effect observed 
for facial pain (RR = 1.67 (95% CI: 1.63−1.70) versus never smokers; 
Extended Data Fig. 4). Obesity showed a progressively diverging asso-
ciation from early adulthood onward, concentrated at weight-bearing 
joints: foot or ankle (RR = 1.91 (95% CI: 1.82−1.97) versus normal 
weight), knee (RR = 1.86 (95% CI: 1.82−1.90)) and hip (RR = 1.61 (95% 
CI: 1.57−1.66)), peaking in midlife (Extended Data Fig. 5). Household 
income level showed a pronounced dose−response pattern across all 
pain sites from early adulthood onward (Extended Data Fig. 6). This 
gradient was steepest for chest pain, with individuals in the lowest 
income level experiencing more than twice the risk compared to those 
in the highest (RR = 2.09 (95% CI: 2.01−2.17)), a disparity that peaked in 
midlife before converging in older age.

To quantify how much of the population-level pain burden these 
exposures collectively explain, we estimated population attributable 
fractions (PAFs) across regions (Fig. 5b,c). Obesity showed the widest 
regional variation, ranging from 2.7% in central and southern Asia to 

14.6% in northern America, with high burden also concentrated in 
north Africa and west Asia and eastern Europe. Smoking attributable 
fractions ranged from 2.5% in sub-Saharan Africa to 8.5% in eastern 
Europe, and income attributable fractions were more consistent across 
regions (ranging from 6.6% to 8.6%). Globally, the combined attribut-
able burden reached 27.1% in eastern Europe compared to 12.6% in 
sub-Saharan Africa (Extended Data Fig. 7 and Supplementary Table 7). 
In sub-Saharan Africa and central and southern Asia, obesity and smok-
ing PAFs were each below 5%, indicating that the exposures responsible 
for the largest share of pain burden in high-HDI regions account for 
little of the burden in the lower-HDI regions, where the drivers of that 
burden remain poorly understood.

Discussion
This study integrates individual-level self-reported pain data from over 
six million participants, spanning ages 5 to over 100 years, represent-
ing one of the largest harmonization efforts in pain epidemiology to  
date. Using raw participant-level observations rather than aggre-
gated statistics or clinically defined conditions, we constructed 
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highlighted on the inset world map above the column and each row to a pain 
phenotype. Solid colored lines show region-specific trajectories; open circles 
mark the age of peak prevalence (annotated with the corresponding age); and 
shaded bands denote 95% CIs. The dashed black line shows the global reference 

trajectory estimated from the full pooled dataset. b, Model-estimated prevalence 
trajectories for the same four pain outcomes as a continuous function of 
country-level HDI, plotted at four representative values (0.55, 0.70, 0.80 and 
0.90) spanning low to very high development. The inset map shows country-
level HDI values used in the analysis; countries without eligible data are shown 
in gray. Open circles mark the age of peak prevalence; shaded bands denote 95% 
CIs. In both panels, plotted lines denote the model-estimated marginal mean 
prevalence, and shaded bands denote 95% CIs.
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global reference trajectories of pain across the lifespan, including 
age groups that remain sparsely represented in current surveillance. 
These curves provide a common framework against which individual 
cohorts, clinical populations and countries can be compared. Drawing 
on 902 population-based sources across 118 countries, these curves 
provide sufficient geographic coverage to directly test whether 
self-reported pain burden aligns with or diverges from condition-based 
global estimates.

The global lifespan trajectories show that pain is not a single epide-
miological phenomenon but, rather, a set of distinct nonlinear patterns 
that differ in their timing and anatomical distribution. Across most 
phenotypes, pain did not increase monotonically with age; instead, the 
steepest rises occurred before age 55 years, indicating that a substantial 
share of lifetime pain burden develops during working-age adulthood. 
Trajectories varied markedly by phenotype: headache, abdominal and 
facial pain peaked earlier in life before declining, whereas musculo-
skeletal pain generally rose progressively with age. Within musculo-
skeletal sites, upper body pain (including neck, shoulder and elbow) 
peaked around midlife and declined thereafter, whereas lower body 
pain (including back, hip and knee) continued to increase across the 
lifespan, consistent with the greater role of cumulative mechanical 

and degenerative load at weight-bearing sites. A similar pattern was 
observed for severity-based measures, with both high-intensity and 
generalized pain peaking in midlife before declining. Because pain 
often occurs across multiple locations and may reflect broader over-
lapping pain phenotypes, we also examined generalized pain using the 
2016 American College of Rheumatology (ACR) fibromyalgia spatial 
criteria and single-region versus multi-region pain among studies with 
sufficient anatomical coverage (Supplementary Fig. 15). These comple-
mentary analyses showed that co-occurring pain burden increases sub-
stantially across adulthood, reinforcing that site-specific trajectories 
should be interpreted alongside broader measures of multi-site and 
generalized pain. Overall, across most anatomical sites (seven of 11) and 
across severity-based measures, pain followed an inverted-U trajectory 
rather than a uniform age-related accumulation. These patterns may 
reflect true site-specific lifecourse processes, including earlier peaks in 
headache and abdominal pain and later accumulation of musculoskel-
etal pain, but cohort and reporting effects may also contribute. Older 
adults may appraise pain differently, experience pain across multiple 
regions rather than as a discrete site or be less likely to identify a single 
dominant location when pain is widespread. Still, the concentration of 
burden accumulation before midlife across most phenotypes suggests 
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Fig. 5 | Risk factors, site-specific associations and PAFs for pain across the 
lifespan. a, Body maps display lifespan RRs for each anatomical site: current 
versus never smokers (left), people with obesity versus normal weight (center) 
and lowest versus highest household income quintile (right); color intensity 
indicates RR magnitude. Accompanying line plots show estimated marginal 
mean prevalence (%) across age with 95% CIs for a representative site per 
exposure: facial pain for smoking, knee pain for people with obesity (with 

overweight as an intermediate category) and chest pain for income (with the 
middle quintile for reference). Open circles and annotated ages mark the age of 
peak prevalence. b, Country-level PAFs for the same sentinel site−exposure pairs. 
PAF color scales differ across exposures to reflect variation in range. c, Total PAF 
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that the window for effective prevention may occur earlier than current 
clinical and policy frameworks typically assume.

Our study differs from the GBD framework in two key respects. 
First, GBD primarily estimates the prevalence of clinically defined 
conditions, such as osteoarthritis defined by clinical or radiographic 
criteria10 and migraine defined according to International Headache 
Society diagnostic criteria11. For neck pain and low back pain, GBD 
draws on heterogeneous sources, including population surveys, 
administrative health records using International Classification of 
Diseases codes and studies of activity-limiting pain1,12. The difference 
between self-reported and diagnosis-based estimates is particularly 
relevant as self-reported pain can be captured and compared in settings 
with limited access to care. A second difference is that GBD estimates 
are derived from aggregated summary statistics and modeled using 
Bayesian meta-regression to project estimates even where empirical 
data are sparse or absent13,14. Our analysis instead draws directly on 
individual-level observations from population-based surveys. As a 
result, GBD estimates for low back pain and knee osteoarthritis show 
a near-linear increase across adulthood until approximately 80 years 
of age followed by a decline. We instead showed nonlinear trajectories 
across the lifecourse, with the steepest increases occurring between 
puberty and midlife. Differences were also apparent across regions and 
levels of national development. Whereas GBD generally reports higher 
prevalence of low back pain, osteoarthritis and migraine in high-income 
regions, we instead observed higher prevalence of self-reported bod-
ily, joint, back and headache pain in lower-HDI settings, particularly 
among older adults. Our findings for neck pain, however, were broadly 
consistent with GBD estimates, with prevalence peaking around age 
60 years and lower levels in high-HDI settings. Overall, by estimating 
pain irrespective of clinical evaluations, using self-reported data, we 
provide a different view of burden that is informative in populations 
with limited health system access or data monitoring.

These global reference trajectories provide a benchmark against 
which historically underrepresented regions can be compared. The 
consistent pattern of early-life convergence and late-life divergence 
across regions indicates that regional disparities in pain burden emerge 
primarily after midlife. The greatest late-life excess was concentrated in 
eastern Europe and in the regions least represented in current surveil-
lance (that is, sub-Saharan Africa, central and southern Asia and north 
Africa and west Asia) where trajectories rose steeply through midlife to 
exceed the global reference in older age. This regional patterning was 
not arbitrary but tracked the gradient of national development: the 
regions with the steepest late-life trajectories were those at the lower 
end of the HDI distribution, suggesting that the macro-level condi-
tions HDI captures, including access to care, occupational exposures 
and comorbidity burden, may shape how pain accumulates across the 
lifespan. In addition, headache showed the greatest regional hetero-
geneity, characterized by divergence not only in magnitude but also in 
trajectory shape: the early-adulthood peak and decline characteristic 
of high-income regions was flatter in east and southeast Asia and absent 
in sub-Saharan Africa and central and southern Asia, where prevalence 
increased modestly across the lifespan, pointing to regionally distinct 
determinants that current data cannot fully resolve. Pain surveillance in 
children and adolescents remains sparse even in higher-development 
settings and is largely absent in lower-HDI regions, which may contrib-
ute to this heterogeneity and limits the ability to characterize early-life 
trajectories where they may diverge most. These are among the first 
population-based lifespan pain estimates available for these settings, 
and their divergence from the global reference underscores how heavily 
current global estimates are shaped by data from wealthier regions.

Modifiable risk factors accounted for a substantial but geographi-
cally uneven share of pain burden. In eastern Europe, northern America, 
western Europe and Latin America, the combined PAF of smoking, 
obesity and low income reached 22% to 27% of site-specific pain bur-
den, identifying a meaningful preventable component concentrated 

in settings where these exposures are most prevalent. In sub-Saharan 
Africa and central and southern Asia, however, these same exposures 
accounted for less than 14% of burden, indicating that the drivers of 
pain in the world’s most affected populations are fundamentally differ-
ent from those that dominate in high-income settings. The likely candi-
dates include occupational physical load and employment conditions15, 
limited access to pain management and rehabilitation16 and a greater 
burden of infectious conditions and nutritional deficiencies17,18. Inter-
ventions effective in high-income settings are, therefore, unlikely to 
translate directly to lower-HDI contexts, where the drivers of pain bur-
den appear fundamentally distinct and remain poorly characterized.

This work has important limitations. Most contributing datasets 
were cross-sectional, so the trajectories describe population age pat-
terns rather than within-person change. Sampling designs also varied 
and were not uniformly nationally representative, although trajectories 
were materially unchanged in restricted-sample analyses except for 
stomach or abdominal pain, where the observed deviation coincided 
with a substantial reduction in sample size (Supplementary Informa-
tion, section 6.7). Pain measures differed across studies, countries and 
languages, including current, past-week, past-month and 3−12-month 
recall periods; general versus chronic-explicit case definitions; direct 
site-specific questions versus body map coding; and different anatomi-
cal resolution, such as separate sites versus grouped regions including 
neck/shoulder, hand/wrist, foot/ankle or stomach/abdominal pain. We 
mapped these measures to prespecified anatomical categories and 
evaluated methodological covariates and recall-period restrictions 
in sensitivity analyses (Supplementary Table 3 and Supplementary 
Information, sections 3, 6.2 and 6.3), although residual differences 
in translation, symptom interpretation and response behavior may 
influence absolute prevalence estimates. Because responses capture 
current or recent symptoms, estimates should be interpreted as point 
or period prevalence rather than persistence or chronicity.

Coverage was uneven across regions and across the youngest and 
oldest ages, which widens uncertainty where data are sparse. Data cov-
erage for non-musculoskeletal pain in mid- to low-HDI strata was insuf-
ficient to derive reliable trajectories for some sites, particularly chest, 
facial and abdominal pain. Socioeconomic and system indicators such 
as income and HDI are proxies and may not fully capture underlying 
contextual determinants, and survivorship at older ages and unmeas-
ured clinical factors could also influence estimated levels and slopes. 
The broad 1990−2025 observation window increased geographic and 
age coverage but also combines historical and contemporary data col-
lected under changing survey practices, care access, case definitions 
and symptom-reporting norms. Although primary models adjusted for 
survey year and this had minimal impact on the estimated trajectories, 
these curves should not be interpreted as secular trends in pain preva-
lence. Finally, the database may be affected by selection bias in which 
studies measured pain, made individual-level data available, received 
data-access approval or could be incorporated through investigator 
collaboration. Taken together, these constraints affect interpretation 
but do not alter the central lifecourse patterns seen across body sites.

Our findings establish that self-reported pain follows distinct 
lifespan trajectories that diverge markedly from condition-based 
global estimates, with the sharpest divergence in the populations most 
underrepresented in current surveillance. The reference curves and 
benchmarking infrastructure introduced here provide a foundation 
for more equitable global pain monitoring on which future surveillance 
and prevention efforts can build.
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Methods
Ethics approval
The pooled analysis was approved by the McGill University Faculty 
of Medicine and Health Sciences Research Ethics Board (institu-
tional review board study number A12-M69-23B; 23-10-068). The 
study involved secondary analysis of deidentified individual-level 
data obtained from public repositories and through data-transfer or 
data-use agreements with collaborating institutions. Contributing 
studies obtained informed consent from participants in accordance 
with their own ethics approvals; as a secondary analysis of existing 
deidentified data, the present study involved no additional participant 
consent or compensation.

Data sources
We compiled individual participant data from population-based 
national, regional and international health studies and surveys con-
ducted between 1990 and 2025 that assessed self-reported bodily pain 
(Supplementary Table 2). Data sources were identified and acquired 
between April 2024 and June 2026 through structured searches of 
bibliographic databases and public microdata repositories, review of 
national and international survey programs and direct contact with 
investigators, data custodians, cohort and biobank administrators and 
rheumatology networks. Publicly available datasets were downloaded 
directly, whereas restricted-access studies were incorporated through 
data-use agreements, formal data-access applications or standard-
ized local analysis protocols when individual-level data transfer was 
not permitted.

Studies were eligible if they sampled community-dwelling par-
ticipants without restricting participation based on health status, 
assessed pain by direct participant self-report and included either 
(1) a pain-presence item at one or more target anatomical sites or  
(2) an overall or average pain-intensity rating on a 0−10 numerical 
rating scale (NRS) or visual analogue scale (VAS), with 0 indicating  
no pain. Pain was assessed by direct participant self-report, except  
that parent-reported pain items were accepted for young chil-
dren below the age of reliable self-report in a small number of 
pediatric cohorts (Supplementary Information, section 2.2 and 
Supplementary Table 2). Studies were excluded if they relied on 
clinician or observational reports or other proxy reports or did not 
measure any target pain outcome. The final analytic dataset included 
6,125,459 individuals with valid data for at least one pain outcome, 
drawn from 138 study programs, across 118 countries and territo-
ries (Fig. 1). Study programs comprised 902 distinct data sources, 
reflecting multiple survey waves or country-specific samples within 
multi-country studies.

Pain outcomes
The primary outcomes were binary indicators of self-reported pain 
at 11 anatomical sites: head, face, neck or shoulder, foot or ankle, 
hand or wrist, elbow, chest, back, stomach or abdomen, hip and 
knee. Reported pain at these anatomical sites was harmonized by 
mapping study-specific wording and body map coding schemes to 
standardized categories (Supplementary Information, section 3 and 
Supplementary Table 3). Where laterality was assessed, pain was coded 
as present if reported on either side. A composite ‘any bodily pain’ 
outcome was derived for studies with sufficient site coverage (Sup-
plementary Information, section 3) and coded as present if pain was 
reported at any bodily site.

Secondary outcomes were as follows: (1) high-intensity pain, 
defined as average pain intensity of 7 or higher on a 0−10 NRS or VAS, 
and (2) generalized pain, defined as pain present in at least four of five 
body regions (left upper, right upper, left lower, right lower and axial), 
following the spatial criteria of the 2016 fibromyalgia revisions8. These 
secondary outcomes captured complementary dimensions of pain 
burden beyond site-specific prevalence6,7,9.

Geographic and sociodemographic features
Countries were grouped into nine world regions using a modified 
United Nations Sustainable Development Goals (SDGs) regional  
classification (Supplementary Table 4)19. National development was 
indexed using the HDI, obtained from United Nations Development 
Programme reports and matched to each participantʼs country and 
survey year20. Sex was self-reported within each contributing study.

Individual risk factors
We evaluated a prespecified set of three modifiable or policy-relevant 
exposures with established associations with pain outcomes 
across the literature: body mass index (BMI), smoking status and 
household income. These exposures were selected based on prior 
empirical support, alignment with GBD risk factor frameworks1 and suf-
ficient cross-study harmonizability to support pooled estimation21–23. 
Together, they capture metabolic, behavioral and socioeconomic 
dimensions of pain risk. Other social and occupational determinants, 
including employment status, type of work, housing security and food 
insecurity, were not consistently available or harmonizable across the 
contributing datasets and require dedicated study.

Smoking status was categorized as current (regular or occasional), 
former or never. BMI was obtained directly from study-provided values 
when available or otherwise derived from measured or self-reported 
height and weight. Adults were classified as having normal weight 
(18.5−24.9 kg m−2), overweight (25.0−29.9 kg m−2) or obesity (30.0 kg m−2 
or higher). For participants aged 19 years or younger, BMI categories 
were assigned using age-specific and sex-specific cutoffs based on 
pediatric growth standards from the World Health Organization24. 
Household income was harmonized within each study by ranking 
participants into study-specific income quintiles (equal-frequency 
groups), reflecting relative socioeconomic position within studies, 
consistent with established inequality monitoring practice25–27.

Harmonization procedure
Pain prevalence estimates vary with methodological factors such as 
interview setting, question phrasing, recall period and study design 
characteristics28–30. To address this, our harmonization procedure 
systematically evaluated seven key methodological features for their 
association with reported pain: recall period, case definition (gen-
eral versus chronic-explicit), survey format, survey setting, question 
valence, question format and sampling strategy (Methods and Sup-
plementary Information, section 6.2). Recall period showed the most 
consistent and substantial association with reported pain and was 
included in all models (short: past week; medium: past month; long: 
past 3−12 months). We additionally coded case definition as general 
versus chronic-explicit, where chronic-explicit indicated that the ques-
tion specified pain lasting longer than 3 months; this covariate was 
included to adjust for the small subset of studies using chronic-explicit 
wording. The remaining five features (that is, survey format, survey 
setting, question valence, question format and sampling strategy) 
had small or site-specific effects (±2 percentage points) that did not 
alter age-by-site patterns and were not retained to preserve parsimony. 
Sensitivity analyses on the stability of global trajectories across studies 
(Supplementary Information, section 6.1), methodological covariates 
(Supplementary Information, section 6.2) and recall periods (Supple-
mentary Information, section 6.3), random-effects structures (Sup-
plementary Information, section 6.4), functional form (Supplementary 
Information, section 6.5), data missingness (Supplementary Informa-
tion, section 6.6) and sampling design (Supplementary Information, 
section 6.7) support the robustness of our harmonization procedure.

Statistical analysis
We estimated age-specific prevalence trajectories for each pain out-
come across the lifespan (ages 5 to 100 or older; ages below 5 and above 
100 were bottom-coded and top-coded) using GLMMs with a logit 
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link. Age was modeled using natural cubic splines to flexibly capture 
nonlinear trajectories. The spline degrees of freedom were selected 
using study-clustered five-fold cross-validation; 3 degrees of freedom 
were retained based on out-of-sample fit (Supplementary Information, 
section 6.5). We report 95% CIs throughout.

Primary models included an interaction between age and the 
exposure of interest, namely sex (Figs. 2 and 3), world region or HDI 
(Fig. 4) and BMI category, smoking status or income quintile (Fig. 5 
and Extended Data Figs. 3–6), and were adjusted for methodological 
differences using fixed effects for recall period and case definition and, 
except for the HDI models, survey year (centered on the sample mean). 
Survey year was omitted from the HDI models because HDI is assigned 
by country year and showed limited overlap with survey year across 
the pooled dataset, making joint adjustment prone to extrapolation. 
All models additionally adjusted for sex, except those in which sex was 
the primary exposure. Random intercepts for study program and world 
region were included to account for clustering and enable partial pool-
ing across heterogeneous data sources. In regional analyses, region 
was instead treated as a fixed effect with a study nested within region 
random intercept, preventing any single multi-country study from 
dominating region-specific estimates. Sensitivity analyses for missing 
risk factor data are reported in Supplementary Information, section 6.6.

Adjusted prevalence trajectories were obtained as marginal pre-
dictions and standardized to a past-month recall period and the general 
case definition and the mean survey year (Supplementary Information, 
section 5). HDI trajectories were plotted at four representative values 
(0.55, 0.70, 0.80 and 0.90) spanning low to very high development. We 
also quantified the rate of age-related change as the year-to-year differ-
ence in predicted prevalence (percentage-point change per year). We 
used these age-specific rates of change to classify trajectory shape. A 
site was described as showing an inverted-U pattern only when the fit-
ted trajectory showed both an early-life increase and a later-life decline, 
defined by 95% CIs excluding zero for the rate of change in both phases. 
Relative risks and their 95% CIs were computed for all sex, exposure and 
HDI contrasts across pain sites and age bands, and a Benjamini−Hoch-
berg false discovery rate correction was applied across this full family of 
comparisons to account for multiple testing (Supplementary Table 6). 
Complete numerical outputs and supporting documentation are pro-
vided in Supplementary Data 1–5, comprising relative risks, model 
coefficients, site-level exposure prevalences, predicted prevalence 
trajectories and pain question wording, respectively. All analyses were 
performed in R (version 4.4.1) and Python (version 3.8.13).

Ethics and inclusion statement
This study synthesized individual-level data from population-based 
surveys, cohort studies and national health studies conducted across 
multiple world regions. Data were obtained through publicly available 
repositories or through data-transfer and data-use agreements with 
collaborating researchers and institutions. The collaboration included 
investigators from diverse geographic regions who contributed exper-
tise in epidemiology, clinical pain research, population health and lived 
experiences of pain.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
An interactive benchmarking tool and downloadable summary sta-
tistics from this study are publicly available at https://evppainlab.
shinyapps.io/global-pain-benchmark/. Researchers seeking access to 
the original individual-level data should apply directly to the respective 
data custodians according to their access policies. The authors cannot 
provide these data directly but will respond to inquiries about data 
availability and access within 2 weeks.

Code availability
Detailed and annotated analysis code is publicly available via GitHub 
(https://github.com/EVPlab/lifespan-pain-trajectories).
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Extended Data Fig. 1 | Representative output of the Global Lifespan Pain 
Benchmarking Tool applied to a hypothetical external cohort. The tool 
benchmarks external cohort data against the global normative reference derived 
from the primary analysis (see Supplementary Information, section 10 for full 
statistical methodology and application architecture). (A) Global Pain Scorecard: 
lollipop chart of standardised Z-scores for 11 anatomical pain sites, with colour-
coded deviation zones (Significantly Below Norm, |Z| ≥ 1.96; Below Norm, 
1.28 ≤ |Z| < 1.96; Within Norm, |Z| < 1.28; Above Norm; Significantly Above Norm). 

(B) Anatomical Pain Profile: radar chart mapping O/E ratios across all 11 sites in 
anatomical order (head to foot). (C) Lifespan Trajectory Overlay: age-prevalence 
chart for knee pain superimposing the cohort’s observed LOESS trend (blue) 
against the model-estimated marginal mean global reference trajectory (grey); 
shaded bands denote its 50%, 75%, and 95% prediction intervals derived from 
between-study heterogeneity on the logit scale. Points are sized by sample size 
per age. The tool is freely accessible at https://evppainlab.shinyapps.io/global-
pain-benchmark/.
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Extended Data Fig. 5 | Prevalence trajectories by BMI category. Plotted lines denote the model-estimated marginal mean prevalence of 11 pain sites across the 
lifespan by BMI category (normal, overweight, obese), and shaded bands denote 95% confidence intervals. Open circles indicate age at peak prevalence.
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Extended Data Fig. 6 | Prevalence trajectories by household income level. 
Estimated prevalence of 11 pain sites across the lifespan by three representative 
household income quintiles (lower, middle, upper). Income was harmonised as 
study-specific relative rank (equal-frequency quintiles), reflecting within-study 

socioeconomic position. Plotted lines denote the model-estimated marginal 
mean prevalence, and shaded bands denote 95% confidence intervals. Open 
circles indicate age at peak prevalence.
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Extended Data Fig. 7 | Combined population attributable fraction for pain  
by country. Country-level combined population attributable fraction (PAF, %) 
representing the proportion of site-specific pain burden jointly attributable 
to obesity, smoking, and low household income. Age- and sex-specific PAFs 
were computed at the country level by combining study-derived risk ratios 
with country-specific exposure prevalence from the Global Burden of Disease 

study (obesity: GBD 2021; smoking: GBD 2015) and population denominators. 
Income was operationalised as within-study relative rank (quintiles), with a fixed 
prevalence of 20% per quintile across all countries. Values are case-weighted 
averages across 11 anatomical pain sites. Grey indicates countries without 
available exposure data.
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