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Extended Data Figure 1: Pain burden across the lifespan by smoking, BMI, and household income. 
Stacked bars show age-group specific, site-level prevalence (percent) for each anatomical pain site, stratified by (A) smoking 
status (never smoker, former smoker, current smoker); (B) BMI category (normal weight, overweight, obese); and (C) household 
income quintile (upper to lower). Colours denote pain sites. Because individuals can report pain at multiple sites, site-level 
prevalences are not mutually exclusive and stacked totals can exceed 100%. Age groups are shown on the x-axis; smoking results 
are shown from ages 13 and older. 
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Extended Data Figure 2: Prevalence trajectories by smoking status. Estimated prevalence of 11 pain sites across the lifespan 
by smoking status (smoker vs non-smoker). Shaded bands indicate 95% confidence intervals. Open circles indicate age at peak 
prevalence. 
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Extended Data Figure 3: Prevalence trajectories by BMI category. Estimated prevalence of 11 pain sites across the lifespan 
by BMI category (normal, overweight, obese). Shaded bands indicate 95% confidence intervals. Open circles indicate age at peak 
prevalence. 
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Extended Data Figure 4: 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. Shaded bands indicate 95% confidence 
intervals. Open circles indicate age at peak prevalence.
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Extended Data Figure 5: 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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Extended Data Figure 6: Average pain intensity across the lifespan by sex. Upper panel: model-estimated average pain 
intensity (numerical rating scale, 1–10) among individuals reporting pain (n = 716,977), by age and sex. Shaded bands indicate 
95% confidence intervals. Open circles indicate the age at peak intensity; open triangles indicate the age of most rapid increase. 
Lower panel: rate of change in predicted intensity (NRS points per year), with the grey horizontal line indicating zero change.  
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Extended Data Figure 7: 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 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 
global reference trajectory (grey) and 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/. 

https://evppainlab.shinyapps.io/global-pain-benchmark/
https://evppainlab.shinyapps.io/global-pain-benchmark/

