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Abstract
This study estimated birth cohort effects on lung function using BOLD data from 28,569 adults born between 1902 and 1976 across 41 sites in 34 countries. Forced vital capacity (FVC), forced expiratory volume in one second (FEV1), and the FEV1/FVC increased across successive birth cohorts in both high-income countries (HICs) and low- and middle-income countries (LMICs), with mean values rising steadily with later birth year. In fully adjusted models, FVC increased by 21.4 mL, FEV1 by 24.6 mL, and FEV1/FVC by 0.25% per birth year. These positive associations were consistent across sex, smoking status, and country-income subgroups (HICs and LMICs).
INTRODUCTION
[bookmark: OLE_LINK3]Lung function is a key determinant of health across the lifespan, and its appropriate interpretation is essential for diagnosis and monitoring1 2. Recent studies of European adults have shown a significant birth cohort effect on lung function, with individuals born more recently having higher lung function than those born earlier3-5. This finding suggests that interpreting spirometry results using standards derived from older birth cohorts may lead to misclassification or misdiagnosis of respiratory diseases4 5. Whether birth cohort effects on lung function are consistent across world regions beyond Europe is unknown. 
In this study, we used data from the multinational Burden of Obstructive Lung Disease (BOLD) cohort study to describe birth cohort differences in post-bronchodilator lung function across world regions.
METHODS
The BOLD cohort study enrolled non-institutionalised adults (≥40 years), from 41 study sites (34 countries), including 14 sites from high-income countries (HICs), and 27 sites from low-and middle-income countries (LMICs)6. At baseline, 28,822 participants who had completed the core questionnaire and provided usable post-bronchodilator spirometry were included. All sites received approval from their local ethics committee, and participants provided informed consent.
Lung function was measured using the EasyOne spirometer (ndd Medizintechnik, Zurich, Switzerland) before (pre-bronchodilator) and after administration of 200 µg of inhaled salbutamol (post-bronchodilator). Each curve was reviewed and scored at the study coordination centre based on contemporary American Thoracic Society criteria for acceptability and repeatability6 7.
To ensure adequate sample size, we categorised participants into three birth cohort groups (pre-1940, 1940-1959, 1960-1979) and five age groups (40-49 years, 50-59 years, 60-69 years, 70-79 years, ≥80 years), and analysed HICs and LMICs separately. We calculated the mean value of post-bronchodilator lung function (FVC [forced vital capacity], FEV1 [forced expiratory volume in 1 second], FEV1/FVC) in each subgroup. We additionally calculated sex-specific mean values for each spirometric measure within each country-income group.
We fitted site-specific linear regression models to examine the associations between birth year and lung function, adjusting for age group, sex (male, female), height, body mass index (BMI: <18.5, 18.5-24.9, 25.0-30.0, >30.0 kg/m²), smoking status (never smoker, ever smoker), smoking pack-years (never, 1-10, 11-20, >20 pack-years), passive smoking (yes, no), education level (none to primary, secondary, and tertiary), dusty job (yes, no), use of solid fuels for cooking or heating (yes, no), and a history of tuberculosis (yes, no). We estimated lung function coefficients in each study site, and then pooled site-specific estimates using random-effects meta-analysis. The between-site heterogeneity was quantified using the I² statistic. The assumptions of the linear regression models were assessed using diagnostic plots, and no material violations were identified. In sensitivity analyses, we stratified models by sex, smoking status, and gross national income (HICs and LMICs). 
We performed analyses using R, version 4.4.3 (R Foundation for Statistical Computing). We considered two-sided P-values <0.05 as significant.
RESULTS
After excluding individuals with missing data for main variables (n=253), 28,569 participants were included in the main analysis. Among them, 13,534 (47.4%) were male, and 11,430 (40.0%) were ever smokers (table 1). Mean post-bronchodilator FVC was 3760 mL among participants from HICs, and 2986 mL among those from LMICs. The corresponding mean FEV₁ values were 2864 mL and 2343 mL, and the mean FEV₁/FVC ratios were 76.1% and 78.5%, respectively (table 1). 
We found an increase in post-bronchodilator FVC, FEV1, and FEV1/FVC ratio across successive birth cohorts in both HICs and LMICs (Figure 1). Similar trends were observed after stratification by sex (figure s1). Additionally, the mean value of FVC, FEV1, and FEV1/FVC increased steadily with advancing birth year (Figure 2). In fully adjusted models, FVC increased by 21.4 mL/birth year (95%CI: 18.7-24.0, p<0.001), FEV1 increased by 24.6 mL/birth year (95%CI: 22.3-26.9, p<0.001), and FEV1/FVC ratio increased by 0.25%/birth year (95%CI: 0.21-0.29, p<0.001). Positive associations between birth year and lung function were consistently observed across subgroups stratified by sex, smoking status, and gross national income (figure 2). 
DISCUSSION
[bookmark: OLE_LINK13]To the best of our knowledge, this is the first study to investigate the birth cohort effect on post-bronchodilator lung function across several world regions. We found an increase in FVC, FEV1, and their ratio with birth year, irrespective of sex, smoking status, and gross national income. This finding is consistent with studies of European adults4 5. However, the magnitude of these associations varied between studies, possibly because of differences in population composition, ranges of age, birth years and measurement periods covered, and analytical approaches. Nevertheless, the overall increase in lung function across generations may reflect sustained global industrialisation and socioeconomic development, accompanied by improvements in nutrition, air quality, infectious disease control, and healthcare access, which may have influenced lung function from early life into adulthood. Given differences between HICs and LMICs in the timing and pace of socioeconomic development, further research is needed to confirm whether birth cohort effects on lung function differ between these settings. Additionally, considering that over 90% of the morbidity and mortality from chronic respiratory disease may occur in LMICs, improving evidence of the role of early-life factors, environmental exposures, and access to preventive and chronic respiratory care in shaping lung function would support more effective prevention and long-term management of chronic respiratory diseases in LMIC populations8 9.
Our study has several limitations. Despite the large sample size and population-based design of the study, the inclusion of individuals aged ≥40 years limits our ability to assess birth cohort effects in younger populations. The relatively small number of birth cohort groups that could be defined in HICs may have limited the precision of the cohort effect estimates, warranting caution in their interpretation. Additionally, although age was included in the models, residual age and period effects may not have been fully accounted for. Also, survival bias may have affected the estimates, as cohort participants who reached older age may be healthier than the general population they were drawn from.
Our study found that lung function was higher among individuals born more recently. Large-scale longitudinal studies, particularly in LMICs, are needed to confirm these birth-cohort associations and improve our understanding of the factors underlying generational changes in lung function.
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Table 1. Baseline characteristics of study participants by country income groups in the BOLD study (Nparticipants = 28,569).
	 
	Overall
	High-income countries
	Low- and middle-income countries

	Number of study sites
	41
	14
	27

	Number of participants
	28,569
	9,550
	19,019

	Age, years, mean ± SD
	54.7 ± 10.9
	57.6 ± 11.6
	53.2 ± 10.3

	Male, n (%)
	13,534 (47.4)
	4,738 (49.6)
	8,796 (46.2)

	Height, cm, mean ± SD
	163.60 ± 10.11
	168.05 ± 10.01
	161.36 ± 9.38

	Weight, kg, mean ± SD
	71.6 ± 16.9
	78.6 ± 16.3
	68.1 ± 16.1

	Smoking status, n (%)
	 
	 
	 

	Never smoker
	17,139 (60.0)
	4,188 (43.9)
	12,951 (68.1)

	Ever smoker
	11,430 (40.0) 
	5,362 (56.1)
	6,068 (31.9)

	Passive smoking, n (%)
	5,664 (19.8)
	1,644 (17.2)
	4,020 (21.1)

	BMI, kg/m2, mean ± SD
	26.7 ± 6.2
	27.8 ± 5.1
	26.2 ± 6.7

	Dusty job, n (%)
	9,584 (33.5)
	3,155 (33.0)
	6,429 (33.8)

	Use of solid fuels for cooking or heating, n (%)
	16,216 (56.8)
	3,094 (32.4)
	13,122 (69.0)

	Ever diagnosed with tuberculosis by a doctor, n (%)
	673 (2.4)
	274 (2.9)
	399 (2.1)

	Post-bronchodilator lung function, mean ± SD
	 
	 
	 

	  FVC, mL
	3245.0 ± 1011.5
	3760.1 ± 1065.8
	2986.4 ± 875.4

	  FEV1, mL
	2517.3 ± 811.5
	2864.1 ± 867.4
	2343.2 ± 721.6

	  FEV1/FVC, ratios
	77.7 ± 8.7
	76.1 ± 8.8
	78.5 ± 8.6


Abbreviations: FVC=forced vital capacity; FEV1=forced expiratory volume in 1 second; SD=Standard Deviation.
Low- and middle-income countries included sites: Adana (Türkiye), Annaba (Algeria), Blantyre (Malawi), Chikwawa (Malawi), Chui (Kyrgyzstan), Sri Lanka, Fes (Morocco), Gezira (Sudan), Guangzhou (China), Ife (Nigeria), Karachi (Pakistan), Kashmir (India), Khartoum (Sudan), Jamaica, Limbe (Cameroon), Manila (Philippines), Mumbai (India), Mysore (India), Nampicuan and Talugtug (Philippines), Naryn (Kyrgyzstan), Penang (Malaysia),  Pune (India), Sémé-Kpodji (Benin), Sousse (Tunisia), Tirana (Albania), Uitsig and Ravensmead (South Africa), Trinidad and Tobago.
High-income countries included sites: Bergen (Norway), Hannover (Germany), Krakow (Poland), Lexington, KY (USA), Lisbon (Portugal), London (UK), Maastricht (Netherlands), Reykjavik (Iceland), Riyadh (Saudi Arabia), Salzburg (Austria), Sydney, NSW (Australia), Tartu (Estonia), Uppsala (Sweden), Vancouver, BC (Canada). 




Figure Legend
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Figure 1. Birth cohort effects on post-bronchodilator lung function.
Post-bronchodilator lung function by age group, country income group, and birth cohort. Abbreviations: FVC=forced vital capacity; FEV1=forced expiratory volume in 1 second. 
Each marker represents the subgroup-specific mean of lung function values, and linear trendlines are shown.
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Figure 2.  Adjusted pooled estimates of associations between birth year and post-bronchodilator lung function. 
Fully adjusted models were fitted using linear regression models to assess associations between birth year and lung function in each site, adjusted for age group, sex, height, BMI, smoking status, pack-years, passive smoking, education level, dusty job, use of solid fuels for cooking or heating, and tuberculosis. Sex-, smoking status-, and region-specific estimates were obtained from separate stratified models; the corresponding stratification variable was omitted from the adjustment set. Site-specific estimates were then pooled using a random-effects meta-analysis.
Supplementary material
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Figure S1. Sex-stratified distribution of absolute post-bronchodilator lung function values by birth cohort and age groups.
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