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SUMMARY
[bookmark: _Hlk146804613]Background. Chronic obstructive pulmonary disease (COPD) is caused by interactions between many factors across the life course, including genetics. A proportion of COPD may be due to reduced lung growth in childhood. We hypothesized that a polygenic risk score (PRS) for COPD is associated with lower lung function already in childhood and up to adulthood. 
Methods. A weighted PRS was calculated based on the 82 association signals (p≤5x10-8) revealed by the largest GWAS of airflow limitation (defined as COPD) to date. This PRS was tested in association with lung function measures (FEV1, FVC, and FEV1/FVC) in subjects aged 4-50 years from 16 independent cohorts participating in the Chronic Airway Diseases Early Stratification (CADSET) Clinical Research Collaboration. Age-stratified meta-analyses were conducted combining the results from each cohort (n=45,406). These findings were validated in subjects >50 years old. 
[bookmark: _Hlk161757535][bookmark: _Hlk137628684][bookmark: _Hlk142300989][bookmark: _Hlk164775486][bookmark: _Hlk161757887]Findings. We found significant associations between the PRS for airflow limitation and: (1) lower pre-bronchodilator FEV1/FVC from school age (7-10 years; β: -0·13 z-scores per one PRS z-score increase [-0·15, -0·11], q-value=7·04x10-53) to adulthood (41-50 years; β: -0·16 [-0·19, -0·13], q-value=1·31x10-24); and (2) lower FEV1 (from school age: 7-10 years; β: -0·07 [-0·09, -0·05], q-value=1.65x10-9, to adulthood: 41-50 years; β: -0·17 [-0·20, -0·13], q-value=4.48 x 10-20). No effect modification by smoking, sex, or a diagnosis of asthma was observed. 
[bookmark: _Hlk159936654]Interpretation.  We provide evidence that a higher genetic risk for COPD is linked to lower lung function from childhood onwards. 
Funding. This study was supported by CADSET, a Clinical Research Collaboration of the European Respiratory Society. 
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[bookmark: _Hlk161759634]RESEARCH IN CONTEXT
Evidence before this study
[bookmark: _Hlk164761660]We performed a search on PubMed using the terms (“PRS” or “polygenic risk score”) AND (“chronic obstructive pulmonary disease” or “COPD”) AND (“lung function” or “spirometry”) in the title and abstract up to April 23, 2024. Several publications have investigated the implication of genetic variants combined into a polygenic risk score (PRS) in the development of chronic obstructive pulmonary disease (COPD). This has been linked to lower lung function levels mainly in adults. Our understanding of the influence of genetic susceptibility for COPD on lung function across the life course is still incomplete. 
Added value of this study
This study reports the association of a PRS for airflow limitation with lower FEV1/FVC and FEV1 across age groups in several large cohorts, primarily based on longitudinal data. The association effect was not observed to be modified by tobacco smoking habits, sex, or asthma diagnosis. These findings provide firm evidence of the role of genetic factors for COPD susceptibility in lung function not only in adults but also in childhood and adolescence. 
Implications of all the available evidence
A higher genetic risk of developing COPD in combination with other factors was linked to lower lung function from childhood onwards. These results strongly support previous suggestions of considering the mechanisms underlying COPD pathophysiology operating across the entire life course. This has important implications for preventing the development of COPD as early in life as possible. 

[bookmark: _Hlk137460898]INTRODUCTION
[bookmark: _Hlk142301282][bookmark: _Hlk142301301][bookmark: _Hlk142301333]In healthy people, lung development starts in utero and continues after birth until lung function reaches its peak in early adulthood. In normal physiological aging, lung function starts to decline from approximately 25 years of age. Thus, lower lung function during early life resulting in a lower peak lung function may persist in adult life.1 This leads to a sub-optimal lung function trajectory during the life course2,3 that has been associated with obstructive airway diseases such as asthma and chronic obstructive pulmonary disease (COPD).4,5 COPD is the most common non-communicable respiratory disease in adults. Although with wide variations in prevalence, it has been estimated as 10·3% of the global population6 and causing up to three million global fatalities annually.6 It is characterized by chronic respiratory symptoms caused by airway and/or alveolar abnormalities that lead to persistent, non-fully reversible airflow limitation7 and is usually diagnosed in late adulthood.8 COPD can arise from a mixture of several lifetime exposures, including tobacco smoking as well as social and host factors that damage the lungs and alter the normal developmental or physiological aging processes.9 
[bookmark: _Hlk142301513][bookmark: _Hlk159940280][bookmark: _Hlk159940380]Genetic variation significantly influences the clinical presentation of COPD, including disease susceptibility, phenotypic heterogeneity, severity of airflow limitation, and frequency of acute exacerbations.10,11 Heritability estimates have been reported at 40% in independent individuals and up to 60% in twin studies.11 The most recent and largest genome-wide association study (GWAS) of susceptibility for COPD in adults (n=257,811) identified a total of 82 independent single nucleotide polymorphisms (SNPs) associated at the genome-wide significance level (p≤5x10-8).12 The authors defined cases and controls following the spirometry-based criteria for moderate-to-severe airflow limitation.6 
The early origins of health and disease hypothesis13 suggest that the mechanisms leading to COPD can originate in pre-conception stages, gestation, and the first years of life,14,15 albeit usually, it does not show clinical manifestations until adulthood.6 Furthermore, individual genetic liability is established since conception, suggesting that the genetic susceptibility for COPD also begins in early life.11 Polygenic risk scores (PRSs) for COPD are used to precisely estimate individual genetic susceptibility to this disease in a more powerful approach as it combines separate relatively small effect sizes into a genome-wide quantitative estimate of relative individual genetic risk of COPD.16–18 Additionally, a previous PRS for COPD had been associated with an earlier age of diagnosis of COPD.19 
[bookmark: _Hlk161756421][bookmark: _Hlk146806082][bookmark: _Hlk162260443]Considering this, the present study sought to evaluate the contribution of genetic factors of COPD to lung function across the life course, by assessing whether a weighted PRS for airflow limitation is associated with lower lung function in different age groups. To do this, we first calculated and internally validated a PRS in independent studies based on genetic variants previously associated with COPD in adults, defined as airflow limitation, by the largest GWAS published to date.12 Secondly, we evaluated the association of this PRS with spirometry indices from preschool age to adulthood. 
METHODS
Study design and Ethics
[bookmark: _Hlk146807189]Sixteen independent cohorts, part of the Chronic Airway Diseases Early Stratification (CADSET) Clinical Research Collaboration20 from the European Respiratory Society (ERS), participated in this study (Table S1). Subjects aged 4-50 years of cross-sectional or longitudinal studies were included. Additional validation of the association with lung function was conducted in older individuals (>50 years from two of these independent cohorts). Written informed consent was obtained from all participants or their legal guardians in each cohort in accordance with the Declaration of Helsinki for all the participating studies. 
A detailed description of each participating cohort and the methodology used for the analyses described below is provided in the Supplementary Methods. 
Genome-wide genotyping, assessment of genetic ancestry, and genotype imputation 
Samples from each cohort had been genome-wide genotyped using different platforms for previous investigations (Table S1). Standard quality control (QC) procedures for GWAS analyses were applied, and genetic ancestry was assessed independently in each cohort through a Principal Component (PC) analysis using PLINK,21 or the SeqArray and SNPRelate R packages.22 Imputation of genetic variants was conducted by different standardized approaches (Table S1). 
Calculation of a polygenic risk score for airflow limitation
[bookmark: _Hlk159421509]Eighty-two SNPs independently associated with susceptibility for adult COPD, defined as airflow limitation (pre-bronchodilator FEV1 less than 80% of predicted value and the ratio between FEV1 and FVC less than 0.7), that reached the standard genome-wide significance level (p-value ≤5x10-8) in the large-scale GWAS (35,735 cases, 222,076 controls) performed by Sakornsakolpat et al.12 were initially selected for the calculation of a PRS for airflow limitation. These SNPs and their summary statistics were considered as the base dataset for the current study (Table S2). For each participant, weighted PRS estimates were independently calculated in each of the 16 CADSET cohorts representing the target dataset. First, several QC procedures were carried out in the base dataset, and each CADSET cohort23 (Figure 1). Second, PRS estimates were calculated by summing the allele dosage of the genetic variants that passed the QC criteria out of the 82 initially selected or available proxies in each study, weighted by the effect size of the association between each SNP and COPD susceptibility in the base dataset. Finally, the PRS for airflow limitation obtained was scaled by its transformation into z-scores for interpretation in each cohort. All participants with available imputed genome-wide genotyping data regardless of corresponding clinical information were included in the PRS calculation to maximize predictability. These analyses were carried out following standard guidelines for PRS calculation,23 using R version ≥3.6.0.22 
Lung function measurements
[bookmark: _Hlk130301125][bookmark: _Hlk137479866]Forced spirometry was determined following the guidelines established by the American Thoracic Society (ATS) and ERS.24 The values of the forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and the ratio FEV1/FVC before bronchodilation were converted into z-scores using the equations from the Global Lung Function Initiative (GLI).25 
[bookmark: _Hlk139360386][bookmark: _Hlk137547802]Evaluation of the association between the PRS for airflow limitation and spirometry measurements
The contribution of the PRS for airflow limitation on the spirometry measurements obtained across the lifespan was independently investigated in each CADSET cohort by exploring the association of the PRS with FEV1, FVC, and FEV1/FVC z-scores (Figure 1). This was carried out for every time point with available spirometry data per cohort. A linear regression model adjusted for PCs of genetic ancestry and any cohort-specific variables was defined as the basic association model. Participants with PRS estimates and spirometry measures available at the time point evaluated were included in these analyses. 
[bookmark: _Hlk146807814][bookmark: _Hlk166852550][bookmark: _Hlk146808221]Association results with lung function data from each cohort were combined in an inverse-variance meta-analysis by groups of similar age ranging from preschool age to adulthood based on data availability (Table S3, Supplementary Methods). The evidence of significant association was considered after a false discovery rate (FDR) adjustment of 5% (q-value≤0·05) across spirometry measurements per age group. Validation analyses of the association of the PRS for airflow limitation with spirometry measurements were carried out in adults older than 50 years, which is an age group when COPD is more prevalent and a greater detriment of the lung function caused by normal physiological aging is expected. This was conducted in two independent cohorts, including one that had participated in the GWAS of COPD from the base dataset.12 Evidence of replication was considered accounting for the direction of effect between the PRS for airflow limitation and spirometry measurements. The proportion of variance in lung function explained by the PRS was estimated through cross-validation utilizing the caret R package.22,26 This was performed in studies with the largest sample size across age groups as a representation of the whole set of participating cohorts (Figure 1). 
Sensitivity analyses were carried out to assess the potential effect of smoking in adult participants, sex, and asthma on the association between the PRS for airflow limitation and lung function using different approaches (Figure 1). 
Role of the funding source
The study sponsors had no role in the study design, data collection, data analysis, data interpretation, or report writing. The co-authors in charge of the analyses of this study and cohort representatives had access to their own cohort dataset and all co-authors had final responsibility for publication decisions. 
RESULTS
Characteristics of the study populations
[bookmark: _Hlk146807142][bookmark: _Hlk147226218]The PRS for airflow limitation was calculated in a total of 111,959 individuals participating in 16 independent CADSET studies. Most participants were of European descent, except for one of the cohorts which included 7% of individuals from non-European ancestry. The association between the PRS and spirometry measurements was explored in subjects aged up to 50 years by age groups with a sample size ranging from 665 (preschool age) to 13,387 individuals (school age) (Table S3). Additionally, validation of the association of the PRS with lung function was conducted in subjects >50 years of age from two cohorts. A total of 9,027 participants were included from one of them, and between 741 and 5,722 individuals whose spirometry was measured at three different time points from the other cohort. Table 1 describes a summary of the clinical and demographic characteristics of participants from each cohort. 
Association of the PRS for airflow limitation with spirometry measurements across the lifespan
[bookmark: _Hlk161065008][bookmark: _Hlk142306507][bookmark: _Hlk142310478][bookmark: _Hlk159927306][bookmark: _Hlk161061474][bookmark: _Hlk159930254][bookmark: _Hlk162263724][bookmark: _Hlk166836539][bookmark: _Hlk159580353][bookmark: _Hlk159242728][bookmark: _Hlk161064346][bookmark: _Hlk162264034]Among the initially selected 82 SNPs associated with COPD (p-value ≤5x10-8),12 77-80 SNPs were included in the PRS calculation across participating cohorts after QC procedures, except for PIAMA (69 SNPs) (Tables S4-S7, Figures S1-S2, Supplementary Results). The PRS for airflow limitation was tested in association with spirometry measurements in each cohort and combined in an age-stratified meta-analysis. A total of 45,406 subjects were included considering the totality of age groups explored and the fact that spirometry was assessed more than once in most studies; thus, some individuals were counted several times across age groups (Table S3). Figure 2 and Table 2 show the association results with FEV1/FVC, FEV1, and FVC z-scores (see Table S8 for cohort-specific results). Overall, stronger associations with FEV1/FVC than with other spirometry measurements were observed (Figure 2A). Evidence of association was detected from school age (β: -0·13 z-scores per one z-score increase in the PRS, 95% Confidence Interval (CI): -0·15, -0·11, q-value=7·04x10-53) to the oldest adulthood group (41-50 years) (β: -0·16, 95% CI: -0·19, -0·13, q-value=1·31x10-24) (Table 2, Figure 2A, Figure S3). Even though the association effect became slightly stronger in the negative direction with age (from school age to adulthood, 41-50 years), no significant relationship between the effect size of the association with FEV1/FVC and the age group was observed (p=0·176). Subjects at the top deciles of the distribution of PRS for airflow limitation showed between approximately five and eight times lower mean lung function levels compared to individuals with a lower genetic risk for COPD. This is exemplified in one pediatric cohort, where a mean FEV1/FVC z-score of -0·62 in adults aged 18-30 years from the top decile was observed to be significantly different from the mean of -0·11 in subjects from the bottom decile of the PRS (β: -0·52, 95% CI: -0·75, -0·28, p-value=2·35x10-5, q-value=6·88x10-4) (Figure S4A, Figure S5C). This change was also found in individuals from the same age group participating in an adult cohort with even larger effects (β: -0·67, 95% CI: -0·82, -0·52, p-value=3·59x10-19, q-value=1·05x10-17) (Figure S4B, Figure S5D). 
[bookmark: _Hlk166337550][bookmark: _Hlk159243315][bookmark: _Hlk159242946][bookmark: _Hlk166851384][bookmark: _Hlk166684587]Analogously, similar association effects with z-scores of FEV1 were found across the age groups (Figure 2B, Figure S6). The magnitude of the association with lower FEV1 increased to some extent in older groups, but only a nominally significant trend in the association effect size across age groups was found (p=0·016). Association with FVC was detected in adults aged between 31 and 40 years old, and also those included in the 41-50-year age group (Figure 2C, Figure S7). No significant relationship between the effect size of the association with FVC and the age groups was detected (p=0·098). The effect size and significance level of the association with FVC were found to be weaker than with FEV1 and FEV1/FVC within each of these age groups (Table 2). Additionally, evidence of nominal association with FEV1 (β: -0·09, 95% CI: -0·17, 0·00, p-value=0·042) and FVC (β: -0·09, 95% CI: -0·18, -0·01, p-value=0·031) was observed in preschool children. This age group makes an exception to the slightly increased effect size with lower spirometry measurements with age, where a stronger association effect size with FEV1 and FVC than expected was found compared to the subsequent groups. However, these associations did not remain significant after FDR adjustment (q-value=0·115) (Table 2, Figures 2B-2C, Figures S6-S7). 
[bookmark: _Hlk162263820][bookmark: _Hlk161061572][bookmark: _Hlk161063330][bookmark: _Hlk139371298]The association results with FEV1 and FEV1/FVC z-scores were validated in 9,027 subjects aged >50 years old, with a similar association effect size (Table 3). Similarly, lower FEV1/FVC levels were observed in participants of this age group at the highest decile of the PRS distribution compared to those with the lowest genetic risk (e.g., a mean FEV1/FVC z-score of -0·91 in the top decile versus -0·26 in the bottom decile of the PRS distribution) (Figure S4B). This change was found to be statistically significant (β: -0·64, 95% CI: -0·75, -0·53, p-value=8·20x10-29, q-value=2·40x10-27) (Figure S5G). In this older dataset, a significant association with z-scores of FVC was also detected (β: -0·07, 95% CI: -0·09, -0·05, q-value=1·06x10-9) (Table 3). Similar results were observed in participants older than 50 years from the three time points evaluated in an independent cohort included in the base dataset (Table S10). 
The PRS for airflow limitation explained a limited proportion of the total variance in lung function indices (Table S11). The largest proportion of the variance explained by the PRS was found for the z-score of FEV1/FVC, with an average ranging from 1.5% to 6.5% across age groups (Figure 3). 
Assessment of the effect of additional risk factors 
[bookmark: _Hlk137556490]Active smoking habits
[bookmark: _Hlk137561785][bookmark: _Hlk159580479]No major changes in terms of the magnitude of the association effect or significance level were detected in adults aged up to 50 years when further adjusting by a covariate related to active smoking status in the regression models and performing a meta-analysis in the adulthood age groups (Table 4, Figure S9). However, the association with FVC z-scores observed in adults aged 31-40 years (Table 2) was not significant when accounting for this variable and correcting for multiple comparisons. Findings were consistent in adults older than 50 years (Table 3, Table S10). Even though no substantial differences in the effect size were detected accounting for tobacco pack-years, the association with FVC z-scores in the 31-40 and 41-50-year age groups (Table 2) did not remain after adjusting by this covariate (Table 4, Figure S9). This association remained significant in older adults (>50 years of age) (Table 3), except for Rotterdam Study PFT 1 (50-98 years) and PFT 2 (51-96 years), although with almost identical effect sizes. Surprisingly, the effect size of the association with FEV1, FVC, and FEV1/FVC increased in PFT 3 (70-100 years) when this marker of cumulative smoking history was also included as a covariate (Table S10). These differences might be explained by the reduced sample size of subjects with reported smoking habits and available information related to pack-years at this time point (n=45). 
Sex and asthma
A similar effect size of the association with lower FEV1 and FEV1/FVC z-scores from school age to late adulthood was observed after stratifying the analyses by sex (Table S14, Figure S10). Similar findings were obtained in adults aged >50 years (Tables S15-S16). Additionally, effect estimates of the association between the PRS for airflow limitation and lung function were very similar to the original results of the basic association model after excluding subjects with a report of asthma in one of the cohorts (Table S17). No evidence of a significant association of the PRS for airflow limitation with asthma was observed either (Table S18). 
Further details of the results obtained in this study can be found in the Supplementary Material. 
DISCUSSION
[bookmark: _Hlk146808762][bookmark: _Hlk161757935][bookmark: _Hlk159592774][bookmark: _Hlk161758587]Our results provide firm evidence that genetic variants linked to an increased risk for COPD (i.e., moderate-to-severe airflow limitation) are also associated with lower lung function across the life course from childhood to adulthood. The association effect sizes remained similar when accounting for smoking habits or after stratifying by sex and were validated in subjects aged above 50 years from two independent cohorts. Collectively, our results strongly support that COPD should be considered a disease whose pathophysiologic mechanisms operate across the entire life course.9 
[bookmark: _Hlk161757006][bookmark: _Hlk159237097][bookmark: _Hlk165559285][bookmark: _Hlk159579853]Although our understanding of the influence of the genetic makeup of COPD on lung function across the lifespan is still incomplete,9 our results support the involvement of loci for airflow limitation in lower FEV1/FVC and FEV1 not only in adults but also in childhood and adolescence. Nonetheless, firm evidence of the association in preschool children could not be provided, which might be explained by the technical challenges of spirometry testing in young children27 and the smaller sample size of this age group. Therefore, the association results obtained in this age group should be taken with caution. The role of genetic variants combined into a quantitative PRS related to the development of COPD has been previously investigated mainly in adults, but most PRSs were developed based on association signals of lung function outcomes.17,28–35 The rationale for the use of genetic variants associated with lung function measures for disease prediction in those studies has been the fact that COPD might occur after the progressive deterioration of lung function before the criteria for diagnosis can be met.17 For instance, Moll et al.17 calculated PRSs for FEV1 and FEV1/FVC based on a GWAS of each of these spirometry measurements carried out by Shrine et al.,31 which were combined into a single score by the weighted sum of both PRSs.17 Therefore, the main difference between the PRS built by Moll et al. and the PRS for airflow limitation presented in this study is the base dataset, which was comprised of association signals of quantitative spirometry measurements in the first, and a binary variable of COPD status based on airflow limitation in ours.12 Significant associations of PRSs for lung function with lower FEV1 and/or FEV1/FVC in adults have been described.28,30,33,35 However, only a few studies have revealed associations with lower lung function indices in children.29 Indeed, the special importance of the combination of high genetic risk for lower lung function with prematurity has been suggested in preschool children.34 Nonetheless, scarce investigation on the implication of genetic determinants of COPD on lung function throughout childhood, adolescence, and adulthood had been conducted in individuals born term before the present study.36 
[bookmark: _Hlk142316923]PRSs for lung function have been linked to a higher risk for the development of COPD in adults from different ancestry groups.17,28–31,35 There is a substantial overlap between genetic markers of lung function and COPD, mostly given the key contribution of spirometry measurements to the current criteria for a COPD diagnosis.10 Nonetheless, the evaluation of PRS estimates based on association signals of COPD susceptibility in relation to lung function across the life course has been scarcely investigated before the present study.18,28,31 
Several PRSs for lung function, as a proxy of COPD, have been linked to visual and quantitative emphysema and lung structure-related traits revealed by computed tomography (CT) imaging.17,30,32 It has been suggested that part of the risk for COPD might be due to genetic factors linked to developmental processes11 given the genetic overlap between COPD and height,37 and regulatory regions of the genome involved in lung development.38 Indeed, Sakornsakolpat et al. thoroughly investigated the potential functional implications of the loci associated with airflow limitation included in our PRS and observed the enrichment of epigenomic markers in fetal lung tissue and gene sets in lung morphogenesis and development-related processes.12 This supports the hypothesis of the early origins of COPD and our findings in children. The combination of different data layers revealed potential candidate effector genes involved in functions related to the extracellular matrix, previously linked to lung function.12 There is previous evidence suggesting that the variation in lung structure might be an important mediator and a plausible underlying biological mechanism,17,30 but the association of the PRS for airflow limitation with CT imaging-related phenotypes could not be explored in the present study given the lack of such data in the participating cohorts. However, Sakornsakolpat et al. identified gene clusters associated with emphysema features (e.g., CHRM3, ITGA1, FAM13A) and airway structure (e.g., ASTN2, AGER, ADAMTSL3) revealed by CT scan through a phenome-wide association analysis.12 These results suggest the implication of our PRS for airflow limitation not only in spirometry measurements across the lifespan but also in lung structure and emphysema features, at least in adulthood. 
[bookmark: _Hlk162264184]Tobacco smoking has been classically considered the most important environmental risk factor for decreased lung function and COPD development.6 Nonetheless, we did not find any smoking-related variables to modify the association between genetic determinants for airflow limitation and lung function in adulthood, suggesting that the loci included in our PRS exert an effect on lung function independent of smoking. The GWAS that served as the base dataset for our study precisely aimed to identify pure genetic effects on COPD susceptibility independent from environmental influences. Their findings were certainly demonstrated not to be driven by any smoking-related variable,12 which is consistent with previous suggestions of shared genetic determinants for airflow limitation between heavy smokers and non-smokers.39 Additionally, strong interactions between genetic factors and smoking have been scarcely reported to date.11,18,40 Altogether, these pieces of evidence suggest that smoking and the individual’s genetic composition might exert separate effects on the risk for the development of COPD. 
Females often show a faster decline in lung function, more severe COPD, higher risk for exacerbations and development of early-onset COPD, as well as more comorbidities and different clinical manifestations.41 The mechanisms underlying these differences by sex are still unknown, although genetic factors have been proposed to be fundamental contributors.42 Our study did not reveal any substantial effect of sex in the association of the PRS for airflow limitation with lung function at any of the age groups evaluated, concordantly with the design of the base dataset aiming at the identification of sex-independent COPD association signals.12 
[bookmark: _Hlk162260290][bookmark: _Hlk159580007][bookmark: _Hlk161066209][bookmark: _Hlk159598491]The proportion of the total variation in spirometry measurements explained by the PRS for airflow limitation developed in the present study (up to 6%) might seem small compared to the moderate predictability of COPD risk revealed by previous PRSs for COPD or lung function in addition to clinical factors (area under the curve (AUC)Europeans=0·60-0·80; AUCAfrican Americans=0·75; AUCEast Asians=0·79).17,28,31 It is worth noting that this increases when CT-related phenotypes are also taken into account.30 However, these estimates are not comparable to the ones obtained in our study since our ultimate objective was not to develop a predictive tool for COPD risk but rather to understand the contribution of genetic factors of COPD on lung function across different age groups from childhood to adulthood. Furthermore, the outcome under investigation has been spirometry measurements instead of COPD status; thus, weaker effect sizes are to be expected in this scenario. Nonetheless, the estimates of the proportion of variance explained by our PRS are consistent with other complex traits, such as body mass index (2.4-9.5%)43,44 and blood pressure (0.5-7.5%).45 
[bookmark: _Hlk166851424][bookmark: _Hlk159599509][bookmark: _Hlk161149835][bookmark: _Hlk161758371]We also attempted to assess whether there were differences in the magnitude of the effect from childhood to adulthood but found no strong evidence of a trend in the association effect estimates across age groups. Future efforts including a large range of environmental exposures and combination with other omics layers could help us to shorten the path to achieve the early and accurate prediction and identification of subjects at high risk of COPD. The success of these approaches in other traits46–50 suggests their potential, even though these are still incipient in the respiratory field.50–52 The substantial heterogeneity of COPD is an important aspect that should be also taken into account since it might be the result of the involvement of trajectories of poor lung function marked by reduced lung growth, an early and reduced plateau phase, or an accelerated decline.17 Indeed, the latter is one of the key events leading to the development of COPD.53 Even though a rapid decline in lung function has been suggested to be a result of the interaction of several factors,54 the underlying molecular and cellular mechanisms are yet to be disentangled. This has been evidenced to be a heritable trait55 but, only a limited number of genetic loci have been identified to date; thus, the calculation of a PRS of this trait still seems unfeasible. The strong association of genetic markers of airflow limitation with lower FEV1/FVC z-scores we found since early life suggests that the mechanisms that lead to the development of COPD for some adults already begin in childhood. A potential direct clinical use of an individual PRS to assess COPD risk (and general lung health) remains to be evaluated, although early screening of lung function in subjects with a high genetic risk for COPD has been discussed.56 
[bookmark: _Hlk161757273][bookmark: _Hlk162260356][bookmark: _Hlk146810025][bookmark: _Hlk161758406][bookmark: _Hlk162260481][bookmark: _Hlk160106807][bookmark: _Hlk142321137][bookmark: _Hlk142381998][bookmark: _Hlk159844800][bookmark: _Hlk161065406][bookmark: _Hlk159423864][bookmark: _Hlk159423415][bookmark: _Hlk162260077][bookmark: _Hlk159580115][bookmark: _Hlk142321215]The most important strength of our work is the evaluation of a PRS for adult airflow limitation in 16 different, large cohorts from childhood to adulthood. This allowed us to investigate the influence of a genetic risk for airflow limitation on lung function levels in different age groups across the life course, including young subjects primarily from longitudinal cohorts. Most of the previous work had been carried out on adults, with a clear lack of evaluation of how genetic determinants for COPD might affect lung function across the life course. We acknowledge that this study has several limitations. First, COPD was defined based on only pre-bronchodilator spirometry information in the base dataset;12 thus, the genetic variants identified might be signals of solely airflow limitation rather than COPD in its complete sense. The criteria utilized for the definition of COPD cases were based on FEV1/FVC and FEV1,6 which might explain the fact that the strongest evidence of association of our PRS was observed with FEV1/FVC, followed by FEV1, and the absence of significant association with FVC in most younger age groups. Additionally, pre-bronchodilator spirometry measurements were used12 despite international recommendations for the definition of COPD based on measures obtained after the administration of bronchodilators to minimize potential variability.6 Second, most cohorts included in the present work were of European ancestry, except for a small proportion of subjects of several non-European ethnic groups from one participating cohort. This limited us from drawing firm conclusions applicable to other ancestry groups. However, the calculation of our PRS in non-Europeans might result in expected reduced predictability given the ancestry heterogeneity with the base dataset. Furthermore, the use of summary statistics of a multi-ancestry GWAS might increase the predictive power and applicability of PRSs estimated in different populations,35 although these studies are still widely underrepresented.57 Nonetheless, the future validation of the association of our PRS with lung function indices across the life course in diverse ancestry groups would be of great interest. Third, the association of the PRS for airflow limitation with spirometry measurements was evaluated in a different number of available time points among the participating cohorts. Additionally, both longitudinal and cross-sectional cohorts were included in this study. Fourth, a reduced set of genetic variants restricted to those reaching the genome-wide significance level was included in the calculation of our PRS for airflow limitation, which might seem conservative and simplistic with consequences on the proportion of variance explained.23 However, Sakornsakolpat et al. demonstrated the robustness of the selected association signals by the combination of different omics layers, and the association with CT features, and comorbidities.12 Despite the contradictory evidence of the influence of the number of SNPs on the PRS performance,58,59 it has been suggested that it highly depends on the intended application of a given PRS.60 Risk prediction often requires a large set of genetic variants,23 whereas the selection of independent signals with strong evidence of association might be the most appropriate approach for the evaluation of the effect of an exposure on an outcome (as in our study).57,60 Furthermore, most of the loci included in the PRS for airflow limitation described here had also been previously associated with lung function measurements,29,61–63 which might not reflect only COPD susceptibility per se but also lung function. Finally, asthma and COPD diagnoses were not taken into account in the basic association testing, although COPD is rarely diagnosed in individuals younger than 50 years and never in children. However, sensitivity analyses in relation to asthma showed reassuring results. 
[bookmark: _Hlk159592813][bookmark: _Hlk161758557]This study provides fundamental evidence of the link between the genetics of airflow limitation linked to COPD and lung function, primarily FEV1/FVC, across the life course independent of tobacco smoking. These findings suggest that a higher genetic risk of developing COPD in combination with several other factors is linked to lower lung function from an early age. This has important implications for COPD prevention as early in life as possible. 
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FIGURE LEGENDS
Figure 1. Flowchart of the methodology used for the calculation of the PRS for airflow limitation and its evaluation with spirometry measurements across the lifespan. A total of 82 SNPs associated at the genome-wide significance level (p-value ≤5x10-8) by the largest GWAS of COPD susceptibility published to date12 were initially selected for the PRS estimation in the current study. Several QC procedures were conducted in the base dataset and each of the cohorts that were part of the target dataset. The association between transformed PRS estimates (z-scores) and GLI z-scores of pre-bronchodilator spirometry measurements was assessed through linear regressions at the different available time points per cohort. The association results from each cohort were combined in an age-stratified meta-analysis by age groups from preschool age to adulthood (up to 50 years of age). Validation of these results was conducted in subjects older than 50 years. Moreover, the potential effect of active smoking, sex, and asthma was evaluated through sensitivity analyses. The proportion of lung function variance explained by the PRS was estimated in large sample-sized cohorts across different age groups. 1KGP: 1,000 Genomes Project reference panel; CADSET: Chronic Airway Diseases Early Stratification; COPD: chronic obstructive pulmonary disease; GLI: Global Lung Function Initiative; FEV1: forced respiratory volume in one second; FVC: forced vital capacity; GWAS: genome-wide association study; HWE: Hardy-Weinberg equilibrium; INDELs: insertions/deletions; MAF: minor allele frequency; PC: Principal Component of genetic ancestry; PRS: polygenic risk score; QC: quality control; Rsq: imputation quality score; SNP: single nucleotide polymorphism. 
[bookmark: _Hlk135305453]Figure 2. Forest plot of the effect size of the association between the PRS for airflow limitation and spirometry measurements from preschool age to 50-year-old adulthood. Blue boxes show the association effects in terms of β estimates after meta-analyzing the results from the cohorts included in each age group. The corresponding 95% Confidence Intervals (95% CI) are represented by blue dash lines. The number of cohorts, sample size, effect size, and p-value of the association are also indicated per age group. The q-value represents the adjusted p-value accounting for the false discovery rate. The results shown for the adulthood group including subjects aged between 41-50 years correspond to the association results obtained only in HUNT given the absence of more cohorts with available spirometry data within that age range. Results for the age-stratified meta-analysis (random-effects model) are independently shown for each spirometry measurement in terms of z-scores: A) FEV1/FVC; B) FEV1; C) FVC. FEV1: forced expiratory volume in one second; FVC: forced vital capacity; PRS: polygenic risk score. 
Figure 3. Box plot of variance in FEV1/FVC explained by the PRS for airflow limitation across the lifespan. The proportion of the total variance in FEV1/FVC explained by the PRS is shown in the y-axis in terms of R2. The time points from large cohorts from each age group are represented in the x-axis. Boxes are color-coded based on the age group from preschool age to adulthood (>50 years). The median of the R2 is displayed by the thick horizontal line at each box, whereas whiskers extending vertically indicate the minimum and maximum values. The variance explained by the PRS for airflow limitation was estimated including the same sample size and covariates of the basic association model (Principal Components of genetic ancestry and any cohort-specific covariates). FEV1: forced expiratory volume in one second; FVC: forced vital capacity; PRS: polygenic risk score; W1: Genotyping Wave 1; W2: Genotyping Wave 2. 
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