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Abstract

Genetic susceptibility may be associated with earlier onset of chronic obstructive pulmonary 

disease (COPD). We hypothesized that a polygenic risk score (PRS) for COPD would be 

associated with earlier age of diagnosis of COPD. In 6647 non-Hispanic white (NHW) and 

2464 African American (AA) participants from COPDGene, and 6812 participants from the 

Framingham Heart Study (FHS), we tested the relationship of the PRS and age of COPD 

diagnosis. Age at diagnosis was determined by: 1) self-reported age at COPD diagnosis, or 2) 

age at visits when moderate-to-severe airflow limitation (GOLD 2-4) was observed on spirometry. 

We used Cox regression to examine the overall and time-dependent effects of the PRS on incident 

COPD. In the COPDGene study, we also examined the PRS’s predictive value for COPD at age 

< 50 years (COPD50) using logistic regression and area-under-the-curve (AUC) analyses, with 

and without the addition of other risk factors present at early life (e.g., childhood asthma). In 

Cox models, the PRS demonstrated age-dependent associations with incident COPD, with larger 

effects at younger ages in both cohorts. The PRS was associated with COPD50 (OR [95% CI]: 

NHW 1.55 [1.41-1.71], AA 1.23 [1.05-1.43], FHS 2.47 [2.12-2.88]). In COPDGene, adding the 
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PRS to known early-life risk factors improved prediction of COPD50 in NHW (AUC 0.69 vs. 
0.74, p <0.0001) and AA participants (AUC 0.61 vs. 0.64, p =0.04). A COPD polygenic risk score 

is associated with earlier age of diagnosis of COPD and retains predictive value when added to 

known early-life risk factors.
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Introduction

Characterized by persistent airflow limitation and respiratory symptoms, chronic obstructive 

pulmonary disease (COPD) is a leading cause of mortality and morbidity worldwide [1, 2]. 

Emerging evidence indicates that the pathogenesis of COPD can begin in early life and even 

the prenatal period [3, 4]. Many patients with COPD are undiagnosed or initially present 

with advanced disease, missing a potential opportunity for early intervention [5].

COPD in younger individuals is associated with poor clinical outcomes. In a recent large 

Danish population study, the prevalence of COPD early in life (defined as age <50 with a 

ratio of forced expiratory volume in 1s [FEV1] to forced vital capacity [FVC] < lower limit 

of normal [LLN] and a cumulative cigarette smoking of 10 pack-years and greater) was 

estimated to be 15%, and these individuals had more frequent respiratory hospitalizations 

and increased risk for early death compared with age-adjusted controls [6]. In addition, 

COPD in young adults does not equate to mild disease, as severe airflow limitation 

and symptoms can be present [7]. The U.S. Preventive Services Task Force currently 

recommends against screening for COPD with spirometry in asymptomatic adults. Thus, 

a risk stratification tool that 1) can identify individuals who are at high risk for developing 

COPD at young ages and 2) does not depend on early-life screening spirometry or imaging 

data, is of great importance for both individualized preventive measures and effective case-

finding efforts.

COPD susceptibility is influenced by both environmental and genetic factors [8, 9]. Genetics 

explains a sizable proportion of phenotypic variance of adulthood lung function and risk 

of COPD (~30-60% for FEV1, FEV1/FVC, and moderate-to-severe COPD) in population-

based, cohort, and family-based studies, as well as in families specifically identified through 

probands with severe, early-onset COPD [10-12]. In genome-wide association studies 

(GWASs) of lung function, each single nucleotide polymorphism (SNP) accounts for a small 

amount of phenotypic variance; however, variants can be combined into a polygenic risk 

score (PRS), which accounts for more phenotypic variability and is predictive of prevalent 

COPD and lung imaging phenotypes [13-16]. We recently derived a PRS based on lung 

function that was associated with prevalent COPD, emphysema, and lung function growth 

and decline trajectories [17]. However, it is unknown if the PRS can inform which patients 

are at high risk for COPD acquired early in life. Further, the magnitude of polygenic effects 

across age ranges are non-uniform in other diseases [18], and whether polygenic effects are 

uniform across age ranges in COPD remains unclear.
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We hypothesized that a higher PRS would be associated with an earlier age of diagnosis of 

COPD and COPD before age of 50 years (COPD50) in an ascertained sample of smokers 

and a population-based cohort. We examined the effects of the PRS on the risk for incident 

COPD and examined age-dependent effects of the PRS. We additionally evaluated the 

predictive performance of the PRS for COPD50 compared to other early-life risk factors.

Materials and Methods

Study design and populations

All studies obtained approval from local institutional review boards and participants 

provided written informed consent.

COPDGene

We included non-Hispanic white (NHW) and African American (AA) participants from the 

Genetic Epidemiology of COPD (COPDGene) study, which has been previously described 

[19]. Briefly, COPDGene is an ongoing multicenter prospective cohort study which enrolled 

10,198 NHW and AA participants aged 45-80 years, with a smoking history ≥10 pack-years 

at baseline, and without severe alpha-1 antitrypsin deficiency. Participants were followed up 

at 5- (phase 2 visit) and 10-year (phase 3 visit) intervals from baseline visits. Questionnaires 

for demographics and respiratory health conditions, and spirometry data were obtained at all 

visits. Further details can be found in the Supplementary Methods.

Framingham Heart Study

To additionally assess the effect of the PRS in a population-based cohort with longitudinal 

spirometry, we used participants of European ancestry from the Framingham Heart Study 

(FHS) Offspring cohort and Third Generation cohort. Briefly, FHS was a large longitudinal 

population-based cohort which has been previously described [20, 21]. Further details can be 

found in Supplementary Methods.

Age at diagnosis of COPD

At the COPDGene baseline visit, all participants were asked about physician diagnosis 

of COPD, emphysema, and chronic bronchitis, and for those who answered ‘yes’ they 

were further asked about age at diagnosis of those conditions. We considered correctly 

diagnosed COPD as participants with 1) a self-reported physician diagnosis of COPD 

and/or emphysema and/or chronic bronchitis and 2) moderate-to-severe airflow limitation 

(FEV1/FVC <0.7 and FEV1 percent predicted <80%) on baseline post-bronchodilator 

spirometry. For participants with correctly physician-diagnosed COPD and a self-reported 

age at diagnosis >30, we used self-reported age of diagnosis for COPD, emphysema, or 

chronic bronchitis, in that order of priority; otherwise, we used age at earliest visit when 

airflow limitation was identified as the age at diagnosis (supplementary Figures 1 and 2 

for NHW and AA participants, respectively). In FHS, questionnaire data about the age of 

diagnosis was not available. Thus, age of diagnosis was defined using age at earliest exam 

when moderate-to-severe COPD (modified GOLD grades 2-4 using pre-bronchodilator 

spirometry) was observed. We defined COPD occurring early in life as an age at diagnosis 

before 50 years [5, 22].
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Predictive variables

As described previously, we developed polygenic risk scores (PRSs) based on results from 

GWASs of FEV1 and FEV1/FVC in the UK Biobank and SpiroMeta Consortium participants 

of European ancestry [17]. Briefly, we calculated individual PRSs separately for FEV1 and 

FEV1/FVC based on weighted effects of 1.7 and 1.2 million SNPs, respectively. We then 

calculated a composite PRS as a weighted sum of the two individual PRSs and standardized 

the composite PRS to facilitate statistical analyses. Details regarding construction of the 

PRS can be found in the Supplementary Methods. The composite COPD PRS for this study 

was calculated in COPDGene and FHS, which are external datasets that were not used in the 

derivation or tuning of the PRS.

A number of early-life risk factors have been identified for COPD [3, 4]. In COPDGene, we 

included previously described risk factors available by early adulthood that could potentially 

be used to guide risk stratification for acquiring COPD early in life. These available risk 

factors included maternal smoking during pregnancy, childhood asthma, active smoking 

during adolescence, childhood pneumonia, education, and family history of COPD. Details 

of definitions of the above risk factors can be found in the Supplementary Methods.

Statistical analysis

Continuous and categorical variables were shown as medians (interquartile ranges [IQRs]) 

and counts (percentages). Mann-Whitney U tests and Chi-Square tests (Fisher’s exact 

tests when appropriate) were used to examine differences for continuous and categorical 

variables, respectively.

We first performed a time-to-event analysis to examine the effect of the PRS on incident 

COPD diagnosis in COPDGene. Age in years was used as the underlying timescale, 

and time was censored at age of COPD diagnosis or age at last follow-up. We plotted 

cumulative incidence curves of COPD diagnosis among tertiles (low vs. middle vs. high) of 

the PRS using the Kaplan-Meier estimator and tested differences between curves using 

a log-rank test. We fitted a Cox model and evaluated the proportional hazards (PH) 

assumption using diagnostics based on Schoenfeld residuals [23]. We additionally fitted 

Cox models separately for different age intervals (age <50, 50-59, 60-69, and ≥70) to 

allow time-dependent coefficients (β) of the PRS which was a fixed covariate (see the 

Supplementary Methods for more details). We tested for an association between the PRS and 

sex, age and pack-years of smoking at the baseline visit, and age at smoking initiation to 

determine whether these variables could be potential confounding factors.

We also performed logistic regression analysis with COPD diagnosed before age 50 

(COPD50) as a binary outcome (see the Supplementary Methods for more details). We 

constructed three prediction models for COPD50 with predictive variables of 1) the PRS, 

2) other early-life risk factors (see Predictive Variables) that were significantly associated 

with COPD50 in univariate analysis, and 3) a combination of 1) and 2). We evaluated 

the discriminatory accuracy of predictive models by comparing area-under-curve (AUC) of 

receiver-operating-characteristic (ROC) curves using DeLong tests [24].
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To examine the effect of the PRS on incident COPD in FHS, we constructed similar models 

as in COPDGene. First, we built a Cox model in participants without COPD at baseline 

(offspring cohort exam 5 and generation 3 cohort exam 1), adjusting for baseline age, and 

then performed regressions across age intervals (age <50, 50-59, 60-69, and ≥70). We also 

performed linear regression between PRS and age of diagnosis of COPD in participants with 

COPD, and fitted a logistic regression model to examine the association between the PRS 

and COPD50.

All models including the PRS were adjusted for principal components of genetic ancestry. 

Models in FHS additionally accounted for study cohort and familial relatedness using 

mixed models and generalized estimating equations, as appropriate. We performed analyses 

using R 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) and packages 

“survival”, “survminer”, “coxme”, “gee” and “pROC”. We considered a two-tailed p <0.05 

as statistically significant for all tests.

Sensitivity analysis

To assess for potential bias from censoring and using two definitions of COPD diagnosis, 

we performed a range of sensitivity analyses including stratified analyses and analyses 

using varying COPD and control definitions in COPDGene NHW participants. See the 

Supplementary Methods for more details.

Results

Sample characteristics

In COPDGene, 6647 NHW (52.3% males) and 2464 AA (57.6% males) participants were 

included; 2115 and 444 had physician-diagnosed COPD prior to their baseline visit, and 

696 and 309 were newly diagnosed at the time of study enrollment, respectively (Table 

1). Compared to those with newly diagnosed COPD, participants with physician-diagnosed 

COPD were more likely to have GOLD spirometry grades 3 and 4 at baseline (supplemental 

Figure 3).

We included 6812 FHS participants of European ancestry who had at least two longitudinal 

spirometry measures from the offspring and generation 3 cohorts (Table 1). COPD diagnoses 

were ascertained in 811 participants, including 491 at baseline, and 154, 67, 65 and 34 at 

each follow-up visit, respectively.

Further details regarding COPDGene and FHS baseline characteristics can be found in the 

Supplementary Results.

PRS and incident COPD diagnosis

In COPDGene, cumulative incidence curves (Kaplan-Meier estimator) for COPD diagnosis 

stratified by tertiles of the PRS (Figure 1) demonstrate an increased risk for incident 

COPD diagnosis among individuals with higher PRSs across all ages (log-rank p <0.0001 

for difference between curves for both NHW and AA participants). However, we found 

evidence against the PH assumption for a Cox model of the PRS on incident COPD across 

all age ranges (p =0.048 for the scaled Schoenfeld residuals test) in COPDGene NHW 
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participants. Therefore, we fitted a Cox model allowing different coefficients of the PRS 

within time intervals of ages <50, 50-59, 60-69, and ≥70 (p =0.88 for the PH assumption 

of the PRS on incident COPD); the hazard ratio (HR) estimates (95% confidence intervals 

[CIs]) per SD increase in the PRS were 1.51 (1.41-1.63), 1.39 (1.30-1.47), 1.36 (1.28-1.45), 

and 1.33 (1.21-1.47), respectively (Figure 2). In COPDGene AA participants, one SD 

increase of the PRS was associated with a 28% (HR 1.28, 95% CI 1.19-1.37) increased 

hazard for incident COPD across all ages (p =0.37 for testing PH assumption of the PRS on 

incident COPD).

Similarly, in FHS, we found evidence against the PH assumption for a Cox model examining 

the effects of the PRS on incident COPD across all age ranges (p =0.005 for the scaled 

Schoenfeld residuals test). For Cox models allowing different coefficients of the PRS within 

time intervals of ages <50, 50-59, 60-69, and ≥70 (p =0.45 for the PH assumption); the HR 

estimates (95% CIs) per SD increase in the PRS were 2.32 (1.81-2.97), 1.70 (1.41-2.04), 

1.37 (1.11-1.67), and 1.28 (1.01-1.61), respectively (Figure 2).

In COPDGene, we did not detect a differential effect of the PRS by sex (p =0.07 and 

0.91 for the interaction term for COPDGene NHW and AA participants, respectively). In 

a sex-stratified analysis in NHW participants, one SD increase of the PRS was associated 

with a 36% (HR 1.36, 95% CI 1.30-1.43) and a 44% (HR 1.44, 95% CI 1.37-1.52) increased 

hazard for incident COPD in male and female participants, respectively. We found no 

association between the PRS and sex, age, pack-years of smoking at baseline visit, or age at 

initiation of smoking. Results did not change significantly with further adjustment of these 

factors in the model.

Prediction for COPD diagnosed early in life

In COPDGene, COPD50 diagnoses were observed for 491 NHW and 194 AA participants. 

These individuals with COPD50 had higher PRSs and were more likely to have early-life 

risk factors compared to those without COPD50 (Table 2). The PRS was associated with 

an increased risk for COPD50 in univariable (odds ratio [OR] [95% CI] per SD: 1.60 

[1.46-1.76] for NHW and 1.23 [1.06-1.43] for AA participants) and multivariable models 

including other early-life risk factors (OR [95% CI] per SD: 1.55 [1.41-1.71] for NHW and 

1.23 [1.05-1.43] for AA participants) (Table 3 and Table 4). See the Supplementary Results 

for more details. In FHS, COPD50 diagnoses were observed in 186 participants, and one SD 

increase of the PRS was associated with an increased odds of COPD50 (OR 2.47, 95% CI 

2.12-2.88, p <0.0001). In FHS participants with COPD, one SD increment of the PRS was 

associated with a 1.52-year (95% CI: 0.84-2.19, p <0.0001) earlier COPD diagnosis.

In COPDGene, ROC curves of the three prediction models for COPD50 (model 1: PRS; 

model 2: other early-life risk factors; model 3: PRS and other early-life risk factors) are 

shown in Figure 3, and the AUCs (95% CIs) were 0.659 (0.636-0.683), 0.692 (0.668-0.716), 

and 0.739 (0.718-0.761) for NHW participants and were 0.571 (0.530-0.612), 0.609 

(0.572-0.646), and 0.635 (0.595-0.675) for AA participants, respectively. No significant 

difference was found between AUCs of model 1 and model 2 for NHW (p =0.055) or AA (p 
=0.17) participants. There were significant differences between AUCs of model 2 and model 

3 for both NHW (p <0.0001) and AA (p = 0.043) participants.
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Sensitivity analysis

All sensitivity analyses were performed in COPDGene NHW participants. In participants 

who had COPD at the baseline visit (n=2811), one SD increase in the PRS was associated 

with a 0.95-year (95% CI: 0.59-1.30, p <0.0001) earlier diagnosis of COPD. Compared 

with participants with the lowest PRS tertile, those who were of the highest PRS tertile had 

a 1.89-year (95% CI: 1.01-2.78, p <0.0001) earlier in diagnosis. One SD increase of the 

PRS was associated with a 0.93-year (95% CI: 0.52-1.33, p <0.0001) and a 1.07-year (95% 

CI: 0.41-1.72, p =0.0016) earlier COPD diagnosis in participants with physician-diagnosed 

COPD and newly diagnosed COPD at the baseline visit, respectively. In participants who 

were ≥50 years old at the baseline visit (n=5929), COPD50 was reported in 353 participants. 

As shown in Table S1, the association between the PRS and COPD50 in univariable and 

multivariable models which included other early-life risk factors were similar compared 

to results of Table 3. No significant difference was found between AUCs of model 1 and 

model 2 (AUC [95% CI] 0.654 [0.626-0.682] vs. 0.692 [0.664-0.720], p =0.060). There 

was a significant difference between AUCs of model 2 and model 3 (AUC [95% CI] 0.692 

[0.664-0.720] vs. 0.736 [0.711-0.762], p <0.0001). Additional sensitivity analysis results can 

be found in the Supplementary Results.

Discussion

In two cohorts – one of non-Hispanic white (NHW) and African-American (AA) smokers 

with and without COPD, predominately using self-reported age of diagnosis, and a second 

cohort, a population-based study relying on longitudinal lung function – we found that a 

polygenic risk score (PRS) for COPD is associated with an increased risk for earlier age 

of COPD diagnosis. In addition, we found an age-dependent effect of the PRS on risk for 

COPD, observing larger effect estimates at younger ages (negative age-dependency of the 

PRS).

Different lung function trajectories distinguished by combinations of failure to attain 

maximal lung function and/or accelerated decline of lung function may lead to airflow 

obstruction [25, 26]. Derived from more than a million SNPs from a large GWAS of lung 

function in population-based studies, our PRS could theoretically represent the cumulative 

effect of common genetic variants associated with growth, plateau, and/or early decline 

of lung function. The genetic variants included in the PRS may affect gene regulation in 

fetal lung [13]. We previously demonstrated that the PRS was associated with reduced 

lung growth in children with asthma; these children with reduced lung growth developed 

spirometric obstruction early in adulthood [17]. Thus, it is possible that the observed 

age-dependent effects of the PRS are driven by variants important for lung growth 

and development. In addition, the PRS may be associated with genetic susceptibility to 

environmental exposure-induced injury, and consequently the rate of early lung function 

decline. For example, genetic factors may modify the effect of cigarette smoking on 

development of COPD [27-30].

Our findings may also be consistent with the increased relative effects of cigarette smoking 

in later age. While this question was not directly addressed in our study, it has been shown 
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that heritability of lung function decreases with age in UK Biobank [31]. The underlying 

mechanisms of the time-varying effect of the PRS warrant further research.

COPD occurring at earlier ages is often underdiagnosed, and underdiagnosis is associated 

with unfavorable clinical outcomes [5, 32]. To address this issue, an international panel 

of experts defined early COPD as occurring in individuals aged <50 years with at least 

10 pack-years cigarette smoking, with either abnormal lung function (FEV1/FVC <LLN 

or accelerated FEV1 decline) or abnormal chest imaging findings (visual emphysema, air 

trapping, or bronchial thickening) [22]. In the present study, we defined COPD occurring 

early in life using age, smoking exposure, and moderate-to-severe spirometric criteria for 

obstruction. Additional studies examining the association of the PRS with the development 

of destructive emphysema and airway pathology in younger cohorts may help elucidate the 

specific phenotype identified by our PRS.

While a previous study suggested that the PRS could be used for early detection and 

prevention of COPD [17], the present study offers direct evidence that the PRS can 

predict COPD occurring in younger age groups. Under the current case-finding strategy for 

COPD, respiratory symptoms are essential for physicians to suspect a diagnosis of COPD. 

However, a substantial proportion of patients are underdiagnosed with already present or 

under-reported respiratory symptoms and have increased risk for respiratory hospitalizations 

and mortality compared to people without obstruction [32-34]. Thus, the current findings 

suggest that genetics offer a critical tool to identify young people at high risk for COPD 

occurring early in life. Knowledge of an individual’s PRS may enable physicians to make 

targeted inquiries about patients’ respiratory symptoms and prioritize pulmonary function 

testing for patients with symptoms. Also, a known unfavorable PRS might further motivate 

an individual to be compliant with medical interventions [35], although the behavioral and 

psychosocial reactions to the awareness of an individual’s own genetic risk of COPD should 

be carefully studied prior to clinical application of the PRS.

Many early-life risk factors for COPD have been identified, including maternal smoking 

during pregnancy [36-38], childhood asthma [39-42], active smoking during adolescence 

[43], childhood pneumonia [44], socioeconomic status [45-47], and family history [48, 49]. 

The odds ratio of the PRS was comparable with other early-life risk factors (Table 3), but the 

PRS offers several distinct advantages compared to these clinical variables. First, the PRS 

can be determined at birth and earlier than most of the other risk factors, and interventions 

targeting modifiable early-life risk factors for COPD can be implemented. Second, the 

PRS is a continuous predictor; as we have previously demonstrated, identifying those at 

the highest and lowest predicted risk as would likely be done in clinical implementation 

yields larger effect sizes. Third, the AUC estimates demonstrate that the PRS alone had 

a comparable performance for predicting COPD occurring early in life compared to a 

combination of early-life risk factors, and the addition of the PRS to early-life risk 

factors significantly improved the predictive performance. Notably, the PRS was derived 

from external cohorts, whereas early-life risk factors were modeled and tested in the 

same cohort, which might have resulted in an underestimated additive value of the PRS. 

However, early-life risk factors were self-reported and may suffer from recall bias, and the 

predictive performance of early-life risk factors may have been under- or over-estimated. 
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The association of the PRS with COPD early in life was amplified when excluding 

participants with an age of COPD diagnosis ≥50 from controls, suggesting that the observed 

association of the PRS with COPD early in life could be a conservative estimate.

While other early-life risk factors for COPD were not available for this study (e.g., low 

birth weight) [50], detailed knowledge of a person’s early-life risk factors is often unknown 

or difficult to measure accurately (e.g., cumulative exposure to air pollution). By contrast, 

a PRS can be calculated using genome-wide genotyping which can be done once in an 

individual’s lifetime, is of low cost, and potentially relevant for a large number of diseases. 

In addition, the performance of the PRS will likely improve with future genetic association 

studies.

Strengths of this study include a large sample of well-phenotyped smokers with post-

bronchodilator spirometry data, which is essential to confirm irreversible airflow limitation 

and to differentiate COPD from asthma, especially in young participants. In addition, we 

were able to include a relatively extensive panel of known early-life risk factors to compare 

with the PRS for the predictive performance of COPD occurring early in life. We were 

also able to replicate the findings in a population-based cohort with both smokers and 

non-smokers.

This study has several limitations. We acknowledge a potential measurement bias introduced 

from using two different COPD outcome definitions (physician-diagnosed vs. spirometry-

defined); however, sensitivity analyses suggest that our findings are robust because 

1) the linear association between the PRS and age of COPD diagnosis is consistent 

amongst participants with physician-diagnosed and spirometry-defined COPD, 2) removing 

participants with baseline COPD (i.e. those most likely to be physician-diagnosed) did not 

attenuate the association of the PRS with incident COPD, and 3) stratified analyses within 

individuals with physician-diagnosed COPD demonstrated similar results. In addition, our 

finding were further supported by FHS results which used only spirometry-defined COPD. 

We used age at diagnosis as a proxy of age at onset of COPD. We would expect a large 

variability in the interval between the two time points since the severity of COPD at 

the time of diagnosis is highly variable. This issue could result in misclassification bias 

of the outcome variable. However, our sensitivity analyses did not reveal an association 

between the PRS and either timing of physician diagnosis in the course of clinical COPD or 

participants’ ages at baseline visit. Therefore, misclassifications would generally bias toward 

the null, and are unlikely to account the observed results.

Our case definition was for moderate-to-severe COPD (GOLD 2-4), and thus we included 

GOLD 1 and preserved ratio impaired spirometry (PRISm) subjects as controls in 

our calculations of incidence of moderate-to-severe disease. Having demonstrated age-

dependent PRS effects, derivation and testing of PRSs in younger populations is needed. 

Findings of African American (AA) smokers were of the same direction of association 

compared with those of NHW participants in COPDGene, although with appreciably smaller 

effect size estimates. This ~50% reduction in the magnitude of the regression coefficients (β) 

parallels the reduced predictive performance observed when applying the European-derived 

PRS for COPD to African Americans (OR [95% CI] per SD: 1.50 [1.37-1.65] for AA and 
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2.20 [2.03-2.37] for NHW participants). In addition to underrepresentation of non-European 

ancestry individuals in previous GWASs, the difference in the case-control ratio (milder 

disease in African Americans in COPDGene) and access to healthcare might also contribute 

the different performance of the PRS on age of diagnosis of COPD. These results highlight 

the need to improve multi-ancestry polygenic prediction.

In conclusion, in a large sample of smokers and a general population cohort, a higher COPD 

PRS is associated with an increased risk for incident COPD and the effect of the PRS is 

age-dependent and larger at younger ages. A higher PRS is associated with an earlier age 

of diagnosis of COPD. The PRS adds substantial value to other early-life risk factors in 

prediction for COPD occurring early in life.
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Take home message:

A polygenic risk score is associated with earlier age of chronic obstructive pulmonary 

disease (COPD) diagnosis and is predictive for COPD occurring early in life, with 

clinical implications of individualized risk stratification and preventive measures.
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Figure 1. 
Cumulative incidence curves of COPD diagnosis by tertiles of polygenic risk scores in 

COPDGene non-Hispanic white (A) and African American (B) participants.
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Figure 2. 
Risk estimates (points: hazard ratios, bars: 95% confidence intervals) associated with the 

polygenic risk score (per standard deviation) for incident COPD among age intervals of 

below 50, 50-60, 60-70, and 70 years and beyond in COPDGene non-Hispanic white (A) 

and Framingham Heart Study (B) participants.
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Figure 3. 
Receiver operating characteristic curves of prediction models for COPD occurring early in 

life (age < 50) with predictive variables of 1) PRS, 2) early-life risk factors, and 3) PRS 

and early-life risk factors in COPDGene non-Hispanic white (A) and African American (B) 

participants. Models with PRS were adjusted for principal components of genetic ancestry. 

AUC: area under curve, PRS: polygenic risk score.
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Table 2.

Distribution of risk factors for COPD occurring early in life (age < 50; COPD50) in COPDGene non-Hispanic 

white and African American participants.

Predictive variable

COPD50

Non-Hispanic white participants African American participants

Yes (n=491) No (n=5870) P value Yes (n=194) No (n=1974) P value

Polygenic risk score 0.45 (1.27) −0.058 (1.32) <0.0001 0.25 (1.27) −0.018 (1.37) 0.0058

Sex (male) 252 (51.3%) 3062 (52.2%) 0.76 103 (53.1%) 1129 (57.2%) 0.31

Maternal smoking during pregnancy 187 (38.1%) 1457 (24.8%) <0.0001 37 (19.1%) 294 (14.9%) 0.15

Active adolescent smoking 425 (86.6%) 4365 (74.4%) <0.0001 161 (83.0%) 1409 (71.4%) 0.0008

Childhood asthma 58 (11.8%) 291 (5.0%) <0.0001 33 (17.0%) 157 (8.0%) <0.0001

Childhood pneumonia 60 (12.2%) 589 (10.0%) 0.14 15 (7.7%) 88 (4.5%) 0.062

Family history of COPD 248 (50.5%) 1799 (30.6%) <0.0001 44 (22.7%) 304 (15.4%) 0.011

Education <0.0001 0.11

 High school or below 224 (45.6%) 1652 (28.1%) 119 (61.3%) 1054 (53.4%)

 College 243 (49.5%) 3439 (58.6%) 72 (37.1%) 880 (44.6%)

 Graduate 24 (4.9%) 779 (13.3%) 3 (1.5%) 40 (2.0%)

Continuous variables were shown as median (interquartile range). Categorical variables were shown as count (percentage).
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Table 3.

Associations between the PRS and other early-life risk factors and COPD occurring early in life (age < 50) in 

COPDGene non-Hispanic white participants.

Predictive variable
OR (95% CI)

model 1 model 2 model 3

Polygenic risk score * 1.60 (1.46-1.76) 1.55 (1.41-1.71)

Maternal smoking during pregnancy 1.48 (1.21-1.81) 1.51 (1.23-1.86)

Active smoking during adolescence 1.86 (1.42-2.43) 1.92 (1.46-2.52)

Childhood asthma 2.34 (1.72-3.19) 2.07 (1.51-2.83)

Family history of COPD 1.99 (1.64-2.41) 1.86 (1.52-2.26)

Education

 High school or below (reference) 1.00 1.00

 College 0.53 (0.44-0.64) 0.55 (0.45-0.67)

 Graduate 0.25 (0.16-0.39) 0.28 (0.18-0.44)

PRS: polygenic risk score; OR: odds ratio; CI: confidence interval.

model 1: PRS + principal components of genetic ancestry; model 2: other early-life risk factors; model 3: PRS + other early-life risk factors + 
principal components of genetic ancestry

*
ORs were calculated for per standard deviation increase of the PRS

All associations were statistically significant with p <0.001
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Table 4.

Associations between the PRS and other early-life risk factors and COPD occurring early in life (age < 50) 

diagnosis in COPDGene African American participants.

Predictive variable
OR (95% CI)

model 1 model 2 model 3

Polygenic risk score * 1.23 (1.06-1.43) 1.23 (1.05-1.43)

Active smoking during adolescence 1.91 (1.29-2.81) 1.90 (1.29-2.80)

Childhood asthma 2.32 (1.54-3.50) 2.28 (1.51-3.45)

Family history of COPD 1.58 (1.10-2.26) 1.57 (1.09-2.25)

PRS: polygenic risk score; OR: odds ratio; CI: confidence interval.

model 1: PRS + principal components of genetic ancestry; model 2: other early-life risk factors; model 3: PRS + other early-life risk factors + 
principal components of genetic ancestry

*
ORs were calculated for per standard deviation increase of the PRS

All associations were statistically significant with p <0.05
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