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Background: Previous studies suggest that gender differences exist in COPD diagnosis and 

symptoms; these differences may be more pronounced in younger adults. Our objective was to 

explore age-associated gender differences across a range of COPD severities.

Materials and methods: A total of 4,484 current and former smokers with COPD from 

the Genetic Epidemiology of COPD cohort were investigated using regression modeling to 

explore the association between gender, age, disease severity, and the contributing elements 

of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification system 

(symptoms, exacerbation risk, airflow limitation).

Results: The age–gender interaction was observed across multiple age categories. Compared to 

men with COPD, younger women with COPD had a greater likelihood of more severe dyspnea, 

airflow limitation, greater risk for exacerbations, and categorization in GOLD groups B and D. 

These differences were less pronounced in older women with COPD. However, older women 

remained more likely to experience severe dyspnea and to manifest more severe COPD (B vs A) 

than older men, despite lower pack-years of smoking.

Conclusion: These data demonstrate the significant symptom burden of COPD in women, 

especially younger women. More research is needed to understand the pathogenesis of 

increased severity of COPD in women and to develop gender-targeted clinical assessment 

and management approaches to improve outcomes for women and men with COPD at all 

ages.

Keywords: COPD, gender, age, symptoms, exacerbations

Introduction
COPD is a heterogeneous condition characterized by consistent and progressive air-

flow limitations. COPD is one of the most common chronic conditions in the USA, 

estimated to affect ~5.7% of all adults, and in 2013 was identified as the third leading 

cause of death.1

COPD has historically been viewed as a disease of men; however, prevalence and 

mortality have been increasing in women in recent decades.2 This has been attributed 

to increasing rates of smoking among women,3 although evidence suggests women 

may be more susceptible to the harmful effects of cigarette smoke and other known 

COPD risk factors.4 Indeed, gender differences have previously been observed in the 

clinical manifestations of COPD, with women reporting more severe dyspnea and a 

higher rate of exacerbations compared to men.5 Women and younger patients with 

COPD tend to report higher levels of physical and psychological symptoms.6 Women 

also are over-represented amongst subjects with severe, early-onset COPD.7,8 In a study 

of 2,500 current and former smokers in Genetic Epidemiology of COPD (COPDGene) 

cohort, female sex increased the risk of severe early-onset COPD by threefold.8 
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The predominance of women with early-onset COPD suggests 

that younger women may, in general, be more susceptible to 

severe manifestations of the disease, although more research 

is needed to clearly define age-by-gender interactions. 

The COPD Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) groups are a multidimensional 

approach to guide assessment and management of COPD by 

characterizing patients according to their symptoms, risk of 

exacerbation, and severity of airflow limitations.9 Although 

the GOLD classification scheme has been revised for 2017, 

this symptom-based grading approach does have utility for 

considering associated features for the most symptomatic 

individuals. Research has begun to explore gender and age 

differences in the clinical features of COPD; however, no 

studies have taken a detailed approach to examine gender 

differences by age across GOLD grades and symptom 

groups. This information could help develop more effective 

strategies for the management of COPD symptoms across the 

life course; identifying gender-specific differences has been 

highlighted as a priority by the research community.10 

The objective of the present study was to explore gender-

by-age interactions and disease severity as defined by GOLD 

groupings and the three key contributing elements of the 

GOLD classification system (symptoms, exacerbation risk, 

and airflow limitation severity) using data from a large well-

phenotyped COPD cohort. A detailed approach was adopted 

to consider age by 5-year increments and to identify clinically 

relevant age cutoffs from which to examine these differences.

Materials and methods
Study design and population
Participants were from the COPDGene study, which has 

been described in detail elsewhere.11 This is a multicenter 

observational cohort of current and former smokers in the US, 

aged between 45 and 80 years at enrollment, who reported at 

least 10 pack-years of cigarette smoking and self-identified 

as either non-Hispanic white or African-American. Local 

institutional ethical approval was obtained from all 21 aca-

demic clinical centers involved in participant recruitment 

(Appendix), and all participants provided written informed 

consent. For the purposes of this study, the main analyses 

focused on participants with COPD (defined as GOLD 

grade 1, 2, 3, or 412 based on the GOLD 2011 classifications 

scheme),9 excluding from the main analyses controls with-

out COPD and the group with preserved ratio and impaired 

spirometry. Secondary analyses for dyspnea and exacerbation 

risk were performed in the controls without COPD.

Measurements
Self-administered questionnaires were used to assess socio-

demographic information, symptoms, and medical history at 

baseline as described previously.11 Sociodemographic infor-

mation included age, gender, ethnicity, and education level 

(highest obtained). Symptoms were assessed using the modified 

Medical Research Council (mMRC) questionnaire on breath-

lessness (herein referred to as dyspnea),13 and participants 

were stratified into two groups (mMRC 0–1 vs mMRC $2) 

based on GOLD recommendations.9 Exacerbation risk was 

determined by self-reported hospitalizations occurring in the 

previous 12 months, and participants were grouped as low 

risk (#1 exacerbation and none requiring hospitalization) or 

high risk ($2 or $1 requiring hospitalization). GOLD grade 

for airflow limitation severity was determined using spirom-

etry (GOLD 1, mild: forced expiratory volume in 1 second 

[FEV
1
] $80%; GOLD 2, moderate: 50% # FEV

1
 ,80%; 

GOLD 3, severe: 30% # FEV
1
 ,50%; and GOLD 4, very 

severe: FEV
1
 ,30%), and participants were categorized into 

two groups (GOLD grade 1 vs GOLD grades 2–4). Using 

information on dyspnea, exacerbation history, and airflow 

limitations, participants were classified into four GOLD 

groups (A, B, C, and D) according to the GOLD 2011 rec-

ommendations (A: low risk, less symptoms; B: low risk, 

more symptoms; C: high risk, less symptoms; D: high risk, 

more symptoms).9

Statistical analysis
Age grouping analyses
A stepwise approach was adopted to determine the age 

categorizations. 

Step 1: A series of regression models were run to explore 

the relationship between age, gender, and COPD GOLD 

group. The interaction between age and gender was tested 

using a multinomial logistic regression model with gender, 

age (as a continuous variable), and an age-by-gender interac-

tion term as covariates and GOLD group (B, C, and D vs A) 

as the outcome. A significant age–gender interaction was 

found (Appendix).

Step 2 (Figure 1): The best age categorizations to model 

the age–gender relationship were sought. Age at enrollment 

was initially stratified into seven groups at 5-year increments 

(#50, .50 – #55, .55 – #60, .60 – #65, .65 – #70, . 

70–75, and .75). A univariate multinomial logistic regres-

sion model tested the relationship between gender and 

GOLD groups (B, C, and D vs A) within each age strata. 

A multivariable mixed effect regression model was also run 
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Figure 1 (Continued) 
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using the same age groupings, to ensure the results were not a 

reflection of confounding. Using univariate and multivariable 

binomial logistic regression, this method was replicated for 

mMRC, exacerbation risk, and GOLD stage (Figure 1A–C). 

All multivariable models were adjusted for age, race, educa-

tion level, and smoking burden. For both the univariate and 

adjusted models, log odds ratios (Log-ORs) and confidence 

intervals (CIs) were plotted by age category (Figure 1). The 

use of Log-ORs in Figure 1 provides symmetric CIs, while 

the ORs may not. 

Step 3: Plots for the association between gender and 

COPD GOLD group were visually inspected for each of the 

seven age categories, and the results, including consideration 

of the 95% CIs, were discussed among all authors to identify 

potential age groups that could be aggregated. The associa-

tion between gender and GOLD group was similar for all 

subjects aged ,65 and $65 years, even after adjustment 

for important confounders (Figure 1D). Therefore, the age 

stratification ,65 and $65 years was used as a clinically 

meaningful cutoff point to evaluate the gender-specific 

differences. 

Gender differences in COPD GOLD groups and its 
components by age 
The demographic and clinical characteristics of participants at 

enrollment were described using number and percentage for cat-

egorical variables and mean and standard deviation for continu-

ous variables. Univariate comparisons between men and women 

in both the younger and older groups were made using Student’s 

t-test for continuous variables, Mann–Whitney U-test for ordi-

nal variables, and chi-square test for categorical variables.

The primary outcome measure for this study was GOLD 

grade, which includes symptom burden. Mixed-effects 

binomial and multinomial logistic regression models were 

run to explore the association of gender in COPD GOLD 

groups (B, C, and D vs A) and its three components: mMRC 

dyspnea score, exacerbation history, and GOLD grade. 

Each model included categorical age (as defined from the 

abovementioned analyses) and an age-by-gender interaction 

term to assess whether the association between gender and each 

outcome was significantly modified by age. Results are pre-

sented using the younger age category as the reference group, 

and data are presented as ORs and CIs. Potential confounders 

Figure 1 Association of gender with dyspnea (A), exacerbation risk (B), GOLD stage (C), and GOLD group (D) in 5-year age increments. (A) Results of the univariate 
and adjusted binomial logistic regression models describing the association of gender with dyspnea (measured by mMRC) in 5-year age increments. The adjusted models 
included age, ethnicity, level of education, pack-year smoking history, and current cigarette smoking status (as of 1 month prior to study entry). (B) Results of the univariate 
and adjusted binomial logistic regression models describing the association of gender with exacerbation risk in 5-year age increments. The adjusted models included age, 
ethnicity, level of education, pack-year smoking history, and current cigarette smoking status (as of 1 month prior to study entry), current COPD status, FEV1%. (C) Results 
of the univariate and adjusted binomial logistic regression models describing the association of gender with GOLD stage in 5-year age increments. The adjusted models 
included age, ethnicity, level of education, pack-year smoking history, current cigarette smoking status (as of 1 month prior to study entry), total emphysema (-950 Hu). (D) 
Results of the univariate and adjusted binomial logistic regression models describing the association of gender with GOLD group in 5-year age increments. Multinomial model 
adjusted for age, ethnicity, level of education, pack-year smoking history, current cigarette smoking status (as of 1 month prior to study entry), total emphysema (-950 Hu).
Abbreviations: mMRC, modified Medical Research Council; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in  
1 second.
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included age, race, smoking burden, and where appropriate, 

education level and lung function. A random intercept at the 

medical center level was also included in each model to account 

for any differences between centers. Descriptive statistics were 

generated using SAS software (version 9.4) and multivariate 

models were performed using R Statistical Software (version 

0.99.491, © 2009–2015 R Studio, Inc, Boston, MA, USA).

Results
Patient demographic characteristics
In total, 4,484 participants with spirometry data (GOLD 

grades 1–4) were included in the analyses. Table 1 provides 

a description of the study population, including key demo-

graphic and clinical characteristics parsed by age and gender. 

There were 2,522 individuals with COPD in the ,65 years 

age group and 1,962 in the $65 years age group. The pro-

portion of women in each age group was similar (range: 

42.8%–45.0%), and the majority of participants across both 

men and women were from a non-Hispanic white background 

(range: 68.5%–89.4%) and had obtained higher education 

(range: 56.5%–67.1%). A higher proportion of men in the 

younger group were identified as current smokers (p,0.001), 

although there were no gender differences in current smoking 

status among the older participants (p.0.05). 

Age-grouping analysis
A significant age-by-gender interaction was observed in 

the multinomial logistic regression model including age as 

a continuous variable with GOLD group as the outcome 

(Appendix). In order to further understand the relationship 

between age, gender, and GOLD group, univariate multi-

nomial and adjusted multinomial logistic regression models 

including age as a categorical variable were performed. 

Graphs reporting the results of these analyses are presented 

in Figure 1 and support parsing the data analysis at age 

65 years. 

Table 1 Demographic and clinical characteristics of the study population by age and gender (data given as mean [SD] unless stated 
otherwise)

Characteristics ,65 years (n=2,522) $65 years (n=1,962)

Males
(n=1,387)

Females
(n=1,135)

p-value (males 
vs females)a

Males
(n=1,122)

Females
(n=840)

p-value (males 
vs females)a

Age (years) 56.8 (5.3) 56.8 (5.5) 0.917 71.2 (4.2) 71.2 (4.2) 0.791
Race 0.401 0.014

Non-Hispanic white, n (%) 950 (68.5) 795 (70.0) 1,003 (89.4) 720 (85.7)
Black/African-American, n (%) 437 (31.5) 340 (30.0) 119 (10.6) 120.0 (14.3)

Education level 0.741 0.001
High school or less, n (%) 603 (43.5) 486 (42.8) 368 (32.8) 334 (39.8)
Higher education, n (%) 784 (56.5) 649 (57.2) 753 (67.1) 506 (60.2)

Current cigarette smoker ,0.001 0.902
Yes, n (%) 881 (63.5) 647 (57.0) 239 (21.3) 177 (21.1)
No, n (%) 506 (36.5) 488 (43.0) 883 (78.7) 663 (78.9)

Cigarettes smoked among 
current smokers (per day)

17.7 (10.6) 16.4 (10.5) 0.003 17.5 (12.1) 12.8 (9.5) ,0.001

FEV1% predicted 60.5 (23.2) 57.75 (22.4) 0.002 53.1 (22.5) 57.6 (22.3) ,0.001
Dyspnea ,0.001 0.693

Less severe, n (%) 654 (47.2) 378 (33.3) 471 (42.0) 346 (41.2)
More severe, n (%) 728 (52.5) 754 (66.4) 649 (57.8) 491 (58.5)

Exacerbation risk ,0.001 0.849
Lower, n (%) 1,038 (74.8) 750 (66.1) 859 (76.6) 640 (76.2)
Higher, n (%) 349 (25.2) 385 (33.9) 263 (23.4) 200 (23.8)

GOLD Grade 0.012 ,0.001
Grade 1, n (%) 303 (21.9) 192 (16.9) 154 (13.7) 145 (17.3)
Grade 2–4, n (%) 1,084 (78.1) 943 (83.1) 968 (86.3) 695 (82.7)

GOLD group ,0.001 0.054
Group A 530 (38.2) 303 (26.7) 335 (29.9) 266 (31.7)
Group B 230 (16.6) 232 (20.4) 164 (14.6) 162 (19.3)
Group C 129 (9.3) 78 (6.9) 138 (12.3) 83 (9.9)
Group D 498 (35.9) 522 (46.0) 485 (43.2) 329 (39.2)

Notes: aUnivariate comparison of males versus females. t-test was used for continuous variables, Mann–Whitney U-test for ordinal variables, and chi-square test for 
categorical variables.
Abbreviations: FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Multivariate models for gender 
differences in COPD
Dyspnea
Younger women with COPD had 1.94 (95% CI 1.60–2.36) higher 

odds of reporting severe dyspnea compared to younger men with 

COPD. A significant age-by-gender interaction was also observed 

(p=0.02). Specifically, the association between gender and symp-

tom reporting was attenuated among older participants. Older 

women with COPD remained significantly more likely to report 

severe dyspnea compared to older men with COPD (OR 1.38, 

95% CI 1.11–1.71). These results are plotted in Figures 1 and 2, 

and the full models are provided in Appendix. Among 4,387 

individuals without COPD (2,319 men, 2,068 women), both 

younger and older women reported more severe dyspnea 

at baseline (unadjusted comparison p,0.01, data not shown).

Exacerbation risk 
Younger women with COPD had 1.53 (95% CI 1.27–1.84) 

higher odds for exacerbation risk compared to younger men 

with COPD. The association was weaker (OR 1.22, 95% CI 

0.98–1.53) and non-significant among older participants, and 

no age-by-gender interaction was observed (p=0.13). These 

results are plotted in Figures 1 and 2, and the full models are 

provided in Appendix. Among 4,383 individuals without 

COPD (2,320 men, 2,063 women), both older and younger 

women reported more respiratory exacerbations at baseline 

(unadjusted comparison p,0.005, data not shown).

GOLD grade for airflow limitation severity
Younger women had 1.54 (95% CI 1.24–1.93) higher 

odds of having more severe airflow limitations (GOLD 

grade 2–4) compared to younger men. A significant age-by-

gender interaction was also observed (p=0.002). Specifically, 

the association between gender and airflow limitation was 

attenuated among the older participant group. In this group, 

women had lower odds (OR 0.89, 95% CI 0.68–1.17) of severe 

airflow limitations compared to men, although this association 

was not significant. These results are plotted in Figures 1 and 2, 

and the full models are provided in Appendix.

GOLD group
Younger women had higher odds of being classified in GOLD 

group D versus A compared to younger men (OR 2.07, 95% 

CI 1.67–2.56), despite lower pack-years of smoking. This 

relationship was attenuated by age; among the older age 

group, women had lower odds of being classified in GOLD 

group D versus A (OR 0.93, 95% CI 0.72–1.18), although 

this association was not significant. Younger women also had 

higher odds of being classified in GOLD group B versus A 

(OR 2.13, 95% CI 1.65–2.74) compared to men. This rela-

tionship was significantly modified by age (p=0.021) such 

that the relationship was less strong in the older group. 

However, older women remained significantly more likely 

to be classified in GOLD group B versus A compared to 

older men (OR 1.35, 95% CI 1.01–1.81). These results are 

plotted in Figures 1 and 2, and the full models are provided 

in Appendix.

Discussion
This analysis of data from .4,400 individuals with COPD 

demonstrated that younger women were more likely to manifest 

severe dyspnea, more severe airflow limitation, greater risk for 

Figure 2 Adjusted ORs and 95% CIs for the association of female gender with dyspnea, exacerbation risk, GOLD grade, and GOLD group in all participants aged ,65 years 
and $65 years. aAdjusted for age, age × gender, race, current cigarette smoking status (as of 1 month ago), FEV1% predicted. Age ,65 years: n=2515; Age $65 years: n =1956. 
bAdjusted for age, age × gender, level of education, race, current cigarette smoking status (as of 1 month ago), number of cigarettes smoked per day, FEV1% predicted. 
Age ,65 years: n=2522; Age .65 years: n=1961. cAdjusted for age, age × gender, level of education, race, current cigarette smoking status (as of 1 month ago), number of 
cigarettes smoked per day. Age ,65 years: n=2522; Age .65 years: n=1961. *Age-by-Gender interaction is significant, p,0.05.
Abbreviations: OR, odds ratio; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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exacerbations, and subsequently more severe GOLD classifica-

tion than younger men. These associations with gender were 

less pronounced among older adults ($65 years), particularly 

with respect to dyspnea, airflow limitations, and GOLD classifi-

cation. Despite this, older women with COPD were more likely 

to experience dyspnea and present with more severe COPD 

(GOLD B vs A) than older men. The results suggest that women 

are more significantly burdened by the symptoms of COPD than 

men and that younger women may be particularly susceptible. 

These findings are consistent with previous work show-

ing that the female gender is associated with more severe 

manifestations of COPD. In a sample of .6,000 partici-

pants in the TORCH study, women with COPD reported 

worse MRC dyspnea scores at baseline, and over a 3-year 

follow-up period had a 25% higher rate of exacerbations 

and a shorter time to first exacerbation compared to men.5 

In a separate population-based study, women identified as 

having COPD reported significantly more dyspnea than male 

participants, and a significantly greater proportion of women 

reported ever having an exacerbation compared to men.14 

The results of this study extend this previous work to show 

gender differences vary across the life course and persist 

in clinically meaningful combined COPD profiles (GOLD 

groups). Specifically, women in this study were more likely 

than similarly aged men to be classified in GOLD group B 

compared to group A, a group identified as being at a lower 

risk for exacerbations and airflow limitations, but experienc-

ing more severe symptoms. Equally, among the younger age 

group (,65 years), women were more than twice as likely 

to be categorized into GOLD group D compared to group A. 

GOLD group D classified individuals are identified both as 

being at high risk for exacerbations and airflow limitations 

and having more severe symptoms. This is clinically relevant 

given that these groups have been associated with COPD-

related hospitalizations and mortality.15

The results presented here also build on previous work to 

show gender differences in COPD are modified by age and 

appear most pronounced among younger adults (,65 years), 

particularly with respect to dyspnea, exacerbation risk, and 

COPD combined profiles (GOLD B group vs group A and 

GOLD group D vs group A). In this study, a detailed approach 

was adopted to identify the age categorizations for use in the 

final models. Age categorization analyses supported delineation 

of age 65 years as a clinically meaningful cut-point from which 

to identify gender-related differences in the clinical manifesta-

tions of COPD. This information could inform gender-specific 

clinical management of COPD, while providing a meaningful 

demarcation from which future work can continue to understand 

gender-related differences in lung disease through adulthood.

Reasons for the observed gender and age differences are 

not yet fully understood and may involve multiple interact-

ing mechanisms operating at a physiological, behavioral, and/

or genetic level. Gender differences in the report of dyspnea 

have been suggested to have a variety of explanations, some 

of which have included differences in rates of anxiety and 

depression.16 A recent report from the Swedish CardioPulmo-

narybioImage Study (SCAPIS) has suggested and supported 

a mechanistic reason for the increased reports of breathless-

ness in a general population study of men and women is 

due to lower absolute lung volumes in women and found no 

association of breathlessness with anxiety, depression, and 

menopause.17 Cigarette smoke is the most important known 

risk factor for COPD,18 and one possibility is that women may 

be more susceptible to its toxicity,19 with increased symptoms 

and lung function decline. There is evidence that estrogen, a 

female sex hormone, may mediate sex differences in smoke 

metabolism, causing women to be more physiologically sus-

ceptible.20 Importantly, the peri-menopausal time has been 

associated with accelerated lung function decline, further 

supporting a pivotal role for differential impact of cigarette 

smoking as a contributor to some of the age by gender findings 

we observe.21 Of particular importance may be that women 

tend to have anatomically smaller airways than men, such that 

for each cigarette smoked there is a proportionately greater 

exposure to toxins.22 A sex-specific genetic/epigenetic contri-

bution can also not be ruled out, especially complex three-way 

interactions between smoking, gender, and age. Indeed, the 

majority of cases of severe early-onset COPD are known to be 

women, and among relatives of these individuals who smoke, 

women are more likely than men to present with severe airway 

limitations.7 A recent sex-stratified genome-wide association 

study revealed sex-specific association of the CELSR1 gene 

with COPD in women and not men. This gene is relevant to 

development, suggesting that lung development differences 

may contribute to later life gender differences in COPD.23 

In addition, the human lung transcriptome has been demon-

strated to have both age and gender associations, suggesting 

that the genes contributing to lung health and disease during 

adulthood will vary across the life course.24 Gender differ-

ences in the reporting, access, or response to available treat-

ment modalities is also a possibility,25,26 although more work 

is needed to better understand the underlying pathways. 

Regardless of the mechanisms driving the age-related 

gender differences in the presentation of COPD, the results 

of this study have clear implications. From a scientific 

perspective, more research needs to be done to understand 

the biology of sex and gender differences in pulmonary 

disease. Clinically, physicians need to be made aware of the 
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significant female burden of COPD, with a specific emphasis 

on treatable symptoms, especially for women in the fifth and 

sixth decades of life, during which the menopausal transition 

may increase respiratory decline.26 Increased awareness could 

lead to earlier diagnosis and treatment and is particularly 

important to consider in light of evidence that a gender bias 

exists in the diagnosis of COPD, with women less likely to 

be diagnosed and more likely to report diagnostic delay.27 

Women with COPD may benefit from more intensive and 

earlier management of chronic bronchitis related to cough 

and phlegm. In the Rotterdam Study, women with chronic 

bronchitis had significantly worse survival.28 Additionally, a 

recent analysis of 2,749 subjects from the Coronary Artery 

Risk Development in Young Adults (Cardia) Lung Study 

demonstrated that persistent respiratory symptoms in young 

adults were associated with increased lung function decline, 

incident obstructive spirometry findings, and increased odds 

of emphysema.29 The present findings indicate that factors 

influencing the evaluation and treatment of individuals with 

COPD should include gender in addition to the more com-

monly recognized smoking status, age, and ethnicity. Indeed, 

early and targeted interventions aimed at symptom allevia-

tion in younger women may improve health outcomes and 

functioning in this group. 

This study has several limitations. First, information on 

medical history was self-reported, so may have been subject 

to recall bias. Furthermore, participants were volunteers 

recruited from academic clinical centers so may not be 

representative of patients with COPD in the general popula-

tion. Despite this, it is important to consider that this was a 

large, extensively phenotyped sample of current and former 

smokers. However, this study is unable to address the issue of 

combined age and sex features for COPD in life-time never 

smokers.30 While this study benefited from including both 

non-Hispanic white and African-American participants, we 

are underpowered to determine whether the observed gender 

by age effects are also modified by race. This is important 

given that African-Americans are known to be at higher risk 

of severe early-onset COPD,7 and so the role of a three-way 

interaction between age, race, and gender is an important 

consideration for future research. 

Conclusion
This study, in a large contemporary cohort of current and 

former smokers with COPD, suggests that women are more 

likely to be significantly burdened by the symptoms of COPD 

than men, and this effect appears most pronounced among 

younger women. Although prior results have highlighted 

important sex and gender differences in men and women with 

COPD, the modeling of age by gender interactions across 

the fifth through eighth decades of life is a point of novelty 

and highlights the clinical imperative to more effectively 

and thoroughly recognize and manage respiratory symptoms 

in women. More research is needed to fully understand the 

pathogenesis of increased severity of COPD in women and 

to develop gender-targeted management approaches24,31 to 

improve outcomes across the life course for both men and 

women with COPD. 
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