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Abstract
Background  Patients with chronic obstructive pulmonary disease (COPD) commonly have coexisting comorbidities 
that contribute to higher exacerbation frequency, poorer health status, and increased all-cause mortality; however, 
there are only a few studies available on the sex discrepancy in the comorbidity distribution and outcomes among 
COPD patients, and there is limited information about the discrepancy in all-cause mortality between men and 
women.

Methods  Based on data from the U.S. National Health and Nutrition Examination Survey conducted between 2007 
and 2012, we compared participants aged 40–79 years with spirometry-defined COPD to compare the prevalence 
of comorbidities between men and women. The survival of the subjects was documented, and the sex discrepancy 
was determined using Kaplan–Meier analysis. Comorbidities and all-cause mortality were analyzed by using a Cox 
proportional hazards model to determine their strength of association in different sex groups.

Results  Compared to men, women had a significantly higher prevalence of asthma (OR 1.93, 95% CI 1.46 to 2.57, 
p < 0.001) and arthritis (OR 1.77, 95% CI 1.39 to 2.24, p < 0.001). Women had a significantly lower prevalence of 
coronary heart disease (OR 0.48, 95% CI 0.27 to 0.87, p = 0.015) and gout (OR 0.42, 95% CI 0.25 to 0.67, p = 0.001). 
Kaplan–Meier analysis revealed that compared with that of the female group, the survival rate of the male group 
was significantly lower (p < 0.001). Among men, the presence of anemia (HR 2.38, [95% CI 1.52–3.73], p < 0.001), 
gout (HR 1.55, [95% CI 1.04–2.30], p = 0.029) and congestive heart failure comorbidities (HR 1.85, [95% CI 1.12–3.04] 
p = 0.016) was associated with a higher risk of mortality; among women, the presence of anemia (HR 2.21, [95% CI 
1.17–4.20], p = 0.015) and stroke (HR 2.04, [95% CI 1.07–3.88], p = 0.031) comorbidities was associated with a higher 
risk of mortality after adjusting for age, race/Hispanic status, BMI, smoking status, FEV1% predicted and prevalent 
comorbidities.
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Background
Chronic obstructive pulmonary disease (COPD) is a 
chronic respiratory condition that can be prevented and 
treated and is characterized by persistent respiratory 
symptoms accompanied by airflow limitations that are 
not fully reversible [1]. COPD is a major global cause 
of morbidity and mortality, is projected to become the 
seventh leading cause of the disease burden and the 
third leading cause of death worldwide by 2030 and is 
currently considered a major public health issue [2, 3]. 
Patients with COPD commonly have coexisting comor-
bidities, including diabetes mellitus (DM), cardiovascu-
lar disease (CVD), hypertension, osteoporosis, anemia, 
metabolic syndrome, sleep disorders, dyslipidemia and 
several types of cancer or malignancy [4, 5]. Additionally, 
in COPD patients, these comorbidities can contribute 
to higher exacerbation frequency, higher levels of poly-
pharmacy, an increased number of unscheduled hospital 
admissions, poorer health status, and increased all-cause 
mortality, resulting in an increased disease burden for 
people with COPD [6, 7]. Therefore, recent COPD guide-
lines emphasize the management of comorbid conditions 
[8]. An increasing amount of evidence suggests that sex 
contributes to differences in presentation, severity and 
outcomes among patients with COPD [9]. However, 
there are only a few studies available on sex differences 
in the comorbidity distribution and outcomes among 
COPD patients, and information about sex differences 
in all-cause mortality is limited. This study evaluated the 
prevalence of different comorbidities among participants 
with COPD by sex and determined the difference in sur-
vival between males and females with COPD in a large 
nationally representative dataset in the United States. 
Assessing sex differences in COPD-related comorbidities 
might assist us in developing better management strate-
gies, thereby contributing to a reduced impact and a sub-
stantial improvement in patient quality of life [10].

Methods
Data sources
Data from the 2007–2008, 2009–2010 and 2011–2012 
cycles of the National Health and Nutrition Examina-
tion Survey (NHANES) were analyzlysed for this study 
because these survey cycles included spirometry test-
ing data. NHANES is a cross-sectional, noninterven-
tional survey, and a multistage complex cluster sampling 
design is used to provide nationally representative data 
on the civilian population of the United States; the study 
is conducted by the Centers for Disease Control and 

Prevention (CDC). A household interview and a stan-
dardized physical examination at a mobile examination 
centre (MEC) laboratory were used to collect the data. 
We linked data from National United States Death Index 
files updated to 31 December 2019 to record mortality 
status and follow-up time for all subjects. The survey par-
ticipants’ survival time was defined as the time from the 
date of the NHANES interview to the date of mortality 
from any cause or the end of follow-up (before Decem-
ber 31, 2019). All data are available and free to download 
at https://www.cdc.gov/nchs/nhanes/ index.htm and 
https://www.cdc.gov/nchs/data-linkage/mortality.htm. 
The present study used a public database provided by 
NHANES, so approval by the Institutional Ethical Review 
Board was not needed.

Participants
During 2007–2012, among the 30,442 subjects in 3 
cycles, 10,536 subjects were 40 years or older and 
younger than 79 years. A total of 8361 subjects were 
invited to participate in the spirometry test. Among 
them, 8131 participants had qualified pulmonary func-
tion tests and complete covariate information. A total 
of 230 participants were excluded from spirometry due 
to unqualified pulmonary function tests or incomplete 
covariate information. An additional 6612 participants 
were excluded for not having COPD. In total, 1519 par-
ticipants (959 men and 560 women) with COPD were eli-
gible for further analysis. Participants’ detailed screening 
procedures are shown in Fig. 1.

Spirometry test and COPD
During NHANES 2007–2012, subjects who met certain 
inclusion criteria were offered spirometry testing. FEV1 
and FVC absolute values were taken directly from the 
database; then, calculation of FEV1% predicted (FEV1% 
pred) and FVC percent predicted (FVC % pred) values 
was performed using the reference equation considering 
race, sex, age and height based on an analysis of the gen-
eral population in the United States NHANES [11]. The 
analysis was restricted to males and females between the 
ages of 40 and 79 with COPD defined by spirometry [pre-
bronchodilator forced expiratory volume in one second 
(FEV1)/forced vital capacity (FVC) < 70%]. COPD sever-
ity of obstruction based on the FEV1% predicted value 
was categorized as severe-to-very severe (FEV1 < 50% 
predicted), moderate (50% ≤ FEV1 < 80% predicted), and 
mild (FEV1 ≥ 80% predicted) according to classification 

Conclusions  COPD-related comorbidities and all-cause mortality were discrepant between men and women, and 
men had poorer survival than women in the nationally representative data that were analyzed.
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guidelines developed by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) [8].

Definition of comorbidities
Comorbidities (asthma, arthritis, gout, angina pec-
toris, coronary heart disease, congestive heart fail-
ure, heart attack, cancer or malignancy) were defined 
as a self-reported physician diagnosis. In addition to 
this, as hypertension, self-reported antihypertensive 
medication use, systolic blood pressure (SBP) ≥ 140 
mmHg, or diastolic blood pressure (DBP) ≥ 90 mmHg 
was considered [12], an average of 1 to 3 blood pres-
sure measurements was used to calculate SBP and DBP. 
Diabetes mellitus (DM) was defined by a fasting plasma 
glucose level ≥ 126  mg/dL, a percentage of total haemo-
globin ≥ 6.5%, the use of insulin injections, or the use of 
diabetes pills to lower blood sugar [13]. Dyslipidaemia 
was defined as the use of lipid-lowering medications, a 
low-density lipoprotein cholesterol level > 130  mg/dL, 
a high-density lipoprotein cholesterol level < 40  mg/dL, 

or a triglyceride level > 200  mg/dL [14]. In men, ane-
mia was defined as a hemoglobin level lower than 13 g/
dl, and in women, anemia was defined as a hemoglobin 
level lower than 12  g/dl [15]. Underweight was defined 
as a body mass index (BMI) < 18.5 kg/m2, normal weight 
was defined as 18.5  kg/m2 ≤ BMI < 25  kg/m2, overweight 
was defined as 25  kg/m2 ≤ BMI < 30  kg/m2 and obesity 
was defined as a BMI ≥ 30  kg/m2 according to the CDC 
guidelines [16]. By self-reported activity, smoking status 
was classified as never smoking or ever smoking based on 
whether the participant smoked at least 100 cigarettes in 
his or her lifetime. According to their smoking status at 
the time of the interview, ever smokers were further clas-
sified as current or former smokers. Age was categorized 
as 40–64 and 65–79 years.

Statistical analysis
Statistical analysis was performed using Stata version 16 
(College Station, Texas, US) and R version 4.2.1 (R Foun-
dation for Statistical Computing, Vienna, Austria). The 

Fig. 1  Flowchart of study participant selection process Abbreviations: NHANES National Health and Nutrition Examination Survey, COPD chronic ob-
structive pulmonary disease
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weights of the sample were used to account for the dif-
ferent selection probabilities and the complex NHANES 
sample design. Survey sample weights were used in all 
the analyses. We used Student’s t test for continuous vari-
ables and the chi-square test for categorical variables to 
compare differences in baseline data between men with 
COPD and women with COPD. For any comorbidity, 
we calculated the prevalence and 95% confidence inter-
val (CI) by male and female groups that were represen-
tative of the noninstitutionalized U.S. population aged 
40–79 years and used log binomial logistic regression to 
estimate adjusted prevalence ratios and 95% CIs compar-
ing the female COPD group to the male COPD group, 
adjusting for age, race/Hispanic status, BMI, smoking 
status, FEV1% predicted and prevalent comorbidities 
(including hypertension, congestive heart failure, coro-
nary heart disease, angina pectoris, heart attack, stroke, 
dyslipidemia, diabetes, gout, asthma, arthritis, anemia, 

cancer or malignancy and sleep disorder). We estimated 
the survival probability at the end of the follow-up period 
(by 31 December 2019) between the male COPD patients 
and female COPD patients using a Kaplan–Meier analy-
sis and Cox proportional hazards regression model after 
adjusting for age, race/Hispanic status, BMI, smoking 
status, FEV1% predicted and prevalent comorbidities 
(including hypertension, congestive heart failure, coro-
nary heart disease, angina pectoris, heart attack, stroke, 
dyslipidemia, diabetes, gout, asthma, arthritis, anemia, 
cancer or malignancy and sleep disorder). Comorbidi-
ties and all-cause mortality were analyzed in different 
sex groups by a multivariable Cox proportional hazards 
regression model to determine their strength of associa-
tion after adjusting for age, race/Hispanic ethnicity, BMI, 
smoking status, FEV1% predicted and prevalent comor-
bidities (including hypertension, congestive heart failure, 
coronary heart disease, angina pectoris, heart attack, 
stroke, dyslipidemia, diabetes, gout, asthma, arthri-
tis, anemia, cancer or malignancy and sleep disorder). 
We calculated hazard ratios (HRs) with 95% confidence 
intervals (CIs). All statistical tests were two-sided, and a 
P value of less than 0.05 indicated statistical significance 
for all tests conducted.

Results
Participant characteristics
A total of 1519 patients who met the inclusion criteria 
were enrolled in this study, including 959 male COPD 
patients and 560 female COPD patients. The average ages 
of the male and female groups were similar, and there was 
no difference between the two groups in the age distribu-
tions of those aged 40–64 years and 65–79 years. There 
were no significant differences in racial distribution. 
BMI was on average higher for men (28.2  kg/m2) than 
for women (27.0 kg/m2). Women were more likely to be 
underweight (3.8%) or normal weight (39.8%); however, 
men were more likely to be overweight (41.7%) or obese 
(29.4%). Women were more likely to be never smokers 
(32.9%), and men were more likely to be former or cur-
rent smokers (41.2% and 34.1%, respectively). Female 
COPD subjects had an average lower FVC% predicted 
(94.8% vs. 98.2%, p = 0.0261) and lower FEV1% predicted 
(78.0% vs. 82.0%, p = 0.0105) than men. Regarding COPD 
severity, women had a higher proportion of severe-to-
very severe COPD (7.6%), and men had a higher pro-
portion of mild (FEV1 ≥ 80% predicted) COPD (56.9%). 
Patient characteristics for both groups are presented in 
Table 1.

Prevalence comparison
The highest prevalence of comorbidities among male 
and female COPD patients was for dyslipidemia (77.1% 
and 74.0%), and there was an equal distribution in both 

Table 1  Characteristics of participants with COPD aged 40–79 
by sex, U.S. NHANES 2007–2012
Demographic 
characteristic

Men
n = 959

Women
n = 560

p value

Age (mean, SE) 62.2(0.5) 61.7(0.5) 0.9249

Age group (years) 0.3987

  40–64 (%) 67.7 (63.9, 71.3) 65.4 (60.9, 69.6)

  65–79 (%) 32.3 (28.7, 36.1) 34.6 (30.4, 39.1)

Race/ethnicity (%) 0.0648

  Mexican-American 2.7 (1.8, 4.1) 1.2 (0.7, 2.0)

  Other Hispanic 2.2 (1.4, 3.4) 1.7 (0.9, 3.0)

  Non-Hispanic White 83.6 (79.2, 87.2) 84.5 (80.1, 88.1)

  Non-Hispanic Black 7.8 (6.0, 10.1 7.5 (5.6, 9.9)

  Other 3.8 (2.3, 6.2) 5.1 (2.9, 8.8)

BMI (kg/m2) (mean, SE) 28.2(0.2) 27.0 (0.3) 0.0032

BMI category (%) < 0.0001

  Underweight 0.8 (0.4, 1.7) 3.8 (2.3, 6.1)

  Normal 28.3 (24.2, 32.7) 39.8 (34.6, 45.2)

  Overweight 41.7 (37.7, 45.8) 31.1 (26.3, 36.3)

  Obese 29.2 (25.9, 32.8) 25.4 (21.1, 30.2)

Smoking (%) 0.0404

  Never 24.7 (20.5, 29.4) 32.9 (27.5, 38.9

  Former 41.2 (37.7, 44.8) 33.5 (26.6, 41.2)

  Current 34.1 (30.0, 38.4) 33.5 (28.2, 39.3)

Spirometry

  FVC % predicted 
(mean, SE)

98.2(0.8) 94.8(1.1) 0.0261

  FEV1% predicted 
(mean, SE)

82.0(0.9) 78.0(1.1) 0.0105

GOLD categories (%) 0.0782

  Mild (FEV1 ≥ 80%) 56.9 (51.0 ,62.6) 47.3 (41.3, 53.4)

  Moderate (FEV1 
50–79%)

37.9 (32.8 ,43.3) 45.1 (39.0, 51.4)

  Severe-to-very severe 
(FEV1 < 50%)

5.2 (3.3 ,8.0) 7.6 (5.2, 11.1)

Values are presented as weighted means (standard errors of the means) or 
weighted percentages (95% confidence intervals of percentages)
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groups. Men had a higher prevalence of coronary heart 
disease (7.4%), heart attack (6.5%), and gout (7.7%). In 
contrast, women had a higher prevalence of asthma 
(25.6%) and arthritis (42.6%). Hypertension, congestive 
heart failure, angina pectoris, stroke, diabetes, anemia, 
cancer or malignancy and sleep disorders were homoge-
neously distributed in both sex groups. Trends in comor-
bidity frequency and prevalence in different sex groups 
are presented in Table 2.

Compared to men, women had a significantly higher 
prevalence of asthma (OR 1.93, 95% CI 1.46 to 2.57, 
p < 0.001) and arthritis (OR 1.77, 95% CI 1.39 to 2.24, 
p < 0.001). Women had a significantly lower prevalence 
of coronary heart disease (OR 0.48, 95% CI 0.27 to 
0.87, p = 0.015) and gout (OR 0.42, 95% CI 0.25 to 0.70, 
p = 0.001) after adjusting for age, race/Hispanic status, 
BMI, smoking status, FEV1% predicted and prevalent 
comorbidities (including hypertension, congestive heart 
failure, coronary heart disease, angina pectoris, heart 
attack, stroke, dyslipidemia, diabetes, gout, asthma, 
arthritis, anemia, cancer or malignancy and sleep dis-
orders). The adjusted odds ratio for the prevalence of 
comorbidities between women and men is presented in 
Table 3.

Survival analysis
A total of 237 (24.71%) male COPD patients and 105 
(18.75%) female COPD patients had died by the end of 
the follow-up period (by 31 December 2019). Kaplan–
Meier analysis found a significant difference in all-cause 
mortality between the two groups after adjusting for 
age, race/Hispanic status, BMI, smoking status, FEV1% 
predicted and prevalent comorbidities (including hyper-
tension, congestive heart failure, coronary heart disease, 
angina pectoris, heart attack, stroke, dyslipidemia, diabe-
tes, gout, asthma, arthritis, anemia, cancer or malignancy 
and sleep disorder). Compared with that of the female 
group, the survival rate of the male group was signifi-
cantly lower (p < 0.001 [log-rank]) (Fig. 2).

For the adjusted survival analysis (Cox’s proportional 
hazards model), we compared survival between females 
with COPD and males with COPD, and the crude over-
all mortality was higher for men than for women (haz-
ard ratio (HR) 1.41 (95% CI, 1.04–1.90; P = 0.025)). This 

Table 2  Prevalence of comorbidities (95% confidence intervals) among participants with COPD aged 40–79 by sex, U.S. NHANES 
2007–2012
Comorbidity Men

n = 959
Women
n = 560

P value

Cardiovascular disease

  Hypertension 45.9 (40.9 ,51.0) 45.8 (40.5 ,51.2) 0.9749

  Congestive heart failure 4.3 (3.1 ,5.9) 3.0 (2.0 ,4.5) 0.1213

  Coronary heart disease 7.4 (5.5 ,9.9) 3.4 (1.9 ,6.1) 0.0141

  Angina pectoris 4.0 (2.8 ,5.8) 2.6 (1.2 ,5.4) 0.2932

  Heart attack 6.5 (4.8 ,8.6) 3.9 (2.5 ,6.0) 0.0240

  Stroke 3.3 (2.2 ,4.8) 4.6 (3.1 ,6.7) 0.2516

  Dyslipidemia 77.1 (73.6 ,80.2) 74.0 (69.0 ,78.5) 0.2190

Diabetes 12.5 (10.2 ,15.4) 9.3 (7.2 ,12.0) 0.0661

Gout 7.7 (5.5 ,10.7) 3.5 (1.9 ,6.4) 0.0088

Asthma 16.2 (12.7 ,20.4) 25.6 (20.6 ,31.3) 0.0053

Arthritis 35.8 (31.9 ,39.9) 42.6 (37.3 ,48.1) 0.0330

Anemia 3.5 (2.4 ,5.0) 4.9 (3.3 ,7.2) 0.1603

Cancer or malignancy 17.9 (14.7 ,21.6) 20.9 (16.6 ,26.0) 0.3814

Sleep disorder 11.8 (9.3 ,15.0) 8.2 (6.1 ,10.8) 0.1034

Table 3  Adjusted odds ratio for women compared to men for 
the prevalence of comorbidities among participants with COPD 
aged 40–79, U.S. NHANES 2007–2012
Comorbidity Odds 

Ratio
Lower 
95%

Upper 
95%

P 
value

Cardiovascular disease

  Hypertension 1.13 0.88 1.45 0.344

  Congestive heart failure 0.73 0. 39 1.36 0.319

  Coronary heart disease 0.48 0.27 0.87 0.015

  Angina pectoris 0.88 0. 43 1.80 0.735

  Heart attack 0.67 0.38 1.16 0.151

  Stroke 1.45 0.85 2.46 0.171

  Dyslipidemia 0. 91 0.71 1.17 0.465

Diabetes 0.99 0.70 1.39 0.934

Gout 0.42 0.25 0. 70 0.001

Asthma 1.93 1.46 2.57 <0.001

Arthritis 1.77 1.39 2.24 <0.001

Anemia 0.97 0.59 1.60 0.897

Cancer or malignancy 1.21 0.89 1.64 0.223

Sleep disorders 0.74 0.49 1.11 0.141
Adjusted for age, race/Hispanic ethnicity, BMI, smoking status, FEV1% predicted 
and prevalent comorbidities (including hypertension, congestive heart failure, 
coronary heart disease, angina pectoris, heart attack, stroke, dyslipidemia, 
diabetes, gout, asthma, arthritis, anemia, cancer or malignancy and sleep 
disorders)
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survival benefit for women was not changed in multiple 
regression models that adjusted for age, race/Hispanic 
status, BMI, smoking status, FEV1% predicted and preva-
lent comorbidities (including hypertension, congestive 
heart failure, coronary heart disease, angina pectoris, 
heart attack, stroke, dyslipidemia, diabetes, gout, asthma, 
arthritis, anemia, cancer or malignancy and sleep disor-
der). The adjusted overall mortality was still higher for 
men than for women (hazard ratio (HR) 1.63 (95% CI, 
1.21–2.20; P = 0.001)) (Table 4).

Comorbidities on all-cause mortality
Among men, among comorbid conditions, notably, the 
presence of congestive heart failure (HR 1.85, [95% CI 

1.12–3.04] p = 0.016), anemia (HR 2.38, [95% CI 1.52–
3.73], p < 0.001) and gout (HR 1.55, [95% CI 1.04–2.30], 
p = 0.029) was related to a significantly higher risk of 
mortality compared with male COPD patients without 
these conditions. A history of hypertension, coronary 
heart disease, angina pectoris, heart attack, stroke, dys-
lipidemia, diabetes, asthma, arthritis, cancer or malig-
nancy and comorbid sleep disorders were not associated 
with a higher risk of mortality compared with male 
COPD patients without these conditions after adjust-
ing for age, race/Hispanic status, BMI, smoking status, 
FEV1% predicted and prevalent comorbidities (includ-
ing hypertension, congestive heart failure, coronary heart 
disease, angina pectoris, heart attack, stroke, dyslipid-
emia, diabetes, gout, asthma, arthritis, anemia, cancer or 
malignancy and sleep disorder). Among women, among 
comorbid conditions, notably, the presence of stroke 
(HR 2.04, [95% CI 1.07–3.88], p = 0.031) and anemia (HR, 
2.21, [95% CI 1.17–4.20], p = 0.015) was associated with 
a significantly higher risk of mortality compared with 
female COPD patients without these conditions. A his-
tory of hypertension, congestive heart failure, coronary 
heart disease, angina pectoris, heart attack, dyslipidemia, 
diabetes, asthma, arthritis, cancer or malignancy, gout, 
and sleep disorder were not associated with a higher risk 
of mortality compared with female COPD patients with-
out these conditions after adjusting for age, race/His-
panic status, BMI, smoking status, FEV1% predicted and 

Table 4  Association of sex and all-cause mortality among 
participants with COPD aged 40–79 by sex, U.S. NHANES 
2007–2012

Univariable analysis Multivariable 
analysis

Sex HR [95% CI] P HR [95% 
CI]

P

Female Ref - Ref -

Male 1.41[1.04,1.90] 0.025 1.63[1.21, 
2.20]

0.001

Adjusted for age, race/Hispanic, BMI, smoking status, FEV1% predicted and 
prevalent comorbidities (including hypertension, congestive heart failure, 
coronary heart disease, angina pectoris, heart attack, stroke, dyslipidemia, 
diabetes, gout, asthma, arthritis, anemia, cancer or malignancy and sleep 
disorders)

Fig. 2  Kaplan–Meier estimates for overall survival among patients with COPD between men and women. Adjusted for age, race/Hispanic ethnicity, BMI, 
smoking status, FEV1% predicted and prevalent comorbidities (including hypertension, congestive heart failure, coronary heart disease, angina pectoris, 
heart attack, stroke, dyslipidemia, diabetes, gout, asthma, arthritis, anemia, cancer or malignancy and sleep disorders)
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prevalent comorbidities (including hypertension, conges-
tive heart failure, coronary heart disease, angina pectoris, 
heart attack, stroke, dyslipidemia, diabetes, gout, asthma, 
arthritis, anemia, cancer or malignancy and sleep disor-
der). Figure 3 shows the adjusted effect sizes for the pres-
ence of comorbidities on all-cause mortality among male 
and female COPD patients.

Discussion
In this population-based study, the comorbidity dis-
tribution characteristics and the impact on mortality 
exhibited discrepancies between men and women with 
COPD. Men had a high prevalence of coronary heart 
disease, heart attack and gout. In contrast, women had a 
higher prevalence of asthma as well as a high prevalence 
of arthritis. Male COPD patients with congestive heart 
failure, anemia and gout had a significantly higher risk of 
mortality. However, female COPD patients with stroke 
and anemia had a significantly higher risk of mortality. 
Anemia had similar effects on mortality between men 
and women. Compared with the female group, the sur-
vival rate of the male group was significantly lower at the 
end of the follow-up period.

COPD patients often suffer from cardiovascular dis-
ease, which affects their functional status and mortality 
[17]. In our study, men had a pattern of cardiovascular 
comorbidities characterized by high morbidity with coro-
nary heart disease and heart attack. Compared to men, 
women had a significantly lower prevalence of coronary 
heart disease (OR = 0.48, 95% CI 0.27 to 0.87, p = 0.015). 
However, these findings are different from the results of 
other studies. R. W. Dal Negro et al. showed that con-
gestive heath failure was more prevalent among females 
[18]. Among cardiometabolic conditions, hypertension, 
congestive heart failure, angina pectoris, and stroke prev-
alence did not differ between sexes in the present study, 
even though a previous report showed a higher morbidity 
among men [10, 19, 20]. Another study showed that the 
morbidity of cardiovascular disease was similar between 
female and male patients with COPD [21]. These results 
may reflect differences in patient selection and different 
groups of women and men in the different studies. The 
oxygen supply to the heart may affect cardiac function, 
and cardiac disease was more prevalent among men. It is 
possible that low pulmonary function reduces tissue oxy-
genation [20]. In addition, certain hormones may influ-
ence cardiovascular health in women, such as estrogen 

Fig. 3  Adjusted Cox regression of the effect sizes of individual comorbidities on all-cause mortality among male and female COPD patients. Adjusted for 
age, race/Hispanic status, BMI, smoking status, FEV1% predicted and prevalent comorbidities (including hypertension, congestive heart failure, coronary 
heart disease, angina pectoris, heart attack, stroke, dyslipidemia, diabetes, gout, asthma, arthritis, anemia, cancer or malignancy and sleep disorder)
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[22]. In comparison, male COPD patients with congestive 
heart failure comorbidities had a significantly increased 
mortality risk. However, female COPD patients with 
stroke comorbidities had a significantly increased mor-
tality risk. These notable findings indicate that COPD 
patients should be actively screened and managed for 
cardiovascular disease not only because cardiovascular 
disease differs by sex but also because its impact on all-
cause mortality differs by sex.

Interestingly, men had a higher prevalence of gout 
than women, and gout among male COPD patients was 
significantly associated with an increased mortality risk, 
yet gout among female patients was not associated with 
mortality. K. Kahnert et al. showed that hyperuricemia 
was associated with an increased mortality risk among 
patients with COPD [23], but they did not examine men 
and women separately. The exact reasons for this discrep-
ancy are poorly understood, but sex hormones, especially 
estrogen, as a uricosuric agent, could play a key role [24].

Anemia has repeatedly been identified as an inde-
pendent cause of mortality and increased hospitaliza-
tion rate for COPD patients [2, 25]; it was identified as 
the most common comorbidity and was associated with 
a significantly higher risk of mortality among male and 
female COPD patients in this study. Although anemia 
clearly appeared to be more frequent in females in abso-
lute terms, there was no significant difference in the dis-
tribution of anemia between men and women. Another 
research group found that anemia was significantly more 
frequent in females than in males [18]. For the diagnosis 
of anemia, we used sex-specific hemoglobin cutoff values 
of less than 12 g/dl for women and less than 13 g/dl for 
men. Consistent with our findings, another study showed 
that anemia was independently associated with an 
increase in premature mortality associated with COPD 
[24]. Anemia is also a crucial comorbidity linked to older 
age, nutritional deficiency, cardiovascular disease fre-
quency and poor exercise performance in patients with 
COPD [2, 7]. One explanation for this finding is a sex-
specific concomitant disease interaction of anemia.

Compared to men, women had a significantly higher 
prevalence of asthma (OR 1.93, 95% CI 1.46 to 2.57, 
p<0.001), and these findings are consistent with those of 
other studies [26, 27]. A recent systematic review of sex 
differences in adult asthma and COPD also found that 
asthma is more prevalent among women [27]. More-
over, the prevalence of asthma was not associated with a 
higher risk of mortality among men and women in our 
study. However, we found contradictory results regarding 
mortality among COPD patients with asthma. A study by 
Diaz-Guzman et al. [28] showed that COPD patients with 
asthma had a higher mortality risk during follow-up. On 
the other hand, another study revealed that concomitant 
asthma had a protective effect against mortality among 

COPD patients. Lundbäck et al. [29] showed that COPD 
patients with concomitant asthma had significantly lower 
mortality over 20 years of follow-up. These heteroge-
neous reasons may be due to different patients using 
different medications, especially inhaled corticosteroids 
(ICS), which might be relevant in the context of mortal-
ity risks among those who have concomitant asthma [30, 
31]. Regarding the mortality rate for patients with COPD 
and asthma, the current evidence is much more hetero-
geneous. Therefore, this area requires further research.

Few studies have been conducted on sex differences in 
COPD survival. We found that women had significantly 
better survival than men after adjusting for differences 
in baseline confounders. This is consistent with findings 
from a study by Karin Lisspers et al. [26], which was con-
ducted in Sweden and revealed that the all-cause mortal-
ity rate was higher among men than among women (45% 
vs. 38%). Additionally, J.P. de Torres et al. [32] revealed 
that all-cause mortality was higher among males than 
among females (40 versus 18%). However, previous stud-
ies have revealed discrepant results regarding the rela-
tionship between COPD patient sex and survival. A study 
by Maeva Zysman et al. [33] revealed no significant dif-
ference in survival between men and women matched for 
FEV1 and age. Similar results were found in the TORCH 
study; the female and male groups had similar mortality 
risks once analyses were adjusted for differences in base-
line confounders [34]. What is the cause behind this dif-
ference? It does not seem to be explained by comorbidity 
[19]. Our results also indicate that comorbidity does not 
explain the survival difference between female and male 
groups. Men have higher mortality rates than women at 
similar degrees of airflow obstruction, thus explaining 
why women have lower mortality rates [34]. In addition, 
men and women may exhibit different COPD phenotypes 
[19]. Men have higher rates of emphysema than women 
regardless of the severity of COPD and smoking status 
[35]. Research shows that emphysema is a strong predic-
tor of mortality [36], which could contribute to the sur-
vival difference between men and women with COPD. 
Another study showed that there was a sex-dependent 
discrepancy regarding the impact of comorbidities on 
prognosis among patients with COPD [37]. However, 
sex differences in COPD survival clearly warrant further 
study and analysis.

Strengths and limitations
One of the strengths of this study was that the results 
are based on data from a large population-based survey 
obtained from NHANES, which is representative of the 
total US population, and this study used a survey, fol-
low-up and standardized methods. However, this study 
has several limitations that must be considered. First, 
we used a cross-sectional study design to address our 
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research aims; thus, direct causal relationships could not 
be inferred. The clinical or research relevance of these 
findings needs to be further built upon. Second, there is 
the possibility of residual confounding, as only selected 
comorbidities were explored, and we could not evalu-
ate other important diseases recognized as potential 
comorbidities in COPD patients (for example, obstruc-
tive sleep apnea, anxiety, and depression) due to a lack of 
data in U.S. NHANES. We also were not able to adjust 
for other (e.g., socioeconomic) factors that may affect 
men and women unequally and are also associated with 
mortality. Since we defined all-cause mortality as the pri-
mary outcome, data regarding specific causes of mortal-
ity were not available, and it was impossible to analyze 
some specific mortality differences between men and 
women. Third, postbronchodilator spirometry was not 
performed for all study participants. This study was lim-
ited to the use of prebronchodilator spirometry, which 
may have misdiagnosed patients without irreversible 
obstructive lung disease as COPD patients and may have 
led to an overestimation of the number of COPD sub-
jects. COPD case ascertainment was based on spirom-
etry only (a prebronchodilator FEV1/FVC ratio of less 
than 0.7); symptoms and/or the presence of known risk 
factors (e.g., smoking) or a self-report were not consid-
ered as part of the COPD case assessment. For numer-
ous reasons, including the fact that other chronic lung 
diseases can give rise to an obstructive pattern (e.g., 
bronchiectasis), one would have to question the valid-
ity of adopting this approach for COPD case definition. 
Moreover, meeting the spirometric criterion for COPD is 
not necessarily synonymous with having the disease, and 
it is, for example, well known that the fixed ratio criterion 
will overestimate COPD among elderly individuals. Last, 
numerous comorbidities in these analyses were collected 
using self-report questionnaires, and the diagnosis could 
not be verified from clinical notes; therefore, recall bias is 
another limitation of this study.

Conclusions
In conclusion, these data demonstrate that COPD-related 
comorbidities and all-cause mortality were discrepant 
between men and women, and men had poorer survival 
than women in the nationally representative data that 
were analyzed. These findings suggest that different strat-
egies should be utilized to optimize the management of 
COPD and its comorbidities between the two sex groups.
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