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Chronic obstructive pulmonary disease is
independently associated with hypertension in men
A survey design analysis using nationwide survey data
Seon-Hye Kim, MDa, Ju-Hee Park, MDb, Jung-Kyu Lee, MDb, Eun Young Heo, MDb, Deog Kyeom Kim, MDb,
Hee Soon Chung, MDb,∗

Abstract
Although studies have shown that chronic obstructive pulmonary disease (COPD) and hypertension are linked as comorbidities, it
remains unclear whether COPD is independently associated with the risk of hypertension or is caused by common risk factors such
as age and smoking. The objective of this study was to investigate the relationship between COPD and hypertension by using
nationally representative data.
This cross-sectional study analyzed data from the Korea National Health and Nutrition Examination Survey V conducted during

2010 to 2012. Hypertension was defined as amean systolic blood pressure≥ 140mmHg and/or a diastolic blood pressure≥ 90mm
Hg, or current consumption of antihypertensive medications. A diagnosis of COPD was defined as a smoking history of at least 10
pack-years with airflow limitation on spirometry. Multivariate logistic regression was performed to investigate the independent
association between COPD and hypertension after adjusting for covariates. Survey design analyses were conducted for all analyses.
Among 4043 men (aged ≥ 40 years) who underwent spirometry, 2190 (54.2%) had hypertension. Even after adjusting for age,

body mass index, smoking status, diabetes, metabolic syndrome, and stroke, COPD was independently associated with
hypertension (adjusted odds ratio, 1.71; 95% confidence interval, 1.37–2.13; P< .001). Adjusted pulse pressure significantly
increased as the ratio of forced expiratory volume in 1 s (FEV1) to forced vital capacity and FEV1 decreased.
COPD is independently associated with hypertension, and this could explain the link between the risk of cardiovascular diseases

and COPD.

Abbreviations: BMI = body mass index, CI = confidence interval, COPD = chronic obstructive pulmonary disease, CVD =
cardiovascular disease, FEV1 = forced expiratory volume in 1 s, FVC = forced vital capacity, KNHANES = Korea National Health and
Nutrition Examination Survey, WHO = World Health Organization.
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1. Introduction been increasing, and the World Health Organization (WHO)
Chronic obstructive pulmonary disease (COPD) is a major cause
of global morbidity and mortality. The prevalence of COPD has
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estimates that it will become the third leading cause of death
worldwide in 2030.[1] While other chronic diseases have been
showing a trend toward a gradual decrease in mortality rates,
COPD-related deaths have been gradually increasing.[2]

Cardiovascular disease (CVD) is a group of disorders of the
heart and blood vessels, which include coronary heart disease,
cerebrovascular disease, and peripheral arterial disease. CVD is
usually associated with atherosclerosis and has traditional risk
factors such as hypertension, diabetes, hyperlipidemia, obesity,
and smoking.[3,4] Further, it is a major risk factor for hospital
admission and mortality in patients with COPD.[5] Approxi-
mately, one-fourth of the patients with COPD die owing to
cardiovascular events.[5–9]

Hypertension is a common disease in the general population.
Its worldwide prevalence among adults was 31.1% (95%
confidence interval [CI], 30.0–32.2), and that among adults in
the United States was 20.1% in 2011 to 2012.[10,11] Hyperten-
sion has been reported to significantly increase the risk of
CVD[12–15] and commonly accompanies COPD. Previous studies
have shown that patients with stage 3 or 4 COPD had a higher
prevalence of hypertension. In one of the studies, 17%
of hospitalized patients with COPD had accompanying
hypertension.[16–19] This relationship may be attributed to the
presence of common risk factors, such as age and smok-
ing.[5,16,17,20] However, whether COPD is an independent risk
factor for hypertension has not yet been clearly demonstrated.
Thus, the aim of this study was to assess whether hypertension is
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independently associated with COPD by using nationally
representative data.
2. Materials and methods

2.1. Study design and study population

This cross-sectional study was based on data from the Korea
National Health and Nutrition Examination Survey (KNHANES)
V (2010–2012). This was a cross-sectional, nationally representa-
tive survey conducted by the Division of Chronic Disease
Surveillance, Korea Centers for Disease Control and Prevention
to assess the health and nutritional status of the Korean
noninstitutionalized population. Its data included information
on demographics, alcohol consumption and smoking status, self-
reported physician diagnoses (i.e., COPD, hypertension, dyslipi-
demia, stroke, coronary artery disease, diabetes, and asthma),
lipid profile, and pulmonary function test. KNHANES uses a
complex, multistage, clustered probability sample design. The
sample represents the total noninstitutionalized population of
Korea.[21] For the analysis, male participants whowere 40 years of
age or older underwent spirometry, provided information on
smoking history, and had their systolic and diastolic blood
pressures measured. Because the number of female COPD patients
whowere smokerswith≥10pack-yearswas very small (<5%) and
sex differences in the prevalence of COPD and hypertension have
been reported, we did not include female participants in this
study.[22–27] The present study was exempt from ethical review by
the InstitutionalReviewBoardCommitteeof ourhospital (IRBNo.
20161020/07-2016-27/111).
Figure 1. Flowchart for participant inclusion. HTN = hypertension,
KNHANES = Korea National Health and Nutrition Examination Survey,
PFT = pulmonary function test.
2.2. Definition of variables

A patient with COPD was defined among persons over 40 years
of age showing a forced expiratory volume in 1 s (FEV1)/forced
vital capacity (FVC) ratio< 0.7, with a smoking history of at least
10 pack-years which based on guidelines, large cohort studies,
and major clinical trials.[8,28–35] The definition included the
smoking history to avoid including patients with asthma.
Hypertension was defined as a mean systolic blood pressure ≥

140mmHg and/or a diastolic blood pressure≥ 90mmHg, or the
current consumption of antihypertensive medications.[36] Quali-
fied nurses manually measured the blood pressure 3 consecutive
times by using a mercury sphygmomanometer (Baumanometer;
Baum, Copiague, NY), with an interval of at least 30s between
measurements, after the subjects had rested for 5 min in a sitting
position.[37]

Diabetesmellituswasdefinedasa fastingglucose level>126mg/dL,
HbA1c > 6.5%, or current use of oral hypoglycemic agents or
insulin.[38]

Chronic bronchitis is defined by chronic cough and/or sputum
production for 3 months in 2 consecutive years.
Obesity was defined as a body mass index (BMI) ≥ 25kg/m2

according to the recommendations of the WHO for Asian
populations and Korean Society for the Study of Obesity.[39,40]

Height and weight were measured using a portable stadiometer
(Seriter, Bismarck, ND) and a calibrated balance-beam scale
(Giant-150N; Hana, Seoul, Korea), respectively. Central obesity,
that is, an abdominal circumference ≥90cm in men and ≥85cm
in women, was defined according to the guidelines established by
the Korean Society for the Study of Obesity. The International
Diabetes Federation defined metabolic syndrome as central
obesity plus 2 of the following 4 additional factors: elevated
2

plasma triacylglycerol level (>150mg/dL); reduced high-density
lipoprotein cholesterol level (<40mg/dL in men and <50mg/dL
in women); elevated blood pressure (systolic blood pressure
≥130 mm Hg or diastolic blood pressure ≥85 mm Hg) or
treatment for hypertension; and elevated fasting plasma glucose
level (≥100mg/dL) or previously diagnosed type-2 diabetes.[41]

Hypercholesterolemia was defined as the presence of excess total
cholesterol in the blood (≥240mg/dL) or current use of lipid-
lowering drugs.[42] Other comorbidities, including stroke and
coronary artery disease, were defined on the basis of self-reported
answers to the question “Have you been diagnosed with the
disease by a physician?” (answer: Yes/No), or “Do you take a
medication or treatment for the disease?” (answer: Yes/No).[43]
2.3. Statistical analysis

Survey design analyses using weights according to the guidelines
on statistics provided by the Korea Centers for Disease Control
and Prevention[44] were used for all analyses. In the univariate
comparison of characteristics between the hypertensive and
nonhypertensive groups, a chi-squared test and Student t test
were applied. Multivariate logistic regression analysis, including
variables that were significantly different between groups in
univariate comparisons, was conducted to verify if COPD is
independently associated with hypertension. The adjusted linear
associations between blood pressure values and lung function
levels were presented using the svypxcon command in Stata.
A P < .05 was considered statistically significant. All analyses
were carried out using Stata version 14.2 (StataCorp, College
Station, TX).
3. Results

3.1. Study participants

Among the 22,679 participants in the KNHANES V survey, we
excluded 18,636 subjects who were female, under 40 years of
age, had no information about smoking history, or did not
undergo blood pressure measurement and spirometry. Among
the eligible 4043 men, 1853 (45.8%) were categorized into the
hypertensive group and 2190 (54.2%) into the nonhypertensive
group (Fig. 1).



Table 1

Baseline demographics and clinical characteristics of those with and without hypertension.

Variables Nonhypertension (n=2190) Hypertension (n=1853) P

Age, y 54.9 ± 10.6 59.6±10.8 <.01
Age > 60 y, % 29.7 48.5 <.01
Height, cm 164.3±8.5 164.7±8.4 .14
Weight, kg 65.6±10.7 66.0±10.3 .29
Body mass index, kg/m2 23.9±2.6 24.9±2.8 <.01
Body mass index < 25 kg/m2, % 68.5 52.8 <.01
Waist circumference, cm 84.6±7.5 87.7±7.8 <.01

Smoking status,% <.01
Current smoker 44.8 38.0
Ex smoker 39.8 49.6
Nonsmoker 15.4 12.4

Pack-years 19.2±19.7 20.2±23.3 .16
Pack-years ≥ 30, % 28.0 30.5 .17

Comorbidities
Diabetes 39.9 48.9 <.01
Hypercholesterolemia 79.4 77.8 .35
Coronary artery disease 2.2 2.7 .25
Stroke 0.4 2.8 <.01
Metabolic syndrome 14.7 23.3 <.01

Chronic bronchitis 10.0 11.3 .29
COPD 14.3 22.9 <.01

Blood pressure, mm Hg
Systolic 116.3±10.7 134.3±14.8 <.01
Diastolic 76.4±7.6 84.4±11.6 <.01
Pulse pressure 39.8±8.7 49.9±14.1 <.01

Laboratory finding
Total cholesterol, mg/dL 191.8±36.8 190.9±36.5 .46
Triglycerides, mg/dL 162.7±131.9 167.4±125.5 .26
LDL, mg/dL 118.4±33.4 114.9±33.1 .06
HDL, mg/dL 48.4±12.0 48.9±11.8 .26
Fasting plasma glucose, mg/dL 100.9±23.3 106.6±24.6 <.01

COPD= chronic obstructive pulmonary disease, HDL=high-density lipoprotein, LDL= low-density lipoprotein.
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3.2. Comparison of clinical characteristics between the
hypertensive and nonhypertensive groups
Table 1 shows the comparisons of clinical characteristics between
the hypertensive and nonhypertensive groups. The hypertensive
group was older, had a higher percentage of men above 60 years
of age, had lower BMI, was less obese, had longer waist
circumferences, and had more ever smokers. As expected, the
Table 2

Multivariate logistic regression analysis to identify variables related

Unadjusted ORs
∗

Variables OR 95% CI

Age, y 1.00 0.99–1.01
Body mass index, kg/m2 1.15 1.12–1.19
Smoker 1.31 1.05–1.64
Waist circumference, cm 1.05 1.04–1.07
Diabetes 1.40 1.20–1.64
Stroke 5.72 2.98–11.00
Metabolic syndrome 2.13 1.74–2.61
COPD 1.62 1.32–1.99

CI= confidence interval, COPD= chronic obstructive pulmonary disease, OR=odds ratio.
∗
Unadjusted logistic regression model.

†Multivariable logistic regression analysis adjusted by age, body mass index, smoking status, waist cir

3

mean systolic pressure, mean diastolic pressure, and mean pulse
pressure were higher in the hypertensive group than in the
nonhypertensive group. COPD was also more prevalent in the
hypertensive group than in the nonhypertensive group (22.91%
vs. 14.32%, P < .001). Moreover, diabetes, stroke, metabolic
syndrome, and other comorbidities were more common in the
hypertensive group than in the nonhypertensive group.
to hypertension.

Adjusted ORs†

P OR 95% CI P

.58 1.00 0.99–1.00 .54
<.01 1.09 1.03–1.14 .01
.02 1.15 0.91–1.46 .24

<.01 1.02 1.00–1.03 .06
<.01 1.33 1.13–1.57 .01
<.01 5.50 2.92–10.35 <.01
<.01 1.30 1.01–1.68 .04
<.01 1.71 1.37–2.13 <.01

cumference, diabetes mellitus, stroke, and metabolic syndrome.

http://www.md-journal.com


Figure 2. Correlation between lung function and blood pressure determined by linear regression analysis after adjusting covariates. Solid line denotes regression
line between lung function and blood pressure and broken red line denotes 95% confidence interval. FEV1 = forced expiratory volume in 1 s, FEV1/FVC = the ratio
of forced expiratory volume in 1 s to forced vital capacity, FVC = forced vital capacity.
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3.3. Association between COPD and hypertension in the
multivariate analysis

In the multivariate logistic regression analysis adjusted for the
covariates that were statistically significant in the univariate
analysis, COPD was found to be independently associated with
hypertension (adjusted odds ratio=1.71; 95% CI, 1.37–2.13;
P< .001) (Table 2).
3.4. Relationship between blood pressure and lung
function

The covariate-adjusted linear regression analysis revealed that
pulse pressure was negatively correlated with FEV1 and the
FEV1/FVC ratio (P< .001). However, no significant relationship
was observed between the systolic and diastolic pressures and
lung function (Fig. 2).

4. Discussion

The relationship between COPD and hypertension was investi-
gated in this study by using the KNHANES V, which is a
representative sample of the civilian population in South Korea.
The prevalence rates of COPD were higher among patients with
hypertension than in those without (22.91% vs. 14.32%,
P< .001). COPD patients are often accompanied by various
comorbidities, such as CVD, diabetes mellitus, obesity, and
metabolic syndrome. These comorbid conditions are also related
with COPD.[16,45–48] Because it may affect the association of
COPD with hypertension, multivariate logistic regression
analysis was performed to exclude the effects of these comorbid
conditions. This study showed that COPD is independently
associated with hypertension when these comorbid diseases were
adjusted. The negative correlation between pulse pressure and
lung function was shown in the covariate-adjusted linear
regression analysis.
4

As described earlier, hypertension is one of the major risk
factors for CVD, which in turn is an important contributor to
poor prognosis and mortality in COPD.[3–5] Our results showed
that COPD per se has an independent relationship with
hypertension even after adjusting for covariates such as age
and smoking. The plausible mechanisms linking COPD and
hypertension could be the following. First, the alternation of
autonomic function in patients with COPD is responsible for the
elevation of blood pressure. In addition to being just a disease
resulting in airflow limitation, COPD has been recognized as a
systemic disease that negatively influences the cardiovascular and
autonomic nervous systems.[49] Patients with COPD experience
recurrent hypoxemia, hypercapnia, and increased intrathoracic
pressure because of airway obstruction and chronic airway
inflammation, which could lead to sympathetic nerve over-
activation and decreased baroreceptor sensitivity. These dis-
ruptions of autonomic function could explain the increase in
arterial blood pressure in patients with COPD.[50–53]

Second, increased central arterial stiffness related to COPD
may cause the development of hypertension. Increased arterial
stiffness has been consistently reported in patients with
COPD.[54] Elastin is a structural protein that maintains airway
elasticity and patency in the lungs and regulates vascular smooth
muscle cells in the arterial walls. Development of arterial stiffness
and elastin degradation are features of the normal aging process.
However, the increase in elastin degradation and protease–-
antiprotease imbalance in tissues responsible for emphysematous
COPD accelerates arterial stiffening.[55–58] Recurrent hypoxia
related to COPD can trigger systemic inflammation by producing
oxidative stress and proinflammatory cytokines, and sympathetic
overactivation can lead to an increased risk of atherosclerosis and
autonomic dysfunction, which consequently augment vascular
arterial stiffness. Aging-related endothelial dysfunction, which is
related to the degree of inflammation in COPD, has been found to
increase atherosclerosis. Moreover, a large proportion of patients
with COPD is past or present smokers. The effects of smoking



[51,59] [13] Stamler J, Stamler R, Neaton JD. Blood pressure, systolic and diastolic,

Kim et al. Medicine (2017) 96:19 www.md-journal.com
also contribute to elevated arterial stiffness in COPD. In our
study, pulse pressure was of significant relevance in airflow
limitation (FEV1/FVC and FEV1). Pulse pressure reflects arterial
stiffness.[60] Therefore, the increase in arterial stiffness in patients
withCOPDmight be influencedby the occurrenceof hypertension.
The strength of this study is the accuracy of the variables

measured by well-trained examiners, as well as the use of average
values derived from 3 consecutive measurements. Additionally,
the results of this study are applicable to the entire Korean
population because the data were obtained from a nationwide
database. Furthermore, all analyses were performed with
adequate survey design analysis.[61]

The present study has several potential limitations. First, the
study design was cross sectional, and this design cannot reveal a
causal relationship between COPD and hypertension. Second, we
limited the analyses to men, which might lead to biases and
weakness in generalizability. Third, although we suggested the
relevance of arterial stiffness in COPD and the development of
hypertension through pulse pressure, there are no data to prove a
direct mechanism. Fourth, we did not measure postbronchodi-
lator spirometry values, and could hence have incorrectly
included patients with asthma as patients with COPD. However,
we included only patients with COPD who were ever-smokers in
order to exclude the possibility of including patients with asthma.

5. Conclusions

Our results show that COPD is independently associated with
hypertension. Given that pulse pressure increases as the FEV1/
FVC ratio and FEV1 decrease, arterial stiffness is a possible
mechanism that explains this relationship.
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