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Background  Declining lung functions is associated directly with cardiovascular 
diseases like heart failure or coronary artery disease, or the risk factors leading to 
cardiovascular mortality like arterial stiffness, pulse wave velocity, hypertension, etc. 
Exclusive studies in women are not frequently performed.
Aim  The aim is to study the association between obstructive lung function estimated 
through spirometry and cardiovascular risk indicators like hypertension and arterial 
pulse wave velocity measured between carotid and femoral arteries (cf-PWV) in women.
Methods  A total of 30 postmenopausal women on regular treatment for hyperten-
sion were recruited in the study. They were subjected to spirometry and computer-
ized cf-PWV estimation. Women were grouped according to modified global initiative 
for chronic obstructive lung disease (GOLD) criteria into three groups with increasing 
severity of obstructive lung function.
Results  Diastolic blood pressure (p = 0.04), pulse pressure (p < 0.0001), and cf-PWV 
(p = 0.009) were found to be significantly different between the three groups. Negative 
correlation existed between cf-PWV and %pred forced expiratory volume in 1 second 
(FEV1) in the group with most severe obstructive lung function (Pearson correlation 
coefficient r = 0.7610 was significant at p = 0.01). The strength of this negative associ-
ation decreased as the severity deceased (r = 0.5603, significant at p = 0.03).
Conclusion  Strong association between severity of obstructive lung function in 
postmenopausal women with pulse pressure was in lines with previous studies, but 
the diastolic blood pressure being associated is a novel finding. Also, the degree of 
obstructive lung function is positively associated with arterial stiffness which is an 
important indicator for impending cardiovascular mortality.
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Introduction
Ischemic heart disease and cerebrovascular disease are two 
major causes of death worldwide. Chronic obstructive pul-
monary disease is expected to be the third leading cause 

of worldwide mortality by 2020 and fifth major cause of 
disability.1 Cardiovascular mortality is proportional to 
co-existing morbidities and chronic obstructive pulmo-
nary disease (COPD) is most important amongst them. 
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Cardiovascular mortality has been shown to be up to twofold 
greater in patients with obstructive lung diseases than in a 
matched group without any lung disease. Research also sug-
gested that the systemic inflammation plays some key role 
in the pathogenesis of the lung diseases and cardiovascular 
diseases. Few studies showed that biomarkers for endothe-
lial dysfunction and inflammation like soluble intracellular 
adhesion molecule-1, fibrinogen, high sensitivity C-reactive 
protein (HsCRP), interleukin-6 (IL-6) were involved in the 
mediation of loss of elasticity in small and medium arteries 
and such patients showed significant reductions in forced 
vital capacity (FVC) and forced expiratory volume in 1 second 
(FEV1). Especially HsCRP and IL-6 have been carefully moni-
tored over years in few studies. Alterations in cardiovascular 
disease risk due to affected arterial elasticity were shown to 
be one of the reasons for the cardiovascular diseases.2 Arte-
rial stiffness which was produced by the loss of elasticity has 
been correlated with impaired lung functions. Relationship 
between pulse pressure (PP) as an important marker for 
arterial stiffness was studied by few authors.3 Brachial-ankle 
pulse wave velocity and ankle-brachial index were shown to 
be inversely and dose-dependently associated with arterial 
stiffness in a group of older Chinese subjects.4 It was found 
that poorer lung function as shown by reduced FEV1 was 
strongly associated with arterial stiffness as indicated by 
carotid to femoral pulse wave velocity (cf-PWV) in a large 
group when followed up for approximately 5 years.5 Hyper-
tension was shown to be variably associated with poor lung 
function due to restriction as well as obstructive type.6,7 Few 
authors investigated the relation between declined lung 
function as shown by low FEV1 or FVC values and cardio-
vascular disease considered in a composite of many inde-
pendent diseases like stroke, coronary arterial disease, heart 
failure, ventricular hypertrophy.8,9 Arterial stiffness played 
a major role in the pathogenesis of chronic heart failure 
and low FEV1 values.10 It has been found that, interesting-
ly, the combination of hypertension and the usage of anti-
hypertensive medication had the strongest negative effect 
on lung function.11 Correlations between total lung capac-
ity (TLC) and the increased pulse wave velocity were also 
established.12

Materials and Methods
The study sample consisted of 30 females in the age group of 
40 to 60 years with mean age of 50.6 ± 8 years. All women were 
postmenopausal. None of them were on hormone replacement 
therapy. Out of the 30 patients 28 were known hypertensives 
using standard dosages of antihypertensive medication—
telmisartan and amlodipine and standard dosages of medica-
tion for COPD—theophylline and salbutamol. Eighteen of them 
were educated up to high school and 12 were uneducated. All 
the subjects were urban residents and working on daily wages. 
The nature of work is moderate to heavy as per the history. They 
were referred from the general medicine OPD to the pulmonary 
function department around 10 am to 12 noon. This time is 
chosen because the circadian variations in the pulmonary func-
tion tests will be minimal.13 

Exclusion criteria followed in selection of the subjects:

•• Presence of active lung infection like pneumonia, pleural 
effusion, cough with expectoration, fever, etc. and having 
any previously diagnosed restrictive lung disease.

•• Presence of severe cardiovascular disease like heart failure, 
coronary artery disease, valvular heart disease, history of 
angioplasty, stroke.

•• Presence of upper respiratory tract infections like tonsilli-
tis, middle ear infections, sinusitis, etc.

•• Severe uncontrolled hypertension, abdominal pathology 
like tumors, gastric ulcers, and liver disease.

•• Diabetes mellitus.
•• Smoking and exposure to biomass fuel smoke.

Inclusion criteria followed in the selection of the subjects:

•• Diagnosed with clinical obstructive lung disease.
•• Not having any previously diagnosed cardiovascular dis-

ease, although hypertensives are included as raised blood 
pressure is just a risk factor for imminent cardiovascular 
diseases.

As they arrived in the pulmonary function testing depart-
ment they were made to relax for 10 minutes before begin-
ning the test to reduce their anxiety and exertion. It was 
confirmed that they did not had any heavy meal and did not 
take any bronchodilator inhalation before arriving in the 
department. After taking their informed written consent 
and explaining them about the technique in the language 
understandable by them, their resting blood pressure was 
measured using a standard mercury sphygmomanome-
ter in sitting position. Three readings with 5-minute gap 
were recorded and the average reading was considered. 
Chest auscultation was done to rule out any cardiovascular 
pathology. The pulmonary function tests were performed 
using the Spiroexcel software. The guidelines followed in 
this study were in line with Joint Indian Chest Society—
National College of Chest Physicians (India) guidelines for 
spirometry.14 They were asked to take a deep inspiration in 
sitting position and exhale forcibly into the mouthpiece by 
closing their nostrils and sealing the mouth with their hand. 
Three readings were taken from each patient and the best 
out of them was selected and print was obtained. Required 
precautions were taken to use the sterilized mouthpieces 
for each patient. After performing the spirometry tests the 
patients were asked to lie supine on the couch for 5 min-
utes. Blood pressure cuffs were tied at both brachial and 
ankle sites, echocardiography was recorded from Lead II 
and the data were fed into the software provided by the 
Diabetes Risk Profiler, to calculate pulse wave velocity 
between carotid and femoral points (cf-PWV). The subjects 
were later divided into three groups based on the global 
initiative for chronic obstructive lung disease (GOLD) cri-
teria, as all the 30 subjects included were diagnosed and 
being treated with obstructive lung disease both by the 
physician and confirmed by the spirometry results. The 
lower limit of normal was considered during the classifi-
cation of the women into the groups.15 The modified GOLD 
criteria as used by few authors were used in our study.1 
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GOLD 3 or 4 included patients with FEV1 predicted value 
<50%, GOLD 2 with >50% to <80%, and GOLD 1 with >80% 
predicted value. No patients were found with GOLD 0 crite-
ria, that is, presence of only respiratory symptoms without 
lung function abnormality. Various lung function parame-
ters like FVC, FEV1, peak expiratory flow rate (PEFR), ratio 
of FEV1/FVC, fraction of FEV (forced expiratory flow [FEF] 
25–75) were measured. For the analysis, the percentage of 
predicted value of a particular parameter was only used.

Results
Six women were present in the group with GOLD 1 criteria, 
14 in GOLD 2 group, 10 in GOLD 3 or 4 group. Our results 
indicate the presence of increased pulse wave velocity and 
rise of diastolic blood pressure (DBP). The mean systolic 
blood pressure (SBP) and DBP were calculated in the GOLD 
criteria groups. The mean SBP did not show much difference 
across the groups. DBP was found to be significantly differ-
ent between GOLD 3 or 4 group with 100.4 ± 17.2 mm Hg 
and GOLD 2 group with 89 ± 11 mm Hg (p = 0.04), and 
with GOLD 1 group with 89 ± 4 mm Hg (►Table 1). A sig-
nificant difference in the diastolic blood pressure is the 
novel finding in our study in contrast to previous studies 
which reported SBP difference. When the means of the PP 

and mean arterial pressure (MAP) were calculated, it was 
found that mean difference in PP between the GOLD 1 and 
GOLD 3 or 4 groups and between GOLD 2 and 3 or 4 groups 
was highly significant (p < 0.0001) which suggests that PP 
is a better index for severity in lung function as found out 
by previous studies.3 However, such significant difference 
in means was not observed in MAPs but MAP remained 
high in the third group (►Table  2). The mean body mass 
index (BMI) did not affect the lung functions in these 
women (►Table  3). When the cf-PWV were estimated, 
women with the severe obstruction in GOLD 3 or 4 group 
showed mean cf-PWV (cm/s) as 1,395.97 ± 235.65, fol-
lowed by 1,263.92 ± 178.09 cm/s in GOLD 2 group and 
1,113.08 ± 133.89 cm/s in GOLD 1 group. These differ-
ences in the cf-PWV were significant across the groups  
(►Tables 3, 4).

The means with standard deviations were calculated for 
the three groups for various parameters like percentage of 
predicted values for forced vital capacity (%FVC pred), forced 
expiratory volume in first second (%pred FEV1), ratio of FEV1 to 
FVC (%pred FEV1/FVC), peak expiratory flow rate (%pred PEFR), 
fraction of FEV between 25 and 75% volumes (%pred FEF 
25–75). All the means were significantly different between the 
groups (►Tables 5, 6). A negative correlation between cf-PWV 
and %pred FEV1 values was observed in the group with GOLD 

Table 1   Means and SD values of blood pressure in various groups

Group SBP (mm Hg)
(mean ± SD)

DBP (mm Hg)
(mean ± SD)

Pulse pressure (mm Hg) 
(mean ± SD)

Mean arterial pressure (mm Hg) 
(mean ± SD)

GOLD 1 135 ± 8 89 ± 4 46 ± 4 104.3 ± 5.3

GOLD 2 137.9 ± 18 89 ± 11 48.93 ± 7 105.31 ± 13.3

GOLD 3 or 4 132 ± 19 100.4 ±17 31.66 ± 1.8 110.95 ± 17.8

Abbreviations: DBP, diastolic blood pressure; GOLD, global initiative for chronic obstructive lung disease; SBP, systolic blood pressure; SD, standard 
deviation.

Table 2   Significance levels between the means of blood pressures compared amongst the GOLD criteria

Group SBP (mm Hg) DBP (mm Hg) Pulse pressure (mm Hg) Mean arterial pressure (mm Hg)

GOLD 3 or 4 and 
GOLD 2

p = 0.2282
not significant

p = 0.0432
significant

p < 0.0001
significant

p = 0.2051
not significant

GOLD 3 or 4 and 
GOLD 1

p = 0.3375
not significant

p = 0.0362
significant

p < 0.0001
significant

p = 0.1468
not significant

Abbreviations: DBP, diastolic blood pressure; GOLD, global initiative for chronic obstructive lung disease; SBP, systolic blood pressure.

Table 3   Means and SD values of BMI and cf-PWV in various 
groups

Group BMI (kg/m–2)
(mean ± SD)

cf-PWV (cm/s)
(mean ± SD)

GOLD 1 30.36 ± 3.23 1113.08 ± 133.89

GOLD 2 27.34 ± 4.01 1263.92 ± 178.09

GOLD 3 or 4 26.62 ± 4.23 1395.97 ± 235.65

Abbreviations: BMI, body mass index; cf-PWV, carotid to femoral pulse 
wave velocity; GOLD, global initiative for chronic obstructive lung 
disease; SD, standard deviation.

Table 4   Significance levels between the means between BMI 
and cf-PWV compared amongst the GOLD criteria

Group BMI (kg/m2) cf-PWV (cm/s)

GOLD 3 or 4 and 
GOLD 2

p = 0.3397
not significant

p = 0.0780
not quite significant

GOLD 3 or 4 and 
GOLD 1

p = 0.0349
significant

p = 0.0091
very significant

Abbreviations: BMI, body mass index; cf-PWV, carotid to femoral pulse 
wave velocity; GOLD, global initiative for chronic obstructive lung 
disease.
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3 or 4 criteria with linear regression analysis (r = 0.7610). This 
correlation was found significant (p = 0.01; ►Fig. 1). Similar cor-
relation was observed in the group with GOLD 2 criteria. The 
correlation coefficient r = 0.5603 was considered significant  
(p = 0.03). Also, in this group with GOLD 2 criteria, a significant 

correlation was also found between the cf-PWV and %pred 
FVC values. However, in the group with GOLD 1 criteria, 
there was no significant correlation between cf-PWV and 
any of the parameters with r = 0.69 which is not significant  
(p = 0.12).

Table 5   Means and SD values of various pulmonary function test parameters amongst the three groups with GOLD criteria

Parameter 
recorded from 
pulmonary 
function test

%FVC pred
(mean ± SD)

%FEV1 pred
(mean ± SD)

%FEV1/FVC pred
(mean ± SD)

%PEFR pred
(mean ± SD)

%FEF 25–75 pred
(mean ± SD)

GOLD 1 86.72 ± 20.8 93.88 ± 17.7 114.46 ± 8.79 77.09 ± 18.4 92.82 ± 23.84

GOLD 2 65.86 ± 9.13 65.18 ± 16.10 103.96 ± 21 55.24 ± 17.61 53.16 ± 28.1

GOLD 3 or 4 53.04 ± 22 28.69 ± 17.8 65.89 ± 41 33.59 ± 13 34.05 ± 18.81

Abbreviations: FEF, forced expiratory flow; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, global initiative for chronic 
obstructive lung disease; PEFR, peak expiratory flow rate; SD, standard deviation.

Table 6   Significance levels between the means of various pulmonary function test parameters compared amongst the GOLD 
criteria

Parameter 
recorded from 
pulmonary 
function test

%FVC pred %FEV1 pred %FEV1/FVC pred %PEFR pred %FEF 25–75 pred

GOLD 3 or 4 and 
GOLD 2

p = 0.0550
not significant

p < 0.0001
extremely  
significant

p = 0.0195
significant

p = 0.0023
significant

p = 0.0592
not significant

GOLD 3 or 4 and 
GOLD 1

p = 0.0053
significant

p < 0.0001
extremely  
significant

p = 0.0048
significant

p = 0.0010
significant

p = 0.0009
significant

Abbreviations: FEF, forced expiratory flow; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, global initiative for chronic 
obstructive lung disease; PEFR, peak expiratory flow rate.

Fig. 1  Linear regression analysis between the %pred FEV1 values and corresponding cf-PWV values in GOLD 3 or 4 group with severe obstruc-
tive lung function. cf-PWV, carotid to femoral pulse wave velocity; FEV1, forced expiratory volume in 1 second; GOLD, global initiative for 
chronic obstructive lung disease.
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Discussion
Women in their postmenopausal period are prone to many 
metabolic and organ dysfunctions. Dyslipidemia, hyper-
tension, obesity, cardiovascular diseases are few of these 
dysfunctions. In the present study, postmenopausal women 
are recruited to study the interrelation of the dysfunctions 
between lung and cardiovascular diseases. In women with 
hypertension and known obstructive lung impairment, 
it has been studied how much strong the association is 
between the intensity of the lung disease and the cardio-
vascular risk indicators, hypertension and cf-PWV in this 
study. All the subjects were found to have obstructive lung 
disease and have been classified using GOLD criteria. Also, 
they were on standard medication for hypertension and 
COPD. The drugs being used for the COPD, theophylline, and 
salbutamol have their own effects on cardiovascular status. 
Theophylline is relatively safe drug in COPD with no side-ef-
fects and hence, its effect as a confounding factor was not 
studied.16 Salbutamol has been reported to effect the car-
diovascular system by producing tachycardia, arrhythmias, 
heart failure, and other morbidities.17 However, in the pres-
ent study group, no side-effects which could be ascribed 
to salbutamol usage and present a confounding effect on 
the findings were observed. Observed changes in cf-PWV 
and blood pressure suggest that they are more likely inde-
pendent of salbutamol effect. Difference in SBP across the 
groups was not statistically significant contrary to the 
previous studies.12 DBP which is an indicator of increased 
damage to the heart has been strongly associated with 
impaired lung functions. The increase in the DBP could be 
due to concomitant arteriosclerosis in these hypertensive 
women or may be somehow induced by hypoxic stimuli to 
brain causing sympathetic activation.18 This raises a ques-
tion whether the lung pathology is older than the hyperten-
sion and may be due to chronic obstruction and consequent 
hypoxia, the sympathetic activation led to hypertension. 
The hypertensive women have been on medication, but the 
diastolic pressures are kept raised probably due to ongoing 
hypoxic stimulus as the lung disease is not addressed. The 
pulse wave velocity, which is an important indicator of arte-
rial stiffness was found to be positively associated with the 
severity of the obstructive lung pathology. The group with 
most severe obstruction (GOLD 3 or 4) was found to have 
cf-PWV values around 1,395.97 ± 235.65 cm/s compared 
with GOLD 1 group having around 1,113.08 ± 133.89 cm/s. 
This means, approximately 30% reduction in the predict-
ed value of FEV1 in the severe obstruction group led to 
roughly 25% increase in the velocity, which is ascribed to 
arterial stiffness, especially the central large vessels (as it 
is measured between carotid–femoral vessels) which are 
comprised of elastic tissue. We suppose that the obstruc-
tive lung disease must have begun quite earlier in the life in 
these women thus leading to chronic hypoxia, which must 
have gone neglected owing to their daily life demands. As 
most of them were daily wage workers (80%) physical work 
becomes a necessity for them for survival. The underlying 

lung pathology must have gone unnoticed or neglected even 
though intermittent bursts of hypoxia upon exacerbation of 
lung disease must have been experienced. The chronically 
present obstructive disease could have caused central sym-
pathetic activation through hypoxic stimulation of regula-
tory centers. Also, local inflammatory mediators must have 
been produced in the lung increasing their levels gradually 
in the blood leading to slow endothelial injury and loss of 
elasticity of central large vessels.2 As the women now reach 
their postmenopausal period and are probably prone to 
altered lipid levels in the blood, they are under the heavy 
risk of developing cardiovascular mortality added by the 
elasticity changes in the vasculature.

Therefore, finding the association between the declined 
lung functions in women with hypertension necessitates 
that lung function tests must be initiated at a very ear-
ly stage in all groups of people coming to the hospital as a 
routine screening test to rule out any underlying obstructive 
or restrictive pathology. Our study strongly recommends 
that this should be made a routine practice in all hospitals. 
Imbalance in the synchronized functioning between heart 
and lung leads to pathology. Therefore, it is also very much 
required to assess the cardiorespiratory physiological param-
eters like respiratory sinus arrhythmia, heart rate variability, 
etc. in such women diagnosed with either obstructive or 
restrictive lung diseases. These tests will also aide in the 
assessment of severity of the current disease and the future 
risks associated. Many studies done previously trying to find 
an association between lung impairment and cardiovascular 
diseases proposed a common process where inflammation 
plays a key role. Inflammatory mediators like IKL-6, TNF α, 
fibrinogen, etc. were elevated in people with such scenario.2,5 
Hence, we suppose that the pathogenesis of this “lung-heart” 
or “lung-vessel” disease may be indirectly associated with 
hypoxia-induced damage to the system which further needs 
investigation. The strengths of the present study are to find 
out a significant positive association between obstructive 
lung function tests and the cf-PWV which is a measure of 
arterial stiffness. Also, diastolic blood pressure and PP were 
found to be associated with severity of obstruction. Other 
factors like BMI, age were not significantly associated with 
the lung function impairment. The limitations of the pres-
ent study are lack of data regarding hormonal status in the 
postmenopausal women, oxygen levels in the peripheral 
blood, and the estimation of biomarkers. These tests could 
not be performed in these women as they are out of scope of 
the study objectives.
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