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Abstract
Objectives; Pulmonary hypertension (PH) is a common and well established complication of
chronic obstructive pulmonary disease (COPD). Its presence is associated with decreased
survival. This study was designed to investigate the PH frequency and its relations in hospitalized tobacco and biomass related COPD patients. Methods and Results; The study was
a retrospective review of inpatients with COPD defined as a history of tobacco or biomass
smoking, Pulmonary function tests (PFT) within stable status, an echocardiogram within stable
status. PH was defined as systolic pulmonary artery pressure (sPAP) >35 mmHg. Of the 694
individuals, 600 had suitable aspects for inclusion of study. All Females were biomass exposer
and males were tobacco smoker. The Prevalence of PH was found more frequent in females
than males. It was more prominent in moderate level COPD cases (56,2% and 37,5%,
P<0,002). Both groups had airflow limitation, hypercapnia and hypoxemia, but no differences
were found in terms of PaCO2 and PaO2. However, FEV1 % was lower in males than females
(p<0,005). On the other hand, FVC % was lower in the females compared with the males (p <
0.02). When analyzing the influence of PFT and demographic parameters on PH in separate
COPD level groups, the results a bit varied among the groups. Conclusion; Our study
demonstrated that PH frequency is higher in female COPD cases due to biomass smoke than
in male COPD cases due to tobacco smoke. The influence of FVC % on the risk of a person
having PH increased with increasing COPD level.
Key words: COPD; Pulmonary Hypertension; Environmental pollutants; Smoking.

Introduction
Chronic obstructive pulmonary disease (COPD)
is a major cause of chronic morbidity and mortality
throughout world. It is the fourth leading cause of
death in the world and further increases its prevalence and mortality can be predicted in the coming
decades (1, 2). Pulmonary hypertension (PH) is a
common and well established complication of COPD
(3). Its presence is associated with decreased survival

(4, 5). In industrialized countries, tobacco smoking
(TS) is responsible for more than 80 % of the incidence
of COPD (6). COPD is also observed in rural areas of
developing countries, affecting predominantly
non-smoking women with exposure to biomass
smoke (BS) during cooking. Biological fuels that
produce heat are called biomass. It is predicted that
half of the world population and more than 90 % of
http://www.medsci.org
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the rural population in developing countries uses
biological fuels (7). Approximately 3 billion people
worldwide are exposed to smoke from biomass fuel
compared with 1.01 billion people who smoke tobacco, suggesting that exposure to BS might be the most
important global risk factor for COPD. However, to
date whether or not different between biomass exposed women and smoker men the prevalence of PH
was not examined. Therefore this study was designed
to investigate the PH frequency of hospitalized COPD
patients with the PFT parameters, demographic aspects, smoking status, and history of use of biomass.

Materials and Methods
Subjects were chosen from the patients hospitalized in the ward of the Pulmonary Department of
University Hospital. The department gives service to
both economically deprived and developed population. The study was approved by the local ethics
committee. A retrospective review was conducted on
COPD patients who had undergone echocardiographic investigation for evaluation of pulmonary
hypertension between the years of 2000 and 2010. The
subjects consisted of females and males who required
hospitalization in the department of pulmonary department due to COPD during the period. All patients
were considered clinically stable. Patients with conditions including left heart failure, pulmonary embolus,
lung cancer, sleep apnea, obesity (BMI > 35) and exposed to both of tobacco and biomass smoke were
excluded. Cumulative exposure of biomass smoke
was expressed as hour-years (h-yr), the product of the
number of years cooking with biomass fire multiplied
by the average number of hours spent daily in the
traditional underground oven. Cumulative tobacco
smoking was expressed as pack/years. Diagnosis of
COPD was performed by assessment of functional
criteria of chronic and irreversible airflow obstruction
(forced expiratory volume in one second
(FEV1)/(forced vital capacity) < 70 %, FEV1 < 80 %
predicted) and without asthma as assessed by clinical
history and response to bronchodilators (change, 12%
in FEV1 following 400 μg of inhaled salbutamol).
Pulmonary Function Tests: Post-bronchodilator
spirometry was performed with a flow sensitive spirometer (Vitalograph, Vitalograph ALPHA, Maids
Moreton, Buckingham, UK), which meets to the European Respiratory Society and American Thoracic
Society standards. At least three reproducible maximal expiratory efforts starting from complete inspiration were obtained; the best FEV1 was used to calculate FEV1 as percent predicted. FVC and FEV1 were
expressed as percentage of predicted (FVC %, FEV1
%).
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Echocardiographic measurement: Echocardiography was performed by the same cardiologist (7
years of experience) using a Vivid 3 instrument
(General Electric, US) and by utilizing a 2 MHz probe.
The gradient between the right ventricular peak systolic pressure and right atrium pressure was measured by Doppler echocardiography at rest in cases
with tricuspid insufficiency. The modified Bernoulli
equation was used to calculate pulmonary artery
pressure (PAP) pressure: PAP = 4 × (tricuspid systolic
jet). The estimated systolic PAP (sPAP) was obtained
by adding the right atrium mean pressure. Right atrial
pressure is estimated to be 5 mm-Hg when the diameter of inferior vena cava (IVC) is less than 1.7 cm and
a 50 % decrease in the diameter with inspiration, 10
mm-Hg when IVC is more than 1.7 cm and with
normal inspiratory collapse (≥50 %), and 15 mm-Hg
when IVC is more than 1.7 cm and inspiratory collapse is less than 50 % (8). When sPAP is more than 35
mm-Hg, the presence of PH is established accordingly
the newly recommendations of the Working Group
on Diagnosis and Assessment of Pulmonary Arterial
Hypertension in the 4th World Symposium on Pulmonary Hypertension (9).
Statistical analysis: Patients were compared according to exposure using a t test for independent
groups for normally distributed variables or a
Mann-Whitney test or Chi-squared test (for qualitative variables). The Kolmogorov–Smirnov test was
used to assess normality. Results are presented as
mean ± standard deviation (SD), and frequency expressed as a percent. A multiple logistic regression
analysis was used to identify factors independently
associated PH in COPD. Multiple logistic regressions
were performed with the dependent variable of the
presence versus the absence of PH and age, gender,
PaCO2, PaO2, FEV1 %, FVC % independent variables.
Associations were expressed as odds ratios (OR) with
95 % confidence intervals (CI). To analyze whether
risk factors for PH differ with COPD severity multiple
logistic regressions were performed for moderate,
severe and very severe COPD groups separately. A
“p” value of < 0.05 was considered as statistically
significant.

Results
Initially, 694 patients were reviewed the retrospective data analysis by our service. Of this number,
94 were excluded due to comorbidities such as obesity
(14), sleep apnea (10), bronchiectasis (18), left heart
failure (15) tobacco and biomass smoke exposure (21),
and incomplete documentation (16). The remaining
600 patients, all with COPD with varying degrees of
severity were accepted for our study and evaluated.
http://www.medsci.org
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Patients were 336 (56 %) males, and 264 (44 %) females. Males were tobacco smokers and females biomass smoke exposures. All patients were the residence of same city. The mean cumulative exposure
was 233 ± 101 h-yr for the biomass group and 51 ± 32
pack-years for smokers.
Table 1 shows the general characteristics of the
patients. Presence of PH was more frequent in females
than males. It was more prominent in moderate
COPD cases (56,2 % and 37,5 %, P < 0,002) (Figure 1).
However there was no difference between the frequency of PH in severe and in very severe COPD
cases. Both groups had airflow limitation, hypercapnia and hypoxemia, but no differences were found in
terms of PaCO2 and PaO2. However, FEV1 % was
lower in males than females (p<0,005). On the other
hand, FVC % was significantly lower in the BS group
compared with the TS group (p < 0.02). Mean age of
females was found to be higher than males (69 + 10, 65
+ 10 p=0,001).
The results of according to stages of COPD were
investigated. In study there weren't patient with mild
COPD. Moderate COPD cases included 96 males and
66 females, totally 162. Males had higher levels of FVC
% and FEV1 % than females (p=0, 01). Females had
more higher level of PaO2 than males (42+11, 45+7

p=0,01). PH was more frequent in females than males
(63,6%, 37,5% p=0,005) (Table 2). Severe COPD cases
included 156 males and 150 females, totally 306. Females had higher levels of FVC % and FEV1 % than
males (p =0,000, p=0,000). The level of PaO2 was
higher in females than males (p=0,007). The frequency
of PH was not different between males and females
(Table 3). Very severe COPD cases included 84 males
and 48 females, totally 132. Males had higher levels of
FVC % and FEV1 % than females (p=0,004, p=0,000).
The level of PaO2 was lower in females than males
(p=0,002). The frequency of PH was not different between males and females (Table 4).
To analyze whether risk factors for PH differ
with COPD level, multiple logistic regressions were
performed for each COPD severity group separately.
The influence of FVC % on the risk of a person having
PH increased with increasing COPD level. Variables
except age were significant in the development of PH
in patients with moderate COPD. Blood gas parameters of PaCO2 and PaO2 were significant in the development of PH in patients with severe COPD. FVC
%, FEV1 % and sex variables were significant in the
development of PH in patients with very severe
COPD (Table 5).

Table 1. Baseline characteristics of patients with chronic obstructive pulmonary disease.
All

Tobacco Group

Biomass Group

n

600

336

264

Age

67±10

65+10

69+10

Biomass smoke, h-yr

p
0,001

233 ± 101

Tobacco smoke, pack-years

51± 32

Spirometric GOLD classification

0,03

Stage II, moderate, %

27

28,6

25

Stage III, severe, %

51

48,4

56,8

Stage IV, very severe, %

22

25

18,2

FEV1, % predicted (L/s)

41±14

40+15

42+13

0,005

FVC, % predicted(L)

55±17

56+15

55+19

0,02

PaO2, mm Hg

44±10

44+8

44+11

>0,05

PaCO2, mm Hg

50±10

49+11

50+9

>0,05

50

59,1

0,03

PH frequency %

Table 2. Baseline characteristics of patients with moderate COPD cases.
Tobacco Group

Biomass Group

n

96

66

p

Age

70+10

68+3

>0,05

FEV1, % (L/s)

61+9(1,41+0,47)

58+7 (1,10+0,28)

0,01

FVC, % (L)

78+16 (2,26+0,76)

71+9 (1,62+0,32)

0,003

PaO2, mm Hg

42±11

45 ± 7

0,01

PaCO2, mm Hg

51± 7

47±9

>0,05

PH frequency, %

37,5

56,2

0,002

http://www.medsci.org
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Figure 1. Frequency (%) of PH in Different COPD levels in BS and TS groups.

Table 3. Baseline characteristics of patients with severe COPD cases.
Tobacco Group

Biomass Group

p

n

156

150

Age

64±12

69±9

0,001

FEV1, % (L/s)

35±4 (1,04±0,24)

43±5 (0,91±0,17)

0,001

FVC, % (L)

51±9 (1,90±0,42)

57±7 (1,46±0,26)

0,001

PaO2, mm Hg

43 ± 10

45 ± 8

>0,05

PaCO2, mm Hg

47 ± 12

52 ± 9

0,001

PH frequency, %

53,8

60

>0,05

p

Table 4. Baseline characteristics of patients with very severe COPD cases.
Tobacco Group

Biomass Group

n

84

48

Age

64±11

68±14

>0,05

FEV1, % (L/s)

25 ± 8 (0,69±0,23)

20±4(0,50±0,13)

0,001

FVC, % (L)

37±5 (1,27 ± 0,29)

33 ± 7 (0,90±0,21)

0,004

PaO2, mm Hg

48 ±10

40±9

0,002

PaCO2, mm Hg

51±12

51±9

>0,05

PH frequency, %

57,1

62,5

>0,05

Table 5. Risk Factors Associated of PH in patients with different COPD stages.
Stage II, moderate

p

Stage III, severe

p

Stage IV, very severe

p

FEV1, % (L/s)

1,53 (1,29- 1,83)

0,000

1,06(,99-1,12)

0,05

1,20(1,05-1,36)

0,005

FVC, % (L)

0,85 (0,77-0,94)

0,001

0,98(0,95-1,02)

0,4

1,12(1,05-1,19)

0,000

PaO2, mm Hg

0,89 (0,79-0,99)

0,04

1,04(1,01-1,07)

0,001

1,031(,98-1,07)

0,1

PaCO2, mm Hg

1,07 (1,01- 1,13)

0,02

1,02(1,00-1,05)

0,02

1,02 (0,97-1,07)

0,2

Age

0,92(0,84-1,00)

0,06

1,02(0,99-1,04)

0,07

0,96 (0,93-1,00)

0,07

sex

29 (6-128)

0,000

0,71 (0,36-1,34)

0,3

7 (2-24)

0,002
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Discussion
To our knowledge, this is the first study compares frequency of PH in the subjects exposed to biomass and tobacco smoke, and describes the possible
causes of PH in these patients groups. In the present
study, the most relevant findings were that patients
exposed to BS had more frequent PH presence and
less FVC %, whereas TS group had less frequent PH
presence and FEV1 %. Finally, biomass smoke exposed group had more frequent PH especially in the
moderate level COPD cases.
BS is composed of a relatively equal mixture of
gases and particles and can penetrate deeply into the
lung, producing a variety of morphologic and biochemical changes (10, 11). A recent meta-analysis,
which reviewed risk of COPD from exposure to BS,
concluded that BS exposure is a clear risk factor for
COPD (12). It has reported that BS related COPD
cases’ clinical characteristics, quality of life, and mortality rate were similar in degree to that of tobacco
smokers (13). To date, the frequency of PH was not
compared in these risk groups. In the current study,
we found that the biomass related COPD cases had
more frequent PH than cigarette smoking related
COPD cases.
The relationship between BS exposure, and PH
and cor pulmonale (CP) has long been established
(14-16). An autopsy study conducted in females with
CP with ages ranging from 20 to 60 years in Delhi,
India. It reported that those females with CP had biomass smoke exposure history. They concluded that
PH and CP development might have a correlation
with biomass smoke exposure (14). A Mexican study
reported a clinical picture with a chronic pulmonary
disease and a significantly high PH that they have
observed frequently among women exposed to wood
smoke (17). An autopsy study compared the COPD
cases caused by BS exposure and tobacco smoking. It
reported that vascular changes were prominent in
both groups, but were more severe in the biomass
smoke exposed group which could explain why PH
and CP in women exposed to biomass smoke is
common and high (18). Also we previously reported
that prevalence of PH was higher among BS exposed
females than non-exposed females in a healthy cohort
(48 % vs 12 %, p<0.05). The Odds Ratio (OR) for PH
development with BS exposure was established as 6
(p<0.001) (19).
Independent predictors of PH were found in
moderate level, severe level, and very severe level
COPD cases as follow; gender, FEV1 %, FVC %, PaO2,
PaCO2 , and PaO2, PaCO2 and gender, FEV1%, FVC
% respectively. Some previous studies examining the
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relationship between spirometry and PH reported
similar results (20-22). However some studies reported weak or no associations between FEV1 and
sPAP (23, 24). Sandoval et al reported a correlation
between pulmonary artery pressure (PAP) and PaO2
in wood smoke exposed women, but there was not
any correlation regarding other factors such as FEV1
%, FVC %, and PaCO2 (17). Sim et al. found that a
correlation between sPAP and FEV1 %, FVC %, higher
PaCO2 and lower PaO2 (25). A study investigated the
relation between PH and inflammation in COPD, and
found that PaO2 and C-reactive protein were independent variables for PH in COPD cases (26). This
mismatch results may be due to the differences in the
severity of COPD between cohorts. Our finding that
sex had highest value of OR for PH in moderate and
very severe COPD cases. It poses that biomass smoke
has a greater risk for PH in women. Also it can suggest a predisposition to PH in females. It is reported
that age is an independent predictor of PH in COPD
(20). It is suggest that this increasing may be relating
to decreasing of FEV1 % and FVC %. In our study,
however, age was not an independent factor in any
COPD level although prevalence of PH was increased
accordingly COPD level. This finding is a bit different
from previous studies.
The pathophysiology of the development of PH
in COPD is poorly understood and is likely multifactorial. The central stimulus to these processes remains
chronic exposure of airways to noxious stimuli like
tobacco and biomass smoke. Hypoxia has been classically considered to be the major pathogenic mechanism of pulmonary hypertension in COPD (21, 27).
Chronic hypoxia induces predominant medial hypertrophy and is associated with complete reversal of
pulmonary hypertension a few weeks after return to
sea level (28, 29). Pathologic studies of lung specimens
from patients with COPD have shown all vessel wall
layers to be involved extensive pulmonary vascular
remodeling with prominent intimal thickening, medial hypertrophy, and muscularization of small arterioles (30). Also pulmonary vascular remodeling has
been observed in lung specimens from patients with
mild to- moderate COPD without chronic hypoxemia
and in smokers with normal lung function (31, 32).
These very early histopathologic findings suggest that
the morphologic changes in the pulmonary arteries
are initiated by the toxic effects of tobacco and biomass smoke and progress in parallel with the parenchymal changes of COPD (33). There are new advances about of pathogenesis of pulmonary hypertension in COPD supporting an endothelium-derived
vasoconstrictor-dilator imbalance, mainly from a decreased endothelial nitric oxide expression, increased
http://www.medsci.org
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vascular endothelial growth factor and serotonin
transporter expressions (32, 34-36).
The exact prevalence of PH in patients with
COPD is unclear. The routine investigation of PH is
difficult in all COPD patients due to request of right
heart catheterization. Estimates of the prevalence of
PH in patients with COPD vary widely. The literature
on the prevalence of PH in COPD is confounded by
several limiting factors. Studies were different each
other from definition of PH to study condition (ie rest,
exercise), severity of diseases and the methods used to
determine pulmonary pressures. The true prevalence
of PH in patients with mild or moderate COPD is not
known because of the absence of large-scale epidemiologic studies. Direct measurements of PAP obtained
at right-heart catheterization have been conducted
only in small series of patients with mostly severe
COPD. Most studies have reported a prevalence of
PH in COPD to be between 30 % and 70 % (27,37,38).
Severe PH is uncommon in COPD and typically is
associated with less severe respiratory function compromise (39). This “severe” PH is “disproportionate”
to the degree of airflow limitation. Patients with this
condition are important to identify because they may
be expected to have significant clinical compromise
from the PH.
A recent small cohort reported that the frequencies of PH in mild, moderate, severe, and very severe
COPD were 16.67 %, 54.55 %, 60.00 %, and 83.33 %,
respectively (40). In another study, the frequency of
PH was also found to be 25 %, 43 %, and 68 % in mild,
moderate, and severe COPD, respectively (22). We
found that frequencies of PH were 44 %, 56 % and 59
%, in moderate, severe, and very severe COPD, respectively. We also observed different frequency of
PH between the female and male moderate COPD
cases (56,2 % and 37,5 % p < 0,00) while not observed
in severe and high severe COPD cases (60 %, 53,8 %,
p>0,05, 62,5 % ,57,1 % p > 0,05). We concluded that
biomass smoke induced PH in females earlier than
tobacco smoker. In summary, our study demonstrated
that PH frequency is higher in female COPD cases due
to biomass smoke than in male COPD cases due to
Tobacco smoke, and this difference is prominent in
moderate COPD level. Also independent factors of
PH are varied among the groups according to COPD
level.
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