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Background/Aims: Many systems including the cardiovascular system (ischemic 
heart diseases, heart failure, and hypertension) may act as comorbidities that can 
be seen during the course of chronic obstructive pulmonary disease (COPD). Co-
morbidities affect the severity and prognosis of COPD negatively. Nearly 25% of 
patients with COPD die due to cardiovascular diseases. In this study, we aimed 
to evaluate the relationship between the blood pressure, inflammation, hypoxia, 
hypercapnia, and the severity of airway obstruction.
Methods: We included 75 COPD patients in the study with 45 control cases. We 
evaluated age, sex, body mass index, smoking history, C-reactive protein levels, 
24-hour ambulatory blood pressure Holter monitoring, arterial blood gas, and 
respiratory function tests of the patient and the control groups. 
Results: In COPD patients, the night time systolic, diastolic blood pressures 
and pulse per minute and the mean blood pressures readings were significant-
ly elevated compared to the control group (p < 0.05). In the correlation analysis, 
night time systolic pressure was associated with all the parameters except forced 
expiratory volume in 1 second (FEV1%). Diastolic blood pressure was associated 
with pH and HCO3 levels. The mean night time, day time pulse pressures and 24-
hour pulse per minute values were also associated with all the parameters except 
FEV1%. 
Conclusions: In this study we found that parameters of systolic and diastolic 
blood pressures and pulse pressures were significantly elevated in COPD patients 
compared to the control groups. Blood pressure was associated blood gas param-
eters and inflammation parameters in COPD patients. This, in turn, may cause 
understanding of the pathophysiology of COPD and its complications.

Keywords: Blood pressure; Pulmonary disease, chronic obstructive; Hypoxia; In-
flammation

Association between blood pressure, inflammation 
and spirometry parameters in chronic obstructive 
pulmonary disease  
Sulhattin Arslan1, Gürsel Yildiz2, Levent Özdemir3, Erdal Kaysoydu1, and Bülent Özdemir4

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a lung 
disease characterized by chronic obstruction of lung air-
flow that interferes with normal breathing and is not 

fully reversible. The most common symptoms of COPD 
are breathlessness, or a ‘need for air,’ excessive spu-
tum production, and a chronic cough. However, there 
is a tendency to accept the conclusion that COPD can 
no longer be considered as a disease affecting only the 
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lungs. Increasing evidence supports the presence of a 
systemic inflammatory component which is thought to 
provide the link between COPD and the comorbidities 
commonly associated with this disease. These include 
cardiovascular disorders, skeletal muscle dysfunction, 
diabetes, and osteoporosis [1].

It is estimated that 64 million people suffered COPD 
worldwide in 2004. Systemic inflammation has a par-
ticular role in COPD pathogenesis. This inflammation 
is parallel to the deterioration of pulmonary functions 
secondary to chronic airway inflammation. Circulatory 
proinflammatory cytokines, C-reactive protein (CRP) as 
a derivative of these cytokines are important markers of 
systemic inflammation [2,3]. COPD affects various do-
mains of lung structure and function, leading to airflow 
limitation.

COPD is a preventable and treatable disease charac-
terized by airflow limitation that is not fully reversible. 
The airflow limitation is usually progressive and is asso-
ciated with an abnormal inflammatory response of the 
lungs to noxious particles or gases, primarily caused by 
cigarette smoking. Although COPD affects the lungs, 
it also produces significant systemic consequences. 
COPD affects not only the lungs but other systems of 
the body as well causing different pathologies. Many 
systems including the cardiovascular system (ischemic 
heart diseases, heart failure, and hypertension) may act 
as comorbidities that can be seen during the course of 
COPD. Comorbidities affect the severity and prognosis 
of COPD negatively. Nearly 25% of patients with COPD 
die due to cardiovascular diseases [4,5].

Cardiovascular disease is a significant cause of mortal-
ity in COPD, and the concepts of an inflammatory link 
raise the possibility that treatment for one organ may 
show benefits to comorbidities in other organs. When 
considering treatment of COPD and its comorbidities, 
one approach is to target the pulmonary inflammation 
and hence reduce any ‘overspill’ effect of inflammatory 
mediators systemically as suggested by the response to 
inhaled corticosteroids. Alternatively, treatment target-
ed towards comorbid organs may alter features of pul-
monary disease as statins, angiotensin converting en-
zyme inhibitors and peroxisome proliferator activated 
receptor agonists may have beneficial effects on COPD 
by reducing exacerbations and mortality [6].

There is a high prevalence of common risk factors in 

the COPD/coronary artery disease patient population 
including smoking, sedentary lifestyle, and low socio-
economic status. However, various studies have shown 
that airflow limitation is an independent risk factor for 
cardiovascular diseases. Chronic low grade systemic in-
flammation, oxidative stress and increased platelet acti-
vation have been widely reported as being pathophysio-
logical links between COPD and atherosclerosis. Statins 
and inhaled corticosteroids have been investigated as 
potential therapeutic interventions in COPD that may 
lower cardiovascular risk [7].

We aimed to evaluate the relationship between the 
blood pressure and inflammation, hypoxia, hypercap-
nia, and the severity of airway obstruction

METHODS

Participants
Seventy-five COPD patients who were diagnosed on 
the basis of the GOLD (Global Initiative for Chronic 
Obstructive Lung Disease) criteria. Forty-five healthy 
volunteers without any chronic disease were included 
in the control group. There was no difference between 
study and control group in terms of age and sex. Age, 
sex, body mass index (BMI), smoking history, CRP lev-
els, 24-hour ambulatory blood pressure monitoring, 
arterial blood gas and respiratory function tests of the 
patient, and the control groups were recorded. We ex-
cluded the cases that had hypertension, angina pectoris, 
medical history of myocardial infarction, ST-T changes 
suggesting ischemic heart diseases, left bundle branch 
block pattern in electrocardiography, arrhythmias, cur-
rent smokers, morbid obesity (BMI > 30 kg/m2), renal 
disease, hyperthermia, and infection from the study.

Laboratory analysis
Blood samples were withdrawn for biochemical param-
eters (Beckman Coulter Inc., Indianapolis, IN, USA) and 
CRP (image brand name device, with nephelometric 
method). For arterial blood gas analyses, the patients 
ventilated room air for 30 minutes with fraction of in-
spired oxygen (FiO2) 21%; 2 mL of blood was withdrawn 
from the radial artery with injector washed with hepa-
rin. The analyzer for blood gases was used for the pa-
tient and control group. If oxygen saturation (SO2) was 
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< 90; it was defined as desaturated blood. The forced ex-
piratory volume in 1 second (FEV1) is a measure of how 
much air can be exhaled in one second following a deep 
inhalation. FEV1 value is an important part of classifica-
tion COPD and monitoring progression of the condi-
tion. Respiratory function tests were done via dry type 
spirometry (VMax 20C, SensorMedics, Yorba Linda, CA, 
USA). The association between FEV1% and ambulatory 
blood pressure was evaluated.

Ambulatory blood pressure monitoring
In all cases, ambulatory blood pressure measurements 
were done via a device with brand name of Mobil-O-
Graph (Mobil-O-Graph I.E.M GmbH, Stolberg, Germa-
ny). The measurements were evaluated as day time (6:00 
AM to 9:59 PM) and night time (10:00 PM to 5:59 AM) 
with measurements done in every 30 minutes.

Statistical analysis
The statistical analyses were done via using SPSS ver-
sion 19.0 (IBM Co., Armonk, NY, USA). Student t test 
and Mann-Whitney U test, chi-square tests, and Pearson 
correlation analysis were used for statistical analyses. A 
p value < 0.05 assumed to be statistically significant. The 
data were given as means, median, standard deviation, 
case number, and percentage (%).

Etics
The study was approved by the Cumhuriyet University 
Ethics Committee in Sivas, Turkey (2010-01/43). All par-
ticipants were informed about the study and their in-
formed consent was obtained. The study adhered to the 
tenets of the Declaration of Helsinki.

RESULTS

We enrolled 75 patients with COPD and 45 control cases 
into the study. The mean age of the study and the con-
trol groups were 63.8 ± 7.4 and 62.2 ± 10.2, respectively 
(p > 0.05). In Table 1, the blood pressure values of the 
two groups are given. In COPD patients, the night time 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and pulse per minute, and the mean blood pres-
sures readings were significantly elevated compared to 
the control group. Of the six variables only three were 

statistically significant: day time SBP, night time SBP, 
total DBP (Table 2). 

In Table 2, the association of blood pressure param-
eters with FEV1%, pH, partial pressure carbon dioxide 
(PCO2), partial pressure oxygen (PO2), SO2, bicarbonate 
(HCO3), and CRP levels with correlation analyses are 
given. In the correlation analysis, night time SBP was 
associated with all the parameters except FEV1%. DBP 
was associated with pH and HCO3 levels parameters of 
blood gases. The mean night time, day time pulse pres-
sures, and 24-hour pulse per minute values were also as-

Table 1. Demographic, inflammatory, and hemodynamic 
properties in the study groups

Parameter COPD (n = 75)
Control 
(n = 45)

p value 

Sex, male/female 25/50 19/26 0.48a

Age, yr 63.8 ± 7.4 62.2 ± 10.2 0.34b

Body mass index, 
kg/m2

27.2 ± 6.1 27.7 ± 4.0 0.63b

CRP 21.4 ± 14.5 5.4 ± 2.5 0.001b

Day time SBP, 
mmHg

119.7 ± 13.2 117.8 ± 7.0 0.36b

Night time SBP, 
mmHg

117.4 ± 13.6 105.0 ± 6.1 0.001b

Total SBP, mmHg 116.9 ± 17.0 113.6 ± 7.6 0.23b

Day time DBP, 
mmHg

73.3 ± 8.2 72.5 ± 7.3 0.60b

Night time DBP, 
mmHg

71.9 ± 9.7 68.1 ± 7.0 0.03b

Total DBP, mmHg 72.5 ± 7.9 71.0 ± 5.6 0.30b

Day time pulse 
pressure, mmHg

47.8 ± 9.8 42.4 ± 6.5 0.001b

Night time pulse 
pressure, mmHg

48.6 ± 10.5 41.6 ± 7.0 0.001b

Total pulse pres-
sure, mmHg

47.9 ± 9.3 42.1 ± 6.3 0.001b

Total mean pulse 88.3 ± 14.3 75.2 ± 11.1 0.001b

Day time pulse 89.6 ± 13.8 78.3 ± 12.0 0.001b

Night time pulse 86.7 ± 16.3 70.2 ± 10.5 0.001b

Values are presented as mean ± SD.
COPD, chronic obstructive pulmonary disease; CRP, C-re-
active protein; SBP, systolic blood pressure; DBP, diastolic 
blood pressure. 
aChi-square test. 
bStudent t test.
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Table 2. The correlations of blood pressure variability parameters with blood gas and inflammation parameters and spirome-
try parameters

Parameter
SBP DBP Pulse Pulse pressure

Day time Night 24 hr Day time Night 24 hr Day time Night 24 hr Day time Night 24 hr
FEV1%

r –0.05 0.03 –0.10 –0.13 0.01 –0.11 0.02 –0.02 0.03 0.07 –0.00 0.03
p value 0.69 0.81 0.39 0.26 0.92 0.35 0.89 0.87 0.82 0.57 0.99 0.77

pH
r 0.08 0.46a 0.11 0.05 0.20b 0.10 0.39a 0.49a 0.44a 0.28a 0.34a 0.32a

p value 0.37 0.001 0.23 0.60 0.03 0.30 0.001 0.001 0.001 0.001 0.001 0.001
PCO2

r 0.12 0.45a 0.13 0.04 0.16 0.08 0.36a 0.46a 0.40a 0.33a 0.36a 0.36a

p value 0.18 0.001 0.15 0.66 0.07 0.38 0.001 0.001 0.001 0.001 0.001 0.001
PO2

r 0.04 0.42a 0.03 –0.03 0.13 0.02 0.36a 0.46a 0.41a 0.27a 0.36a 0.31a

p value 0.67 0.001 0.76 0.74 0.16 0.87 0.001 0.001 0.001 0.001 0.001 0.001
SO2

r 0.07 0.45a 0.09 0.02 0.18 0.07 0.38a 0.48a 0.43a 0.29a 0.35a 0.32a

p value 0.47 0.001 0.34 0.81 0.05 0.46 0.001 0.001 0.001 0.001 0.001 0.001
HCO3

r 0.09 0.46a 0.10 0.04 0.19b 0.09 0.35a 0.48a 0.41a 0.31a 0.36a 0.34a

p value 0.33 0.001 0.29 0.68 0.04 0.34 0.001 0.001 0.001 0.001 0.001 0.001
CRP

r 0.10 0.35a 0.11 –0.01 0.13 0.07 0.22b 0.32a 0.27a 0.21b 0.21b 0.23b

p value 0.26 0.001 0.23 0.90 0.17 0.47 0.02 0.001 0.001 0.02 0.02 0.01

SBP, systolic blood pressure; DBP, diastolic blood pressure; FEV1, forced expiratory volume in 1 second; PCO2, partial pressure 
carbon dioxide; PO2, partial pressure oxygen; SO2, oxygen saturation; HCO3, bicarbonate; CRP, C-reactive protein.
aCorrelation is significant at the 0.01 level (2-tailed), Pearson correlation analysis.
bCorrelation is significant at the 0.05 level (2-tailed). 

Table 3. Blood pressure parameters according to degree of airway obstruction

Parameter Moderate COPD (n = 4) Severe COPD (n = 21) Very severe COPD (n = 50) p value

Day time SBP, mmHg 129.5 ± 11.6 117.5 ± 12.5 119.9 ± 13.6 0.25
Night time SBP, mmHg 132.8 ± 4.9 113.8 ± 12.2 117.6 ± 13.8 0.03a

Total SBP, mmHg 127.3 ± 4.6 111.5 ± 24.5 118.3 ± 13.0 0.17
Day time DBP, mmHg 74.0 ± 12.0 71.1 ± 7.9 74.1 ± 8.1 0.26
Night time DBP, mmHg 79.8 ± 2.2 68.7 ± 8.8 72.6 ± 10.1 0.06
Total DBP, mmHg 73.5 ± 3.0 70.2 ± 7.8 73.3 ± 8.1 0.32
Day time pulse pressure, mmHg 85.5 ± 10.3 90.9 ± 17.4 89.4 ± 12.5 0.84
Night time pulse pressure, mmHg 84.0 ± 13.4 87.9 ± 21.4 86.5 ± 14.1 0.91
Total pulse pressure, mmHg 84.8 ± 11.6 90.0 ± 18.2 87.9 ± 12.8 0.92
Total mean pulse 53.8 ± 4.6 48.2 ± 8.3 47.3 ± 10.0 0.29
Day time pulse 54.3 ± 4.4 47.9 ± 8.8 47.2 ± 10.5 0.26
Night-time pulse 53.1 ± 6.1 50.9 ± 11.8 47.3 ± 10.1 0.42

Values are presented as mean ± SD.
COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; DBP, diastolic blood pressure.
aStatistically significant. 
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sociated with all the parameters except FEV1%.
In Table 3, the means of blood pressure parameters 

according to the degree of airway obstruction were giv-
en. We had no patients in mild COPD group (Stage 1). 
Only the night time SBP was statistically different in 
terms of blood pressure parameters among the groups.

DISCUSSION

In our study, we excluded the cases with hypertension, 
heart disease, renal disease, and patients with obesity. 
In the ambulatory blood pressure monitoring measure-
ments, we objected to find the difference in changes in 
the daily rhythm of SBP and DBP and the causative fac-
tors. Though the study cases were normotensives their 
mean blood pressures and pulse pressures and per min-
ute pulse rates were significantly higher compared to 
the control group. 

COPD patients show a high prevalence of cardiovas-
cular disease, higher than expected given their age and 
the coexistence of classic cardiovascular risk factors [8]. 
Several studies have demonstrated associations between 
COPD and abnormalities of systemic vascular dysfunc-
tion [9,10]. This is a very complex interaction. Patients 
with COPD are subject to intermittent hypoxia (for ex-
ample with exercise, or during exacerbations), and at a 
later stage of the disease, sustained hypoxia. Hypoxia 
has profound effects on the cardiovascular system. This 
is also an area of particular relevance in obstructive sleep 
apnea, a condition with intermittent hypoxia, which is, 
associated with increased risk of hypertension, type 2 
diabetes, angina and myocardial infarction, stroke and 
fatal cardiovascular events [11]. In a study by Cui et al. 
[12], the reported prevalence of CVD in COPD patients 
was 51.7%. The three most prevalent cardiovascular dis-
eases were ischemic heart disease (28.9%), heart failure 
(19.6%), and arrhythmia (12.6%).

In cases with COPD late term hypoxia is a frequent-
ly encountered condition. Hypoxia causes an increase 
in pulse rate and SBP [13]. In COPD chronic hypoxia in 
turn causes hypertension. Hypertension is not only a 
well established cardiovascular risk factor but also in-
creases the risk of atherosclerosis. Both clinical and ex-
perimental data show that high blood pressure enhanc-
es the development of atherosclerosis [14,15]. Changes in 

endothelial function and morphology are also cardinal 
features of hypertension.

Chronic intermittent hypoxia can cause increased 
blood pressure and sympathetic activity in rats, and the 
effect was dependent on the degree of hypoxia and the 
time of exposure. The results suggested that chronic in-
termittent hypoxia induced higher blood pressure was 
associated with increased sympathetic activity [16]. In a 
study conducted by Yasuma and Hayano [17], heart rate, 
mean arterial pressure, respiratory rate, and tidal vol-
ume increased with progressive hypoxia.

Sleep has significant effects on respiration, even in 
healthy subjects. During sleep, chemoreceptor sensi-
tivity decreases, respiratory motor output, and muscle 
contraction diminish, ventilation/perfusion (V/Q) re-
lationships alter, and airflow resistance increases. The 
net effect of these changes is relative alveolar hypoven-
tilation, which is particularly pronounced in rapid eye 
movement sleep. While clinically unimportant in oth-
erwise healthy individuals, these changes can lead to 
significant nocturnal hypoxemia in patients with COPD 
[18]. This results hypercapnia and decreased O2 satura-
tion in the patients. The principal contributor to hypox-
emia in COPD patients is V/Q mismatch resulting from 
progressive airflow limitation and emphysematous de-
struction of the pulmonary capillary bed [19]. Wan et al. 
[16] stated that there increased sympathetic activity due 
to hypoxia in COPD patients. Nocturnal hypoxemia in 
COPD is common. Also we showed that the variables ex-
amined in the study affected the night time blood pres-
sure parameters [18]. In this study, the regression mod-
el revealed a strong association between hypoxia and 
COPD. We think that hypoxia has an important role in 
the factors that have an effect on blood pressure, pulse 
pressure, and pulse per minute.

In our study, there was a positive correlation between 
PO2 and SBP, pulse and pulse pressure in COPD group. 
SBP, pulse and pulse rate were also falling when hypox-
ia. Although this seems contradictory, may be explained 
by the early and late differentiation of the cardiovascular 
response to hypoxia. Cowburn et al. [20] reported in their 
study that an increase of 20 mmHg in SBP and DBP oc-
curred with increased ventilation and hypoxic pressure 
reflex in the first 10 to 15 minutes as a hypoxia response. 
Following this brief response, they reported a 12% de-
crease in systemic blood pressure. It reported that heart 
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rate increased in the first 13 minutes and decreased 53% 
after 120 minutes. Since the average of the parameters 
was evaluated in our study, these values   indicate a late 
term response. In the late period hypoxia and blood 
pressure parameters showed a positive correlation.

The relationship between COPD and cardiovascular 
disease were investigated in many studies. In a study 
conducted in Beijing hypertension prevalence were 
found to be 37.7% and 46.8% in male and female COPD 
patients respectively [12]. The study group had higher 
SBP and DBP, pulse pressures and pulse per minute 
compared to the control group.

Hypertension is not only a well established cardio-
vascular risk factor but also increases the risk of athero-
sclerosis. Clinical trials have shown that, in the high-
est quintile of DBP, even with the added risks of high 
cholesterol and smoking, hypertension still contributes 
significantly to risk for atherosclerosis [14,21]. Athero-
sclerosis is a disease that occurs due to lipid metabo-
lism disorders and accumulation of lipid particles in 
the vessel walls. It is also considered as an inflammatory 
disease [22]. Inflammation also has a role in the patho-
genesis of COPD. Fabbri and Rabe [23] has considered 
COPD as a chronic systemic inflammatory syndrome. A 
number of inflammatory markers have been shown to 
be elevated systemically in COPD including interleukin 
6 (IL-6), IL-8, tumor necrosis factor α, and fibrinogen 
[24-26]. Hypoxia has been shown to have a number of 
effects that influence atherogenesis, and it seems likely 
that these effects are multifactorial. These include in-
creased inflammation, oxidative stress, up regulation 
of cell surface adhesion molecules and hemodynamic 
stress [27-30].

Hartmann et al. [28] has shown that hypoxic and hy-
perbaric conditions cause significant increases in CRP 
levels. CRP is an acute phase protein synthesized pre-
dominantly by the hepatocytes in response to tissue 
damage or inflammation. It reflects the total systemic 
burden of inflammation of individuals [31]. The severity 
of COPD and CRP levels is associated with each other 
[32,33]. In vitro studies showed that CRP binds low den-
sity lipoprotein, very low density lipoprotein, and acti-
vates complement. Then macrophages stimulate tissue 
factor production and hence coagulation. Also, CRP 
stimulate expression of adhesion molecules intercellu-
lar adhesion molecule 1 (ICAM-1), vascular cell adhesion 

molecule 1 (VCAM-1) and E-selectin and increase mono-
cyte and lymphocyte infiltration. This also shows the as-
sociation CRP “a marker of vascular inflammation” and 
cardiovascular disease [34].

Jialal and Devaraj [35] stated in their study that 
high-sensitivity CRP is clearly a risk marker, and data 
are evolving to suggest that CRP also might be proath-
erogenic. In another study it was demonstrated that 
people with high CRP levels had impaired endothelial 
vasoreactivity [34].

The previous studies reported that CRP levels are el-
evated in patients with hypertension compared to the 
control groups [36]. De Haro et al. [37] reported that 
plasma levels of CRP are associated not only with the 
presence of atherosclerosis but also with its clinical se-
verity. Gan et al. [38] reported that active cigarette smok-
ing and poor FEV1% had an additive effect on systemic 
markers of inflammation. Individually, active smoking 
and reduced FEV1% were associated with 1.6 and 2.3 in-
creased odds of elevated CRP, respectively. For individ-
uals with both of these risk factors, the odds increased 
by 3.3-fold, indicating an additive response [38]. In this 
study, the cases with COPD had higher mean SBP and 
DBP compared to the control group. When blood pres-
sure parameters were evaluated according to the degree 
of COPD, statistical difference was found only in terms 
of night time SBP. In accordance with our work, Fan et 
al. [39] reported a statistically significant difference be-
tween the level of COPD and the SBP in their study.

We showed that an association exists between the CRP 
levels and blood and pulse pressure parameters. This is 
also consistent with the work of Wan et al. [16]. COPD 
is associated with significant cardiovascular mortali-
ty. There are studies that examine the relationship be-
tween FEV1% and cardiovascular disease. However, its 
relationship with change of blood pressure and pulse 
has not been studied much. Schunemann et al. [40] sug-
gest that FEV1% is a risk factor for all cause and ischemic 
heart disease mortality for a follow-up period of 29 years 
after adjustment for other risk factors. As a continuous 
variable, FEV1% was a significant predictor of ischemic 
heart disease mortality in both men and women. In this 
study, we did not find an association between FEV1% 
and the parameters of blood and pulse pressure.

Our study had limitations which must be taken into 
consideration. Regarding Table 1, persons who had nor-
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mal pulmonary function tests and arterial gas param-
eters were included in the control group. Since these 
values were not stored in our database and this com-
parison could not be made. The number of patients in 
the moderate group is not sufficient in our study (n = 4). 
This should be taken into consideration when assessing 
blood pressure parameters according to the degree of 
COPD.

As a result, we think that airflow limitation is inde-
pendent from the changes of blood and pulse pressure 
changes. COPD is not a disease that only affects the lungs 
but also other systems like cardiovascular system and 
can be nominated as a systemic inflammatory disease 
when causative factor and the complications are con-
sidered. In this study, we in COPD patients found that 
parameters of SBP and DBP and pulse pressures were 
significantly elevated compared to the control groups in 
COPD patients. This in turn may cause understanding 
of the pathophysiology of COPD and its complications. 
In this study, the regression model revealed association 
between day time SBP, night time SBP, total DBP, and 
COPD. We think that hypoxia and inflammation may 
have an important role in the factors that have an effect 
on blood pressure dynamics. Further multicenter clini-
cal trials, including a higher number of patients on this 
subject, which will evaluate the effect of hypoxia and in-
flammation on blood pressure parameters are needed.
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