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ABSTRACT 

A periodic increase in blood pressure (BP) occurs during apneic episodes in patients 
with obstructive sleep apnea (OSA). Several factors including hypoxemia and an increase 
in heart rate (HR) were reported to be responsible for this increased BP. 

To examine the contribution of these two factors in increasing BP, 35 healthy male 
subjects (mean age±SD= 23.64±3.80) were studied in three experimental conditions, 
each condition for two minutes, including; breathing room air at rest (normoxic), 
breathing low 02 (10%) air (hypoxic), and exercising on an ergometer while breathing 
room air (exercise). During the last minutes of each condition, changes in mean BP 
(6rnBP), HR (Lili:R), and arterial 02 saturation (,65a02) were measured. 

The results showed that 6rnBP and Lili:R were significantly higher in both hypoxic and 
exercise conditions than normoxic condition (p<0 .00 1 for both cases). However, ,65a02 
was significantly lower in the hypoxic state compared to normoxic conditions. There was 
no significant difference in Lili:R between hypoxic and exercise groups, but both 6rnBP 
and ,65a02 were significantly lower in hypoxic than exercise conditions (p<0.005 and 
p< O. OOl for 6rnBP and ,65a02, respectively). There was a weak correlation between 
6rnBP and Lili:R in the hypoxic condition (r=0.3, p<0.05), but the correlation between 
6rnBP and Lili:R in the exercise condition was stronger (r=0.57, p< O. OOl). 

These results indicated that although hypoxemia contributes to increased BP 
during hypoxia, an increase in HR is a stronger mechanism for this phenomenon. 
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INTRODUCTION and may contribute to an excess of morbid cardiovascular 
events during sleep.3 

Acute and chronic elevations of blood pressure (BP) are 
documented in obstructive sleep apnea (OS A), and in some 
cases chronic hypertension has been reversed by treatment 
of apnea.l These post-apneic blood pressure elevations 
account for nocturnal hypertension in patients with OSN 
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Several mechanisms including arterial hypoxemia,4.5 
intrathoracic pressure changes,6 carbon dioxide retention 
and acidosis/ disruption of sleep architecture,8 and alteration 
of salt fluid balance9 have been reported to cause this 
increased blood pressure. 

Among these factors arterial hypoxemia has received 
more attention. Elevation of systolic blood pressure during 
apnea has been correlated to the degree of oxygen 
desaturation,1O and oxygen administration is reported to 
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Factors Influencing Blood Pressure During Hypoxia 

reduce the acute elevation of blood pressure during apnea. I I 

Hypoxia is known to increase postganglionic sympathetic 
activityI2 and combined hypoxia and hypercapnia (as seen 
in apnea) synergistically increase sympathetic nerve 
response. 13 However HR usually manifests a similar periodic 
behaviour, with dramatic increases in both BP and HR at 
about the resumption of respiration after each apnel.14 

Therefore, in the present study, the contribution of 
hypoxia and increased HR by breathing low oxygen air on 
one occasion and exercising on an ergometer while breathing 
room air on another occasion on blood pressure were 
examined in normal subjects. 

MA TERIALS AND METHODS 

Subjects 

Thirty-five male subjects with ages between 19 and 37 
years (mean ±SD= 23.64 ±3.80), body weight ranging from 
52.3 to 98.7 kg (mean±SD= 67.98±1O.87), and height 
between I52and 187 cm (mean±SD= 172.34 ±8.02) served 
as subjects in this study. All subjects were non-smokers and 
had no history or symptoms of cardiovascular or respiratory 
disease (excluding the common cold) that required treatment. 
All experiments were carried out in the mid morning. The 
protocol was approved by the Ethical Committee of our 
institution and each subject gave informed consent. 

Protocols 

The experiments of this study were madeon each subject 
in four different conditions at 15 minute intervals and in 
random order. In three of the conditions (experimental 
conditions), subjects breathed through a mouthpiece 
connected to a three-way tube. Inspiratory and expiratory 
airflows were separated by two "one way" valves and­
expiratory air was conducted through a small spirometer 
(Haloscale Wright Respirom eter HS 23428, Ferraris Medical 
Limited, England). In one of these conditions, subjects 
breathed room air for 2 minutes (norm oxic condition). On 
another occasion they breathed through a large Douglas bag 
containing 10% 02 and 90% N2 untiISaOz reached 85%,and 
continued for another 2 minutes (hypoxic condition). In the 
third condition subjects breathed room air while exercising 
on an ergometer (Model 405 Tunturi, Finland) until the 
heart beat reached the same value as that obtained during 
hypoxic condition and continued for another 2 minutes 
(exercise condition). In another condition subjects breathed 
room air without a mouth piece (rest condition). 

Measurement 

During the last minutes of the experiments in each 
condition the following parameters were measured; arterial 
oxygen saturation (SaOz) and heartrate using a pulse oximeter 
(Model 504/504P, Criticare System Inc., USA), systolic, 
diastolic, and mean blood pressure using an automatic 
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Fig. 1. (a) Correlation between fuBP and ffiR in hypoxic 
condition: r=0.30, p<0.05. (b) Correlation between fuBP 
and ffiR in exercise condition: r=0.57, p<O.OOl. (c) 
Correlation between fuBP and MV in exercise condition: 

r=0.47, p <0.005. (n=35 for all three cases) 
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Table I. Values of minute ventilation (MV) and changes in arterial oxygen saturation (i'-SaO), heart rate (rnR), mean blood 
pressure (DnBp), systolic blood pressure (LsBP), and diastolic blood pressure (DriBP) during normoxia, hypoxia and 
exercise compared to those of resting conditions. 

Parameter Normoxia Hypoxia St. Dif. Exercise St. Dif. St. Dif. 
vsN vs N vs H 

.0sa02 -1.l4±0.73 -23.29 ±0.49 p <0.001 -1.14±0.32 NS P <0.001 
LRR 2.06 ±0.98 20.29±1.31 p <0.001 21.83±1.39 p <0.001 NS 
fuBP -2.10 ± 1.09 4.79±1.23 p <0.001 1O.16±1.80 p <0.001 p <0.005 
&BP -3.86±1.31 7.40 ±1.69 P <0.001 13.14±2.l9 p <0.001 P <0.005 
D.dBP -0.34±1.43 2.17 ±1.31 NS 7.17 ±2.12 P =0.001 p <0.05 
MV 21.59 ±1.11 35.53 ±1.63 p <0.001 34.42±2.52 P <0.001 NS 

Values are presented as mean ±SEM. U111ts of MV, BP, HR, and Sa02 are L/min, mmHg, beats/min, and percent ofHbsaturation 
'with 02' respectively. St. Dif: statistical difference; N: normoxia; NS: nonsignificant. 

Table II. Correlations between fuBP and .0sa02, L:-HR, and MV during hypoxic and 
exercise conditions. 

Parameter &BP vs &BP vs .6.mBP vs 
,0saOz DHR MV 

Hypoxia Correlation -0.22 0.30 0.05 
p value NS p <0.05 NS 

Exercise Correlation -0.15 0.57 0.47 
p value NS p <0.001 P <0.005 

MV is minute ventilation and .0sa02, L:-HR, and fuBP are changes in arterial oxygen 
saturation, heart rate, and mean blood pressure relative to those of resting conditions. 

sphygmomanometer (Model AOS-lO, Roland, Gennany), 
and minute ventilation (MY) using a spirometer. 

Data analysis 

Minute ventilation measured during the last minute of 
three experimental conditions and the differences in Sa02, 
HR, and BP between the last minute of experimental 
conditions and those of rest were calculated and expressed 
as mean ±SEM. The data of three experimental conditions 
were compared with each other using paired "t" test. Linear 
regression analysis between data was perfonned by the least 
square method. Significance was accepted at p<0.05. 

RESULTS 

Oxygen saturation 

The L2sa02 in hypoxic condition (-23.29 ±0.49) was 
significantly lower than those of nonnoxic (-1.14±0.73) 
and exercise (-1.14 ±0.32) conditions (p<O.OO I for both 
cases). However, there was no significant difference in 
DsaO between exercise and nonnoxic conditions (Table 2 
I). 
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Heart rate 

The .6HR in both hypoxic (20.29 ± 1.31) and exercise 
(21.83 :::!: 1.39) conditions was significantly higher than that 
of normoxic condition (2.06 ±0.98) (p<0.00 1 for both cases). 
However, .6HR was not significantly different between 
hypoxic and exercise conditions (Table I). 

Minute ventilation 

The MV in both hypoxic (35.53 ± 1.63) and exercise 
(34.42 ±2.52) conditions Wfu, significantly higher than that 
of nomlOxic condition (21.59±1.I1) (p<0.001 for both 
cases). However, MV was not significantly different between 
hypoxic and exercise conditions (Table I). 

Blood pressure 

The changes in both systolic and mean blood pressure in 
hypoxic and exercise conditions were significantly higher 
than that of nonnoxic condition (p<O.OOI for all cases), but 
ruBP was higher than nonnoxic condition only in the 
exercise condition (p=O.OOI). ThefuBP,&BP, and L::dBP 
were also significantly higher in exercise than those of 
hypoxic condition (p<O.005 for .0rnBP and &BP and p 
<0.05 for ruBP) (Table I). 
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Factors Influencing Blood Pressure During Hypoxia 

Reiationshp between .0rnBP and other parameters 

There was a weak but significant relationship between 
.6JnBP and 6HR. (r=O.30,p<O.05) in the hypoxic condition. 
There were also significant relationships between �BP 
• md both 6HR (r=O.57,p<O.OOl )  andMV (r=0.47,p<O.005) 
in the exercise condition (Table II, Fig. 1). 

DISCUSSION 

The results of the present study have shown increased 
mean, systolic and diastolic blood pressures during hypoxia 
compared to normoxicconditions, while arterial 02 saturation 
was reduced during hypoxia (Table n. 

Many studies including those of V an Den Aardweg et al' 
on nonnal subjects,5 Fletcher etal. on rats, 15 and Iwase et al. 
on dogs4 showed that the main factor responsible for 
increased BP during hypoxia is reduction in Sa02. In fact, 
reduction of Sa02 stimulates the arterial chemoreceptor, 
and this results in increased systemic vascular resistancel6 
via sympathetic stimulation and elevation of plasma 
catecholamines.17 

According to the physiologic principle, another factor 
causing elevation of BP is increased HR leading to elevated 
cardiac output. We therefore compared the hypoxic condition 
with an exercise condition with a similar rise in HR. The 
data of the present study showed that dunng exercise the 
me.m BP was significantly elevated, while there was no 
reduction in 5a02. The heart rate and minute ventilation 
were also increased during both hypoxic and exercise 
conditions similarly. In addition, there was a weak but 
significant correlation between change in HR and mean BP 
during hypoxia and a stronger relationship during exercise 
condition (Table II). These results suggest that although the 
change in Sa02 might influence BP in OSA patients, it is not 
the only factor causing increased BP during hypoxia and 
under experimental conditions in the present study, and 
change in HR is a more powerful factor for elevated BP. 

Ringler et aP and Okabe et al.IS also demonstrated that 
In patients with OSA, arterial hypoxemia is not the main 
factor in increasing BP during apnea and other factors may 
play an important role in this phenomenon. Okabe et al.IS 
and Garpested etal.19 also demonstrated that the BP response 
to a ch,mge in 5a02 during awakening and in different 
stages of sleep are not similar, indicating that other factors 
contribute to BP change during apnea in patients with OSA. 
In fact, GuilIeminanauIt et al.14 showed a coincidence of 
increase in HR and BP in patients with OSA. Van Den 
Aardweg et al.5also showed an increased HRin mostof their 
subjects during hypoxia, although there was some variation 
between subjects in this regard. 

Although the present study was performed in nonnal 
subjects and there may be some differences in the 
cardiocirculatory response to hypoxia between nonnal 
subjects and patients with OSA. Van Den Aardweg et aU 
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showed that in nonnal subjects, repetiti ve apnea accompanied 
with hypoxia can cause an elevation of BP. Iwase and co­
workers4 also showed that a reduction in SaO in anesthetized 

• • 

2 
dogs due to repetItlve airway obstruction caused arise in BP . 

It might be thought that the airway obstruction itself 
during apnea in OSA patients influences thecardiocirculatory 
response during h y poxia. However, Iwase et aI.4 
demonstrated that airway occlusion without a reduction in 
Sa02 (administering pure 02 during airway occlusion) did 
not lead to an elevation of BP, while hypoxic exposure 
without airway occlusion caused a rise in BP, confinning 
that airway occlusion during hypoxia does not influerice the 
cardiocirculatory r esponse. The data of the present study 
also indicated that both hypoxia and exercise, in the absence 
of airway obstruction, caused increased blood pressure. 

Another possible factor influencing the change of BP in 
patients with 05A during hypoxia is a specific response 
related to sleep in these patients. The study of Ok abe et al.IS 
showed that elevation of BP in response to intermittent 
hypoxia while awake is less than during apneic episodes 
while asleep. Garpested et al.19 also demonstrated that sleep 
stage alters the hemodynamic response to obstructive apnea 
during sleep. However the studies of Iwase et al.4, Obbe et 
al.IS, and Garpested et al.19 did not assess the contribution of 
change in HR on elevation of BP during hypoxia. 

The changes in s ystolic, diastolic and mean BP in the 
present study were also significantly higher during exercise 
that hypoxic conditions, while the change in HR was similar. 
The cause of this discrepancy is perhaps as follows: during 
hypoxia, increased HR and perhaps chemoreceptor 
stimulation and the autonomic nervous system tend to 
elevate BP. On the other hand, the local vascular effect of 
hypoxia is inhibitory and tends to reduce BP by vasodilation 

20 
However, because the hypoxic vascular effect is detected 
only in severe hypoxia, the hypoxia produced in the present 
study may have been insufficient to induce a significant 
local vascular effect. During exercise, however, the absence 
of hypoxia and local vascular effect leads to a greater 
elevation of BP than hypoxic conditions. 

Previous reports have shown a link between the 
ventilatory response and the hemodynamic response to 
hypoxia.18.21 The present study also showed a similar link 
during both hypoxia and exercise (Tables I and II) which 
suggests that ventilatory and hemodynamic responses to 
hypoxia are at least partially modulated by common 
mechanisms, perh aps via stimulation of periphera l  
chemoreceptors. 

The results of our study also indicated that change in 
negative �lItrathoracic pressure leading to increased left 
ventricular transmural pressure, respiratory acidosis, arousal  
from sleep and interruption of ventilation do not contribute 
in the hemodynamic response to hypoxia which is in 
agreement with a previous report.4 

In conclusion, the results of the present study indicated 
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that under experimental conditions, increased HR affects 
the elevation of BP during hypoxia, and changes in negative 
intrathoracic pressure, respiatory acidosis, arousal from 
sleep and interruption of ventilation do not contribute to this 
phenomenon, although there may be some differences 
between normal subjects and patients with OSA regarding 
the effect of a change in Sa02 and HR on BP. 
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