
Obstructive sleep apnea syndrome (OSAS) is determined as recur-
rent episodes of partial or complete upper airway obstruction dur-
ing sleep. It is one of the leading causes of poor quality of life and
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Acute Effect of Apnea and
Hypopnea Attacks on Blood Pressure

During Sleep

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: The present study aimed to investigate whether or not apneic and hypopneic
attacks can cause acute blood pressure changes. MMaatteerriiaall  aanndd  MMeetthhooddss:: 82 patients with symptoms of
obstructive sleep apnea were included in the study. A full overnight polysomnography was performed
in the sleep laboratory. At the same time, 24-hour ambulatory blood pressure was monitored in all pa-
tients. Total apnea and hypopnea attacks between 23.00 and 07.00 hours were counted for each hour.
All blood pressure levels were recorded and then compared for each sleep hour. Assessment was made
as to whether or not immediate changes in apnea and hypopnea attacks affected the blood pressure.
RReessuullttss:: The mean systolic blood pressure was 128.90±3.293 of the patients. The mean diastolic blood
pressure was 77.29±0.98 mmHg. The mean heart rate was 72.68±0.77. The mean apnea hypopnea
index (AHI) was 31.4±3.78. Systolic blood pressure, diastolic blood pressure, heart rate and AHI were
recorded each hour independently and the mean values during the hours of sleep were compared sta-
tistically. The hourly changes of mean AHI (increase or decrease) did not correlate with the hourly
changes of mean systolic blood pressure, mean diastolic blood pressure or mean heart rates (p=0.012).
CCoonncclluussiioonn:: No acute changes between AHI and blood pressure were observed during the study.  

KKeeyy  WWoorrddss::  Sleep apnea, obstructive; hypertension; blood pressure monitoring, ambulatory

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada uyku esnasında oluşan apne ve hipopne ataklarının akut kan basıncı de-
ğişikliklerine yol açıp açmadığının tespiti amaçlanmıştır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmaya tıkayıcı
uyku apnesi semptomları ile Medicana Samsun Hastanesine başvuran 82 hasta dâhil edilmiştir. Tüm
hastalara anamnez ve fizik muayeneyi takiben uyku laboratuvarında tüm gece polisomografik uyku
testi ve 24 saatlik ambulatuar kan basıncı ölçümü yapılmıştır. Gece 23.00 ile sabah 07.00 saatleri
arasındaki total apne ve hipopne atakları saatlik olarak ölçülmüştür. Eş zamanlı saatlik kan basınç-
ları da kaydedilmiş ve her saat için kıyaslanmıştır. Böylelikle saatlik apne ve hipopne sayılarının de-
ğişiminin kan basıncı değişimine yol açıp açmadığı araştırılmıştır. BBuullgguullaarr::  Çalışmaya katılan
hastaların ortalama sistolik kan basıncı 128,90±3,293, ortalama diastolik kan basıncı ise 77,29±0,98
mmHg idi. Ortalama kalp hızı 72,68±0.77, ortalama apne hipopne indeksi ise (AHI) 31,4±3,78 ola-
rak tespit edildi. Sistolik kan basıncı, diastolik kan basıncı, kalp hızı ve AHI, her saat için bağımsız
olarak ölçüldü. Ölçülen bu değerlerde saatlik sistolik ve diastolik tansiyon ortalamaları, saatlik AHI
ile kıyaslanmıştır. Çalışmada saatlik apne ve hipopne ataklarının değişiminin (artış veya azalış) kan
basıncı değişimleri ile ilişkili olmadığı saptanmıştır (p=0,012). Aynı zamanda apne ve hipopneye
bağlı kan basınçlarında değişim saptanmamıştır. SSoonnuuçç:: Çalışmada AHI değişimi neticesinde oluşan
akut kan basıncı değişimi saptanmamıştır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Uyku apnesi, tıkayıcı; hipertansiyon; kan basıncı izlemi, ambulatuar  
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affects 15-24% of middle-aged males and 9-26% of
middle-aged females.1,2 The disease can cause day-
time sleepiness or fatigue, dry mouth, sore throat,
headaches in the morning, trouble concentrating,
forgetfulness, depression, irritability, restlessness
during sleep, sexual dysfunction, snoring, sudden
awakenings with a sensation of gasping or choking
and difficulty getting up in the mornings. It is also
known to have interactions with many diseases
such as cardiovascular diseases, respiratory diseases
and OSAS.3

In healthy individuals, sleep is associated with
a reduction of systolic and diastolic blood pressure
of approximately 10-15%. Especially in non-REM
sleep, blood pressure is lower than in REM sleep.
Sleep-related low blood pressure levels are impor-
tant for cardiovascular health. It has been shown
that night-time overall blood pressure is the  best
predictor of cardiovascular mortality.4 OSAS is also
known to be a major risk factor for hypertension
(HT), cardiovascular events, atherosclerosis. There
have been many studies which have proved the re-
lationship between OSAS and HT. OSAS triggers a
cascade of adverse effects, including sympathetic
activity, systemic inflammation, and metabolic
dysregulation, which raise blood pressure.5-7 Ac-
cording to the Seventh Joint National Committee,
OSAS is the secondary cause of HT.8 Hypertension
affects 25-30 % of the adult population. Of patients
with hypertension, 30% have OSA, and 45-68% of
OSA patients have hypertension.9-11 The impact of
OSAS on hypertension is higher for diastolic hy-
pertension in younger individuals, than for systolic
hypertension in the elderly.12 Continuous positive
airway pressure (CPAP) has been used to treat
OSAS and CPAP masks are able to decrease blood
pressure by 1.5-10 mmHg.13

The present study aimed to investigate
whether or not apnea and hypopnea attacks can
cause acute (hourly) blood pressure changes.  

MATERIAL AND METHODS

Approval for the study was granted by Ondokuz
Mayıs University Ethics Committee. This retro-
spective study comprised 150 patients with symp-

toms of OSAS who were referred to Samsun Med-
icana Hospital for OSA between January 2013 and
September 2013 years. The patients all underwent
a detailed otolaryngology and pulmonary disease
examination and were questioned about daytime
sleepiness using the Epworth Sleepiness Scale
(ESS). Patients with basic hypertension, diabetes
mellitus or any other systemic disease were ex-
cluded from the study. 

A full overnight polysomnography was per-
formed in the sleep laboratory with a 50-channel
Grass Technologies Comet PSG unit (Warwick,
USA). At the same time, 24-hour ambulatory blood
pressure was monitored in all patients using a
Schiller BR-102 Plus Ambulatory Blood Pressure
Holter System (Baar, Switzerland). 

While sleeping, oxyhemoglobin saturation,
thoraco-abdominal movements (respiratory ef-
fort), electroencephalograms, electrocardiographic
status, position of the patient and loudness of snor-
ing were monitored. Apnea was defined as a ces-
sation in airflow of at least 10 seconds, and
hypopnea was defined as a decrease in the ampli-
tude of the respiratory signal by at least 50% for a
minimum of 10 seconds followed either by a de-
crease in oxygen saturation of 4% or signs of phys-
iological arousal.

Blood pressure measurements were made
every 15 minutes over 24 hours. The following
clinical parameters were assessed: systolic blood
pressure, diastolic blood pressure, mean blood pres-
sure and heart rate. 

The criteria of OSAS (apnea hypopnea index
(AHI) <%5) were not met by 50 of the 150 patients,
so they were not included in the study. A further
18 patients were excluded as they were unable to
sleep long enough to provide sufficient data. There-
fore, final evaluation was made of 82 patients with
apnea hypopnea index AHI >15 or AHI >5 with
any of the following; unintentional sleep episodes
during wakefulness; daytime sleepiness; unrefresh-
ing sleep; fatigue; insomnia; waking up breath
holding; gasping or choking; or the bed partner de-
scribing loud snoring, or breathing interruptions.14

Total apnea and hypopnea attacks were counted for



each hour while sleeping. Blood pressure levels
were recorded (systolic and diastolic) and hourly
mean blood pressure levels were calculated. To rule
out personal blood pressure differences a calcula-
tion method was used. The mean systolic and dias-
tolic blood pressure levels were calculated for 24
hours.  

The method that has been used to eradicate
the differences which would occur between the
blood pressure values of individuals is as follows.
The mean systolic and diastolic blood pressures
were calculated for all patients over a 24-hour pe-
riod. Then each 1 mmHg increase or decrease in
the hourly mean pressures was added to or sub-
tracted from these values. For example, if the mean
24-hour blood pressure was 126/67, this was ac-
cepted as 100/100. If there was a value of 120/70
during sleep, this value would be taken as 94/103
during calculation. To eradicate inter-personal dif-
ferences due to apnea hypopnea, a special method
was used. The apnea hypopnea index value during
night-time sleep was determined for the patients.
Then the total hourly apnea hypopnea values (total
number of hourly attacks) were calculated. The
percentage of the hourly value compared to the
mean value was used. For example, for a patient
with a night AHI value of 25 with a total apnea and
hypopnea value of 20 during 1 hour of sleep, a
value of 80 was used in the statistical calculation.
Then the apnea hypopnea values were compared
separately with the systolic and diastolic blood
pressure values.

The primary goal of the study was to deter-
mine any immediate association between blood
pressure and hourly apnea and hypopnea. SPSS
15.0 for Windows was used for statistical analysis.
Non-parametric correlations (Spearman’s rho test)
were made to determine any correlation between
apnea and hypopnea attacks and blood pressure
levels. A value of p<0.05 was accepted as statisti-
cally significant.

RESULTS

A total of 82 OSAS patients were included the
study, comprising 60 (73%) males and 22 (27%) fe-

males with a mean age of 51.95±1.89 years. The
mean height of the patients was measured as
168±1.426 cm, the mean weight was 89.22±2.468
kg and the mean Body Mass Index was calculated as
31.61±0.898. 

The mean systolic blood pressure was
128.90±3.293 mmHg. The mean diastolic blood
pressure was 77.29±.98 mmHg. The mean heart
rate was 72.68±.77. The mean AHI was 31.4±3.78
(Table 1).

According to the analysis, the hourly numbers
of apnea and hypopnea attacks (increase or de-
crease) did not correlate with the hourly changes of
mean systolic blood pressure (p=0.012), mean dias-
tolic blood pressure or mean heart rates (Figures 1
and 2).
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Variable Mean±SD Median (Min-Max)

Age (year) 51.95±1.89 52.50 (26-75)

Height (cm) 168±1.426 168 (150-192)

Weight (kg) 89.22±2.468 90 (52-120)

Body Mass Index (kg/m2) 31.61±0.898 30.51 (22.38-48.88)

The mean systolic blood 128.90±3.293 127 (83-183)

pressure (mmHg)

The mean diastolic blood 77.29±.98 77 (50-121)

pressure (mmHg)

The mean heart rate 72.68±.77 74 (58-102)

Mean AHI 31.4±3.78 25.3 (5.2-91.9)

TABLE 1: The mean and median values of parameters.

FIGURE 1: Mean apnea hypopnea index (AHI) and mean systolic blood pres-
sure (SYS) changes during sleep.

AHI: Apnea hypopnea index.

SYS

AHI
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In addition, all patients were examined indi-
vidually. Each patient’s hourly AHI values were
separately compared with the hourly systolic and
diastolic blood pressure values. Of the 82 patients,
the changes in 10 were found to be statistically sig-
nificant and no statistical significance was deter-
mined in the results of the other 72 patients.

In addition, the mean AHI values (for all
night) were compared with the mean blood pres-
sure values of the total 24-hour blood pressure re-
sults. In patients with high blood pressure values,
the AHI values were also determined to be higher
than normal (p<0.01).

DISCUSSION

Several studies have shown that OSAS is common
in both males and females.1,15,16 At least 60% of pa-
tients with OSAS have hypertension.15 There are
also many studies showing the relationship be-
tween hypertension and OSAS. Hypertension due
to  OSAS is usually resistant to antihypertensive
therapy. There are several meta-analyses that show
the relationship between OSAS and hypertension,
and there are studies which have shown a decrease
in blood pressure after CPAP treatment.17-21

The mechanisms of hypertension due to OSAS
have not yet been completely established. There are
several theories to define the relationship. First,
chemoreflex activation and increased sympathetic
activity response to hypoxemia and hypercapnia
which may result in increased peripheral vascular

tone. Second, hypoxemia may increase production
of various circulating vasoconstrictors that increase
blood pressure. Third, endothelin-1 (a potent and
long-acting vasoconstrictor) hypersecretion due to
vasculopathy. Fourth, weight gain, which is a result
of OSAS.15 All these mechanisms may cause chronic
changes and hypertension, but their effect on acute
attacks is still debatable. There are several different
theories of acute pressure changes of OSAS; these
theories are upper airway conclusion and subse-
quent hypoxia, hypercapnia, large negative in-
trathoracic pressure swings and arousal from sleep,
which may increase peripheral sympathetic activity
and may result in acute blood pressure increases.4

All the patients included in the study had
OSAS. It has previously been established in several
multiple studies that OSAS patients have more se-
vere hypertension compared with healthy sub-
jects.16,17 However, the current study showed that
blood pressure levels have a correlation with AHI
even in OSAS patients. In other words, a strong
correlation with mean systolic and diastolic pres-
sure with AHI in OSAS patients was observed. This
data demonstrates that if AHI rises, blood pressure
also rises. 

The other question concerned acute rises of
blood pressures during sleep. In other words,
whether or not acute rises of apneic periods could
cause acute rises of blood pressure. There are few
studies that show acute blood pressure increases
following obstructive sleep apnea periods.22,23 Ac-
cording to the data of the current study, hourly
changes in AHI (increase or decrease) during sleep
did not result in immediate changes of blood pres-
sure. In other words, acute changes of AHI while
sleeping do not cause immediate blood pressure
changes. This data shows that blood pressure
changes in OSAS is a chronic process, which has
been proven with both systolic and diastolic blood
pressures.

CONCLUSION

OSAS is a major risk factor of hypertension and is
one of the leading causes of hypertension. In-
creased AHI in OSAS patients correlates with in-

FIGURE 2: Mean apnea hypopnea index (AHI) and mean diastolic blood
pressure (DIA) changes during sleep.

DIA

DIA

AHI

AHI



creases in blood pressure. However, acute changes
of apnea and hypopnea attacks do not result in
acute changes of blood pressure.
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