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Study Objectives: The aim of the study is to verify a possible association between arterial blood pressure and obstructive sleep apnea (OSA) severity in a 
group of non-hypertensive patients.
Methods: This is a retrospective study of 1,171 consecutive patients referred to the sleep laboratory with complaints suggestive of OSA who underwent 
standard diagnostic polysomnography. In total, 454 patients with no history of arterial hypertension nor had received any such treatment were selected from 
this group.
Results: Patients with severe OSA (apnea-hypopnea index [AHI] ≥ 30 events/h) presented with higher diastolic blood pressure (DBP) in the morning than 
healthy subjects (AHI < 5 events/h) or those suffering from mild (15 < AHI ≥ 5 events/h) or moderate OSA (30 < AHI ≥ 15 events/h): 86.2 ± 11.3 versus 
79.2 ± 8.5, 80.3 ± 10.2 and 81.4 ± 9.6 mmHg, P < .01, respectively. In a linear regression model, a rise in morning DBP was predicted by AHI (ß = 0.14, 
P < .001) and body mass index (BMI) (ß = 0.22, P < .01), but not by age (ß = 0.01, P = .92), male sex (ß = −0.06, P = .19), or smoking (ß = 0.01, P = .86). In 
contrast, no association existed between morning systolic blood pressure (SBP) and AHI independently of BMI, sex, age, or smoking. High blood pressure 
(ie, SBP ≥ 140 mmHg or DBP ≥ 90 mmHg on each of three measurements on different occasions) was predicted by age of 42 years or older, BMI of at least 
29 kg/m2, and severe OSA.
Conclusions: High AHI, independent of obesity, age and sex, was associated with elevated DBP in the morning. Thus, elevated morning DBP may be one of 
the symptoms related to OSA that warrants specific diagnostics.
Commentary: A commentary on this article appears in this issue on page 861.
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recur-
rent episodes of asphyxia (apnea) or shallow breathing (hy-
popnea) during sleep, leading to intermittent hypoxemia and 
arousals. These episodes are responsible for the disruption of 
sleep structure and related symptoms (ie, excessive daytime 
sleepiness and unrefreshing sleep). The two most deleterious 
consequences of OSA are increased risk for traffic accidents 
because of excessive daytime sleepiness, and increased car-
diovascular risk, partly due to arterial hypertension (HT).1–3 
It is estimated that OSA affects from 2% to 4% of the middle-
aged population,4 although new data suggest mild to severe 
sleep-disordered breathing may affect up to 50% of men and 
23% of women.5

Both OSA and HT are comorbidities of obesity and are re-
lated to metabolic syndrome.6,7 In some patients, HT may be 
solely secondary to OSA. It is presumed that the arterial blood 
pressure (BP) is elevated by intermittent hypoxemia during the 
night, which activates the sympathetic system via peripheral 
and central chemoreceptors. This mechanism may underlie the 
resistance of HT to treatment.8
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During sleep, a trend toward lower BP, known as a “dipping” 
phenomenon, is observed. This dipping is characteristically at-
tenuated in patients with OSA (nondippers) and may inversely 
correlate with the severity of disease.9–11 The sequelae of obesity 
are difficult to separate from the effects of OSA on blood pres-
sure, given the association between the two.12 Male sex, obesity, 
and age are known risk factors for both cardiovascular diseases 
and OSA. The nondipping phenomenon may indicate that OSA 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Obesity and other 
interrelated comorbidities of obstructive sleep apnea (OSA) 
makes it difficult to reveal associations between clinical variables. 
Although OSA is known to influence blood pressure, this effect 
is rarely investigated independently of obesity, especially in 
non-hypertensive patients.
Study Impact: The effect on morning diastolic blood pressure 
of a 1 kg/m2 increment of body mass index seems to be similar 
to the effect of a 1 event/h increment of apnea-hypopnea index. 
Therefore, we suggest that elevated morning diastolic blood 
pressure may be one of the symptoms related to OSA that warrants 
specific diagnostics.
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affects BP directly. Lee and Jeong found that OSA was associ-
ated with increased diastolic blood pressure (DBP) but not sys-
tolic blood pressure (SBP), and this was only true in men.13

Therefore, the current study examines whether morning BP 
is related to the severity of OSA, independently of sex, obesity, 
and age, in a group of patients who underwent polysomnogra-
phy (PSG) due to presumptive diagnosis of OSA.

METHODS

Study Design and Subjects
The study group consisted of 1,171 consecutive patients of the 
Sleep and Respiratory Disorders Centre (880 men, 75.2%) who 
underwent PSG from the beginning of 2009 to the end of 2011. 
They were referred for suspected OSA, due to typical not mu-
tually exclusive complaints: snoring (78.6%), witnessed apneas 
(72.3%), excessive daytime sleepiness (32.7%), or unrefreshing 
sleep (83.3%). All patients gave their written informed con-
sent prior to PSG. This study was conducted in accordance 
with the Declaration of Helsinki and the study protocol was 
approved by the Ethics Committee of Medical University of 
Lodz (RNN/23/15/KE).

Patients who had been treated for or had a history of HT 
(n = 660), and those who slept fewer than 3 hours during PSG 
(n = 27) were excluded. A group of 454 subjects were therefore 
included in the analysis of association between BP and selected 
OSA variables.

Study Procedures
Patients were admitted to the sleep laboratory at 9:00 pm (± 
0.5 hour) and underwent physical examination (measurement 
of body mass, height, heart rate, and BP). A standard nocturnal 
PSG was performed. The following channels were recorded: 
electroencephalography (C4-A1, C3-A2), chin muscles and 
anterior tibialis electromyography, electrooculography, mea-
surements of oronasal air flow (a thermistor gauge), snoring, 
body position, respiratory movements of chest and abdomen 
(piezoelectric gauges), unipolar electrocardiogram, and he-
moglobin oxygen saturation (SaO2) (Sleep Lab, Jaeger-Viasys, 
Hoechberg, Germany). Sleep stages were scored according to 
the criteria based on the 30-second epoch standard.14,15 Apnea 
was attained with the reduction of airflow to less than 10% of 
the baseline for at least 10 seconds. Hypopnea was defined as 
at least 30% reduction of airflow for at least 10 seconds, ac-
companied by 4% or greater decrease in SaO2 or an arousal. 
Electroencephalography arousals were scored according to 
American Academy of Sleep Medicine guidelines.16

Measurement of Blood Pressure
BP was measured on three occasions: at the first ambulatory 
visit (by a consulting physician), in the evening before poly-
somnography, and in the morning afterward. The morning 
measurement was performed according to the operating pro-
cedure of our sleep clinic by a physician on duty (ie, within 15 
minutes of awakening). It was performed before detachment of 
the polysomnographic sensors and electrodes and thus, before 
ambulation. All BP measurements were performed once on the 

randomly chosen arm of a sitting patient with sphygmoma-
nometer (Riester, Jungingen, Germany).

Arbitrary Cutoffs
Standard cutoffs of OSA severity based on apnea-hypopnea 
index (AHI) were applied: no disease (< 5 events/h, no-OSA); 
mild (≥ 5 and < 15 events/h, mi-OSA); moderate (≥ 15 and < 30 
events/h, mo-OSA), and severe (≥ 30 events/h, se-OSA).

For the purpose of analysis, “high BP” was defined as 
SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg on all three mea-
surements: at the first ambulatory visit, on the night before 
PSG, and the morning afterward. “At least 15 pack years” was 
adopted as an arbitrary cutoff point for smoking.

Statistics
Different methods for hypotheses verification were used de-
pending on the type of variables. These included analysis of 
variance with post hoc Tukey test, Kruskal-Wallis test with 
post hoc multiple comparisons test, multivariate linear regres-
sion, and multivariate logistic regression.17 Linear regression 
models were adjusted to assess the influence of variables of 
interest on BP. An analysis of residuals was performed for each 
model to assess the validity of assumptions of normality, ho-
moscedasticity, and independence between observations (with 
the Durbin-Watson test). The tolerance indices were analyzed 
to check for possible multicollinearity.18 The linear regression 
results were reported as standardized ß parameter values with 
95% confidence intervals (95% CI) to present the size of ef-
fects.19 A logistic regression model was used for the high BP 
prediction analysis, and its results were shown as odds ratios 
(OR) with 95% CI.17 The best cutoff values for age and body 
mass index (BMI) were chosen based on receiver operating 
characteristic curves and the largest sum of sensitivity and 
specificity.20 Results were considered statistically significant 
when P < .05. STATISTICA 12 PL with Medical Pack (Stat-
soft, Tulsa, Oklahoma, United States) was used for all analyses.

RESULTS

Differences Between OSA Severity Groups
A higher proportion of men were found in the mo-OSA group 
(85.7%) or se-OSA group (92.9%) than those in the no-OSA 
group (63.6%, P < .05). A higher proportion of those in the 
se-OSA group than the no-OSA group were smokers, 59.8% 
versus 34.0%, respectively (P < .01).

The differences between the OSA severity groups with re-
gard to sex, age, BMI, and BP are summarized in Table 1.

Multivariate Linear Regression Models for 
Morning BP Prediction
In the linear regression model, a rise in the morning SBP was 
predicted by BMI (ß = 0.27, 95% CI 0.17–0.37, P < .001) and 
age (ß = 0.10, 95% CI 0.01–0.20, P < .05), but not AHI (ß = 0.07, 
95% CI −0.03 to 0.17, P = 0.18), male sex (ß = 0.02, 95% CI 
−0.08 to 0.11, P = 0.72), or smoking (ß = −0.08, 95% CI −0.17 to 
0.02, P = .10). This model accounted for 13% of the variability 
in the morning SBP (r2 = 0.13, P < .001).
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A rise in morning DBP was predicted by AHI (ß = 0.14, 
95% CI 0.04–0.25, P < .01) and BMI (ß = 0.14, 95% CI 0.12–
0.32, P < .01), but not by age (ß = 0.01, 95% CI −0.09 to 0.10, 
P = .92), male sex (ß = −0.06, 95% CI −0.16 to 0.03, P = .19), or 
smoking (ß = 0.01, 95% CI −0.08 to 0.10, P = .86). The model 
found a 1 event/h increment of AHI to have a similar effect to 
the 1 kg/m2 increment of BMI. This model explained 11% of 
the variability in the morning DBP (r2 = 0.11, P < .001). These 
results, and those concerning results on evening BP are sum-
marized in Table 2.

Logistic regression model for high BP prediction
High BP was predicted by an age of 42 years or older (OR 2.09, 
95% CI 1.19–3.65, P = .01), BMI of at least 29 kg/m2 (OR 1.98, 
95% CI 1.21–3.26, P < .01), and by se-OSA (OR 1.74, 95% CI 
1.04–2.92, P = .04). In the proposed logistic regression model, 
male sex was not found to predict high BP (OR 1.40, 95% CI 
0.76–2.59, P = .29).

DISCUSSION

OSA is one of the acknowledged risk factors for HT.2,3 Our 
findings indicate that morning DBP was associated with the 
severity of disordered breathing during sleep in apparently 
non-hypertensive patients (ie, those without any previous 
diagnosis, nor treated for HT, with a presumptive diagno-
sis of OSA). This effect was independent of age, degree of 
obesity, or sex. However, our results may have been biased 
by the fact that some patients in the non-hypertensive group 
were actually naïve-hypertensive according to the standard 
diagnostic criteria.3

In a recent study, Ma et al.21 showed that BP 24-hour profiles 
were associated with the severity of OSA in a nonobese popu-
lation. Similarly, the results of a linear regression model used 
in the current study suggest that the effect of OSA severity on 

morning BP may be independent of obesity, defined by high 
BMI. In addition, the effect of an increment of BMI by 1 kg/m2 
seems to be similar to the effect of an increment of AHI by 1 
event/h (Table 2). The current study is one of the first to report 
such a relationship, and to directly compare the influence of 
obesity and OSA on morning DBP.

The assumption that the severity of OSA caused the gain 
in morning DBP was based on two premises. Namely, no re-
lationship was found between evening DBP and AHI, and no 
association was found between the morning SBP and AHI. 
Generally, high SBP is attributed to noncompliant, stiff arter-
ies, whereas elevated DBP is related to the activation of the 
sympathetic autonomic nervous system.22–24 This augmented 
activity may be related to activation of chemoreceptors by 
intermittent hypoxia caused by the occurrence of apnea or 
hypopnea prior to the morning BP measurement.25,26 Further-
more, microarousals that usually end apnea events have also 
been implicated in the stimulation of sympathetic system, 
leading to BP elevation.27 Moreover, this effect may be sus-
tained and present during the day.25 However, this assumption 
was contradicted by the results of our study, as neither eve-
ning SBP nor DBP was associated with SDB. Arterial stiff-
ness, which has also been associated with OSA, may rather 
reflect a chronic proarteriosclerotic effect of sleep-disordered 
breathing, whereas sympathetic system activation reflects 
the acute form.3,28 This pathogenetic hypothesis is consistent 
with our results; also, it is in agreement with the findings of 
a study on a Korean population.13 Likewise, in the large co-
hort of a Sleep Heart Health Study, SDB was associated with 
systolic/diastolic hypertension, but not with isolated systolic 
hypertension and this association was age dependent (ie, ob-
served only in the patient group younger than 60 years).29 This 
is partially in line with our results, as age was found to be 
linked with morning SBP but not with DBP. Consequently, as 
we did not restrict the analyses to subjects younger than 60 
years, the observed association between SDB and SBP may 

Table 1—Comparison of selected variables between study groups based on OSA severity.
no-OSA (n = 147) mi-OSA (n = 132) mo-OSA (n = 63) se-OSA (n = 112) P Value

Men, n (%) 92 (63.6) 102 (77.3) 54 (85.7)* 104 (92.9)*  < .001
Smoking, n (%) 50 (34.0) 66 (50.0) 30 (47.6) 67 (59.8)*  < .001
Age, years 45.2 ± 12.9 49.3 ± 12.2* 49.9 ± 12.4 49.9 ± 12.2*  < .01
BMI, kg/m2 28.2 ± 4.2 29 ± 4.3 31 ± 5.4* 33.8 ± 6.5*†‡  < .001
TST, hours 5.8 ± 1.1 5.8 ± 1.1 5.7 ± 1.1 6.1 ± 1.1  < .001
Evening

SBP, mmHg 130.6 ± 14.3 132.6 ± 14 134.3 ± 16.8 135.4 ± 17.8 .09
DBP, mmHg 83.2 ± 8.1 83.7 ± 7.8 83.9 ± 8.5 86.5 ± 12* .03

Morning
SBP, mmHg 122.2 ± 16.5 125.6 ± 14.9 126.4 ± 12.2 131.4 ± 16.3*†  < .001
DBP, mmHg 79.2 ± 8.5 80.3 ± 10.2 81.4 ± 9.6 86.2 ± 11.3*†‡  < .001

Values presented as mean ± standard deviation unless otherwise specified. P values are for analysis of variance. Symbols represent probabilities in 
post hoc Tukey test or multiple comparisons test: * = P < .05 compared to no-OSA; † = P < .05 compared to mi-OSA; ‡ = P < .05 compared to mo-
OSA. AHI = apnea-hypopnea index, BMI = body mass index, DBP = diastolic blood pressure, mi-OSA = mild OSA (AHI ≥ 5 and < 15 events/h), mo-
OSA = moderate OSA (AHI ≥ 15 and < 30 events/h), no-OSA = no OSA (AHI < 5 events/h), OSA = obstructive sleep apnea, SBP = systolic blood pressure, 
se-OSA = severe OSA (AHI ≥ 30 events/h), TST = total sleep time.
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have been diluted by the subgroup of patients older than 60 
years (n = 77). Similarly, the continuous positive airway pres-
sure treatment arm examined in a recent SAVE (Sleep Apnea 
Cardiovascular Endpoints) trial report demonstrated a small 
reduction only in DBP.30

Elevated morning DBP may be a reflection of a nondipping 
phenomenon observed in patients with OSA11; however, because 
of the large number of subjects included in the study and the 
limited technical resources, BP was not measured during sleep.

In addition, the relationship between morning DBP and AHI 
was found to be independent of sex. This appears to contradict 
the findings of Lee and Jeoung13; however, this discrepancy 
may be explained by the fact that in this study, men tended to 
reach higher AHI levels than women and these higher scores 
may be responsible for the observed association.

There is some evidence for a relationship between BP and 
severity of OSA among patients without hypertension. One 

example is in the study by Lee and Jeoung,13 which used a 
group similar to ours and similar methodology (ie, single time 
point BP measurement, PSG results from all patients, a retro-
spective design) and their results seem in line with ours. Also, 
there are a few studies employing ambulatory 24-hour BP 
monitoring (ABPM) instead of single time-point BP measure-
ment, but these typically included a number of subjects two 
orders lower than in the current study. In a group of 47 con-
secutive patients, Sekizuka et al.31 report a significantly higher 
morning BP measured minutes after awakening and a higher 
nocturnal BP in se-OSA than in non se-OSA groups. Similarly, 
Cho et al.32 note that both morning SBP and DBP positively 
correlated with AHI, with a trend toward slightly higher cor-
relation quotient for DBP, in a group of 58 patients with naïve 
hypertension. In addition, in a group of 22 non-hypertensive, 
nondiabetic patients with OSA, Kallianos et al.33 report a posi-
tive correlation between AHI and 24-hour mean DBP, but not 

Table 2—Parameters of linear regression models for prediction of the evening (before PSG) and the morning (after PSG) 
arterial blood pressure.

Evening Measurements
SBP Beta (ß) 95% CI t P

Age 0.102 0.008, 0.196 2.136 .033
BMI 0.291 0.190, 0.393 5.642  < .001
AHI −0.041 −0.145, 0.062 −0.786 .432
Male sex −0.003 −0.099, 0.093 0.06 .952
Smoking −0.078 −0.170, 0.013 1.676 .094

r2 = 0.106, df = 5, F = 10.119, P < .001

DBP Beta (ß) 95% CI t P
Age −0.062 −0.157, 0.033 −1.276 .202
BMI 0.237 0.134, 0.340 4.531  < .001
AHI 0.068 −0.037, 0.173 1.275 .203
Male sex 0.004 −0.093, 0.102 −0.091 .928
Smoking 0.015 −0.078, 0.108 −0.31 .757

 r2 = 0.075, df = 5, F = 6,977, P < .001

Morning Measurements
SBP Beta (ß) 95% CI t P

Age 0.103 0.010, 0.196 2.176 .03
BMI 0.271 0.171, 0.371 5.313  < .001
AHI 0.069 −0.033, 0.171 1.336 .182
Male sex 0.018 −0.077, 0.112 −0.364 .716
Smoking −0.075 −0.166, 0.015 1.634 .103

r2 = 0.119, df = 5, F = 11.611 P < .001

DBP Beta (ß) 95% CI t P
Age 0.005 −0.088, 0.099 0.112 .911
BMI 0.218 0.117, 0.319 4.235  < .001
AHI 0.142 0.039, 0.246 2.718 .007
Male sex −0.064 −0.160, 0.031 1.323 .187
Smoking 0.008 −0.083, 0.100 −0.182 .856

r2 = 0.099, df = 5, F = 9,372, P < .001

Values presented as standardized ß with 95% CI. AHI = apnea-hypopnea index, BMI = body mass index, CI = confidence interval, DBP = diastolic blood 
pressure, df = degrees of freedom, F = Snedecor F statistic, PSG = nocturnal polysomnography, r2 = coefficient of variation, SBP = systolic blood pressure, 
t = Student t statistic.
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SBP; however, they did not specifically investigate the morn-
ing BP. Our findings on the relationship between BP and AHI 
may be weakened by the occurrence of masked hypertension 
in patients with OSA (ie, some patients with normal clinical 
BP actually may have had an elevated ABPM, which would 
otherwise strengthen this relationship).34

However, these three studies did not correct for the possible 
confounding effect of sex, age, or BMI on the associations, 
although Sekizuka et al.31 mentioned a possible interplay be-
tween high BP, OSA, and obesity. Yet, future studies should 
adopt this approach (ie, combining PSG and ABPM, when 
examining larger groups of normotensive OSA patients) to 
deepen the understanding of the relationship between breath-
ing disturbances during sleep and BP circadian variability.

The retrospective character of the study is its major limita-
tion. Another lesser limitation relates to the method of BP mea-
surement, which was performed routinely by a physician as a 
part of the physical examination: BP was measured only once 
per time point and on a randomly chosen arm. Nevertheless, 
the large number of study subjects seems to overly attenuate 
the potential variability of measurement.

BP regulation is a complex and heterogenous process and 
depends on numerous mechanisms. Thus, when modeling the 
predictive factors of BP, confounding factors should be recog-
nized and included. Due to its retrospective design, the study 
does not include potentially confounding variables such as 
shift work, which is considered a risk factor for hypertension, 
insulin resistance, obesity, and dyslipidaemia.35–37 It has been 
suggested that shift work may cause a rise in BP or cause pro-
gression of hypertension38–42; however, this is not supported by 
more recent studies.43–45 Nevertheless, not including shift work 
as a confounding factor may be considered as a limitation and 
we recognize the need for controlling for shift work in future 
research on the subject. It is estimated that up to 20% of the 
population may work a shift system.46 This percentage might 
be higher among patients with presumptive OSA diagnosis, be-
cause shift-work sleep disorder and sleep-disordered breathing 
share some manifestations, although no direct link between 
these two has been found.47,48

In the recently-published results from MAPEC, a longitu-
dinal ABPM study, Hermida et al. showed that when study-
ing long-term cardiovascular and metabolic consequences, 
the only important BP recording appears to be during sleep.49 
However, from the clinical perspective, ABPM may still be 
far less accessible than single time-point BP measurement. 
Despite not being as significant a prognostic marker of car-
diovascular risk as mean overnight BP, elevated morning BP 
(especially DBP) may warrant specific hypertension diagnosis, 
including PSG and ABPM.34,50

Our findings also show that of the examined groups, the 
members of the se-OSA group had significantly higher BP. An 
AHI score of over 30 events/h predicted high BP, along with 
obesity and age of at least 42 years. These results suggest that 
patients with severe OSA are at increased risk of HT and re-
quire BP monitoring by frequent measurements, especially in 
the morning right after awakening. Nevertheless, to support 
our findings we recognize the need for further research em-
ploying a prospective design.

ABBRE VI ATIONS

ABPM, ambulatory blood pressure monitoring
AHI, apnea-hypopnea index
BMI, body mass index
BP, blood pressure
DBP, diastolic blood pressure
HT, arterial hypertension
mi-OSA, mild obstructive sleep apnea
mo-OSA, moderate obstructive sleep apnea
OSA, obstructive sleep apnea
PSG, polysomnography
SBP, systolic blood pressure
SDB, sleep-disordered breathing
se-OSA, severe obstructive sleep apnea
TST, total sleep time
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