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Background In 2003, the JNC 7 reported obstructive sleep apnea (OSA) as a cause of secondary hypertension. The
prevalence of OSA in hypertension ranges from 30-80%. There are limited data on the prevalence and risk factors of
OSA in hypertensive patients. This study thus aimed to evaluate prevalence and clinical predictors of obstructive sleep
apnea (OSA) in these patients. 
Methods: This was a cross-sectional study and conducted at the hypertension clinic at Khon Kaen University’s
Srinagarind Hospital, Thailand. We enrolled patients with hypertension treated at the clinic. OSA was defined as
apnea-hypopnea index of 5 events/hour or over according to cardiopulmonary monitoring. Patients whose hyperten-
sion was due to any other causes were excluded. The prevalence of OSA was calculated and risk factors for OSA were
analyzed using multivariate logistic regression.
Results: There were 726 hypertensive patients treated at the clinic. Out of  those, 253 (34.8%) were randomly studied
and categorized as either non-OSA (147 patients, 58.1%) or OSA (106 patients, 41.9%). There were four independent
factors associated with OSA-induced hypertension: age, sex, history of snoring, and history of headache. Headache
had an adjusted odds ratio (95% confidence interval) of 3.564 (95% confidence interval of 1.510, 8.411).
Conclusion: Age, male sex, history of snoring, and headache were independent predictors of hypertension caused by
OSA.
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Introduction
Obstructive sleep apnea (OSA) is a common disease. It is esti-

mated that 936 million adults aged 30-69 years have mild to severe
OSA [1]. A systematic review found that OSA may be found in
61.9% of patients with cardiovascular diseases [2]. The European
Heart Association has also announced in 2016 that OSA is a strong
risk factor for several major cardiovascular diseases such as hyper-
tension, coronary artery disease, atrial fibrillation, stroke, and heart
failure [3].

In 2003, the JNC 7 reported that OSA is a secondary cause of
hypertension [4]. The prevalence of OSA in cases of hypertension
ranges from 30-80% with an average of 50% [5]. Several risk fac-
tors are related to OSA such as obesity, age, and gender [6-8]. Men
have a two to three times higher risk of suffering from OSA than
women [9]. For every 10% increase in weight, risk for OSA
increases six-fold [10,11]. These risk factors have not been studied
in any particular population such as patients suffering from hyper-
tension. Additionally, clinical factors predictive of OSA may be
helpful to detect OSA in patients with hypertension in resource-
limited setting of polysomnography. This study aimed to evaluate
the prevalence and risk factors for OSA in cases of hypertension.

Methods 
This was a cross-sectional study conducted at Khon Kaen

University’s hypertension clinic in Khon Kaen, Thailand. The
study period was from July to October, 2016. We enrolled adult
patients diagnosed with hypertension who were treated at the clin-
ic. Obstructive sleep apnea was defined as an apnea-hypopnea
index (AHI) value of five events/hour or greater as measured using
cardiopulmonary monitoring [12]. Patients with other causes of
hypertension were excluded. We used a simple random sampling
method to enroll patients from the clinic database. The cardiopul-
monary monitoring device used in this study was the Alice PDX
ambulatory test (Philips Respironics, USA). This device has been
found to exhibit 94.4% agreement with standard polysomnography
[13]. Severity of OSA was categorized as mild, moderate, or severe
based on AHI of 5-14, 15-29, or 30 events/hour or over [12].
Scoring of apnea or hypopnea was made based on a previous report
[13]. 

Baseline characters and physical signs of all eligible patients
were studied and recorded. Data since the time of diagnosis of
hypertension were retrospectively reviewed. Risk factors, symp-
toms, and complications of OSA were also evaluated. Risk factors
of OSA included body mass index, neck circumference, and
anatomical features such as Mallampati classification, macroglos-
sia, toruses, tonsillar enlargement, retrognathia, history of tonsil-
lectomy, and denture. Neck circumference was measured over the
crico-thyroid junction. Macroglossia was identified by evidence of
dentation marks on the lateral side of the tongue. Five main OSA
symptoms were studied: history of snoring, apnea having been
observed, morning headaches, unrefreshed sleep, and daytime
sleepiness. Complications of OSA were also recorded including
diabetes, stroke, coronary artery disease, heart failure, atrial fibril-
lation, and gastroesophageal reflux disease.

Sample size calculation
The average prevalence of OSA in cases of hypertension is

50% [5], while the prevalence of OSA in our hypertension clinic
was 40% by a pilot study. Based on a 95% confidence interval and
power of 90%, the estimated sample size was 210. With the 10%
of missing data, the required sample size was 231 subjects.

Statistical analysis
Eligible patients were categorized into two groups: hyperten-

sive patients with and without OSA. Baseline and clinical charac-
teristics of both groups were compared by using descriptive statis-
tics. When appropriate, a Wilcoxon rank sum/Student’s t-test and
Fisher’s exact tests/chi-square test were applied to compare the dif-
ferences between the two groups in terms of numbers and propor-
tions, respectively. Univariate logistic regression analysis was
applied to calculate the crude odds ratio (OR) of individual vari-
ables for OSA-induced hypertension. All clinically significant
variables were included in subsequent multivariate logistic regres-
sion analysis. Analytical results were presented as crude OR,
adjusted OR, and 95% confidence intervals (CI). The goodness of
fit of the multivariate logistic regression model was tested using
the Hosmer-Lemeshow method. All data analysis was performed
using STATA software version 10.1 (StataCorp LP, College
Station, TX, USA).

Results
There were 726 hypertensive patients treated at the clinic. Out

of those, 253 (34.8%) were randomly studied and categorized as
either non-OSA (147 patients, 58.1%) or OSA (106 patients,
41.9%). Those with OSA had a median AHI of 22 events/hour (1st-
3rd percentile of 10-40) with a median lowest oxygen saturation of
79% (1st-3rd percentile of 74-86). Percentages of mild, moderate,
and severe OSA were 30.39%, 31.37%, and 38.24%, respectively.

Baseline characters and physical signs of both groups are
shown in Tables 1 and 2, respectively. There were nine factors sig-
nificantly different between the two groups in terms of baseline
factors including age, sex, history of snoring, witnessed apnea,
morning headaches, unrefreshing sleep, daytime sleepiness, histo-
ry of coronary artery disease, and previous alcohol consumption
(Table 1). In terms of physical signs, there were three factors in
which the two groups differed significantly including diastolic
blood pressure, macroglossia, and tonsillar enlargement (Table 2).
The OSA group had higher proportions of macroglossia (41.5% vs
8.2%; p<0.001) and tonsillar enlargement (11.3% vs 1.4%; 
p 0.001) than the non-OSA group. The median diastolic blood
pressure was also higher in the OSA group than in the non-OSA
group (80 vs 76.5 mmHg). There were four independent factors
associated with OSA-induced hypertension including age, sex, his-
tory of snoring, and history of morning headaches. The adjusted
odds ratios (95% confidence interval) of these factors were as fol-
lows: age = 0.974 (95% CI of 0.951, 0.998), sex = 2.052 (95% CI
of 1.072, 3.926), history of snoring = 8.044 (95% CI of 4.053,
15.962), and history of morning headaches = 3.564 (95% CI of
1.510, 8.411) as shown in Table 3. The Hosmer-Lemeshow chi-
square of the model was 13.99 (p=0.082).

Discussion
This study shows new knowledge regarding predictors of OSA

in hypertensive patients. Only age, sex, history of snoring, and his-
tory of morning headaches were independent risk factors for OSA
in patients with hypertension. These predictors can be categorized
as risk factors and symptoms of OSA. The first two factors are risk
factors of OSA, while histories of snoring and morning headache
are symptoms of OSA. 

Generally, increasing age is a risk factor for OSA, but not for
hypertensive patients in this study. An age increases of one year
lowered the risk for OSA in hypertensive patients by 3% (Table 3).
These results can be explained by the characteristics of the study
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population. The non-OSA hypertension group had an average age
of 62.7 years (Table 1). OSA prevalence increased with age and
was steady after the sixth decade of life [1,14,15]. Another expla-
nation of younger age in the OSA group in this study is proportion
of female patients. In a study of OSA patients with female ratio of

21.8% found that female patients with OSA had significantly older
age than male patients (48.4 vs 43.4 years; p=0.004) [16]. In this
study, the OSA group had a proportion of female patients of 41.5%
but the average age of female patients was not different from male
patients (59.9 vs 58.2 years; p=0.349). These findings may result

Table 1. Baseline characters of hypertensive patients categorized by presence of obstructive sleep apnea (OSA).

Factor                                                                  Non OSA                                       OSA                                                               p
                                                                              N=147                                       N=106                                                              

Male sex                                                                                     60 (40.8)                                                62 (58.5)                                                                          0.006
Median (1st-3rd quartile) age, years                                   65 (57-71)                                              56 (47-63)                                                                       <0.001
Median (1st-3rd quartile) BMI, kg/m2                              25.7 (23.0-27.7)                                    30.5 (26.5-35.0)                                                                   <0.001
Obesity                                                                                      33 (22.45)                                              54 (50.94)                                                                       <0.001
Snoring                                                                                       36 (24.5)                                                83 (78.3)                                                                        <0.001
Witnessed apnea                                                                       9 (6.1)                                                  42 (31.1)                                                                        <0.001
Morning headaches*                                                               15 (10.2)                                                29 (27.4)                                                                        <0.001
Unrefreshed sleep                                                                   12 (8.2)                                                 20 (18.9)                                                                          0.014
Daytime sleepiness                                                                 24 (16.3)                                                20 (18.9)                                                                        <0.001
Diabetes mellitus                                                                     48 (32.7)                                                34 (32.4)                                                                          0.923
Stroke                                                                                           8 (5.4)                                                  34 (32.4)                                                                          0.499
Coronary artery disease                                                           1 (0.7)                                                    7 (6.6)                                                                            0.030
Heart failure                                                                                4(2.7)                                                     2 (1.9)                                                                            0.669
Atrial fibrillation                                                                         3 (2.0)                                                    2 (1.9)                                                                            0.931
Gastroesophageal reflux disease                                        27 (18.4)                                                30 (28.3)                                                                          0.064
Allergic rhinitis                                                                           9 (6.1)                                                  13 (12.3)                                                                          0.093
Previous smoking                                                                     19 (12.9)                                                  18 (17)                                                                           0.369
Previous alcohol consumption                                             25 (17.0)                                                30 (28.3)                                                                          0.033
Current smoking                                                                        8 (5.4)                                                    5 (4.7)                                                                            0.797
Current alcohol consumption                                               18 (12.2)                                                19 (17.9)                                                                          0.210

*Excludes other causes such as medication or infection; data presented as number (percentage) unless indicated otherwise; BMI, body mass index.

Table 2. Physical signs of hypertensive patients categorized by presence of obstructive sleep apnea (OSA).

Factors                                                                                        Non OSA                                           OSA                                            p
                                                                                                      N=147                                           N=106                                           

Median (1st-3rd quartile)  SBP, mmHg                                                           142 (130-151)                                             140 (129-151)                                              0.827
Median (1st-3rd quartile)  DBP, mmHg                                                              77 (69-84)                                                   82 (72-90)                                                 0.004
Median (1st-3rd quartile) neck circumference, cm*                                 37.0 (34.0-44.0)                                          41.5 (37.5-45.0)                                             0.082
Mallampati classification*                                                                                                                                                                                                                            0.492
Class I                                                                                                                      2 (5.9)                                                          2 (2.5)                                                         
Class II                                                                                                                    9 (26.5)                                                       31 (38.8)                                                       
Class III                                                                                                                 18 (52.9)                                                      34 (42.5)                                                       
Class IV                                                                                                                   5 (14.7)                                                       13 (16.3)                                                       

Macroglossia                                                                                                            12 (8.2)                                                       44 (41.5)                                                 <0.001
Torus palatinus                                                                                                         7 (4.8)                                                        11 (10.4)                                                  0.135
Torus mandibularis                                                                                                  5 (3.4)                                                          1 (0.9)                                                    0.406
Tonsillar enlargement                                                                                             2 (1.4)                                                        12 (11.3)                                                  0.001
Retrognathia                                                                                                             4 (2.7)                                                          8 (7.5)                                                    0.131
Tonsillectomy                                                                                                           1 (0.7)                                                          1 (0.9)                                                    0.999
Denture                                                                                                                      3 (2.0)                                                          5 (4.7)                                                    0.243

Data presented as number (percentage) unless indicated otherwise; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; obesity defined by body mass index of 30 kg/m2

or over; *indicated missing data.
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in lower average age in the OSA group. 
Male sex was still an independent risk factor for OSA in

patients with hypertension with a similar adjusted odds ratio to that
of the general population (Table 3) [2,9]. Another meta-analysis
also found that OSA was related with hypertension in male sub-
jects with OR of 1.698 (95% CI of 1.319, 2.077) which is compa-
rable with adjusted OR in this study (1.953) as shown in Table 3
[17]. A history of snoring is a strong indicator for OSA in hyper-
tensive patients as well as the general population. The risk of OSA
was eight times greater in hypertensive patients with a history of
snoring compared with non-snorer hypertensive patients [18-20].

Approximately 10-30% of patients with OSA experienced
bifrontal, squeezing headaches without nausea or photophobia.
The headaches could last for several hours on a daily basis [21].
OSA causes several events of intermittent hypoxemia during sleep
resulting in increasing sympathetic nervous system activation lead-
ing to headaches [22]. Additionally, increased carbon dioxide lev-
els during apneic events may result in cerebrovascular dilatation
leading to headache as well [23]. Both mechanisms also lead to
hypertension. From these mechanisms, patients with OSA may
have both headaches and hypertension. 

A clinical study found that morning headache was related to
moderate to severe OSA with an adjusted OR of 2.00 (95% CI of
1.03, 3.85) and lowest oxygen saturation in REM sleep [24, 25].
Patients with OSA who had headaches also had lower oxygen sat-
uration during REM sleep than those without headaches (82% vs
84%). In this study, there was no significant difference in severity
of OSA or oxygen saturation in those with and without headache.
The proportions of patients with mild, moderate, and severe OSA
with headache were 38.71%, 31.25%, and 17.95% (p=0.143)
respectively, while median lowest oxygen saturation in those with
and without headache was 79% and 80%, respectively (p  0.740).
Our results were similar to those of a study from Poland which
found no correlation between morning headache and oxygen satu-
ration or AHI [26]. However, morning headache was significantly
associated with hypertension with an odds ratio of 1.25 (95% CI of
1.06, 1.46). These data may indicate that though morning headache
is associated with hypertension in patients with OSA, the causes
may be multifactorial. Finally, headache in patients with OSA may
be related to sleep bruxism, which may be improved by using an
oral appliance [27]. 

Daytime sleepiness was a significant factor for OSA in hyper-
tensive patients according to univariate logistic analysis, but was

no longer significant after adjustment for other factors (Table 3).
The reason why sleepiness was not a significant factor in this study
is that it is more common in severe cases of OSA [28]. OSA
patients with severe daytime sleepiness had significantly higher
AHI than those without daytime sleepiness (55.7 vs 36.6 events/h;
p<0.0001). The median AHI in this study was only 22 events/hour.
Also, daytime sleepiness may have several causes such as poor
sleep hygiene or medications [29]. Therefore, it may not be direct-
ly related to OSA. Another study confirmed that daytime sleepi-
ness was not related to resistant hypertension with adjusted OR of
1.00 (95% CI of 0.91, 1.10) [30].

Obesity is the main risk factor for OSA [1,2]. This study
showed that higher body mass index was not an independent factor
associated with OSA in hypertensive patients. Even though the
average body mass index in the OSA group was significantly high-
er than in the non-OSA group in this study (30.9 vs 27.5 kg/m2), it
was not significant after adjusted with other factors. As previously
reported, Chinese or Japanese patients with OSA had lower body
mass index than Caucasians [31,32]. The average body mass index
in Caucasian group was significantly higher than the Chinese
group (30.7 vs 28.4 kg/m2: p=0.03). Anyway, the Chinese patients
had narrower airway space than the Caucasians including shorter
cranial bases, maxilla, and mandible length. These findings may
explain why elevated body mass index was not the significant clue
for OSA in Asian hypertensive patients (Table 3).

There are some limitations to this study. It was conducted in a
university hospital. The patients may have more complex condi-
tions. Some data may be missing due to the retrospective nature of
the data collection including Mallampati classification, neck cir-
cumference, diagnosis of chronic obstructive pulmonary disease,
and sleep bruxism. Further studies may be required to confirm the
results of this study such as in other ethnicities. Finally, this study
did not study the effects of CPAP or other aspects of OSA [33,34].

Conclusions
This study found a high prevalence of OSA in patients with

hypertension. Physicians should pay attention on age, sex, history
of snoring, and history of headaches in hypertensive patients in
order to detect OSA. Body mass index was not a predictor for OSA
associated with hypertension in this study population.

Table 3. Factors associated with obstructive sleep apnea in hypertensive patients according to logistic regression analysis.

Factors                                     Unadjusted odds ratio (95% confidence interval)             Adjusted odds ratio (95% confidence interval)

Age                                                                                               0.950 (0.930, 0.970)                                                                                      0.974 (0.951, 0.998)
Male sex                                                                                     2.043 (1.230, 3.394)                                                                                      2.052 (1.072, 3.926)
History of snoring                                                                  11.127 (6.134, 20.183)                                                                                   8.044 (4.053, 15.962)
History of morning headaches                                              3.314 (1.673, 6.567)                                                                                      3.564 (1.510, 8.411)
Daytime sleepiness                                                                 4.752 (2.661, 8.488)                                                                                      1.633 (0.785, 3.398)
Body mass index                                                                      1.037 (0.995, 1.080)                                                                                      0.995 (0.977, 1.014)
Smoking                                                                                      0.860 (0.273, 2.706)                                                                                      0.488 (0.107, 2.212)
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