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Hypertension prevalence in obstructive
sleep apnoea and sex: a population-based
case—control study

J. Hedner*, K. Bengtsson-Bostrom*'", Y. Peker*, L. Grote*,
L. Rastam® and U. Lindblad®"

ABSTRACT: Obstructive sleep apnoea (OSA) is a recognised risk factor for hypertension (HT).
The current authors investigated confounders of this association in a sex-balanced community-
based sample of patients with HT (n=161) from the Skaraborg Hypertension and Diabetes Project
(n=1,149) and normotensive controls (n=183) from an age and sex stratified community-based
population sample (n=1,109). All participants underwent ambulatory home polysomnography.
Severe OSA (apnoea-plus-hypopnoea index (AHI) >30 events-h') was found in 47 and 25% of
hypertensive and normotensive males, respectively. The corresponding numbers in females were
26 and 24%, respectively. The odds ratio (OR) for HT increased across AHI tertiles from 1.0 to 2.1
(95% confidence interval: 0.9-4.5) and 1.0 to 3.7 (95% CI: 1.7-8.2) in males, but not in females
where the OR increased from 1.0 to 1.8 (95% CI: 0.8-3.9) and 1.0 to 1.6 (95% CI: 0.7-3.5).
Regression analysis correcting for age, body mass index (or waist-hip ratio) and smoking did not

eliminate the association between OSA and HT in males.

The present data suggest that obstructive sleep apnoea is highly prevalent in both the general
population and in patients with known hypertension. The contribution of obstructive sleep apnoea
to hypertension risk may be sex dependent and higher in males than in females.
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apnoea (OSA) and hypertension (HT) is an

issue of increasing concern [1, 2]. A
substantial proportion of the adult population
has mild-to-moderate OSA characterised by
repeated episodes of apnoea and hypopnoea
during sleep [3]. The prevalence of daytime HT
has been estimated to include 50-60% of patients
with known OSA [4]. Conversely, OSA has been
reported in >30% of HT patients [5] and may be a
frequent cause of drug-resistant HT [6]. The
reciprocal association between the two conditions
advocates that OSA and HT may share com-
mon pathogenetical pathways. However, OSA
appears to promote HT development [7] and to
sustain a condition with elevated blood pressure
[8]. Random controlled intervention trials of
nasal continuous airway pressure in OSA
patients demonstrated a reduction of blood
pressure over a period of 4-9 weeks [9, 10].

T he association between obstructive sleep

Studies investigating the potential pathophysio-
logical mechanisms involved in HT development
in OSA have proposed the involvement of an
increased peripheral vascular resistance [11].
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Potential mediators include an increased
sympathetic activity [12, 13], impaired renin-
angiotensin-aldosterone system function [14, 15]
and endothelial dysfunction [16, 17]. Moreover,
the repeated episodes of hypoxia/re-oxygenation
in moderate-to-severe OSA may promote vascu-
lar inflammation [18], oxidative stress [19] and
accelerate the development of atherosclerosis
[20]. The exact influence of genotypical or
phenotypical characteristics on the susceptibility
to HT in OSA is still unclear [21-23]. OSA may
represent a synergistic risk factor for HT devel-
opment in certain subjects with, for example,
comorbid obesity [24], a metabolic disease [25] or
certain coexisting traditional risk factors [26].
Similarly, this risk may be different in males
compared with females, due to a differential risk-
factor pattern between the sexes.

Previous data investigating HT prevalence in
sleep-laboratory [27, 28] and population— [29, 30]
based cohorts, suggest that the risk of HT is
essentially equal in male and female subjects with
OSA. However, data on cardiovascular mortality
[31], as well as recent experimental data on
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endothelial function in sleep apnoea patients, suggested a
differential impact in males and females [32].

The primary aim of the present case-control study was to
explore OSA as a risk factor for HT in two community-based
samples; patients with HT treated in primary care (cases) and
normotensive subjects from a random population sample
(controls). An additional aim of the study was to investigate
the influence of sex on this association.

SUBJECTS AND METHODS

Skaraborg Hypertension and Diabetes Project

The Skaraborg Hypertension and Diabetes Project was
originally launched with the goal to improve blood pressure
control in the community. More specifically it was designed to
assess the association between HT and type-2 diabetes, with
specific emphasis on the interaction between life-style and
genetics. The Skara Primary Health Care Centre (Skara,
Sweden) is the only available public primary healthcare facility
in Skara, a community with ~18,000 inhabitants. Practically all
the residents with HT and/or type-2 diabetes were continu-
ously surveyed including annual follow-ups at this centre. The
baseline examination included all patients with HT and
diabetes (n=1,149) aiming to investigate the phenotypical
and genotypical characteristics in subgroups of these condi-
tions. This structured survey, enrolling patients consecutively
seen at the primary healthcare centre between 1992 and 1993
[33], included: 1) a standardised medical history; 2) question-
naires regarding lifestyle; 3) anthropometric measures; and 4) a
physical examination, which included blood pressure and
blood sampling for metabolic and genetic characteristics. An
adjacent population survey, stratified by age and sex, was then
conducted in Skara between 1993-1994. Subjects >40-yrs old
were invited to the same outpatient clinic for a health control
following the same protocol that was used for the HT and/or
type-2 diabetes patients. For each 10-yr category between 40—
79 yrs, 150 males and females were randomly selected from the
population census register. In the ages >80 yrs, 100 males and
100 females were selected [34]. From this reference population,
with an 80% response and participation rate, 1,109 subjects
attended the clinic for investigation.

Initial classification of blood pressure, anthropometrics,
hypertension and diabetes

Blood pressure was determined in the supine position after a 5-
min rest using a Tricuff (Pressure Group AB, Stockholm,
Sweden), placed on the right arm at heart level and
automatically adjusted for cuff size, and again 1 min later in
the standing position. Body weight and height were deter-
mined to the nearest 0.1 kg and cm, respectively. Waist and hip
circumferences were measured to the nearest cm and the
waist-hip ratio (WHR) was calculated. HT was diagnosed
according to the contemporary (1992-1993) National Swedish
guidelines [35], based on three consecutive blood pressure
readings in the supine position >160 mmHg (systolic press-
ure) and/or 90 mmHg (diastolic pressure) and/or ongoing
antihypertensive medication.

The Skaraborg Sleep Study subjects

The present study used a case—control design aimed at
including 100 male and 100 female patients with HT from
the surveyed population, with a corresponding number of
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population controls previously classified as normotensive. All
control subjects with known HT at baseline (n=60) or with
newly developed HT (n=46) were excluded from the control
sample. However, the vast majority of those with known HT at
baseline were already included in the patient sample.
Participants from the two cohorts, aged 40-65 yrs at baseline,
were invited to undergo a full-night ambulatory polysomno-
graphy (PSG). Those responding to the invitation were seen in
random order for informed consent at the primary care centre
(study visit see below). Entry criteria for control subjects
included a baseline blood pressure <160/<90 mmHg. When
all eligible patients with HT had been considered for
participation and a corresponding number of control indivi-
duals had been included the recruitment was stopped. Subjects
fulfilling criteria subsequently underwent PSG. The recruit-
ment process is summarised in figure 1. From the 290 invited
patients with HT, 163 (56%) were included. Of the 293 invited
controls 185 (63%) were finally enrolled. Descriptive character-
istics of the study populations are shown in table 1. The
Skaraborg Sleep Study was reviewed and approved by the
local human research ethics review board.

Study visit

The study visit took place at the Skara Primary Health Care
Centre primary and included a nurse-supervised assessment
of blood pressure and registration of weight and height.
Participants were interviewed for an updated medical history,
including current intake of antihypertensive medication. All
participants completed questionnaires relating to symptoms of
sleep-disordered breathing [36], daytime sleepiness (Epworth
Sleepiness Scale) [37] and quality of life (a 36-item short-form
health survey) [38] prior to the PSG recording.

Polysomnography measurement

A full-night (minimum 8 h) PSG recording using the Embla
A10 system (Flaga, Reykjavik, Iceland) was scheduled within
14 days of the study visit. A specifically trained nurse attached
all the electrodes and monitoring equipment required. Each
recording included an electroencephalogram (C4/A1, C3/A2,
Cz/ A1), electrooculogram, submental and tibials electromyo-
grams, and electrocardiogram. Ventilatory monitoring
included position sensor, oxygen saturation via an oximeter
probe, respiratory movements via chest and abdominal belts,
nasal and oral airflow via a thermistor, and nasal pressure via a
standard nasal cannula. The PSG equipment was applied at the
health centre between 18.00-21.00 h and all sleep recordings
took place in the patients home environment. Technical
problems resulting in insufficient data for PSG scoring were
encountered in four cases.

All PSG recordings were manually scored by a sleep technician
using international criteria for breathing disorders [39] and
sleep [40]. An obstructive apnoea/hypopnoea event (>10s
duration) was defined as a >50% amplitude reduction of
airflow compared with baseline or an evident airflow reduc-
tion associated with either an oxygen desaturation of >3% or
an arousal. An oxygen desaturation event was defined as >3%
oxyhaemoglobin decrease in the pulse oximeter recording. The
apnoea-plus-hypopnoea index (AHI) and the oxygen desatur-
ation index were determined as number of events per hour of
sleep. In the current study, the presence of sleep apnoea was
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Patients with HT and/or
diabetes in the Skaraborg Hypertension
and Diabetes Projects (1992-1994)
n=1149

4

Patients with HT, aged 40-65 yrs at baseline,
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Control subjects from Skara (Sweden)
population register stratified for
age and sex
n=1109

4

Normotensive controls with corresponding
age range and sex distribution were

were invited into the sleep study by mail (sex balanced) invited
n=290 n=293
No response No response
n=127 D n=108
. : : . Technical PSG
All participants underwent full-night PSG in the home environment . drop-out
n=348 n=4
A A
Hypertensive males Hypertensive females Normotensive males Normotensive females
n=77 n=84 n=97 n=86

FIGURE 1. Flow chart displaying the selection undertaken for the study population. HT: hypertension; PSG: polysomnography.

1)-\:18S8 B Baseline characteristics of hypertensive (HT) and
non-hypertensive (non-HT) males and females

Males Females

HT non-HT HT non-HT
Subjects n 77 97 84 86
Age yrs 62 (0.7) 59 (0.6) 4 (0.7) 0 (0.7)
SBP mmHg 148 (1.7) 132 (1.5) 150 (1.6) 133 (1.6)
DBP mmHg 83 (1.1) 76 (0.5) 2 (0.9) 5 (0.8)
BMI kg-m~ 29.6 (4.5) 26.7 (3.0) 30.3 (0.6) 28.2 (0.6)
WHR 0.96 (0.006)  0.93 (0.005) 0.86 (0.007)  0.83 (0.007)
AHI events-h™ 34 (2.6) 23 (2.4) 3 (2.6) 4 (2.5)
ODI events-h™! 18 (1.4) 14 (1.8) 3(1.7) 3(1.7)
TST min 348 (8.1) 381 (7.2) 365 (7.9) 389 (7.8)
OSmin % 81 (0.8) 82 (0.8) 2 (0.7) 2 (0.7)

Data are presented as mean (sg). SBP: systolic blood pressure; DBP: diastolic
blood pressure; BMI: body mass index; WHR: waist-hip ratio; AHI: apnoea-
plus-hypopnoea index; ODI: oxygen destauration index; TST: total sleep time;
OSmin: minimum oxygen saturation reached during the night recording.

assessed by using two different cut-off levels. The cut-off of
AHI 10 was chosen to represent mild OSA while the AHI 30
cut-off represents severe OSA.

Statistics

All analyses were adjusted for age and stratified by sex if not
specified. Association between categorical variables were
analysed by logistic regression and expressed in odds ratios
(OR) with 95% confidence intervals (CI). Differences in
means between groups were analysed by ANCOVA. The sex
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difference in the association between OSA and HT was
investigated by a two-way interaction term (OSA xsex) in a
logistic regression model with HT as the dependent variable
and with age, OSA, and sex as covariates. All tests were two-
sided and statistical significance was assumed when p<0.05.

RESULTS

OSA was highly prevalent in these middle-aged to elderly
study participants. The AHI levels and OSA prevalence were
generally higher in males than in females (table 1 and 2).
Overall AHI expressed as mean+SE was 34+2.6 and 23+2.4
events-h™ in hypertensive and normotensive males, respec-
tively (p=0.004). In contrast, the AHI levels in the two female
groups were 23+2.6 and 24+2.5, respectively (p=0.759). As
seen in table 1, hypertensives of either sex tended to be older,
more obese and to have a higher WHR when compared with
their normotensive counterparts. Blood pressures were almost
identical in males and females in both the hypertensive and the
normotensive groups. Total sleep time was generally shorter in
hypertensives of either sex.

The proportion of males with OSA, using either AHI 10 or 30
events-h as the cut-off for diagnosis, was significantly higher
in HT subjects than in the controls (table 2). This difference
was not seen in the females. A formal test of a differential effect
by sex in the association between OSA and HT by a two-way
interaction term (OSA x sex) was nonsignificant (2.2 (0.8-6.0);
p=0.124). The OR for HT was unaffected by AHI severity
threshold (10 or 30) in males, while AHI, by either threshold,
was not associated with HT in females. In both sexes body
mass index (BMI) was associated with HT (p<0.001 in
males and p=0.018 in females), and a corresponding age-
independent association was seen between BMI and OSA
(p=0.007 in males and p=0.004 in females).

EUROPEAN RESPIRATORY JOURNAL
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17\ ]88 Associations between obstructive sleep apnoea
(OSA) and hypertension (HT) in males and
females using apnoea-plus-hypopnoea index
(AHI) 10 and 30 events-h™ as the cut-off value

OSA Controls HT
categories
n (%) OR n (%) OR 95% Cl p-value
Males
AHI =10 62 (64) 1 64 (83) 2.9 1.4-6.2 0.005
AHI >30 24 (25) 1 36 (47) 2.6 1.4-5.1 0.004
Females
AHI =10 49 (57) 1 58 (69) 1.3 0.7-2.6  0.408
AHI >30 21 (24) 1 22 (26) 0.7 0.3-1.6 0417

OR: odds ratio; 95% Cl: 95% confidence intervals. Age-adjusted associations
were estimated with logistic regression and presented as OR with 95% ClI.

There was a dose-response relationship between AHI cate-
gorised in tertiles and HT in males (fig. 2). The OR for HT
increased across AHI tertiles from 1.0 to 2.1 (95% CI: 0.9-4.5)
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FIGURE 2. 0dds ratio (OR) for hypertension (HT) in a) males and b) females
divided in tertiles of apnoea-plus-hypopnoea index (AHI) severity. The AHI severity
within tertiles is indicated. — — —: an OR of 1.0 for the reference group (tertile one) to
facilitate comparisons with tertile two and three, respectively.
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and from 1.0 to 3.7 (95% CI: 1.7-8.2) in males (p-value for trend
was 0.005), but not in females where the OR increased from 1.0
to 1.8 (95% CI: 0.8-3.9) and from 1.0 to 1.6 (95% CI: 0.7-3.5;
p-value for trend was 0.310). In a logistic regression analysis
of the association between OSA (AHI >10 events-h™) and HT,
adjustment for differences in age and BMI resulted in a
moderate weakening of the OR in males to 2.3 (95% CI: 1.0-5.1;
p=0.043). However, the association remained nonsignificant in
females (table 3). Age and smoking had less of an influence.
Factors related to the severity of overnight hypoxaemia had an
insignificant influence (data not shown). Confounding from
body composition was also accounted for by repeating
analyses of associations between OSA and HT in strata of
overall obesity (BMI World Health Organization-categories)
and abdominal obesity (WHR >1.0, or not). However, there
was a consistent and remaining pattern suggesting an
independent association between OSA and HT in males. All
analyses were repeated after the exclusion of subjects with a
total sleep time <4 h (n=22) and results were essentially
unchanged.

DISCUSSION

The present study demonstrated that OSA is a highly prevalent
phenomenon in these middle-aged to elderly cases of HT and
population controls. An independent association between OSA
and HT was confirmed and the association was confounded
by, though independent of, body composition. However, there
was a difference in risk between males and females suggesting
that the susceptibility to HT development in OSA may be sex
dependent and further studies should focus on this issue.

gy-\:]8=&] | ogistic regression analyses of the association
between obstructive sleep apnoea (OSA)* and
hypertension in males and females

No OSA OSA
n (%) OR n (%) OR 95% Cl p-value
Males 48 (28) 126 (72)
Adjusted for
Age 1 29 1.4-62 0.005
Age and BMI 1 23 1.0-5.1 0.043
Age and WHR 1 22 1.0-48 0.044
Age and smoking 1 29 1.4-62 0.005
Age, BMI, and 1 23 1.0-5.1 0.044
smoking
Females 63 (37) 107 (63)
Adjusted for
Age 1 1.3 0.7-2.6 0.408
Age and BMI 1 11 05-22 0.793
Age and WHR 1 1.3 0.6-26 0477
Age and smoking 1 1.4 0.7-28 0.309
Age, BMI, and 1 12 0.6-24 0.649

smoking

BMI: body mass index: WHR: waist-hip ratio; OR: odds ratio; 95% Cl: 95%
confidence intervals. Associations were estimated with logistic regression and
presented as OR with 95% Cl. *: apnoea-plus-hypopnoea index >10
events-h™.
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The current study confirms two aspects of previous cross-
sectional population studies. First, unrecognised OSA was
highly prevalent in the general population [3] and sleep
apnoea was over-represented in subjects with a known HT
diagnosis [41]. The individual awareness of OSA in the current
population was low. In fact, only one subject, who enrolled in
the study, had previously received medical attention for
symptoms of sleep-disordered breathing. The average BMI of
the current subjects were similar to that of several previous
populations investigated in the same context, e.g. the Sleep
Heart Health Study [30]. Yet, the prevalence of OSA appeared
to be considerably higher. Methodological differences are
likely to explain at least part of this discrepancy. The current
study used both a nasal pressure cannula and a thermistor for
assessment of oro/nasal airflow. This procedure has pre-
viously been demonstrated to result in a considerably higher
calculated AHI in sleep studies [42]. The method is more
sensitive at detecting sleep-disordered breathing, particularly
in mild OSA. Therefore, a larger number of subjects with mild
OSA are likely to have been identified in the current study.

Secondly, OSA was independently associated with HT. This
association was valid irrespective of the cut-off level applied
for diagnosis (AHI 10 or 30 events~h'1), suggesting that even a
proportionally low intensity OSA was associated with an
increased risk for HT. The overall OR for HT was in the same
order of magnitude as that previously described in a sleep
laboratory cohort [28], a population of middle-aged US state
employees [7] or in the Sleep Heart Health Study cohort [30]. In
contrast to the findings in any of these cohorts, the current
study found that the association between OSA and HT was
almost entirely restricted to the male sex. The current study
had a case-control design and did not constitute a combined
cohort study. Thus, the effect of OSA exposure in the cases was
compared with that of the controls. By contrast, in the previous
cohort trials, the analysis was based on the exposure of OSA
and the effect on association with HT. Moreover, HT cases in
the current study had been accumulated over an extensive
time period and the HT diagnosis was evidently well
established. It is, therefore, apparent that a different subset of
HT sufferers was addressed in the present study. It cannot be
excluded that the composition of the HT subset in the current
study accounted for the lack of association between OSA and
HT in females. However, previous studies investigating drug
resistant HT [6, 8] have not pointed towards evident sex
differences in the association between HT and OSA.

The current study differs from previous studies in several
other important aspects. It was sex balanced and addressed an
ethnically homogenous population. The female subjects were
almost exclusively post-menopausal. This may have accounted
for a proportionally higher number of females with OSA in the
present study [43], and therefore, may have resulted in a
dilution of the association between OSA and HT in females.
However, the lack of an association in females should be
interpreted with great caution. Not only were the age adjusted
OR for OSA (AHI >10), and the upper AHI tertile in females
increased to 1.3 and 1.6, allowing for up to 2.6 and 3.5,
respectively, but a formal interaction term was also nonsigni-
ficant, although again with a wide 95% CI. Although the effect
seems to be smaller in females, the current findings indicate
too low a power to conclusively rule out an association
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between OSA and HT in females. The high criteria for HT used
in this study may also have contributed to a dilution of an
existing association.

The current study has several strengths and weaknesses. The
response rates for participation in the PSG surveys were ~60%,
which should be considered as high, given the commitment
required from the participants. However, it is not high enough
to confidently exclude selection bias. This should be kept in
mind when generalising the findings of this study. PSG data
was acquired in a primary healthcare ambulatory setting.
Results that were close to the complete set of recordings were
technically acceptable for adequate sleep stage scoring.
Elimination of the subset of subjects with a short total sleep
time did not influence the principal results of the study. This
procedure may be argued to have changed the validity of the
sleep recordings, however, many studies have shown the
similarity of in-lab PSG and home PSG [44, 45]. A considerable
proportion of the cases in this study were taking antihyper-
tensive medications. However, HT was defined as a categorical
variable in the current study’s analysis. There is no evidence to
suggest that antihypertensive medications would have affected
the occurrence or severity of OSA differently [46]. The
incomplete risk factor classification was a weakness of the
current study. Traditional risk factors were thoroughly
documented, but blood sampling was systematically per-
formed only at the time of the original survey. Although, this
does not provide a limitation in terms of investigating an
association between OSA and HT it restricts the possibility to
perform an evaluation of more recently identified confounder
influences.

In conclusion, the current data confirms previous findings of
an independent association between obstructive sleep apnoea
and hypertension. This association was evident in males but
not identifiable in these essentially post-menopausal females.
The findings suggest a possible sex-dependent difference
in susceptibility to hypertension development in sleep-
disordered breathing. Due to the high prevalence of
obstructive sleep apnoea in patients with hypertension, sleep-
disordered breathing should be considered when patients with
high blood pressure are evaluated in primary care.
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