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Abstract:
Background:

Hypertension is a global health problem, with the prevalence increasing by 30% from 2013 to 2018 in Indonesia. Furthermore, obesity, a major risk
factor for hypertension, has also escalated by 50%. Hence, the incidence of Obstructive Sleep Apnoea Syndrome (OSAS), which is strongly
associated with hypertension and obesity, is expected to increase. OSAS is part of the complex sleep disorder breathing syndrome, but there is a
lack of data regarding its prevalence and association with hypertension.

Objective:

To investigate the prevalence of OSAS and its association with hypertension in Jatinangor, West Java, Indonesia.

Methods:

A cross-sectional study was conducted from September to October 2018 of subjects from two villages in Indonesia selected by purposive sampling.
Fifteen neighbourhoods were chosen by the cluster random sampling method, with a total of 1,308 respondents included in this study. Inclusion
criteria were age > 17 years old and resident in the village for more than one year. OSAS was determined by a 4-variable screening tool
questionnaire (4-V) and hypertension was measured by a standardised method (average of three measurements in each session with a one-minute
break using a digital device); both measurements were performed by trained health cadres. All results were statistically analysed using chi-square
and logistic regression.

Results:

Of the total of 1308 respondents included in this study, 33 (2.5%) had OSAS and 299 respondents (22.8%) had hypertension. In the population
with OSAS, 18 respondents (54.5%) had hypertension, significantly higher (p<0.001) compared to the non-OSAS group (22%). After adjustment
for age, gender, and Body Mass Index (BMI), OSAS was still an independent predictor of hypertension (OR = 4.3, p = 0.000).

Conclusion:

The prevalence of OSAS in the Jatinangor district of Indonesia is 2.5% and it is significantly associated with hypertension.
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1. INTRODUCTION oping countries. Based on WHO data in 2015, around 1.13
billion people in the world suffer from hypertension. In
addition, the prevalence of hypertension in Indonesia increased
from 2013 to 2018, from 25.8% to 34.1% [1]. This is of great
* Address correspondence to this author at Study Center of Health System, concern as effective blood pressure control is still suboptimal,
Padjadjaran University, Bandung Indonesia; E-mail: faris.yf@gmail.com even in high-income countries [2]. The incidence of factors

Hypertension is the most common cause of cardiovascular
disorders, therefore a major problem in developed and devel-
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associated with hypertension, such as obesity and obstructive
sleep apnoea syndrome (OSAS), add further complexity to this
issue.

Obesity represents a major health problem as it predisposes
to cardiovascular disease, the leading cause of death globally
every year [3]. Obesity prevalence in Indonesia increasing,
almost 50% from 2013 to 2018, from 14.8 to 21.8%
respectively. As obesity is probably the most important factor
of OSAS, it may also lead to greater underdiagnosed preva-
lence of OSAS in Indonesia [4].

Secondary hypertension occurs in a significant proportion
of adults with OSAS [5]. OSAS is part of the complex sleep
disorder breathing syndrome and often occurs in adults. It is
characterised by repeated episodes of upper airway obstruction
during sleep, which causes breathing to stop partially
(hypopnoea) or complete (apnoea). The overall estimated
prevalence of OSAS ranges from 2-7% in adults [6], but the
OSAS prevalence in Indonesia is not known.

OSAS escalates the incidence of cardiovascular disease
five-fold regardless of age, smoking habits, weight or blood
pressure [7, 8]. Moreover, untreated OSAS may contribute to
underlying the origin and/or development of hypertension [9].
There is a complex mechanism of hypertension in OSAS
involving various factors, such as sympathetic tone, peripheral
vasoconstriction, endothelial dysfunction, increased Renin-
Angiotensin-Aldosterone System (RAAS) activity and altered
baroreceptor reflexes [10 - 12].

Based on previous population-based studies, the
prevalence of hypertension increased by 1.42 to 1.72 times in
moderate-severe OSA than non-OSA [13, 14]. Although
having a complex mechanism, studies proved that endothelial
dysfunction in OSAS patients could be restored with
appropriate treatment, such as Continuous Positive Airway
Pressure (CPAP) [15]. Nevertheless, data regarding the
prevalence of OSAS and its relationship with hypertension in
West Java, Indonesia is important but limited. Some studies
have investigated the relationship between hypertension and
OSAS in Indonesia, but none were population-based. Therefore
this study aimed to investigate the prevalence of OSAS and its
association with hypertension in Jatinangor District, West Java,
Indonesia.

2. MATERIALS AND METHODS

2.1. Study Design

This study was an analytical study with a cross-sectional
design to investigate the prevalence of OSAS and its associa-
tion with hypertension in Jatinangor (West Java, Indonesia).
The study was conducted from September to October 2018.

2.2. Sampling Method

Study participants were enrolled from two guided villages
of Universitas Padjadjaran in Jatinangor using a multistage
random sampling method (Fig. 1). Two selected villages
(Cipacing and Cilayung village) of 12 villages in Jatinangor
were chosen by a purposive sampling approach. Cipacing
villages had 21 neighbourhoods and Cilayung village had ten
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neighbourhoods, so cluster random sampling was used to select
six neighbourhoods of Cilayung village and nine neighbour-
hoods of Cipacing village. The inclusion criteria included:

(i) Age > 17 years old
(ii) Lived in the Cipacing or Cilayung for more than 1 year

Subjects were excluded from the study if they had at least
one of the following exclusion criteria:

(i) Data of the subject in questionnaire was incomplete

(i1) Immigrant college student and/or worker

2.3. Procedure and Instrument

OSAS assessment used a 4-variable screening tool
questionnaire (4-V), which has higher specificity than other
instruments [16]. The cut-off point used in the 4-V was 14
according to the recommendation of Takegami et al. [17] The
scoring formula was (gender*4) + (Body Mass Index (BMI)
category value) + (Blood Pressure (BP) category value) +
(snoring*4). Gender was set at 1 for males and 0 for females;
BMI (< 21.0, 21.0-22.9, 23.0-24.9, 25.0- 26.9, 27.0-29.9, > 30)
was assigned a value between 1 and 6; BP (Systolic Blood
Pressure (SBP) < 140 or Diastolic Blood Pressure (DBP) < 90,
SBP 140-159 or DBP 90-99, SBP 160-179, or DBP 100-109,
SBP > 180 or DBP > 110) was assigned a value between 1 and
4; and snoring was assigned 1 for a response of snoring almost
every day or often, and 0 for snoring sometimes, almost never,
or unknown.

Hypertension assessment was via the standard method BP
measurement using a digital tension measurement device
(ABN-100). Subjects were suggested to avoid drinking, smok-
ing, coffee, tea and exercise for at least 30 minutes prior to the
measurement. BP measurements were taken after the subjects
rested in a seated position quietly for at least 10 minutes. The
average of three measurements with a time interval of 1-2
minute between each measurement was recorded as the sub-
ject’s BP. Hypertension was defined as SBP > 140 mmHg or
DBP > 90 mmHg. BMI index was according to Asian
population criteria, with a normal BMI range between
18.5-22.9 kg/m’, overweight or at risk range between 23-24.9
kg/m’, and obese criteria is BMI > 25 kg/m’.

This study involved 45 trained health cadres to conduct the
OSAS and BP measurements. The health cadres were trained
by a doctor twice in one month before collecting data. Collec-
ted data was also checked by a field assistant researcher until
the data were complete.

2.4. Statistical Analysis

Statistical analysis was performed using SPSS Statistics
25. Sociodemographic data are presented as frequencies and
proportions. Numerical data are presented as means and
standard deviation. Chi-square test was used in the bivariate
analysis of subjects’ characteristics (age, sex, BMI, and
OSADS). In the bivariate analysis, Prevalence Ratio (PR), 95%
Confidence Intervals (CI), and p-value for each independent
variable were calculated, with a p-value < 0.05 indicating
statistical significance, which then continued to multivariate
logistic regression analysis.
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3. RESULTS

In total, 1308 respondents were included in this study,
consisting of 839 females (64.1%) and 469 males (35.9%).
According to (Table 1), the mean age was 42.7 + 15.33 and
mean SBP and DBP were 126 + 19.92 and 79.1 + 10.49,
respectively. Mean BMI was 23.8 + 4.32, with 54% of subjects
categorised as overweight or obese and the prevalence of
hypertension was 22.8%. The respondents were divided into at
risk-group (=45 years) and not at risk-group (<45 years)
according to age (Table 2), with the at risk-group being
statistically significant for hypertension (p<0.001). Likewise,
gender was associated with hypertension, with a significant
(»<0.008) relationship between female respondents and
hypertension. According to BMI, the overweight to obese
group were more likely to have hypertension (p <0.001).
Regarding OSAS variables, 33 respondents (2.5%) and 18
respondents (54.5%) in the OSAS group had hypertension.
Non-OSAS group who had hypertension was 281 respondents
(22%).

Based on the bivariate analysis (Table 2), the relationship
of risk factors with hypertension from the strongest to the
weakest was age (OR =4.3), OSAS (OR = 4.24), BMI (2.70)
and sex (OR = 0.68). Furthermore, the multivariable logistic
regression analysis (Table 3) showed that age at risk (> 45
years), female, overweight to obese and OSAS were signi-
ficantly associated with hypertension.

4. DISCUSSION

To the best of the authors’ knowledge, this is the first
population-based study to investigate the prevalence of OSAS
and its association with hypertension in Jatinangor, West Java,
Indonesia. Based on the findings from 1,308 participants, the
occurrence of hypertension was 22.8%, lower than the national
prevalence of 34.1% [1]. There was an unequal gender pro-
portion in this study and most participants were younger than
<45 years, which may account for less hypertension than the
national population. Furthermore, in a previous descriptive
cross-sectional study in Jatinangor assessing 828 respondents,
the prevalence of hypertension was 37.8%. Most hypertensive
respondents in the previous study were female aged older than
70 years old [18], whereas the mean population age in the
present study was only 42.7 years old.

OSAS prevalence was 2.5%, similar to the OSAS preva-
lence in a population-based study of a Persian population with
3,259 participants, 4.98% of which were high risk for OSAS
[20]. This difference might be associated with the different tool
used to assess the risk of OSAS. The 4-variable screening tool
used in this study has high specificity, which may cause missed
cases of OSAS, while the previous study used the berlin

Table 1. Characteristics of respondents.
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questionnaire with lower specificity [19]. Although the number
of respondents at risk for OSAS tended to be lower than the
previous study, more than 50% of those 33 OSAS respondents
in this study had hypertension and respondents with OSAS had
4.2 times higher odds of having hypertension. This finding is
higher than the previous study by Hedner et a/, which showed
that 46% of hypertensive respondents had OSAS [20]. The
previous study used gold standard polysomnography to
diagnose OSAS, while our study used screening tools to screen
OSAS in the general population, which may account for the
higher OSAS prevalence in our study [21]. Nonetheless, this is
in line with a systematic review and meta-analysis conducted
by Haifeng et al. (2018) of 51,623 respondents regarding the
relationship of OSAS with hypertension, which found that
OSAS was associated with the incidence of resistant
hypertension [22]. Therefore, this finding supports the
hypothesis of OSAS as a risk factor for hypertension.

Further multivariable logistic regression analysis showed
various risk factors associated with hypertension. Age at risk (>
45 years), female, overweight to obese and OSAS were
significantly associated with hypertension, with OSAS and age
contributing more to hypertension, higher than BMI and
gender. All variables were in accordance with a previous study
which analysed phenotypic characteristic in 152 subjects with
an equal proportion of hypertensive and normotensive
participants [23]. However, the result regarding gender may be
contradictory as male subjects are well known to have a higher
risk of hypertension. A previous study to evaluate hypertension
prevalence in Jatinangor involving 828 subjects showed the
highest rate of hypertension in females aged >70 years [18].
Another study of 1,166 subjects with OSAS by Quintanna-
Galego et al, stated that women were older, more obese and
had hypertension more frequently in comparison to men [24],
which indicates that women with a sleep disorder have a higher
risk of hypertension than men.

OSAS is a clear risk factor for resistant hypertension.
There is complex mechanism of hypertension in OSAS which
involves various factors, such as sympathetic tone, peripheral
vasoconstriction, endothelial dysfunction, increased RAAS
activity and altered baroreceptor reflexes as shown in Fig. (2).
Intermittent hypoxemia in apnoeic conditions increases
Reactive Oxygen Species (ROS) and inflammatory cytokines.
Predominantly, ROS are generated by mitochondrial dysfunc-
tion and increment of several enzymatic systems, such as
xanthine oxidase, Nicotinamide Adenine Dinucleotide Phos-
phate (NADPH)-oxidase, and NOS uncoupling, then react with
Nitric Oxide (NO) resulting in diminished NO availability in
the circulation [25]; this imbalance of vasoactive substances
stimulates endothelial damage, dysfunction and vasocons-
triction [10].

Variable n (%) Mean + SD

Age, years - 42.7+£1533
Sex - -
Female 839 (64.1) -
Male 469 (35.9) -
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Variable n (%) Mean + SD
Blood Pressure - .
Systolic, mmHg - 126 +19.92
Diastolic, mmHg - 79.1+10.49
BMI, kg/m’ - 23.8+£4.32
STEP |
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Fig. (1). Sampling method. RW: Rukun Warga (neighbourhood).
| Obstructive sleep apnoea
Intermittent nocturnal hypoxemia and hypercapnia
{
[ [ [ |
Oxidative stress and 1 baroreceptor sensitivity T chemoreceptor
inflammation 1HR variability T RAA system stimulation
TBP variability T sympathetic outflow
{ ]
1 Nitric oxide
Tendothelin TBP, THR
Vasoconstriction Hypertension
Endothelial dysfunction
Fig. (2). Mechanism of hypertension and end organ damage in obstructive sleep apnoea. RAA: renin-angiotensin-aldosterone. [10, 11].
Table 2. Risk factors related to hypertension by chi-square analysis.
Variable Hypertension Non-Hypertension Total (%) OR 95% CI p-value
Subject (n) 299 1009 1308 (100) - - -
Age - - - 4.30 3.24-5.72 <0.001
At risk -
(<45 y) 217 384 601 (45.9) - -
Non-risk -
45 ) 82 625 707 (54.1) - -
Sex - - - 0.68 0.52-0.90 0.008
Female 211 628 839 (64.1) - - -
Male 88 381 469 (35.9) - - -
BMI - - - 2.70 2.03-3.58 <0.001
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(Table 2) contd.....
Variable Hypertension Non-Hypertension Total (%) OR 95% CI p-value
Overweight to Obese 216 495 711 (54.4) - - -
Normal 83 514 597 (45.6) - - -
OSAS - - - 4.24 2.11-8.53 <0.001
OSAS 18 15 33(2.5) - - -
Non-OSAS 281 994 1275 (97.5) - - -
Table 3. Risk factors associated with hypertension by multivariable logistic regression analysis.
Variable Hypertension
Adjusted p 95% CI P-value
Age (At risk/Non-risk) 433 3.23-5.80 <0.001
Sex (Female/Male) 0.61 0.44-0.84 0.003
BMI (Overweight to obese/Obese) 2.32 1.72-3.14 <0.001
OSAS (Yes/No) 424 1.93-9.27 <0.001

Intermittent hypoxemia also stimulates carotid body recep-
tors, causing catecholamine surges resulting in increased
sympathetic response. Hypoxemia and hypercapnia also acti-
vate chemoreceptors which increase the sympathetic res-ponse
and serum catecholamine. Impairment of baroreceptor reflexes
in OSAS, blunted HR variability and increased BP variability
are also typical in OSAS patients [10, 11]. In addi-tion, RAAS
activity also potentially contributes to hyper-tension, as OSAS
is associated with higher angiotensin II and aldosterone levels
[12], as well as increased blood pressure and pulse frequency

followed by the start of normal ventilation after apnoea
episodes. Hypoxia and hypercapnia are stimulated by the
incidence of apnoea via autonomic nerves [25, 26].

Based on the review conducted in 2016 Figs. (4-8) [27], it
was concluded that OSAS has the potential to be a risk factor
for cardiovascular disease, as evidenced by the disruption of
heart function and other cardiovascular diseases, such as
coronary heart disease, atrial fibrillation and heart failure. A
proposed diagnostic approach algorithm of OSAS associated
with hypertension is shown in Fig. (3).

Pre-test probability of OSA:
Screening of clinical symptoms and objective finding

High probability

Low probability

Elevated or high Normal BP Elevated or high Normal BP
normal BP normal BP
| ABPM and PSG | | PSG | ABPM

Non dipper

Dipper

Clinical follow-up

[“I

A

If OSA +

| APBM (if not performed yet) |

| Adequate treatment

Fig. (3). Algorithm for a diagnostic and management approach of patients with hypertension associated with OSAS. ABPM: Ambulatory blood
pressure monitoring; PSG: Polysomnography; BP: Blood pressure. [29].
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Fig. (4). Area of the study.

CPAP is the main therapeutic device to correct the hypoxia
related to sleep disorders, such as OSAS. There is evidence that
OSAS treatments significantly reduce cardiovascular disease
risk, therefore OSAS in resistant hypertensive patients should
be the target of aggressive treatment [28]. Currently, mana-
gement of OSAS and associated hypertension involves lifestyle
changes, such as weight loss, reduced alcohol intake and
regular exercise [29]. Systemic blood pressure could be
ameliorated with effective CPAP treatment in moderate to
severe OSAS, which then made the causal link between OSAS
and hypertension clear [30]. Administering CPAP therapy for
more than three months can improve the reduction in the risk
of cardiovascular disease [16]. Medication history of the sub-
ject for hypertension and OSAS were not included in the study,
but there is limited evidence to suggest that antihy-pertensive
drugs would affect OSAS differently [31, 32].

Comorbidities, such as diabetes mellitus, the strongest pre-
dictor for hypertension in a previous study [33], were not
asses-sed in the present study. However, based on a previous
population-based study of 2,682 participants who were
screened for the risk of OSAS, multivariate analysis was
performed on 2.8% of the population who had OSAS, revea-
ling that age, male gender, obesity and hypertension were
independent risk factors for OSAS, but not diabetes mellitus
[34]. Aside from obesity, middle-older aged individuals, and
gender as factors contributing to the relationship of OSAS and
hypertension were included in this study, but other factors such
as alcohol intake and smoking were not evaluated in this study
[35]. Other secondary causes of hypertension, such as primary
aldosteronism and chronic kidney disease were also not
evaluated in this study. The time of BP measurement is also
important, with night-time BP being the best overall predictor
for CV, and ambulatory BP was superior than clinic BP in our
study [36]. Due to the limited risk factors evaluated in this
study, the results should be considered with caution.
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m At risk = Non risk

Fig. (5). Prevalence of population based on age.

Blood Pressure

= Hypertension = Normal

Fig. (6). Prevalence of population based on blood pressure.

BMI

= Overweight to obese = Obese

Fig. (7). Prevalence of population based on BMI.
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OSAS

2.5%

= Yes = No

Fig. (8). Prevalence of population based on OSAS.

CONCLUSION

The prevalence of OSAS in a sample of the population in
the Jatinangor District in Indonesia is 2.5% and is associated
with hypertension.

LIMITATIONS

The instrument used in this study was a questionnaire to
determine OSAS, which may have information bias. Despite
the high specificity of the 4-V tool in determining OSAS, it has
relatively low sensitivity compared to other tools, which could
lead to missed cases of OSAS [17]. In addition, diabetes and
other factors contributing to hypertension, such like alcohol
intake, smoking, hyperaldosteronism and chronic kidney
disease were not assessed in this study. Blood pressure mea-
surements were not validated, however they were perfor-med
by trained non-physicians, therefore missed or over-diagnosed
hypertension may have occurred.
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