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Abstract

Resistant hypertension is a serious condition in which blood pressure remains uncontrolled despite
using three or more antihypertensive medications in different classes. Resistant hypertension can lead to
chronic kidney disease and cardiovascular diseases. One of the main causes of resistant hypertension is OSA.
Based on research study, prevalence of OSA in resistant hypertension patients up to 83%. After reviewing
previous research articles, it was found that there is an association between OSA and resistant hypertension.
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1. Introduction

Based on JNC VIII, hypertension is a condition when systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg, or on antihypertensive medication [1]. Data from WHO (2021), showed an
increase of hypertensive patients from 594 million to 1,13 billion people in the whole wide world [2]. In
Indonesia, the prevalence of hypertensive people is up to 34,1% of the entire Indonesian population but only
8,8% are diagnosed with hypertension [3]. From Institute for Health Metrics and Evaluation data on 2017,
23,7% from 1,7 million deaths in Indonesia caused by hypertension [4]. Hypertension can be controlled by
antihypertensive medication, even though some people may be resistant to antihypertensive drugs.

Resistant hypertension is a condition where blood pressure remains uncontrolled while using three
antihypertensive drugs in different classes, one should include diuretic [5]. Studies showed the prevalence of
resistant hypertension was 10% out of patients treated with hypertension [6]. If it is not treated right, resistant
hypertension potentially leads to organ damage such as chronic kidney disease and cardiovascular diseases
[71.

OSA is one of the causes of secondary hypertension and has been associated with resistant hypertension by
many studies [8]. Prevalence of OSA in resistant hypertension patients is relatively high ranging from 70% to
83% [9]. Study using the Berlin questionnaire to determine risk of OSA found that the resistant hypertension
group was 78% at high risk of OSA compared to the controlled hypertension group [10]. Unfortunately,
research data of OSA and resistant hypertension is still limited in Indonesia.

Hence, it is important to do further research about OSA and resistant hypertension in order to know more
about the association between OSA and resistant hypertension. The purpose of this paper is to review and
explore the association of OSA and resistant hypertension, whether they are related or not.
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2. Resistant Hypertension
2.1. Definition of Resistant Hypertension

Based on consensus of ESC/ESH 2018, hypertension defines as resistant when systolic blood pressure
above 140 mmHg and diastolic blood pressure above 90 mmHg, respectively, despite using 3 or more
antihypertensive drugs (ACE inhibitor or ARB, CCB, and diuretic) with optimal doses and appropriate
lifestyle modification. Adherence to drug-treatment and ABPM (ambulatory blood pressure measurement) or
HBPM (home blood pressure measurement) should be confirmed [11].

On the other hand, AHA 2018 defines resistant hypertension as elevated blood pressure despite the use of 3
antihypertensive drug classes, including long-acting calcium channel blocker, angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker, and one should be diuretic. Drugs should be administered at optimal
or best-tolerated doses. Definition of resistant hypertension also applied to those whose systolic and diastolic
blood pressure controlled on 4 or more antihypertensive drugs [12].

2.2. Epidemiology of Resistant Hypertension

Epidemiology of resistant hypertension varies based on the definition used. A meta-analysis study from 91
studies between 1991 and 2017 with 3.207.911 patients with treated-hypertension found that the prevalence of
true-resistant hypertension was as much as 10,3% [6]. Besides that, another systematic review and meta-
analysis found the prevalence of resistant hypertension based on observational study was 13,72% and based
on RCTs was 16,32% [13].

In Brazil, medical records of patients treated with hypertension medication assessed and grouped into
resistant hypertension and non-resistant hypertension. Out of 104 patients included, criteria for resistant
hypertension found in 33 patients (31,7%). Based on genders, females suffered the most of resistant
hypertension (75,7%) [14]. Another study conducted in the Asian population among hypertensive patients in a
hospital in Karachi, Pakistan. From 515 patients, 62 patients (12%) had resistant hypertension. The resistant
hypertension patient was more often female, had an older age, and higher BMI [15].

In Indonesia, the prevalence of resistant hypertension is still unknown because of the lack of data and
research. There was one study conducted in a hospital of Christian University of Indonesia involving 1.030
hypertensive patients. From the study, the prevalence of resistant hypertension patients was 139 patients
(13,49%). There was no big difference between male and female in resistant hypertension patients and the
most ages was >65 years [16].

2.3. Etiology of Resistant Hypertension

There are several factors that contribute to resistant hypertension. The most common cause of resistant
hypertension is poor adherence to antihypertensive drugs. The reason for poor adherence is not always
because of lack of patient awareness but also can be caused by expensive drug prices, medications are not
available, or difficult to keep doctor appointments. Besides that, whitecoat phenomena can be false negative
of resistant hypertension. Lifestyle factors such as obesity, alcohol consumption, smoking, and excessive
dietary sodium also will contribute to resistant hypertension. Another factor is drug-induced resistant
hypertension including NSAIDs, oral contraceptives, sympathomimetics, adrenal steroids, and antineoplastic
drugs [17].
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Moreover, resistant hypertension can be caused by secondary hypertension. The most common secondary
causes are OSA, renal artery stenosis, renal parenchymal disease, and primary aldosteronism [17]. OSA as a
common condition in patients with resistant hypertension had prevalence between 70% up to 90% [18]. The
uncommon secondary causes are pheochromocytoma, Cushing’s disease, thyroid and parathyroid dysfunction,
and aortic coarctation [17].

2.4. Treatment for Resistant Hypertension

Management therapy for resistant hypertension has been stated based on AHA 2018 guidelines [12]. The
management therapy should be combined between lifestyle intervention and pharmacological treatment. The
management of resistant hypertension are as follows:

1. The combination of 3 antihypertensive drugs from different classes (ACE-i or ARB, CCB, and
diuretic) should be administered at maximally tolerated doses. Patients with resistant hypertension
should be screened from secondary causes and excluded from white-coat effect or nonadherence to
antihypertensive medication. Patients should implement lifestyle modification such as >6 hours
uninterrupted sleep, low sodium diet (<2400 mg/day), weight loss, and exercise.

2. If blood pressure is still not at target, substitute optimally dozed thiazide like-diuretics such as
chlorthalidone or indapamide.

3. If blood pressure is still not at target, mineralocorticoid receptor antagonists such as spironolactone or
eplerenone.

4. If blood pressure is still not at target, add beta-blocker or combined alfa-beta blocker (only if patient
heart rate is more than 70 beats/minute).

5. If blood pressure is still not at target, add hydralazine 25 mg thrice a day and titrated carefully.

6. If blood pressure is still not at target, substitute hydralazine to minoxidil 2.5 mg two to three times
daily.

7. And if blood pressure remains uncontrolled, consider referral to a hypertension specialist.

3. OSA (Obstructive Sleep Apnea)
3.1. Definition of OSA

OSA also known as obstructive sleep apnea is a sleep disorder defined as total obstruction (apnea) or
partial obstruction (hypopnea) of the upper airway, repeatedly [19]. During apnea, reduction of airflow occurs
by 90% for at least 10 seconds. Meanwhile, hypopnea is defined as airflow reductions at least 30% and causes
arterial oxygen saturation of at least 3% [20].

The gold standard for OSA diagnosis is polysomnography [21]. Polysomnography examination will
produce AHI (apnea-hypopnea index) namely the occurrence apnea and hypopnea per hour during sleep [22].
Based on ICSD-3, the diagnosis of OSA is made when AHI >15 even without symptoms or AHI >5 followed
by one of the following symptoms: 1) daytime sleepiness, 2) gasping or choking while sleeping at night, 3)
tiredness, 4) insomnia, 5) sleep partners conveyed snoring or saw respiratory arrest during sleep or both, 6)
unrefreshing sleep [23].

American academy of Sleep classified OSA into three based on apnea-hypopnea index. OSA is classified
as mild when AHI 5 to <15, moderate with AHI 15 — 30, and severe with AHI >30 [24].
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3.2. Epidemiology of OSA

A literature analysis study was done using studies reporting prevalence of OSA based on polysomnography
examination. The results showed that 936 million adults have mild to severe OSA and as much as 425 million
have moderate to severe OSA. From this study, the highest OSA prevalence with an AHI 5/h were China,
USA, Brazil, and India [25]. Another study using the Berlin Questionnaire as a screening tool for risk of OSA
was done. High risk of OSA was 18,1% from subjects untreated with sleep apnea and 20,9% from subjects
treated with sleep apnea [26].

In Indonesia, OSA risk levels assessed by STOP-BANG questionnaire in general population age from 35
to 75 years found that the prevalence of high risk of OSA was 49,5% with the majority was male [27].
Similar study using the Berlin questionnaire performed on traffic polices in Jakarta, it was found that 17,2%
of the subjects were at high risk of OSA [28].

3.3. Treatment for OSA

The American Academy of Sleep Medicine published guidelines for treatment of OSA. The medical
therapy of OSA including weight reduction, pharmacologic agents consumption, supplemental oxygen, agents
to improve nasal patency, and positional therapies. Dietary weight loss may improve AHI in obese OSA
patients. The pharmacologic agent with a clinical certainty is protriptyline and oxygen supplementation
improves oxygenation parameters in OSA patients but both are not recommended as a primary treatment for
OSA. Topical nasal steroid may improve AHI in patients with concurrent rhinitis and OSA, and thus can be
useful for primary therapies for OSA. The positional therapy consists of a method that keeps the patient in a
non-supine position [29].

PAP or positive airway pressure is strongly recommended by the American Academy of Sleep Medicine to
treat OSA patients with excessive sleepiness. Patients with ongoing treatment of OSA strongly recommended
to use CPAP (continuous positive airway pressure) or APAP [30]. CPAP is still the gold standard treatment
for OSA. CPAP reduces the number of AHI to normal or nearly normal state and reduces the nocturnal
arousals. This treatment will also improve quality of sleep and nocturnal SaO, [31].

Oral appliances can be applied to patients who request treatment for primary snoring without OSA. In OSA
patients, oral appliances can be an alternative for patients with intolerant CPAP. Patients with OSA and oral
appliances should visit hospitals periodically to get follow-up [32].

The other treatment for OSA is by surgery. The surgery can be done to patients with OSA and BMI
<40kg/m? who are intolerant with CPAP. Bariatric surgery also can be done by patients with OSA and obesity
class Il or Il who are unaccepting CPAP. Moreover, patients with OSA and upper airway anatomic
abnormality may undergo surgery for initial therapy [33].

4. OSA and Resistant Hypertension
4.4. Association between OSA and Resistant Hypertension

A study conducted in 41 patients with resistant hypertension and underwent polysomnographic study.
OSA incidence was defined as an AHI >10/h. Based on the research study, it was found that the incidence of

OSA is 83% of all patients with resistant hypertension. The OSA prevalence in men was higher than in
women [34].
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In South China, 668 snorer patients filled in questionnaire and underwent polysomnography examinations.
From the multivariate analysis, presence of OSA syndrome (p=0,03), apnea (p=0,015), and Epworth
Sleepiness Scale results were the independent risk factors for resistant hypertension [35].

Meta-analysis study found that OSA is associated with resistant hypertension. This study includes 26
studies with 51.632 patients. Six studies result in significant association between OSA and resistant
hypertension (OR=2,842, p<0,05). Another 20 studies presented significant results (p<0,05) between OSA
and essential hypertension. This study also showed that OSA patients had 4 times increased risk of resistant
hypertension with OR=4,16 (3,07, 5,64) [36].

Another systematic review and meta-analysis were done by searching studies from 2000 to January 2022
demonstrating the association between OSA and resistant hypertension. The study includes seven studies of
2,541 patients. The results from six studies showed that patients with OSA and with risk factors (age, gender,
and obesity) were at increased risk of resistant hypertension and in OSA patients without risk factors also
showed increased risk of resistant hypertension. It was shown in this study that patients with OSA with or
without predisposing risk factors will increase risk of resistant hypertension [37].

4.5. Mechanisms of Disease

Mechanisms underlying between OSA and hypertension have not been well studied. Several potential
mechanisms explanations may help to understand OSA and resistant hypertension better.

OSA induces intermittent hypoxemia, similarly to hypoxia or reperfusion injury [36]. This hypoxia
condition will stimulate activation of central and peripheral chemoreflexes due to decreased oxygen levels in
the body. The decrease of baroreflex sensitivity, indirectly, will contribute to acute and chronic activation of
the sympathetic nervous system. The activation of the sympathetic nervous system affects the increase in
heart rate and peripheral vasoconstriction, resulting in an increase of blood pressure [8]. From study, patients
with OSA are likely to have a higher sympathetic nervous system activity while asleep and during the day
[38].

In the meantime, hypoxia will also activate adrenal and result in hyperaldosteronism. Hyperaldosteronism
effect in fluid retention in the body [19]. Aldosterone excess leads to salt and water retention resulting in
parapharyngeal edema and worsening the OSA condition [39]. Besides that, hypoxia induces endothelial
dysfunction causing decrease the production of NO (nitric oxide). NO helps vascular cells to be able to
vasodilate, decrease in NO production causing decreased vasodilation ability [8].

Arousal that happens during the episode of OSA is a mechanism to maintain airway and prevention of
asphyxia [38]. When arousal happens, there has been an increase of the sympathetic nervous system
exceeding wakefulness. This condition will induce a significant spike of heart rate and blood pressure.
Intermittent arousal will affect the sympathetic nervous system in the long-term and potentially develop into
hypertension [40], especially resistant hypertension.

5. Conclusion
Evidence has supported the association between OSA and resistant hypertension. OSA causes resistant

hypertension by various mechanisms such as activation of the sympathetic nervous system, aldosterone
excess, and endothelial dysfunctions.
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