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Abstract

Background Hypertension commonly co-exists with obstructive sleep apnea (OSA). However, the role of renin-
angiotensin—aldosterone system (RAAS) in the development of hypertension in OSA patients remains poorly defined,
with inconclusive evidence regarding the activation of the RAAS in these patients. Herein, we aimed to evaluate

the RAAS profile in OSA patients and to elucidate the influence of RAAS on hypertension in these individuals.

Methods In this observational study, patients referred from health clinics aged 18 years and older, with obesity,
defined as body mass index greater than 27.5 kg/m?, and confirmed OSA were recruited if they met study criteria.
Anthropometric data were collected, and blood sampled for plasma aldosterone concentration (PAC) and plasma
renin concentration (PRC). Treatment intensity was assessed using the therapeutic intensity score (TIS). The RAAS
components were compared between the OSA patients, healthy controls, and patients with confirmed primary
aldosteronism.

Results A total of 204 patients who fulfilled the study criteria were recruited, of which 160 had hypertension. Patients
with hypertensive OSA demonstrated higher PAC with no significant difference in PRC compared to normotensive
OSA; and higher PAC and ARR with lower PRC compared to healthy controls. PAC was positively correlated with TIS
(8=0.281, p<0.001), systolic blood pressure (3=0.156, p=0.049), and hypertension duration (8=0.168, p=0.011),
while negatively correlated with hypertension diagnosis (3=—0.170, p=0.024).

Conclusions This is the first study from Southeast Asia evaluating the impact of RAAS on hypertension severity

in OSA patients. Findings suggest that hypertensive individuals with OSA exhibit greater RAAS dysregulation, high-
lighting the role of aldosterone in the development of hypertension and its severity in OSA. This also underscores
the need for targeted management strategies particularly in tropical regions with a rising prevalence of metabolic
disorders.
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Introduction

Obstructive sleep apnea (OSA) is the most prevalent
sleep-related breathing disorder with rising rates, par-
ticularly in developed countries, and among individuals
with obesity [1, 2]. Hypertension commonly co-exists
with OSA, affecting approximately half of all OSA
patients [3]. This not only increases the risk of resistant
hypertension, but also cardiovascular events in this pop-
ulation [4, 5]. Hence, optimizing blood pressure (BP) con-
trol in patients with OSA is essential to reduce the risk of
hypertension-related cardiovascular complications.

The mechanisms linking OSA and hypertension are
multifactorial. One potential cause is activation of the
renin—angiotensin—aldosterone system (RAAS), which
plays a crucial role in salt and water homeostasis, directly
influencing BP regulation. However, evidence regard-
ing RAAS activation in OSA patients is conflicting and
inconclusive. While some studies demonstrated a posi-
tive relationship between these two entities [6—10], oth-
ers have not confirmed this observation [11-16]. It is
hypothesized that OSA leads to significant renin produc-
tion through renal sympathetic nerve activation, result-
ing in excess aldosterone release [17]. As a key hormone
in the mineralocorticoid pathway, elevated aldosterone
levels not only contribute to hypertension, but have also
been shown to be associated with elevated cardiovascu-
lar and renal morbidity, contributing to excess mortality
[18].

Previous literature has demonstrated that differences
in RAAS components, particularly Angiotensin II, were
only significant among Asian patients with OSA com-
pared to healthy controls, implying the potential role of
genetic variations across different ethnic groups [19]. To
date, no studies have explored this relationship in South-
east Asia. Furthermore, the role of RAAS in hyperten-
sion among patients with OSA is poorly defined [20].
As hypertension is more prevalent and severe in obese
OSA patients compared to non-obese OSA patients, this
study focused on this subgroup to capture a stronger sig-
nal of RAAS dysregulation contributing to BP elevation.
Hence, our study aimed to evaluate the RAAS profile in
obese OSA patients in a Southeast Asia country, and to
delineate the influence of RAAS on hypertension in this
population.

Methods

Study design and study participants

This study represents a component of a larger investi-
gator-initiated research effort, Cardiovascular Impacts
of RAAS and Vitamin D in Obstructive Sleep Apnea
(CARD-OSA), aimed at enhancing the understanding
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of the role of RAAS and vitamin D in OSA and their
multifaceted impacts on patient health. Conducted
as a cross-sectional study, it focused on OSA popula-
tion residing in the Kuching and Kota Samarahan areas
from June 2022 till May 2024. Patients suspected of
having OSA were referred to Sarawak General Hospi-
tal (SGH), a tertiary sleep center in Kuching, Sarawak,
from multiple health clinics in the region. These clin-
ics serve as comprehensive healthcare providers for the
local population. Referred patients were screened and
subsequently underwent sleep studies following evalua-
tion by respiratory physicians at SGH.

A total of 797 patients suspected of having OSA were
referred to SGH, of which 204 who fulfilled study cri-
teria were agreeable to participate in this study. As
Asians have higher cardiovascular risks at a lower body
mass index (BMI) than the existing BMI cut-off point
[21], a lower cut-off of 27.5 kg/m? was used to define
obesity in our study population. The inclusion criteria
included age>18 years, BMI>27.5 kg/m? confirmed
to have OSA, with apnea hypopnea index (AHI)>5/
hour; whereas, exclusion criteria were secondary
hypertension, any factors which might affect RAAS
hormones including chronic kidney disease, congestive
heart failure, and episode of myocardial infarct within
6 weeks of recruitment, on continuous positive airway
pressure use, and pregnancy. Hypertension was defined
as systolic BP (SBP)>140 mmHg and/or diastolic BP
(DBP)>90 mmHg on two separate occasions, or on
anti-hypertensive treatment. OSA was conventionally
classified as mild if AHI was 5-15/hour, moderate if
AHI 15-30/hour, and severe if AHI >30/hour.

Anti-hypertensive medications were discontinued as
per guideline from the Endocrine Society before blood
taking [18]. If indicated, non-dihydropyridine calcium
blockers and/or alpha blockers were prescribed for BP
control. All patients were advised to have unrestricted
salt intake.

To accurately assess RAAS activity in the obese OSA
patients, a comparison was made with a reference
group of healthy, non-obese adults with no underlying
hypertension or diabetes mellitus. This reference group
was derived from a separate study aimed at establishing
population-specific reference intervals for aldosterone
and renin levels. To ensure that the RAAS findings in
obese OSA patients accurately reflect the RAAS activity
specific to OSA and are not influenced by undiagnosed
primary aldosteronism (PA), a comparative analy-
sis was conducted with 99 age- and gender-matched
patients with confirmed PA from the database of Uni-
versiti Kebangsaan Malaysia hypertension clinic which
focuses on PA screening and management.
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Study variables

Basic demographic data were collected. BP was measured
twice with an interval of 1-2 min apart and the mean
BP was used for analysis. Blood samples were taken for
plasma aldosterone concentration (PAC), plasma renin
concentration (PRC), and other biochemistry profile.
Aldosterone-to-renin ratio (ARR) was calculated using
the ratio between PAC and PRC.

Treatment intensity of hypertension was quantified
using the therapeutic intensity score (TIS), which is a
validated measure to assess the treatment intensity for
BP control [22]. It was calculated using the prescribed
daily dose of anti-hypertensive as the numerator, whereas
the maximum Food and Drug Administration (FDA)-
approved daily dose as the denominator, with the formula
as below [22]:

Prescribed medication dose

TIS =
Maximum FDA-approved daily dose

If the patient was on more than 1 anti-hypertensive,
then all drugs contributed to the TIS score. For example,
the TIS of a patient taking Losartan 50 mg daily (maxi-
mum FDA-approved daily dose 100 mg) and Amlodipine
10 mg daily (maximum FDA-approved daily dose 10 mg),
would be calculated as follows:

__ Losartan 50mg
TIS = Losartan 100mg

Amlodipine 10mg
Amlodipine 10mg

_|_
2 ’

PAC and PRC

A total of 10 mL of whole blood was drawn from the cubi-
tal vein of the patients in the morning before 11am after
an overnight fast of at least 8 h, and patients in upright
position for at least 2 h after waking. The samples were
collected into appropriate specimen tubes—K,-EDTA
tubes for PAC and PRC; and plain tubes for biochemistry
profile. Specimen tubes were kept at room temperature
and transported within 30 min of blood draw to the labo-
ratory for immediate processing. The blood samples were
centrifuged at 3000 rpm for 10 min at room temperature.
Separated K,-EDTA-plasma was aliquoted and stored in
a temperature-controlled freezer at — 80 °C for a maxi-
mum of one month prior to batch analysis. PAC and PRC
were determined using direct chemiluminescence immu-
noassay on a fully automated chemiluminescence ana-
lyser (Liaison® XL, DiaSorin, Italy). PAC was measured
by Liaison® Aldosterone Assay, whereas PRC was quan-
tified by Liaison® Direct Renin Assay. The manufactur-
er’s proposed reference intervals for PAC and PRC were
2.21-35.3 ng/dL and 4.4-46.1 plU/mL, respectively, for
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samples taken in upright posture. The measuring range
for PAC was 0.97-100 ng/dL, with intra- and inter-assay
coefficient of variation (CV) of 2.6% and 5.9% at 7.73 ng/
dL, and 1.5% and 3.9% at 29.4 ng/dL, whereas the meas-
uring range for PRC was 0.52-0.97 plU/mL, with intra-
and inter-assay CV of 2.8% and 4.1% at 23.5 pIU/mL, and
2.4% and 4.1% at 115.77 plU/mL.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 29, SPSS Inc., Chicago, IL). Continuous vari-
ables were presented as mean + SD if data were normally
distributed, or median (25-75th percentile) if they were
not. Categorical variables were presented as absolute
count or percentage. Variables were compared between
groups using independent t-test if they were normally
distributed, or Mann—Whitney test if they were not. For
categorical variables, Chi-squared test was applied to
test the differences between the observed frequencies
of the groups. Correlation coefficients were calculated
using Spearman’s correlation test. Multiple linear regres-
sion analysis was performed to elucidate the influence of
RAAS components on the hypertension diagnosis, BP
levels, and treatment intensity. A p value of<0.05 was
taken as statistical significance.

Results

A total of 204 patients with OSA were recruited over a
22-month period, following informed consent. Of these,
160 had hypertension. The baseline demographics of
all study participants are presented in Table 1. Major-
ity of the patients were of Malay ethnicity, non-smokers,
non-alcohol consumers, and had severe OSA and dys-
lipidemia. Patients in the OSA with hypertension group
were older, had a higher proportion of males, and exhib-
ited a greater prevalence of hyperuricemia, type 2 diabe-
tes (T2D), and oral anti-diabetic drug use. They also had
higher HbA1c and uric acid levels compared to the nor-
motensive group. Those with hypertension were noted
to have lower LDL-cholesterol level, due to a higher per-
centage of statin prescribed, compared to those without
hypertension. Otherwise, there was no significant differ-
ence in other parameters, including ethnicity, smoking
status, alcohol consumption, family history of hyper-
tension, OSA severity, and BMI between groups. Com-
parison of RAAS components between the two groups
revealed that the hypertensive OSA group had higher
PAC, with no difference in PRC, resulting in a higher
ARR compared to the normotensive OSA group.

As aldosterone and renin levels can be affected by
age and gender, these hormones were then compared
between the hypertensive OSA group with normotensive
OSA group, the healthy group, and PA group, matched
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Table 1 Study subjects’'characteristics
Variables Hypertensive OSA, n=160 Normotensive OSA, n=44 p
Age, years 457+£11.8 349+10.3 <0.001
Male, n (%) 86 (53.8) 14 (31.8) 0.01
Ethnicity, n (%) 0367

Malay 70 (43.8) 24 (54.5)

Chinese 29(18.11) 4(9.1)

Iban 24.(15.0) 7(15.9)

Bidayuh 31(19.5) 9(20.5)

Others 6(3.8) 0(0)
Education status, n (%)

No formal education 4(2.5) 1(2.3) 0211

Primary 19(11.9) 1(2.3)

Secondary 84 (52.5) 29 (65.9)

Tertiary 53(33.1) 13(29.5)
Co-morbidities, n (%)

Type 2 diabetes 96 (60.0) 11(25.0) <0.001

Dyslipidemia 149 (93.1) 38 (86.4) 0.151

Hyperuricemia 103 (64.4) 19 (43.2) 0.011
Smoking, n (%)

Yes 24(15.3) 6(13.6) 0.208

No 89 (56.7) 31(70.5)

Previous 44 (28.0) 7(15.9)
Alcohol consumption, n (%) 0.902

Yes 34(21.7) 9(20.5)

No 98 (62.4) 29 (65.9)

Previous 25(15.9) 6(13.6)
Family history of hypertension, n (%) 141 (88.1) 35(79.5) 0.342
OSA severity, n (%) 0.363

Mild 13(8.1) 6(13.6)

Moderate 43 (26.9) 14 (31.8)

Severe 104 (65.0) 24 (54.5)
AHI, per hour 46.1+£274 4234282 0424
OD|, per hour 4454251 42.0£28.0 0.590
Minimum oxygen saturation, % 71.0(61.0,79.0) 71.0 (59.0, 80.0) 0.753
Total apnea episodes 40.0 (6.0,172.0) 15.0 (5.5, 159.0) 0.526
Total hypopnea episodes 140.0 (83.0,213.5) 110.0 (74.0, 215.5) 0357
Epworth Sleepiness Scale 93+52 91456 0.857
Systolic B, mmHg 1526+17.6 126.7+8.1 <0.001
Diastolic BP, mmHg 97.1+£130 82.1+7.7 <0.001
Body mass index, kg/m? 408+73 402+70 0.622
Uric acid, mmol/L 427.8+90.2 3739+78.7 <0.001
HbA1c, % 6.4 (59,69 59(5.6,6.4) 0.002
Lipid profile, mmol/L

Total cholesterol 470+1.04 5.02+1.05 0.086

LDL-C 2.72+0.85 3.06+0.73 0.016

HDL-C 1.24(1.11,1.40) 1.33(1.19,1.51) 0.108

Triglycerides 1.57(1.12,2.12) 142 (1.00,1.71) 0.076
Statin use, n (%) 93 (58.1) 5(114) <0.001
OAD use, n (%) 58(36.3) 8(18.2) 0.023
Insulin use, n (%) 15(9.4) 2(4.5) 0.305
PAC, ng/dL 9.13(6.52, 11.68) 6.39 (4.54, 8.76) <0.001
PRC, ulU/mL 13.66 (7.07,24.72) 17.86 (9.56,27.52) 0.129
ARR, ng/dL:plU/mL 0.649 (0.364, 1.245) 0.374(0.224,0.653) <0.001
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Table 1 (continued)
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Numerical variables are presented as the mean + standard deviation or median (IQR), categorical variables are defined as absolute numbers and their percentages

OSA: obstructive sleep apnea; AHI: apnea hypopnea index; ODI: oxygen desaturation index; BP: blood pressure; OAD: oral anti-diabetic drug; PAC: plasma aldosterone

concentration; PRC: plasma renin concentration; ARR: aldosterone-to-renin ratio

for age and gender (Table 2). Those with hypertensive
OSA still demonstrated significantly higher PAC com-
pared to the normotensive group. Comparing to healthy
subjects, hypertensive OSA patients had higher PAC
and ARR levels, with lower PRC level. Expectedly, these
patients demonstrated lower PAC and ARR levels, and
higher PRC level compared to the PA subjects.
Spearman’s test demonstrated no significant correla-
tion between the RAAS hormones and OSA severity in
the overall study population. However, there was a sig-
nificant correlation between PAC and ARR with TIS
score, SBP, and DBP (Table 3). Multivariate regression
analysis demonstrated PAC to be positively correlated
with TIS (8=0.281, p<0.001), SBP (8=0.156, p=0.049),
and hypertension duration (5=0.168, p=0.011), and

negatively correlated with hypertension diagnosis
(f=— 0.170, p=0.024). In addition, AHI was posi-
tively correlated with hypertension duration (5=0.360,
p=0.007) (Table 4). No correlation was demonstrated
between PRC and ARR with the above variables.

Discussion

This study demonstrated three important findings.
Firstly, patients with hypertensive OSA have more
deranged RAAS hormones compared to normotensive
OSA. Secondly, PAC, in addition to AHI, plays a role in
influencing the severity and duration of hypertension in
this group of patients; and lastly, there was no correlation
observed between RAAS and OSA severity.

Table 2 Comparison of RAAS with normotensive OSA, healthy population and primary aldosteronism, matched for age and gender

Comparisons RAAS parameters, median (IQR)

PRC, plU/mL p ARR,ng/dL:plU/mL  p

PAC, ng/dL p
Matched pair 1
Hypertensive OSA, n=31 9.69 (6.63,11.78) <0.001
Normotensive OSA, n=31 6.16 (4.20, 8.09)
Matched pair 2
Hypertensive OSA, n=105 9.17 (6.54,11.55) 0.008
Healthy, n=105 7.23(5.63,10.26)
Matched pair 3
Hypertensive OSA, =99 9.0 (6.26, 11.40) <0.001

Primary aldosteronism, n=99 33.02(19.80,61.59)

14.55(10.17, 35.75) 0.584 0.485 (0.358, 0.860) 0.089
15.0(9.14, 25.9) 0.383(0.231,0.722)

1547 (8.12,27.86) 0.004 0.53 (0.34,0.98) <0.001
2346 (14.1,32.44) 0.34(0.22,0.54)

13.62(7.18,23.39) <0.001 0.590 (0.380, 1.030) <0.001

541(1.64,12.69) 6.788 (2.357,15.294)

RAAS: renin-angiotensin-aldosterone system; OSA: obstructive sleep apnea; PAC: plasma aldosterone concentration; PRC: plasma renin concentration; ARR:

aldosterone-to-renin ratio

Table 3 Correlation between renin-angiotensin—aldosterone system hormones with hypertension and OSA severity in overall study

population
Variables PAC PRC ARR
r p r p r p
Hypertension severity parameters
TIS score 0274 <0.001 —-0.098 0.165 0.247 <0.001
Systolic blood pressure 0.158 0.024 -0.091 0.199 0.196 0.005
Diastolic blood pressure 0.173 0.013 -0.015 0.836 0.127 0.070
OSA severity parameters
AHI 0.024 0.729 -0.031 0.665 0.017 0813
Minimum oxygen saturation 0.150 0.064 0.024 0.771 0.063 0437
Total apnea episodes -0.098 0.227 -0011 0.894 -0.052 0.520
Total hypopnea episodes 0.147 0.069 -0.064 0433 0.122 0.132

OSA: obstructive sleep apnea; PAC: plasma aldosterone concentration; PRC: plasma renin concentration; ARR: aldosterone-to-renin ratio; TIS: therapeutic intensity

score; AHI: apnea hypopnea index
" Spearman’s correlation
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Table 4 Multivariate regression analysis between renin—angiotensin—-aldosterone system hormones and covariates in obstructive

sleep apnea patients

Independent variable

Dependent variable: Therapeutic Intensity Score?
Adjusted R?=0.189

B 95% Cl p
Age 0223 0.005, 0.026 0.005
Smoking —0.280 —-0928,-0276 <0.001
Body mass index 0.130 —0.003,0.034 0.101
Family history of hypertension -0.076 —0.498,0.162 0316
Hyperuricemia —-0.078 —0.389,0.120 0.297
Minimum oxygen saturation 0.131 —0.001,0.018 0.089
Plasma aldosterone concentration 0.281 0.023,0.078 <0.001
Aldosterone-to-renin ratio 0.097 —0.034,0.153 0.210

Dependent variable: systolic blood pressure®

Adjusted R?=0.157

B 95% Cl p
Age 0.259 0.134,0.654 0.003
Gender —-0.144 —11.884,0.881 0.091
Smoking -0.156 —15.632,0.646 0.071
Alcohol consumption 0.082 —3.503,11.074 0.306
Body mass index 0.108 —0.167,0.741 0213
Family history of hypertension -0.161 - 15614, - 0391 0.039
Type 2 diabetes -0.125 —10.906, 1.392 0.128
Hyperuricemia —0.105 —9093,1.86 0.178
Apnea hypopnea index -0.193 —0.281,0.009 0.066
Minimum oxygen saturation -0.128 —0.449, 0.094 0.198
Plasma aldosterone concentration 0.156 0.001, 1.262 0.049
Aldosterone-to-renin ratio 0.101 —0.772,3.546 0.206

Dependent variable: diastolic blood pressure®
Adjusted R*=0.125

B 95% Cl p
Smoking —0.244 —13.646, - 3.042 0.002
Body mass index 0.178 0.027,0.649 0.033
Family history of hypertension -0.189 —12.198, - 1.169 0.018
Type 2 diabetes -0.103 —7.028,1.450 0.195
Hyperuricemia —0.082 —6.454,1.963 0.293
Apnea hypopnea index —0.289 —0.302,0.012 0.070
Minimum oxygen saturation -0.101 —0.296, 0.097 0317
Total apnea events 0.168 —0.296, 0.097 0317
Plasma aldosterone concentration 0.159 0,0.921 0.050
Aldosterone-to-renin ratio 0.099 —0.604,2.522 0.227

Dependent variable: hypertension diagnosis®

Adjusted R>=0.237

B 95% Cl p
Age —0.346 —-0.017,-0.006 <0.001
Gender 0.159 0.001, 0.264 0.048
Smoking 0.098 —-0.063,0.267 0.223
Body mass index —0.150 -0.018,0 0.055
Family history of hypertension 0.085 —0.066, 0.251 0.253
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Table 4 (continued)

Dependent variable: hypertension diagnosis?

Adjusted R?=0.237

B 95% Cl p
Type 2 diabetes 0.144 —0.007,0.246 0.064
Dyslipidemia —0.087 —0.338,0.089 0.251
Hyperuricemia 0.152 0.005, 0.250 0.042
Plasma aldosterone concentration -0.170 —0.028, - 0.002 0.024
Aldosterone-to-renin ratio -0.127 —0.082,0.007 0.094

Dependent variable: hypertension duration®

Adjusted R?>=0.396

B 95% ClI p
Age 0.542 0.219,0.368 <0.001
Hyperuricemia —0.091 —2997,05 0.160
Smoking 0.091 —0.693,3.806 0.173
Apnea hypopnea index 0.360 0.025,0.155 0.007
Minimum oxygen saturation 0.109 —-0.027,0.135 0.189
Total apnea events —-0.210 —0.018,0.001 0.076
Body mass index 0.076 —0.060, 0.205 0.283
Plasma aldosterone concentration 0.168 0.057,0.431 0.011
Plasma renin concentration 0.089 —0.014,0.076 0.178

2 Controlled for gender, alcohol consumption, type 2 diabetes, dyslipidemia, apnea hypopnea index, total apnea episodes, total hypopnea episodes, plasma renin

concentration

b Controlled for dyslipidemia, total apnea episodes, total hypopnea episodes, plasma renin concentration

¢ Controlled for age, gender, alcohol consumption, dyslipidemia, total hypopnea episodes, plasma renin concentration

d Controlled for alcohol consumption, AHI, minimum oxygen saturation, total apnea episodes, total hypopnea episodes, plasma renin concentration

€ Controlled for gender, type 2 diabetes, dyslipidemia, alcohol consumption, family history of hypertension, total hypopnea events, aldosterone-to-renin ratio

In contrast to previous literature reporting activation of
RAAS in OSA, causing elevated renin and subsequently
aldosterone [19, 23], our patients with hypertensive OSA
demonstrated a lower renin with higher aldosterone
compared to the healthy subjects. Although this could
be related to a more generous salt intake among the
OSA patients [24, 25], this observation may highlight a
broader dysregulation and imbalance of RAAS in hyper-
tensive OSA, which could have been contributed by vol-
ume overload [3] and greater sympathetic activation [26]
in these patients, as well as renin suppression via negative
feedback mechanisms.

Patients with hypertensive OSA exhibited higher aldos-
terone levels compared to the normotensive counter-
part, though no significant difference in PRC levels was
observed. The imbalance between aldosterone and renin
may be driven by hypoxia-induced sympathetic nerv-
ous system activation [27]. This mechanism can occur
in both normotensive and hypertensive OSA, resulting
in similar renin levels despite differing BP profiles. This
underscores the role of aldosterone in promoting sodium
retention, vascular remodeling, and elevated BP in OSA
[28], often necessitating more intensive anti-hypertensive

therapy for effective BP management. Consistent with
the RAAS dysregulation observed in the hypertensive
OSA group, our findings indicate that these patients also
had significantly higher HbAlc and uric acid levels than
their normotensive counterparts. Chronic RAAS activa-
tion, particularly through aldosterone and Angiotensin
II, has been linked to insulin resistance and impaired
glucose metabolism [29], which may explain the higher
prevalence of T2D and higher HbAlc levels in this group.
Additionally, hyperuricemia induces oxidative stress in
vascular smooth muscle and the kidneys, contributing
to RAAS overactivation and ultimately, the initiation and
progression of hypertension [30]. This underscores the
correlation between elevated serum uric acid levels and
RAAS activation.

The differences in RAAS components between the
groups could be explained by two possible theories.
Firstly, the discordance between aldosterone and renin
levels may suggest an aldosterone secretion pathway
independent of systemic RAAS, such as adrenocortico-
tropic hormone (ACTH)-regulated aldosterone secre-
tion [31, 32]. Animal studies have shown that hypoxia
can elevate aldosterone levels, without increasing plasma
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renin activity [33]. Moreover, a prior study by Balbo et al.
has demonstrated that sleep fragmentation and repeated
arousals throughout the night increase stress level, which
in turn stimulate ACTH release from the pituitary [34].
Additionally, it has been reported that sympathetic nerv-
ous system activation triggers cortisol release via the
hypothalamic—pituitary—adrenal axis [35], influencing
the pulse amplitude of aldosterone during daytime [10].

Secondly, the presence of higher PAC with no differ-
ence in PRC in hypertensive OSA compared to normo-
tensive OSA raises the possibility of subclinical PA, where
the aldosterone level is elevated independent of renin,
contributing to the elevated BP in this group of patients.
This condition could be one of the causes of resistant
hypertension commonly seen in patients with OSA [36].
This is further confirmed by the finding of significant
correlation between aldosterone level and the diagnosis,
severity, and duration of hypertension in the multivariate
regression analysis in this patient population.

In this study, PAC was found to be significantly cor-
related with TIS, highlighting a potential link between
RAAS activation and anti-hypertensive treatment burden
in OSA patients with hypertension. This positive correla-
tion reinforces the role of aldosterone in both hyperten-
sion severity and therapeutic requirements. Additionally,
the observed associations between aldosterone and SBP
levels, hypertension diagnosis, and hypertension dura-
tion in OSA patients suggests that aldosterone plays an
impactful role in BP regulation, hypertension severity,
and long-term progression of hypertension. This could be
mediated by aldosterone-induced vascular remodeling,
effects on vascular tone [37], and arterial stiffness [38].

Despite the demonstration of dysregulated RAAS in
OSA in some of the earlier studies, we observed no sig-
nificant correlation between RAAS in OSA severity in
our patients. As there is a predominance of severe OSA
in our study population, the chronic hypoxia could have
led the body to develop adaptive mechanisms which
mitigated the activation of RAAS, hence blunting any
significant correlation between the RAAS hormones
and OSA severity. Furthermore, the presence of multi-
ple comorbidities including obesity and diabetes, could
have independently affected RAAS [39], overshadowing
any relationship between RAAS and OSA severity in our
patients. This could also imply the role of other mecha-
nisms influencing the severity of OSA, particularly obe-
sity and metabolic syndrome [40, 41].

Our study is not without limitations. Firstly, as a cross-
sectional study, it limits our ability to establish cau-
sality. Secondly, our study population predominantly
comprised patients with severe OSA, reducing variabil-
ity in OSA severity, which may have affected the detec-
tion of significant correlations across a broader spectrum
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of OSA severity. Besides, by including only obese OSA
patients, the findings may not be generalized to the
whole OSA cohort, particularly non-obese OSA patients,
who may exhibit different patterns of RAAS activity and
blood pressure regulation. Additionally, hypertension in
OSA is complex and may be influenced by multiple over-
lapping mechanisms, thus not attributable to RAAS dys-
regulation alone. Another limitation of this study is that
hypertensive OSA patients exhibited a higher prevalence
of T2D and hyperuricemia compared to normotensive
OSA, which may have influenced the RAAS hormone
levels. However, even after adjusting for these confound-
ers in the regression analysis, aldosterone remained sig-
nificantly correlated with TIS, hypertension diagnosis,
hypertension duration, and SBP.

To the best of our knowledge, this is the first study to
evaluate the influence of RAAS on the hypertension
severity in OSA patients from Southeast Asia, filling a
gap in the literature where population-specific data are
lacking. While hypertension in OSA is multifactorial, our
study provides a focused and clinically relevant investiga-
tion in RAAS activity, highlighting its role in BP regula-
tion in this population. As RAAS activity is influenced
by body composition, metabolic status, and underlying
comorbidities, comparing these hormone levels with
a group of well-characterized, metabolically healthy
control individuals allows for a more meaningful com-
parison to determine the degree of RAAS dysregulation
attributable to obese OSA patients. Furthermore, given
that PA is characterized by excessive aldosterone pro-
duction and suppressed renin levels, its presence in the
OSA cohort could confound the interpretation of RAAS
activity. Therefore, by comparing RAAS profiles between
OSA and PA patients, we ruled out the possibility of
undiagnosed PA within the OSA group. This approach
strengthens the validity of our findings, confirming that
the observed RAAS alterations in the OSA patients are
attributable to obese OSA itself rather than an underlying
endocrine disorder. We also compared the RAAS com-
ponents between hypertensive and normotensive OSA,
helping to better identify the role of RAAS dysregulation
in the development of hypertension in OSA. This may
open the door to exploring targeted treatment options
for hypertensive OSA in the future.

Conclusions

In our OSA population, patients with hypertension
exhibited greater RAAS dysregulation, underscoring
the role of hormonal overactivation, particularly of
aldosterone, in the development and severity of hyper-
tension in OSA. Although RAAS activation was not
directly associated with OSA severity alone, these find-
ings support refined management strategies for OSA
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patients, especially those with concurrent hyperten-
sion, and the potential benefits of mineralocorticoid
receptor antagonists in controlling the BP and mitigat-
ing aldosterone-mediated effects in this population,
particularly in tropical regions where metabolic disor-
ders are increasingly prevalent.
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