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Abstract

Objectives: Coexistence of primary aldosteronism and obstructive sleep apnea in hypertension is evidenced.
However, aldosterone and renin activity is varying with apnea/hypopnea index changes in subjects with resistant
hypertension. Thus, the aim is to investigate the optional cutoff value for aldosterone/renin activity to screen primary
aldosteronism in patients with different status of apnea/hypopnea index.

Methods: 271 hypertensive male snores were evaluated via polysomnography and divided into two groups, group
with apnea/hypopnea index >15 events/h and with apnea/hypopnea index <15 events/h. Primary aldosteronism was
determined as following: subjects with plasma renin activity<1.0 ng/mL/h and aldosterone concentration>15 ng/dL
performed saline infusion test, after which aldosterone concentration>5 ng/dL was a sign of primary aldosteronism.
Receiver operating characteristic curve was applied to explore appropriate cutoff value for aldosterone/renin activity.

Results: 39 (14.4%) of the 271 were diagnosed with primary aldosteronism including 15 with apnea/hypopnea
index <15 events/h and 24 with apnea/hypopnea index >15 events/h. Area under receiver operating characteristic curve
was 0.97 (95%CI 0.94-0.99) in the group with apnea/hypopnea index >15 events/h and 0.91 (95%CI 0.87-0.96) in the
group with apnea/hypopnea index <15 events/h. Appropriate cutoff value for aldosterone/renin activity is 29.1 ng/dL per
ng/mL/h for the group with apnea/hypopnea index <15 events/h with sensitivity 100%, specificity 90% and 15.9 ng/dL
per ng/mL/h for the group with apnea/hypopnea index >15 events/h with sensitivity 100%, specificity 69.7%. Youden
index is 0.9 for the group with apnea/hypopnea index <15 events/h and 0.7 for the group with apnea/hypopnea index
>15 events/h.

Conclusions: Optional cutoff values of aldosterone/renin activity to screening for primary aldosteronism should be

considered in patients with different status of apnea/hypopnea index.

Keywords: Obstructive sleep apnea; Primary aldosteronism;
Aldosterone/renin activity ratio; Receiver-operating-characteristics
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Abbreviations

AHI: Apnea-Hypopnea Index, events/h; ARR: Aldosterone/Renin
Activity, ng/dL per ng/mL/h; AUC: Area Under the receiver operating
characteristic Curve; BMI: Body Mass Index, kg/m? BP: Blood Pressure;
DBP: Diastolic Blood Pressure, mmHg; NPV: Negative Predictive
Value; PA: Primary Aldosteronism; PAC: Plasma Aldosterone
Concentration, ng/dL; PPV: Positive Predictive Value; PRA: Plasma
Renin Activity, ng/mL; ROC: Receiver Operating characteristic Curve;
SBP: Systolic Blood Pressure, mmHg; SIT: Saline Infusion Test; WC:
Waist Circumference, cm.

Introduction

Overall the prevalence of hypertension appears to be around 30-
40% of the general population. The relationship between blood pressure
(BP) values and cardiovascular and events has been addressed in a body
of observational studies [1,2]. Etiology of hypertension is manifold
and complicated, involving life styles of individuals, environmental
factors, secondary diseases and gene polymorphisms [3-7]. Snoring
is a common phenomenon. Identified obstructive sleep apnea (OSA)
via polysomnography appears to be the most common condition
association with resistant hypertension [8]. OSA affects hypertensive
patients through other cardiovascular diseases, including coronary
artery disease, arrhythmia and stroke [9-11].

Primary aldosteronism (PA) is a well-known endocrine cause of

hypertension in which aldosterone production is inappropriately
high, causing suppression of plasma renin, hypertension, sodium
retention and urinary potassium excretion. It is important to identify
PA is not only because it contains higher prevalence, affecting 5-18%
of hypertensive patients with potentially curable condition, but also
because that PA plays a key role in cardiovascular disease states beyond
hypertension. Since the recommendation of the aldosterone/renin
activity (ARR) as a screening tool for PA, there has been a marked
increase prevalence of PA in different selected populations [12-17].

Evidences have provided by a case report that the coexistence
presences in patients with PA and OSA [18-20]. It is also necessary to
screen PA in patients with hypertension and scorning in order to obtain
an opportunity of specific treatments. However, renin-angiotensin-
aldosterone system (RAAS) and sympathetic nervous system (SNS)
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are activated by recurrent hypoxia and periodic arousals from sleep
in OSA [21-24]. Meanwhile, it has been shown than aldosterone and
renin activity changes with apnea/hypopnea index (AHI) severity in
subjects with resistant hypertension, suggesting that ARR might bear
some variability in various degrees of OSA [25]. Thereby, we speculated
that cutoff value for ARR in patients with snoring is not standardized
due to potential changes in aldosterone and renin activity with several
of severity of OSA. Thus, aim of the current study is to investigate the
optional cutoff value for ARR to screen PA in subjects with various
severity of OSA.

Methods

Patients

Some male patients with hypertension were initially referred to
the Center of Diagnosis, Treatment and Research of Hypertension
in Xinjiang between August 2009 and July 2010. The histories of
snoring and smoking have been confirmed by physicians’ inquiry.
All subjects’ symptoms of sleep apnea were made clear by patients
themselves or their family’s members. And they were advised to
discontinue diuretics (including spironolactone) for 6 weeks, and
B-blockers, angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers for 4 weeks, and to have a two weeks follow-up. If
antihypertensive medication could not be withdrawn completely,
patients were prescribed a-blockers (doxazosin mesylate controlled-
release; 2-8 mg/day or terazosin hydrochloride, 2-10 mg/day) and/
or non-dihydropyridine calcium channel blockers (verapamil slow-
release, 120-480 mg/day) for at least 4-6 weeks before screening. The
drug dose depended on blood pressure (BP) level and drug tolerability
in individual patients. The exclusion criteria were: (i) confounding
conditions such as acute upper respiratory infection, a history of
chronic obstructive pulmonary disease, asthma, congestive heart
failure, arrhythmia, angina pectoris, serum creatinine >177 mmol/L,
pregnancy/breastfeeding; or (ii) use of drugs that might interfere
with the renin-aldosterone axis (e.g., corticosteroids, sex hormones,
licorice, or nonsteroidal anti-inflammatory drugs). All of these works
were finished in out-patients. Finally, 271 patients were admitted to
the hospital to investigate the etiology of hypertension. Demographic
parameters were noted in all patients groups: body mass index (BMI),
waist circumference (WC) and clinic blood pressure.

Hormone assays

Blood samples were stored in an ice bath at 4°C during
transportation. Blood tubes were then centrifuged in a refrigerated
centrifuge, and plasma was separated from the cells immediately after
centrifugation. The plasma samples were divided into two parts: one
part was used for the determination of plasma Ang I (Ala)and the other
part was used for the determination of plasma AIb concentrations
following 1-h incubation at 37°C followed by reacting the sample with
direct antibodies [26]. Plasma renin activity (PRA) was calculated
using the following formula: (AIb—Ala)/hour. Angl was measured
by radioimmunoassay (Center of Beifang Biology Technique, Beijing,
China). The reference range for PRA was 0.20-1.90 ng/mL/h. For the
kit, the intra- and inter-assay coeflicients of variation were < 10-15%.
PAC was also measured by radioimmunoassay (DSL-8600ACTIVE
Aldosterone Coated-Tube Radioimmunoassay Kit; Diagnostic Systems
Laboratories, Webster, TX, USA). The reference range for PAC was
3.37-23.74 ng/dL. The intra- and inter-assay coefficients of variation
were within the range 4.5-9.8%.

Collection of 24-h urine and blood samples to measure
potassium levels

Twenty-four-hour urine collection was performed according to
standard procedures before Saline Infusion Test (SIT). Patients were
on a regular diet without vitamins or mineral supplements. Urine was
collected continuously from the first bladder void at 7 am on the first
day until 7 am on the second day. The collection jar was stored in a
refrigerator at 4°C. After 24 hrs, the total urine volume was measured
and a 15-ml urine sample was saved to measure the level of K*. Venous
blood samples were taken simultaneously to measure serum K*on the
second morning after a 12-h fast. No tourniquet was used and no fist
was made during blood collection. Blood was drawn slowly using a
syringe and then transferred into a non-vacuum tube for immediate
measurement of serum K*. Hypokalemia was defined as serum K*
<3.50 mmol/L.

Laboratory assessment

Serum K, urinary K*and other biochemical content were measured
by enzymatic methods using an auto-analyzer (7600-010 Automatic
Analyzer; Hitachi Medical Systems, Suzhou, China). All blood
samples were examined within 1 day of collection at the Hypertension
Clinical Research Center of the People’s Hospital of Xinjiang Uygur
Autonomous Region.

All patients gave their informed consent after a detailed description
of the experimental protocol, which was approved by the local Ethical
Committee.

Screening and diagnosis of OSA

271 male patients with hypertension and snoring underwent full-
night, diagnostic polysomnography. Polysomnographic evaluation
included airflow monitoring with thermocouple; respiratory effort
with belts at the chest and abdominal positions; oxygen saturation
measured by pulse oximetry; heart rate with a single-lead ECG; EEG
(C4-Al, C3-A2); submental and tibial electromyograms and bilateral
electrooculograms. Apnea was defined as a cessation in airflow for > 10s.
Hypopnea was defined as > 50% reduction in respiratory flow or >30%
reduction linked to more than 3% desaturation and/or microarousals at
least. AHI was calculated as the total number of apneas plus hypopneas
divided by the hours of sleep. OSA was defined as an AHI >5 events/h,
and further subclassified into mild OSA (AHI=5-15), moderate OSA
(AHI=16-30), and severe OSA (AHI>30). A habitual snorer is a subject
who always snores at night, while the AHI is <5 events/h [27].

The diagnosis protocol of PA
Screening test: PRA, PAC and ARR

i. We used the screening criteria described as PRA<1.0 ng/mL/h
and PAC >15 ng/dL [28].

ii. The ARR was calculated using PAC as the numerator and PRA
as the denominator, and expressed in ng/dL per ng/mL/h. In samples
with a PRA <0.2 ng/mL/h (i.e., primarily corresponding to subjects
with a final diagnosis of PA), a PRA value of 0.2 ng/mL/h was used to
calculate the ARR.

Confirmatory test for PA: saline infusion test: Subjects were
asked to sit for 30 min at 11 am, followed by blood-sample collection
for measurements of PAC and PRA. Blood samples were drawn
after an infusion of 2 L of 0.9 % saline over 4 h. The SIT should not
be performed in patients with severe uncontrolled hypertension or
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hypokalemia. Serum K* levels were brought within the normal range
(3.5-5.5 mmol/L K*) with oral K* supplement before the test in patients
with hypokalemia. This test was preformed after collecting 24-h urine
and blood samples to measure serum K* levels. Post-infusion PAC <5
ng/dL made a diagnosis of PA unlikely, and levels >5 ng/ dL were a very
probable sign of PA [29] (the protocol can be seen in Table 3).

Statistics analysis

Data are given as mean * SD or percentage. Differences in dose
data between groups were assessed using Student’s t-tests or x* test
where appropriate.

ROC analysis was used to evaluate the power of screening for
PA using different ARR levels between two groups with AHI>15 and
AHI<15 events/h. Sensitivity (i.e. true positive rate) and specificity (i.e.
true negative rate) were calculated for each ARR cut-off value. A ROC
curve that plotted sensitivity against (1-specificity) was drawn. Youden’s
index is easily calculated according to formula J=sensitivity +specificity
-1. Data analyses were carried out using SPSS for Windows (version
17.0; SPSS, Chicago, IL, USA). Two-tailed P values are provided for
descriptive purposes, with P<0.05 considered statistically significant.

Results

In total, 271 male subjects with hypertension were evaluated
(Table 1). In 227 (83.3%) of 271 male patients with hypertension who
snore regularly were diagnosed to have OSA via PSG presenting AHI
more than or equal to 5 event/h, and of those 227 confirmed to have
OSA, 131 (57.6%) presented AHI>15 events/h. PA was diagnosed
in 39 (14.4%) patients: 15 (38.4%) of patients with AHI<15 events/h
and 24 (61.6%) of patients with AHT>15 events/h 39 (14.4%) on the
basis of diagnostic schema for PA (Table 3). Of those with AHI more
than or equal to 5 events/h, 32 patients were made a diagnosis of PA,
accounting for 11.8%. Mean age of participants enrolled was 46 + 9
years (range 19-71 years), mean abdominal circumference was 100.8 +
9.8cm, and mean BMI was 28.6 + 65 kg/m?. 26 patients were confirmed
to have hypokalemia, accounting for 17.4%. There were no significant
difference in age, BMI, SBP, DBP, serum potassium, PRA, PAC and
ARR (p>0.05 for all) between AHI>15 events/h group and AHI<15
events/h group, but waist circumference and urinary potassium were
significantly higher in the group with AHI>15 events/h than in the
group with AHI<15 events/h (p<0.05 for the two).

ROC curve was applied to explore the appropriate cut off value for
screening of PA in the two groups with AHI>15 events/h and AHI<15
events/h. Area under ROC was 0.97 (95% CI 0.94-0.99) in the group
with AHI>15 (Figure 1) and 0.91 (95% CI 0.87-0.96) in the group with
AHI<15 events/h (Figure 2). Table 2 shows that the most appropriate
cutoff value for ARR to screen PA is 29.1 ng/dL per ng/mL/h for the
group with AHI<15 events/h with sensitivity of 100%, specificity of
90%, positive predictive value of 60.0%, and negative predictive value of
100% and 15.9 ng/dL per ng/mL/h for the group with AHI>15 events/h
with sensitivity of 100% and specificity of 69.7% positive predictive
value of 37.5%, and negative predictive value of 100%. Youden index is
0.9 for the group with AHI<15 events/h and 0.7 for the group with AHI
>15 events/h, respectively.

Table 3 presents the prevalence of PA in patients with
15.9<ARR<29.1 ng/dL per ng/mL/h on the basis of diagnostic
schema. PA was not found in patients with AHI<15 events/h who had
15.9<ARR<29.1 ng/dL per ng/mL/h, but 4 patients with PA (19%) were
confirmed who had AHI>15 events/h and 15.9<ARR<29.1 ng/dL per
ng/mL/h.

Discussion

In our study, we found two important results. The different cutoft
values of ARR indeed exist in patients with different levels of AHI
Appropriate cutoff value for ARR is 29.1 ng/dL per ng/mL/h for the
group with AHI<15 events/h and 15.9 ng/dL per ng/mL/h for the group
with AHI>15 events/h. While researched population has been limited
in male hypertensive patients with snoring complained by themselves
or their family members.

Obstructive sleep apnea and PA have been considered the most
common form of secondary hypertension with potentiality if managed
systemically and specifically. Coexistence of the two prompted
researchers to investigate potential mechanisms related to OSA and
PA. Animal model have evidenced that aldosterone acts as the central
driver to increase activity of brain renin angiotension system, oxidative
stress and sympathetic nervous system [30], which may disregulate
central breathing system. In addition, aldosterone excess secondary
to RAAS activation may also contribute to OSA through increased
edema at nasopharyngeal tissues. It has been indicated in a body of
studies that increased sodium and water retention, secondary to

Total AHI<15 AHI>15

n value n value n Value p
Age 271 44 (8) 115 43 (9) 156 45 (8) n.s
wC 263 100.8 (9.8) 111 98.9 (11.3) 152 102.2 (8.3) <0.05
BMI 261 28.6 (6.5) 111 28.1(9.3) 150 28.9 (3.1) n.s
Smoke 271 171 (63.1%) 115 72 (62.6%) 156 99 (63.5%) n.s
SBP 269 142 (22) 115 141 (23) 154 143 (20) n.s
DBP 269 99 (14) 115 98 (14) 154 99 (14) n.s
Serum K* 264 3.82(0.36) 111 3.83(0.37) 153 3.82(0.35) n.s
Urinary K* 246 421 (17.1) 109 39.3 (14.2) 137 44.3 (18.9) <0.05
PRA 271 1.77 (1.69) 115 1.96 (1.93) 156 1.62 (1.47) n.s
PAC 271 15.12 (7.24) 115 14.55 (7.40) 156 15,54 (7.11) n.s
ARR 271 28.4 (49.7) 115 18.40 (22.22) 156 21.78 (24.38) n.s
AHI 271 25.2 (22.4) 115 6.62 (4.29) 156 38.88 (20.31) <0.0001
PA 271 39 (14.4%) 115 15 (13.0%) 156 24 (15.4%) n.s

Data are shown as mean + SD, except smoke and PA, which are percentages.
AHI: Apnea-Hypopnea Index; events/h, ARR: Aldosterone/Renin Activity; ng/dL per ng/mL/h; BMI: Body Mass Index; kg/m2; DBP: Diastolic Blood Pressure: mmHg;
PA: Primary Aldosteronism; PAC: Plasma Aldosterone Concentration; ng/dL; PRA: Plasma Renin Activity; ng/mL; SBP: Systolic Blood Pressure; mmHg; WC: Waist

Circumference; cm

Table 1: Demographic and biochemical values for all of the subjects and for subjects according to apnea-hypopnea index.
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ARR

AHI<15 AHI>15
cut-off values 291 15.9
AUC 0.97 0.91
Sensitivity (%) 100.0% 100.0%
Specificity (%) 90.0% 69.7%
PPV (%) 60.0% 37.5%
NPV (%) 100.0% 100.0%
Youden 0.9 0.7

AHI: Apnea-Hypopnea Index; events/h; ARR: Aldosterone/Renin Activity; ng/dL per
ng/mL/h; AUC: Area Under the receiver operating characteristic Curve; PPV: Positive

Predictive Value; NPV: Negative Predictive Value
Table 2: Diagnostic power of ARR in the different status of apnea-hypopnea index.

ARR for 115 hypertensive male patients with
AHI<15events/h
1.0
0.8
£ 06
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=
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0.0 0.2 0.4 0.6 0.8 1.0
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Figure 1: Receiver operating characteristic curve for aldosterone/renin activity
in 15 proven primary aldosteronism determined by protocol; area under the
receiver operating characteristic curve: 0.97(95%CI 0.94-0.99).

hyperaldosteronism, lead to or worsen OSA [31], even in resistant
hypertension [32], and treatment with diuretics improves upper airway
caliber and OSA in patients with diastolic heart failure [33], implicating
that pharyngeal edema is a possible cause of upper airway collapse
during sleep. Meanwhile, displacing fluid from the lower extremities
to the neck results in narrowing of upper airway, suggesting that
upper airway edema may contribute importantly to the pathogenesis
of OSA [34]. Spironolactone, a mineralocorticoid receptor antagonist,
has been shown to reduce severity of OSA in patients with resistant
hypertension and therefore researchers explained that spironolactone
reduces peripharyngeal fluid accumulation and thereby lowers risk of
upper airway obstruction by reversing chronic fluid retention, whereas
the precise mechanism behind needs to be confirmed in randomized
trials with larger samples with resistant hypertension [35], and
meanwhile continuous positive airway pressure therapy reportedly
reduces elevated aldosterone levels in patients with OSA syndrome,
suggesting that the two entities may be causally related, that is, one
contributing to the other [36].

Carolina and colleagues noted an association among resistant

hypertension, aldosterone and OSA in their serial studies: in patients
with resistant hypertension, aldosterone excretion is increased with
symptoms of OSA. Furthermore, plasma aldosterone concentration
is positively correlated with severity of OSA; on the contrary, severity
of OSA is strongly correlated with the degree of urinary aldosterone
excess in the high-aldosterone group. Letizia et al. reported, in 53
patients with essential hypertension and OSA, that there is a positive
linear correlation between plasma renin activity and AHI. However,
our current study observed no significant difference in PRA and
PAC between two groups with AHI>15 and AHI<15 events/h. One
of the possible reasons is different population selected. In our study,
we limited study subjects to male gender with common hypertension
and snoring. However, based on our results, the elevation of urinary

ARR for 156 hypertensive male patients with
AHI > 15events/h
1.07
0.8
:'?0.6—
2
=
7]
3
) 0.4
0.2
0.0 T T T T
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Figure 2: Receiver operating characteristic curve for aldosterone/renin activity
in 24 proven primary aldosteronism determined by protocol; area under the
receiver operating characteristic curve: 0.91(95%Cl 0.87-0.96).

15.9<ARR<29.1
AHI<15 AHI>15

N (%) 9 (100%) 21 (100%)
! ! !
PRA<1.0 8 (88.9%) 20 (95.2%)
PAC>15 1(11.1%) 8 (30.1%)
! ! !
PRA<1.0 and PAC>15 0 (0%) 7 (33.3%)
1 1 !
SIT 0 (0%) 7 (33.3%)
l l !
PAC>5 after SIT 0 (0%) 4 (19.0%)
! ! !
PA 0 (0%) 4 (19.0%)

AHI: Apnea-Hypopnea Index; events/h; ARR: Aldosterone/Renin Activity; ng/dL per
ng/mL/h; PA: Primary Aldosteronism; PAC: Plasma Aldosterone Concentration; ng/
dL; PRA: Plasma Renin Activity; ng/mL; SIT: Saline Infusion Test

Table 3: The protocol for diagnosis of primary aldosteronism and prevalence of PA
in patients with 15.9<ARR<29.1 ng/dL per ng/mL/h.
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potassium excretion was more manifest in patients with AHI>15
events/h. The confounding factors of increasing kaliuresis include
sodium intake, potassium consumption, diuretic, renal dysfunction,
and other rare diseases excluding PA. All patients referred in our centre
were suggested a low-salt diet although uniform food and drink were
not distributed to them. In spite of hypokalemia, potassium supplement
was not performed before completing 24-hour urine collection. The
confounding effects of diuretics and renal dysfunction have been
excluded based on methods of current study. Other diseases leading
to increase kaliuresis such as renal tubular acidosis might be ignored
to identify, whereas the common causes of this disease were excluded
when patients were selected. In addition, the higher WC was found in
the group with AHI>15 events/h in spite of similarity of BMI between
two groups. In obesity, activation of RAAS is increased in an adipose
tissue and in circulation [37]. The comparing results between patients
with AHI>15 and <15 events/h predicted that prevalence of PA might
be underestimated in patients with AHI>15 events/h. Therefore, we
conducted the current study to investigate an optional cutoft value for
ARR to screen PA in patients with OSA of various degrees.

ARR is currently the most reliable and available means of screening
PA, recommended by current guidelines. Cutoff value of ARR ranging
from 20 to 100 ng/dL per ng/mL/h has been referenced in selected or
unselected hypertensive subjects [29,38]. A further result of our study
showed that different cutoff values of indeed existed in patients with
different AHI. For patients with AHI<15 events/h, misdiagnosis might
beless frequent if ARR>20 ng/dL per ng/mL/h used as reccommended by
guideline. Nevertheless, for patients with AHI>15 events/h, it is a more
reasonable to use ARR>20 ng/dL per ng/mL/h as a cutoft value. Plasma
renin and aldosterone levels have usually been found to rise steadily at
onset of sleep and reach their highest levels during the second half of
the night. The relationship between RAAS and OSA is complex and
remains to be elucidated. Activation of RAAS by recurrent hypoxia and
arousal may contribute to elevation of blood pressure in OSA. Elevated
PRA probably cause a declination of ARR. Consequently, reassessment
of cutoff value for ARR to screen for PA should be considered.

In general, higher ARR is meaningful only when PAC exceeds 15
ng/dL. In order to evaluate optional cutoff value of ARR in patients with
snoring, the protocol was performed without involving ARR, whereas
using PRA<1.0 ng/mL/h and PAC>15 ng/dL as an initial screening
criteria. Although this criterion was not reccommended by the guideline,
it might be more in accordance with the definition of PA. Just few
studies investigated the relationship between some indicators about PA
and OSA, while most studies involved in primary hyperaldosteronism
due to lacking of suppression tests. Primary hyperaldosteronism was
defined as PRA <1.0 ng/mL/h and 24-h urinary aldosterone excretion
>12 ug in Calhoun’s studies, which was not used in this study since
24h urinary aldosterone excretion was not measured. In letizia’s study,
a high ARR cutoff value of 40 ng/dL per ng/mL/h was considered as
a detection test, and patients with PAC>5 ng/dL after SIT was the
diagnosis of PA. Nevertheless, a considerable number of people might
be missed if letizia’s screening criteria used not only in hypertensive
males with AHI>15 events/h but also with AHI<15 events/h.

Patients with 15.9<ARR<29.1 ng/dL per ng/mL/h were selected to
discuss because ARR<15.9 ng/dL per ng/mL/h made a diagnosis of PA
unlikely, whereas patients with ARR>29.1 ng/dL per ng/mL/h usually
may be a focus to perform the confirmatory test of PA as the same as
common hypertensive patients. Work on identification of PA might

be ignored when ARR ranges from 15.9 to 29.1 ng/dL per ng/mL/h.
From our results, we found 4 patients defined of PA in patients AHI>15
events/h and 15.9<ARR<29.1 ng/dL per ng/mL/h. These PA patients
might have been missed if uniform ARR>29.1 ng/dL per ng/mL/h was
selected as a screening criteria. More seriously, specific treatments
could have been unavailable.

Limitations of the study

The present study had several limitations that may have introduced
abias. First of all, specific population was selected to this study, in which
only male patients with hypertension and snoring involved. In addition,
this is a retrospective observational study. Furthermore, although we
followed a protocol demonstrated by guideline to screen PA, we did
not use ARR as a screening criterion to investigate an optional cutoff
value of ARR. And we did not use urinary aldosterone as a screening
criterion because of lack of data. More importantly, identification of
PA was not confirmed by pathological diagnosis, adrenalectomy or
mineralcorticoid receptor therapy. In addition, clinical characteristics
of snoring were not evaluated via Epworth sleepiness assessment scale.
Finally, specialist bias may also have been given that all of the subjects
were referred to the Hypertension Clinical Research Center.

In conclusion, this study shows that the optional cutoft values of
ARR to screening for PA is different in male hypertensive patients
with different severity of snoring. For patients with moderate-severe in
our population, a lower cutoff value of ARR should be considered as a
screening criterion.
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