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Introduction
Obstructive sleep apnea (OSA), aldosterone excess, and resistant 
hypertension (RH) are common comorbidities, especially in patients 
affected by obesity [1]. The prevalence of OSA is high in patients af-
fected by RH and even higher in individuals with hypertension re-
fractory to medical therapy [2]. In patients with RH, oversecretion 
of aldosterone is a frequent finding and primary aldosteronism (PA) 
has a significantly higher prevalence compared with the general hy-
pertensive population [3]. Patients with RH are significantly more 
likely to experience adverse cardiovascular outcomes, such as 
stroke, myocardial infarction, heart failure, renal failure, and death, 
compared with subjects with nonresistant hypertension [4]. Stud-
ies performed in the last years suggest that PA is frequent in patients 
with OSA [5, 6] and, on the basis of these evidences, the 2016 En-

docrine Society Guideline recommends to screen for PA all patients 
with hypertension and OSA [7]. The impact of aldosterone excess 
and sleep apnea on the cardiovascular morbidity and mortality of 
patients with hypertension is of great importance, as well as the 
recognition of the interplay between these conditions. Previous 
studies hypothesized that a bidirectional relationship between al-
dosterone levels and OSA might be present in patients with RH and 
PA [8]. Nevertheless, whether the association between PA and OSA 
is accidental or pathophysiologically-based remains controversial.

Epidemiology
Primary aldosteronism
PA is mostly sporadic, due to unilateral aldosterone-producing ad-
enoma (APA) or bilateral hyperaldosteronism (BHA), and less fre-

Review

Primary Aldosteronism and Obstructive Sleep Apnea: Casual 
Association or Pathophysiological Link?
  

Authors
Alessio Pecori, Fabrizio Buffolo, Jacopo Pieroni, Vittorio Forestiero, Elisa Sconfienza, Franco Veglio, Paolo Mulatero , 
Silvia Monticone

Affiliation
Division of Internal Medicine 4 and Hypertension Unit, 
Department of Medical Sciences, University of Torino, 
Torino, Italy

Key words
aldosterone, sleep disorders, obesity, metabolic syndrome, 
apnea-hypopnea index, leptin

received  18.12.2019 
accepted  26.02.2020

Bibliography
DOI https://doi.org/10.1055/a-1133-7255
Published online: 27.3.2020
Horm Metab Res 2020; 52: 366–372
© Georg Thieme Verlag KG Stuttgart · New York 
ISSN 0018-5043

Correspondence
Paolo Mulatero MD
Division of Internal Medicine 4 and Hypertension Unit 
Department of Medical Sciences, University of Torino
Via Genova 3
10126 Torino
Italy 
Tel.: + 39 0116336959, Fax: + 39 0116336931 
paolo.mulatero@unito.it

ABStr Act

The coexistence of aldosterone oversecretion and obstructive 
sleep apnea is frequently observed, especially in patients with 
resistant hypertension, obesity, and metabolic syndrome. 
Since aldosterone excess and sleep apnea are both inde-
pendently associated with an increased risk of cardiovascular 
disease, to investigate whether their coexistence might be at-
tributed to common predisposing conditions, such as meta-
bolic disorders, or to an actual pathophysiological interconnec-
tion appears of great importance. Fluid overload and 
metabolic abnormalities relating to aldosterone oversecretion 
may be implicated in obstructive sleep apnea development. 
Nocturnal intermittent hypoxia may in turn exacerbate re-
nin-angiotensin-aldosterone system activity, thus leading to 
hyperaldosteronism. Furthermore, fat tissue excess and adipo-
cyte secretory products might predispose to both sleep apnea 
and aldosterone oversecretion in subjects with obesity. Con-
sistent with these evidences, obstructive sleep apnea frequent-
ly affects patients with primary aldosteronism. Conversely, 
whether primary aldosteronism is more prevalent in individu-
als affected by obstructive sleep apnea compared to the gen-
eral population remains controversial.
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quently (1–6 %) is a familiar condition [9]. Individuals with PA show 
an increased risk of stroke, coronary artery disease, heart failure, 
atrial fibrillation, left ventricular hypertrophy, kidney damage, di-
abetes, and metabolic syndrome compared to patients with essen-
tial hypertension [10, 11]. The prevalence of PA rates between 5.9 % 
in the general hypertensive population [12] and 11.2 % in patients 
from referral centers [13], and progressively increases with hyper-
tension severity [12].

Two prospective studies suggested a high prevalence of aldos-
terone excess in patients with sleep disordered breathing (SDB). 
Calhoun et al. showed that autonomous aldosterone secretion was 
more frequently observed in patients with RH at high risk of OSA 
(36 %) compared with low-risk patients (19 %), defined according 
to the Berlin Questionnaire results [5]. However, OSA diagnosis was 
not confirmed by polysomnography and patients with aldosterone 
oversecretion did not underwent confirmatory testing for PA diag-
nosis. Di Murro et al. reported a 34 % prevalence of PA in patients 
affected by hypertension and OSA [6]. Nonetheless, polysomnog-
raphy was performed only in patients showing excessive daytime 
sleepiness, thus leading to diagnosis of OSA only in a selected sub-
group of symptomatic individuals. Therefore, it cannot be exclud-
ed that PA prevalence among the overall symptomatic and asymp-
tomatic OSA population would have been different.

The recent multicenter multi-ethnic cross-sectional HYPNOS 
study, reported an 8.9 % prevalence of PA in a population of 203 
patients with OSA (102 Caucasians and 101 Chinese) [14]. Even 
though control groups were not included in the study, the figures 
were not significantly different from the prevalence of PA reported 
in primary care settings and referral centers (5.9 and 11.2 %, re-
spectively) [12, 13]. Moreover, a sub-analysis performed to identi-
fy PA prevalence in patients in whom OSA was the only indication 
to proceed to PA screening, showed that only 1/63 (1.5 %) patients 
displayed confirmed PA. These results provocatively challenge the 
current Endocrine Society Guideline recommendation to screen 
for PA all patients affected by OSA and arterial hypertension, irre-
spective of hypertension severity and the presence of other risk 
factors.

Obstructive sleep apnea
OSA is a chronic sleep disorder characterized by recurrent episodes 
of complete (apneas) or partial airflow cessation (hypopneas) due 
to obstruction of the upper respiratory tract, leading to intermit-
tent hypoxia, hypercapnia, and sleep arousals [15]. OSA is an inde-
pendent risk factor for hypertension [16–18] and cardiovascular 
disease [19, 20], and a predictor of cardiovascular outcomes, in-
cluding sudden cardiac death [21]. OSA is frequently diagnosed in 
patients with various cardiovascular comorbidities, such as stroke, 
end-stage chronic kidney disease, ischemic cardiomyopathy, heart 
failure, atrial fibrillation, and hypertrophic cardiomyopathy [15]. 
The prevalence of OSA in the overall adult population varies from 
9 –38 %, ranging between 13 –33 % in men and 6–19 % in women 
[22]. Advanced age is associated with an elevated prevalence of 
OSA, up to 90 % for all stages in a cohort of elderly men [22, 23]. 
OSA prevalence is high in patients with obesity or metabolic syn-
drome, ranging from 50 % to 60 %, and it is even higher in subjects 
with morbid obesity and diabetes [24]. The prevalence of OSA in 
patients with hypertension is reported to be 30–50 % [25] and it 

has been assessed to be as high as 92 % [26] for all stages and 70 % 
for severe OSA [27] in patients with RH. A recent study displayed 
an even higher prevalence of moderate OSA (95.2 %), severe OSA 
(64.3 %), and OSA syndrome (52.4 %) in patients with refractory hy-
pertension [2].

Some studies showed that OSA is more frequent in patients with 
than in those without PA. In a retrospective cohort, OSA prevalence 
was significantly higher in subjects with autonomous aldosterone 
secretion (18 %) compared with patients without it (9 %) [28]. How-
ever, the lack of PA confirmatory testing and the identification of 
OSA patients using database records are the major limitations of 
this study. Indeed, the prevalence of OSA in both PA and non-PA 
hypertensive patients resulted even lower than the one observed 
in the general population [22]. In a prospective study, the report-
ed OSA prevalence was 78.1  and 71.0 % in patients affected by RH 
with and without PA, respectively, and OSA severity was shown to 
be higher in the former group [29]. In a recent study aimed at ex-
ploring the effects of PA treatment on OSA severity, a 79 % preva-
lence of OSA was showed in patients with PA [30]. Nevertheless, it 
should be noted that the study cohort was selected by the pres-
ence of at least one risk factor for sleep apnea, such as male gen-
der, obesity, history of snoring or daytime sleepiness, therefore the 
assessed prevalence might represent an overestimation of the ac-
tual OSA prevalence in the overall PA population because of selec-
tion bias. In the HYPNOS study, among 207 patients with a con-
firmed diagnosis of PA, the prevalence of OSA was 67.6 % [14].

Given the high cardiovascular morbidity associated with both 
PA [10, 11] and OSA [16–21], it is possible that the coexistence of 
both diseases could act synergistically further increasing the asso-
ciated cardiovascular risk and target organ damage. Data from HYP-
NOS study showed that patients with both PA and OSA have high-
er blood pressure levels than PA or OSA alone [14]. However, no 
studies directly investigated the combined effect of OSA and PA in 
terms of target organ damage and cardiovascular risk.

Ethnic differences in primary aldosteronism and 
obstructive sleep apnea prevalence
Whether ethnic differences might affect the risk of both OSA and 
PA onset has been a matter of debate. The prevalence of OSA in the 
general Caucasian population was estimated to be as high as 38 % 
to even more than 90 % in selected cohorts [2, 22, 23] and it was 
observed to be 64.4 % in patients with PA [14]. The prevalence of 
PA was found to be 5.9 % in the general hypertensive population 
[12] and 11.8 % in Caucasian patients with OSA [14].

The SDB risk in Asian patients was reported to be higher than in 
Caucasians [31]. OSA is more frequent in Chinese men than in 
women, although prevalence discrepancies lower along with age 
[32, 33]. The elevated SDB risk in Asians may be correlated to ana-
tomical factors, such as the higher frequency of craniofacial skele-
tal anomalies and the different body fat distribution compared to 
Caucasians [31]. Asian patients usually display a greater dietary salt 
intake than Caucasians, and this feature, along with an elevated 
salt-sensitivity of blood pressure, might contribute to hydrosaline 
retention and pharyngeal edema [34]. In the HYPNOS study, Chi-
nese patients with PA had a 70 % prevalence of OSA, which was not 
significantly different compared with Caucasians [14], and result-
ed to be similar to that reported in Chinese with essential hyper-
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tension [35]. Moreover, aldosterone positively correlated with ap-
nea-hypopnea index (AHI) in Caucasians with PA, but not in Chinese 
patients [14]. Hence, it is reasonable to suppose that the patho-
physiology of OSA in Asians might be related mostly to anthropo-
morphic predisposing features and high salt intake than to aldos-
terone-mediated mechanisms.

Current evidences suggest that SDB risk is greater among pa-
tients of African descent compared to Caucasians [31, 36, 37]. SDB 
predisposition might be correlated to obesity influence and pres-
ence of enlarged upper airway soft tissue in blacks, as well as fre-
quent disadvantageous socio-environmental conditions and to-
bacco smoke [31]. Blacks with hypertension tend to have lower 
plasma renin activity than whites [38], possibly suggesting a great-
er frequency of aldosterone-dependent hypertension [3], though 
no differences in PA prevalence have been observed [3, 39]. More-
over, blacks tend to be more salt-sensitive and to display lower re-
sponsiveness to angiotensin-converting enzyme inhibitors and be-
ta-blockers compared to whites [40]. These evidences possibly sug-
gest that aldosterone excess might play a relevant role in the 
pathophysiology of OSA in African-Americans, as supported by a 
study reporting a higher prevalence of both OSA and PA compared 
with Caucasians, Hispanics, and Asians [28].

The Pathophysiological link between aldosterone 
and OSA
Obstructive sleep apnea effects on the renin-angiotensin-
aldosterone system
Several pathophysiological mechanisms relating OSA to hyperten-
sion have been proposed, including intermittent hypoxia, hyper-
capnia, intrathoracic negative pressure changes and nocturnal 
arousals. Blood pressure increase due to intermittent hypoxic 
events has been associated to sympathetic nervous system hyper-
activity, renin-angiotensin-aldosterone system (RAAS) overstim-
ulation, oxidative stress, endothelial dysfunction, endothelin over-
production and pro-inflammatory state [41]. OSA severity might 
correlate with aldosterone oversecretion, thus leading to water and 
sodium retention, and subsequent rise in blood pressure. Indeed, 
patients with OSA and RH with normal plasma renin activity, plas-
ma aldosterone concentration and aldosterone-to-renin ratio dis-
played a reduced aldosterone response to saline load along with 
increasing severity of OSA [42].

Is aldosterone excess a result of RAAS hypoxia-induced activa-
tion in patients with OSA, or does it represent a contributing factor 
to OSA pathophysiology? To assess causality of OSA and aldoster-
one excess relationship, a number of clinical studies were per-
formed and evaluated the impact of continuous positive airway 
pressure (CPAP) treatment on aldosterone levels in patients with 
OSA. The results of a meta-analysis of 5 studies indicated minimal-
ly yet significantly reduced aldosterone levels after at least one 
month of CPAP therapy. Nonetheless, a sub-analysis including only 
randomized controlled trials indicated no significant aldosterone 
changes in the CPAP-treated patients compared to controls [43]. 
However, the study performed by Møller et al., showing no signif-
icant decrease of aldosterone levels after CPAP therapy, might be 
limited by the lack of an appropriate BMI-matching of enrolled sub-
jects, thus leading to biased results due to obesity influence on 

CPAP effects [44]. Of interest, all included studies were performed 
in Europe and enrolled patients were predominantly male, thus 
ethnicity and gender influence on aldosterone response to CPAP 
treatment could not be assessed.

A recent study showed that also short-term CPAP treatment 
might be able to lower plasma aldosterone and renin levels in mod-
erate-severe OSA patients with type 2 diabetes [45]. Conversely, a 
recent randomized controlled trial reported that only optimal CPAP 
treatment – at least 4 h per night during the entire 6-month study 
period – significantly decreased urinary aldosterone excretion in 
RH patients with moderate-severe OSA compared to controls [46]. 
Another study displayed that CPAP therapy was able to significant-
ly decrease aldosterone levels and blood pressure in OSA patients 
with day-and-night sustained hypertension compared to controls, 
but not in those with isolated nocturnal hypertension [47]. Lastly, 
aldosterone levels were not significantly decreased by angiotensin 
receptor-blocker treatment in a cohort of subjects with hyperten-
sion and OSA compared to those without OSA, while add-on CPAP 
therapy in the former group tended to lower aldosterone excess 
and sympathetic activity. These results support the hypothesis of 
a subclinical form of hyperaldosteronism in patients with hyper-
tension and OSA [48].

Overnight rostral fluid shift as a pathogenetic feature 
predisposing to obstructive sleep apnea
Several evidences support the importance of volume overload and 
nocturnal rostral fluid shift in the pathogenesis of OSA. This latter 
phenomenon is due to redistribution of fluid, accumulated during 
daytime in the lower extremities because of gravity, from legs to 
neck upon lying down at night. Fluid displacement into neck struc-
tures promotes upper respiratory tract soft tissue edema, which in 
turn causes airway resistance increase and airflow obstruction [49].

Targeting fluid overload in hypervolemic patients might be ef-
fective to reduce AHI and upper airway collapsibility in subjects 
with OSA [49]. A 2-week course of intensified diuretic treatment 
was reported to be effective in improving OSA severity in patients 
with uncontrolled hypertension and moderate-severe OSA [50].

Aldosterone excess, along with increased dietary sodium intake, 
leads to fluid overload [1, 51]. A meta-analysis showed that aldos-
terone and angiotensin II are significantly higher in OSA-affected 
patients with hypertension than in normotensive individuals [52]. 
Therefore, it has been hypothesized that aldosterone excess might 
be implicated in volume overload predisposing nocturnal rostral 
fluid shift in patients with OSA [51]. Conversely, in a large cross-sec-
tional study plasma aldosterone levels and plasma renin activity 
were not significantly different in RH patients with no or mild OSA 
compared with patients with moderate-severe OSA [53].

Aldosterone blockade and obstructive sleep apnea
Several studies documented a positive correlation between aldos-
terone levels and OSA severity. Plasma and urinary aldosterone lev-
els significantly correlated with AHI in subjects with RH, but this 
correlation was not observed in normotensive individuals nor in 
patients with treatment-controlled hypertension of similar age, 
BMI and OSA severity [46, 54]. Nevertheless, a study reported a 
positive correlation between aldosterone levels and AHI in patients 
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affected by essential, but not secondary, RH [29]. Some studies  
reported that plasma and urinary aldosterone levels positively cor-
relate with AHI in patients with RH and autonomous aldosterone 
production. Conversely, no significant correlation between aldos-
terone levels and AHI was observed in patients with normal aldos-
terone secretion, suggesting that the role of aldosterone in OSA 
pathogenesis and severity might be relevant only in subjects dis-
playing a status of aldosterone excess [55, 56].

A number of clinical studies evaluated the effect of aldosterone 
blockade on airway obstruction. Two small observational studies 
reported a significant reduction of AHI after a 2-month treatment 
with spironolactone in patients with RH and moderate-severe OSA 
[57], and a 3-month treatment with eplerenone in patients with 
essential RH and OSA, respectively [58]. Likewise, a small rand-
omized blank-controlled prospective trial showed a significant re-
duction of OSA severity, blood pressure and aldosterone levels in 
patients affected by RH and moderate-severe OSA after a 3-month 
spironolactone therapy on top of preexisting antihypertensive 
treatment compared to controls [59]. Furthermore, AHI and neck 
circumference were reduced by PA medical or surgical therapy in 
patients affected by both PA and OSA [30].

Aldosterone excess might concur to airway obstruction patho-
genesis not only by fluid overload-mediated mechanisms, but also 
through direct impairment and deregulation of central ventilato-
ry-control [41, 60]. Nowadays, targeting aldosterone excess has 
not yet been defined as an effective treatment for patients with 
OSA. Notwithstanding, mineralocorticoid receptor-antagonist 
treatment should be considered in patients with OSA and RH [41].

Primary aldosteronism, obstructive sleep apnea and 
obesity
The coexistence of high aldosterone levels and OSA might also be 
attributed to the presence of common predisposing conditions, 
such as obesity and metabolic disorder [61]. OSA prevalence is el-
evated in individuals affected by obesity or metabolic syndrome, 
and it is even higher in subjects with diabetes and morbid obesity 
[24]. Furthermore, OSA is associated with insulin resistance inde-
pendently of concomitant obesity [62] and abnormal glucose me-
tabolism may be attributed to hypoxemia-induced sympathetic 
nervous system and RAAS activation [63]. Diabetic neuropathy may 
in turn affect central control of respiration promoting sleep apnea 
development, leading to a vicious cycle [64].

Obesity is common in patients with both OSA and RH [1]. Inter-
estingly, aldosterone levels appear to be higher in patients with 
OSA and metabolic syndrome compared to those without meta-
bolic alterations [65]. Several studies observed high aldosterone 
levels in obese subjects, especially in those with visceral obesity 
[66]. Both adolescents and women with obesity displayed signifi-
cantly higher aldosterone levels than lean individuals, and weight 
loss led to significant aldosterone reduction [67, 68]. A recent study 
demonstrated that urinary aldosterone levels were positively cor-
related with BMI in RH patients, especially in men and regardless 
of ethnicity [69]. Moreover, BMI was directly correlated to aldos-
terone levels in postmenopausal Chinese women with obesity and 
hypertension but not in premenopausal women, possibly because 
of the role of endogenous estrogens as a regulator of aldosterone 
secretion before menopause [70].

The pathophysiological pathways linking obesity to aldosterone 
excess still have to be fully elucidated. Adipose cells are able to pro-
duce angiotensinogen and angiotensin II; studies on animal mod-
els showed that angiotensinogen might be released into circulation 
by adipose tissue and its levels might correlate with systolic blood 
pressure [71]. Animal model studies suggested that high concen-
trations of fatty acids in portal venous blood of obese individuals 
might be metabolized by the liver to oxidized products, such as li-
noleic acid derivatives, which could stimulate aldosterone secre-
tion [72]. Adipocyte secretory products, such as adipokines and 
adipocyte-derived hormones, may directly stimulate adrenocorti-
cal aldosterone secretion, independent of angiotensin II [73]. Com-
plement-C1q TNF-related protein-1 (CTRP1) was found to be over-
expressed in both patients with obesity and hypertension, and to 
act as an endogenous aldosterone-stimulating factor [74]. Other 
adipokines such as tumor necrosis factor-α and interleukin-6 have 
also been shown to be involved in aldosterone secretion [75]. In 
vitro and in vivo studies on animal models showed that the adipo-
cyte-derived anorectic hormone leptin could directly promote al-
dosterone secretion independently of potassium, angiotensin II 
and adrenocorticotropic hormone levels [75, 76]. Recent findings 
suggest that leptin-mediated pathway leading to hypertension de-
velopment in patients with obesity might be mostly dependent to 
aldosterone oversecretion in women, and predominantly related 
to hypothalamic receptor activation and consequent sympathetic 
nervous system stimulation in men [77]. However, the role of lep-
tin remains unclear. A study did not observe a significant difference 
in leptin levels among patients with untreated PA compared with 
healthy individuals [78]. Furthermore, another study showed a 
postoperative increase in plasma leptin concentration after adre-
nalectomy in patients with unilateral PA [79]. Interestingly, the role 
of obesity in the pathogenesis of aldosterone hypersecretion ap-
peared to be relevant in patients with BHA, but not with APA 
[80, 81]. These observations suggest that, while aldosterone over-
production is determined by a hormone-secreting tumor in APA 
patients, obesity might play an important role in aldosterone ex-
cess by adipokine-driven pathways in subjects with BHA [80, 81]. 
Vice versa, aldosterone excess might contribute to obesity devel-
opment through adipose tissue maturation by means of mineralo-
corticoid receptor activation, thereby leading to a vicious cycle 
[82].

Higher prevalence of metabolic syndrome and diabetes has 
been shown in patients with PA compared with essential hyperten-
sion [83]. Insulin secretion might be impaired by both aldoster-
one-induced hypokalemia, and direct aldosterone effects resulting 
in pancreatic beta-cell dysfunction and apoptosis. Furthermore, 
hyperaldosteronism-related insulin resistance might be explained 
by defective expression of glucose transporter 4, insulin receptor 
and its related signal transducing factors in skeletal muscle and ad-
ipose tissue, as well as increased hepatic gluconeogenesis and en-
dothelial remodeling affecting insulin and glucose peripheral de-
livery [84]. Finally, recent findings support the coexistence of mild 
glucocorticoid excess and aldosterone overproduction in PA, sug-
gesting a role for cortisol-driven pathways in the determination of 
metabolic risk in a proportion of patients with PA [85]. In particu-
lar, recent studies showed that cortisol co-secretion in patients with 
PA might independently contribute to associated metabolic risk 
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[86], including a higher risk of impaired glucose metabolism [87] 
and cardiovascular events [88], compared with patients not dis-
playing concurrent glucocorticoid excess.

Conclusions
Aldosterone excess, OSA, and obesity could be interconnected 
within the context of metabolic syndrome through vicious cycle 
pathogenetic mechanisms. Obesity leads to OSA development 
through fat deposition within the neck, while OSA could in turn 
promote obesity. Adipokines released by visceral fat might induce 
aldosterone overproduction, which could in turn stimulate fat cell 
differentiation. Moreover, aldosterone excess-induced volume 
overload contributes to OSA pathogenesis, and intermittent hy-
poxia might in turn exacerbate RAAS activation. OSA and hyperal-
dosteronism might both lead to oxidative stress and inflammation, 
thus favoring the production of oxidized lipidic derivatives which 
could in turn aggravate aldosterone oversecretion [72]. Further-
more, hyperaldosteronism-related glucose metabolism dysregu-
lation and diabetes [82] might lead to diabetic neuropathy devel-
opment, which may consequently affect upper airway neural re-
flexes, thus favoring OSA [64]. Consistent with these evidences, 
OSA is frequently observed in patients with PA. Conversely, wheth-
er PA is more prevalent in patients with OSA compared with the 
general population remains controversial.
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