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A B S T R A C T   

Symptoms of depression and anxiety are frequent in patients with primary aldosteronism (PA) and are supposed 
to be independent risk factors for cardiovascular diseases (CVD). As patients with PA have an increased car
diovascular risk compared to patients with essential hypertension, sleep disturbances, which often accompany 
depressive and anxiety symptoms, may be an additional contributor to the cardiometabolic consequences of PA. 
To clarify this possible link we investigated 132 patients with PA at baseline and after one year after initiation of 
treatment either by adrenalectomy (ADX) or mineralocorticoid-receptor-antagonist (MRA). Sleep disturbances 
and daytime sleepiness were assessed with Pittsburg sleep Inventory (PSQI) and Epworth sleepiness scale (ESS). 
Patients with PA showed pathological scores for sleep disturbances at baseline according to PSQI, with females 
being more affected (8.1 vs. 5.7 p < 0.001), which was significantly improved after initiation of specific treat
ment (p = 0.002). For ESS we found scores within the normal range, but higher than the general population, 
which significantly improved at follow-up (p < 0.001). The intensity of sleep disturbances was highly correlated 
with scores of anxiety and depression at baseline and follow-up. However, clinical and biochemical markers of 
PA (e.g. aldosterone, blood pressure) and metabolic markers did not show a consistent association with sleep 
changes. The degree of improvement in PSQI was significantly associated with the improvement of brief patients 
health questionnaire (PHQD) (p = 0.0151). Sleep disturbances seem not to be an independent risk factor for 
cardiovascular and metabolic problems in PA. They are strongly associated to depressive symptoms and maybe 
mediated by the same mineralocorticoid receptor circuits.   

1. Introduction 

Chronic hyperaldosteronism such as primary aldosteronism (PA) was 
found to be associated with symptoms of depression and anxiety. Studies 
suggest a mediation of these symptoms via the mineralocorticoid re
ceptor (MR) within the CNS and a moderating effect of blood pressure 
(Murck, 2017). Sleep disturbances are strongly associated to metabolic 
and cardiovascular diseases (Cappuccio and Miller, 2017; Reutrakul and 

Van Cauter, 2018) and are linked with depression and anxiety. Addi
tionally, they are a risk factor in psychiatric disorders e.g. for suicidal 
behavior (Bernert et al., 2015) (see Fig. 1). 

In this context, Engler et al. investigated patients with PA, prior to 
specific treatment, in comparison to patients with major depression and 
healthy controls using polysomnography. They could not find a 
depression specific pattern in male patients with PA. However, female 
patients with PA showed a similar pattern of sleep-EEG parameters as 
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female patients with major depression. 
The impact of the renin-angiotensin-aldosterone-system (RAAS) and 

the MR on sleep is still not fully understood. Renin plasma concentration 
is associated with non-REM-sleep (NREM), the NREM/REM-cycle and 
sleep efficiency index (Brandenberger et al., 1985). Like renin, aldo
sterone secretion is increased during sleep and to a lesser extent by 
circadian influence, as demonstrated in a sleep shift experiment (Char
loux et al., 2001). Mechanistically, aldosterone works at only a few areas 
in the brain, which co-express the MR and the enzyme 11 beta 
hydroxysteroid dehydrogenase type 2 (11betaHSD2), which rapidly 
metabolizes cortisol and therefore allows aldosterone to bind to MR. 
This is best documented for the nucleus of the solitary tract, which is the 
entry point of the vagus nerve and is closely linked to autonomic, sleep 
and affect regulation (Gasparini et al., 2019). Due to the central action of 
aldosterone and the high prevalence of anxiety in depression in patients 
with PA we hypothesize that sleep quality is also negatively affected. 
Therefore, an evaluation of sleep quality and disturbances in patients 
with PA was performed to see whether these patients are at high risk for 
metabolic and cardiovascular events. 

2. Methods 

2.1. Patients and methods 

For this study we included all patients with PA from the Munich 
center of the German Conn’s Registry, who attended at least one base
line and follow-up visit after 6–12 months after initiation of specific 
treatment for PA. Patients with missing or incompletely answered 
questionnaires for Epworth sleepiness scale (ESS) (Johns, 1992) or 
Pittsburg sleep quality index (PSQI) (Buysse, Reynolds III, Monk, Ber
man and Kupfer, 1989) were excluded from further analysis. In total 132 
patients fulfilled our inclusion criteria and the data could be analyzed. 
All patients gave written informed consent, and the protocol of the 
German Conn’s Registry was approved by the Ethics Committee of the 
University of Munich. 

Diagnosis and subtyping of PA was performed in accordance with 
Endocrine Society Practice Guidelines (Funder et al., 2016). Prior to 
that, antihypertensive medication with impact on 
aldosterone-to-renin-ratio (ARR) was stopped or whenever possible 
changed to medication with limited impact on ARR (e.g., verapamil, 
doxazosin). The ARR was used as screening test and if abnormal fol
lowed by confirmatory testing using saline infusion and/or captopril 
challenge test. PA subtyping was performed using adrenal vein sampling 
(Betz et al., 2011). All patients with unilateral disease were offered 
unilateral adrenalectomy. In case of contraindications for adrenalec
tomy or if patients refused surgery patients were medically treated with 
MRA as it was the case for patients with bilateral disease. 

2.2. Questionnaires 

To assess (symptoms of) sleep disorders we used the 8-item Epworth 
Sleepiness Scale (ESS) and the Pittsburgh Sleep Quality Index (PSQI), 
respectively. The ESS is a very well validated instrument for the 
assessment of sleepiness (Gonçalves et al., 2023) that can be used in the 
assessment of obstructive sleep apnea syndrome (Nogueira et al., 2013). 
The PSQI contains scores for subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbances, use of sleeping 
medication, and daytime dysfunction. The score is very well evaluated 
since 1989 (Buysse et al., 1989). Both questionnaires are 
well-established and validated. Depressive symptoms were assessed 
with the brief patient health questionnaire (PHQD), a well validated 

instrument for use in primary care to discriminate between mild, mod
erate and severe depressive symptoms (Gilbody et al., 2007a, b). For 
measuring anxiety the 7-item generalized anxiety disorder scale 
(GAD-7), a well established assessment scale for generalized anxiety 
disorder was used. This scale also correlates with the disability states 
(Ruiz et al., 2010). 

2.3. Statistical analysis 

All values are expressed as mean ± standard deviation, if not 
mentioned otherwise. Data between groups were compared using Mann- 
Whitney U test, Kruskal-Wallis test or chi-square test for numerical or 
categorical variable, respectively. Within-group changes from baseline 
to follow-up were calculated by Wilcoxon signed-rank test and McNe
mar’s test for numerical or categorical variable, respectively. Spear
man’s Rank correlation coefficient was used to perform bivariate 
correlation analysis. Stepwise multiple regression analysis was used for 
multivariate analysis. 

Two-tailed probability values of p <5% were considered to be sta
tistically significant. Statistical analysis was performed using standard 
statistical software (IBM SPSS Statistics for Windows, Version 26. 
Armonk, NY: IBM Corp.). 

3. Results 

3.1. Characteristics of the total cohort at baseline 

Clinical and biochemical characteristics of study cohort are shown in 
Supplementary Table 1. Overall patients were 52 years old and fairly 
balanced for sex. All patients were suffering from PA as indicated by 
increased blood pressure and plasma aldosterone levels as well as sup
pressed plasma renin concentration. GAD-7 and PHQD score were 
increased. Quality of sleep, assessed by PSQI global score, was at a 
pathological level, whereas daytime sleepiness, measured by ESS, was in 
a normal range, although numerically higher than German population. 

Men had significantly higher systolic blood pressure (153 vs. 145 
mmHg, p = 0.007) and plasma aldosterone levels (232 vs. 177 ng/l, p =
0.014) as well as BMI (p < 0.001) and worse metabolic profile con
cerning triglycerides (118 vs 97 mg/dl p = 0.003) and HDL-cholesterol 
(52 vs. 65 mg/dl, p < 0.001; Table 1). Contrary, PSQI was significantly 
higher in women (p = 0.001), whereas ESS was comparable between 
both sexes. Moreover, symptoms of depression were more pronounced 
in women as assessed by PHQD (p = 0.028). 

Fig. 1. Correlations between PSQI and PHQD at baseline.  
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3.2. Follow-up characteristics of the total cohort 

Initiation of specific treatment for PA resulted in several changes 
without a significant interaction with the treatment methods (ADX vs. 
MRA) with the exception of aldosterone, which increased with MRA, but 
decreased with ADX. Treatment resulted in a significant fall in systolic 
(150 vs 132 mmHg, p < 0.001) and diastolic blood pressure levels (93 vs 
88 mmHg, p < 0.001). Moreover, pro-BNP (135 vs. 97, p < 0.001) was 
significantly improved and renin levels normalized (5.7 vs. 33.0, p <
0.001, Supplementary Table 1). From the metabolic profile we could 
detect a significant increase of triglycerides and a decrease in HDL- 
Cholesterol, whereas LDL-Cholesterol and fasting plasma glucose were 
unaltered as reported before (Adolf et al., 2016). Symptoms of depres
sion and anxiety were significantly reduced at follow-up (Supplemen
tary Table 1). Sleep quality and daytime sleepiness assessed by PSQI (6.8 
vs. 6.0, p 0.002) and ESS (8.0 vs 7.0, p < 0.001) also significantly 
improved at follow-up but PSQI was still in a pathological range. When 
taking into account the PSQI subscores we could observe a significant 
improvement in the domains of sleep quality (p < 0.001), sleep latency 
(p = 0.006) and daytime dysfunction (p = 0.003). 

Former studies provided evidence for gender differences for symp
toms of depression and anxiety in patients with hyperaldosteronism 
(Apostolopoulou et al.,2014) (Murck et al., 2021). When splitting the 
cohort into two groups according to gender we could detect comparable 
changes in the metabolic profile concerning HDL-cholesterol and tri
glycerides (Table 1). Concerning PSQI we could find a significant 
improvement only in women (8.1 vs 6.9, p = 0.008). Nonetheless, the 
score remained still on a pathological level in women and was signifi
cantly higher compared to men at follow-up (6.9 vs 5.2, p = 0.016). ESS 
was significantly improved in both sexes as it was also the case for 
GAD-7 and PHQD. 

3.3. Baseline characteristics of patients treated with either MRA or ADX 

In total 88 patients received MRA therapy and 44 patients underwent 
ADX. Both cohorts were comparable for age, BMI, and blood pressure 
levels. However, patients planned to undergo ADX showed higher 
plasma aldosterone (286 vs 169, p < 0.001), pro-BNP levels (188 vs 115, 
p = 0.037), whereas potassium levels were significantly lower (3.6 vs 
3.8, p < 0.001; Table 2). ESS and PSQI score were comparable between 
the two groups. 

3.4. Follow-up characteristics of patients treated with MRA 

After initiation of specific treatment for PA by MRA aldosterone and 
serum potassium levels significantly increased and SBP and DBP (p <
0.001) decreased, (both: p < 0.001; Table 1), which was also the case for 
PSQI. Overall ESS significantly decreased in men and showed a tendency 
to lower values in females at follow-up (Supplementary Table 2). 

3.5. Follow-up characteristics of patients treated with ADX 

In patients treated by ADX blood pressure and aldosterone were 
significantly decreased whereas plasma renin levels increased to a 
normal range (Table 1). However, PSQI and ESS only showed a tendency 
for improvement at follow-up, which was also the case for GAD-7 and 
PHQD, which may be due to the lower sample size of the ADX subjects in 
comparison to the MRA subjects. However, at least GAD-7 was in the 
normal range. These findings were comparable for men and women 
(Supplementary Table 3). 

Table 1 
Baseline and follow-up characteristics of patients with primary aldosteronism according to gender.  

Patient characteristics Female cohort (n = 60) Male cohort (n = 72) 

Before treatment initiation Follow-up after one year p Before treatment initiation Follow-up after one year p 

Age [years] 49 ± 10# – – 55 ± 10 – – 
Duration of hypertension [months] 52 ± 109 – – 25 ± 44 – – 
BMI [kg/m2] 25.5 ± 4.7## 25.4 ± 4.5 0.711 29.4 ± 5.1 29.0 ± 4.5 0.567 
Plasma aldosterone [ng/l] 177 ± 154# 251 ± 254 0.008 232 ± 209 187 ± 124 0.359 
Plasma renin concentration [mU/l] 3.7 ± 2.7# 32.7 ± 113.0 <0.001 7.3 ± 14.4 33.4 ± 48.2 <0.001 
Antihypertensive agents [DDD] 1.4 ± 1.3## 0.9 ± 0.8 0.019 2.7 ± 2.3 3.1 ± 2.5 0.104 
SBP [mmHg] 145 ± 14# 129 ± 19 <0.001 153 ± 18 135 ± 13 <0.001 
DBP [mmHg] 93 ± 11 88 ± 9 0.006 93 ± 12 88 ± 10 0.001 
Serum potassium [mmol/l] 3.8 ± 0.4 4.3 ± 0.4 <0.001 3.7 ± 0.4 4.3 ± 0.4 <0.001 
Total Cholesterol [mg/dl] 193 ± 32 194 ± 36 0.745 192 ± 34 191 ± 33 0.785 
HDL-C [mg/dl] 65 ± 15# 62 ± 14 0.027 52 ± 14 49 ± 13 0.036 
LDL-C [mg/dl] 113 ± 29 118 ± 35 0.055 121 ± 32 119 ± 31 0.306 
Triglycerides [mg/dl] 97 ± 66# 108 ± 71 0.009 118 ± 62 142 ± 72 <0.001 
Pro-BNP [pg/ml]a 122 ± 96 65 ± 49 <0.001 147 ± 216 127 ± 260 0.012 
PSQI global scorea 8.1 ± 4.1## 6.9 ± 4.2 0.008 5.7 ± 3.3 5.2 ± 3.0 0.102 
Sleep quality 1.5 ± 0.7## 1.2 ± 0.8 0.006 1.2 ± 0.7 0.9 ± 0.6 0.005 
Sleep latency 1.6 ± 1.0## 1.3 ± 0.9 0.008 0.9 ± 0.8 0.9 ± 0.7 0.239 
Sleep duration 0.9 ± 0.9 0.8 ± 0.9 0.291 0.7 ± 0.9 0.6 ± 0.8 0.253 
Habitual sleep efficiency 1.1 ± 1.1# 0.9 ± 1.1 0.046 0.6 ± 1.0 0.7 ± 0.9 0.873 
Sleep disturbances 1.5 ± 0.7# 1.5 ± 0.6 0.371 1.3 ± 0.5 1.1 ± 0.5 0.059 
Use of sleep medication 0.2 ± 0.5 0.3 ± 0.8 0.163 0.1 ± 0.3 0.1 ± 0.4 0.157 
Daytime dysfunction 1.4 ± 0.8# 1.0 ± 0.7 0.001 1.0 ± 0.8 0.9 ± 0.7 0.369 
ESSa 8.3 ± 4.5 7.4 ± 4.1 0.035 7.7 ± 3.3 6.7 ± 3.4 0.003 
GAD-7a 6.4 ± 4.4 4.9 ± 4.6 0.004 5.0 ± 4.1 4.0 ± 4.5 0.006 
PHQDa 8.3 ± 5.8# 6.5 ± 5.7 0.005 6.2 ± 5.9 4.8 ± 5.1 0.005 

Data are given as mean ± standard deviation. Significance is marked bold. Differences between baseline values of both groups were marked with ## for p < 0.05 and # 
for p < 0.001. 
Abbreviations: DBP: diastolic blood pressure; DDD: defined daily doses; DST: dexamethasone suppression test; GAD-7: generalized anxiety disorder 7-item; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; PSQI: pittsburg sleep quality index; PHQD: patient health questionnaire; SBP: sys
tolic blood pressure. 

a Due to incomplete data ESS (n = 125), Cortisol after DST (n = 103), Pro-BNP (n = 105), GAD-7 (n = 101) and PHQD (n = 100) were performed with a reduced 
number of patients as listed in brackets. 
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3.6. Correlation analysis for the prediction of the improvement in PSQI 
and ESS 

At baseline PSQI, ESS, GAD-7 and PHQD were strongly correlated 
with each other. Moreover, PSQI was found to be correlated with female 
sex (r = − 0.303, p < 0.001) and ESS with lower systolic blood pressure 
(r = − 0.228, p = 0.011) and ESS negatively with renin levels (r =
− 0.227, p = 0.011). 

In multivariate analysis after adjusting for confounders we could 
show again an independent association between PSQI and female sex (p 
= 0.015) as well as PSQI and PHQD at baseline (p = 0.007). Moreover, 
the degree of improvement in PSQI was significantly associated with the 
improvement of PHQD (p = 0.0151). 

ESS at baseline was significantly associated with PHQD (p = 0.009). 
Similarly, improvement of ESS was significantly correlated with change 
in PHQD (p = 0.028). 

4. Discussion 

A link between sleep and secretion of aldosterone has been shown 
before and several studies suggest a connection between PA and OSAS 
(Wang et al., 2021), which would further increase the metabolic burden 
in the course of the disease. The bidirectional relationship is not clear 
yet. So our intention was to screen patients with PA for sleep distur
bances with PSQI and daytime sleepiness with ESS. 

Overall, initiation of specific treatment for PA resulted in a signifi
cant improvement in sleep disturbances (p = 0.002) and daytime 
sleepiness (p < 0.001). Although our patients show scores for ESS above 
the norm values for the German population (Sauter et al., 2007) and 
improved after initiation of specific treatment, the cut off for patho
logical symptoms was not reached. The results of the ESS do not strongly 

support a probable relationship between OSAS and PA. The correlation 
between ESS and lower systolic blood pressure has been established, as 
clinically lower blood pressure is known to be associated with symptoms 
as fatigue. In patients being adapted to higher blood pressure, even a 
slight adjustment could cause a higher daytime sleepiness (Newton 
et al., 2009). 

The scores for PSQI were on a pathological level at baseline and were 
normalized at follow-up. Although all rating scales showed a strong 
correlation in the first analysis at baseline, which could be seen as an 
overlap in symptoms of sleep disturbances, depression and anxiety, an 
independent correlation was found for PSQI, ESS and depression 
assessed by PHQD after adjusting for possible confounders. Another 
independent correlation was found for female sex and depression at 
baseline. The association of ESS and PSQI with depressive symptoms is 
also underlined by correlation of changes in these scales. Therefore, we 
consider sleep disturbances to be more part of the depressive symptoms 
than of anxiety. Engler et al., 2019 pointed out that changes in sleep EEG 
of female patients with PA do not differ significantly from female pa
tients with depression in contrast to males. So, our data support previous 
results for an accentuation of depressive symptoms in female patients 
with PA. Additionally, results from our previous studies suggest different 
regulatory pathways for depression and anxiety via the MR, which was 
reflected by different response to treatment with either ADX or MRA. 
The biological mechanism might be a differential activation of MR at 
aldosterone sensitive brain areas. Especially the nucleus of the solitary 
tract (NTS) appears to play an important role central role in aldosterone 
induced depression. However, we could not find significant associations 
between PSQI and ESS with blood pressure levels nor with the metabolic 
profile, which suggests that other mediators, which are regulated via 
MR, for example angiotensin II or inflammatory markers may play a 
role, which need to be studied. 

Table 2 
Baseline and follow-up characteristics of patients with primary aldosteronism According to treatment modality.  

Patient characteristics ADX cohort (n = 44) MRA cohort (n = 88) 

Before treatment initiation Follow-up after one year p Before treatment initiation Follow-up after one year p 

Age [years] 52 ± 9 – – 52 ± 11 – – 
Sex [f/m] 20/24   40/48   
Duration of hypertension [months] 34 ± 62 – – 38 ± 89 – – 
BMI [kg/m2] 27.7 ± 5.8 27.3 ± 4.6 0.876 27.5 ± 5.0 27.4 ± 5.0 0.744 
Plasma aldosterone [ng/l] 286 ± 282 100 ± 59 <0.001 169 ± 99 274 ± 214 <0.001 
Plasma renin concentration [mU/l] 7.4 ± 18.1 47 ± 134 <0.001 4.8 ± 4.3 26.3 ± 39.0 <0.001 
Cortisol after DST [mg/dl]a 1.9 ± 2.2 – – 1.8 ± 1.7 – – 
Antihypertensive agents [DDD] 2.9 ± 2.1 1.4 ± 1.5 <0.001 1.8 ± 1.9 2.4 ± 2.4 0.001 
SBP [mmHg] 150 ± 17 133 ± 22 <0.001 149 ± 17 132 ± 13 <0.001 
DBP [mmHg] 93 ± 13 89 ± 10 0.070 93 ± 11 88 ± 9 <0.001 
Serum potassium [mmol/l] 3.6 ± 0.4 4.3 ± 0.4 <0.001 3.8 ± 0.4 4.3 ± 0.4 <0.001 
Total Cholesterol [mg/dl] 189 ± 34 194 ± 38 0.186 195 ± 33 192 ± 32 0.329 
HDL-C [mg/dl] 59 ± 17 55 ± 16 0.051 57 ± 16 55 ± 14 0.017 
LDL-C [mg/dl] 114 ± 34 122 ± 35 0.087 119 ± 29 117 ± 31 0.546 
Triglycerides [mg/dl] 95 ± 47 130 ± 86 <0.001 115 ± 71 125 ± 72 0.003 
Pro-BNP [pg/ml]a 188 ± 256 137 ± 304 0.006 115 ± 115 81 ± 121 <0.001 
PSQI global score 7.1 ± 4.0 6.5 ± 3.7 0.291 6.7 ± 3.8 5.8 ± 3.7 0.001 
Sleep quality 1.3 ± 0.7 1.2 ± 0.6 0.405 1.3 ± 0.7 1.0 ± 0.8 <0.001 
Sleep latency 1.1 ± 0.9 1.1 ± 0.8 0.686 1.3 ± 1.0 1.1 ± 0.8 0.002 
Sleep duration 0.9 ± 1.0 0.7 ± 0.9 0.158 0.8 ± 0.9 1.0 ± 0.8 0.386 
Habitual sleep efficiency 1.0 ± 1.1 0.8 ± 1.0 0.451 0.8 ± 1.0 0.7 ± 1.0 0.368 
Sleep disturbances 1.3 ± 0.6 1.3 ± 0.5 >0.999 1.4 ± 0.6 1.3 ± 0.5 0.011 
Use of sleep medication 0.1 ± 0.4 0.2 ± 0.6 0.161 0.1 ± 0.5 0.2 ± 0.6 0.347 
Daytime dysfunction 1.3 ± 0.9 1.0 ± 0.7 0.011 1.1 ± 0.8 0.9 ± 0.7 0.096 
ESSa 8.2 ± 3.9 7.7 ± 4.0 0.196 7.9 ± 3.9 6.7 ± 3.6 <0.001 
GAD-7a 5.6 ± 4.3 4.4 ± 4.5 0.083 5.6 ± 4.3 4.1 ± 4.0 <0.001 
PHQDa 7.1 ± 5.9 5.5 ± 5.4 0.124 6.6 ± 5.5 4.7 ± 5.0 <0.001 

Data are given as mean ± standard deviation. Significance is marked bold. Differences between baseline values of both groups were marked with ## for p < 0.05 and # 
for p < 0.001. 
Abbreviations: DBP: diastolic blood pressure; DDD: defined daily doses; DST: dexamethasone suppression test; GAD-7: generalized anxiety disorder 7-item; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; PSQI: pittsburg sleep quality index; PHQD: patient health questionnaire; SBP: sys
tolic blood pressure. 

a Due to incomplete data ESS (n = 125), Cortisol after DST (n = 103), Pro-BNP (n = 105), GAD-7 (n = 101) and PHQD (n = 100) were performed with a reduced 
number of patients as listed in brackets. 
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In conclusion sleep disturbance in patients with PA might not be an 
independent risk factor for developing a metabolic syndrome or meta
bolic disturbances. Nevertheless, we also cannot rule out a role of sleep 
disturbances in the psychiatric and metabolic symptoms of patients with 
PA. So physicians should actively ask after these symptoms and offer 
treatment. 
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