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Sleep quality in patients with primary aldosteronism
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ABSTRACT

OBJECTIVE: In subjects at high risk for sleep apnea (SA), aldosterone concentrations correlate
with severity of SA and primary aldosteronism (PA) is very often diagnosed. Patients with PA show
a high prevalence of SA. Treatment of PA either by adrenalectomy (ADX) or mineralocorticoid
receptor (MR) blockade is thought to abolish the increased comorbidities. However, no data
are available regarding effectiveness of different PA treatments on quality of sleep. DESIGN:
This prospective multi-center study included 15 patients with newly diagnosed PA evaluated
before and 0.7 +0.2 years after treatment initiation, and a second cohort including 81 patients
who were evaluated 5.3 and 6.8 years after treatment initiation. Biochemical parameters, 24h
blood pressure and three validated self-assessment questionnaires (Giessen Complaint List
(GBB-24), Epworth Sleepiness Scale (ESS) and Pittsburgh Sleep Quality-Index (PSQI)) were
analyzed. RESULTS: Z-scores of exhaustion tendency of GBB significantly improved in newly
diagnosed PA patients after treatment initiation (1.8*1.4 vs. 1.0*x1.2, p=0.034). In the second
cohort no differences were found in GBB-24, ESS and PSQI. No differences were found in all
three questionnaires independently of type of PA therapy. However, female patients scored sig-
nificantly higher than males in the PSQI (8.7%3.6 vs 5.7%+4.2, p<0.005), indicating lower sleep
quality, independently of the type of therapy. CONCLUSIONS: For the first time, we analyzed
quality of sleep in patients with PA, demonstrating that therapy initiation improves exhaustion
tendency. Surprisingly, female PA patients showed significantly more sleep disturbances than
male PA patients several years after treatment initiation.

Key words: Adrenalectomy, Aldosterone, Eplerenone, Hyperaldosteronism, Sleep quality, Spi-
ronolactone

INTRODUCTION

Address for correspondence:
Marcus Quinkler, MD, Clinical Endocrinology,

- ' cd? CHAOCIT o ) Many studies have shown a connection between
Charité Campus Mitte, Charité University Medicine Berlin

Charitéplatz 1, D 10117 Berlin, Germany obstructive sleep apnea (OSA) and hypertension,
Tel.: ++49-30-450514152; Fax: ++49-30-450514958 especially resistant hypertension, and have demon-
e-mail: marcus.quinkler@charite.de strated that it affects more men than women, and

Received 28-04-2013, Accepted 16-09-2013 particularly obese subjects.” Untreated sleep apnea



58

F.M. HANUSCH ET AL

leads to excessive daytime sleepiness (EDS) and can
also result in insulin resistance, obesity and stroke.®’
Interestingly, high aldosterone levels are a common
finding among patients with sleep disorders.'®® Several
studies *' point to OSA as a trigger of the sympathetic
activity via hypoxia-induced chemoreceptor stimula-
tion and aldosterone/sodium retention followed by
an increased edema of nasopharyngeal tissue and
oxidative stress as well as endothelial dysfunction.
Mineralocorticoid receptor (MR) blockade seems to
be effective for the treatment of OSA,>!! this support-
ing the hypothesis of MR involvement and endothelial
dysfunction. Sleepiness cannot be measured directly
as it is a subjective complaint;'? however, a common
symptom of bad sleep is EDS. Patients with EDS are
at high risk for OSA because of sleep fragmentation
and nocturnal hypoxemia.'*!

Primary aldosteronism (PA) is the most common
form of secondary hypertension and affects up to 10%
of all hypertensive patients,”" and even up to 28%
in patients with resistant hypertension.'*1% Patients
with PA have an increased risk of developing relevant
comortalities and comorbidities, e.g. vascular, cardiac
or cerebrovascular morbidities and renal insuffi-
ciency.'®?>* Data from the German Conn’s registry
showed an elevated prevalence (6.7%) of OSA in PA
patients.’® Up to now, no data is available regarding
sleep quality and EDS in patients with aldosterone
excess such as PA. It is also unknown if abolishment
of aldosterone excess by blockade of MR or by adre-
nalectomy (ADX) improves sleep quality and EDS.

Therefore, the aim of this study was a) to investi-
gate sleep quality in PA patients by using self-reporting
established questionnaires, b) to investigate possible
changes in sleep quality due to therapy initiation
in PA patients and c) to detect differences in sleep
quality regarding the type of PA therapy and gender.

SUBJECTS AND METHODS

Design and patients

The German Conn’s Registry (www.conn-register.
de) is a multi-center database analyzing comorbidi-
ties and long-term outcome of patients with PA.1%17:%
Since the initiation of the prospective phase in Oc-
tober 2008, all patients actively treated within the
centers were entered into a common database after

pseudonymization.” The Ethics Committees of the
University of Munich and of the participating centers
approved the protocol. Data protection laws were
strictly adhered to.

Clinical data at time of diagnosis were extracted
from patients’ charts, including laboratory test results,
initiation of mineralocorticoid antagonist treatment,
surgical treatment, cardiovascular comorbidities,
body mass index (BMI) and metabolic conditions.
In the case of multiple determinations, the meas-
urements of potassium, plasma renin concentration
and aldosterone at first presentation were used for
statistical calculations. Blood was generally drawn in
the fasting state, although this was not standardized
among centers. Every six and twelve months, the
patients were seen for follow-up visits, including a
clinical examination, complete laboratory investiga-
tion, cardiovascular examinations and self-reporting
established questionnaires.

The diagnostic criteria for PA in this study were
chosen according to the Endocrine Society Practice
guidelines.”” All patients included had an elevated
aldosterone to renin ratio (ARR) and an abnormal
confirmatory test (saline infusion test, fludrocor-
tisone suppression test, captopril test or oral salt
loading test with demonstration of elevated excre-
tion of aldosterone and its metabolites in urine).'®!”
Adjustment of medication prior to screening and
confirmation was performed whenever possible with
beta-blockers, central alpha-2 agonists, angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers, as well as diuretics withdrawn for at least
one week and mineralocorticoid antagonists for at
least four weeks. The diagnosis of PA was centrally
verified by review of all available data.

Whole cohort:

Three hundred and thirteen (313) patients with PA
were registered since 2008 in the prospective phase
of the German Conn’s Registry in the three largest
centers. Only patients with a complete data set were
included. Sufficient data coverage was available for
109 prospectively treated patients (34.8%), between
2008 and August 2011, who were included in the final
analysis (Munich, n=63; Berlin, n=38; Wiirzburg,
n=10). Subtype differentiation between aldosterone
producing adenoma (APA) and bilateral adrenal
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hyperplasia was based on adrenal imaging (computed
tomography or magnetic resonance imaging). In ad-
dition, adrenal vein sampling was performed in 54%
to 87% of the patients in the participating centers.”
For further analysis, we distinguished between two
patients cohorts in our prospective cohort:

Prospective cohort of newly diagnosed PA
patients (cohort 1):

Newly diagnosed PA patients (since October
2008; cohort 1) were included and evaluated prior
to start of therapy (pretreatment) and followed up
thereafter (follow-up). Of the 109 newly diagnosed PA
patients, complete data of 15 patients were available
including pretreatment and 12-month follow-up visits.
Unilateral adrenalectomy (ADX) was performed in
11 of 15 patients (73.3%) for suspected unilateral
aldosterone excess, mainly APA. The remaining non-
operated four patients were treated with different
medical regimens: spironolactone (n= 3; 20%) with
amean dose of 41.6+14.4mg/d (mean=SD), (range
25-50mg/d), or other antihypertensives (n=1; 6.7%).

Prospective cohort of diagnosed PA patients on
therapy (cohort 2):

Two hundred and four (204) PA patients (diag-
nosis of PA before October 2008; cohort 2) were
included in the study after initiation of therapy had
already started and were evaluated during long-term
follow-up at two outpatient visits (called visits V1
and V2). Of these 204 patients, 96 patients had a
complete clinical data set of follow-up visits V1 and
V2, which were approx. 1.4x0.6 years (mean=SD)
apart. Questionnaires were completely answered
by 81 patients (85.4%). Unilateral adrenalectomy
(ADX) was performed in 39 patients (40.6%) for
suspected unilateral aldosterone excess, mainly APA.
The remaining non-operated 57 patients were treated
with different medical regimens: spironolactone (n=
39; 40.6%), eplerenone (n=13; 13.5%), or other
antihypertensives (n=5; 5.3%).

Self-reporting questionnaires:

a) Epworth Sleepiness Scale (ESS)

The ESS measures the subject’s general level
of daytime sleepiness,” more specifically, the sleep
propensity which is the ratio of total sleep drive to

total wake drive.* The questionnaire describes eight
daily life situations, which are rated regarding their
probability of dozing off on a scale from 0 to 3 (high-
est chance).” The total score is the sum of the eight
questions and can range from 0 to 24, with a higher
score indicating higher sleep propensity. The cut-off
for increased sleep propensity is ten.

b) Pittsburgh Sleep Quality Index (PSQI)

The PSQI is a retrospective questionnaire for the
last four weeks.* It consists of seven components
like sleep quality, sleep latency and sleep-inducing
drug consumption. Patients rate 18 questions on a
4-point scale from 0 to 3. Items are related to one
of the seven components named above. A score >5
has a high sensitivity and specificity for indicating
sleep disturbances and those patients are regarded
as poor sleepers.®

¢) Giessen Complaint Questionnaire
(GBB-24, Giessener Beschwerdebogen)

The short form of GBB-24 evaluates such physical
complaints as exhaustion tendency, stomach trouble,
rheumatic pains and heart trouble.* For our analy-
sis we used only the six items related to exhaustion
tendency. Each item is answered on a 5-point scale
ranging from never to always: the higher the scores,
the higher the exhaustion tendency. Adjustment for
age and sex was performed by transformation of score
values into age (decade) and sex-adjusted z-scores.
Calculation of z-scores was based on the complete
data set from the respective normative group for the
GBB-24 (n= 2076).*

Statistics

Variables were assessed for normality by the Kol-
mogorov-Smirnov test. Results are expressed as mean
+ standard deviation (SD) if not stated otherwise.
Differences between the two groups were assessed
using Student’s t-test for normally distributed vari-
ables and the Mann-Whitney test for non-normally
distributed variables. For paired data (cohort 1) we
used the paired Wilcoxon test. We used the Kruskal-
Wallis test when the examined groups were of unequal
size. A p-value<0.05 was considered as significant.
Statistical analysis was carried out using IBM SPSS
Statistics 20.
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RESULTS

Cohort 1

In this prospective cohort, 15 patients completed
the GBB-24 (7 women, 8 men; age: 48.6 + 10.4 years,
range: 30 - 66 years), 13 subjects completed the ESS (6
women, 7 men; age: 48.9 + 10.9 years, range: 30 - 66
years) and only two patients completely filled in the
PSQI at diagnosis of PA (before treatment initiation)
and 0.74 * 0.22 years afterwards under therapy. Due
to insufficient patient numbers we excluded the PSQI
in this cohort.

At diagnosis of PA the patients had had arterial
hypertension for 10.1+9.8 years. After treatment
initiation, the systolic and diastolic blood pressures
decreased significantly, also night time blood pressure
values were lowered considerably (Table 1). Further-
more, potassium levels increased and aldosterone
levels and the aldosterone-renin ratio (ARR) dropped

Table 1. Clinical and biochemical parameters in 15 patients with
PA before (pretreatment) and 0.77 £0.22 years after initiation of
treatment (follow-up) (cohort 1)

Pretreatment Follow-up
BMI (kg/m?) 282+49 284 +5.1
Systolic/diastolic BP 154/92 £22/9  127%**%/81** £ 8/10
(mmHg)
24h BP systolic/diastolic  150/94 + 14/7  125%%¥/79%** + §/6
(mmHg)

24h systolic/diastolic BP  149/94 + 16/8  128%***/82*** + 9/8
day (mmHg)

24h systolic/diastolic BP 140/86 + 20/13  117***/73%** £ 11/7
night (mmHg)

No. of anti-hypertensive 3.6 £ 2.1 1.9 + 2.4%*
drugs

Serum sodium (mmol/l)  140.9 + 2.6 138.5 £2.9 **
Serum potassium 3.49+0.72 4.19 + 0.38*
(mmol/l)

Aldosterone (ng/l) 259.8 £189.2 94.5 + 86.0%*
ARR 60.7 + 84.3 6.4 + 4.6*

Data are means * SD.

BMI: body mass index. BP: blood pressure.

Normal ranges (SI units shown in brackets): sodium 134-145mmol/l;
potassium 3.4-5.2mmol/l; ARR (aldosterone renin ratio) <20.
* = p<0.05; ** = p<0.01; *** = p<0.001 compared to pre-
treatment.

(Table 1). Between pretreatment and follow-up visit
we could not see any significant changes in the total
ESS score but z-scores of exhaustion tendency in the
GBB-24 improved significantly (1.8+1.4 vs. 1.0%1.2,
p=0.034, Figure 1).
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Figure 1. Epworth Sleepiness Scale (ESS, A) and exhaustion
tendency of the Giessen Complaint Questionnaire (GBB-24,
B) in patients with PA before (pretreatment, white bars) and
1.0 = 0.1 years after initiation of treatment (follow-up, black
bars) (cohort I). Higher scores mean worse outcome. ESS cut-
off >10 indicates increased sleep propensity. Means = SD., *=
p<0.05. GBB-24 z-score adjusted values (= SD).
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Cohort 2

Eighty-two (82) patients (31 women, 51 men) with
amean age of 60.8 = 10.5 years (range: 22-80 years),
who were already on therapy for PA diagnosed 5.3
3.6 years before study inclusion, were evaluated in a
prospective fashion during long-term follow-up. At
visit 1 the patients had a BMI of 29.2 = 5.1 kg/m? and
had had arterial hypertension for 18.5 + 11.2 years,
which was well controlled (24h systolic/diastolic BP
during day 132/81 + 11/9 mmHg; 24h systolic/diastolic
BP during night 119/71 * 15/10 mmHg) with 2.3 +
1.9 antihypertensive drugs. Serum potassium levels
were normal (4.2 = 0.4 mmol/l). Analysis of cohort
2, as a representative “follow-up cohort” of cohort
1, showed that patients of cohort 2 were significantly
older and had had hypertension for a longer period
of time. However, BMI and the male:female ratio
among patients was not significantly different between
the two cohorts.

During long-term follow-up of cohort 2, patients’
blood pressure and potassium levels remained un-
changed within the normal range; only the number
of antihypertensive drugs increased significantly to
2.6 = 2.3 (p<0.05). No significant differences in
all three questionnaires (ESS, PSQI, and GBB-24)

occurred during follow-up of cohort 2 (data not
shown); however, PSQI scores were high, indicating
poor sleep quality (data not shown). In addition, no
differences in all three questionnaire scores were
seen between patients on MR-antagonist therapy
and patients who received ADX (data not shown),
or between MR-antagonists spironolactone (72.2 +
58.9 mg/day (range 50-240)) and eplerenone (87.5
+ 48.3 mg/day (range 25-200)) (data not shown).
Patients receiving MR-antagonist treatment had the
same blood pressure, BMI and potassium levels, but
had higher aldosterone levels (361.9 % 260.4 vs 98.1
+ 112.7 ng/l; p<0.001) and a higher aldosterone to
renin ratio (ARR) (34.3 = 48.4vs 9.7 + 13.5; p<0.01)
than patients who received ADX.

Analysis of differences between the sexes in cohort
2 showed that the women were significantly younger
(56.7 £ 12.3 vs 63.5 £ 8.2 years; p<0.05) and leaner
(26.9 = 5.4 vs 30.5 = 4.5 kg/m? p<0.01) than the
men. They also showed significantly lower systolic
night time blood pressure levels (114 = 13 vs 123 =
73 mmHg; p<0.01) and less antihypertensive medi-
cations (1.5 = 1.9 vs 2.8 = 1.8; p<0.001) than men.
However, women showed significantly higher scores
in the PSQI, indicating a significantly poorer sleep
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Figure 2. Epworth Sleepiness Scale (ESS, A), Pittsburgh Sleep Quality-Index (PSQI, A) and Giessen Complaint Questionnaire
(GBB-24, B) in female (white bars) and male (black bars) patients with PA after initiation of treatment during long-term follow-up
(study visits V1 and V2) (cohort 2). Higher scores mean worse outcome. ESS cut-off >10 indicate increased sleep propensity; PSQI
cut-off >5 indicate sleep disturbances. Means = SD. ** = p<(.005. GBB-24 z-score adjusted values (£SD).
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quality than men (Figure 2). This effect was also seen
in women who underwent adrenalectomy and who
were on MR-antagonist treatment (data not shown).

DISCUSSION

Recently Calhoun et al. showed that subjects
at high risk for sleep apnea were almost two times
more likely to have PA diagnosed and had a higher
24h-urinary aldosterone excretion.’ In a further study
they observed that a significant correlation existed
between plasma aldosterone concentration and the
severity of obstructive sleep apnea (OSA), this sug-
gesting that aldosterone excess may contribute to
obstructive sleep apnea severity.”” Interestingly, we
found a high prevalence (6.7%) of sleep apnea in
a large retrospective cohort of patients with PA in
Germany." This led to the question of sleep quality
in PA patients.

In this prospective study with patients with PA,
we showed that initiation of therapy resulted in a
significant improvement of exhaustion tendency.
Sleep quality assessed by three questionnaires re-
mained stable over several years after treatment
initiation of PA. For the first time we demonstrated
that there is no difference between adrenalectomy
and MR antagonist therapy regarding sleep quality
in PA patients.

A previous study showed that treatment with MR
antagonists results in an improvement of symptoms of
sleep apnea, indicating a possible correlation between
OSA and fluid retention which leads to oro-pharyngeal
edema and hence to sleep apnea.! This might be also
a pathophysiological process in patients with PA.
In addition, poor sleep quality, expressed as higher
PSQI scores, was observed in non-dippers with newly
diagnosed stage 1 hypertension compared to dippers,*
suggesting that loss of blood pressure decline during
the night might be involved. Typically, PA patients
have a non-dipping blood pressure profile.?

Poor sleep quality is also associated with greater
psychosocial distress.* Therefore, some diseases such
as diabetes mellitus are associated with excessive
daytime sleepiness.®’ Interestingly, it is reported that
diabetes mellitus occurs more often in PA patients
than in control persons.”

In our study we detected a sex-specific difference
with regard to PSQI scores, indicating a worse sleep
quality in women with treated PA. Several studies have
addressed gender differences in answering quality
of life and sleep quality questionnaires and showed
controversial results.*** Backhaus et al** described a
possible shift in PSQI scores that may be attributed
to memory distortion and focus on bad nights. In the
Sleep Heart study, women and men reported their
feeling to the same extent, but fewer women had
a total ESS score >10.* Baldwin et al. suggested
that male gender reporting and the severity of the
ESS score correlated more strongly with unrest and
sleepy feelings. Another known gender difference is
upper airway resistance which is greater in men than
women.* One might hypothesize that this would
result in worse sleep quality in men. However, we
detected worse PSQI scores for women compared
to men. In addition, men were older than women in
our cohort. These differences need to be addressed
in further studies.

Limitations of our prospective study include pos-
sible differences in patients and data handling between
participating centers, although they should be minor
because of prior standardization and agreement on
diagnostic protocols. In addition, irregular sleep-wake
rhythms (shift work, jet lag) were not directly asked
for. Furthermore, sleep was assessed only by self-
reported questionnaires and no objective measures
were performed.

In conclusion, we analyzed quality of sleep in pa-
tients with PA, demonstrating that therapy initiation
improves exhaustion tendency. The type of PA therapy
seems not to be relevant. We suggest that there are
sex-specific differences regarding sleep quality in
PA patients which need to be further investigated.
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