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Abstract

v

Primary aldosteronism (PA), the most common
form of secondary hypertension, causes relevant
morbidity. The value of salivary measurements
of aldosterone in clinical routine in PA so far has
not been assessed. First, we analyzed salivary and
plasma aldosterone concentrations of 42 patients
with PA and 37 hypertensive controls (HC) dur-
ing a sodium infusion test prospectively. Second,
morning salivary and plasma aldosterone con-
centrations as well as diurnal saliva aldosterone
profiles were analyzed in 115 patients treated for
PA (46 adrenalectomy, 56 spironolactone, 13
eplerenone). Salivary aldosterone was substan-
tially elevated in PA patients compared to HC at
baseline (106+119 vs. 40+21ng/l, p=0.01), and
after 4-h sodium infusion test (6036 vs. 23+ 14,
p=0.01). Positive correlation between salivary

and plasma aldosterone levels was evident, with
exception of concentrations in or below the lower
normal range. Applying a salivary aldosterone
cutoff of 51.2ng/l, found by ROC curve analysis,
rendered a sensitivity of 81% and a specificity of
73% for PA. The diurnal rhythm of aldosterone
was preserved in untreated PA patients, but con-
centrations were higher in the context of PA, and
normalized after surgery (118 +57 vs.31+18 ng/l,
p<0.01). Taken together, salivary aldosterone
measurements correlate with plasma levels,
allowing simple and cost effective assessments of
aldosterone secretion in an outpatient setting.
Nevertheless, as this method alone cannot
replace other plasma parameters, and as aldos-
terone profiling would not alter diagnostic or
treatment strategies, salivary aldosterone meas-
urements in routine practice are of limited clini-
cal value.

Introduction

4

Hyperaldosteronism can be detected in 5-13% of
hypertensive patients [1] and is associated with
severe morbidity [2-4]. Aldosterone excess is
caused primarily by aldosterone producing unilat-
eral adenomas (APA) and bilateral adrenal hyper-
plasia (BAH) [5]. Most commonly, the diagnosis is
established by an elevated plasma aldosterone-
renin-ratio (ARR) and a pathologic confirmatory
test such as the saline infusion test [6,7]. Unilat-
eral adrenalectomy is the treatment of choice for
aldosterone producing adenomas, while treat-
ment with mineralocorticoid antagonists is rec-
ommended in bilateral disease [8,9].

Repeated aldosterone measurements pre- and
postoperatively and during follow-up visits are
required for accurate monitoring of treatment
effectiveness and outcome. Salivary aldosterone
sampling has been proposed as a simple, cost-
effective and reliable method for these purposes
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[10-12]. As aldosterone is a lipid soluble steroid
hormone, it readily passes through the cell mem-
brane into saliva by simple diffusion. Salivary
aldosterone concentrations are approximately
30% lower compared to plasma aldosterone con-
centrations, however, the diffusion rate is inde-
pendent of saliva production [13] and salivary
aldosterone levels correspond well with plasma
aldosterone levels. Samples can easily be
obtained without special training, and are stable
for several days at room temperature [14]. We
have previously shown that when measuring
salivary aldosterone concentrations and applying
a cutoff value of 81pg/ml, primary hyperaldo-
steronism was detected with a sensitivity of 77 %
and a specificity of 82% under experimental con-
ditions [10].

In this study, aldosterone measurements from
patients with primary hyperaldosteronism (PA)
and hypertensive controls (HC) enrolled in the
German Conn’s Registry were prospectively per-
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formed in parallel in saliva and plasma during a saline infusion
test. In addition, morning plasma aldosterone values taken at
outpatient visits in our center were correlated with the patients’
salivary aldosterone values taken at home, and the diurnal
rhythm of aldosterone was assessed in the different cohorts. The
effectiveness of salivary aldosterone daily profiling to monitor
treatment outcomes after surgery and under mineralcorticoid-
antagonist treatment was addressed.

Materials and Methods

v

Patients and test conditions

The tertial referral centers LMU Munich and Charité Berlin had
enrolled all patients in this study, approved by local ethic commit-
tees, by informed consent in the German Conn’s Registry - Else
Kroner-Fresenius-Hyperaldosteronismus-Registry. PA was diag-
nosed in accordance with the cutoff established in our laboratory
and the Endocrine Society Practice Guidelines aldosterone con-
centration (ARR>12ng/l/uU/ml and aldosterone concentra-
tion >50ng/1 after saline infusion) [7].

Seventy-nine patients with suspected PA were assessed by a
saline infusion test prospectively. The diagnosis was confirmed
in 42 and excluded in 37 patients. These 37 patients served as a
hypertensive control (HC) cohort (demographic data © Table 1).
In addition, this test was performed again in 12 patients with
persistent hypertension or elevated aldosterone-renin-ratios
after adrenalectomy (demographic data © Table 2).
Furthermore, plasma and salivary aldosterone measurements in
the morning as well as salivary aldosterone diurnal profiles were
analyzed in 115 retrospective patients. These patients had been
diagnosed with primary hyperaldosteronism months to years
earlier, and were included in the registry during follow-up. The
patients had been undergoing either adrenalectomy (ADX,
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n=46) or mineralcocorticoid antagonist treatment in the case of
BAH (spironolactone, n=56, and eplerenone, n=13; demo-
graphic data © Table 3). Patients were instructed to sample saliva
at the time points 8:00, 12:00, 16:00, 20:00 and 22:00 h at home.
All saliva samples were collected with the Salivette® (Sarstedt,
Niimbrecht, Germany) device. Patients were asked not to eat or
brush their teeth within 30 min before chewing the swab, and
not to touch the swap. Besides these instructions, salivary sam-
ples were collected on an outpatient basis without further
standardization. Samples were kept at 4 °C until transport to the
hospital. Salivettes subsequently were centrifuged for 10 min at
2000rpm at 20°C, and the flow-through collected for further
analysis.

Sodium infusion test

The test was performed under standardized test conditions if
primary aldosteronism was suspected as outlined in the Clinical
Practice Guidelines [7]. Potassium was supplemented when the
potassium concentration was below 3.5 mmol/l and interfering
antihypertensive medication was changed to non-dihydropyri-
din calcium channel blockers and alpha-blockers whenever pos-
sible. Patient were fasting and seated for 10 min, before 2 liters of
saline solution (0.9% NaCl) were infused over 4h under blood
pressure monitoring starting at 8:00 AM in the morning. At
baseline and after 4h, plasma was drawn for measurements of
aldosterone, renin, potassium, sodium, and creatinine. Salivary
aldosterone samples were taken simultaneously. Contraindica-
tions were heart failure NYHA III-1V, a myocardial infarction
within 3 months prior to testing, and hypertensive blood pres-
sure readings (>180mmHg systolic, or>100mmHg diastolic).
Suppression of plasma aldosterone below 50ng/l excluded a
clinically relevant primary hyperaldosteronism.

Table 1 Demographic data of the prospective cohort and aldosterone concentrations in saliva and plasma of prospective cohort at baseline and after saline
infusion (arithmetic mean, standard deviation, median), and correlation of plasma and salivary values.
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Prospective cohort
Primary aldosteron-  Hyperten- After surgery Kruskal-
ism sive controls Wallis test
Number of patients 42 37 12
Sex (male, female) 31,11 14, 23 9,3
Age (years) 53+10 53+13 61+11
Height (cm) 1758 1698
Weight (kg) 87+19 79+15
Number of antihypertensives 32 2.5+2 5/12 no antihypertensives
Systolic blood pressure (mmHg) 16428 16227 15017
Diastolic blood pressure (mmHg) 99+15 9717 93£11
Serum potassium (mmol/l) 3.1£0.5 3.8+0.2 4.1£0.2
Hypokalemic patients (%) 79 (33/42) 16 (6/37)
Aldosterone renin ratio 109+ 159 30+36
Unilateral disease (%) 66 (28/42)
Plasma aldosterone concentration at baseline (ng/l) 288+180, 227 103£51,95  71+33,72 p<0.01
Salivary aldosterone concentration at baseline (ng/l) 106+119, 74 40+21,41 65+108, 36 p<0.01
ptoPA<0.01 ptoHC=0.75
Correlation coefficient (r) and p-value of correlation at baseline 0.51, <0.01 0.335, 0.04 -0.38,0.90
Plasma aldosterone concentration after sodium infusion (ng/l) 181+141, 115 35+1,35 37+3,35 p<0.001
pto PA<0.01 ptoHCn.s.
Salivary aldosterone concentration after sodium infusion (ng/l) 60+36, 51 23+14,20 41+50, 25 p<0.001
p to PA<0.01 ptoHC=0.27
Correlation coefficient (r) and p-value of correlation after saline infusion 0.6, <0.001 -0.075,0.66 0.4,0.188

r="Pearsons correlation coefficient; p =significance level; n.s.: Not significant
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Table 2 Demographic data, aldosterone concentrations in saliva at different
time points for daily profiling, and morning plasma aldosterone levels for
comparison (arithmetic average, standard deviation) before and after surgery
in paired samples.

Paired aldosterone profiles

Primary After Wilcoxon
aldosteronism surgery testp
Number of patients 12
Sex (male, female) 7,5
Number of antihypertensives 2+2 0.9%1
Systolic blood pressure (mmHg) 154+21 138+18 0.046
Diastolic blood pressure (mmHg)  92£13 88+16 0.83
Serum potassium (mmol/l) 3.3+0.6 4.4+0.4
Aldosterone Renin Ratio 182+218 7+9 <0.01
Plasma aldosterone (ng/l) 357+209 7643  <0.01
Salivary aldosterone 8:00h (ng/l) 11857 31£18 0.01
Salivary aldosterone 12:00h (ng/l) 108+66 31£29  <0.01
salivary aldosterone 16:00h (ng/l) 8661 3341  <0.01
Salivary aldosterone 20:00h (ng/l) 77+37 21+14  <0.01
Salivary aldosterone 22:00h (ng/l) 70+36 20£12  <0.01

Aldosterone measurements

Salivary aldosterone was measured using a time-resolved fluo-
rescence immunoassay (TR-FIA) as described previously [10].
Briefly, calibrators, controls and samples (50 ul) were pipetted in
duplicates, along with 100l of aldosterone 3-CMO-biotin con-
jugate tracer in assay buffer, and incubated overnight at 4°C.
Streptavidin-Europium-antibody complexes were measured
using a fluorometer (PerkinElmer LAS, Jiigesheim, Germany)
whereby concentrations of aldosterone present in the sample
are inversely proportional to the signal generated. Aldosterone
concentrations are reported in ng/l. The measurements in saliva
were done over a period of several months, and aliquots from
pooled samples were included as controls on each plate. All sam-
ples were measured in duplicates, and measurements were
repeated if the coefficient of variability exceeded 20%.

A commercially available aldosterone RIA (Siemens Medical Solu-
tions Diagnostics, Bad Nauheim, Germanys) was used for meas-
urement in plasma samples. The assay has a reported working
range between 25-1200ng/l, analytical sensitivity of 11 ng/l, and
intra-/inter-assay CVs from 2.3-5.4% and 3.8-15.7 %, respectively.

Statistical analysis

Quantitative values were depicted as statistical average and
standard deviation. Statistical comparisons were performed
using the Wilcoxon-Mann-Whitney test for 2 unmatched groups.
More than 2 unmatched groups were compared using the non-
parametric Kruskal-Wallis test. Linear dependencies between
metric variables were quantified by applying Pearsons’s correla-
tions coefficient. 2-sided p-values<0.05 were considered statis-
tically significant. Due to the explorative nature of this project, a
normalization of potential confounders was not performed.

Results

v

Salivary aldosterone at time of diagnosis and during
sodium infusion

Salivary aldosterone concentrations at 8:00 AM were signifi-
cantly lower compared to plasma aldosterone concentrations

and they differed significantly between patients with primary
aldosteronism (PA n=42), hypertensive controls (HC,n=37), and
after surgery (n=12) (© Table 1 and © Fig. 1a). A significant cor-
relation between salivary and plasma aldosterone levels was
observed (PA r=0.51, p<0.01, ©Fig. 1b; HC r=0.335,
p=0.04; © Table 1). Applying a Receiver Operating Characteristic
(ROC) curve analysis with a 95% confidence interval for 8:00 AM
salivary concentrations of PA vs. HC patients, an area under the
curve (AUC) of 0.85 (0.772-0.937; std. error 0.04; p<0.001) with
a sensitivity of 81.0% (65.9-91.4) and a specificity of 73.0%
(55.9-86.2) could be achieved at an aldosterone concentration of
51.15ng/1 (¢ Fig. 1c).

Aldosterone concentrations after the saline infusion test differed
significantly between PA and HC patients (p<0.01), as expected,
in both, saliva and plasma measurements. In contrast, salivary
and plasma aldosterone concentrations in patients after adre-
nalectomy and HC patients were similar before (p=0.75) and
after (p=0.27) saline infusion (© Table 1 and © Fig. 1a).

Salivary and plasma aldosterone concentrations at 8:00 AM
were analyzed in patients after successful adrenalectomy for PA
and in BAH patients receiving spironolactone or eplerenone.
Saliva and plasma aldosterone differed significantly between all
groups while levels correlated mostly positively within each
subgroup (newly diagnosed PA r=0.719, p<0.01; APA patients
after surgery r=0.285, p=0.058; spironolactone treated PA
patients r=0.622, p<0.01; eplerenone treated PA patients
r=0.817, p<0.01; © Table 3).

Interestingly, subgroup analysis revealed that plasma aldoster-
one values at 8:00 AM were significantly higher in APA patients
compared to BAH patients (429+395 vs. 184+73ng/l, p=0.013).
Although this tendency was also seen for salivary aldosterone, a
statistical significance was not reached (APA n=29, 120+ 140 ng/1
vs. BAH n=9, 76 +25ng/l, p=0.36; data not shown).

Salivary aldosterone profiling

In untreated patients with PA, higher aldosterone levels (PA
n=42; 100+73ng/l1 vs. APA patients after successful adrenalec-
tomy n=48; 59+43ng/l, p<0.05) and a steeper decline within
24h was observed (© Fig. 1d). In contrast, aldosterone curves of
spironolactone treated BAH patients (n=56, 11 spironolactone
alone, 45 combinatory therapy; average dose: 60+41 (13-200)
mg/day) and patients with untreated PA, with the exception of
22:00 (p=0.01), were similar (¢ Table 3 and © Fig. 1d). Salivary
aldosterone concentrations also tended to be higher in eplerone
treated patients (n=13, 7 eplerenone alone, 6 combinatory ther-
apy, average dose 74145 (13-150) mg/day) compared to
untreated patients, and statistical significance was reached at
16:00 (p=0.04) and 22:00h (p<0.01).

In 12 patients, who remained hypertensive or still had an ele-
vated aldosterone-renin-ratio after surgery, paired pre- and
postoperative salivary aldosterone profiles were available
(© Table 2). Again, a maintained diurnal rhythm on a much
higher level was observed for patients before surgery. Both, sali-
vary and plasma aldosterone concentrations after surgery were
much lower at 8:00 AM in the morning and at all other time
points studied with salivary profiling (8:00 AM salivary:
118 +57 ng/l before and 31 £ 18 ng/l after surgery, p<0.01; © Fig.
1e; plasma 345+204ng/l before and 73+43ng/l after surgery,
p<0.01; paired values © Fig. 1f).
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Table 3 Demographic data of retrospective cohort.

Retrospective cohort

Primary After Spironolactone Eplerenone Kruskal-Wallis
aldosteronism surgery test
Number of patients 42 46 56 13
Sex (male, female) 30,12 21,27 36, 20 10,0
Age (years) 5110 5511 66.1+8 60+13
Number of antihypertensives 2+1 1£1 11 spironolactone alone 7 eplerenone alone
Dose (mg/d) 60+42 74+45
Systolic blood pressure (mmHg) 157 (£25) 136 (£20) 139+19 148+19
Diastolic blood pressure (mmHg) 96+14 85+12 81+12 8610
Serum potassium (mmol/l) 3.3£0.5 4.1+0.3 4203 3.9£0.3
Plasma aldosterone 8:00 h (ng/l) 363+356 102+108 327+263 471+344 <0.01
Salivary aldosterone 8:00h (ng/l) 100+73 59+43 11363 155+126 <0.01
p-Value to untreated primary aldosteronism 8:00 h 0.19 0.26
Correlation coefficient (r) and p-value of correlation 0.719, <0.01 0.285, 0.058 0.622, <0.01 0.817, <0.01
Salivary aldosterone 12:00h (ng/l) 81+60 59+68 89+48 139+119 <0.01
p-Value to untreated primary aldosteronism 12:00h 0.26 0.09
Salivary aldosterone 16:00 h (ng/l) 8194 52+60 85+81 140+129 <0.01
p-Value to untreated primary aldosteronism 12:00 h 0.12 0.04
Salivary aldosterone 20:00h (ng/l) 6143 4450 85101 7845 <0.01
p-Value to untreated primary aldosteronism 20:00 h 0.37 0.17
Salivary aldosterone 22:00h (ng/l) 50+46 43+46 7454 105+65 <0.01
p-Value to untreated primary aldosteronism 22:00 h <0.01 <0.01

Aldosterone concentrations in saliva at different time points for daily profiling and morning plasma aldosterone levels for comparison (arithmetic mean, standard deviation)
Aldosterone concentrations in saliva at different time points for daily profiling and morning plasma aldosterone levels for comparison (arithmetic mean, standard deviation)

Correlation of plasma and salivary values: r=Pearsons correlation coefficient; p =significance level

Discussion

v

A systematic screening for clinically relevant hyperaldosteronism
warrants repeated aldosterone measurements, both, for estab-
lishing the diagnosis and reliable follow-up. Determination of
aldosterone levels based on a fluorescence-immunoassay in saliva
has been proposed as a simple and cost effective alternative in
previous studies [10]. In this study, the suitability and validity of
this so far experimental method was assessed in a large patient
cohort under routine clinical conditions. In some, but not all of
our samples, a close correlation between salivary and plasma
aldosterone levels could be found. At 8:00 AM a sensitivity of 81%
and a specificity of 73% for detecting hyperaldosteronism utiliz-
ing saliva samples could be achieved, in agreement to what we
have previously published, however, at a much lower cutoff level
of 51.2 ng/l, which is most likely attributed to the different cohorts
studied. However, although sensitivity and specificity are in the
range reported for other diagnostic tools, this method alone, sim-
ilar to plasma testing alone, is not suitable as a screening method
to reliably detect patients with pathologically elevated aldoster-
one concentrations.

In addition, as saliva contains the free, non-protein bound hor-
mone, salivary aldosterone concentrations are generally much
lower compared to plasma levels. Differences between the
patient cohorts studied with values in the lower normal range,
for example, after the saline infusion test, became minimal and
did not reach statistical significance. This lack of discriminatory
power at lower levels, however, is not deemed clinically relevant
in most cases.

While plasma aldosterone levels were significantly higher in
unilateral disease compared to bilateral disease, these differ-
ences could not be seen with salivary aldosterone measure-
ments, most likely due to the larger scatter of values in the APA
group.

Salivary hormone assays allow simple multiple non-invasive
aldosterone measurements within an outpatient setting. Herein,
the circardian rhythm of salivary aldosterone was assessed on an
outpatient basis on a large cohort for the first time, and the
results are similar to plasma measurements in primary hyperal-
dosteronism published earlier [15,16]. The profiles mirror well
the typical diurnal rhythm of plasma aldosterone, with the high-
est concentrations in the morning hours, which gradually
decline throughout the day. Interestingly, a disruption of the
diurnal rhythm, for example, similar to patients suffering from
hypercortisolism, could not be observed in PA. We can only
speculate that the differences in aldosterone concentrations
between hypertensive controls and APA patients were not severe
enough to completely suppress the circardian rhythm. However,
the decline of aldosterone concentrations throughout the day is
much less pronounced in the APA group, suggesting that the
autonomous aldosterone secretion in this group might have pre-
cluded a further decline. However, aldosterone levels were sig-
nificantly higher compared to aldosterone profiles in
hypertensive controls, and surgical intervention resulted in a
normalization of the salivary aldosterone profile. Interestingly,
this was also seen in the majority of patients, who remained
hypertensive or with elevated aldosterone-renin-ratios after
surgery. This emphasizes the difficulty to adequately define a
successful treatment.

Plasma and salivary aldosterone measurements did not always
correlate significantly in these subgroups, but there was a gen-
eral trend for higher salivary aldosterone concentrations in
patients under aldosterone antagonist treatment compared to
untreated patients. Salivary aldosterone concentrations were
highest in the eplerenone treated group. Several reason might
explain this difference between groups, such as a per se higher
disease activity in eplerenone treated patients, lower medical
adherence in spironolactone treated patients, or differences in
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pharmacokinetic profile or mineralocorticoid receptor affinity.
The remarkable increase of aldosterone concentrations after
12:00 and 20:00h might reflect the pharmacological action of
eplerenone, which was given twice daily. However, statistical
significance was not reached for several times points, most likely
due to the small cohort size of the subpopulations. Therefore,
although these different aldosterone profiles are interesting,
clearly the data does not allow to test aldosterone antagonist
treatment efficiency or dose titration by salivary aldosterone
sampling.

Taken together, aldosterone profiling with multiple saliva meas-
urements a day is a simple, non-invasive method. The lack of
standardization, the lack of a closer correlation with plasma
aldosterone measurements, and lack of relevant additional
information from daily profiles, together with the need for fur-
ther laboratory parameters for proper clinical testing and fol-
low-up, substantiates, that this method is of little clinical value
in its current form.

T
before sugery  after sugery

Strength and limitations of the study: A strength of this study is
that comparable plasma and salivary measurements were taken
on a large patient cohort under standardized conditions set by
the German Conn Registry. Another, that parts of the data were
collected prospectively, allowing accurate sensitivity and speci-
ficity calculations. In addition, paired aldosterone measure-
ments pre- and postoperatively in 12 patients allow to
demonstrate treatment efficacy, even when hyperkalemia or
hypertension persists. The results are limited by the fact that the
number of patients is still not large enough to reliably discrimi-
nate aldosterone concentration differences at lower concentra-
tions and in different subgroups. Limitations of the study include
the sensitivity of the aldosterone assays, making reproducibility
and agreement at low aldosterone concentrations questionable.
Such limitations have been reported for plasma aldosterone
concentrations before [17], but might be even more important
for salivary aldosterone concentrations, which are even lower
than those found in plasma.
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