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Context: Primary aldosteronism (PA) is an established cause of hypertension, whereas high-normal
serum aldosterone levels have been linked to an increased risk for hypertension.

Objective: We aimed to define the post-fludrocortisone-dexamethasone suppression test (FDST)
normal cutoff values of aldosterone and the aldosterone to renin ratio and evaluate the presence
of PA in normotensive individuals.

Design: This study was designed as a case-control study.

Setting: The study was performed in a tertiary general hospital.

Patients: One hundred normotensive participants (80 females), mean age 53 years, were studied.

Main Outcome Measures: All participants underwent baseline biochemical and hormonal evaluation,
FDST, and adrenal computerized tomography. Blood pressure was assessed at baseline and after 5 years.

Results: Sixty-nine participants with normal adrenal computerized tomography who remained nor-
motensive after 5 years were used as a control population to calculate the cutoff values of adequate
aldosterone suppression. PA was defined as a combination of post-FDST aldosterone to renin ratio of
0.93 ng/dL � �U/mL or greater (100% sensitivity and 96% specificity) and post-FDST aldosterone of 2.96
ng/dL or greater (100% sensitivity and 61% specificity on receiver-operating characteristic analysis).
Thirteen of 100 participants had PA at baseline and 11 (85%) developed hypertension, whereas only
20 of 87 without PA (23%) developed hypertension at 5 years [odds ratio (OR) 18.42, 95% confidence
intervals (CI) 3.76–90.10, P � .0001]. Logistic regression analysis showed a positive relation of PA [odds
ratio (OR) 16.30, confidence interval (CI) 1.78–150.30, P � .01] and a negative relation of serum po-
tassium (OR 0.39, CI 0.19–0.79, P � .01) with the development of hypertension.

Conclusions: Normotensive PA represents a clinical entity referring to normotensive individuals
with PA who are at increased risk for hypertension. (J Clin Endocrinol Metab 98: 1409–1416, 2013)
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Abbreviations: AH, arterial hypertension; ALD, aldosterone; ARR, aldosterone to renin
ratio; BMI, body mass index; BP, blood pressure; CI, confidence interval; CT, computed
tomography; CV, coefficient of variation; DBP, diastolic BP; DHEAS, dehydroepiandros-
terone sulfate; DM, diabetes mellitus; FDST, fludrocortisone-dexamethasone suppression
test; FST, fludrocortisone suppression; HT, hypertension; IGT, impaired glucose tolerance;
IRMA, immunoradiometric assay; OR, odds ratio; PA, primary aldosteronism; REN, renin;
ROC, receiver-operating characteristic; SBP, systolic BP.
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Primary aldosteronism (PA) is a well-established cause
of arterial hypertension (AH), which constitutes a

major cardiovascular risk factor (1). Aldosterone (ALD)
excess causes hypertension through renal retention of wa-
ter and sodium and is also associated with tissue inflam-
mation that leads to fibrosis and remodeling in the kidney,
heart, and vasculature and an increased central sympa-
thetic drive (2–10). Diagnosis of PA is of paramount im-
portance because it can lead to renal impairment, atrial
fibrillation, stroke, and myocardial infarction (11). PA is
characterized by a consistently elevated serum aldosterone
and aldosterone to renin ratio (ARR). The latter is used as
a screening test, whereas the diagnosis of PA is docu-
mented with further confirmatory tests, such as the saline
infusion test, the fludrocortisone suppression (FST) test,
and the captopril suppression test (12). However, there is
a wide variation of aldosterone cutoff values (ranging
from 5.0 to 9.98 ng/dL, 139–277 pmol/L) used to diag-
nose PA with either of these tests, mainly because of the
lack of a well-defined control population (13–15).

We recently introduced a modification of the currently
used FST for the diagnosis of PA, the combined fludro-
cortisone-dexamethasone suppression test (FDST), which
involves the coadministration of dexamethasone at mid-
night of the last day of the FST (16). The addition of dexa-
methasone is used to eliminate the stimulatory input of
ACTH on aldosterone secretion (17–19). In a previous
study, we applied the FDST in a normotensive population
with normal adrenal morphology on computed tomogra-
phy (CT), defined as the control group, to establish cutoff
values of the post-FDST ALD levels and ARR, indicative
of adequate aldosterone suppression (16). Normal adre-
nal imaging was considered a prerequisite for an individ-
ual to qualify as a control because a high prevalence of PA
has been described among individuals with adrenal ade-
nomas (20, 21). Using such an approach was considered
necessary to identify normotensive individuals with adre-
nocortical adenomas and PA that could had been other-
wise misclassified as normal controls. Furthermore, the
elimination of the endogenous ACTH effect has increased
substantially the sensitivity and specificity of the FDST
and enabled us to detect previously unrecognized cases of
PA, thus increasing the overall prevalence of PA in indi-
viduals with essential hypertension (16).

It has been reported that baseline serum aldosterone
levels, even within the upper normal range, can predict
future blood pressure (BP) elevations in normotensive in-
dividuals (22, 23). These observations may highlight the
presence of a state of relative aldosterone excess, charac-
terized by inappropriately raised aldosterone levels in the
presence of a normal BP that could be analogous to that of
normocalcemic hyperparathyroidism, a subset of which

may evolve to classic hyperparathyroidism (24–26).
However, establishing the presence of relative aldosterone
excess requires an abnormal response to an aldosterone
suppression test. Normotensive individuals with evidence
of PA defined by the FDST may actually represent in-
dividuals in a prehypertensive stage, and such subjects
should probably be excluded from the control popula-
tion used to calculate normal cutoff levels of aldoste-
rone secretion. Normotensive PA has also been de-
scribed previously (27, 28), but its clinical relevance
remains unknown because affected individuals have not
been followed up sufficiently to assess possible devel-
opment of hypertension.

The aim of the present study was to investigate the
secretory pattern of aldosterone using the FDST in a co-
hort of normotensive individuals, who had their BP reas-
sessed 5 years later, in an attempt to more accurately de-
fine the normal cutoff levels of post-FDST ARR and ALD
levels and then identify normotensive subjects with PA at
an increased risk of developing AH.

Patients and Methods

We evaluated 122 normotensive individuals, aged 31–71 years.
These individuals were selected from patients referred to our
department for reasons unrelated to hypertension, mainly thy-
roid goiter or bone mineral density measurements. Normal BP
was defined as a systolic BP (SBP) of less than 135 mm Hg and
diastolic BP (DBP) less than 85 mm Hg, measured at the outpa-
tient unit for at least 3 consecutive visits (mean of 3 measure-
ments). Exclusion criteria were the presence of hypertension
and/or cardiovascular, renal, or hepatic disease; past or present
malignancies and rheumatological diseases; and the presence of
a known adrenal lesion. All participants were euthyroid at their
initial visit, and they remained so during the follow-up period.
Postmenopausal women did not receive any hormonal replace-
ment therapy. The reporting of the study conformed to the
Strengthening the Reporting of Observational Studies in Epide-
miology statement and guidelines. The study protocol was ap-
proved by the institution’s ethics committee and informed con-
sent was obtained from all study participants.

At baseline, all participants underwent recording of their pre-
vious medical history and a routine physical examination, in-
cluding documentation of anthropometric characteristics
[weight (kilograms), height (centimeters), waist circumference
(centimeters) and body mass index (BMI) (kilograms per square
meter)] by the same physician (A.M.). Blood sampling for rou-
tine biochemistry and a full blood count were performed. Par-
ticipants who had fasting glucose greater than 100 mg/dL un-
derwent an oral glucose tolerance test. All participants
underwent a FDST on an outpatient basis as follows: 1) day 1:
sampling for serum sodium (Na�), potassium (K�), cortisol,
ALD, renin (REN), dehydroepiandrosterone sulfate (DHEAS),
and plasma ACTH levels; 2) day 2: 24-hour urine collection for
Na� and K� concentration; 3) days 3–6: fludrocortisone acetate
(0.1 mg) administered orally every 6 hours and sodium chloride
(4 g) administered with meals 3 times daily; 4) day 6: 2 mg of
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dexamethasone administered orally at 12:00 AM; 5) day 7: blood
sampling for circulating cortisol, ALD, REN, and ACTH levels
as well as for the calculation of the ARR. All blood samples were
drawn with the participants remaining seated in a nonstressful
environment for at least 30 minutes (8:30 AM). Supplementation
with potassium gluconate (4.68 g per 8 hours�1 per 24 hours�1)
was given to all participants during the FDST to maintain serum
K� levels within the normal range (3.5–5.0 mEq/L). Blood pres-
sure was also monitored every morning in the outpatient unit at
the sitting position. An adrenal CT scan with 2-mm sections
using the Philips Brilliance 16 Spiral scanner was performed in all
participants. Adrenal adenomas were defined as well-circum-
scribed adrenal lesions greater than 10 mm with a noncontrast
CT attenuation coefficient of less than 10 Hounsfield Units. Par-
ticipants found to have an adrenal adenoma were excluded from
further analysis.

Five years after the initial investigation, reassessment of BP,
BMI, waist circumference, smoking status, and the presence of
diabetes mellitus (DM) or impaired glucose tolerance (IGT) was
performed in all participants. Subjects already receiving antihy-
pertensive treatment were considered hypertensive and the date
of the diagnosis of hypertension and prescribed medications
were recorded. Home BP monitoring was used for assessing the
BP status of the rest of the study participants. Participants were
asked to record their BP twice daily (morning and evening) for 7
days. For each BP recording, subjects were instructed to take 2
consecutive measurements at least 1 minute apart while they
were seated. After discarding the measurements of the first day,
we calculated the average value of the remaining measurements
to confirm the diagnosis of hypertension (SBP �135 and/or DBP
�85 mm Hg) (26).

Hormone assays
Hormones were measured using the following RIAs: serum

insulin was measured by the immunoradiometric assay (IRMA;
Biosource Europe S.A., Fleurus, Belgium); sensitivity 1 �IU/mL
(7 pmol/L), intra- and interassay coefficients of variation (CVs)
of 2.2% and 6.5%, respectively. Serum and urinary cortisol [sen-
sitivity 0.08 �g/dL (2.2 nmol/L) and intra- and interassay CVs of
6.2% and 8.7%, respectively] and serum DHEAS [sensitivity
0.55 �g/dL (0.015 �mol/L) and intra- and interassay CVs of
5.3% and 4.5%, respectively] were measured by RIA (DIA-
source ImmunoAssays, Brussels, Belgium). Serum ACTH [sen-
sitivity 2 pg/mL (0.4 pmol/L) and intra- and interassay CVs of
6.1% and 5.3%, respectively] was measured by IRMA (CIS Bio
International, Gif-sur-Yvette, France). Plasma renin concentra-
tion (renin III generation) was measured by IRMA (CIS Bio In-
ternational); [sensitivity 2.0 �U/mL (2.0 mU/L) and intra- and
interassay CVs of 3.6% and 5%, respectively]. Normal values in
the lying position are 1.1–20.2 pg/mL (2.0–36.36 mU/L) and in
the upright position, 1.1–59.4 pg/mL (2.0–106.92 mU/L). Se-
rum aldosterone [sensitivity 0.66 ng/dL (30 pmol/L) and intra-
and interassay CVs of �9.5% and � 9.9%, respectively] was
measured by RIA (Immunotech assays, Roissy, France). Normal
values in the lying position are 1.08–17.19 ng/dL (30–477
pmol/L) and in the upright position, 2.99–35.50 ng/dL (83–985
pmol/L).

Statistical analyses
Statistical analysis was performed using the SPSS software

package (SPSS Inc, version 17.0, Chicago, Illinois). A Student t

test and the nonparametric Mann-Whitney test were used to
compare the continuous variables with and without normal dis-
tribution, respectively. The �2 test was used to compare the cat-
egorical variables. Logistic regression analysis was used to detect
the correlation between the development of hypertension and
categorical and continuous variables. The mean � SD was used
to express the results, whereas P � .05 was considered statisti-
cally significant. The 97.5% percentiles were used to define the
upper normal cutoffs for aldosterone suppression. Receiver-op-
erating characteristic (ROC) curves have been applied to assess
the sensitivity and specificity of the post-FDST ARR and ALD
levels and the Youden Index has been calculated.

Results

An adrenal CT scan revealed an adrenal adenoma in 10 of
the 122 participants (8%); these individuals were ex-
cluded from the study. Twelve of the remaining 112 par-
ticipants with a normal adrenal CT were lost to follow-up
5 years after the initial investigation and thus were not
used in further analyses. Therefore, 22 participants of the
initial cohort were excluded from the study analysis. The
baseline characteristics of the study population (n � 100)
with normal adrenal CT and adequate follow-up data are
shown in Table 1. Most the participants were female
(80%). All participants demonstrated sufficient suppres-
sion of ACTH and cortisol levels after the FDST [6.0

Table 1. Baseline Characteristics of the Cohort of
Normotensive Individuals (n � 100)

Mean (SD)
Male 20
Female 80
Age, y 53 (8)
SBP, mm Hg 118 (11)
DBP, mm Hg 76 (8)
BMI, kg/m2 27 (5)
Waist circumference, cm 92 (11)
Smoking status 27
DM 3
IGT 9
Fasting glucose, mg/dL 90 (10)
Fasting insulin, �IU/mL 1.25 (0.97)
Na�, mEq/L 142 (2)
K�, mEq/L 4.1 (0.3)
Urinary 24-hour Na�, mEq per 24 hours 149 (62)
Urinary 24-hour K�, mEq per 24 hours 59 (21)
ACTH baseline, pg/mL 25 (16)
Cortisol baseline, �g/dL 18.0 (7.1)
ALD baseline, ng/dL 9.7 (6.6)
REN baseline, �U/mL 15 (11)
ARR baseline, ng/dL � �U � mL 0.94 (1.01)
DHEAS, ng/mL 367 (252)
ACTH post-FDST, pg/mlL 6 (1)
Cortisol post-FDST, �g/dL 1.0 (0.4)
Post-FDST ALD, ng/dL 2.2 (1.8)
Post-FDST REN, �U/mL 5 (2)
Post-FDST ARR, ng/dL � �U � mL 0.5 (0.4)
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pg/mL (1.3 pmol/L) and 1.0 �g/dL (28 nmol/L), respec-
tively]. Sixty-nine participants remained normotensive
and 31 developed hypertension at 5 years. Normal cutoff
values for ALD levels and the post-FDST ARR, indicative
of adequate aldosterone suppression, were defined using
the normotensive population at the 5-year follow-up pe-
riod [5.1 (0.1) years (range 2–7 years)]. Using the 97.5%
percentiles, from this population, the basal cutoff level for
ARR was 2.43 ng/dL � �U per milliliter (67 pmol/mIU),
and the post-FDST cutoff levels for ALD and ARR were
defined as 2.96 ng/dL (82 pmol/L) and 0.93 ng/dL � �U per
milliliter (26 pmol/mIU), respectively. PA was diagnosed
in participants who obtained a post-FDST ARR of 0.93
ng/dL � �U per milliliter or greater (26 pmol/mIU), com-
bined with a post-FDST ALD of 2.96ng/dL or greater (82
pmol/L).

Using these cutoff values, we observed that 11 partici-
pants of the group that developed hypertension (HT) (G-1,
groupofhypertensive subjectswithPA)and2participantsof
the normotensive population at the 5-year follow-up (G-2,
group of normotensive subjects with PA) had PA. The re-
maining 20 participants of the hypertensive group (G-3,
group of hypertensive subjects without PA) and the 67 par-
ticipants of the normotensive population (G-4, group of nor-
motensive subjects without PA) showed adequate aldoste-
rone suppression at the 5-year follow-up (Figures 1 and 2).

We evaluated a variety of known risk factors associated
with the development of HT such as age, gender, BMI, waist
circumference, smoking, and the presence of DM or IGT in
patients with PA (n � 13) and in those who obtained ade-
quate aldosterone suppression (n � 87). Smoking was the
only risk factor more prevalent in the group with PA (Table
2). The same risk factors were reevaluated at the 5-year fol-
low-up assessment of the participants and there was no sig-
nificant difference compared with the baseline status.

We also compared the hypertensive patients with PA
(G-1, n � 11) with the hypertensive patients without PA
(G-3, n � 20). The only differences detected were in the
REN levels at baseline and the ALD levels and ARR after
FDST. The G-1 cohort had significantly lower REN levels
at baseline (P � .01) and higher ALD levels and ARR after
FDST than the G-3 cohort (P � .001 and P � .001, re-
spectively) (Table 3). According to our findings, 11 of 13
participants with PA (85%) developed HT, compared
with only 20 of the 87 who obtained normal aldosterone
suppression to FDST (23%) [odds ratio (OR) 18.42, 95%
confidence interval (CI) 3.76–90.10, P � .0001]. Logistic
regression analysis revealed a significant positive relation
of PA [OR 16.3, 95% CI 1.78–150.30, P � .01] and a
significant negative relation of the serum K� level (OR
0.39, 95% CI 0.19–0.79, P � .01) with the development
of hypertension (Table 4). No such correlation was found

when the analysis was performed separately in the group
of hypertensive patients without PA.

To assess the sensitivity and specificity of the post-
FDST ARR and ALD levels in diagnosing PA, we per-
formed ROC analysis. Because in this study the number of
participants with PA was rather small, we used a popula-
tion of 325 individuals with essential hypertension, who
also underwent a FDST in our department. Using the pre-
viously defined diagnostic criteria, we found that 92 of
hypertensive participants (28%) had PA, whereas the re-
maining 233 (72%) showed adequate aldosterone sup-
pression. The mean age of this group [54 (40–75) years]
and gender distribution [245 of 325 (75%) females] did
not differ significantly from the controls. ROC analysis
showed a sensitivity of 100% with specificity 61% for
post-FDST ALD levels and a sensitivity of 100% with a
specificity of 96% for the post-FDST ARR. The Youden
Index was 0.614 and 0.957, respectively. Furthermore,
the sensitivity and specificity for the basal ARR was 35%
and 95%, respectively.

Discussion

The main finding of this study is the identification of a
cohort of normotensive subjects with elevated post-FDST

Figure 1. Box and whisker-Tukey plot. Post-FDST aldosterone levels in all
subgroups are shown. G-2 is the group of normotensive subjects with PA
(n � 2) indicated by the 2 black circles; G-4 is the group of normotensive
subjects without PA (n � 67); G-1 is the group of hypertensive subjects
with PA (n � 11); G-3 is the group of hypertensive subjects without PA.
The horizontal lines represent the mean values, whereas the vertical ones
represent the 2.5–97.5% percentiles.
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serum ALD levels and ARR, being at increased risk for
developing hypertension during a 5-year follow-up pe-
riod. It is therefore possible that this subgroup constitutes
a state of aldosterone excess in normotensive subjects that
could be termed subclinical hyperaldosteronism or nor-
motensive PA, with potential adverse long-term clinical
consequences. An analogous paradigm could be the state
of preclinical primary hyperparathyroidism, in which au-
tonomous PTH secretion precedes a period of asymptom-

atic normocalcemic hyperparathyroidism that may later
evolve to clinically evident primary hyperparathyroidism,
as recently described (24–26). The findings of the present
study are of particular interest because a normotensive
population had aldosterone secretory dynamics and BP
evaluated at baseline and BP reevaluated after 5 years.
Subjects who did not develop hypertension during this
period were used to define cutoffs of adequate aldosterone
secretion and were thus qualified as a control population.

Using the cutoff values of 2.96 ng/dL (82 pmol/L) and
0.93 ng/dL � �U per milliliter (26 pmol/mIU) for ALD and
the ARR, respectively, we subdivided participants into
those with PA (n � 13) and those with adequate ALD
suppression (n � 87) at baseline. Normotensive subjects
with PA at baseline developed hypertension at 5 years at
a significantly higher proportion than normotensive sub-
jects with adequate ALD suppression. This is highly rele-
vant because the participants of the 2 subgroups (PA vs
non-PA) did not differ in other known risk factors asso-
ciated with the development of hypertension such as age,
BMI, waist circumference, and the presence of DM or IGT
except for smoking, which was more prevalent in individ-
uals with PA. However, the difference in smoking habits
was marginally statistically significant, and due to the
small sample size, it is highly unlikely to be the sole caus-
ative factor for hypertension. Furthermore, we reexam-
ined the 2 subgroups for these risk factors at the 5-year
follow-up assessment and no significant difference was
found.

On the basis of these findings, we hypothesized that the
increased risk for developing AH may be due to the pres-
ence of PA. In support of this view is the finding that the
only differences among hypertensive individuals in the 2
cohorts was the significantly lower basal REN levels and
the higher ALD and post-FDST ARR in the group with PA.
Logistic regression was in favor of our hypothesis because
it showed a positive relation of PA with the development
of hypertension.

Our findings are in accordance with those of recent
studies reporting an increased risk of developing hyper-
tension in subjects with basal aldosterone levels in the
upper normal range (22, 23).

A distinctive feature of our study was the use of an
established aldosterone suppression test widely accepted
for the diagnosis of PA (12). Specifically we applied a
modification of the FST by adding dexamethasone admin-
istration to eliminate the effect of ACTH on aldosterone
secretion. This test takes into account not only the effect
of angiotensin II and potassium but also that of ACTH on
aldosterone secretion. Therefore, it lowers the cutoff val-
ues used to define aldosterone excess when compared with
the widely used fludrocortisone or saline infusion tests

Figure 2. Box and whisker-Tukey plot. Post-FDST ARR in all subgroups
is shown. G-2 is the group of normotensive subjects with PA (n � 2)
indicated by the 2 black circles; G-4 is the group of normotensive
subjects without PA (n � 67); G-1 is the group of hypertensive subjects
with PA (n � 11); G-3 is the group of hypertensive subjects without
PA. The horizontal lines represent the mean values, whereas the
vertical ones represent the 2.5–97.5% percentiles.

Table 2. Risk Factors for Hypertension Between Groups
With and Without PA

Group
Without PA

(n � 87)
Mean (SD)

Group
With PA
(n � 13)

Mean (SD) P Value
Male 17 3
Female 70 10
Age, y 53 (8) 53 (8) NS
BMI, kg/m2 26 (5) 27 (4) NS
Waist circumference, cm 92 (12) 92 (9) NS
Smoking status 17 4 .04
Type 2 DM 2 0 NS
IGT 6 0 NS

Abbreviation: NS, not significant.
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because it enables the detection of milder forms of PA (16).
It is noteworthy that 8 of the 13 participants with PA had
ARR and ALD levels diagnostic of PA, even when the
currently accepted criteria (5.01–9.98 ng/dL, 139–277
pmol/L) for aldosterone were applied. Using the FDST
enabled us to detect even milder forms of PA, which oth-
erwise would have been missed.

Furthermore, we used the combination of post-FDST
ALD and ARR measures to diagnose PA because if only
one of these parameters were used, the percentage of false-
positive results would be increased, as in cases of partic-
ipants with prior low salt intake or poor compliance dur-
ing the test (16). In such cases, the post-FDST ALD levels
could be falsely nonsuppressed, whereas the concomitant
posttest ARR facilitates the exclusion of these false-posi-
tive results.

Mulatero et al (29) showed that high doses of dexa-
methasone (2 mg/d for 4 days) led to the suppression of
aldosterone in 13% of the hypertensive patients with id-
iopathic adrenal hyperplasia and 4% of hypertensive pa-
tients with an adrenal adenoma, who had the diagnosis of
PA and a negative test for the chimeric gene responsible for

glucocorticoid-remediable aldosteronism. We believe that
such cases are not expected to be missed by using the FDST
because the dose of dexamethasone we used is only 2 mg
given once (at midnight of the fourth day of the test).

There are several aspects of this study that deserve spe-
cial consideration. Adrenal imaging revealed that 10 par-
ticipants harbored an adrenal adenoma, a prevalence of
8% that is in accordance with current literature and sig-
nifies the importance of performing a CT scan to exclude
such cases when selecting study subjects for a control pop-
ulation (16). Additionally, 2 individuals of the group with
PA remained normotensive in the follow-up period. How-
ever, one cannot exclude the possibility that these subjects
may develop hypertension at a later stage, an issue that
remains to be answered with a longer follow-up. The
strengths of our study include the use of well-established
tests, all performed in standardized conditions. Further-
more, assessing the BP status on follow-up was based on
the home BP monitoring, which is a suitable method to
confirm the diagnosis of hypertension (30).

There are some limitations that should be noted. De-
spite the prospective nature of our study, the statistical
analysis to define cutoff values for normal aldosterone
secretion was performed after taking into consideration
the outcome, ie, the development of hypertension at fol-
low-up that might represent a bias in the study method-
ology. Besides the significantly higher percentage of indi-
viduals with PA that developed hypertension and the
detection of an association between PA and the develop-
ment of hypertension, future studies with larger samples of
participants are probably necessary to confirm our results.

Table 3. Risk Factors for Developing Hypertension and Biochemical and Hormonal Parameters Between the G-3 and
the G-1 Cohorts

G-3 (n � 20) Mean (SD) G-1 (n � 11) Mean (SD) P Value
Age, y 52 (7) 53 (8) NS
BMI, kg/m2 28 (4) 27 (4) NS
Waist circumference, cm 94 (12) 91 (9) NS
Fasting glucose, mg/dL 90 (10) 94 (9) NS
Fasting insulin, �IU/mL 1.25 (0.69) 1.53 (0.97) NS
Na�, mEq/L 141 (3) 140 (2) NS
K�, mEq/L 4 (0.4) 4 (0.3) NS
Urinary 24-hour Na�, mEq per 24 hours 164 (76) 129 (34) NS
Urinary 24-hour K�, mEq per 24 hours 56 (21) 48 (15) NS
ACTH baseline, pg/mL 27 (21) 19 (14) NS
Cortisol baseline, �g/dL 17.7 (5) 16 (7) NS
ALD baseline, ng/dL 10.8 (7.1) 11.6 (6.8) NS
REN baseline, �U/mL 21 (15) 12 (6) .01
ARR baseline, ng/dL � �U � mlL 1.08 (1.51) 1.23 (0.83) NS
DHEAS, ng/mL 307 (182) 428 (353) NS
Post-FDST ACTH, pg/mL 5 (0) 5 (1) NS
Post-FDST cortisol, �g/dL 1.1 (0.5) 1.1 (0.6) NS
Post-FDST ALD, ng/dL 1.7 (0.7) 6.9 (3.2) �.001
Post-FDST REN, �U/mL 5 (2) 5 (2) NS
Post-FDST ARR, ng/dL � �U � mL 0.3 (0.2) 1.5 (0.6) �.001

Abbreviation: NS, not significant.

Table 4. Logistic Regression Analysis Shows the OR of
3 Parameters for the Development of Hypertension

B P Value Exp(B)

95% CI for Exp(B)

Lower Upper
BMI 0.10 .07 1.10 0.99 1.22
PA 2.79 .01 16.34 1.78 150.30
K� �0.94 .01 0.39 0.19 0.79

Abbreviation: Exp(B): odds ratio.
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We should also note that the study protocol is technically
demanding, involves recruitment of confirmed healthy
normotensive subjects, and a significant attrition may oc-
cur during follow-up. In our study attrition was approx-
imately 10%.

Repeating the FDST at the 5-year follow-up provides
useful information on the trend of change in aldosterone
secretion, even in the absence of hypertension. However,
a significant number of participants were reluctant to re-
peat the FDST, hindering a similar reevaluation of aldo-
sterone secretory dynamics. Another caveat that should be
considered involves the presence of other risk factors for
the development of hypertension. Yet we should empha-
size that risk factors, such as a high BMI, smoking, and the
presence of DM, were reexamined at 5 years and there was
no significant difference compared with the baseline status
of the patients.

Another potentially limiting factor is the increased per-
centage of female participants (80% of the population
studied), which is probably attributed to their increased
health awareness leading to outpatient consultation. Al-
though the findings of our study are derived from an out-
patient endocrinology clinic, we believe that they reflect
mainly the general healthy female population because all
study participants were referred for either measurement
and assessment of bone mineral density or thyroid goiter
and were euthyroid. Clearly a higher percentage of male
participants would be of value, even though there are no
data to show that there is sexual dimorphism in aldoste-
rone suppression. The overweightness of our study pop-
ulation could represent another bias, although it is of a
modest degree and representative of the population re-
ferred to an endocrinology outpatient department. Lastly,
the recruitment of only Caucasian individuals does not
allow extrapolation of our findings to other ethnic groups.

In addition to the classical role of aldosterone in the
regulation of sodium and potassium homeostasis, aldo-
sterone exerts multiple adverse actions and predisposes
the heart and the kidney to fibrotic changes, increasing
cardiovascular risk (31). Defining the level above which
aldosterone exerts its unwanted effects and identifying in-
dividuals with subclinical hyperaldosteronism may have
an important impact in clinical practice. Aldosterone ex-
cess has been associated with severe left ventricular hy-
pertrophy and impairment of diastolic cardiac function (3,
4, 32). Theoretically, close monitoring and early interven-
tion in these subjects might help minimize the aldosterone-
induced cardiovascular sequelae. The clinical relevance of
this novel entity may be of particular significance beyond
the increased risk of arterial hypertension documented in
the present study. Unveiling the detrimental aldosterone-
mediated actions on the cardiovascular system in individ-

uals with subclinical hyperaldosteronism is expected to
open a window for future research.
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