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Background: Because primary aldosteronism is not uncommon, specifically treatable and in some
cases curable, and carries higher risks for cardiovascular morbidity and mortality than essential
hypertension, screening hypertensive patients for its presence by measuring aldosterone to renin
ratio (ARR) is increasingly common. A significantly higher false-positive ARR rate for women than
men, resulting in unnecessary suppression tests has previously been reported.

Methods: Using a new, highly accurate aldosterone assay and both of the currently widely used
renin assays, ARR was measured in 19 normal, ovulating women at three time points in the men-
strual cycle and compared with single measurements in 21 normal males of similar age.

Results: ARRs in males were possibly too well down in the current normal range. Although nor-
motensive and normokalemic, two women had raised ARRs in the luteal phase but only when direct
renin concentration (DRC) was used. Their DRC levels were low at all sampling times [despite
midrange plasma renin activity levels], whereas their progesterone and aldosterone levels were
highest for the group. Saline suppression testing, performed in one of them, showed normal
aldosterone suppressibility.

Conclusion: False-positive ARRs in normal women during the luteal phase only when DRC is used
may explain the higher incidence of false-positive ARRs in hypertensive women than men and
suggest the following: 1) plasma renin activity is preferable to DRC in determination of ARR and
2) new reference ranges for ARR that take into account gender and sex hormone levels are
required. (J Clin Endocrinol Metab 96: E340–E346, 2011)

Primary aldosteronism (PAL) is the most common spe-
cifically treatable and potentially curable form of sec-

ondary hypertension (1–3), screened for using aldosterone
to renin ratio (ARR). Anything altering aldosterone or
renin levels affects ARR with the potential for false-pos-
itive or negative results (4, 5). Are there other important
influences that have so far been ignored?

Fommei et al. (6) suggested that a rise in plasma aldo-
sterone in the luteal phase of the menstrual cycle may have
implications for screening criteria for PAL, i.e. if plasma
aldosterone below a certain level is thought to exclude

PAL (7). Pizzolo et al. (8) reported elevated ARR levels
[using direct renin concentration (DRC)] to be more prev-
alent in hypertensive women than men (13.6 vs. 2.3%) but
seldom associated with confirmed PAL. Does this high
false-positive ARR rate in women demand different nor-
mal ranges for women and men? Would hormonal con-
traceptive and postmenopausal hormone replacement re-
quire an additional adjustment of female ranges?

False-positive ARRs in hypertensive women could lead
to unnecessary and even false-positive salt-loading aldo-
sterone suppression tests, followed by adrenal venous
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sampling. A better understanding of the effects of female
hormones (natural or administered) on levels of aldoste-
rone, renin, and ARR is required to avoid this effect. Ob-
serving the effects on aldosterone, renin, and ARR of hor-
mone changes during normal, ovulatory menstrual cycles
is a good place to start.

There is evidence that exogenous estrogen administra-
tion stimulates production of renin substrate (9), which
might sequentially lead to elevated levels of angiotensin I,
angiotensin II, and aldosterone and the possibility of hy-
pertension. In practice, hypertension after the administra-
tion of an oral contraceptive containing estrogen is rare
because, in a finely tuned homeostatic system, rising an-
giotensin levels lead, by negative feedback on the juxta-
glomerular apparatus, to falls in renin release and in DRC
and minimal rises in plasma renin activity (PRA) and an-
giotensin II (10). Falling DRC will tend to raise ARR,
whereas stable PRA will not.

Progesterone, secreted during the second half of an ovu-
latory menstrual cycle, has mineralocorticoid-antagonist
activity (11) and can cause natriuresis, lower plasma vol-
ume, and a compensatory increase in plasma renin and
aldosterone. Fluctuations in estrogen and progesterone
during the menstrual cycle thus have the potential to com-
plicate interpretation of both ARR and aldosterone sup-
pression tests.

Might different laboratory methodologies for measur-
ing renin be equally likely to lead to false-positive or -neg-
ative ARR? Plasma renin was once measured almost ex-
clusively as PRA, which tests the ability of all the
components of plasma, including substrate, to generate
angiotensin I. Today it is measured as either PRA or DRC
(12). In the present study, we decided to use both methods,
to permit comparison, while measuring ARR in normal
men and while evaluating the effects of hormonal changes
during the phases of the menstrual cycle on ARR in normal
women.

Aldosterone has until recently been measured almost
exclusively by immunoassay methods, despite concerns
over their accuracy (13). Substantially different aldoste-
rone concentrations have been reported when four dif-
ferent immunoassay methods were used (14). Because
recently developed HPLC-tandem mass spectrometry
methods measure plasma aldosterone accurately and spe-
cifically (15–18), we used a method (16) developed in our
center.

Subjects and Methods

Subjects
This study was approved by the Institutional Human Ethics

Review Committee. Informed, written consent was obtained

from 21 healthy males without evidence of renal, liver, or car-
diovascular diseases, not hypertensive, and not receiving any
medications within the previous 2 months and from 23 healthy
premenopausal women with no evidence of renal, liver, or car-
diovascular disease, regular menstrual cycles of approximately
28 d, no history of pregnancy within the preceding 2 yr, not
hypertensive, and not receiving any medications (including con-
traceptives) within the previous 2 months. Instructions were
given to maintain their usual sodium intake during the period of
study, and compliance was assessed by measuring urinary so-
dium excretion at each visit. The results in 21 men were com-
pared with those in 19 women who had an ovulatory cycle.

Sampling
Blood and spot morning urine samples were collected once

from each male participant and from each female participant
during menses and at 10 � 1 and 20 � 1 d (SD) after the first day
of the last menstrual period (LMP). Samples were collected in all
subjects for measurement of plasma aldosterone, DRC, PRA,
cortisol, sodium, potassium and creatinine and urinary sodium,
potassium, creatinine, cortisol, and aldosterone, and in females
only for serum estradiol, progesterone, LH, and FSH. Blood
samples were collected between 0900 and 1000 h after sitting for
5–15 min and centrifuged immediately at 2500 rpm for 10 min.
Plasma was snap frozen and stored at �20 C. Blood pressure
(mean of two readings after sitting for 10–15 min) and heart rate
were recorded.

Analytic methods
Plasma aldosterone and cortisol were measured by HPLC-

tandem mass spectrometry (16). For aldosterone, the interassay
coefficient of variation was 9.3% at 242 pmol/liter and 6.0% at
1321 pmol/liter. The intraassay coefficient of variation was
7.3% at 238 pmol/liter and 4.3% at 1344 pmol/liter. The inter-
assay coefficient of variation for cortisol was 2.1% at 55 and
1.8% at 462 ng/ml. The intraassay coefficient of variation was
3.7% at 56 ng/ml and 1.6% at 472 ng/ml. DRC was assayed by
chemiluminescent immunoassay (DiaSorin, Liaison, Italy). The
interassay coefficient of variation was 7.4% at 26 mU/liter and
6.0% at 106 mU/liter. The intrassay coefficient of variation at
15, 33, 82, and 258 mU/liter was 3.7, 2.8, 2.0, and 1.2%, re-
spectively. PRA was assayed by GammaCoat RIA (DiaSorin,
Stillwater, MN). The interassay coefficient of variation was 5.6,
7.6, and 6.8% at 1.6, 10.7, and 15.2 ng/ml � h, respectively. The
intraassay coefficient of variation was 10.0% at 1.6 ng/ml � h,
4.6% at 6.2 ng/ml � h, and 9.4% at 17.9 ng/ml � h. LH, FSH,
estradiol, and progesterone were measured by immunoassay
(Abbott Diagnostics-Abbott Architect, Sydney, Australia). Uri-
nary cortisol was measured by HPLC and urinary aldosterone by
RIA (Siemens Diagnostic Products Corp., Los Angeles, CA).

Statistical analysis
SPSS 17 for Windows (SPSS, Chicago, IL) was used to analyze

the data. Data are presented as median (range in parentheses)
unless otherwise stated. Nonparametric testing (Friedman test)
was used for comparisons between the three samples collected
during the menstrual cycle. Pairwise comparisons were per-
formed by the Wilcoxon test. The Mann-Whitney U test was
used to compare results with the male group. Spearman’s test was
used to seek correlations between measured parameters. A P �
0.05 was considered statistically significant.
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Results

Group data
Table1 includesonesetofdata formalesandthreesets for

females and the significance of variability during the cycle in
females (Friedman test). Male data were compared with fe-
male data for each of the three sampling points. ARR values
weremuchhigher inwomenthanmenduringall threephases
of the cycle, with the least difference during menses. In the
females, aldosterone, PRA, DRC, ARR calculated using
DRC (but not using PRA), cortisol, FSH, LH, estrogen, and
progesterone all varied significantly during the cycle. There
were no significant changes in plasma sodium, potassium,
creatinine, blood pressure, or heart rate. In Table 1, the re-
sults of aldosterone and ARR calculated by PRA are shown
in both picomoles per liter and nanograms per deciliter.

Pairwise (Wilcoxon) comparisons between each of the
three collection time points for women are shown in Fig.
1, and were performed only for the parameters showing
statistically significant changes by Friedman testing except
for ARR calculated using PRA.

Follicularphase levelsweresignificantly (P�0.01)higher
than menstrual for aldosterone, DRC, and PRA, and (P �

0.001) for estrogen, cortisol, and LH. There were no signif-
icant differences between menstrual and follicular phases for
ARR(calculatedbyeitherDRCorPRA),progesterone,orFSH.

Progesterone levels were higher in the luteal phase
than the follicular phase, consistent with ovulation, as
were levels for plasma aldosterone, PRA, and ARR cal-
culated using DRC, with two women exceeding the up-
per limit of normal (70) for ARR calculated using DRC.
The upper limit of normal (600) was not exceeded by
any women when ARR was calculated using PRA,
which did not rise significantly. Because only two
women had elevated luteal ARR (aldosterone/DRC)
values, comparisons were also made without them, but
the difference between luteal and follicular ARR calcu-
lated by DRC remained significant [14.0 (2.3–18.2) vs.
7.8 (2.3–11.4), P � 0.01].

FSH and cortisol levels were significantly lower in the
luteal than either the menstrual or follicular phases,
whereas aldosterone, progesterone, PRA, DRC (P �

0.01), and ARR calculated by DRC were significantly
(P � 0.001) higher (Fig. 1). Luteal levels of estrogen
were higher than menstrual but lower than follicular.

TABLE 1. ARR and other measured parameters according to phase of menstrual cycle in 19 healthy,
nonhypertensive women and 21 men

Women Men

Menses

Follicular phase
(10 � 1 SD d
after LMP)

Luteal phase
(20 � 1 SD d
after LMP)

Friedman
test

(P value)

Male vs. menses
Mann-Whitney
U test (P value)

Male vs. follicular
Mann-Whitney
U test (P value)

Male vs. luteal
Mann-Whitney
U test (P value)

Aldosterone
(pmol/liter) 153 (107–389) 170 (133–524) 454 (181–1141) �0.001 189 (107–449) NS NS �0.001
(ng/dl) 5.52 (3.84–13.97) 6.09 (4.76–18.8) 16.3 (6.48–40.9) �0.001 6.78 (3.84–16.1) NS NS �0.001

DRC (mU/liter) 25 (12–50) 28 (10–58) 38 (15–78) �0.001 40 (20–53) �0.001 �0.01 NS
ARR using DRC 7.9 (2.6–27.8) 8.3 (2.3–49.9) 14.2 (2.3–75.7) �0.001 4.8 (3.8–9.9) �0.05 �0.05 �0.001
PRA (ng/ml � h) 1.7 (1.0–4.4) 2.1 (1.0–5.7) 3.8 (1.6–9.2) �0.001 4.6 (1.2–6.8) �0.001 �0.01 NS
ARR using PRA

(pmol/liter)/
(ng/ml � h)

107 (32–223) 109 (24–227) 133 (30–300) NS 61 (21–161) �0.01 �0.01 �0.01

(ng/dl)/
(ng/ml � h)

3.85 (1.13–8.02) 3.91 (0.87–8.15) 4.78 (1.07–10.7) NS 2.18 (0.75–5.74) �0.01 �0.01 �0.01

Plasma cortisol
(ng/ml)

54.7 (35.6–121) 90.2 (42.5–174) 56.6 (41.3–131) �0.001 92 (68–100) �0.01 NS �0.05

FSH (IU/liter) 5.1 (3.1–10.3) 4.9 (3.4–35.9) 2.6 (1.3–15.2) �0.001
LH (IU/liter) 3.2 (1.1–4.5) 5.4 (3.4–10.6) 1.3 (0.8–11.7) �0.01
Estradiol

(pmol/liter)
144 (80–313) 389 (202–820) 263 (104–777) �0.001

Progesterone
(nmol/liter)

0.6 (0.3–2.1) 0.5 (0.3–7.6) 39.8 (12.1–71.5) �0.001

Plasma Na�

(mmol/liter)
138 (137–141) 138 (136–142) 137 (136–140) NS 139 (137–145) NS NS NS

Plasma K�

(mmol/liter)
4.0 (3.8–4.2) 4.0 (3.8–4.4) 3.9 (3.8–4.2) NS 4.1 (3.7–4.5) NS NS NS

Plasma creatinine
(�mol/liter)

59 (48–73) 61 (51–76) 61 (50–77) NS 70 (60–88) �0.001 �0.001 �0.01

Systolic blood
pressure
(mm Hg)

120 (102–132) 120 (100–130) 122 (100–132) NS 128 (120–138) �0.01 �0.01 �0.01

Diastolic blood
pressure
(mm Hg)

80 (72–86) 78 (70–84) 80 (70–84) NS 88 (80–90) �0.01 �0.001 �0.001

Heart rate
(beats/min)

75 (62–85) 75 (65–90) 79 (65–90) NS 87 (78–92) �0.001 �0.001 �0.001

Values are presented as medians (range). Friedman test was used to perform multiple comparisons, and the P value indicates the degree of
significance of changes occurring during the cycle. See Fig. 1 for pairwise comparisons between the three collection time points in women. The
Mann-Whitney U test was used to compare male vs. female data. NS, Not significant.
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A significant negative correlation was found between
luteal progesterone and DRC [(r � �0.58, P � 0.05) but
not between luteal progesterone and PRA (r � 0.11, P �
0.05). Significant positive correlations were found be-
tween luteal progesterone and luteal ARR calculated using
DRC (r � 0.60, P � 0.01) but not using PRA (r � 0.41, P �
0.05). There was also a significant positive correlation
between luteal aldosterone and progesterone (r � 0.51,
P � 0.05).

Urinary parameters (corrected for creatinine) are pre-
sented in Fig. 2. Median urinary aldosterone was signifi-
cantly higher in the luteal [6.9 (2.7–94) pmol/mmol] than
follicular phase [3.2 (1.1–23.8) pmol/mmol, P � 0.05] or
during menses [2.2 (1.2–7.1) pmol/mmol, P � 0.001].

Individual data for women with positive ARR
If we focus on the data for the two women with elevated

ARR (using DRC), they were distinguished in several ways

(open symbols, Fig. 1). Their progesterone and aldoste-
rone levels were highest for the group in the luteal phase
and even in the follicular phase. Their DRC levels were
among the lowest for the group in all three phases, guar-
anteeing the highest aldosterone/DRC ARRs in all three
phases so that they were distinguishable, even during men-
ses. In contrast, their PRAs were in the midrange at each
phase, ensuring that ARR using PRA, although among the
highest values, was unremarkable. Their estradiol levels
were among the highest in the follicular phase but in the
midrange during menses and luteal phases. Their cortisol
levels were among the lowest throughout.

Saline suppression testing (during which plasma aldo-
sterone was measured basally and at the conclusion of an
iv infusion of 2 liters of 0.9% normal saline given over a
4 h period between 0800 h and 1200 h) has so far been
performed in one of the two women and revealed normal

FIG. 1. Median ARR using DRC (A), ARR using PRA (B), aldosterone (C), progesterone (D), DRC (E), PRA (F), cortisol (G), and estradiol (H) during
menses and follicular and luteal phases. Error bars indicate interquartile ranges. #, P � 0.05, *, P � 0.01, and �, P � 0.001 for pairwise
comparisons (Wilcoxon). n.s., Not significant. The horizontal dotted lines in A and B indicate the upper limit of the normal range for ARR. Open
symbols denote the two women with positive luteal ARR using DRC.
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suppressibility of plasma aldosterone (basal 303 pmol/
liter, 4 h � 60 pmol/liter).

Discussion

The main findings of this study were that: (1) plasma al-
dosterone, DRC, PRA, and the ARR measured using DRC
(but not by PRA) are all higher in the luteal vs. the follic-
ular phase in ovulating normotensive women; 2) false-
positive ARR (using DRC) were encountered during the
luteal phase in two of the 19 women; 3) women had much
higher ARR values than men; and 4) ARR values in men
were well down into the current reference range.

Both aldosterone and renin (as PRA) have already been
reported to be higher, as here, in the luteal than the fol-
licular phase of the normal menstrual cycle (19, 20) but
not necessarily proportionately increased and hence a po-
tential to alter the ARR. Progesterone is a natriuretic hor-
mone by occupying the aldosterone receptor in the distal
nephron and acting as a competitive inhibitor (21, 22),
leading to natriuresis, and provoking a compensatory in-
crease in renin and aldosterone to counteract any conse-
quent hypovolemia. In addition, progesterone is thought
to possibly stimulate aldosterone production directly (21).

Obvious limitations of the present study include a rel-
atively small number of participants and measurement of
ARR in normal healthy volunteers and not in hypertensive
patients. However, we found apparently false-positive
ARRs (confirmed in one subject by normal aldosterone
suppression during saline infusion) in healthy, ovulating,
normotensive women, when aldosterone/DRC ARR val-
ues exceeded the upper limit of the normal range. This was
associated with statistically significantly higher luteal
ARR levels for the cohort (calculated using DRC but not
PRA) than follicular or menstrual. A sustained increase in
angiotensinogen after the estrogen surge in the late follic-
ular phase could have favored the relatively greater in-
crease in luteal PRA than DRC. The fact that the two
women with elevated luteal ARR were also distinguished
from the other subjects by having the highest luteal pro-
gesterone and aldosterone levels, and near-highest mid-
follicular estrogen levels, would be in keeping with a role
for sex hormones in modifying aldosterone and renin and
the ARR (using DRC).

Of interest was the observed alteration in cortisol con-
centrations during the menstrual cycle. A likely explana-
tion for the higher cortisol (measured here as total, rather
than free, cortisol) during the follicular phase would be
higher estrogen concentrations causing increased produc-
tion of cortisol binding globulin (23). Similarly, an effect
of high follicular phase estrogen in the liver to increase the
level of renin substrate, with a half-life long enough to
carry the increase on into the luteal phase, could explain
the unexpected negative correlation between progesterone
and DRC in the luteal phase. When increased renin sub-
strate results in higher angiotensin I and angiotensin II,
these will feed back negatively on renin secretion and DRC
will fall.

The normal range for ARR currently does not distin-
guish between men and women or between women at var-
ious phases of the cycle or receiving hormonal contracep-
tion or hormone replacement therapy. In the current
study, however, the ARR in females across the menstrual
cycle was consistently higher than in males (2–3 times
higher in the case of luteal ARR values). This study also
found that hormonal changes during the menstrual cycle
significantly affect ARR, especially if DRC is used to mea-
sure the renin component of the ratio. These observations
suggest the need for revised normal ranges and support the
use of the aldosterone to PRA ratio, and not the aldoste-
rone to DRC ratio, in women who are ovulating and pos-
sibly also those who are receiving contraceptive agents or
hormone replacement therapy.

Because ARR values appear to be significantly higher in
young females than young males, different normal ranges
for each gender should be developed, as has been sug-

FIG. 2. Mean urinary aldosterone and sodium, corrected for
creatinine, in males and females during menses and follicular and
luteal phases. Error bars indicate SEM. #, P � 0.05; �, P � 0.001. n.s.,
Not significant. The Friedman test was used to perform multiple
comparisons within women and the Wilcoxon test was used for
pairwise comparisons. The Mann-Whitney U test was used to compare
male vs. female data.
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gested by others (24). Otherwise, there is the probability
of some young females inappropriately going on to more
complex, unnecessary investigations for PAL. Current cri-
teria for normal suppressibility of aldosterone below an
arbitrary level by oral salt loading (7) or saline infusion
(25) should also be revised for young women in the luteal
phase of the cycle. Because of raised ARR using DRC,
Pizzolo et al. (8) went on to perform suppression tests
(saline infusion) in 54 hypertensive women, and 33
(61.1%) turned out not to have PAL (i.e. they had false
positive ARR). In contrast, only four of 27 men (14.8%)
with positive ARR suppressed normally with saline infu-
sion. They found elevated ARR (using DRC) in eight of 59
normotensive, premenopausal women (13.6%) (mean age
28 yr) compared with only one in 44 normotensive young
men (2.3%). They found no differences between aldoste-
rone, renin (DRC), or ARR (DRC) between women and
men and no differences in ARR (DRC) across the men-
strual cycle, raising the possibility of false-positives ARR
at all points in the cycle and not only in the luteal phase.
As we have found using PRA in normotensive young
women, Fommei et al. (6) found no effect of phases of the
menstrual cycle on ARR (calculated using 30 min recum-
bent PRA, normal range � 0.65 ng/ml � h) in 26 mildly
hypertensive premenopausal women aged 26–55 yr with
normal PRA. Supine PRA and aldosterone were highest in
the luteal phase. In 12 of 26 women, plasma aldosterone
was below a threshold (of 15 ng/dL for suspicion of pri-
mary aldosteronism) at d 7 of the menstrual cycle but
above it at d 21. The percentage of positive ARRs went
up from 7 of 26 in the follicular phase (27%)to 16 of 26
in the luteal phase (64%), leading them to suggest that
the normal range for ARR in menstruating women be
redefined. We agree and would suggest, in addition, sep-
arate ranges for males, postmenopausal women, and
women receiving oral contraceptives or hormone replace-
ment therapy. It will be helpful if, in that redefinition,
highly accurate methods for measurement of aldosterone,
such as that used in the present study, are used, and, ide-
ally, mass spectrometry measurement of generated angio-
tensin in a PRA assay.
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