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1 | INTRODUCTION

Current guidelines recommend the use of the aldosterone-to-renin
ratio (ARR) for the screening of patients suspected of having pri-
mary aldosteronism (PA).! Aldosterone can be measured using either
plasma or serum concentrations (PAC and SAC respectively), while
renin can be determined using either plasma renin activity or direct
renin concentration (PRA and DRC, respectively).

The ARR is not without its pitfalls as both aldosterone and renin
are influenced by a variety of endogenous and exogenous stimuli
such as age, diet, medications, and several others.! The choice in
assay technique for the detection of either aldosterone or renin
could additionally have an impact.

Although guidelines and position papers increasingly acknowl-

edge the desirability to standardize test conditions,?

a systematic
analysis of confounding factors has scarcely been performed. This
is unfortunate because in clinical practice, hypertensive patients are
often subjected to unnecessary diagnostic investigations due to a
moderately elevated ARR despite the cause potentially being the re-

sult of a confounder. Therefore, we aimed to identify and gauge the

The aldosterone-to-renin ratio (ARR) is a common screening test for primary aldo-
steronism in hypertensives. However, there are many factors which could confound
the ARR test result and reduce the accuracy of this test. The present review's objec-
tive is to identify these factors and to describe to what extent they affect the ARR.
Our analysis revealed that sex, age, posture, and sodium-intake influence the ARR,
whereas assay techniques do not. Race and body mass index have an uncertain effect
on the ARR. We conclude that several factors can affect the ARR. Not taking these

factors into account could lead to misinterpretation of the ARR.

impact of a number of confounding factors that could significantly
influence the validity and interpretation of the ARR.

2 | METHODS

In accordance with the PRISM recommendations,® we performed
a literature search on PubMed and the Cochrane database based
on a combination of MeSH and free terms to find articles discuss-
ing the ARR and its confounders. To this end, we used the search
string: (((Hyperaldosteronism [MeSH Terms] OR Conn Syndrome OR
Conn's Syndrome OR Aldosteronism OR Hyperaldosteronism) AND
(("Renin"[Mesh] OR"Aldosterone"[Mesh]) AND (ARR OR Aldosterone
renin ratio OR Aldosterone-to-renin ratio))))). Our search encom-
passed all articles published between January 1981 and October
2019. Finally, cross-references of relevant literature were included.
Our literature search retrieved 462 potential articles. Papers
not published in English (n = 31) were excluded. After reading the
abstracts, another 230 articles were rejected because they did not

contain information needed to perform the present analysis. The
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remaining articles were read in full and considered eligible if they (1)
had a clearly described and reproducible method for the determina-
tion of renin and aldosterone and (2) clearly described the type of
participants that were investigated, for example, patients referred
for evaluation of treatment-resistant hypertension, and (3) applied
confirmatory testing such as salt supplementation, or saline infu-
sion in participants with an elevated ARR. When multiple articles
were derived from the same research group on the same topic, only
the most recent one was analyzed. Finally, articles on PA treatment
studies or on cardiovascular-related usage of the ARR as well as pa-
pers which focused on PA confirmatory tests or detection of genetic
variations were excluded (Figure 1).

Studies accepted for this review were independently screened
by two of the authors (GPV, RMA), who applied the selection criteria
to the articles identified and reviewed the full-text versions thereof.
In the event of disagreement, said articles were discussed among the
aforementioned authors in order to obtain consensus. In the event
that consensus was not obtained, a third author (P.L) was decisive. In

the end, a total of 26 articles qualified for inclusion in our analysis.

462 articles identified
through literature
search

31 articles excluded
due to foreign
language

431 articles screened
on basis of abstract

230 articles excluded
on basis of abstract

201 articles screened
on basis of availability

11 articles excluded
due to no full text
available

190 articles screened
on basis of full text

164 articles excluded
on basis of full text

26 articles eligible for
review article

FIGURE 1 Flowchart depicting the selection of papers

For the purpose of simplicity, dimensionless units for the ARR
are used throughout this article. Unless otherwise stated, the PRA is
measured in mL/dL:h, the DRC in mU/L, and the PAC in ng/dL.

3 | RESULTS

3.1 | Patient-related factors

311 | Age

Four of the studies which we selected assessed the effect of age
on the ARR in adults. In the one by Yin et al,* SAC and PRA were
inversely correlated with age, both in 153 healthy normotensive in-
dividuals and in 274 patients with essential hypertension (EH) seen
at an outpatient clinic. However, the logarithmically transformed
ARR correlated positively with age in both groups. The ARR reached
a peak after the age of 60 in patients with EH, and between the
ages of 40 and 49 in normotensive individuals. Per contra, the ARR
was age-independent in the PA group (n = 39). This study also ad-
dressed the accuracy and cutoff value of the ARR in two age groups,
<40 and 240 years old. Two cutoff values were established, which
were similar in the two age groups. The screening accuracy and the
cutoff values of the ARR were not influenced by advancing age.
Importantly, in this study antihypertensive medication had been dis-
continued as much as possible but if this was not possible patients
were maintained on treatment with a calcium channel blocker or an
alpha-adrenoceptor blocker.

Based on measurements of PAC and PRA in 216 patients with
PA and 657 patients with EH, Luo et al® compared the ARR in four
age categories: <39, 40-49, 50-59 and 260 years. Antihypertensive
agents had been stopped in all patients but wherever necessary
slow-release verapamil and/or doxazosin or terazosin were admin-
istered instead to control blood pressure. Moreover, premenopausal
women on oral contraceptive agents and postmenopausal women
taking hormonal replacement therapy were not included in the study.

In patients with EH, PRA decreased significantly with age though
this change was not significant when only patients aged 50-59 and
260 years old were compared. Similar changes were seen in PAC,
but this was only significant when the age categories 250 years and
<50 years were contrasted. The ARR had a weak positive association
with age, barring a comparison between patients aged 50-59 years
and those 260 years. In the PA group, there was a significant decline
in PRA between patients aged <39 and 260 years. However, PAC
and ARR did not significantly change with age. Altogether, the diag-
nostic accuracy of the ARR fell at higher ages, particularly in patients
60 years and older.

Although not primarily intended to study the effect of age on
the ARR, Rossi et al® also found a positive correlation between these
two variables in a large series of newly diagnosed hypertensive pa-
tients who were either untreated or treated with a calcium channel
blocker and/or doxazosin. Finally, Nakama et al retrospectively in-
vestigated 110 patients with EH and 45 with PA and divided them
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in a group under 65 years of age and a group 65 years and older.
They found that PAC and PRA were lower in both groups of elderly
patients with the net effect of increasing the ARR value.” Again, pa-
tients were either untreated or received a calcium channel and/or
alpha-adrenoceptor blocker.

3.1.2 | Sex

Our search retrieved two articles looking at how female sex, and
in particular female sex hormones, could affect the ARR. In a small
study comparing the ARR in 19 healthy women, not on contracep-
tive pills, with that in 21 healthy men (all untreated), Ahmed et al®
found that compared to men the ARR was consistently and signif-
icantly higher in women during all phases of the menstrual cycle,
with the least difference during menses. Using PRA as the renin
assay, the median ARR amounted to 3.85 (range 1.13-8.02) during
menses, 3.91 (range 0.87-8.15) during the follicular phase and 4.78
(range 1.07-10.7) during the luteal phase. In comparison, the ARR of
healthy men was 2.18 (range 0.75-5.74). Thus, healthy women dur-
ing the luteal phase can be expected to have an ARR about two times
higher than their male counterparts. A similar trend was observed
when DRC was applied as the renin assay with an almost threefold
lower ARR in males than in females in their luteal phase. There was
no significant difference in the ARR, using either PRA or DRC, be-
tween the follicular and the menstrual phase. However, the ARR was
higher in the luteal phase compared to the follicular phase but only
when DRC was used for the calculation. The latter is in contrast with
a comparable study by Pizzolo et al’ in 33 healthy premenopausal
women without oral contraceptive pills. Using DRC, these investiga-
tors failed to find a difference in the ARR between the follicular and
the luteal phase. However, when the normotensive female popula-
tion was started on oral contraceptives, the average ARR shifted
from 18.69 + 87 to 35.52 + 22.7, a statistically significant increase.
This upregulation was mainly driven by a roughly 50% rise in meas-
ured aldosterone.

In both male and female hypertensive patients with high ARR
values, no significant difference in ARR values was found. However,
it should be noted that some patients were subsequently found to
have PA. In contrast, healthy normotensive women were more likely
to have an elevated ARR (232) compared with men (13.6% vs. 2.3%;
p <.05)?

3.1.3 | Race

Only one paper that fulfilled our selection criteria provides informa-
tion on the potential influence of race on the ARR.* In a prospective
study of 265 consecutive patients with resistant hypertension (115
African-American, 150 Caucasian), Nishizaka and associates found
an overall prevalence of 22% of PA. The prevalence was 24% in the
African-American population and 20% in the Caucasian patients, a
difference that was not statistically significant. Although this study

was not primarily designed to evaluate whether race could have an
effect on the ARR, the average test result was comparable in both
ethnic groups. It is of note that no medications were discontinued

with the exception of some diuretics.

3.1.4 | Body massindex

Two articles addressed the influence of BMI on the ARR. In a large
cohort of newly diagnosed hypertensive patients, in whom treat-
ment with a calcium channel blocker, an alpha-adrenoceptor blocker
or their combination was permitted, Rossi et al® found that despite
a positive association between BMI and plasma aldosterone levels,
in particular in overweight and obese individuals, the ARR did not
correlate with BMI. The latter was also true in a smaller, prospective
study (n = 59) in patients suspected of having PA.* In that study, the
ARR accuracy was higher in patients with BMI <30 compared with
obese patients, when using values >20 as the ARR cutoff point. It
should be noted that when antihypertensive treatment could not be
safely withheld, patients could not only be treated with verapamil,
doxazosin, and terazosin but also with hydralazine, a drug with a
well-known stimulating effect on the renin-angiotensin-aldosterone

system.'?

3.1.5 | Sodium intake

As sodium balance is a major modulator of the renin-angiotensin sys-
tem, changes in dietary salt intake are likely to modify the results of
ARR testing. Three of the papers that we retrieved have addressed

this issue. Baudrand et al'®

explored among 79 patients, allegedly
without antihypertensive medication, and with an ARR above 20 on
a high salt diet whether the results of the ARR would be different
when measured under conditions of low salt intake. Participants who
had a PRA < 1.0 and a serum aldosterone 26.0 (required for a “posi-
tive screen”) were placed on a low salt diet for one week. Adherence
to the diet was checked by measuring sodium output in 24-h urine
collections. At the end of this dietary period, only 35 of the 79 pa-
tients still tested positive. In the other 44 patients with a discordant
screen on high and low sodium intake, PA could still be confirmed
in 25 of them. Put differently, the data showed that among the pa-
tients with confirmed PA, only half had a positive screen on the low
salt diet. Another study in mild-to-moderate hypertensives in whom
treatment was withdrawn and who had been put on a high salt diet
for 4 days suggested that acute variations in sodium balance do not
adversely affect the test results but in that study a low salt state was
not achieved by dietary measures but through furosemide natriure-
sis.* Finally, Williams et al*® analyzed the data from 118 normoten-
sive and 347 hypertensive volunteers who were either untreated or
used a dihydropyridine calcium channel blocker, a thiazide diuretic
or both. Although the primary aim of this study was to establish the
prevalence of PA in general, the hypertensive participants also com-
pleted a crossover study consisting of 7 days of high sodium intake
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Confounder Aldosterone Renin
Age 4 4
Female sex/estrogen ™ T
Black race ™ -
BMI i -
Circadian rhythm 08:00 |, 12:00 1 00:00 |, 12:007
Supine position (vs. l Il
standing and seated)
High sodium intake l Ll

Assay technique - -

(>200 mmol/day) and 7 days of low sodium intake (<10 mmol/day).
The ARR was determined in the upright position at the end of the
low salt period to assess its responsiveness to sodium restriction.
Both in the patients with PA and in those with EH the ARR fell signif-
icantly after sodium restriction but the ARR remained significantly

elevated in PA as compared to EH patients.

3.1.6 | Posture

The effect of posture on the ARR was addressed in three studies.
For instance, Barigou et al'® studied 53 patients who were hospi-
talized for ARR testing and in whom non-dihydropyridine calcium
channel blockers, alpha-adrenoceptor blockers, and central anti-
hypertensive drugs (not further specified) were allowed to control
blood pressure. DRC and aldosterone levels were determined in the
supine position after sleep and after 1 h in the upright position and
2 h later after 15 min of sitting, respectively. The mean seated ARR
(16 + 22) was lower than mean supine ARR (19 + 29) and mean up-
right ARR (22 * 31). Although no significance levels were presented
by the authors, they claimed that the seated ARR was significantly
lower than supine ARR.

1*” who found

These results are at variance with those of Pilz et a
the opposite in 160 outpatients who had been referred to screen
for endocrine hypertension. The great majority of these patients
(n = 151) turned out to have essential hypertension and in these
the ARR fell from a median of 1.54 (interquartile range 0.66-2.98)
in sitting position to a median of 1.28 (range 0.55-2.60) after 1 h of
recumbency, a statistically significant difference. In the 61 patients
with PA, on the other hand, recumbency had no significant effect on
the ARR. While patients on drugs that interfere with the renin-an-
giotensin-aldosterone system are said to have been excluded from
the study, it seems that this only involved certain diuretics and ali-
skiren and that other drugs were still allowed. In females below the
age of 50 years, oral contraceptives were allowed as well.

The impact of posture on the diagnostic potential of the ARR was
also addressed by G. Giacchetti et al*® who retrospectively scruti-
nized the data from 157 patients who had been referred for suspi-
cion of PA and in whom only the use of calcium channel blockers and
alpha-adrenoceptor blockers was permitted. In all these patients,

TABLE 1 Summary of the effects
of various confounders on levels of
T aldosterone and renin and on the
1 aldosterone-to-renin ratio (ARR)
Tt
TT
20:00 |, 08:00 T
4l

ARR

™

PRA and SAC had been measured after at least 2 h in the supine po-
sition and again after 2 h of being upright. From the data presented,
it seems that the ARR did not change when going from the lying to
the upright position in the 96 patients with essential hypertension
while it tended to rise in the 61 patients with PA. Significance lev-
els were, however, not provided by the authors. At any rate, they

claimed that the upright ARR is superior as a screening test for PA.

3.1.7 | Circadian rhythm
Although several studies have addressed the circadian rhythms of
renin, aldosterone, and the ARR, none of these fulfilled our selection

criteria.

3.2 | Assay-related factors
Many studies have examined whether the ARR based on chemilumi-
nescent or other automated assays for measuring the plasma con-
centrations of renin (DRC) and aldosterone would yield results as
reliable as the ARR based on the classical but rather cumbersome
methods by which plasma renin activity (PRA) and aldosterone are
measured by radioimmunoassay.’"?’ By and large, these studies
showed that these newer, automated methods are a good alterna-
tive for the old ones.

As far as reproducibility of the ARR is concerned, the available

data suggest that the test is highly reproducible.?82?

4 | DISCUSSION

Our analysis has shown that the results of ARR measurements,
while being generally reproducible, are confounded by many factors
(Table 1). There has been a fairly large body of research conducted
on this topic, but only a small subset thereof met our strict selec-
tion criteria. The reasons for our stringency are twofold. Firstly,
when dealing with hypertensive patients in clinical practice, a high
likelihood of PA is rarely evident upon first observation. As such,
it is only with a full understanding of what variations, with regard
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to fluctuations in the ARR, can be expected in EH patients that we
are best able to identify a truly abnormal ARR value indicating PA.
Secondly, the purpose of our review was to draw attention to what
we truly do (and do not) know about ARR confounders. Therefore,
we wished to put emphasis only on studies in which highly standard-
ized conditions were maintained, rather than to prematurely draw
weakly supported conclusions. While this did have the effect of lim-
iting our scope loonily 26 articles, the lack of comprehensive stand-
ardised research on the topic is in and of itself an important finding
with regard to grasping how well understood the ARR is.

The ARR shows a fairly consistent positive relationship with age
in normotensives and EH patients. Concerningly, though, this rela-
tionship was less evident in PA populations. As such, there is a re-
alistic possibility of reduced sensitivity and specificity of the ARR in
older populations. Outside of the scope of our review due to a lack
of confirmatory testing, two studies found no relationship between
age and the ARR in pediatric populations, except for a positive rela-
tionship in female pediatric populations in one of the two.3%%! The
potential amplification of the ARR in girls is likely hormone-medi-
ated and in accordance with the observation of the ARR in general
being higher in female populations. The latter may be cycle-depen-
dent, though, as several studies with the exception of the one by
Pizzolo et al’ have shown that the luteal phase of the menstrual
cycle is associated with high ARR. This effect may be mediated by
the rise in progesterone during the luteal phase. Although the lack
of confirmatory testing prevented its inclusion in our review, a clear
trend toward higher ARR values in the luteal phase was also shown
in the study by Fommei et al®? who took four serial measurements
of aldosterone and renin during the course of a single menstrual
cycle. Similar trends were noted in the Ohasama and Framingham
Heart studies.®*3* These hormonally mediated effects also have
implications with regard to hormone replacement therapy and oral
contraceptives.

We were disappointed to find that very few studies addressing
race and the ARR met our criteria for inclusion. In the only eligible
article comparing African-American and Caucasian populations, no
clear difference was found. However, this finding was tangential
to the primary objective of the study, which was to estimate the
prevalence of PA.2 In one study, African-Americans had more than
twice as many positive ARR screenings compared to their Caucasian
counterparts,®® while a similar trend of elevated ARR values in
African-American treatment-resistant EH participants was noted in
another.3® The most likely explanation for these findings is either
that the PA prevalence of PA is elevated in African-Americans com-
pared to Caucasians, or that false-positive ARR results are more
common African-Americans. These two explanations have contra-
dictory clinical implications, and thus, rigorous investigation into this
topic will be a clear boon for clinicians who frequently treat patients
of African ancestry.

BMI is another topic in which the lack of significant highly stan-
dardized research was surprising. For now, the current research that
meets our criteria seems to indicate a rise of aldosterone concen-
trations with BMI but not enough to tangibly affect the ARR. In the

Framingham Heart Study, ARR did not correlate with BMI when con-
trolling for other variables.3” However, in a large (n = 2086) study by
Dudenbostel and associates, with BMI divided into quartiles, a trend
of increasing ARR was noted from quartile 1 through to 3, with a pla-
teau reached between quartiles 3 and 4.%° While this study did not
meet our inclusion criteria, its large scale does warrant some discus-
sion. It is, indeed, possible that the absence of a significant relation-
ship as found by the studies that were included in our analysis was
due to a disproportionate number of participants at the higher end
of the BMI spectrum, where the relationship appears to flatten out.
Another possibility is that a state of treatment resistance somehow
alters the relationship between the BMI and ARR.

In view of the immense role that sodium intake has on the RAAS,
this is undoubtedly an important aspect with regard to the ARR. In
the three publications retrieved for our review, low versus high so-
dium intake consistently resulted in lower and higher ARR values,
respectively. It is, however, important to note that these studies had
some shortcomings, and thus, the results should be interpreted with
caution. For example, fixed dietary regimens were used in the study
by Baudrand et al,*® while a crossover design would have given us

clearer insight into the topic. In the case of Williams et al®

a cross-
over trial was performed, but diuretics, a major factor in sodium bal-
ance, were not discontinued. In studies not eligible for our review,
similar trends were noted, such as in the publication by Kerstens
et al.*® While the impact of sodium intake on the ARR is quite clear,
no research proposed what an optimal sodium intake for screening
purposes would be. As such, while controlling for this variable has
significant importance, how best to standardize sodium intake is still
beyond our present knowledge.

Potassium is another dietary mineral whose intake is likely to
have an effect on the RAAS. However, to the best of our knowledge,
no research has been done investigating the effect potassium has on
the ARR. So far, studies have focused only on renin and aldosterone
values individually, with mixed results.?*! This is a fairly large and
concerning oversight in the body of research available. The interplay
between potassium and the RAAS is quite significant and thus war-
rants further investigation.

It seems that posture in the form of being seated, upright or su-
pine, while not having a particularly large effect on renin levels, does
have a pronounced but unpredictable effect on aldosterone levels
and thus the ARR overall. Therefore, standardization of posture is
a cornerstone in improving ARR reproducibility. Recently, the group
of Stowasser showed that the seated saline suppression test to con-
firm or exclude PA is superior to the recumbent suppression test.*?
However, since that study comprised only patients with a high ARR,
it remains uncertain to what extent posture has an influence on the
ratio in patients with EH at large.

In the articles, we reviewed aldosterone was measured using
antibody-based assays, namely a radioimmunoassay and a chemi-
luminescent assay. Usage of neither assay technique resulted in a
significant difference in ARR measurements. A new measurement
technique, being the liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) technique, was tested and compared with the
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conventional assay techniques. Median serum PAC . \s/vs levels
were 27.8% lower than plasma PAC,,, levels. This did not, however,
yield a significant change in the sensitivity or the specificity of the
ARR when a different cutoff value was used.*®

Finally, although ARR testing is by convention done in the
early morning, there is uncertainty about the truly optimal time
of the day for performing the test. Unfortunately, no articles on
this topic survived our selection process. One notable study from
those that were excluded is that by Lamarre-Cliché et al.** These
authors measured circadian patterns of renin, aldosterone, and
the ARR. They found that the ARR crested in the morning with
the lowest trough in the evening. Thus, in their study, the time of
day at which the measurements were performed had a significant
impact on how many participants had positive ARR screenings.
Although no confirmatory tests were done in this study, the re-
sults emphasize the importance of standardizing the time of ARR
measurement.

The aldosterone-to-renin ratio has become a widely used screen-
ing test for PA. As a result of newer assay techniques and declining
costs, the test will likely be implemented on a larger scale in the fu-
ture. However, in order to avoid unnecessary diagnostic procedures,
the practicing clinician needs to be well aware of the shortcomings
of the test and the many potential confounding factors which in-
fluence the ratio between aldosterone and renin. Standardizing the
measurement procedure seems to be of great importance as re-
cently shown by Vorselaars et al.*®

Unfortunately, there are still many unknowns regarding optimal
standardization. Our review shows that investigations focusing on
potential confounders have virtually never used an unbiased popu-
lation. Of particular concern was that in almost all studies, at least
some of the participants were still actively being treated with anti-
hypertensive agents. In a separate review, we have examined what
is known about the effect of various antihypertensive drugs on the
ARR. There is a pressing need for better standardized studies re-
garding the ARR in order to gain the much needed knowledge about
the optimal circumstances for this screening procedure and inter-
pretation of its results.

Our findings have implications for clinical practice. Physicians
ordering this test for screening purposes should be well aware of the
factors which could influence the result. Knowledge of these factors
is required to ensure that test conditions are standardized insofar as
it is possible. Random test results should be interpreted with great
caution. While our results may be less relevant for those with a low
or markedly elevated ARR, the decision to proceed with additional
investigations could well be of importance in those patients with an

ARR close to the upper normal limit of the test.
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