
Renin, aldosterone, the aldosterone-to-renin ratio,

and incident hypertension among normotensive

subjects from the general population

Natalie Arnold1,2,3, Iris M. Hermanns 1,4, Andreas Schulz1, Omar Hahad 4,5,

Volker H. Schmitt 4,5, Marina Panova-Noeva1,4,6, Jürgen H. Prochaska1,4,5,6,

Harald Binder 7,8, Norbert Pfeiffer9, Manfred Beutel 10, Karl J. Lackner4,11,

Thomas Münzel 4,5*†, and Philipp S. Wild1,4,5,6*†

1Preventive Cardiology and Preventive Medicine, Department of Cardiology I, University Medical Center of the Johannes Gutenberg-University Mainz, Mainz, Germany; 2Department of
Cardiology, University Heart and Vascular Center Hamburg, Hamburg, Germany; 3German Center for Cardiovascular Research (DZHK), Partner Site Hamburg/Kiel/Luebeck, Hamburg,
Germany; 4German Center for Cardiovascular Research (DZHK), Partner Site Rhine-Main, Mainz, Germany; 5Department of Cardiology—Cardiology I, University Medical Center of the
Johannes Gutenberg-University Mainz, Langenbeckstraße 1, 55131 Mainz, Germany; 6Center for Thrombosis and Hemostasis, University Medical Center of the Johannes-Gutenberg University
Mainz, Mainz, Germany; 7Institute of Medical Biostatistics, Epidemiology and Informatics (IMBEI), University Medical Center of the Johannes Gutenberg-University Mainz, Mainz, Germany;
8Institute of Medical Biometry and Statistics, Faculty of Medicine and Medical Center, University of Freiburg, Freiburg, Germany; 9Department of Ophthalmology, University Medical Center of
the Johannes Gutenberg-University Mainz, Mainz, Germany; 10Department of Psychosomatic Medicine and Psychotherapy, University Medical Center of the Johannes Gutenberg-University
Mainz, Mainz, Germany; 11Institute for Clinical Chemistry and Laboratory Medicine, University Medical Center of the Johannes Gutenberg-University Mainz, Mainz, Germany

Received 9 August 2021; editorial decision 2 February 2022; accepted 21 February 2022; online publish-ahead-of-print 23 February 2022

Time for primary review: 28 days

Aims To investigate the predictive ability of direct plasma renin and aldosterone concentrations as well as their ratio
[aldosterone-to-renin (ARR)] for incident hypertension in the general population.

....................................................................................................................................................................................................
Methods
and results

Concentration of renin and aldosterone were measured by a chemiluminescence immunoassay using the fully auto-
mated LIAISONVR platform (DiaSorin) among 5362 participants of the population-based Gutenberg Health Study,
who were normotensive and had no clinically overt cardiovascular disease at baseline. During a follow-up period of
5 years, 18.6% (n = 996) developed a new-onset hypertension. Comparing extreme quartiles of biomarker distribu-
tion, the relative risk (RR) for incident arterial hypertension was found to be 1.58 [95% confidence interval (CI)
1.25–2.00; P = 0.00015; Q1 vs. Q4ref] for renin; 1.29 (95% CI 1.05–1.59, P = 0.018; Q4 vs. Q1ref) for aldosterone
and 1.70 (95% CI 1.33–2.12; P < 0.0001; Q4 vs. Q1ref) for ARR after multivariable adjustment in men. In females,
only high ARR was independently predictive for incident hypertension over 5 years [RR 1.29 (95% CI 1.04–1.62);
P = 0.024]. Even in the subgroup of individuals having biomarker concentrations within the reference range, high
ARR was predictive for new-onset hypertension in men [RR 1.44 (95% CI 1.13–1.83); P = 0.003]. Finally, synergistic
effects of co-prevalent obesity and ARR on incident hypertension were also demonstrated, resulting in markedly
higher risk estimates as seen for biomarker alone [RR of 2.70 (95% CI 2.05–3.6) for Q4 of ARR and having body
mass index >_ 30 kg/m2 vs. low ARR (Q1ref) and normal weight; P < 0.0001].

....................................................................................................................................................................................................
Conclusion Among normotensives from the general population ARR possesses a stronger predictive value for incident hyper-

tension than renin or aldosterone alone. The prediction of arterial hypertension by ARR was even stronger in
obese subjects.
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1. Introduction

The renin–angiotensin–aldosterone system (RAAS) plays a fundamental
role in the development of cardiovascular disease (CVD) and arterial hy-
pertension in particular. Pharmacological interventions modulating the
RAAS activity have become a leading therapeutic strategy in CVD man-
agement over the past decades.1 Although RAAS represents a key regu-
lator of body fluid, electrolyte and blood pressure (BP) homeostasis,1

only a limited number of population-based epidemiological studies esti-
mated the predictive ability of aldosterone,2–4 renin,3–5 and the
aldosterone-to-renin ratio (ARR)3,5 for incident hypertension.
Furthermore, no sex-specific data exist in this context, although both
aldosterone and renin have been demonstrated to possess distinct sex-
specific interactions.6

One potential limitation of wide-spread use of RAAS biomarkers dur-
ing the last years was related to several analytical challenges in renin and
aldosterone measurements.7–9 For instance, renin is also strongly depen-
dent on the angiotensinogen concentration, therefore being not reliably
applicable during pregnancy, glucocorticoid excess, liver disease, adrenal
insufficiency, heart failure, or use of various antihypertensive medica-
tions.10 In case of aldosterone, there is still considerable inter-method
variability, with higher values obtained from the immunoassays11 than
those from the liquid chromatography–tandem mass spectrometry (LC-
MS/MS), which represent a gold standard method for aldosterone mea-
surement to date. In addition, there are several pre-analytical issues,
which should be taken into account to quantify aldosterone precisely.

The aim of the present analysis was to investigate sex-specifically a
predictive value of aldosterone, direct renin concentration and ARR, de-
termined by a fully automated chemiluminescence immunoassay (CLIA)
for incident hypertension in the general population. Further aims were
to evaluate whether these biomarkers remain predictive for new-onset
hypertension even within their reference ranges or whether prognostic
assessment of hypertension risk by RAAS biomarkers might be modu-
lated by co-prevalence of traditional cardiovascular risk factors (CVRFs)
such as e.g. obesity.

2. Methods

2.1 Study design
The Gutenberg Health Study (GHS) is an age-, sex-, and residence strati-
fied, prospective, population-based, single-centre cohort study. The
study sample was drawn randomly from the governmental local registry
offices in the city of Mainz and the district of Mainz-Bingen, Germany.
Between 2007 and 2012, a total of 15 010 participants aged 35–74 years
were enrolled to the GHS. The study was approved by the local ethics
committee and the data safety commissioner before study initiation and
is in accordance with the principles outlined in the declaration of
Helsinki. Participation was voluntary and written informed consent was
obtained from each subject upon entry into the study. Details of the
study design have been reported elsewhere.12

2.2 Data assessment and follow-up
A total of 12 423 participants attended the follow-up investigation at the
study centre 5 years after enrolment (between 2012 and 2017)
(Figure 1). Individuals with prevalent arterial hypertension [defined as
mean systolic blood pressure (SBP) of >_140 mmHg and/or a mean dia-
stolic blood pressure (DBP) of >_90 mmHg or intake of antihypertensive
drugs] at baseline as well as subjects using BP lowering medications at

baseline were excluded from the present analysis. Further exclusion cri-
teria were: prevalent CVD [defined as history of myocardial infarction
(MI), coronary artery disease, congestive heart failure, atrial fibrillation or
stroke] at baseline as well as missing data on analysis-relevant covariates
at baseline and at the index examination. That resulted in a total sample
of 5362 normotensive individuals at baseline without clinically apparent
CVD (2417 men/2945 women) (Figure 1).

2.3 Blood pressure measurements and
outcome definition
At physical examination, brachial SBP and DBP were measured at
Omron 705CP-II (Japan) after at least 5 min of rest on the left arm of the
seated participant. At least three consecutive BP measurements were
undertaken. To identify possible BP differences between two arms, the
first measurement was carried out on the right and left arm simulta-
neously. For the analysis, averaged values of the 2nd and 3rd standard-
ized measurements after 8 and 11 min of rest were used to avoid a
white-coat hypertension effect.

The same standardized protocol and device were used at the follow-
up examinations 5 years later. Incident arterial hypertension was defined
as mean SBP >_140 mmHg or DBP >_90 mmHg or both and/or intake of
anti-hypertensive drugs at follow-up visit.

2.4 Data collection, definition of
cardiovascular risk factors and diseases
Aspects of data collection and definitions of CVRFs and diseases have
been reported previously.12,13 For additional details and information,
please see the Supplementary material online.

2.5 Laboratory methods
Venous blood was drawn under standardized conditions after an over-
night fasting period in a sitting position. All samples were immediately
stored at -80�C after blood draw until further analysis. All routine labo-
ratory parameters were determined by standard methods in the central
laboratory of the University Medical Center Mainz.

Details on determination of direct plasma renin and plasma aldoste-
rone concentrations have been reported earlier.12 Briefly, direct renin
and aldosterone concentrations were measured by CLIA using fully au-
tomated LIAISONVR platform (DiaSorin, Dietzenbach, Germany). To
avoid a cryoactivation of prorenin, all samples were thawed at 37�C and
immediately processed for the analysis. According to the manufacturer’s
instructions the analytical range for renin was 1.96–500lU/mL and for
aldosterone 1.91–100 ng/dL. The inter-assay coefficients of variation
(CVs) (n = 75) of aldosterone measurements were 13.2% at 7.1 ng/dL
and 7.8% at 29.6 ng/dL using manufacturer-provided control aldosterone
plasma samples at high and low concentration, as well as 9.7% at 11.6 ng/
dL by ‘in-house human’ plasma pool. For direct renin, corresponding
inter-assay CVs were 7.8% at 21.0mU/mL, 7.7% at 100.6mU/mL and
11.0% at 14.9mU/mL. The intra-assay CVs (n = 20) were for aldosterone
2.4–3.9% at 28.8 ng/dL, 2.9–6.3% at 11.1 ng/dL and for renin 2.8–3.6% at
94.3mU/mL, 4.1–5.3% at 15.4mU/mL. All analyses were run in a blinded
fashion.

2.6 Statistical analysis
The present analysis was conducted sex-specifically. Continuous varia-
bles were reported by means with standard deviation or median values
with 25th/75th percentiles (interquartile range), where appropriate.
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..Multivariable-adjusted poisson regression analysis was carried out to
evaluate the predictive role of baseline renin, aldosterone, and ARR for
incident hypertension. All biomarkers were analysed as categorical varia-
bles in sex-specific quartile (Q) of their distribution. For aldosterone and
ARR, Q1 served as a referent quartile; for renin Q4 was used as a refer-
ence. Results are reported as relative risk (RR) with 95% confidence
intervals (CIs). A basic model was adjusted for age only. In the second
model CVRFs (i.e. smoking, diabetes mellitus, obesity, dyslipidaemia, fam-
ily history for MI/stroke) and estimated glomerular filtration rate (eGFR)
were taken into account. In females, additional adjustment for sex-
specific confounders [i.e. information on menopausal status, intake of
oral contraceptives and hormone replacement therapy (HRT)] was
done. For aldosterone and renin, a third model was calculated with addi-
tional adjustment for renin if aldosterone was used for the analysis and
vice versa. This analysis was further repeated after exclusion of subjects
with biomarkers’ values lying outside the reference limits. Age and sex-
specific reference limit was defined on the basis of our previous analy-
sis12 as a 95th percentile of biomarkers’ distributions among subjects
with low cardiovascular risk (i.e. in those without traditional CVRFs and/
or prevalent CVD) and after exclusion of hypokalaemia (<3.5 mmol/L),
renal insufficiency (eGFR <60 mL/min), cancer, and intake of analyte
modifying medications.13

To investigate a synergistic effect of ARR and co-prevalence of CVRFs
and obesity in particular on the risk of future hypertension, combined
variables were created. Subjects were classified into 12 categories
according to quartiles of ARR distribution and body mass index (BMI)
groups [normal weight (BMI of <25 kg/m2), overweight (BMI >_25/
<30 kg/m2), obesity (BMI >_ 30 kg/m2)]. Due to small sample size within
the investigated subgroups, no sex-specific analysis was done to ensure
an adequate statistical power. Those with normal weight and lowest

quartiles of aldosterone/ARR or upper renin quartile were chosen as a
reference group.

Due to the explorative nature of the study, a threshold of statistical
significance was not defined and P-values should therefore be inter-
preted as a continuous measure of statistical evidence, with lower values
reflecting stronger association. All statistical analyses were performed
using R version 3.14.2 software (http://www.r-project.org).

3. Results

Overall, 5362 normotensive GHS-participants were included in the pre-
sent analysis. The baseline characteristics of the study population are
summarized in Table 1. The mean age of the study sample was 49.5
(±9.9) years; 54.9% of study participants were women. In general, males
demonstrated higher values of SBP (D5.7 mmHg) and DBP (D3.3 mmHg)
at baseline than females. Plasma aldosterone at baseline was found to be
7.30 (5.57/9.62) ng/dL (median (Q1/Q3)), with only marginal differences
between sexes. In contrast, renin concentration differed between men
and women with the median values of 13.60 (8.40/20.50) mU/mL in males
vs. 8.90 (5.10/14.10) mU/mL in females. Consequently, ARR was approxi-
mately 1.6-fold higher in women as compared to men (Table 2).

During the 5-year follow-up period, 18.6% (n = 996) of the study par-
ticipants [men: 21.8% (n = 526), women: 16.0% (n = 470)] developed in-
cident hypertension. Subjects with incident hypertension demonstrated
markedly lower renin and higher ARR values at baseline, similarly for
both sexes (Table 2). Differences in aldosterone concentration between
subjects with and without incident hypertension were only marginal.

The prognostic role of biomarkers for new-onset hypertension was
analysed sex-specifically by regression analyses. In men, an inverse associ-
ation between direct renin concentration and incident hypertension was

Figure 1 Study design. BL, baseline; CVD, cardiovascular disease; FU, follow-up; HTN, hypertension. Prevalent hypertension: SBP >_140 mmHg and/or
DBP >_90 mmHg or anti-HTN drug intake. Prevalent CVD: myocardial infarction, coronary heart disease, congestive heart failure, atrial fibrillation, and
stroke.
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..observed. Low renin levels (first quartile of renin distribution, Q1) were
associated with a 58% increased risk for the development of hyperten-
sion compared to high renin concentration (fourth quartile of renin dis-
tribution, Q4) in a multivariable model adjusted for age, traditional
CVRFs, eGFR, and aldosterone (Table 3). Aldosterone, in contrast, was
only moderately predictive for new-onset hypertension, both in the age-
adjusted model as well as after multivariable adjustment for potential
confounders including renin. For ARR, the RR for incident hypertension
comparing extreme quartile of biomarker distribution (Q4 vs. Q1ref)
was found to be 1.70 (95% CI 1.33–2.12; P = <0.0001) in the fully ad-
justed model.

In contrast, among females neither renin nor aldosterone were pre-
dictive for the development of hypertension. Only high ARR values were
borderline associated with incident hypertension with a RR of 1.29 (95%
CI 1.04–1.62; P = 0.024) after multivariable adjustment.

Subgroup analysis of subjects with biomarkers’ concentrations within
the reference ranges revealed that the top quartile of ARR distribution
in men still possessed predictive ability for incident hypertension with
�40% increased risk compared to the referent group [RR 1.44 (95% CI
1.13–1.83), P = 0.0030] (Supplementary material online, Table S1).

Finally, we were interested whether assessment of hypertension risk
using RAAS biomarkers might be modulated by co-prevalence of tradi-
tional CVRFs and obesity in particular. Combination of both obesity and
the highest ARR quartile was associated with approximately 2.7-fold in-
creased risk for new-onset hypertension [RR 2.70 (95% CI 2.05–3.60);
fully adjusted model; P < 0.0001] compared to the subjects with normal
weight and low ARR (reference). For instance, being obese and having
low ARR values (i.e. Q1 of ARR distribution) resulted in a RR for incident
hypertension of 1.68 (95% CI 1.16–2.44; P = 0.0065) (Figure 2, exemplary
for ARR, combined analysis for both sexes together). Again, the weaker
synergistic effects with obesity were seen if renin or aldosterone were
considered separately. So, for presence of obesity and low renin values
(i.e. Q1), a RR for new-onset hypertension was found to be 2.35 (95% CI
1.75–3.15); fully adjusted model; P < 0.0001, compared to the subjects
with normal weight and high renin concentration (reference). In case of
aldosterone, being obese and having high aldosterone values (Q4) was
associated with approximately 2.2-fold increased risk of hypertension
development [RR 2.22 (95% CI 1.70–2.91) in fully adjusted model;
P < 0.0001] compared to the subjects who were lean and had low (Q1)
aldosterone values at baseline (data not shown).

4. Discussion

Among normotensive men and women from the general population
ARR possesses a much stronger predictive value for the development of
hypertension within a 5-year period than renin or aldosterone alone.
More importantly, high ARR values remained predictive for new-onset
hypertension among male subjects with biomarker concentrations
within the reference range. Finally, the present data demonstrated a

......................................................................................................

Table 1 Baseline demographic and clinical characteristics
of the study participants (n¼ 5362)

Men Women

(n 5 2417) (n 5 2945)

Age, years 49.5 ± 10.0 49.5 ± 9.8

BMI, kg/m2 25.8 (23.8/28.1) 24.0 (21.8/26.9)

Heart rate, b.p.m. 66.0 ± 9.7 69.0 ± 9.3

Systolic BP, mmHg 126.3 ± 11.2 120.6 ± 13.2

Diastolic BP, mmHg 80.1 ± 7.6 76.8 ± 7.8

Diabetes mellitus, % 3.1 2.1

Obesity, % 12.9 11.6

Smoking, % 24.2 20.3

Dyslipidaemia, % 30.7 14.5

FH of MI/stroke, % 18.0 19.4

Prevalent CKD,a % 0.7 1.5

HRT, % – 6.2

OC intake, % – 8.5

Menopause, % – 49.6

eGFR, mL/min/1.73m2 94.8 ± 12.0 91.3 ± 12.6

Data are expressed as mean ± standard deviation (SD) or medians (Q1/Q3).
b.p.m., beats per minute; BMI, body mass index; BP, blood pressure; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; FH, family his-
tory; HRT, hormone replacement therapy; MI, myocardial infarction; OC, oral
contraceptives.
aMedical records.

..............................................................................................................................................................................................................................

Table 2 Sex-specific distribution of renin, aldosterone, and aldosterone-to-renin ratio at baseline

Total study sample Subjects with incident hypertensiona Event-free subjects

(n 5 5362) (n 5 996) (n 5 4366)

Direct renin concentration (mU/mL)

Men 13.60 (8.40/20.50) 11.60 (7.10/18.21) 14.20 (8.80/21.00)

Women 8.90 (5.10/14.10) 7.50 (4.29/12.62) 9.10 (5.30/14.30)

Aldosterone concentration (ng/dL)b

Men 7.09 (5.45/9.33) 7.10 (5.58/9.51) 7.09 (5.40/9.28)

Women 7.47 (5.67/9.80) 7.34 (5.64/9.48) 7.50 (5.69/9.85)

Aldosterone-to-renin ratio (ng/dL/mU/mL)

Men 5.38 (3.52/8.62) 6.35 (4.10/10.36) 5.14 (3.34/8.05)

Women 8.58 (5.45/14.34) 9.64 (5.78/17.28) 8.42 (5.41/13.82)

Data are expressed as medians with their interquartile ranges.
aFive-year incident hypertension 18.6%: men: 21.8% (n = 526), women: 16.0% (n = 470).
bConversion factor to SI units (pmol/L) is 27.74.
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..strong synergistic effect of co-prevalence of obesity and high ARR,
resulting in the highest (almost three-fold increased) risk for new-onset
hypertension in a primary prevention setting.

The current study represents the first and largest population-based in-
vestigation so far examining the role of the renin–aldosterone system in
the development of hypertension among normotensive subjects at base-
line. More importantly, no sex-specific data exist so far on such

relationship, although aldosterone and especially renin possesses impor-
tant sex-specific interactions.6 Only one recently published study by
Yang et al.14 raised this important issue showing a sex-specific association
between ARR and BP in adolescents and young adults.

Although ARR has been revealed as strongest predictor in the present
analysis, the importance of low renin concentration in early onset of hy-
pertension should not be underestimated, especially when considering

............................................

......................................................................... .....................................................................

..............................................................................................................................................................................................................................

Table 3 Sex-specific risk of incident hypertension by concentration of direct renin, aldosterone, and aldosterone-to-renin
ratio

Adjustment for age Additional adjustment for

traditional CVRFa, eGFR

and hormonal statusb (where applicable)

Additional adjustment for

concentration of aldosterone or

renin, respectivelyc (where applicable)

Relative risk

(95% CI)

P-values Relative risk

(95% CI)

P-values Relative risk (95% CI) P-values

MEN

Direct renin concentration

Per 1 SD 0.83 (0.78–0.88) <0.0001 0.84 (0.79–0.89) <0.0001 0.82 (0.78–0.88) <0.0001

Q1 1.49 (1.20–1.87) 0.00041 1.49 (1.19–1.86) 0.00054 1.58 (1.25–2.00) 0.00015

Q2 1.30 (1.04–1.64) 0.023 1.29 (1.03–1.62) 0.030 1.35 (1.07–1.71) 0.013

Q3 1.05 (0.83–1.34) 0.68 1.05 (0.82–1.34) 0.71 1.08 (0.84–1.38) 0.55

Q4REF – – – – – –

Aldosterone concentration

Per 1 SD 1.05 (0.97–1.12) 0.22 1.02 (0.95–1.10) 0.57 1.08 (0.99–1.16) 0.061

Q1REF – – – — – –

Q2 1.26 (1.02–1.56) 0.031 1.26 (1.02–1.56) 0.032 1.29 (1.05–1.59) 0.018

Q3 1.08 (0.86–1.35) 0.50 1.05 (0.84–1.32) 0.66 1.13 (0.90–1.42) 0.30

Q4 1.22 (0.98–1.51) 0.081 1.14 (0.91–1.42) 0.26 1.28 (1.02–1.60) 0.031

Aldosterone-to-renin ratio

Per 1 SD 1.22 (1.15–1.30) <0.0001 1.20 (1.13–1.28) <0.0001

Q1REF – – – – – –

Q2 1.31 (1.02–1.69) 0.032 1.27 (0.99–1.63) 0.066 – –

Q3 1.48 (1.17–1.89) 0.0013 1.44 (1.13–1.83) 0.0030 – –

Q4 1.76 (1.39–2.22) <0.0001 1.70 (1.33–2.12) <0.0001 – –

WOMEN

Direct renin concentration

Per 1 SD 0.88 (0.81–0.95) 0.0017 0.88 (0.81–0.95) 0.0015 0.88 (0.81–0.95) 0.0014

Q1 1.32 (1.02–1.70) 0.034 1.33 (1.03–1.72) 0.030 1.04 (0.82–1.31) 0.77

Q2 0.97 (0.74–1.28) 0.84 0.98 (0.74–1.30) 0.89 0.98 (0.78–1.24) 0.86

Q3 0.95 (0.72–1.25) 0.71 0.97 (0.73–1.27) 0.80 0.87 (0.68–1.11) 0.26

Q4REF – – – – – –

Aldosterone

Per 1 SD 0.98 (0.90–1.07) 0.70 0.99 (0.90–1.08) 0.75 1.03 (0.93–1.13) 0.59

Q1REF – – – – – –

Q2 1.01 (0.81–1.26) 0.94 1.00 (0.81–1.25) 0.98 1.03 (0.82–1.28) 0.83

Q3 1.03 (0.82–1.28) 0.80 0.99 (0.79–1.24) 0.95 1.04 (0.83–1.30) 0.75

Q4 0.99 (0.79–1.25) 0.94 0.99 (0.78–1.25) 0.90 1.08 (0.85–1.37) 0.55

Aldosterone-to-renin ratio

Per 1 SD 1.12 (1.04–1.22) 0.0041 1.13 (1.04–1.22) 0.0026

Q1REF – – – – – –

Q2 0.95 (0.75–1.21) 0.69 1.01 (0.80–1.29) 0.93 – –

Q3 0.93 (0.75–1.19) 0.55 0.97 (0.76–1.24) 0.82 – –

Q4 1.25 (1.00–1.56) 0.054 1.29 (1.04–1.62) 0.024 – –

CI, confidence interval; CVRFs, cardiovascular risk factors; eGFR, estimated glomerular filtration rate; Q, quartile; REF, reference; SD, standard deviation.
aCardiovascular risk factors include smoking, diabetes, obesity, dyslipidaemia, family history for MI/stroke.
bHormonal status includes menopausal status and OC/HRT intake (in females only).
cAdditionally adjusted for renin if aldosterone used as independent variable and vice versa.
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that low renin rather than high aldosterone might be a key determinant
of the ARR-associated increased risk of future hypertension.
Unfortunately, the exact pathophysiological mechanism, which might
lead to significant decrease in renin concentration, could not be eluci-
dated within the present analysis. The possible triggers of such low-renin
state might be an expansion of circulating volume as a consequence of
high salt intake or even sodium retention due to relative aldosterone ex-
cess (i.e. aldosterone values within the normal range, being however in-
appropriately elevated in relation to low renin concentration). However,
whether a low-renin profile is a consequence of increased overall vol-
ume status or represents an isolated pathophysiological condition,15

leading to hypertension development is still unknown and should be
matter of further investigations.

To date, only limited number of studies2–5 considered RAAS bio-
markers at baseline as the strong predictors of BP progression and inci-
dent hypertension in the general population. The main evidence on the
relation of RAAS biomarkers to longitudinal changes in BP and new-
onset hypertension came from the Framingham cohort,2,5 where higher
aldosterone2 and ARR5 values at baseline were demonstrated as the in-
dependent predictors of BP progression and incident hypertension in
multivariable analysis. The association between RAAS biomarkers and in-
cident hypertension was further confirmed by a nested case-control
study of 1984 French non-hypertensive volunteers, who followed for
5 years.3 Again, �20% increase in the odds of developing hypertension
on follow-up has been seen for aldosterone and ARR per 1 SD incre-
ment in biomarker.3 The decreased renin concentration was indepen-
dently related to BP progression5 but demonstrated only borderline
significance for new-onset hypertension.3,5 More recently, however,
Brown et al.4 have demonstrated a higher incidence rate of new-onset
hypertension among Multi-Ethnic Study of Atherosclerosis (MESA) par-
ticipants with suppressed renin phenotype compared to those with inde-
terminate and unsuppressed renin concentration. Interestingly, high
aldosterone concentration was predictive for future hypertension only
in the setting of low renin concentration.4

The results of the present analysis confirmed an importance of in-
creased ARR for hypertension development3,5 and surprisingly demon-
strated a slight discrepancy with regard to the predictive values of

aldosterone and renin, as seen by other investigations earlier,2,5 which
might be related to the differences in study design as well as to the
method, used for renin/aldosterone assessment. Indeed, only a moder-
ate relation of aldosterone to incident hypertension was seen within the
present analysis. However, in combination with overweight or obesity
increased aldosterone concentration at baseline was related to hyper-
tension onset. That observation was at least in part in line with a study
by Vasan et al.,2 who investigated rather overweight subjects at baseline.
In general, obesity represents a powerful risk factor for incident hyper-
tension16 and activation of RAAS is considered so far as one of the
meaningful underlying mechanism linking obesity to hypertension.17

Obesity-related dysfunction of adipose tissue results in secretion of sev-
eral aldosterone-releasing factors,18 thereby promoting aldosterone
production by the adrenal cortex. Furthermore, a local aldosterone pro-
duction by adipocytes has been also reported.19

Within the present analysis, additional estimation of the ARR in obese
subjects significantly improved the ability to estimate future risk of hyper-
tension. Thus, a higher RR for the incidence of hypertension was
revealed for the combination of both predictors compared to the single
parameter, where RR increased from 1.5 to 1.7 for a single parameter
(i.e. for hypertension predicted by obesity or by the top quartile of ARR
only) to 2.7 for their combination. The observed effect of obesity and in-
creased ARR for hypertension prediction emphasizes that such subjects
might be at greatest risk for new-onset hypertension and probably re-
quired more intensive and short-term follow-up examinations or even
early initiation of non-pharmacological intervention to promote physical
activity or restriction of sodium intake.

To the best of our knowledge, the present analysis represents the first
study reporting a prognostic relevance of the ARR, determined by mea-
suring direct renin and aldosterone simultaneously using a fully auto-
mated CLIA on the LIAISONVR platform. Methodological pitfalls in the
measurement of these biomarkers by conventional assays are essential
in limiting their broad utility in daily praxis. Whereas activity assays mea-
sure only active renin, CLIA determines the actual concentration of renin
in plasma, being therefore independent on angiotensinogen concentra-
tion. In addition, the usage of well-characterized renin calibrators in
CLIA (calibrated against an International Reference Standard) has already
led to the first standardization efforts.20 Finally, the automatization of
CLIA results in immediate sample processing with a laboratory ‘turn-
around time’ about 40 min.21

This study has some limitations which have to be pointed out. The
generalizability of the results is limited by inclusion of only normotensive
mid-Europeans aged 35–74 years. The studied biomarkers were col-
lected independently of the time of day and were measured at only one
time point, and could therefore not be corrected for potential diurnal or
circadian variations.22 Further limitation of the present analysis is that no
data on salt intake or urinary sodium excretion in the present population
are available. Moreover, primary aldosteronism, which might affect up to
6% of hypertensive subjects from the general population,23 as well as
other secondary forms of hypertension could not be excluded from the
analysis, since no confirmatory testing could be done due to the study
design. In women usage of oral contraceptive agents or HRT might result
in distortion of renin concentration.24 The HRT use might also increases
ARR especially if direct renin concentration and not it activity is used to
calculate the ratio.25 However, within the present analysis both, de-
creased renin concentration and increased ARR remained related to in-
cident hypertension even after multivariable adjustment with additional
correction for hormonal influence.

Figure 2 Synergistic effects of aldosterone-to-renin ratio and body
weight on incident hypertension. n = 5362. ARR, aldosterone-to-renin
ratio; BMI, body mass index; Q, quartile; REF, reference.
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.
The current study has several strengths. The GHS represent one of

the largest population-based investigations so far evaluating the role of
RAAS biomarkers for prediction of hypertension sex-specifically.
Simultaneous assessment of studied biomarkers within the same blood
sample minimize analytical imprecision of ARR, as seen for conventional
methods, where the ARR is usually calculated from two (in case of
plasma renin activity even three) separate measurements by two
different assays. The present analysis was restricted to subjects
without antihypertensive medication at baseline examination, thereby
eliminating any possible drug-related bias and especially aldosterone
breakthrough.26

5. Conclusion

The present study revealed that increased ARR at baseline appeared to
be a strong predictor of incident hypertension over a 5-year period. This
relationship was driven mainly by a decrease in renin concentration,
thereby suggesting lower renin profile as an important triggering factor
for new-onset hypertension in the general population. Our data further
suggest that ARR, even within the reference range, may be an indepen-
dent biomarker of future hypertension risk. In obese subjects, additional
determination of ARR might be helpful in identifying individuals being at
very high risk for a future development of arterial hypertension.
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