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Aims – The renin-angiotensin-aldosterone-system (RAAS) plays a pivotal role in hypertension, cardiovascular (CV), and kidney disease. However, it is unclear if elevated RAAS
ac0vity contributes to an accelerated renal func0on decline in healthy subjects, independent from other risk factors.
Methods – We studied 5,109 subjects not on an0hypertensive medica0on from the community based cohort Preven0on of REnal and Vascular ENd-stage Disease (PREVEND).
Generalized es0ma0ng equa0ons (GEE) were used to examine the associa0on of plasma
renin concentra0on (PRC) and aldosterone (PAC) with the decline of es0mated glomerular filtra0on (eGFR, calculated using the CKD-EPI cysta0n C formula). Cox-regression analysis were performed for the outcome eGFR<60 and < 45 ml/min/1.73m2.
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Results – At baseline, mean age was 48 (±12) years, 46% was male, mean eGFR was 95±18
ml/min/1.73m2, PRC 17.3 (10.6-26.7) μIU/mL and PAC 117 (92-151) pg/mL. A4er 12 years
of follow-up 344 subjects reached an eGFR < 60 and 103 subjects < 45ml/min/1.73m2.
Univariable cox regression analysis showed an associa0on of PRC (HR 0.79 p < 0.001)
and ARR (HR 1.2 p=0.001) with incidence for CKD (< 60 ml/min/1.73m2). However, a4er
correc0on for age, sex and baseline eGFR this associa0on was not significant anymore.
GEE analysis confirmed that PRC, PAC and ARR are not associated with accelerated eGFR
decline. Only in subjects with low NT-proBNP, the associa0on between PRC and eGFR
remained significant long-term.
Conclusion – In this community based cohort, high PRC and PAC are associated with
a lower eGFR at baseline, but not with long-term eGFR decline. These data do not support screening for PRC or PAC to iden0fy pa0ents at risk for the development of CKD.

During the last decades the prevalence of chronic kidney disease (CKD) has risen.
(1) CKD is associated with an increased risk for cardiovascular (CV) events and
mortality – even minor changes in glomerular filtra0on rate and urinary albumin
excre0on (UAE) strongly suggest imposing an increased risk (2). Iden0fica0on of
pa0ents at risk to develop CKD is therefore feasible.
Medical interven0ons in the renin-angiotensin-aldosterone system (RAAS),
with angiotensin-conver0ng-enzyme inhibitors (ACEi), angiotensin-II receptor
blockers (ARBs), and mineralocor0coid receptor antagonists (MRAs), (3) have
shown to be eﬀec0ve in the treatment of elevated albuminuria and renal func0on
decline. (4,5) Furthermore it appears that the beneficial eﬀects are independent from blood pressure. (6,7) However, other trial demonstrated that double
RAAS blockade may be harmful. (8,9) Nonetheless it is clear that the RAAS plays
a pivotal role in the development of CKD. However, only a few studies have inves0gated the role of circula0ng hormones of the RAAS in the development of
CKD in the general popula0on, and they have shown conflic0ng results. In the
Framingham Oﬀspring study high aldosterone levels, but not renin, were associated with increased incidence for CKD. (3) In contrast, high renin levels were associated with increased incidence of CKD in treated hypertensive pa0ents from
the ASCOT trial and the Kaiser Permanente Southern California cohort. (10,11)
A major confounder for plasma levels of renin and aldosterone is the use of an0hypertensive medica0on – and nearly all published studies included pa0ents
on medica0on. Secondly, these studies analyzed CKD as a dichotomous outcome
(eGFR < 60 or 50% increase in crea0nine), which is also largely dependent on
baseline crea0nine and are therefore not suitable to study both pa0ents high and
low crea0nine at baseline.
Given the profound eﬀects of ACEi on renal func0on protec0on, which appears to be blood pressure independent, (7) we hypothesized that (low key) ac0va0on of the renin angiotensin system would be associated with accelerated
renal func0on decline over 0me, especially in pa0ents not on an0-hypertensive
medica0on. Surprisingly, there are to date no studies that link circula0ng levels
of hormones of the RAAS in normotensive subjects with renal func0on changes.
Therefore, in the current study we inves0gate the associa0on between plasma
renin concentra0on (PRC), plasma aldosterone concentra0on (PAC) and the
aldosterone-renin-ra0o (ARR) with renal func0on decline in a large community
based cohort, not using an0-hypertensive medica0on.
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The current study is an analysis in the Preven0on of REnal and Vascular ENd-stage
Disease (PREVEND) cohort. Details have been described previously. (12,13) In
brief, PREVEND is a community based cohort in the city of Groningen, the Netherlands. In the years 1997 and 1998 all inhabitants between 28 and 75 years of
age were asked to collect a vial of early morning urine and fill out a ques0onnaire.
The response rate was 47.8% (n=40,856 persons). Individuals with type 1 diabetes mellitus and pregnant women were excluded. Urinary albumin was measured
in a central laboratory. Six thousand subjects with a UAE equal or greater than 10
mg/L were selected. A control group of 2,592 individuals was randomly selected
from individuals with an UAE below 10 mg/L. All selected individuals were asked
to collect two consecu0ve 24-hour urines and were followed up a4er 4, 6, 9 and
12 years in the outpa0ent clinic. For the current analyses we selected individuals
with available baseline PRC and PAC measurements, and that did not take an0hypertensive medica0on (n = 5,109), since an0-hypertensive medica0on strongly
influences RAAS ac0va0on. (13)

64

L+?$#+,$#; :!+&-#!:!(,&
EDTA-an0coagulated plasma was frozen in vials and stored at -80C directly a4er
collec0on and never thawed before assaying. We measured PRC using an automated sandwich immunochemiluminescent assay (LIAISON®, Diasorin, DiaSorin
Ltd, Schiphol Rijk, and The Netherlands), with an intra-assay precision of 7.2%
and inter-assay precision of < 10.4%. Plasma aldosterone concentra0on was
measured using an ELISA kit (Alpco, Salem, NH, USA). Intra-assay precision 6.6%
and inter-assay precision 9.6%, as described previously. (13)
Cysta0n-C (mg/L) was measured using a BNII nephelometer (Dade Behring
Inc., Deerfield, IL). Intra-assay coeﬃcients of varia0on is between 2.0 and 2.8%
and inter-assay between 2.3 and 3.1%. Crea0nine, plasma glucose and serum
cholesterol were measured by Kodak Ektachem dry chemistry (Eastman Kodak,
Rochester, New York). Urinary albumin concentra0ons were measured by nephelometry, with a threshold of 2.3 mg/L and intra- and inter-assay coeﬃcients
of varia0on of 4.3% and 4.4%, respec0vely (Dade Behring Diagnos0c, Marburg,
Germany).

D!')(),)$(& +(. /+%/-%+,)$(&
Blood pressure was calculated as the mean of two measurements. Body mass index (BMI) was calculated as the ra0o of weight and height squared (kg/m2). Type

2 diabetes mellitus (T2DM) was defined as a fas0ng glucose level of ≥"7.0 mmol/L
(126 mg/dL) or a non-fas0ng glucose level of ≥ 11.1 mmol/L (200 mg/dL), or the
use of an0-diabe0c drugs. Smoking was defined as current smoking or stopped
smoking within the previous year. Urinary albumin excre0on (UAE) was calculated as the average UAE in the two consecu0ve baseline 24 h urine collec0ons
(mg/L). An es0mate of the glomerular filtra0on rate(GFR) was calculated using
the CKD-epi equa0on, which provides a more accurate es0ma0on of GFR that
the MDRD formula. (14)

Normally distributed variables are presented as means±SD; non-normally distributed variables are presented as medians (with 25th percen0le – 75th percen0le),
and transformed using the natural logarithm when appropriate for sta0s0cal
tests. The associa0on of PRC, aldosterone and tradi0onal risk factors for CKD
with baseline kidney func0on (CKD-EPI cysta0n C) was tested using linear regression. Variables for the mul0variable analysis were selected by stepwise backward
selec0on with a threshold of p < 0.1. Interac0on of the co-variates with renin
and aldosterone were tested by adding the product of PRC, PAC or ARR with the
variable of interest to the model. P < 0.05 was considered sta0s0cally significant.
Collinearity was tested by computa0on of the uncentered variance infla0on factors.
To study the associa0ons of PRC and PAC with renal func0on over 0me, first
we used a generalized es0ma0ng equa0ons (GEE) analysis with an exchangeable
correla0on structure. This longitudinal analysis technique makes it possible to
include factor variables and study the rela0on of the baseline variables with 0me,
also in a non-linear fashion. The rela0on of age with renal func0on was tested
using age as a con0nuous variable and an ordinal variable per 10 years to study
a possible non-linear rela0on. The associa0on of PRC, PAC and ARR with renal
func0on decline was inves0gated by adding the interac0on of PRC, PAC or ARR
with follow-up 0me to the model. Correc0on for tradi0onal risk factors was done
by adding the variable of interest to the model and by adding the interac0on
with follow-up 0me and PRC, PAC or ARR to the model. A nega0ve interac0on
represents accelerated renal func0on decline in ml/min/1.73 m2 per SD increase
of the risk variable at baseline. This analysis was repeated with follow up visits as
categorical variables instead of follow up 0me to inves0gate non-linear rela0onships in 0me.
In order to further clarify the associa0ons of baseline PRC, PAC and ARR with
eGFR in 0me we performed a COX-regression analysis for the outcome CKD defined as CKD-EPcys < 60 and < 45 ml/min/1,73 m2 was performed. Three models
were tested; Model 1 using PRC, aldosterone or ARR as univariate predictors;
Model 2 was addi0onally corrected for age, gender and baseline CKD-EPI. Model
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3 was corrected for age, gender, baseline CKD-EPI and tradi0onal risk factors for
CKD (systolic blood pressure, diabetes, BMI, history of myocardial infarc0on and
hypercholesterolemia). Propor0onal hazard assump0on was tested on the basis
of Schoenfeld residuals.

S!(&),)>),; +(+%;&!&
A previous study demonstrated gender diﬀerences in the associa0on of risk factors with kidney disease (15), therefore we also performed gender stra0fied analyses. The analyses were also repeated stra0fied for baseline 24-hour UAE below
and above 10 mg/L, to account for enrichment of the cohort with subjects with
higher albuminuria.
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Baseline characteris0cs of the individuals included in the analyses are shown in
table 1. In brief, mean age was 48 (±12) years, 46% was male, mean eGFR-cys was
95±18 ml/min/1.73m2 and median 24h-UAE was 9.1 (6.3-16.2) mg/24h, PRC 17.3
(10.6-26.7) μIU/mL and PAC 117 (92-151) pg/mL.

A&&$/)+,)$( $' PRC +(. PAC "),* ?+&!%)(! CKD-EPI
Linear regression of PRC (corrected for age and gender) showed that high baseline PRC was associated with an increased cysta0n C and decreased CKD-EPI at
baseline (p < 0.001). High PAC was associated with high crea0nine and cysta0n C
and decreased CKD-EPI at baseline (all p < 0.001).
The rela0on of PRC and PAC with CKD-EPI remained significant (p < 0.001) in
a mul0variate model including tradi0onal risk factors such as age, sex, diabetes,
heart rate, smoking, hypercholesterolemia, BMI, and markers for volume homeostasis including 24h urinary sodium, pro-AVP and NT-proBNP (table 2). Using
backward selec0on, systolic blood pressure, UAE and history of myocardial infarc0on were excluded from the model at p > 0.1. There was a significant interac0on of NT-proBNP (beta 0.49 p = 0.011) and smoking (beta = -1.22, p=0.003) with
PRC for the outcome CKD-EPI. Aldosterone had a significant interac0on with BMI
(beta = 0.43 p = 0.03), hypercholesterolemia (beta = -1.15 p = 0.015) and smoking
(beta = -1.16 p = 0.005) for the outcome CKD-EPI.

T+?%! 1: B+&!%)(! /*+#+/,!#)&,)/&
Total (n = 5,109)

Age (years)

48.3 (±12.1)

Female, n (%)

2766 (54%)

Currently smoking, n (%)

2035 (40%)

History of CVD, n (%)

60 (1%)

Diabetes, n (%)

155 (3%)

Systolic BP (mmHg)

126.8 (±19.2)

Diastolic BP (mmHg)

73.3 (±9.5)

Heart rate (bpm)

69.7 (±10.0)

Waist circumference (cm)

87.4 (±12.8)

BMI (kg/m2)*

25.8 (±4.1)

Renin (PRC, μIU/ml)*
Aldosterone (PAC, pg/ml)*

17.3 (10.6-26.7)
117.1 (91.9-150.5)

ARR*

7.0 (4.5-11.4)

Plasma glucose (mmol/l)*

4.7 (4.4-5.1)

Serum Cholesterol (mmol/l)*

5.5 (4.9-6.3)

Triglycerides (mmol/l)*

1.1 (0.8-1.6)

hs-CRP (mg/L)
NT-proBNP (pg/ml)*
Urinary sodium (mmol/24h)*

2.6 (±5.1)
36.8 (16.7-68.6)
135.1 (104.9-169.4)

24h UAE (mmol/24h)*

9.1 (6.3-16.2)

Serum Crea0nine (umol/l)

76.3 (±14.6)

eGFR-MDRD (ml/min/1.73m2)

89.2 (±16.5)

eGFR-Cys (ml/min/1.73m2)

94.9 (±17.9)

eGFR-CysCr (ml/min/1.73m2)

92.5 (±14.7)

Normally distributed variables are presented as means±SD.
* Non-normally distributed con:nuous variables are presented as median value (25-75th
percen:les); ARR, aldosterone/renin ra:o; BP, blood pressure; bpm, beats per minute.eGFR,
es:mated glomerular filtra:on rate by simplified Modifica:on of Diet in Renal Disease (eGFR)
formula; UAE, urinary albumin excre:on; Conversion of N-terminal pro-B-type natriure:c
pep:de (NT-proBNP) levels: 100 pg/mL equates to 11.82 pmol/L.
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Beta

95% confidence
interval

T

p

Plasma renin (μIU/ml)*

-1.04

(-1.47 to -0.61)

-4.72

0.000

Plasma aldosterone (pg/ml)*

-0.86

(-1.27 to -0.46)

-4.17

0.000

Age (years)

-10.24

(-10.72 to -9.77) -42.13

0.000

Female sex

0.97

(-0.01 to 1.95)

1.95

0.051

Smoking

-5.50

(-6.33 to -4.67)

-13.03

0.000

Diabetes

3.48

(1.07 to 5.89)

2.84

0.005

BMI (kg/m2)

-0.43

(-0.53 to -0.32)

-7.92

0.000

NT-proBNP) (pg/ml)*

-1.49

(-1.80 to -1.19)

-9.66

0.000

Heartrate (bpm)

-0.09

(-0.14 to -0.05)

-4.43

0.000

Hypercholesterolemia

-1.16

(-2.16 to -0.17)

-2.29

0.022

24h urinary sodium (mg/24)*

2.26

(1.45 to 3.07)

5.48

0.000

Copep0n (pmol/l)*

-1.62

(-2.06 to -1.19)

-7.3

0.000

* skewed data were log transformed before standardiza:on

T+?%! 3: R!(+% '-(/,)$( +, '$%%$" -@ >)&),&
Characteris!cs

NC1

NC2

NC3

NC4

NC5

(n = 5109) (n = 4172) (n = 3575) (n = 3169) (n = 3169)
Follow-up
(days)
Age
(years)

1533

2332

3393

4306

(1464-1643)

(2232-2526)

(3276-3550)

(4189-4463)

48.3

52.5

54.4

57.1

59.6

(±12.1)

(±11.6)

(±11.3)

(±10.9)

(±10.9)

NA

Cysta!n-C
(mg/L)

0.86

0.86

0.88

0.88

0.89

(0.77-1.0)

(0.78-0.97)

(0.79-0.98)

(0.79-0.99)

(0.80-1.00)

CKD-EPI
(ml/min/1.73m2)

94.9

92.3

90.1

88.9

86.0

(±17.89)

(±18.3)

(±18.6)

(±18.9)

(±18.6)

GEE analysis showed a clear rela0on of age with CKD-EPI and a rela0on of age and
sex with cysta0n C (figure 1). Although the rela0on of age with CKD-EPI was cubic
addi0on of the cubic term on top of age as a linear variable had only a marginal
eﬀect on es0mates of the following analyses. Univariable GEE analysis showed
a posi0ve interac0on of PRC with follow-up 0me in years for the outcome CKDEPI (+0.14 ml/min/1.73m2 per SD of PRC per year p < 0.001), sugges0ng a slower
decline of CKD-EPI in pa0ents with high PRC. This interac0on remains significant
a4er correc0on for age and gender (model 2; +0.24 ml/min/1.73m2 per SD of
PRC per year p=0.009). However, in line with the linear regression analysis, there
is also a significant nega0ve associa0on of PRC with CKD-EPI at baseline, (model
2; -2.6 ml/min/1.73m2 per SD of PRC; p = 0.043). This suggests that subjects with
high PRC at baseline start with a lower CKD-EPI, but show slower decline over
0me.
Likewise, PAC showed a posi0ve interac0on with follow-up 0me for CKD-EPI
(model 1; +0.11 ml/min/1.73m2 per SD of PAC per year; p < 0.001). A4er correc0on for age and gender this remained significant (model 2; +0.08 ml/min/1.73m2
per SD of PAC per year; p < 0.001). Baseline PAC was also associated with CKDEPI at baseline (-0.77 ml/min/1.73m2 per SD of PAC; p < 0.001), again sugges0ng
a lower CKD-EPI at baseline for subjects with high PAC, but a slower decline over
0me.
ARR on the other hand showed a nega0ve interac0on with follow-up 0me
(model 1; -0.07 ml/min/1.73m2 per SD of PAC per year; p < 0.001). A4er correc0on for age and gender the interac0on remained significant (model 2;
-0.06 ml/min/1.73m2 per SD of PAC per year; p < 0.001) and associa0on of
baseline ARR with CKD-EPI was posi0ve (+0.94 ml/min/1.73m2 per SD of PAC;
p = 0.002).
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In order to further inves0gate if the rela0on of PRC, PAC and ARR with CKDEPI decline changed over 0me we performed a GEE analysis including visit as an
ordinal variable. These analyses showed that the rela0on between PRC, PAC and
ARR and CKD-EPI at baseline was no longer apparent at visit 2 (mean follow up
0me 4 years) and that PRC, PAC and ARR had no eﬀect on further CKD-EPI decline
during the following visits (Figure 2).

A mul0variate GEE analysis of PRC with renal func0on was performed, including
age, sex, diabetes, smoking, hypercholesterolemia, BMI, and systolic blood pressure. This did not aﬀect the observed rela0ons between PRC, PAC and CKD-EPI.
Subsequently these parameters and markers for volume homeostasis including
24-hour urinary sodium, pro-AVP and NT-proBNP were added separately as interac0on terms with PRC and visit. These did not substan0ally aﬀect the rela0on
of PRC, PAC an ARR. Adding interac0on terms did not alter the rela0on between
PRC and renal func0on decline
Mul0variate GEE analysis of PAC including diabetes, smoking, hypercholesterolemia, BMI and systolic blood pressure did not change the observed rela0ons
either. Interac0on analysis showed a significant interac0on with BMI and 24 h
urinary sodium (figure 3b). There was a borderline significant interac0on with
hypercholesterolemie (p = 0.07) and smoking (p = 0.051), while UAE only showed
a significant interac0on on visit 5.
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Sex stra0fied analysis confirmed that the aforemen0oned rela0ons were present
in both males and females. Analyses stra0fied for UAE at baseline showed no
diﬀerences between the high UAE group (> 10mg/L) and the randomly selected
control group with low UAE (< 10mg/L) for the aforemen0oned correla0ons.

Of the 3840 subjects with CKD-EPI cysta0n > 60 ml/min/1.73m2 at baseline and
a valid follow up cysta0n-C measurements 344 subjects developed CKD defined
as CKD-EPIcys < 60 ml/min/1.73m2 and 103 subjects < 45 ml/min/1.73m2. In the
univariable cox regression analysis high PRC was associated with a decreased
incidence for CKD (< 60 ml/min/1.73m2) and ARR with an increased incidence for
CKD (< 60 ml/min/1.73m2). However, a4er correc0on for age, sex and baseline
CKD-EPIcys this associa0on was not significant anymore (table 4). Neither was it
a4er correc0on for other tradi0onal risk factors.
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CKD-EPI < 60 $# < 30 :%/:)(/1.73:2 ?; PRC, PAC +(. ARR
Outcome CKD-EPI cysta!n < 60 ml/min/1.73m²
Plasma renin concentra!on

HR

SE

z

p-value

95% CI

Model 1

0.79

0.04

-4.48

0.000

0.72

0.88

Model 2

0.91

0.05

-1.69

0.09

0.82

1.01

Model 3

0.95

0.05

-0.93

0.35

0.85

1.06

Plasma aldosterone
concentra!on

HR

SE

z

p-value

Model 1

0.90

0.05

-1.90

0.06

0.81

1.00

Model 2

0.95

0.05

-0.89

0.38

0.85

1.06

Model 3

0.96

0.06

-0.69

0.49

0.86

1.08

Aldosterone-Renin ra!o

HR

SE

z

p-value

Model 1

1.19

0.06

3.27

0.001

1.07

1.32

Model 2

1.06

0.05

1.05

0.29

0.95

1.17

Model 3

1.02

0.05

0.46

0.65

0.92

1.14

95% CI

95% CI

T+?%! 4 (/$(,)
Outcome CKD-EPI cysta!n < 45 ml/min/1.73m²
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Plasma renin
concentra!on

HR

SE

z

p-value

Model 1

0.84

0.10

-1.47

0.14

0.66

1.06

Model 2

1.05

0.13

0.38

0.70

0.82

1.35

Model 3

1.13

0.16

0.89

0.38

0.86

1.49

Plasma aldosterone
concentra!on

HR

SE

z

p-value

Model 1

0.72

0.08

-3.04

0.002

0.58

0.89

Model 2

0.75

0.11

-2.01

0.04

0.57

0.99

Model 3

0.81

0.11

-1.51

0.13

0.62

1.07

Aldosterone-Renin ra!o

HR

SE

z

p-value

Model 1

0.99

0.13

-0.07

0.95

0.77

1.27

Model 2

0.83

0.11

-1.44

0.15

0.65

1.07

Model 3

0.81

0.11

-1.58

0.12

0.63

1.05

95% CI

95% CI

95% CI

Model 1: unadjusted
Model 2: adjusted for age, gender and baseline CKD-EPI
Model 3: adjusted for age, gender, baseline CKD-EPI, systolic blood pressure, diabetes, BMI,
history of myocardial infarc:on and hypercholesterolemia

D,'+*'',#$
In this analysis of the PREVEND study, we show a clear gradual decline of CKD-EPIcys
over 0me. Both high PRC and PAC showed a nega0ve associa0on with CKD-EPIcys
at baseline and both high PRC and PAC were associated with decreased CKD-EPIcys,
independently of each other and of other risk factors for CKD. However, neither
PRC nor PAC was associated with long term renal func0on decline.
Previous studies have shown conflic0ng results on the rela0on of renin and
aldosterone levels with development of kidney disease. In the Framingham
Oﬀspring study high aldosterone levels, but not renin, were associated with increased incidence for CKD (defined as an eGFR < 60 ml/min/1.73m2 or an increased urine albumin-to-crea0nine) during 9.5 year follow-up. (3) In this study
35% of all pa0ents were using an0-hypertensive medica0on. Interes0ngly, in
a subgroup analysis of 1575 pa0ents without hypertension, aldosterone was
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no longer significantly associated with CKD, sugges0ng that blood pressure was
a main driver, not aldosterone. Other studies reported an associa0on between
high renin levels and increased incidence of CKD. The ASCOT trial studied 2240
treated hypertensive pa0ents during 5.5 years. (10) Although plasma renin ac0vity (PRA) was not associated with CKD incidence in an unadjusted model, a4er
full adjustment (for 12 factors) they observed a significant odds ra0o of 1.39 per
SD increase of PRA. From this study it remains, however, unclear which covariate
accounts for this diﬀerence, furthermore nearly all pa0ents were on an0hypertensive medica0on, which showed a strong associa0on with PRA levels. Only one
Japanese study examined the associa0on of renin and aldosterone in subjects
not using an0-hypertensive medica0on. (16) In contrast to the previous studies,
they found that low renin and a high aldosterone-renin-ra0o (ARR) were associated with increased incidence of CKD in 689 subjects followed for 9 years. Aldosterone levels alone were not predic0ve.
A major limita0on of all published work is that kidney disease always was presented as a dichotomized outcome (yes or no), usually the number of individuals
that reach an eGFR < 60 or < 30. Clearly, renal func0on decline is be1er assessed
by a con0nuous scale that is measured over 0me. So, our study is the largest
longitudinal study inves0ga0ng the associa0on between PRC and PAC and renal
func0on decline, measured in a con0nuous fashion, in normotensive subjects.
We demonstrate that ini0ally renal func0on is significantly, but marginally, worse
in individuals with high PRC and PAC at baseline. But these diﬀerences in eGFR
are no longer present a4er > 5 years of follow-up.
It is well known that renin release is s0mulated by beta-adrenergic s0mula0on, decreased renal perfusion pressure, low sodium delivery to the macula
densa, and a decreased nega0ve angiotensin II feedback. (17) In our previous
analysis, (13) we demonstrated that PRC shows a strong associa0on with blood
pressure, NT-proBNP, and sodium intake. Several of these factors are important
determinants of renal physiology and (hypo)perfusion. This would explain both
high PRC, due to decreased renal perfusion pressure, and the decreased eGFR-cys
at baseline. It may be speculated that the associa0on of high PRC and PAC with
decreased CKD-EPI at baseline may reflect temporary changes in renal hemodynamics rather than long term kidney damage. However, correc0on for volume
status parameters including urinary sodium, pro-AVP and NT-proBNP could not
fully explain this rela0onship. although the eﬀect is s0ll only moderate and the
underlying pathophysiology unclear. Subgroup analysis did not reveal a subgroup
group in which measuring PAC could predict long term renal func0on decline, although it did appear that urinary sodium excre0on, which is a marker for sodium
intake and volume, may explain part of the baseline associa0on. Likewise, low
BMI may also reflect dehydra0on. By default, BMI is a poor marker for volume
status, but since we observed that subjects with low BMI and high aldosterone
had a lower eGFR at baseline, and this recovered in subsequent visits, we hy-
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pothesize that this might reflect rehydra0on. Naturally, we cannot exclude other
factors between visits, like the use of medica0on or diﬀerences in diet or lifestyle
and regression to the mean.

C%)()/+% ):@%)/+,)$(&
Nowadays, there is much more awareness that renal func0on decline can be
a silent process, which only presents a4er years of asymptoma0c disease. Early
detec0on and interven0on may delay or oﬀset the development of renal disease. From out data, we cannot recommend to use PRC, PAC or ARR for screening
purposes. Clearly, assessment of eGFR is a good tool to measure cross-sec0onal
renal func0on, but addi0on of PRC and/or PAC did not provide useful informa0on for the long-term renal outcome. The associa0on between PRC and PAC with
lower baseline eGFR suggest that ac0va0on of the RAAS may play a role in this
stage of renal impairment. Current guidelines recommend to preferen0ally use
RAAS inhibitors in subjects with signs of renal disease, so the availability of PRC
and/or PAC will not guide this decision making.
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We describe the largest study to date repor0ng on the rela0on between RAAS
and kidney func0on decline in healthy community-dwelling subjects, not using
an0-hypertensive medica0on. It is unique for its measurements on renal func0on
decline in 0me as a con0nuous outcome, rather than dichotomized. This gives us
the opportunity to study short and long term correla0ons, as well as non-linear
correla0ons over 0me in more detail. Furthermore it provides insight in the development of renal func0on well above 30 or 60/ml/min, which were used as
a cut-oﬀ in most studies. We used the CKD-EPI formula for calcula0on of eGFR,
which has shown an excellent correla0on with actual GFR. (14) We measured all
samples of eacht subject in a single run, minimizing inter-assay variability.
Limita0ons are that although we a1empted to correct for the tradi0onal CV
risk factors, we cannot exclude residual confounding because of the observa0onal nature of the study. Second, the PRC assay is a less costly and laborious
measurement than plasma renin ac0vity, and shows an excellent correla0on of
plasma renin ac0vity, (18) however, PRC may be aﬀected by cryo-ac0va0on, and
may be elevated in specific disease. The la1er, however, are unlikely to have influenced our results in this healthy cohort. Finally, we only have PRC and PAC
values from the baseline visit; therefore we cannot inves0gate the eﬀect of long
term elevated PRC and/or PAC on kidney func0on. Possibly, the predic0ve value
of PRC and PAC would be stronger if repeated measures were available, closer to
the eGFR assessment during follow up.

C#$+/*',#$
We found high baseline PRC and PAC levels to be associated with a decreased
renal func0on, but PRC nor PAC had no eﬀect on long term kidney func0on over
the course of 12 years. From our data, we cannot recommend addi0on of screening of PRC and PAC to standard screening strategies in order to iden0fy pa0ents
at increased risk for CKD.
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