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Aims – The renin angiotensin system plays a central role in pa0 ents with established 
cardiovascular (CV) disease, but the prognos0 c eff ect of plasma renin in the community 
is unclear.

Methods and results – The rela0 on between plasma renin concentra0 on and CV events 
was studied in 6,228 subjects who were enrolled in the Preven0 on of REnal and Vas-
cular ENd-stage Disease (PREVEND) study, and who were not using an0 hypertensive 
medica0 on. Plasma renin concentra0 on was measured using a direct automated immu-
nochemiluminescent assay. Mean (±SD) age was 47 (±12) years, 49% were male; mean 
follow up was 10.5 years. Median (Q1-Q3) plasma renin was 17.6 (10.9-27.2) uIU/ml, and 
plasma aldosterone was 119 (93-153) ng/l. The primary outcome was a composite of 
fatal (N = 27) and non-fatal (N = 408) CV events. Adjusted for age and sex each doubling 
of plasma renin was associated with a hazard ra0 o (HR) for the primary outcome of 1.22 
(95% CI  1.04-1.43, P = 0.015). In a mul0 variable model plasma renin showed a posi0 ve 
correla0 on with heart rate and male sex and a nega0 ve correla0 on with blood pressure, 
urinary sodium, glucose, and N-terminal pro brain natriure0 c pep0 de (NT-proBNP) (ad-
justed  R-squared 0.167, P < 0.001). A4 er adjustment for covariates associated with plasma 
renin, the HR for reaching the primary outcome was 1.28 (95% CI 1.09-1.49, P = 0.002). 
Plasma renin was associated with cardiovascular events regardless of blood pressure, but 
in subjects using an0 hypertensive medica0 on this associa0 on was absent.

Conclusion – Plasma renin concentra0 on is associated with increased risk for CV events 
in a community based cohort not on an0 hypertensive medica0 on.
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Ac0 va0 on of the renin-angiotensin aldosterone system (RAAS) plays an eminent 
role in cardiovascular (CV) disease (1). Renin is the rate-limi0 ng step of the RAAS, 
and therefore renin has been studied intensively. However, despite its established 
role, studies addressing if renin is a predictor for CV outcomes have generated 
contradictory results.

Some older studies reported that increased plasma renin (2, 3) was associated 
with a higher incidence of myocardial infarc0 on (MI) and stroke. More recent 
studies, describing high risk pa0 ents enrolled in the HOPE (Heart Outcomes Pre-
ven0 on Evalua0 on) and the LURIC (The Ludwigshafen Risk and Cardiovascular 
Health) studies, confi rmed that plasma renin was associated with CV events and 
mortality (4, 5). However, a number of other studies reported diff erent or even 
opposite results: in large cohorts of normotensive (6) and hypertensive subjects 
(7) no prognos0 c value of plasma renin was reported. Recent fi ndings in the 
Framingham Off spring cohort (8) reported an associa0 on of plasma renin with 
mortality only during the fi rst 3 years of follow-up, but this associa0 on abated 
over the course of 7 years. It has to be addressed that studied cohorts consider-
ably diff ered with respect to demographics and clinical characteris0 cs (e.g. the 
presence of CV risk factors and disorders, e.g. hypertension) and proper assess-
ment of confounding factors that may modulate renin (e.g. CV medical treatment 
and sodium intake, which have profound impact on renin levels and response to 
s0 muli (9, 10)).

We hypothesized that plasma renin would be associated with CV outcome 
when adequately defi ned and modeled for confounding risk factors and eff ect 
modifi ers like age, sex, sodium intake, blood pressure, aldosterone, and the use 
of an0 hypertensive medica0 on. For these purposes, we used the data obtained 
in the Preven0 on of REnal and Vascular ENd-stage Disease (PREVEND) study, 
a prospec0 ve, observa0 onal cohort study aimed to iden0 fy CV risk factors (11).

M&%3#)'

This study was performed in subjects par0 cipa0 ng in PREVEND study. PREVEND 
was designed to prospec0 vely inves0 gate the natural course of urinary albumin 
excre0 on (UAE) and its rela0 on to renal and CV disease in a large cohort drawn 
from the general popula0 on. Details of the protocol have been described else-
where (12). (www.prevend.org).

In brief, between 1997 and 1998, all inhabitants of the city of Groningen, The 
Netherlands, aged 28-75 years, were sent a ques0 onnaire and a vial to collect an 
early morning urinary sample (n = 85421). Of these subjects, 40 856 responded 
(47.8%) and sent back their vial to a central laboratory where urinary albumin 
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and crea0 nine concentra0 ons were measured. A4 er exclusion of subjects with 
type 1 diabetes mellitus (defi ned as the use of insulin) and pregnant women, 
all subjects with a UAE of ≥"10 mg/L (n = 6000) and a randomly selected control 
group with UAE < 10 mg/L (n = 2592) were further inves0 gated in an outpa0 ent 
clinic and asked to collect two consecu0 ve 24 h urines. For the current analy-
sis we selected all subjects of whom a baseline EDTA plasma sample was avail-
able. We excluded 2,364 subjects because of use of an0 hypertensive medica0 on 
(n = 843), a history of myocardial infarc0 on or cerebrovascular events (n = 463), 
baseline and/or missing samples (n = 1,058), leaving 6,228 subjects for the cur-
rent analysis. Characteris0 cs of the excluded subjects are displayed in supple-
mentary Table S1.

A(+%;,)/+% :!,*$.&

We used EDTA plasma that was collected in 1997 and 1998, stored at -80 C, and 
never thawed before assaying. Plasma Renin Concentra0 on (PRC) was meas-
ured using an automated sandwich immunochemiluminescent assay (LIAISON®, 
Diasorin, DiaSorin Ltd, Schiphol Rijk, and The Netherlands). This assay has been 
validated to plasma renin ac0 vity (PRA) (13), with excellent correla0 on when 
PRA is above 1.0 ng AngI/ml/hour. The working range of the assay is 5-500 uIU/ 
/ml. Intra-assay precision has been reported as 7.2% and inter-assay precision as 
< 10.4%. We observed an inter-assay varia0 on of 10.9%. For a complete descrip-
0 on, please refer to the supplementary text.

D!')(),)$(& +(. /+%/-%+,)$(&

Systolic and diastolic blood pressures were calculated as the mean of the last two 
out of ten measurements of the two visits. Body mass index (BMI) was calculated 
as the ra0 o of weight and height squared (kg/m2). Type 2 diabetes mellitus was 
defi ned as a fas0 ng glucose level of ≥"7.0 mmol/L (126 mg/dL) or a non-fas0 ng 
glucose level of ≥"11.1 mmol/L (200 mg/dL) or the use of an0 -diabe0 c drugs. 
Smoking was defi ned as current smoking or stopped smoking within the previous 
year. Histories of MI and/or cerebrovascular disease were considered present if 
a par0 cipant reported having been hospitalized because of these condi0 ons. UAE 
was calculated as the average UAE in the two consecu0 ve baseline 24 h urine col-
lec0 ons. An es0 mate of the glomerular fi ltra0 on rate (eGFR) was calculated using 
the simplifi ed Modifi ca0 on of Diet in Renal Disease (sMDRD) formula.
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For CV outcome, we used the combined incidence of CV morbidity and mortal-
ity a4 er the baseline screening, as described (14). Data and cause of death were 
obtained by linking the number of the death cer0 fi cate to the primary cause of 
death as coded by the Dutch Central Bureau of Sta0 s0 cs. Informa0 on on hos-
pitaliza0 on for CV morbidity was obtained from PRISMANT, the Dutch na0 onal 
registry of hospital discharge diagnoses, which has proven validity with 84% of 
primary diagnosis and 87% of secondary diagnosis matching that recorded in the 
pa0 ents’ charts (15, 16). All data were coded according to the Interna0 onal clas-
sifi ca0 on of diseases, 9th revision and the classifi ca0 on of interven0 ons. For this 
study, CV events were defi ned as the following: acute MI (ICD-code 410), acute 
and subacute ischemic heart disease (411), subarachnoid hemorrhage (430), in-
tracerebral hemorrhage (431), other intracranial hemorrhage (432), occlusion or 
stenosis of the precerebral (433) or cerebral arteries (434), coronary artery by-
pass gra4 ing (CABG) or percutaneous transluminal coronary angioplasty (PTCA), 
and other vascular interven0 ons as percutaneous transluminal angioplasty (PTA) 
or bypass gra4 ing of aorta and peripheral vessels. Survival 0 me was defi ned as 
the period from the date of urine collec0 on of the par0 cipant un0 l the date of 
fi rst CV event, date of death or 1-1-2009. In case a person had moved to an un-
known des0 na0 on, the date on which the person was removed from the munici-
pal registry was used as censor date.

S,+,)&,)/+% +(+%;&)&

Con0 nuous variables with a normal distribu0 on are expressed as means with 
standard devia0 on (SD). Variables with a skewed distribu0 on are given as me-
dians with interquar0 le range (IQR) and a binary logarithm transforma0 on was 
applied if necessary for the par0 cular sta0 s0 cal analysis to be performed.

For the screening of the PREVEND study, we overselected subjects with an 
elevated UAE to acquire suffi  cient subjects with microalbuminuria. To overcome 
the eff ect of oversampling of subjects with elevated UAE, a design-based analysis 
was performed. Due to this sta0 s0 cal weighing method, our conclusions may 
also be generalized to subjects with normal UAE (12).

Using this approach, our study cohort was used to examine the associa0 on of 
PRC with tradi0 onal CV risk factors, renal func0 on measurements and aldoster-
one by bootstrapping the linear regression model 1000 0 mes. Variables included 
more than 700 0 mes were included in the mul0 variable model. Bootstrapping 
was used to narrow down the candidate set of signifi cant independent variables 
that were explanatory for PRC. The bootstrap sample size was 6228 (the size of 
the en0 re data set). Results are summarized as standardized beta coeffi  cients. 
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Subsequently the associa0 on of renin with CV events was inves0 gated using 
a Cox-regression model, adjusted for age, sex and CV risk factors that were as-
sociated with renin levels. Addi0 onally we adjusted for other CV risk factors from 
the Framingham risk score, not associated with PRC, and fi nally for aldosterone 
levels. Results are summarized by hazard (risk) ra0 os (HR) with 95% confi dence 
intervals (CI). PRC showed a log-linear func0 onal shape with the response vari-
able and was transformed to 2-log scale. This means that risk es0 mates should 
be interpreted as the rela0 ve risk if values of PRC were doubled. This model was 
then also applied to the excluded subset of pa0 ents using an0 hypertensive medi-
ca0 on. Risk stra0 fi ca0 on improvement of PRC on top of the Framingham risk 
score was tested using the Net Reclassifi ca0 on Index and (Rela0 ve) Integrated 
Discrimina0 on Improvement. All reported probability values are two-tailed and P 
< 0.05 was considered sta0 s0 cally signifi cant.

All sta0 s0 cal analyses were performed using STATA (version 11.2). Figures dis-
playing hazards ra0 os were made in SigmaPlot 10 by ploA  ng es0 mated hazard 
ra0 os (calculated in STATA) using Cox-regression models.

R&'*/%'
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Baseline characteris0 cs of the 6,228 pa0 ents, stra0 fi ed per renin quin0 le, are 
displayed in table 1. The median follow up of this cohort was 3,817 days in which 
435 pa0 ents were hospitalized for or died from a CV event (supplementary Ta-
ble S2). Median PRC was 17.6uIU/mL (IQR 10.9-27.2) at baseline.

F+/,$#& +&&$/)+,!. "),* P%+&:+ R!()( C$(/!(,#+,)$(

Univariable analysis showed the strongest associa0 on of PRC with hemodynamic 
parameters, especially a strong nega0 ve rela0 onship with NT-proBNP and blood 
pressure and a posi0 ve rela0 onship with heart rate and aldosterone (supplemen-
tary Table S3). In a bootstrap model for PRC, sex, NT-proBNP, systolic blood pres-
sure, heart rate, plasma glucose, plasma aldosterone and 24hour urinary sodium 
excre0 on remained highly selected. The mul0 variable adjusted associa0 on of 
these variables is depicted in table 2, Figure 1. There was neither an associa0 on 
with renal func0 on (crea0 nine, UAE), nor with cholesterol and smoking. There 
was no signifi cant interac0 on (P < 0.05) between the components in the mul0 -
variable model and PRC.
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F!"#$% 1 – M#&'!4)$!)9&% )*+#,'%* 3/$$%&)'!/5, ()5* 95% CI) 0!'- P&),6) R%5!5 
C/53%5'$)'!/5 (PRC). T-% 6/*%& !53&#*%* ,;,'/&!3 9&//* ($%,,#$%, -%)$' $)'%, 
(&),6) "&#3/,%, 24 -/#$ #$!5)$; ,/*!#6 %73$%'!/5, (&),6) NT-($/BNP )5* 
(&),6) )&*/,'%$/5% 3/53%5'$)'!/5.

T+?%! 1: B+&!%)(! /*+#+/,!#)&,)/& +//$#.)(C ,$ ,*! @%+&:+ #!()( %!>!%& 
(,$,+% @$@-%+,)$(, ( = 6228)

Characteris! cs Quin! les of renin
Quin! le Total 1 2 3 4 5
Renin,
(min-max)

0.5-500 0.5-10 10-15 15-21 21-30 31-500

N 6228 1264 1238 1241 1241 1244
Renin
(μIU/ml)*

18
(11-27)

7
(5-9)

12
(11-14)

18
(16-19)

25
(23-27)

40
(34-50)

Aldosterone
(pg/ml)*

119
(93-153)

105
(84-135)

114
(91-144)

119
(94-151)

128
(102-162)

132
(102-171)

ARR
(pg/μIU)*

6.9
(4.5-11.2)

17.0
(12.0-25.7)

9.3
(7.3-12.0)

6.7
(5.3-8.6)

5.1
(4.1-6.5)

3.1
(2.3-4.3)

Age
(years)

47
±12

51
±12

48
±12

47
±11

46
±12

45
±12

Male sex, n
(%)

3036
(49%)

435
(34%)

542
(44%)

619
(50%)

675
(54%)

765
(62%)
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Characteris! cs Quin! les of renin
Quin! le Total 1 2 3 4 5
Smoking, n
(%)

2450
(39%)

439
(35%)

458
(37%)

481
(39%)

482
(39%)

590
(48%)

Systolic BP
(mmHg) 

127
±19

132
±21

127
±19

124
±18

125
±18

125
±18

Diastolic BP
(mmHg)

73
±10

75
±10

73
±9

72
±9

72
±10

72
±9

Heart rate
(bpm) 

69
±10

69
±10

69
±10

69
±10

69
±10

71
±11

WHR
(cm/cm) 

0.9
±0.1

0.9
±0.09

0.9
±0.09

0.9
±0.1

0.9
±0.09

0.9
±0.09

BMI
(kg/m2)*

25
(23-28)

26
(23-28)

25
(23-28)

25
(23-28)

25
(23-28)

25
(22-28)

Serum Cholesterol
(mmol/l)*

5.5
(4.8-6.3)

5.5
(4.9-6.3)

5.6
(4.8-6.3)

5.5
(4.8-6.3)

5.5
(4.8-6.3)

5.5
(4.8-6.4)

Serum
HDL-cholesterol
(mmol/l)*

1.3
(1.1-1.6)

1.3
(1.1-1.6)

1.3
(1.1-1.6)

1.3
(1.1-1.6)

1.3
(1.0-1.6)

1.2
(1.0-1.5)

Plasma glucose
(mmol/l)*

4.7
(4.3-5.1)

4.7
(4.4-5.1)

4.7
(4.4-5.1)

4.7
(4.3-5.1)

4.7
(4.3-5.1)

4.6
(4.3-5.1)

eGFR
(ml/min/1.73m2) 

82
±14

80
±14

82
±14

82
±13

82
±13

84
±15

Urinary sodium
(mmol/24h) *

136
(106-171)

136
(106-170)

135
(106-169)

137
(107-171)

134
(104-171)

140
(108-174)

Urinary
sodium/Creat
(mmol/mmol) *

11
(9-14)

12
(10-14)

11
(9-14)

11
(9-14)

11
(9-14)

11
(9-14)

24h UAE
(mmol/24h)*

8.9
(6.2-15.5)

9.3
(6.4-17.1)

9.1
(6.4-15.9)

8.8
(6.3-14.8)

8.8
(6.1-14.9)

8.7
(6.1-14.7)

NT-proBNP
(pg/ml)*

34
(15-63)

54
(28-100)

39
(20-70)

32
(14-54)

29
(13-53)

22
(10-44)

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; WHR 
waist-hip-ra: o; BMI, body mass index; eGFR, es: mated glomerular fi ltra: on rate by simplifi ed 
Modifi ca: 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.

T+?%! 1 (/$(,)
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Univariable Cox-regression analysis showed a non-signifi cant associa0 on of PRC 
with CV events, Hazard ra0 o (HR) 1.14 (95% confi dence interval (CI) 0.98-1.33, 
P = 0.086) per doubling of PRC. A4 er adjus0 ng for age and sex, doubling of PRC 
was associated with a HR of 1.22 (95% CI 1.04-1.43, P = 0.015) for all CV events 
and a HR of 1.48 (95% CI 1.06-2.07, P = 0.020) for CV-related mortality (table 3, 
model 1). A4 er adjustment for factors shown to be signifi cantly associated with 
PRC in the mul0 variable model, doubling of renin was associated with a HR of 
1.28 (CI 95% 1.09-1.49, P = 0.002) for all CV events and HR 1.59 (95% CI 1.12-2.24, 
P = 0.009) for CV related mortality (Table 3, model 2, and Figure 2). Adjustment 
for Framingham risk score yielded similar results (table 3, model 3). A4 er further 
adjustment in model 4 for plasma aldosterone, PRC s0 ll showed an independ-
ent associa0 on with CV events: HR 1.24 (95% CI 1.06-1.45, P = 0.006), and with 
 CV-related mortality: HR 1.53 (95% CI 1.09-2.15, P = 0.013). The models including 
PRC, its covariates (model 2) and Framingham Risk Score (model 3) provide very 
good predic0 ve value for CV events (model 2: 0. 787 and model 3: 0.813) and 
excellent predic0 ve value for CV mortality (model 2: 0.923 and model 3: 0.939); 
c-sta0 s0 cs, Table 3. Finally, further adjustments for known predictors of CV dis-
ease, such as eGFR, a family history for CV disease, BMI, and UAE did not numeri-
cally change the associa0 on of PRC with CV morbidity and mortality.
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Mul! variable (variables selected a" er bootstrapping)

Coeffi  cient
95% Confi dence 

Interval T P
Standardized 

beta

Age (years) -0.003 -0.006 to 0.001 -1.46 0.144 -0.029

Female sex -0.428 -0.511 to -0.344 -10.03 < 0.001 NA

Systolic BP
(per 5mmHg)

-0.046 -0.057 to -0.035 -8.07 < 0.001 -0.163

Heart rate
(per 5 bpm)

0.061 0.043 to 0.079 6.73 < 0.001 0.118

Log2 Glucose
(mmol/l)

-0.265 -0.429 to -0.102 -3.18 0.001 -0.060

Urinary sodium
(mmol/24h)

-0.001 -0.002 to -0.0003 -2.72 0.006 -0.051

Log2 NT-proBNP
(pg/ml)

-0.131 -0.159 to -0.103 -9.16 < 0.001 -0.192

Abbrevia: ons: See Table 1. Conversion of N-terminal pro-B-type natriure: c pep: de 
(NT-proBNP) levels: 100 pg/mL equates to 11.82 pmol/L.

We furthermore tested if PRC would be of incremental value on top of Fram-
ingham risk score by reclassifying pa0 ents into low, intermediate and high risk 
for CV events (< 10%, 10-20%, > 20% risk of a CV event in 10 years). The net re-
classifi ca0 on improvement (NRI) was 0.004 (P = 0.788), the Integrated Discrimi-
na0 on Improvement (IDI) and Rela0 ve Integrated Discrimina0 on Improvement 
were 0.186 and 0.043 (P = 0.244), respec0 vely.

Finally, we studied if plasma aldosterone or the aldosterone-renin-ra0 o (ARR) 
are associated with CV outcome in this popula0 on. As presented in supplemen-
tary Table S4, plasma aldosterone was not associated with CV outcome, neither 
unadjusted nor a4 er full adjustment for all CV risk factors. The aldosterone-ren-
in-ra0 o (ARR) was signifi cantly associated, both unadjusted and adjusted, with 
CV outcome (supplementary Table S5). However, we argue that it is not useful to 
correct plasma renin for plasma aldosterone in this seA  ng, as plasma aldoster-
one did not seem to bear a prognos0 c value.
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Hazard
Ra! o T

95% Confi dence
Interval

Harrel’s
C-sta! s! c P

Fatal and nonfatal cardiovascular event

Doubling PRC
Unadjusted

1.14 1.72 0.98-1.33 0.534 0.086

Model 1 1.22 2.44 1.04-1.43 0.758 0.015

Model 2 1.28 3.10 1.09-1.49 0.787 0.002

Model 3 1.24 2.69 1.06-1.44 0.813 0.007

Model 4 1.24 2.72 1.06-1.45 0.814 0.007

Cardiovascular mortality

Doubling PRC
unadjusted

1.28 1.51 0.93-1.76 0.567 0.131

Model 1 1.48 2.33 1.06-2.07 0.903 0.020

Model 2 1.59 2.61 1.12-2.24 0.923 0.009

Model 3 1.55 2.50 1.10-2.19 0.939 0.013

Model 4 1.53 2.47 1.09-2.15 0.940 0.013

All cause mortality

Doubling PRC
unadjusted

1.03 0.41 0.88-1.21 0.503 0.681

Model 1 1.18 1.87 0.99-1.39 0.806 0.062

Model 2 1.16 1.67 0.97-1.38 0.820 0.094

Model 3 1.14 1.48 0.96-1.36 0.839 0.139

Model 4 1.14 1.51 0.96-1.36 0.840 0.131

Model 1: adjusted for age and sex

Model 2: as model 1 and addi: onally adjusted for systolic blood pressure, heart rate, plasma 
glucose, 24 hour urinary sodium excre: on, plasma NT-proBNP

Model 3: as model 2 and addi: onally adjusted for Framingham risk score variables (serum 
cholesterol, high density lipoprotein cholesterol, smoking and diabetes)

Model 4: as model 3 and addi: onally adjusted for plasma aldosterone concentra: on.
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A4 er the second quin0 le the risk of CV events increased regularly step by step 
across subsequent quin0 les of PRC (Figure 2). The mul0 variable models showed 
that doubling of PRC was associated with an incremental absolute increase in 
risk when baseline blood pressure was higher. Furthermore, an increased PRC in 
combina0 on with a high NT-proBNP was associated with a very high hazard ra0 o 
for CVD (Figure 4).

Subjects that were excluded from the current analysis because of previous 
myocardial infarc0 on or cerebrovascular event and or the use of an0 hyperten-
sive medica0 on were older, had higher PRC, blood pressure and NT-proBNP levels 
(Table S1). Pa0 ents on an0 hypertensive medica0 on had a three 0 mes increased 
CV risk (HR 3.06 (95% CI 2.33-4.01)) and pa0 ents with a prior CV event a HR of 
6.91 (95% CI 5.26-9.07), when compared to the index cohort. In the subset of 
subjects using an0 hypertensive drugs no associa0 on was observed between PRC 
and cardiovascular events neither in the univariable analysis, nor a4 er adjust-
ment for the variables associated with renin levels (HR 0.94 (95% CI 0.79-1.12), 
P = 0.498) (Figure 5). In the total cohort including both the index cohort and pa-
0 ents on an0 hypertensive drugs, we found a signifi cant interac0 on between the 
use of an0 hypertensive drugs and PRC (P = 0.005).
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This analysis shows that PRC is strongly and independently associated with CV 
morbidity and mortality in a large community based cohort, free of CV disease 
and not using an0 hypertensive medica0 on, when corrected for established risk 
factors. The associa0 on of PRC with CV events did not reach sta0 s0 cal signifi -
cance in the crude analysis, but becomes apparent a4 er correc0 on for age, sex, 
and measures of volume status, including sodium balance, blood pressure and 
NT-proBNP. This associa0 on is present throughout all blood pressure strata. Fi-
nally, the associa0 on of PRC with CV events is substan0 ally a1 enuated in subjects 
using an0 hypertensive medica0 on.

Our data show that several factors are crucial in properly studying the rel-
evance of renin and should therefore be taken into account when evalua0 ng the 
impact of circula0 ng renin on CV biology. Interes0 ngly, these include primarily 
parameters of volume homeostasis, such as sodium status, blood pressure and 
NT-proBNP, but also age. These well established CV risk factors have an inverse 
correla0 on with PRC, which could be explained by a nega0 ve feedback mecha-
nism. In the currently described PREVEND cohort, 24 hours sodium excre0 on and 
NT-proBNP, were me0 culously recorded, so that we were able to accurately cor-
rect for all these factors, while other studies corrected for sodium (2, 3, 6), hyper-
tension (2, 3, 8), or NT-proBNP (8) individually. The rela0 on between renin and 
NT-proBNP levels is intriguing as the two are inversely correlated. We hypothe-
size that a higher “volume setpoint”, possibly due to increased sodium intake and 
reten0 on, gene0 c factors, or other hitherto unknown factors, may impose very 
subtle stress and load to the cardiac chambers, which will respond with increased 
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transcrip0 on and release of natriure0 c pep0 des (17). The volume status is the 
strongest feedback loop for the RAAS, and it could therefore be expected that 
renin would be suppressed. The independent and addi0 ve contribu0 on of PRC 
and NT-proBNP is strong and consistent throughout the en0 re range (fi gure 4).

We observed that in univariable analysis, PRC was not signifi cantly associated 
with CV events and mortality. As discussed above, this may be explained because 
subjects at the very low ends of PRC have increased NT-proBNP, and therefore the 
direct rela0 on between PRC and outcome is complex. A4 er proper adjustment 
for factors related with levels of plasma renin, we were able to show that plasma 
renin was independently associated with CV outcome. As discussed, previous 
studies conferred contradictory messages in this respect. From our analysis, we 
postulate that PRC has independent associa0 on with CV events in subjects with 
no history of CV disease and not on an0 -hypertensive drugs. The incremental risk 
of PRC for CV events was comparable with NT-proBNP, and already in low ranges 
of PRC an increased risk for CV events was observed. Furthermore, PRC was sig-
nifi cantly associated with CV events and CV mortality, but not all cause mortality, 
further suppor0 ng the involvement of renin in CV disease and mortality.

Very strong confounders of plasma renin are blood pressure and the use of 
an0 hypertensive medica0 on. Therefore, we excluded all subjects on an0 hyper-
tensive medica0 on. From published data it was assumed that the presence of 
hypertension in par0 cular would modulate the prognos0 c value of plasma renin. 
Plasma renin seemed to exert stronger prognos0 c value in subjects with higher 
blood pressure (2, 3, 8). However, a4 er excluding subjects on an0 hypertensive 
medica0 on from our cohort, we observed that increasing levels of PRC are as-
sociated with a similar numerical increase in CV risk in all blood pressure strata 
(fi gure 3). Importantly, since CV risk rises with increasing blood pressure, increas-
ing levels of PRC confers numerically more prognos0 c signifi cance in subjects 
with higher blood pressure than in subjects with lower blood pressure. However, 
when we correct for blood pressure related risk, increasing PRC levels are associ-
ated with a propor0 onally increasing CV risk, regardless of blood pressure. Since 
the incidence of CV events is very low in subjects with low blood pressure, a well 
powered study like the current study is necessary to reveal the subtle absolute 
increases in CV risk.

Furthermore, the use of an0 hypertensive medica0 on almost completely 
blunted the prognos0 c value of PRC (Figure 5). Renin regula0 on is 0 ghtly con-
trolled at several levels, and an0 hypertensive agents like diure0 cs, beta block-
ers and blockers of the renin angiotensin system have profound eff ects on renin 
regula0 on (9, 18, 19). Contradictory results from previous large studies (4, 7, 8, 
20) may be explained, at least in part, by the fact that subjects with and without 
an0 hypertensive medica0 on were included in those analyses.

An important issue to take into account when comparing our study to previ-
ous studies is the method used for plasma renin measurement. Plasma renin 
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ac0 vity (PRA) has long been the golden standard because a reliable method for 
measuring plasma renin concentra0 on (PRC) was lacking. The PRA assay is labori-
ous, needs a dedicated laboratory, requires radionuclides, and sample handling 
is crucial. The method we used is fully automated allowing much higher through-
put, with low variability, and less cri0 cal sample handling. The LIAISON method 
has established high correla0 on with PRA (21). We believe that our methodology 
ensured standardized assays in > 7,000 subjects. Furthermore, the ra0 o between 
renin and aldosterone is o4 en used to measure inadequately high levels aldos-
terone. We measured plasma aldosterone and used it to calculate the aldoster-
one-renin ra0 on (ARR). In our analyses, ARR did not confer superior predic0 ve 
value over PRC.

It has since long been acknowledged that the RAAS has a central role in CV 
homeostasis and disease (1). Renin is the rate limi0 ng step of the RAAS, and renin 
levels are believed to directly refl ect the ac0 vity of the en0 re RAAS system (1, 9, 
10). Our current observa0 ons lend further support to the no0 on that longstand-
ing eleva0 ons in renin may contribute to CV disease development. However, the 
rela0 on between renin levels and CV outcome may not be so straighH orward. 
It may be assumed that renin may exert its eff ects via subsequent increases of 
downstream RAAS elements (angiotensin II, aldosterone), however we found no 
rela0 on between aldosterone levels and CV risk, in the presence of a strong cor-
rela0 on between renin and aldosterone levels. Possibly, local expression of RAAS 
elements (ACE, angiotensin II, and aldosterone) plays a role, independent from 
circula0 ng renin levels (1, 22). Furthermore, recent data suggest that renin re-
lease and biology are more complex than previously thought (9, 18, 19). Also, 
newly iden0 fi ed components, such as the prorenin-renin receptor, may confer 
part of the deleterious eff ects of renin (18). Addi0 onally, renin levels rise follow-
ing interven0 ons that are generally associated with improved prognosis, such as 
low sodium diet and treatment with an0 hypertensive drugs. This makes the re-
la0 onship between circula0 ng renin levels, RAAS ac0 va0 on and CV outcome dif-
fi cult to study (23). Together, our study results demonstrate a rela0 on between 
renin concentra0 on and CV outcome, but the precise mechanisms cannot be es-
tablished.

Clinical interpreta0 on of our results suggests that in healthy, untreated sub-
jects the cardiovascular risk gradient increases across the full range of plasma 
renin. It is to be expected that, like natriure0 c pep0 des (24), the usefulness of 
plasma renin in predic0 ng CV events in the healthy general popula0 on at large 
will be limited, since there was no signifi cant improvement in NRI and IDI. How-
ever, in view of the presented data, plasma renin tes0 ng in combina0 on with 
natriure0 c pep0 des could be useful for iden0 fying subjects at increased risk for 
CV events prone to imbalances in hemodynamic homeostasis and regula0 on of 
plasma volume.
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The current study describes the thus far largest cohort in which renin has been 
measured. The design of the PREVEND study allows for proper correc0 on of all 
important confounders of renin homeostasis, including blood pressure, renal 
func0 on, reliable es0 mate of sodium intake by 24 hours urine, and the use of 
an0 hypertensive medica0 on.

This study shows the physiological interac0 ons of plasma renin in apparently 
healthy untreated individuals. We observed plasma renin in a seA  ng of a classi-
cal physiological nega0 ve-feedback regulatory system considering hemodynamic 
homeostasis and regula0 on of plasma volume. Discordance with previous large 
studies (4, 7, 8, 20) may be explained, at least in part, by the fact that subjects 
with and without an0 hypertensive medica0 on were included in those analyses 
and the inverse rela0 on of PRC with other tradi0 onal CV risk factors.

This study has a number of limita0 ons. First, we measured PRC at only one 
0 me point, and could therefore not correct for poten0 al day-to-day varia0 ons. 
Second, PREVEND study subjects are predominantly Caucasian and our results 
can therefore not be extrapolated to subjects from other ethnici0 es. Third, the 
PRC assay that we used is rela0 vely new and has not been used extensively. How-
ever, varia0 on of the assay is low, close correla0 on with PRA has been reported, 
and the reported fi ndings fi t the current thinking about renin biology. Fourth, 
the PREVEND cohort is enriched for microalbuminuria. Although we conducted 
a design based analysis to correct for this, we cannot exclude that our results are 
aff ected by the study design. However, compared with the Framingham cohort, 
urinary albumin excre0 on was not higher in PREVEND and CV event rate and all 
cause mortality were not increased. Finally, endpoints were ascertained by regis-
try and were not formally adjudicated.

C#$+/*',#$'

In this large community-based cohort comprising subjects not on an0 hyperten-
sive medica0 on, PRC was strongly associated with the risk of CV mortality and 
a composite endpoint of CV events when corrected for tradi0 onal CV risk factors. 
These results underscore the importance of RAAS ac0 va0 on in CV disease, inde-
pendent of blood pressure, and the poten0 al for RAAS modula0 on in preven0 ng 
CV disease in a ‘healthy’ cohort. We postulate that measures of volume status 
need to be taken into account when studying renin regula0 on or levels, and that 
a combina0 on of PRC and NT-proBNP provide addi0 ve informa0 on on CV risk.
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