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Introduction. The renin-angiotensin system (RAS) is the main target of neurohumoral therapy in heart failure with reduced
ejection fraction (HFrEF) effectively reducing mortality. Reasonably, renin might serve as a biomarker for risk prediction and
therapy response. Renin indeed bears some additional value to clinical risk models, albeit the effect is not pronounced.
Whether assessing renin trajectories can overcome the weaknesses of single renin measurements has not been reported.
Methods. A total of 505 patients with stable HFrEF were enrolled prospectively and followed through routine clinical visits.
Active plasma renin concentration was documented up to 5 years. Changes in renin were analyzed throughout the disease
course, and survival was compared for different renin trajectories within the first year. Results. Baseline renin levels were not
related to all-cause mortality (crude HR for an increase of 100 giE/ml: 1.01 (95% CI: 0.99-1.02), p = 0.414) but associated with
unplanned HF hospitalizations (crude HR: 1.01 (95% CI: 1.00-1.02), p = 0.015). Renin increased during the disease course from
baseline to 1-year and 2-year FUP (122.7 vs. 185.6 4IU/ml, p = 0.039, and 122.7 vs. 258.5 uIU/ml, p = 0.001). Both survival and
unplanned HF hospitalization rates were comparable for different renin trajectories at 1-year FUP (p=0.546, p =0.357).
Conclusions. Intriguingly, renin is not a good biomarker to indicate prognosis in HF, while renin trajectories over a 1-year
period do not have an additional value. Rapid physiologic plasma renin variations, but also opposing effects of
angiotensinogen-derived metabolites under presence of RAS blockade, might obscure the predictive ability of renin.

1. Introduction

The neurohumoral concept of heart failure (HF) was intro-
duced in the early 1990s after the SOLVD and CONSENSUS
trials have been published [1]. Since then, neurohumoral
activation is acknowledged as a hallmark of HF driving dis-
ease progression. The renin-angiotensin system (RAS) is the
most known neurohumoral system affected in HF and the
most current effective pharmacological interventions recom-
mended by the guidelines for HFrEF target or at least impact
the RAS [2].

Renin catalyzes the formation of angiotensin I (Angl)
from angiotensinogen, which is the rate-limiting step of

the angiotensin cascade. Angiotensin II (AnglI) is then gen-
erated from Angl through angiotensin-converting enzyme
(ACE) and is thought to be the main effector peptide respon-
sible for deleterious cardiovascular effects as vasoconstric-
tion, inflammation, fibrosis, and hypertrophy mediated
through the Angll type 1 receptor (ATIR) [3]. Angll is also
one of the main regulators of aldosterone release from the
adrenal cortex. Aldosterone mediates its effects by binding to
the mineralocorticoid receptor (MR) on the epithelial cells of
the renal cortical collecting duct. It increases the amount of
apical epithelial sodium channels resulting in increased
sodium reabsorption and potassium excretion and influencing
body fluid balance [4]. Aldosterone promotes myocardial
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fibrosis probably facilitating adverse remodeling. RAS inhibi-
tors are the most successful agents blocking the actions of
Angll either via ACE inhibition or by inhibition of AT1R
and represent the main pillar of current treatment of HFrEF
together with MR antagonists (MRA) and sodium-glucose
cotransporter-2 inhibitors (SGLT2i) and beta blockers. Never-
theless, disease progression in HFrEF cannot be halted, and
ongoing RAS actions have been suggested as a trigger. Several
mechanisms have been proposed for continuing AngII actions
despite assumed optimal RAS blockade, such as increased
renin activity based on AngllI negative feedback loop or escape
mechanisms through alternative molecular regulation [5].
Disappointingly, direct renin inhibition by aliskiren, although
effectively lowering plasma renin activity [6], did not modify
outcome in a large randomized trial [7].

The assessment of RAS activity, especially under treat-
ment, may offer the possibility to identify incomplete RAS
inhibition or activated escape mechanisms and thereby
fine-tune pharmacological RAS blockade as a personalized
approach. Although this strategy seems temptingly logic,
simple, and straightforward at first, the investigation of
RAS activation in HFrEF under treatment has been
addressed by relatively few studies. Consequently, renin
levels are currently neither used for risk stratification nor
for an individualized approach for optimizing RAS blockade.
In CONSENSUS, higher Angll was observed in patients
with unfavorable outcome and the reduction of 6-month
mortality by enalapril was more pronounced in patients with
Angll above the median [8]. A substudy of the Val-HeFT
trial investigated the effect of renin and other neurohumoral
markers on HF progression [9]. Renin above the median was
associated with higher mortality rates compared to lower
renin levels, yet the additional prognostic value of renin
when combined upon a clinical model with BNP was non-
significant for mortality and morbidity [10]. Another study
showed that renin activity was an independent predictor of
death, yet if N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels were low, patients had a comparably
good prognosis independent from renin levels [11].

In contrast to single renin measurements, the evolution
of renin levels throughout the disease course has not been
investigated yet. Serial renin measurements may overcome
the prognostic weaknesses of single renin values by address-
ing the disease progression individually. The aim of this
study was to investigate the changes of renin levels during
the course of HFrEF and the impact of different renin trajec-
tories on patient outcomes.

2. Methods

2.1. Study Population and Study Endpoint. Consecutive adult
patients with chronic stable HFrEF on guideline-directed
medical therapy (GDMT) were enrolled from the prospec-
tive registry of the HF outpatient unit at the Vienna General
Hospital, a university-affiliated tertiary care center, between
June 2013 and August 2021. Inclusion criteria were as fol-
lows: an age > 18 years, the diagnosis of HFrEF, defined as
a history of signs and symptoms of HF and formerly docu-
mented left ventricular ejection fraction (LVEF) below
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40%, medical therapy according to current HF guidelines
[12], clinically stable HF at presentation in our outpatient
unit, and available active plasma renin concentration
(ARC) measured while sitting upright. Exclusion criteria
comprised of patients with solid or hematological cancers
undergoing active antineoplastic therapy up to three months
before study inclusion, symptomatic infectious disease,
phaeochromocytoma, use of oral contraceptives, and
patients with decompensated HF at the time of inclusion.
Clinical, imaging, and laboratory parameters were docu-
mented at baseline and consecutive routine visits. Change
of HF (beta blockers, RAS inhibitors (angiotensin-convert-
ing enzyme inhibitors (ACEi), angiotensin receptor blockers
(ARBs), and angiotensin receptor-neprilysin inhibitors
(ARNI)), MRA, and SGLT2i) was assessed for all patients
between baseline and 1-year FUP, which was defined as an
addition or withdrawal of a drug [12]. Data on all-cause
mortality and unplanned HF hospitalizations served as out-
come parameters. All-cause mortality data were provided by
the Austrian Death Registry.

2.2. Laboratory Measurements. Routine laboratory parame-
ters including NT-proBNP and plasma aldosterone were
measured by specific immunoassays according to standard
laboratory procedure at first presentation. Active plasma
renin concentration (ARC) was similarly measured by the
standard laboratory procedure using a chemiluminescence
assay (DiaSorin Liason XL). The analytical limit of detection
was 0.5 uIU/ml, while functional was 1.6 yIU/ml and coeffi-
cient of variation was reported as 6.6% (27.5uIU/ml) and
9.8% (97.2 uIU/ml).

To assess the course of renin levels over time, renin levels
were documented for all patients at baseline and at available
follow-up (FUP) visits 12 + 6 months, 24 + 6 months, 36 + 6
months, 48 + 6 months, and 60 + 6 months, whenever avail-
able. In case of multiple measurements, the closest values to
index date were entered. Renin levels were regarded as nor-
mal if <46 uIU/ml (measured while sitting upright) and
termed elevated otherwise.

2.3. Statistical Analysis. Categorical variables were compared
using chi-square test, while continuous variables were com-
pared using the Kruskal-Wallis or Mann-Whitney U test.
Testing for normality was done using the Shapiro-Wilk test.
Baseline renin levels were correlated with NT-proBNP by
calculating Spearman’s rho correlation coefficient (p). The
Cox proportional hazard regression analysis was used to
evaluate the association between renin and outcome mea-
sures and given as hazard ratios (HR), 95% CI. The
Kaplan-Meier plots were generated, and groups were com-
pared by log-rank test. Renin levels between baseline and
FUP timepoints were compared by nonparametrical
unpaired tests. To assess the effect of changes in renin levels,
patients were categorized into four groups based on renin
trajectories between baseline values and first year of observa-
tion ((1) normal-normal = normal renin at BL and 1-year
FUP; (2) elevated-normal = elevated renin at BL, normal
renin at 1-year FUP; (3) normal-elevated = normal renin
at BL, elevated renin at 1-year FUP; and (4) elevated-
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elevated = elevated renin at BL and 1-year FUP). Further-
more, renin levels were compared for all patients who had
three consecutive yearly measurements available leading up
to the timepoint of last seen or death using the Kruskal-
Wallis test. All statistical analyses were performed using R,
version 4.0.5 (R Foundation for Statistical Computing,
Vienna, Austria). A two-tailed p value < 0.05 was considered
significant.

3. Results

3.1. Baseline Characteristics of the Study Population. A total
of 505 HFrEF patients were included in the study. Baseline
demographic, clinical, and laboratory characteristics are pre-
sented in Table 1. Median age was 62 years (Q1-Q3: 52-72),
and 390 patients (77%) were male. Median NT-proBNP was
1783 pg/ml (Q1-Q3: 802-3632). A total of 64 patients (13%)
were in New York Heart Association (NYHA) I, 246 patients
(50%) in NYHA II, and 185 patients (37%) in NYHA III/III
+. Heart failure medication was well established at study ini-
tiation with 457 (90%), 467 (94%), 375 (76%), and 31 (20%)
patients receiving RASi, beta blockers, MRA, and SGLT2i,
respectively. Of those patients with RASi, 238 patients
(52%) received ACEi, 97 (21%) received ARB, 110 (24%)
received ARNI, and 12 patients (3%) received ACEi and
ARB in combination based on MRA intolerance. Addition-
ally, around half (49%) of the study population received loop
diuretics. Furthermore, 73%, 80%, and 97% of patients
received a minimum of 50% of the recommended target dose
for RASI, beta blockers, and MRA, respectively.

Renin values were 123 uIU/ml (Q1-Q3: 27-621) and
ranged from 0.8 to 42.9 uIU/ml for the low, 43 to 339 uIU/
ml for the medium, and 340 to 95641U/ml for the high ter-
tile. Higher renin values were observed in patients with pro-
portionally decreasing systolic blood pressure (p <0.001),
decreasing sodium concentrations (p <0.001), more fre-
quent MRA (p=0.002) and loop diuretic (p =0.009) use,
and increasing aldosterone levels (p < 0.001). The majority
of baseline parameters were similar between tertiles of renin
tertiles.

3.2. Renin Distribution and Association of Renin with HF
Severity and HF Medication. Baseline renin levels showed a
nonnormal distribution (p <0.001) (Figure 1). Overall,
34% of patients showed normal renin levels despite HF
and established HF therapy.

Renin levels showed no relationship with HF severity
reflected by NT-proBNP (p =-0.05, p=0.273) and NYHA
groups (NYHA I: 133.7 uIU/ml (Q1-Q3: 29.6-498.3) vs.
NYHA II: 127.9 uIU/ml (Q1-Q3: 23.9-644.9) vs. NYHA
OI/II+: 1227 uIU/ml  (Q1-Q3: 31.9-618.8), p=0.753)
(Figure 2(a)).

Renin levels were comparable for patients on different
RAS inhibitors (no RASi: 57.0uIU/ml (Q1-Q3: 24.5-
426.6) vs. ACEi: 133.1uIU/ml (Q1-Q3: 30.9-465.9) vs.
ARB: 2125ulU/ml (Q1-Q3: 28.9-916.1) vs. ARNIL
120.4 uIU/ml (Q1-Q3: 23.2-627.0), p=0.188) and patients
with and without beta blockers (141.4uIU/ml (Q1-Q3:
35.9-916.1) vs. 1259 ulU/ml (Q1-Q3: 27.35-603.5), p=

0.6283) (Figure 2(b)). Higher renin levels were observed
in patients with MRA (183.9 uIU/ml (Q1-Q3: 28.8-714.8)
vs.  593ulU/ml (Q1-Q3: 17.9-229.0), p=0.001)
(Figure 2(b)). Patients who were on therapy with SGLT2i
at baseline had numerically higher renin levels, though
the difference was statistically not significant (280.1 uIU/
ml (QI-Q3: 62.4-624.5) vs. 999 ulU/ml (Q1-Q3: 19.8-
471.3), p=0.065) (Figure 2(b)). Furthermore, the use of
loop diuretics was associated with higher renin concentra-
tions (94.0 uIU/ml (Q1-Q3: 23.6-408.0) vs. 199.0 uIU/ml
(Q1-Q3: 34.8-702.0), p=0.0030) (Figure 2(b)).

3.3. Baseline Renin Levels and Outcome. In total, 172 (34%)
patients had normal renin at baseline. Median FUP time
regarding all-cause mortality was 34 months (Q1-Q3: 19-
55), and from the total cohort, 123 (24%) patients died.
The median time to unplanned HF hospitalization was 7
months (Q1-Q3: 2-17), and 181 (35.8%) patients experi-
enced an event during follow-up. Table 2 shows the crude
and multivariable Cox regression analyses for baseline renin
levels for all-cause mortality and unplanned HF hospitaliza-
tion. Subgroup analysis is provided in Supplementary
Figure 1. Baseline renin levels were not associated with all-
cause mortality (crude HR for an increase of 100 yiE/ml
1.01 (95% CI: 0.99-1.02), p=0.414). This was congruent
with comparable survival curves for different renin tertiles
(p=0.5503, log-rank test) and for normal vs. elevated
renin levels (p =0.3790, log-rank test) in the Kaplan-Meier
analysis (Figure 3(a)).

Baseline renin levels were a risk factor for unplanned HF
hospitalizations (crude HR for an increase of 100 piE/ml
1.01 (95% CI: 1.00-1.02), p = 0.015), which remained signif-
icant for adjusted models I (age, sex, and BMI) and II (model
I + additional adjustment for comorbidity type 2 diabetes,
coronary artery disease, and hypertension), but not model
III (NT-proBNP, NYHA class, and aldosterone). No differ-
ences were seen in the Kaplan-Meier analysis across renin
tertiles (p =0.4971, log-rank test) or normal vs. elevated
renin levels (p = 0.1876, log-rank test) (Figure 3(b)).

3.4. Evolution of Renin with HFrEF Disease Progression and
the Impact of Renin Trajectories. An increase in renin was
apparent between baseline and 1-year FUP (122.7 uIU/ml
(Q1-Q3: 27.1-620.7) vs. 185.6uIU/ml (Q1-Q3: 41.0-
723.3), p=0.039) and baseline and 2-year FUP (122.7 uIU/
ml (Q1-Q3: 27.1-620.7) vs. 258.5ulU/ml (Q1-Q3: 49.0-
808.1), p=0.001), and a trend for higher renin levels was
observed between baseline and 3-year FUP (122.7 uIU/ml
(Q1-Q3: 27.1-620.7) vs. 180.1ulU/ml (Q1-Q3: 44.5-
713.4), p=0.095) (Figure 4(a)).

Baseline and 1-year renin level pairs were available for a
total of 285 patients. At 1-year FUP, 272 (95%), 281 (99%),
259 (90%), and 36 (34%) patients received medical therapy
with RASi, BB, MRA, and SGLT?2i, respectively. A minimum
of 50% of the recommended target dose was achieved for
67%, 90%, and 76% of patients with RASi, beta blockers,
and MRA, respectively. Changes in medication were per-
formed in a total of 68 (24%) patients within 1 year. The
change of renin within baseline and 1-year FUP between
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FIGURE 1: Baseline renin distribution. The distribution of renin is visualized as a histogram, 34% of patients had normal renin values as
defined by laboratory cut-off, and normal distribution is additionally displayed.

patients with change in HF therapy vs. patients without was
similar (p =0.497).

With 57.5%, the majority of patients showed elevated-
elevated renin levels, while normal-normal, elevated-normal,
and normal-elevated evolution were apparent for 18.2%,
10.9%, and 14.0% of patients (Figure 4(b)). Table 3 shows
HF-related baseline characteristics for these 4 groups. Patients
in the elevated-elevated group had lower systolic blood pres-
sure (p < 0.001) and lower sodium concentrations (p < 0.001
) compared to other trajectories. This group was also charac-
terized by more frequent ICD device therapy with 59% vs.
36%, 38%, and 42% for normal-normal, elevated-normal,
and normal-elevated groups, respectively (p=0.011). The
majority of parameters, however, were similar between the
four trajectories. Notably, renin trajectories were similar for
patients with and without medication change within the first
year of FUP (p = 0.257, chi-square test).

Table 2 shows the crude and multivariable Cox regres-
sion analyses for 1-year delta renin levels for all-cause mor-
tality and unplanned HF hospitalization. 1-year delta renin
was not associated with all-cause mortality or unplanned
HF hospitalization.

Also, there was no difference regarding survival
(p =0.5456, log-rank test) or unplanned HF hospitalizations
(p=0.3572, log-rank test) according to different renin trajec-
tories as shown by the Kaplan-Meier analysis (Figure 4(c)).
The Kaplan-Meier analysis showed similarly comparable
curves for both outcome measures when comparing 1-year
delta renin values grouped by <50%, >50%, and +50% or by
renin elevation of more than 100 ¢IU/ml vs. no increase at 1
year compared to baseline (Supplementary Figure 2).

Three consecutive yearly measurements up to the time-
point of last contact were available for 114 (22.6%) patients
of the total cohort. Out of those patients, 32 (28%) were
deceased, while 82 (72%) have survived until the censor date.
Renin levels were not significantly different for patients with
fatal outcome and survivors (Figure 5).

4. Discussion

This is the first study investigating the impact of renin tra-
jectories in a relatively large cohort of HFrEF patients on
timely GDMT. Despite advanced HFrEF with median NT-
proBNP level of 1780 pg/ml and well-established GDMT,
almost 34% of patients display renin levels within the nor-
mal range. Higher renin levels were associated with lower
systolic blood pressure, lower serum sodium concentrations,
higher aldosterone levels, and more frequent MRA use.
Baseline renin was not associated with mortality in this
cohort. Renin levels increased significantly during the course
of HFrEF. However, different renin trajectories were not
associated with mortality or unplanned HF hospitalizations.
Similarly, there was no difference in renin levels within the
last three years of contact between survivors and deceased
patients.

According to the neurohumoral concept, HFrEF is asso-
ciated with elevated neurohumoral markers including renin.
Additionally, HFrEF therapy itself increases renin levels.
ACEi and ARB have been reported to increase renin consid-
erably, while diuretics, such as thiazides or potassium spar-
ing diuretics, and calcium channel blockers also lead to an
increase of renin, though at a lesser extent [13]. ARNI have
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Relationship between renin and NT-proBNP levels
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FIGURE 2: Baseline renin distribution and association of renin with HF severity and HF medication. (a) The association of renin with HF
severity reflected by NT-proBNP levels and NYHA class is visualized for individual values as a scatter plot and Tukey’s boxplots. The
Spearman correlation coefficient for the former and level of significance are indicated. (b) Comparison of renin levels between different
patients with any, with different, or without HF-specific medications. Individual values are shown alongside Tukey’s boxplots. For all
comparisons, nonparametrical tests (Mann-Whitney U and Kruskal Wallis) were used. p < 0.05 were regarded as significant.
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TaBLE 2: Crude and multivariable Cox regression analysis assessing the impact of baseline and 1-year delta renin levels on all-cause

mortality and unplanned HF hospitalization.

Crude HR value Model I HR value Model II HR value Model III HR value
©s%cy P ©s%cy P ©s5%cr P ©s%cy P
Baseline renin (per
Allcause 100 {IU/ml incrense) 0! (0.99-1.02) 0.414 101 (1.00-1.03) 0.062 1.02 (1.00-1.03) 0.037 1.01 (0.99-1.02) 0.313
mortalit - in 9
¥ A-Renin % at Lyear 5 ) 60.1.00) 0241 1.00 (1.00-1.00) 0341 1.00 (1.00-1.00) 0350 1.00 (1.00-1.00) 0.219
(per 10% increase)
Unplanned HF ~ Baseline renin (per
hospitalisation 100 alU/ml increase) ! (1.00-1.02) 0.015 1.01 (1.00-1.02) 0.019 1.01 (1.00-1.02) 0.014 1.01 (1.00-1.02) 0.066
- M 0,
A-Renin % at Lyear 5 ; 60.1.00) 0987 1.00 (1.00-1.00) 0999 1.00 (1.00-1.00) 0.861 1.00 (1.00-1.00) 0.703

(per 10% increase)

Model I: adjusted for age, sex, and body mass index. Model II: model I + additional adjustment for comorbidity type 2 diabetes, coronary artery disease, and
hypertension. Model III: adjusted for NT-proBNP, NYHA class, and aldosterone.
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FIGURE 3: Survival according to baseline renin concentration. The Kaplan-Meier plot displays overall survival for patients with (a) normal
vs. elevated renin and (b) according to renin tertiles. The difference between groups was assessed by the log-rank test.

been described to increase renin levels too [14]. Also, MRA
were shown to cause dose-dependent renin increase com-
pared with placebo [15]. Contrarily, the treatment with beta
blockers in addition to RASi may lead to lower renin levels

[16]. The population of this study was well treated with
HFrEF medication, and in the dataset, renin was indeed
higher for patients receiving MRA and diuretics. Data on
the effects of SGLT2i on changes of renin are scarce. In a
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FIGURE 4: Evolution of renin levels and survival according to delta renin. (a) Evolution of plasma renin levels, baseline to 5-year follow-up.
Individual values are shown alongside Tukey’s boxplots. For comparisons between groups, the Kruskal-Wallis test was used. p < 0.05 was
regarded as significant. (b) Distribution of changes in renin class at 1 year is visualized by donut chart. (c) The Kaplan-Meier plot
displayed overall survival for the different renin trajectory groups according to changes of renin class at 1 year. The difference between

the groups was assessed with log-rank test.

randomized controlled trial of hypertensive diabetic patients
receiving a base therapy with RASi (ACEi or ARB), patients
receiving dapagliflozin had significantly higher levels of
plasma renin activity (PRA) than controls after 24 weeks of
treatment [17]. Similarly, a strong trend could be observed
for higher ARC in SGLT2i-treated patients in our cohort.
Corresponding to renin’s physiologic purpose, systolic blood
pressure, plasma sodium concentration, and left ventricular
function were found to be independent predictors of renin
[18]. Also, in this dataset, patients with higher renin levels
were more likely to have lower systolic BP and plasma
sodium concentrations.

In patients who experience an acute HF hospitalization,
HF severity was associated with more pronounced RAAS
activation including higher renin and aldosterone levels
[19]. Though aldosterone is influenced by current medical
HF therapeutics, a subgroup of chronic HF patients still pos-

sesses aldosterone levels above the upper limits of normal
even after complete blockage of RAS using ACEi [20].

Nevertheless, about a third (34%) of stable HFrEF
patients still had normal renin levels. Earlier data investigat-
ing renin and the concentration of angiotensin metabolites
in HFrEF showed that renin exerts an excellent direct corre-
lation with AnglI regardless of the mode of RAS blockade
[18]. This suggests the presence of different renin pheno-
types with on the one hand excessively activated RAS and
ongoing deleterious AngII actions but on the other hand also
patients with normal RAS activity despite HF and RAS
blocker treatment. Whether this distinction is pertinent
and could lead to a reasonable and effective therapeutic
adaptation could be subject of future studies.

The prognostic ability of renin has been studied, albeit in
few large-scale studies. The Val-HeFT trial with over 4200
patients found small additive prediction benefit of renin to
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TaBLE 3: HF-related baseline characteristics for the renin evolution groups.
Characteristic Normal-normal Elevated-normal Normal-elevated Elevated-elevated p value
(N=52) (N=29) (N =40) (N =164)

Baseline renin (uIU/ml), median [Q1; Q3] 10 [5; 19] 176 [84; 288] 27 [18; 35] 411 [156; 1058] <0.001
Basic demographics
Age (years), median [Q1; Q3] 65 [55; 74] 62 [57; 73] 56 [44; 70] 61 [51; 70] 0.109
Gender, male, n (%) 38 (73%) 23 (79%) 28 (70%) 135 (82%) 0.257
BMI (kg/m?), median [Q1; Q3] 273 [24.1;322]  27.8 [24.1;30.1] 259 [23.3;31.8]  28.1 [24.4;317]  0.818
Systolic blood pressure (mmHg), median [Q1; Q3] 148 [135; 170] 124 [115; 136] 130 [120; 145] 120 [110; 131] <0.001
Heart rate (bpm), median [Q1; Q3] 69 [60; 82] 79 [66; 86] 74 [59; 79] 71 [62; 82] 0.351
NYHA class 0.796

NYHA I, n (%) 5(9.8%) 4 (14%) 5 (12%) 23 (14%)

NYHA 1L, n (%) 25 (49%) 13 (46%) 22 (55%) 83 (51%)

NYHA III/1V, n (%) 21 (41%) 11 (39%) 13 (32%) 58 (35%)
Comorbidities
Ischemic HF, n (%) 26 (50%) 13 (45%) 19 (48%) 91 (55%) 0.617
Diabetes mellitus, n (%) 21 (40%) 15 (52%) 13 (32%) 65 (40%) 0.457
Hypertension, #n (%) 30 (58%) 15 (52%) 18 (45%) 92 (56%) 0.589
Tumor, #n (%) 8 (15%) 2 (6.9%) 3 (7.5%) 21 (13%) 0.542
Medical and device therapy
Beta blocker, n (%) 51 (98%) 26 (90%) 35 (95%) 155 (96%) 0.319
ACE;i, n (%) 23 (44%) 17 (59%) 20 (50%) 86 (52%) 0.622
ARB, n (%) 13 (25%) 8 (28%) 3 (7.5%) 43 (26%) 0.082
ARNI, n (%) 15 (29%) 5 (17%) 11 (28%) 30 (18%) 0.281
MRA, n (%) 36 (69%) 24 (83%) 30 (79%) 134 (83%) 0.204
SGLT2i, n (%) 0 (0%) 1 (14%) 1 (9.1%) 5 (16%) 0.444
Ivabradin, n (%) 4 (11%) 4 (19%) 2 (6.2%) 16 (14%) 0.519
Loop diuretics, n (%) 25 (50%) 13 (46%) 15 (39%) 84 (54%) 0.412
ICD, 1 (%) 18 (36%) 11 (38%) 17 (42%) 92 (59%) 0.011
CRT, n (%) 14 (28%) 7 (26%) 10 (26%) 54 (36%) 0.450
Laboratory parameters
Plasma aldosterone (pg/ml), median [Q1; Q3] 119 [79; 158] 129 [104; 209] 87 [64; 143] 126 [75; 233] 0.022
NT-proBNP (pg/ml), median [Q1; Q3] 2760 [871; 5365] 1492 [469; 4022] 1841 [1010; 3472] 1764 [834; 3475] 0.289
Creatinine (mg/dl), median [Q1; Q3] 1.3 [1.0; 1.7] 1.3 [1.0; 1.8] 1.1 [0.9; 1.5] 1.1 [1.0; 1.5] 0.131
BUN (mg/dl), median [Q1; Q3] 27 [16; 34] 25 [19; 35] 18 [15; 27] 23 [18; 31] 0.059
Sodium (mmol/l), median [Q1; Q3] 141.0 [138.0; 142.0] 140.0 [137.0; 141.0] 141.0 [139.0; 142.2] 139.0 [137.0; 141.0] <0.001
Potassium (mmol/l), median [Q1; Q3] 4.7 [4.6; 5.2] 5.2 [4.5; 5.4] 4.8 [4.4; 5.0] 4.8 [4.5; 5.1] 0.086
Magnesium (mmol/l), median [Q1; Q3] 0.81 [0.76; 0.88] 0.77 [0.71; 0.91] 0.80 [0.73; 0.84] 0.82 [0.75; 0.87] 0.472
Albumin (g/1), median [Q1; Q3] 43.8 [42.0; 45.7] 44.2 [39.8; 45.2] 434 [41.9; 45.4] 44.2 [42.4; 46.2] 0.672
BChE (kU/1), median [Q1; Q3] 7.3 [5.8; 8.1] 7.4 [6.0; 8.9] 6.7 [5.6; 8.4] 7.4 [5.8; 8.5] 0.768
Hemoglobin (g/dl), median [Q1; Q3] 13.5 [12.3; 15.0] 14.5 [12.9; 14.8] 13.6 [12.3; 14.5] 13.7 [12.6; 14.9] 0.334
C-reactive protein (mg/dl), median [Q1; Q3] 0.29 [0.16; 0.68] 0.28 [0.11; 0.59] 0.45 [0.16; 0.66] 0.27 [0.14; 0.64] 0.526

ACE:I: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor-neprilysin inhibitor; BMI: body mass index;
BChE: butyrylcholinesterase; CRT: cardiac resynchronization device; ICD: intracardiac defibrillator; MRA: mineralocorticoid receptor antagonist; SGLT2:
sodium-glucose cotransporter-2. Continuous variables are given as median and 25™ and 75™ percentiles, and counts are given as numbers and
percentages. For comparisons between groups, the Kruskal-Wallis rank sum test or Pearson’s Chi-squared test was used.

clinical characteristics and NT-proBNP on mortality rates
with limited clinical relevance [21]. A relatively small study
with 293 included patients investigated chronic and acute
decompensated HF patients on GDMT in 2017 showing that
renin levels were higher in chronic HF compared to acute
decompensated HF. Notably, here, prognosis was similar

for different renin strata [22]. In another study [23], higher
renin levels were associated with a higher rate of HF hospi-
talization or all-cause mortality, though without additive
value in improving risk stratification of BIOSTAT-CHF
prognostic models [24]. Other studies including up to 2913
patients have shown some prognostic ability of renin as it
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increases in cases of fatal compared to nonfatal acute
decompensated HF [25, 26]. In this study, we could not
observe a significant relationship between baseline renin
levels and all-cause mortality. This could possibly be attrib-
utable to the size of our cohort, as most of the aforemen-
tioned studies demonstrating that an increase in renin is
associated with increased risk have analyzed higher number
of patients. It is therefore likely that very high renin concen-
trations are associated with augmented risk; however, this
effect seems limited.

Contrasting with single renin measurements, natural
evolution of renin and the impact of renin trajectories have
not yet been investigated. Serial renin measurements in this
dataset suggest that renin increases within the course of
HFrEF possibly corresponding to disease progression. Con-
trarily to our assumption, renin trajectories were not associ-
ated with survival. Similarly, no differences could be
identified in clinical characteristics between the groups
besides the known physiologic triggers of renin.

In summary, it seems that renin, although it might bear
some prognostic information for mortality or unplanned HF
hospitalizations, is generally not a good predictor of HF risk.
The single-point baseline measurement in our study was not
convincingly associated with HF outcomes. Individual renin
trajectories at 1 year, which was investigated by this study
for the first time, did not provide any significant additional
value. This is intriguing, given the significance of the RAS
in HF pathophysiology and treatment.

The reasons for this can only be speculated. RAS is
responsible for blood pressure and fluid homeostasis.
Changes in these systems must be counteracted quickly. In
contrast to these fast-action alterations of RAS and renin
levels, detrimental effects on HF are believed to arise from
a continuous overactivation. It might be that these changes
obscure the comparably low variations in renin due to HF
disease severity and thereby limit the value of plasma renin
measurements. Also, this study might have been underpow-
ered to detect significance. Another possibility, which is con-
sistent with the fact that RAS blockade is an effective
treatment while renin levels do not mirror disease progres-
sion, is that the full effect of RAS blockade is not explained

by inhibiting unfavorable RAS actions of AnglIl. ACEi, for
example, blocks the formation of Angll, thereby leading to
high plasma Angl concentrations, which could be substrate
for alternative RAS products as Angl-7 which has counter-
regulatory cardioprotective effects [27]. ARBs block AT1R
leaving AnglIl concentrations uninfluenced, which could
bind to AnglI type 2 receptor (AT2R) which similarly has
opposite effects to AT1R [28]. Assuming that AnglI actions
are blocked sufficiently and that these alternate RAS mecha-
nisms have a significant impact would mean that high renin
would even be beneficial boosting the alternate pathways. It
should not be forgotten that blocking the complete RAS by
renin inhibitors as aliskiren has not been proven beneficial
either, suggesting that some residual RAS activity is not det-
rimental but probably necessary [7]. New treatments should
consider the RAS in its complexity. This might also explain
the success of the multipeptidase inhibitor strategy where
besides AngllI inhibition, other vasoactive peptide systems
related to RAS such as neprilysin inhibition by ARNI are
used.

5. Conclusions

In contrast to the neurohumoral concept, almost one-third
of patients with HFrEF under current GDMT show normal
renin values. Renin levels, assessed as a single measurement,
are not associated with increased mortality in this study.
Assessing renin trajectories over one year adds no significant
value. Nevertheless, renin may slowly rise during HF disease
course reaching markedly elevated values at very severe dis-
ease where it might indicate terminal stages of HF. Novel
treatments targeting the neurohumoral axis should consider
the complexity of RAS and other vasoactive peptide systems.

6. Limitations

There are some limitations to this study. The single-center
nature of this study at a tertiary care hospital may lead to a
selection bias and limit generalization of the results.
Although the study population was relatively large, more
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patients and longer FUP times would be desirable to more
accurately estimate the real effect of renin on outcome.
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Supplementary Materials

Supplementary Figure 1 shows crude hazard ratios (HR)
with 95% confidence intervals (CI) per an increase of
100 uIU/ml renin for all-cause mortality and unplanned
HF hospitalizations stratified by the following subgroups:
age, sex, eGFR, systolic blood pressure (SBP), and NYHA
functional class. Supplementary Figure 2 shows the
Kaplan-Meier plots of (i) survival and (ii) unplanned HF
hospitalization free survival for patients grouped by <50%,
>50%, and +50% of change in renin concentration at 1 year
compared to baseline and by renin elevation of more than
100 pIU/ml. (Supplementary Materials)

References

[1] M. Packer, “The neurohormonal hypothesis: a theory to
explain the mechanism of disease progression in heart failure,”
Journal of the American College of Cardiology, vol. 20, no. 1,
pp. 248-254, 1992.

[2] J. W. Ostrominski, S. Hirji, A. S. Bhatt et al., “Cost and value in
contemporary heart failure clinical guidance documents,”
JACC: Heart Failure, vol. 10, no. 1, pp. 1-11, 2022.

[3] F. Fyhrquist and O. Sajjonmaa, “Renin-angiotensin system
revisited,” Journal of Internal Medicine, vol. 264, no. 3,
pp. 224-236, 2008.

[4] M. A. Hillaert, E. G. Lentjes, F. Beygui et al., “Measuring and
targeting aldosterone and renin in atherosclerosis-A review
of clinical data,” American Heart Journal, vol. 162, no. 4,
pp. 585-596, 2011.

[5] M. C. Thomas and C. Tikellis, “Losing control: positive and
negative feedback in the renin angiotensin system,” Current
Hypertension Reviews, vol. 5, no. 3, pp. 222-226, 2009.

[6] M. Vaduganathan, B. Cheema, E. Cleveland et al., “Plasma
renin activity, response to aliskiren, and clinical outcomes in
patients hospitalized for heart failure: the ASTRONAUT trial,”
European Journal of Heart Failure, vol. 20, no. 4, pp. 677-686,
2018.

[7] M. Gheorghiade, M. Bohm, S. J. Greene et al., “Effect of aliski-
ren on postdischarge mortality and heart failure readmissions
among patients hospitalized for heart failure: the ASTRO-
NAUT randomized trial,” JAMA, vol. 309, no. 11, pp. 1125-
1135, 2013.

[8] CONSENSUS Trial Study Group, “Effects of enalapril on mor-
tality in severe congestive heart failure,” The New England
Journal of Medicine, vol. 316, no. 23, pp. 1429-1435, 1987.

[9] R. Latini, S. Masson, I. Anand et al., “The comparative prog-
nostic value of plasma neurohormones at baseline in patients
with heart failure enrolled in Val-HeFT,” European Heart
Journal, vol. 25, no. 4, pp. 292-299, 2004.

[10] J. N. Cohn and G. Tognoni, “A randomized trial of the
angiotensin-receptor blocker valsartan in chronic heart fail-
ure,” New England Journal of Medicine, vol. 345, no. 23,
pp. 1667-1675, 2001.

[11] D.N. Polesel, K. M. Okazaki, K. T. Nozoe, M. L. Andersen, and
S. Tufik, “Obstructive sleep apnea as a potential confounding
factor in atherosclerosis in the Asian population,” Journal of
the Neurological Sciences, vol. 346, no. 1-2, pp. 333-334, 2014.

[12] T. A. McDonagh, M. Metra, M. Adamo et al.,, “2021 ESC
guidelines for the diagnosis and treatment of acute and chronic


https://downloads.hindawi.com/journals/jraas/2023/8883145.f1.pdf

Journal of the Renin-Angiotensin-Aldosterone System

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

heart failure,” European Heart Journal, vol. 42, no. 36,
pp. 3599-3726, 2021.

M. J. Brown, “Renin: friend or foe?,” Heart, vol. 93, no. 9,
pp. 1026-1033, 2007.

C. Passino, V. Castiglione, A. Aimo, G. Vergaro, L. Saccaro,
and M. Emdin, “Biomarkers for the diagnosis and manage-
ment of heart failure,” Heart Failure Reviews, vol. 27, no. 2,
pp. 625-643, 2022.

T. Saruta, S. Kageyama, T. Ogihara et al., “Efficacy and safety of
the selective aldosterone blocker eplerenone in Japanese
patients with hypertension: a randomized, double-blind, pla-
cebo-controlled, dose-ranging study,” Journal of Clinical
Hypertension, vol. 6, no. 4, p. 175, 2004.

S. R. Holmer, C. Hengstenberg, B. Mayer et al., “Marked sup-
pression of renin levels by [S-receptor blocker in patients
treated with standard heart failure therapy: a potential mecha-
nism of benefit from S-blockade,” Journal of Internal Medi-
cine, vol. 249, no. 2, pp. 167-172, 2001.

M. Isshiki, I. Sakuma, Y. Hayashino et al., “Effects of dapagli-
flozin on renin-angiotensin-aldosterone system under renin-
angiotensin system inhibitor administration,” Endocrine Jour-
nal, vol. 67, no. 11, pp. 1127-1138, 2020.

N. Pavo, G. Goliasch, R. Wurm et al.,, “Low- and high-renin
heart failure phenotypes with clinical implications,” Clinical
Chemistry, vol. 64, no. 3, pp. 597-608, 2018.

J. Biegus, S. Nawrocka-Millward, R. Zymlinski et al., “Distinct
renin/aldosterone activity profiles correlate with renal func-
tion, natriuretic response, decongestive ability and prognosis
in acute heart failure,” International Journal of Cardiology,
vol. 345, pp. 54-60, 2021.

U. P. Jorde, T. Vittorio, S. D. Katz, P. C. Colombo, F. Latif, and
T. H. le Jemtel, “Elevated plasma aldosterone levels despite
complete inhibition of the vascular angiotensin-converting
enzyme in chronic heart failure,” Circulation, vol. 106, no. 9,
pp. 1055-1057, 2002.

S. Masson, S. Solomon, L. Angelici et al., “Elevated plasma
renin activity predicts adverse outcome in chronic heart fail-
ure, independently of pharmacologic therapy: data from the
Valsartan Heart Failure Trial (Val-HeFT),” Journal of Cardiac
Failure, vol. 16, no. 12, pp. 964-970, 2010.

T. Ueda, R. Kawakami, T. Nishida et al, “Plasma renin
activity is a strong and independent prognostic indicator
in patients with acute decompensated heart failure treated
with renin-angiotensin system inhibitors,” Japanese Circula-
tion Journal-English Edition, vol. 79, no. 6, pp. 1307-1314,
2015.

M. Kobayashi, S. Stienen, J. M. ter Maaten et al., “Clinical
determinants and prognostic implications of renin and aldo-
sterone in patients with symptomatic heart failure,” Esc Heart
Failure, vol. 7, no. 3, pp. 953-963, 2020.

A. A. Voors, W. Ouwerkerk, F. Zannad et al., “Development
and validation of multivariable models to predict mortality
and hospitalization in patients with heart failure,” European
Journal of Heart Failure, vol. 19, no. 5, pp. 627-634, 2017.

T. Tsutamoto, H. Sakai, T. Tanaka et al, “Comparison of
active renin concentration and plasma renin activity as a prog-
nostic predictor in patients with heart failure,” Japanese Circu-
lation Journal-English Edition, vol. 71, no. 6, pp. 915-921,
2007.

(26]

(27]

(28]

13

S. Verma, M. Gupta, D. T. Holmes et al., “Plasma renin activity
predicts cardiovascular mortality in the Heart Outcomes Pre-
vention Evaluation (HOPE) study,” European Heart Journal,
vol. 32, no. 17, pp. 2135-2142, 2011.

V. B. Patel, J.-C. Zhong, M. B. Grant, and G. Y. Oudit, “Role of
the ACE2/angiotensin 1-7 axis of the renin-angiotensin system
in heart failure,” Circulation Research, vol. 118, no. 8,
pp. 1313-1326, 2016.

C. A. Lemarié and E. L. Schiffrin, “The angiotensin II type 2
receptor in cardiovascular disease,” Journal of the Renin-
Angiotensin-Aldosterone System, vol. 11, no. 1, pp. 19-31,
2010.



	Renin Trajectories and Outcome in Stable Heart Failure with Reduced Ejection Fraction (HFrEF) on Contemporary Therapy: A Monocentric Study from an Austrian Tertiary Hospital Outpatient Clinic
	1. Introduction
	2. Methods
	2.1. Study Population and Study Endpoint
	2.2. Laboratory Measurements
	2.3. Statistical Analysis

	3. Results
	3.1. Baseline Characteristics of the Study Population
	3.2. Renin Distribution and Association of Renin with HF Severity and HF Medication
	3.3. Baseline Renin Levels and Outcome
	3.4. Evolution of Renin with HFrEF Disease Progression and the Impact of Renin Trajectories

	4. Discussion
	5. Conclusions
	6. Limitations
	Abbreviations
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials



