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A B S T R A C T   

Background: Plasma renin activity (PRA) level at admission is reported to be a prognostic pre-
dictor of acute decompensated heart failure (ADHF) patients. Although PRA is affected during 
hospitalization by several factors including fluid volume and drug titration, whether the changes 
in PRA levels during hospitalization (ΔPRA) are associated with prognosis of ADHF patients are 
largely unknown. Purpose: Investigate the predictive impact of ΔPRA on the prognosis of ADHF 
patients with reduced ejection fraction (HFrEF) and mildly reduced ejection fraction (HFmrEF). 
Methods: Retrospectively analyzed consecutive 116 HFrEF and HFmrEF patients admitted for 
ADHF. PRA measurements were acquired at admission and at discharge. The primary outcome 
was a composite of cardiovascular death and HF re-hospitalization. Results: Out of 116 patients, 
85 had PRA measurements both at admission and at discharge. Compared to admission, PRA level 
was significantly higher at discharge (0.8 (IQR 0.3–2.2) to 2.8 (IQR 1.0–7.2), p < 0.001). Tertiary 
groups ranked by PRA level on admission showed trend of poor prognosis in order of high, mid, 
and low PRA level (p = 0.07). On the contrary, PRA level at discharge significantly differentiated 
the prognosis and was poor in order of high, low, and mid (p = 0.026). Next, when the partic-
ipants were divided into tertiary groups ranked by ΔPRA, prognosis worsened in the order of 
“minimal”, “decreasing”, and the “increasing” tier. Cubic splines analysis also indicate a similar 
tendency. Conclusions: In ADHF patients with HFrEF and HFmrEF, patients with minimal ΔPRA 
showed the better prognosis over the those with either increasing or decreasing.   

1. Introduction 

Today, the number of new heart failure (HF) cases is increasing dramatically around the world, which has been termed the HF 
pandemic [1]. Re-hospitalization for HF is very common [2,3]. Biomarkers that predict HF re-hospitalization have been studied to 

* Corresponding author. Department of Cardiovascular and Renal Medicine, Hyogo College of Medicine, 1-1, Mukogawa-cho, Nishinomiya, 
Hyogo, 663-8501, Japan. 

E-mail address: ma-asakura@hyo-med.ac.jp (M. Asakura).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e13181 
Received 25 September 2022; Received in revised form 19 January 2023; Accepted 19 January 2023   

mailto:ma-asakura@hyo-med.ac.jp
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e13181
https://doi.org/10.1016/j.heliyon.2023.e13181
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e13181&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e13181
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e13181

2

prevent repeated re-hospitalizations that hasten HF death [4,5]. Association with plasma NT-proBNP levels, HF re-hospitalization, and 
death has been extensively investigated. NT-proBNP has proven to be an important prognostic marker in HF patients [6,7], and 
NT-proBNP levels may be useful in selecting patients who need more intensive treatment. However, NT-proBNP is modified by factors 
such as renal failure [8,9], obesity [9,10], age [9,11,12], and gender [11,12,13], which limits its predictive accuracy alone. Hence, 
further development of biomarkers that enable accurate prediction of HF prognosis development is warranted. 

Various biomarkers, including NT-proBNP levels, are known to change significantly during the exacerbation of HF, reflecting 
impaired hemodynamics, and are used or studied to predict HF prognosis [14]. However, these biomarkers fluctuate, reflecting 
changes in fluid volume status and other interventions for acute decompensated heart failure (ADHF) treatment, such as relieving of 
congestion. In a clinical trial comparing NT-proBNP at admission and discharge reported that the change in values before and after 
treatment for ADHF allowed stratification of HF prognosis [6,15,16]. 

The renin–angiotensin–aldosterone system (RAAS) plays a central role in HF with reduced ejection fraction (HFrEF) [17]. RAAS 
activation is an important physiological mechanism for maintaining organ perfusion by stimulating peripheral vasoconstriction and 
renal reabsorption of sodium and water [18]. But in HF patients, such activation is known to cause maladaptation and exacerbation of 
HF disease status [19]. Prolonged RAAS activation causes myocardial remodeling and induces a decline in cardiac function. This 
further activates the RAAS, forming a vicious cycle in the pathophysiology of HF. In addition, angiotensin-converting enzyme in-
hibitors (ACEi) [20,21], angiotensin receptor blocker (ARB) including angiotensin receptor-neprilysin inhibitor (ARNi) [22,23,24], 
and mineralocorticoid receptor antagonist (MRA) [25] have all been shown to improve long-term outcomes in chronic HF patients by 
suppressing RAAS, indicating that RAAS plays a major role in the pathophysiology of HF progression. 

Renin is the most upstream component of RAAS, and it has been reported that ADHF patients who have high plasma renin activity 
(PRA) level on admission have poor prognosis [26,27,28]. Similar to NT-proBNP, PRA fluctuates significantly with changes in fluid 
volume and renal blood flow following HF treatment [29,30], and with the initiation or up-titration of guideline directed medical 
therapies (GDMTs) [31,32,33]. Recent study reported that PRA is a prognostic predictor in stabilized HF patients with LVEF<50%, but 
change in PRA in this population has not been investigated [34]. Currently, there are no reports focused on changes in PRA level at 
admission and discharge to evaluate prognosis of HF. 

2. Materials and methods 

A retrospective cohort study was conducted in 116 consecutive HF with reduced ejection fraction (HFrEF) or HF with mildly 
reduced ejection fractions (HFmrEF) patients, who were admitted for ADHF to the Division of Cardiovascular Medicine in Hyogo 
College of Medicine between December 2017 and July 2019. Salt-restricted diet containing 6 g/day of NaCl were served for all patients 
during admission. ADHF was diagnosed according to Framingham criteria. Patients were included if they were ≥20 years old, had New 
York Heart Association (NYHA) class > II, and had collected blood samples for neurohumoral factors within 24 h of admission. Patients 
were excluded if they had hemodialysis (n = 9); active malignancy (n = 9); in-hospital death (n = 13). As a result, 85 patients were 
eligible for the present study. 

All data were retrospectively collected from the electronic medical record system. Demographic data, vital signs, medical histories, 
laboratory values, and echocardiographic findings were collected to investigate the influence of neurohumoral factors in patients with 
ADHF. Left ventricular ejection fraction (LVEF) was obtained using Simpson or Teichholz method, as appropriate. A composite 
endpoint was defined as all cause death or unplanned hospital admission for ADHF. Oral loop diuretic doses were converted to 
furosemide equivalents, with 60 mg of azosemide = 8 mg of torasemide = 40 mg of furosemide. In addition, oral beta blocker doses 
were converted to carvedilol equivalents, with 5 mg bisoprolol = 20 mg carvedilol. This study complies with the Declaration of 
Helsinki and was approved by the institutional review board at Hyogo College of Medicine, Hyogo, Japan (approval number 3281). 
Written informed consent was waived because this was a retrospective study. 

On admission, the blood samples were collected at the earliest possible time point no later than 24 h from admission. At discharge, 
the blood samples were collected before taking breakfast and medication in the morning of the day after the attending physician 
decided to allow discharge. Blood sampling at both time points were performed after 30 min of supine rest or in the sitting position if 
orthopnea was strong. The samples were prepared by following previous reports [34,35]. Briefly, the whole blood sample was placed 
on ice and plasma was obtained within 18 h followed by immediate freezing. Frozen plasma was thawed just before the measurement. 
PRA, PAC, and ADH levels were measured by radioimmunoassay using Plasma Renin Activity FR kit with proteasome inhibitor 
(Fujirebio, Osaka, Japan) which contains protease inhibitor, SPAC-S aldosterone RIA kit (Fujirebio, Osaka, Japan) and AVP kit Yamasa 
(Yamasa Shoyu Corporation, Choshi, Japan), respectively. Epinephrine levels were measured by high performance liquid chroma-
tography method using CA test (Tosoh Bioscience, Tokyo, Japan). Plasma creatinine was measured with Cobas Cygnus auto CRE 
(Rosch Diagnostics, Germany) and NT-proBNP was measured with the electro-chemiluminescence assay (Elecsys 2010, Roche Di-
agnostics, Germany). PRA levels which were undetectable (≤0.1 ng/mL/h) were recorded as a PRA of 0.1 ng/mL/h. All measurements 
were performed by central core laboratory (SRL, Inc.,Tokyo, Japan). 

All continuous variables are expressed as the mean ± SD if they fit a normal distribution; alternatively, values are expressed as the 
median and interquartile range (IQR). Categorical variables are expressed as the number (%). Parameters fitting a normal distribution 
were analyzed by unpaired t-test or paired t-test. If the data did not fit a normal distribution, Mann–Whitney U test or Wilcoxon signed- 
rank test was performed. Categorical variables were analyzed by performing chi-square, Fisher’s exact test, or McNemar’s test as 
appropriate. Kaplan–Meier analysis survival curves and log-rank tests were used to evaluate the composite outcome of all-cause 
mortality or re-hospitalization for worsening HF. We adjusted for RAAS inhibitors (RAASi) such as ACEi, ARB, and MRA, and beta 
blockers (BB) to determine the factors for the composite outcome in our multivariable Cox proportional hazards regression analysis. 
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Table 1 
Baseline characteristics.   

All patient (n = 85) Decreasing tier (n = 28) Minimal tier (n = 28) Increasing tier (n = 29) 

Baseline Discharge Baseline Discharge Baseline Discharge Baseline Discharge 

Age (y) 78 (72–85) 78 (70–85) 78 (68–83) 78 (74–87) 
Male, n (%) 54 (63) 13 (46) 21 (75) 20 (69) 
NYHA class, n (%) 
II 2 [2] 37 [44] * 0 (0) 15 (54) * 2 [7] 12 [43] 0 (0) 10 [34] 
III 43 (51) 16 [19] * 14 (50) 4 [14] * 11 [39] 4 [14] 18 (62) 8 [28] * 
IV 40 (47) 0 (0) * 14 (50) 0 (0) 15 (54) 0 (0) * 11 [38] 0 (0) 
Pleural effusion, n (%) 65 (76) 24 [28] * 21 (75) 13 (46) * 21 (75) 7 [25] * 23 (79) 4 [14] *☨ 
BW (kg) 58.1 (48.0–68.3) 54.5 (43.5–61.3) * 54.7 (44.0–61.0) 49.0 (42.6–61.3) * 62.8 (50.8–69.7) 55.1 (43.0–62.0) * 58.0 (48.1–68.2) 55.0 (44.1–59.1) * 
BW change (kg) − 6.3 (− 9.4–− 3.7) − 4.5 (− 9.5–− 2.5) − 7.4 (− 9.2–− 4.0) − 6.0 (− 9.8–− 3.5) 
SBP (mmHg) 137 (118–162) 111 (99–125) * 140 (125–168) 115 (101–128) * 131 (112–146) 113 (99–122) * 124 (110–154) 103 (96–126) * 
HR (bpm) 91 (72–112) 70 (62–80) * 97 (77–112) 71 (62–83) * 80 (68–102) 70 (59–80) * 83 (64–102) 70 (62–79) 
prior HF hospitalization, n 

(%) 
42 (49) 11 [39] 13 (46) 18 (62) 

Hemoglobin (g/dL) 11.1 (9.4–12.8) 11.6 (9.5–13.1) * 10.9 (9.2–12.4) 10.8 (9.2–12.5) 11.1 (9.7–13.3) 11.7 (10.3–12.9) * 11.2 (9.3–12.8) 11.9 (9.5–13.9) 
BUN (mg/dL) 25 [18–39] 31 (23–46) * 29 (18–49) 24 (15–50) 24 [17–31] 29 (23–45) * 23 [18–36] 35 (26–48) 
Creatinine (mg/dL) 1.09 (0.88–1.68) 1.28 (0.92–1.88) * 1.07 (0.75–1.85) 1.12 (0.80–2.18) 1.07 (0.89–1.45) 1.17 (1.01–1.48) 1.43 (0.93–1.76) 1.47 (0.93–2.06) * 
Plasma Na (mEq/L) 141 (138–143) 139 (136–141) * 140 (137–143) 139 (137–142) 142 (140–143) 140 (137–141) * 140 (138–143) 137 (135–139) *☨ 
Plasma K (mEq/L) 4.1 (3.8–4.6) 4.4 (4.0–4.7) 4.1 (3.8–4.7) 4.2 (3.8–4.9) * 4.0 (3.7–4.6) 4.4 (4.0–4.7) 4.3 (3.7–4.7) 4.4 (4.2–4.7) 
Plasma Cl (mEq/L) 106 (103–108) 101 (99–104) * 104 (99–108) 102 (99–104) 107 (104–108) 102 (101–104) * 105 (102–108) 100 (97–103) * 
BNP (pg/mL) 881 (475–1570) 323 (168–564) * 1100 (498–1598) 502 (220–736) * 788 (516–1743) 312 (209–439) * 881 (458–1565) 231 (140–420) *☨ 
NT-pro BNP (pg/mL) 6839 

(3293–20016) 
2779 (1127–5766) 
* 

10,195 
(4257–29303) 

5370 (2060–9457) 
* 

6909 (3219–20016) 2339 (1083–4029) 
* 

5268 
(3038–10770) 

1724 (1034–3188) 
*☨ 

PRA (ng/mL/h) 0.8 (0.3–2.2) 2.8 (1.0–7.2) 0.9 (0.3–3.4) 0.6 (0.3–1.6) * 0.6 (0.3–1.5) 2.0 (1.3–3.3) * 1.4 (0.6–2.4) 12 [7–18] *☨ 
LLoQ of PRA, n (%) 8 [9] 3 [4] 2 [7] 3 [11] 3 [11] 0 (0) 3 [10] 0 (0) ☨ 
Aldosterone (pg/mL) 83 (47–142) 113 (68–186) * 64 (44–165) 72 (42–137) 84 (36–130) 97 (67–143) 88 (65–150) 183 (130–233) *☨ 
WRF, n (%) 20 [24] 7 [25] 5 [19] 8 [29] 
LVDd (mm) 58 (51–66) 58 (51–65) * 56 (50–61) 56 (49–62) 61 (53–66) 58 (52–62) 61 (51–71) 62 (52–67) * 
LVEF (%) 34 [27–40] 33 [25–40] * 35 (26–48) 33 [24–44] 32 [26–38] 33 [26–38] 34 [28–41] 34 [24–41] 
E/e prime 23 [18–32] 19 [13–23] * 22 [18–36] 19 [14–24] 23 [19–31] 20 [13–22] * 23 [16–34] 18 [13–24] * 
LAVI (ml/m2) 69 (50–81) 54 (42–71) * 71 (48–78) 56 (46–70) 71 (54–97) 53 (41–72) * 62 (45–86) 54 (41–75) 
AF or AFL, n (%) 29 [34] 8 [29] 10 [36] 11 [38] 
Ischemic etiology, n (%) 26 [31] 9 [32] 7 [25] 10 [34] 
Hypertention, n (%) 58 (68) 23 (82) 20 (71) 15 (52) ☨ 
Diabates mellitus, n (%) 32 [38] 12 [43] 10 [36] 10 [34] 
Oral medications, n (%) 
ACE-inhibitors or ARBs, n 

(%) 
53 (62) 66 (78) * 17 (61) 19 (68) 16 (57) 21 (75) 20 (69) 26 (90) 

BB, n (%) 60 (71) 76 (89) * 16 (57) 25 (89) * 23 (82) 25 (89) 21 (72) 26 (90) 
Carvedilol equivalent, mg 7.5 (0–11.25) 10 [5–15] * 6.25 (0–11.875) 10 [5–20] * 8.75 

(3.125–11.875) 
10 [5–15] 5 (0–12.5) 10 (2.5–10) 

Loop diuretics, n (%) 44 (52) 63 (74) * 9 [32] 17 (61) 15 (54) 22 (79) 20 (69) ☨ 24 (83) 
Furosemide equivalent, mg 10 (0–40) 20 (0–40) * 0 (0–40) 20 (0–40) * 5 (0–40) 20 [10–40] 30 (0–40) 20 [20–40] 
MRA, n (%) 15 [18] 39 (46) * 7 [25] 10 [36] 2 [7] 12 [43] * 6 [21] 17 (59) * 
Hospitalization length (days) 17 [11–26] 20 [11–33] 15 [10–22] 18 [11–26] 

Data are presented median (25th to 75th percentiles) for continuous variables, or n (%). *p < 0.05 vs on admission data. †<0.05 showed significant differences between the tiers at the same phase. ACE, 
angiotensin-converting enzyme; AF, atrial fibrillation; AFL, atrial flutter; ARB, angiotensin receptor blocker; BB, beta-blocker; BNP, B-type natriuretic peptide; E/e’, the ratio between early mitral inflow 
velocity and mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; HF, heart failure; HR, heart rate; LAVI, left arterial volume index; LLoQ: Lower Limit of Quantification, 
LVDd, left ventricular end-diastolic dimension; LVEF left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-termial pro B-type natriuretic peptide; PRA, plasma 
renin activity; NYHA, New York Heart Association; SBP, systolic blood pressure; WRF, worsening renal failure. 
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Results are expressed as hazard ratio (HRs) with 95% confidence intervals (95% CI) and p-values. In addition, the non-adjusted Cox 
proportional hazard model with five knots restricted cubic splines were used to examine nonlinear association between ΔPRA and 
composite outcome [37]. All reported p-values were two-sided and were considered as statistically significant at a value < 0.05. 
Statistical analyses were performed using JMP version 15.2.0 software (SAS Institute, Cary, NC) and R software, version 4.1.0 (The R 
Foundation for Statistical Computing, Vienna, Austria). 

3. Results 

Eighty-five patients who had PRA measurements both at admission and at discharge were analyzed. Baseline characteristics of 
these patients are shown in Table 1. The median age was 78 years (IQR 72–85) and 63% were male. Serum creatinine and NT-pro BNP 
on admission was 1.09 mg/dL (IQR 0.88–1.68) and 6839 pg/mL (IQR 3293–20,016), respectively. The etiology of HF was ischemia in 
26 (31%) and hypertension in 58 (68%). Prior hospitalization due to HF was seen in 42 (49%). Median LVEF and left ventricular 
diastolic diameter (LVDd) was 34% (IQR 27–40) and 58 mm (IQR 51–66), respectively. Oral medication on admission was as follow: 
ACEi or ARB 62%; BB 71%; loop diuretics 52%; MRA 18%. BB and loop diuretics equivalents were 7.5 mg for carvedilol (IQR 0–11.25) 
and 10 mg for furosemide (IQR 0–40), respectively. A comparison between on admission and at discharge showed that body weight 
and NT-proBNP were significantly decreased, while prescription rate of loop diuretics, MRA, RAASi, and BB increased. 

Fig. 1 shows changes of PRA (ΔPRA) and PAC (ΔPAC) during hospitalization. The number of the samples whose PRA level were 
undetectable (≤0.1 ng/mL/h) so that recorded as a PRA of 0.1 ng/mL/h were 8 on admission and 3 at discharge where 1 patient 
showed PRA level below lower limit of quantification (Table 1). Median PRA and PAC on admission was 0.8 (IQR 0.3–22) ng/mL/h and 
83 (IQR 47–142) pg/mL, respectively. In contrast, median PRA and PAC at discharge was 2.8 (IQR 1.0–7.2) ng/mL/h and 113 (IQR 
68–186) pg/mL, respectively. PRA was significantly elevated at discharge compared to admission (p < 0.001), as was PAC (p < 0.05). 
ΔPRA during hospitalization was 1.1 (IQR 0.1–6.1) ng/mL/h and ΔPAC was 26 (IQR -25 - 75) pg/mL, respectively. 79% of patients 
exhibited increased PRA, and 67% of patients exhibited increased PAC. 

During follow-up of 365 days, cardiac event occurred in 33 patients (39%). On the Kaplan-Meier curves, the tertiary groups ranked 
by PRA level on admission tend to show worse prognosis in order of high, mid, and low PRA level, although prognostic value of 
singular PRA and PAC measurement did not reach statistical significance (p = 0.07 by log-rank test) (Fig. 2A). On the other hand, 
tertiary groups ranked by PRA level at discharge were significantly differentiated at the primary outcome, and the prognosis was worse 
in order of high, low, and mid (p = 0.034 by log-rank test) (Fig. 2B). Interestingly, on the Kaplan-Meier curves, the order of prognosis 
according to the tertiary groups ranked by PRA level was different between admission and discharge. On the other hand, the tertiary 
groups ranked by PAC levels at admission and at discharge showed no significant difference in prognosis (Supplementary Figure 1). 

As has been previously reported, the higher the PRA on admission, the worse the prognosis [26,27,29]. However, this was not the 
expected order for PRA at discharge. Hence, we analyzed prognostic value of dual PRA measurement. Participants were divided into 
tertiary groups according to the ΔPRA levels during hospitalization. The ΔPRA levels categorized as Increasing, Minimal, and 
Decreasing tiers were 9.9 (IQR 5.6–15.7) pg/mL, 1.1 (IQR 0.6–1.8) pg/mL, and − 0.3 (− 0.9–0.1) pg/mL, respectively. Most of patients 
in the minimal group maintained low PRA level at admission and discharge (Fig. 3). Predicted prognosis progressively worsened in 
order of Minimal, Decreasing, Increasing tiers (p = 0.026 by log-rank test) (Fig. 4). Cox proportional hazard model with restricted 
cubic splines showed that PRA level at admission was associated with prognosis, but not in simple direct proportion (Fig. 5a). But when 

Fig. 1. The change in PRA and aldosterone during hospitalization. 
The level of PRA(a) and aldosterone (b) on admission and at discharge in each case was plotted. Both the level of PRA and aldosterone at discharge 
were higher than those on admission. Red line indicates median. Statistical analysis was performed using paired t-test. Statistically significant 
difference from baseline: * = p < 0.05 and † = p < 0.001. PRA; plasma renin activity. . (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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we analyzed using ΔPRA, the hazard ratio tended to be smaller when the ΔPRA was minimal (Fig. 5b). Of note, even after discarding 
the patients whose PRA level was below lower limit of quantification, comparable result was obtained (Supplementary figure 2). 

Since renin is secreted from juxtaglomerular apparatus, physiological PRA level is affected by renal function. To better understand 
the impact of eGFR on PRA in our study, we examined the level of PRA as well as the ΔPRA according to the eGFR level. As shown in the 
Supplementary figure S3, among the patients with eGFR<30, 30 ≤ eGFR <60, and eGFR ≤60 mL/min/1.73 m2, PRA level on 
admission nor ΔPRA did not show significant difference (p-value was 0.20 and 0.11, respectively). We also examined the Cox pro-
portional hazard model after discarding the patients with eGFR <30 mL/min/1.73 m2 and obtained comparable results to Fig. 4 with 
log-rank p = 0.0505 (Supplementary figure 4). 

4. Discussion 

The major findings of this study are: 1) in HFmrEF or HFrEF ADHF patients, PRA level are elevated at discharge compared to that of 
admission; 2) Singular measurement of PRA level at admission was not sufficient to predict prognosis 3) ΔPRA level were associated 
with prognosis; and 4) Minimal ΔPRA level during hospitalization was associated with better outcome. This study focused on change in 
PRA level during hospitalization as biomarker and revealed its value for predicting prognosis of HF patients. And since renin is located 

Fig. 2. Kaplan-Meier event-free survival curves for cardiovascular death and re-hospitalization due to heart failure in the tertile groups for PRA on 
admission (a) or PRA at discharge (b). Log-rank test was used for statistical analysis. 
Solid line, dashed line, and dotted line represent the high, mid, and low groups of the tertile, respectively. 

Fig. 3. ΔPRA comparison in the three tiers. 
Black (a), orange (b), and blue line (c) represent the increasing, minimal, and decreasing groups of ΔPRA, respectively. PRA; plasma renin activity. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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upstream of the RAAS signaling cascade deeply involved in the pathophysiology of heart failure, we consider this study as clinically 
important and highly relevant. 

Renin is the most upstream regulator of RAAS signaling cascade and is involved in regulation of neurohumoral factors. Renin is 
secreted from kidneys, particularly by the juxtaglomerular apparatus, and its secretion is stimulated when renal inflow is decreased 
due to impaired cardiac output [38,39]. In fact, it has been reported that PRA level elevates as HF stage advances [17]. And since 
excessive RAAS activity is known to cause progressive myocardial remodeling RAASi are the fundamental treatment of HF. Although 
RAASi have shown to improve heart failure outcomes, their use has also been reported to increase PRA level [31,33]. This fact seems 
inconsistent with previous reports that concluded high PRA level are associated with poor prognosis [26,27,28]. Vaduganathan et al. 
reported a substudy of ASTRONAUT trial [40]. They analyzed 1306 cases of patients hospitalized for HF with LVEF <40% with 
available PRA level at baseline. Although it should be noted that they did not select patients with high PRA level nor analyzed con-
founding factors such as co-administered HF therapies, the result showed that the primary composite outcome of cardiovascular 
mortality and HF hospitalization was lowest in the quartile of lowest baseline PRA whilst change in PRA level from baseline to 1 month 
was not predictive of primary endpoint at 12 months. Therefore we believe that neither PRA nor renin is an effector regulating the 
pathophysiology of HF. Furthermore, if elevated PRA level truly indicates overall RAAS activity, there should be a simple association 
between PRA level and prognosis, but in our analysis, PRA level at admission was associated with prognosis, but not in simple direct 
proportion (Fig. 5a). 

In the setting of worsening HF or congestion, neurohumoral factors, including RAAS, are considered to be temporarily activated to 

Fig. 4. Kaplan-Meier event-free survival curves for cardiovascular death and re-hospitalization due to heart failure in the tertile groups for ΔPRA. 
Log-rank test was used for statistical analysis. Black, orange, and blue line represent the increasing, minimal, and decreasing groups of the tertile for 
PRA change, respectively. PRA; plasma renin activity. . (For interpretation of the references to colour in this figure legend, the reader is referred to 
the Web version of this article.) 

Fig. 5. Hazard ratio (95% CI) for primary outcome based on the Cox proportional hazard model with five knots restricted cubic splines. (a) The 
curve represents the association between PRA on admission and the primary outcome. (b) The curve represents the association between ΔPRA and 
the primary outcome. The solid red line indicates a hazard ratio of 1. The solid black line shows the hazard ratio and the gray area shows its 
confidence interval. PRA; plasma renin activity. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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ensure the organ perfusion. And their activation is generally believed or accepted to cease after the relief of congestion or successful 
treatment of ADHF. Thus their temporary activation is considered a reflection of congestion. Taking these into account, in HF patients, 
PRA may not be a direct effector regulating the pathophysiology of HF but may play a greater role as a biomarker reflecting hemo-
dynamic status and degree of RAAS inhibition achieved by HF GDMTs. 

Although there have been various studies on biomarkers to predict prognosis of HF patients, most studies have only analyzed the 
data at admission. However, changes in these biomarkers after therapeutic intervention for HF are not always uniform. Studies 
examining NT-proBNP, which is the most frequently used biomarker of HF prognosis, report a better prognosis in the group with a 30% 
or greater decrease in NT-proBNP after HF treatment [6]. In another study examining HF prognosis using dual point serum chloride 
levels, at admission and at discharge, prognosis was worse in the group with low chloride both at admission and at discharge; and 
normal chloride at admission but low chloride at discharge [41]. As for PRA, although there have been several reports indicating the 
high PRA levels at admission is associated with a poor prognosis, but to the best of our knowledge, no comparisons between PRA at 
admission and at discharge have been reported. There is one previous report that measured renin concentrations, not PRA, at 
admission and at discharge in ADHF patients, but there was no correlation between the change of renin concentration and HF 
prognosis [42]. Our study showed that even in patients who had low levels PRA at admission, when these patient’s PRA levels at 
discharge elevates, they had a poor prognosis. This suggests that PRA at admission alone is not sufficient to predict the prognosis of HF. 

As mentioned above, previous studies have reported a correlation between high PRA level at admission and poor HF prognosis. Also 
in our study, tertiary groups ranked by PRA level on admission showed trend of poor prognosis in order of high, mid, and low PRA level 
(Fig. 2a). However, when PRA level at discharge was examined, prognosis was poor in order of high, low, and mid PRA level group 
(Fig. 2b). Of the patients who were in the high PRA level group at admission, 47% remained in the high PRA level group at discharge, 
while 37% changed to mid PRA level group, and 17% changed to low PRA level group. Thus, PRA values do change by HF treatment, 
and since PRA at discharge is later, it makes sense to update prognostic predictions according to PRA levels at discharge. In the present 
study, we compared PRA level between admission and discharge and used the ΔPRA to evaluate HF prognosis. Prior to this analysis, we 
anticipated that prognosis would be worse in order of Increasing, Minimal and Decreasing tiers. But interestingly, our analysis revealed 
that the prognosis was actually worse in the order of Increasing, Decreasing and Minimal tiers. What caused this difference in the 
change of PRA level? Since influence of ARB on PRA elevation in HF is reported in VaL-HeFT study 31, we examined difference of PRA 
with treatment of HF. Baseline usage of RAASi was associated with higher PRA levels at admission (1.2 (0.5–2.7) vs 0.5 (0.1–1.3), p =
0.003) which was consistent with VaL-HeFT. But we found no differences of initiation or titration of RAASi, BB, or loop diuretics in 
Increasing, Minimal, and Decreasing tiers (Supplementary Table 1 and Supplementary figure 5). There were also no differences be-
tween groups in dose change of RAASi, BB or loop diuretics. As for the association of PRA and renal function, we could not find the 
difference in PRA level on admission as well as in ΔPRA during admission amongst patients with eGFR<30, those with 30 ≤ eGFR <60, 
and those with eGFR ≤60 mL/min/1.73 m2. The Cox proportional hazard model showed similar results after discarding the patients 
with eGFR <30, suggesting that the change in PRA during admission may predicts the prognosis across HF patients with broad range of 
renal function. In addition, no significant differences were found in the rate of worsening renal failure during the course of hospi-
talization, nor in changes in systolic blood pressure, heart rate or body weight (Table 1). So the difference of changes in PRA level could 
not be explained by HF treatment, vital signs, or physical findings. 

In addition to RAAS, we also analyzed other neurohumoral factors, such as ADH and epinephrine, but found no significant dif-
ferences in each group (Supplementary Table 2). No significant differences were found in changes of NT-proBNP and BNP among each 
group, but NT-proBNP and BNP were significantly higher at discharge in the Decreasing group than in the other groups. As mentioned 
above, high NT-proBNP level at discharge is a predictor of poor prognosis, but residual pleural effusion at discharge has also been 
reported as a poor prognostic factor [43]. In the present study, significantly high prevalence of residual pleural effusion was observed 
in Decreasing group. And this might suggest that further need for dehydration or inadequate volume control. In this present analysis, 
we cannot determine whether the elevated PRA at admission was to maintain hemodynamic in the setting of ADHF, and/or a tem-
porary response due to congestion, or an increase in the baseline level of PRA due to stage progression of HF, but these aforementioned 
factors may have contributed to the worse prognosis in Decreasing group. On the other hand, patients in Increasing group had 
significantly lower serum sodium level at discharge. It has been reported that as the stage of HF progresses, serum sodium level declines 
and is an independent predictor of poor prognosis [44]. Also, PRA level at discharge was 0.6 (IQR 0.3–1.6) ng/mL/h in Decreasing 
group and 2.0 (IQR 1.3–3.3) ng/mL/h in Minimal group but was 12.0 (IQR 7.0–18.0) ng/mL/h in Increasing group, which was 
significantly higher than other two groups (Table 1). Therefore, we can speculate that excessive dehydration, until PRA level is 
elevated, was needed to relieve the congestion in Increasing group. Given this perspective, this Increasing group may include patients 
with potentially severe HF who cannot be assessed by conventional HF biomarkers such as NT-proBNP or BNP (Supplementary 
Table 2). 

The reason for the better prognosis in the Minimal group also could not be explained by etiology or severity of HF, blood pressure, 
pulse rate, renal function or HF drug induction rate at admission and discharge (Table 1). Considering that PRA levels are altered by 
hemodynamic changes, signals from sympathetic nerve activity, and feedback from factors downstream of the RAAS signaling cascade, 
it may be possible to consider that patients who are able to maintain low level of PRA even during HF exacerbations are the ones who 
have the better prognosis. This study indicates that it may be possible to further stratify the prognosis of HF patients by comparing PRA 
level at admission and discharge and analyzing its change or trajectory. 

4.1. Limitations 

There are several limitations to our study. First, this was single center, retrospective study. There was no significant difference in 
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the commonly accepted association between PRA at admission and HF prognosis. Secondly, the number of patients in this study was 
small. Thirdly, each patient’s treatment is different, the changes in PRA levels are not uniform. Fourthly, this study was conducted in 
the period before ARNI was launched in Japan, so PRA values may be different from current standards. Fifthly, the time between 
admission and blood collection varies from patient to patient. Because the half-life of PRA is 40–120 min, PRA level may have changed 
due to HF treatment with rest and oxygenation. Sixthly, it is known that PRA is affected by various regulating factors of RAAS, such as 
emotional stress, nutrition, and renal perfusion but we could not analyze these factors in the current study. Seventhly, the blood sample 
on admission was collected as early as possible within 24 h from admission for ADHF. Therefore, the time of sampling and the length of 
the time from the last meal or the last medication etc. was not standardized in this study. Lastly, this is an observational clinical study 
and do not provide mechanistic insight that links regulation of PRA and the pathophysiology of HF, suggesting the need for further 
studies including animal research. 

5. Conclusion 

In ADHF patients with ejection fraction less than 50%, patients with minimal change of PRA during hospitalization showed better 
prognosis over those with either increasing or decreasing PRA levels. These results suggest that measuring and comparing PRA level at 
admission and discharge may allow for more detailed stratification of HF prognosis. Further research on PRA in HF is desirable. 
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