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University were enrolled as the Nara Registry and Analysis 
for Myocardial Infarction II (NARA-MI II) study. After 
excluding 58 patients who were admitted >48 h after the 
onset of AMI, 43 patients who died in hospital, 18 patients 
who were lost to follow-up, and 58 patients without base-
line PRA data, 878 patients were finally included in this 
study. AMI was diagnosed by a history of chest pain, 
typical ECG changes suggesting AMI, and increased 
creatinine kinase (CK) levels of twice the upper normal 
limit.9

Data Collection and Endpoints
PRA was measured within 48 h of admission and patients 
were divided into 2 groups according to their median PRA 
value. Coronary angiography and coronary revasculariza-
tion were performed using standard techniques with the 
femoral or radial approach. Revascularization procedures, 
such as thrombectomy, distal protection, predilatation, 
stenting, and postdilatation, were selected at each opera-

A cute myocardial infarction (AMI) is one of the 
most important causes of cardiovascular death or 
heart failure (HF). Several prognostic biomarkers 

have been identified as independent predictors for death in 
AMI patients. Previous studies demonstrated that plasma 
B-type natriuretic peptide (BNP) predicts death in patients 
with acute coronary syndrome1 or AMI.2,3 On the other 
hand, plasma renin activity (PRA), known as a key regula-
tor of the renin-angiotensin system (RAS), is also associated 
with cardiovascular outcomes in hypertensive populations,4 
HF patients,5 diabetic patients,6 general population,7 and 
coronary artery disease (CAD) patients without a history 
of AMI.8 We hypothesized that PRA might be associated 
with clinical outcomes in AMI patients, so this study inves-
tigated whether PRA can predict cardiovascular events in 
patients with AMI.

Methods
Study Participants
Between 2007 and 2016, 1,055 AMI patients who under-
went emergency coronary angiography at Nara Medical 
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Background: Plasma renin activity (PRA) is associated with cardiovascular events in patients with heart failure (HF), but its prog-
nostic role in acute myocardial infarction (AMI) is unclear.

Methods and Results: A total of 878 patients with information on baseline PRA on admission were selected from 1,055 AMI patients 
who underwent emergency coronary angiography between 2007 and 2016. The patients were divided into 2 groups according to 
their median PRA (2.0 ng/mL/h). The primary endpoint was major adverse cardiac events (MACE), defined as a composite of car-
diovascular death and hospitalization because of HF. During follow-up (median 4.5±3.1 years), MACE occurred in 108 patients. 
Kaplan-Meier analysis showed that the high PRA group had significantly lower MACE-free survival than the low PRA group (log-rank 
P=0.0009). By multivariate analysis, high PRA was an independent predictor of MACE (hazard ratio (HR) 1.573; 95% confidence 
interval (CI) 1.049–2.396, P=0.0282). Similarly, among 580 patients who had not been previously treated with renin-angiotensin 
system inhibitors or β-blockers on admission, high PRA was an independent predictor of MACE (HR 1.732; 95% CI 1.010–3.047, 
P=0.0460).

Conclusions: In the studied AMI patients, elevated levels of PRA were independently associated with poor prognosis.
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Statistical Analysis
Continuous variables are presented as mean ± SD. The dif-
ferences between the groups in clinical characteristics and 
laboratory data were analyzed using the unpaired t-test or 
Wilcoxon rank sum test. We constructed Kaplan-Meier 
curves for patients in the high PRA or low PRA group to 
the primary endpoint and the difference between the 
groups was assessed by the log-rank test in each group. 
Univariate and multivariate analyses of event-free survival 
were performed using Cox proportional hazards models. 
A P-value <0.05 was considered statistically significant. All 
data were analyzed using JMP version 12.2 for Windows 
(SAS Institute, Cary, NC, USA). 

tor’s discretion. The primary endpoint was major adverse 
cardiac event (MACE), defined as a composite of car-
diovascular death and HF requiring hospitalization. 
Cardiovascular death was defined as death from AMI, 
sudden cardiac death, stroke, HF, or vascular disease. The 
diagnosis of HF was based on the Framingham criteria for 
HF.10 Research assistants recorded data using individual 
chart review. When this information was unavailable, they 
telephoned the patients or their families. After having 
confirmed the results, R.K. and M.W. adjudicated every 
endpoint. The study protocol was approved by the Ethics 
Committee of Nara Medical University (ID no. #1625), and 
was performed in accordance with the 1975 Declaration of 
Helsinki guidelines for clinical research protocols. 
Informed consent was given by all patients.

Table 1. Baseline Clinical, Lesion Characteristics and Medications of Study Patients With AMI

Total  
(n=878)

High PRA  
(n=448)

Low PRA  
(n=430) P value

Age (years) 67.8±11.9 67.3±12.5 68.2±11.1 0.4926

Male sex, n (%) 676 (77.0) 366 (81.7) 310 (72.1) 0.007　　
Medical history

  Smoking, n (%) 601 (68.5) 319 (71.2) 282 (65.6) 0.0730

  Diabetes mellitus, n (%) 293 (33.4) 173 (38.6) 120 (27.9) 0.0007

  Dyslipidemia, n (%) 469 (53.4) 247 (55.1) 222 (51.6) 0.2978

  Hypertension, n (%) 560 (63.8) 304 (67.9) 256 (59.5) 0.0103

  Dialysis, n (%) 23 (2.6) 13 (2.9) 10 (2.3) 0.5924

Killip class

  IV, n (%) 66 (7.5) 40 (8.9) 26 (6.1) 0.1040

Laboratory data on admission

  Hb (g/dL) 13.9±2.0　　 14.1±2.1　　 13.7±2.0　　 0.0340

  eGFR (mL/min/1.73 m2) 67.5±25.5 65.4±26.8 69.6±23.9 0.0067

  HbA1c (%) 6.1±1.3 6.3±1.5 6.0±1.0 0.0680

  LDL-C (mg/dL) 113.3±37.5　　 111.4±39.4　　 115.2±35.3　　 0.0365

  BNP (pg/mL) 137.4 (62.4–285.0)   139.6 (61.8–308.9)   134.0 (63.1–263.8) 0.3043

  PRA (ng/mL/h) 2.0 (1.0–4.5)　　 4.4 (2.7–8.6) 1.0 (0.6–1.4) –

  Aldosterone (pg/mL)   73.6 (46.4–127.2)  75.8 (49.7–131)     71.7 (43.5–123.6) 0.0631

Max CK (IU/I) 2,962±2,661 3,346±2,966 2,561±2,232 <0.0001　
EF (%) 58.0±10.9 56.8±11.2 59.3±10.5 0.0008

Culprit vessel

  RCA, n (%) 333 (37.9) 163 (36.4) 170 (39.5) 0.3361

  LAD, n (%) 418 (47.6) 227 (50.7) 191 (44.4) 0.0636

  LCX, n (%) 104 (11.9) 44 (9.8)   60 (14.0) 0.0579

  LMT, n (%) 10 (1.1)   9 (2.0)   1 (0.2) 0.0077

Final TIMI flow grade

  3, n (%) 834 (95.0) 424 (94.6) 410 (95.4) 0.6314

Medications at discharge

  Aspirin, n (%) 856 (97.5) 443 (98.9) 413 (96.1) 0.0058

  ACEIs or ARBs, n (%) 855 (97.4) 437 (97.5) 418 (97.2) 0.7558

  ACEIs, n (%) 753 (85.8) 386 (86.2) 367 (85.4) 0.7308

  ARBs, n (%) 125 (14.2)   62 (13.8)   63 (14.7) 0.7308

  β-blockers, n (%) 575 (65.6) 308 (68.9) 267 (62.1) 0.0338

  MR blockers, n (%) 118 (13.4)   70 (15.6)   48 (11.2) 0.0519

  Statins, n (%) 618 (70.4) 315 (70.3) 303 (70.5) 0.9605

Data presented as n (%), mean ± SD, or median (25th–75th percentile). ACEI, angiotensin-converting enzyme inhibitor; AMI, acute myocardial 
infarction; ARB, angiotensin-receptor blocker; BNP, B-type natriuretic peptide; EF, ejection fraction; eGFR, estimated glomerular filtration rate; 
Hb, hemoglobin; LAD, left anterior descending artery; LCX, left circumflex artery; LDL-C , low-density lipoprotein cholesterol; LMT, left main 
trunk; Max CK, maximum creatinine kinase; MR, mineralocorticoid receptor; PRA, plasma renin activity; RCA, right coronary artery; TIMI, 
Thrombolysis in Myocardial infarction.
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terol levels were significantly lower, and hemoglobin was 
significantly higher in the high PRA group than in the 
low PRA group. BNP was similar in both groups. The 
patients in the high PRA group had significantly lower 
LVEF and higher max. CK compared with the low PRA 
group. The left main trunk was more commonly docu-
mented as the culprit vessel in the high PRA group. The 
final TIMI-3 flow was similarly achieved in both groups. 
Aspirin and β-blockers were more frequently used in the 
high PRA group, but angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin-receptor blockers (ARBs), 
and statins were similarly used in the 2 groups.

Clinical Outcomes
During follow-up (median 4.5±3.1 years), MACE occurred 
in 108 patients: 71 (15.9%) in the high PRA group and 37 
(8.6%) in the low PRA group. Kaplan-Meier curves show 
that MACE-free survival was significantly lower in the 
high PRA group than in the low PRA group (log-rank 
P=0.0009; Figure 1). High PRA was significantly associ-
ated with MACE (hazard ratio (HR) 1.937; 95% confi-
dence interval (CI) 1.311–2.911, P=0.0008). High PRA was 
also significantly associated with cardiovascular death 
(HR 2.255; 95% CI 1.316–4.020, P=0.0027), hospitaliza-
tion for HF (HR 1.841; 95% CI 1.155–3.004, P=0.0100), 
and sudden cardiac death (HR 7.396; 95% CI 2.086–46.93, 
P=0.0009). However, there were no statistically significant 
differences in the incidence of death from AMI, stroke, HF 
or vascular disease.

The results of the univariate and multivariate analyses 
are shown in Table 2. High PRA, age, sex, BNP, LVEF, Hb, 
eGFR, Max CK, and Killip IV were predictors of MACE. 
By multivariate analysis, high PRA (HR 1.573; 95% CI 
1.049–2.396, P=0.0282), age (HR 1.055; 95% CI 1.032–1.080, 
P<0.0001), BNP (HR 1.055; 95% CI 1.020–1.087, P=0.0027), 
Max CK (HR 1.009; 95% CI 1.003–1.015, P=0.0039), and 
LVEF (HR 0.969; 95% CI 0.953–0.985, P=0.0002) were 
independent predictors of MACE. Following adjustment 
for covariates including age, sex, BNP, LVEF, Hb, eGFR, 
Max CK and Killip IV, a high PRA remained as an 
independent predictor of MACE (HR 1.573; 95% CI 
1.049–2.396, P=0.0282). 

For the sensitivity analysis, we also divided the patients 

Results
Baseline Clinical Characteristics
Baseline clinical characteristics of the study population are 
shown in Table 1. The mean age was 67.8±11.9 years (77.0% 
were male). The median value of PRA was 2.0 ng/mL/h 
(interquartile range: 1.0–4.5). We divided patients into 2 
groups according to the median PRA: high PRA group 
(n=448) and low PRA group (n=430). Table 1 shows the 
baseline clinical characteristics, Killip class, laboratory 
data, ejection fraction (EF) by echocardiography, maximum 
(Max) CK levels, procedural characteristics, and medica-
tions at discharge compared between the high and low 
PRA groups. The high PRA group had more male patients, 
and those with diabetes mellitus and hypertension than the 
low PRA group. On the other hand, age, prevalence of 
smoking, dyslipidemia, and end-stage renal disease requir-
ing hemodialysis were similar between groups. Laboratory 
examination revealed that the estimated glomerular fil-
tration rate (eGFR) and low-density lipoprotein choles-

Figure 1.  Kaplan-Meier event-free survival curve for cardio-
vascular death and heart failure admission in patients with 
plasma renin activity (PRA) ≥2.0 ng/mL/h (blue line, high PRA 
group; n=448) compared with patients with PRA <2.0 ng/mL/h 
(red line, low PRA group; n=430).

Table 2. Univariate and Multivariate Analyses of Predictors of MACE

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P value HR  (95% CI) P value

High PRA 1.937 (1.311–2.911) 0.0008 1.573 (1.049–2.396) 0.0282

Age (years) 1.081 (1.060–1.103) <0.0001　 1.055 (1.032–1.080) <0.0001　
Male sex 0.574 (0.387–0.865) 0.0086 0.988 (0.622–1.588) 0.9610

Diabetes mellitus 1.402 (0.948–2.054) 0.0898

Hypertension 1.167 (0.786–1.765) 0.4495

Killip class IV 3.071 (1.816–4.925) <0.0001　 1.157 (0.636–2.004) 0.6202

Hb (g/dL) 0.759 (0.698–0.827) <0.0001　 0.924 (0.823–1.040) 0.1892

eGFR (mL/min/1.73 m2) 0.972 (0.997–0.979) <0.0001　 0.990 (0.980–1.000) 0.0608

HbA1c (%) 0.996 (0.846–1.146) 0.9620

BNP (100 pg/mL) 1.111 (1.087–1.132) <0.0001　 1.055 (1.020–1.087) 0.0027

Max CK (100 IU/L) 1.008 (1.001–1.013) 0.0178 1.009 (1.003–1.015) 0.0039

EF (%) 0.945 (0.931–0.960) <0.0001　 0.969 (0.953–0.985) 0.0002

Final TIMI flow grade 3 0.621 (0.322–1.387) 0.2246

CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event. Other Abbreviations as in Table 1.
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Furthermore, to exclude the effect of β-blockers on 
PRA, 580 patients who had not been treated with RAS 
inhibitors or β-blockers on admission were analyzed. They 
were again divided into 2 groups according to their PRA 
(2.0 ng/mL/h): high PRA group (n=272) and low PRA 
group (n=308). During follow-up (median 4.8±3.1 years), 
MACE occurred in 61 patients: 40 (14.7%) in the high 
PRA group and 21 (6.8%) in the low PRA group. Kaplan-
Meier curves show that MACE-free survival was signifi-
cantly lower in the high PRA group than in the low PRA 
group (log-rank P=0.0032; Figure 3). High PRA was 
associated with MACE (HR 2.168; 95% CI 1.293–3.743, 
P=0.0031). After adjusting for covariates including age, 
BNP, LVEF, Hb, eGFR, a high PRA remained as an 
independent predictor of MACE (HR 1.732; 95% CI 
1.010–3.047, P=0.0460) (Table 4).

To avoid the acute effect of the emergency use of diuretic 
medications on PRA, we excluded 85 patients who were 
treated with diuretics in the acute phase before blood sam-
pling for PRA measurement. The remaining 793 patients 
were divided into 2 groups according to their PRA values 
(2.0 ng/mL/h): high PRA group (n=395) and low PRA 
group (n=398). During follow-up (median 4.7±3.0 years), 
MACE occurred in 77 patients: 50 patients (12.7%) in the 
high PRA group and 27 patients (6.8%) in the low PRA 

into 3 groups. For patients in the highest tertile for baseline 
PRA compared with those in the lowest tertile, the unad-
justed HR for MACE was 2.132 (95% CI 1.337–3.491, 
P=0.0013). After adjustment for covariates including age, 
BNP, LVEF, Hb, and eGFR, the adjusted HR for MACE 
was 1.781 (95% CI 1.091–2.979, P=0.0207). This means 
that higher PRA is a predictor of poor outcome in AMI 
patients.

Because PRA is strongly affected by the use of RAS 
inhibitors, we further assessed the results of a similar anal-
ysis in 603 patients who had not been previously treated 
with RAS inhibitors. They were divided into 2 groups 
according to their PRA values (2.0 ng/mL/h): high PRA 
group (n=281) and low PRA group (n=322). During 
follow-up (median 4.8±3.1 years), MACE occurred in 66 
patients: 43 (15.3%) in the high PRA group and 23 (7.1%) 
in the low PRA group. Kaplan-Meier curves show that 
MACE-free survival was significantly lower in the high 
PRA group than in the low PRA group (log-rank P=0.0022; 
Figure 2). High PRA was associated with MACE (HR 
2.166; 95% CI 1.319–3.651, P=0.0021). After the adjust-
ment for covariates including age, BNP, LVEF, Hb, and 
eGFR, a high PRA remained as an independent predictor 
of MACE (HR 1.701; 95% CI 1.010–2.927, P=0.0459) 
(Table 3).

Table 3. Cox Regression Analysis of PRA for MACE in 
Patients Not Previously Treated With RAS 
Inhibitors

MACE

Low PRA High PRA P value

Unadjusted HR 1 2.166  
(1.319–3.651)

0.0021

Adjusted HR 1 1.701  
(1.010–2.927)

0.0459

Cox proportional hazards model adjusted for the following covari-
ates: age, BNP, left ventricular ejection fraction, hemoglobin and 
eGFR. RAS, renin-angiotensin system. Other abbreviations as in 
Tables 1,2.

Table 4. Cox Regression Analysis of PRA for MACE in 
Patients Not Previously Treated With RAS 
Inhibitors or β-blockers

MACE

Low PRA High PRA P value

Unadjusted HR 1 2.168  
(1.293–3.743)

0.0031

Adjusted HR 1 1.732  
(1.010–3.047)

0.0460

Cox proportional hazards model adjusted for the following covari-
ates: age, BNP, left ventricular ejection fraction, hemoglobin and 
eGFR. Other abbreviations as in Tables 1–3.

Figure 2.  Kaplan-Meier event-free survival curve for cardio-
vascular death and heart failure admission in patients who 
had not been previously treated with RAS inhibitors on admis-
sion with plasma renin activity (PRA) ≥2.0 ng/mL/h (blue line, 
high PRA group; n=281) compared with patients with PRA 
<2.0 ng/mL/h (red line, low PRA group; n=322). RAS, renin-
angiotensin system.

Figure 3.  Kaplan-Meier event-free survival curve for cardio-
vascular death and heart failure admission in patients who 
had not been previously treated with RAS inhibitors or 
β-blockers on admission with plasma renin activity (PRA) 
≥2.0 ng/mL/h (blue line, high PRA group; n=272) compared 
with patients with PRA <2.0 ng/mL/h (red line, low PRA group; 
n=308).
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data might have a selection bias. Second, it is generally 
recommended that PRA is measured while in the patient is 
supine for >30 min, but the supine position might exacer-
bate AMI in the acute stage. Therefore, most blood sam-
ples were not obtained after 30 min at rest. In addition, 
because of being in the acute phase of AMI, some patients 
were vomiting and so we could not get sufficient informa-
tion on the amount of any meals. Furthermore, we could 
not evaluate accurately the last meal time because the 
hemodynamics on admission of AMI are sometimes unsta-
ble and we could not get enough information from the 
patient’s interview. Therefore, we could not compare the 
influence of meal state after admission of AMI between the 
2 groups. Third, residual confounders might exist. Fourth, 
we used only baseline PRA values, so it is unknown if 
serial changes in PRA values are associated with progno-
sis. Similarly, it is uncertain if some medications that lower 
the PRA could improve clinical outcomes in AMI patients. 

Conclusions
Elevated levels of PRA were independently associated with 
long-term prognosis in AMI patients regardless of previ-
ous use of RAS inhibitors or β-blockers.
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