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Background: In recent years, the hospital admission rate of non-ST-elevation myocardial infarction 
(NSTEMI) patients has exhibited an increasing trend, and a forthcoming transition from ST-elevation 
myocardial infarction (STEMI) to NSTEMI has been observed in China. The association between serum 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) and major adverse cardiac events (MACEs) within 
12 months after discharge among patients with NSTEMI remains unclear.
Methods: A total of 1,357 consecutively admitted NSTEMI patients were from the TAMI cohort. The 
patients’ baseline demographic and clinical information were collected, and follow-up was carried out for 12 
months. The primary outcome was composite MACEs consisting of all-cause death, hospital admission for 
unstable angina, hospital admission for heart failure, non fatal recurrent myocardial infarction, and target 
lesion revascularization (TLR). We adopted a Cox proportional hazard model to analyze the effect of NT-
proBNP on MACEs and quantified the added prognostic value of NT-proBNP on the Global Registry of 
Acute CoronaryEvents (GRACE) risk score using the Harrell C-index, NRI, and IDI.
Results: The overall average follow-up period was 313 days. In total, 211 (15.55%) patients suffered from 
at least one MACE, and 97 patients were lost to follow-up, with a median follow-up time of 147 days. As 
the NT-proBNP level increased, a significant uptrend in the incidence of composite MACEs, all-cause 
death, and heart failure was observed. The multivariable Cox model revealed that NT-proBNP was an 
independent risk factor for composite MACEs [medium- vs. low-, HR: 2.19 (1.45–3.32), P=0.0002]; [high- 
vs. low-, HR: 3.07 (1.78–5.29), P<0.0001], as well as for all-cause death and heart failure. Subgroup analysis 
indicated that NT-proBNP was a robust prognostic biomarker, and the prognostic value was more evident 
for patients older than 60 years and whose LVEF was less than 40%. NT-proBNP (log-scale) was moderately 
correlated with the GRACE score (r=0.58, P<0.0001). The Harrell C-index of NT-proBNP combined with 
the GRACE score was 0.7715, which was higher than that of the GRACE score alone (0.7149) for predicting 
composite MACEs, and this improvement was verified by significant IDI (0.064, 95% CI: 0.027–0.106). 
Conclusions: NT-proBNP is a robust long-term prognostic biomarker for patients diagnosed with 
NSTEMI, especially for older patients and those with impaired cardiac ejection function. Combined 
usage of NT-proBNP levels with the GRACE score might help identify a subset of NSTEMI patients at a 
particularly high risk of MACEs 12 months after discharge. 
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Introduction

Non-ST-elevation myocardial infarction (NSTEMI), 
an important subtype of ACS, is a cardiac pathology 
characterized by troponin elevation, which suggests 
heart damage, but no ST elevation is observable on 
electrocardiogram (ECG) (1). NSTEMI is critically urgent 
due to its high morbidity and mortality rates (2,3). It has 
been reported that the rates of death, myocardial infarction 
(MI), and recurrent instability in contemporary registries 
are greater than 10% by 12 months (1). The hospital 
admission rates of NSTEMI are increasing (about 11-fold 
from 2001 to 2011), and a forthcoming transition from ST-
elevation myocardial infarction (STEMI) to NSTEMI has 
been observed in China (4).

NT-proBNP is a prohormone that is secreted by 
cardiomyocytes, N-terminal 76 amino-acid cleavage product 
of proBNP, mainly in response to increased cardiac chamber 
wall-filling stress, which is then released into the peripheral 
circulation. After acute myocardial ischemia, the production 
of NT-proBNP is upregulated secondary to the local stretch 
mechanismin the area surrounding the ischemic region (5).  
NT-proBNP and BNP are released from the same 
precursor, proBNP; BNP is bioactive, while NT-proBNP 
is not. NT-proBNP is more stable and has a relatively long 
half-life in the human body (6), and its prognostic values for 
short-time mortality have been reported. The prognostic 
value of elevated NT-proBNP was reported in recent 
years, and the most studied outcome was in-hospital/30-
day mortality (7-9). However, the association between NT-
proBNP levels and long-term major adverse cardiac events 
(MACEs) has rarely been reported, and the subgroup of 
patients who could potentially benefit from NT-proBNP 
measurement remains unclear.

In this study, we analyzed the 12-month predictive value 
of NT-proBNP in a large NSTEMI population. We also 
assessed the GRACE risk score’s additional value in the 
Tianjin Inpatient Acute Myocardial Infarction Registry 
(TAMI) cohort, a registered multicenter (36 hospitals) 
observational cohort study from Tianjin, China. Based on 
the NSTEMI patients from TAMI, we aim to demonstrate 

the relationship between NT-proBNP and MACEs in 
patients with NSTEMI within 12 months after discharge. 
Furthermore, we explored the subgroup of patients who 
could potentially benefit from NT-proBNP measurement. 
We hypothesize that NT-proBNP is a robust prognostic 
biomarker and integrating NT-proBNP and the GRACE 
score could help improve the prediction of MACEs in 
patients with NSTEMI within 12 months after discharge. 
We present the following article following the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
apm-20-2538).

Methods

Study population

From January 2018 to December 2018, a total of 1,357 
consecutive Chinese patients with NSTEMI from TAMI, 
registered at ClinicalTrials.gov (identifier NCT03600259), 
were enrolled. The diagnosis and treatment methods 
were systematically determined using current clinical  
guidelines (10), physicians’ judgments, and patients’ 
preferences. The eligibility criteria were as follows: (I) 
patients age ≥18, and (II) patients definitively diagnosed 
with NSTEMI. Patients were ineligible if their ECG 
were persistent ST-segment elevation or their chest 
pain was differentially diagnosed as a non-cardiac cause, 
such as aortic dissection, pulmonary embolism, etc. The 
diagnostic criteria were as follows: (I) clinical presentation 
is compatible with myocardial ischemia; (II) a dynamic 
elevation of cardiac troponin above the 99th percentile of 
healthy individuals. The study was conducted following 
the Declaration of Helsinki (as revised in 2013). The 
ethics board approved Tianjin Chest Hospital’s study (No. 
2018KY-010-01), and informed consent was obtained from 
all individual participants.

Data collection

We collected data at the initial presentation, including 
patient demographics (age,  gender,  smoking, and 

adverse cardiac events (MACEs)
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drinking status), admission features (heart rate, left main 
involvement, systolic and diastolic pressure, LVEF, Killip 
class, GRACE score, and occluded lesion), complications 
(hypertension, diabetes, hyperlipidaemia, previous stroke, 
and previous MI), medical therapy (DAPT, beta-blockers, 
ACEI/ARBs, statins, anticoagulants), and laboratory tests 
(HDLC, LDLC, NT-proBNP, and hs-TnT). Measurement 
of NT-proBNP and hs-TnT were performed using Roche 
Diagnostics (Mannheim, Germany), which provided high 
reproducibility (11). Blood samples were obtained from 
the patients within 12 hours after presentation. All samples 
were centrifuged at 3,000 g for 10 minutes to obtain the 
serum, and the samples were then stored in aliquots at  
−80 ℃ until measurement. There were no missing data for 
the most interesting variable, i.e., NT-proBNP level, while 
other variables were imputed with the mean value for a very 
few missing. 

GRACE was calculated for all patients on admission 
using eight variables, including age, systolic blood pressure, 
heart rate, serum creatinine, Killip class, cardiac arrest, 
elevated cardiac biomarkers (hs-TnT), and ST deviation. 
The calculator used is available at (http://www.outcomes-
umassmed.org/GRACE/). 

Follow-up and outcome assessment

Follow-up began at discharge and lasted 12 months for 
outcome confirmation. Patients lost to follow-up or those 
with no MACEs were treated as censored. Telephone 
interviews were conducted monthly by professional 
cardiologists, which were supplemented by spontaneous 
clinical visits. All follow-ups ended in December 2019.

The MACEs were a composite outcome consisting of all-
cause death, hospital admission for unstable angina, hospital 
admission for heart failure, nonfatal recurrent myocardial 
infarction, and target lesion revascularization (TLR). 
Heart failure was diagnosed according to the current 
guidelines (12) from the European Society of Cardiology. 
The diagnosis of recurrent myocardial infarction was 
defined by the “fourth universal definition of myocardial 
infarction”. TLR was defined as clinically driven coronary 
revascularization due to restenosis.

Statistical analysis

There were no particular considerations for power and 
sample size calculation as we collected patients as much as 
possible. X-tile analysis, developed for biomarker cut-point 

selection in a survival scenario by Robert L. Camp, was 
performed to categorize the serum concentration of NT-
proBNP into three levels: low, medium, and high. X-tile 
analysis was performed to select the cut-off point using both 
NT-proBNP level and survival status of patients so that 
survival homogeneity (within a group) and heterogeneity 
(between groups) can be achieved as much as possible (13).  
Descriptive statistics for continuous variables were denoted 
as mean ± SD or M (Q1, Q3), as appropriate according 
to its distribution. Counts and percentages were used for 
categorical variables. For group comparison, one-way 
ANOVA, the Kruskal-Wallis test, or Wald Chi-square test 
was selected as appropriate (Table 1). Kaplan-Meier curves 
were used to display patients’ survival, and the log-rank test 
was used to examine differences. To reveal the effect of NT-
proBNP on diverse MACEs, univariate and multivariable 
Cox proportional hazard models were used for adjusted 
potential confounders. An exploratory post-hoc subgroup 
was recommended by expertise, i.e., age ≤60 vs. age >60 
years; male vs. female; low/medium vs. high GRACE risk; 
medicine treatment vs. PCI vs. CABG surgery; vessel 
completely occluded or not; and LVEF ≤40% vs. LVEF 
>40%.

To explore the additional prognostic value of NT-proBNP 
on GRACE, we first calculated the Pearson correlation 
coefficient between NT-proBNP (log scale) and GRACE. 
The Harrell C-index (known as area under the ROC curve) 
was subsequently calculated to quantify the discrimination 
ability of NT-proBNP only, GRACE only, or both (14). 
The net reclassification improvement (NRI) and integrated 
discrimination improvement (IDI) were also used to evaluate 
the clinical value of adding NT-proBNP to GRACE. IDI 
is a more sensitive metric because it is free of arbitrary 
boundaries delineating discrete risk categories (15-17).

Analyses were performed using SAS software (version 
9.4, SAS Institute, Cary, NC) and R software (version 3.6.2). 
X-tile analysis was performed using X-tile software (version 
3.6.1, Copyright Yale University). A two-sided P<0.05 was 
considered statistically significant.

Results

Clinical characteristics and NT-proBNP

As shown in Table 1, the baseline characteristics profile the 
enrolled NSTEMI patients. The details are grouped by NT-
proBNP level: low-level (5–1,632 pmol/L), medium-level 
(1,638–5,847 pmol/L), and high-level (5,847–35,000 pmol/L),  

http://www.outcomes-umassmed.org/GRACE/
http://www.outcomes-umassmed.org/GRACE/
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Table 1 Baseline characteristics of NSTEMI patients in different NT-proBNP levels

Characteristics Overall (N=1,357) Low (N=879) Medium (N=327) High (N=151) P value

Age (years) 64.7±11.5 61.3±11.0 69.6±9.4 74.3±9.3 <0.0001

Male, n (%) 945 (69.64) 688 (78.27) 193 (59.02) 64 (42.38) <0.0001

Current/former smoking, n (%) 790 (58.26) 568 (64.69) 159 (48.62) 63 (41.72) <0.0001

Drinking, n (%) 367 (27.04) 279 (31.74) 59 (18.04) 29 (19.21) <0.0001

Hypertension, n (%) 917 (67.58) 572 (65.07) 231 (70.64) 114 (75.50) 0.0163

Diabetes, n (%) 460 (33.90) 248 (28.21) 143 (43.73) 69 (45.70) <0.0001

Previous stroke, n (%) 312 (22.99) 169 (19.23) 86 (26.30) 57 (37.75) <0.0001

Hyperlipidaemia, n (%) 994 (76.82) 673 (79.83) 220 (71.43) 101 (70.63) 0.002

Previous MI, n (%) 250 (18.42) 135 (15.36) 72 (22.02) 43 (28.48) <0.0001

Heart rate 74±13 71±13 76±16 83.9±17.9 <0.0001

Left main involvement, n (%) 205 (15.11) 117 (13.31) 67 (20.49) 21 (13.91) 0.0076

Systolic pressure (mmHg) 133.98±20.91 134.91±20.14 132.77±20.80 131.17±24.98 0.0628

Diastolic pressure (mmHg) 76.74±13.01 77.92±13.11 74.91±12.41 73.85±12.89 <.0001

LVEF, % 51.33±9.86 54.55±7.75 47.96±9.84 39.69±9.84 <0.0001

HDLC (mmol/L) 1.02±0.27 1.00±0.26 1.05±0.27 1.08±0.33 0.0009

LDLC (mmol/L) 3.01±0.97 3.07±0.94 2.92±1.02 2.86±1.01 0.0113

NT-proBNP (pmol/L) 914 (367, 2,471) 494 (247, 886) 2,837 (2,085, 3,840) 9,945 (7,236, 17,623) <0.0001

hsTnT 0.54 (0.24, 1.22) 0.44 (0.20, 0.96) 0.72 (0.34, 1.60) 1.15 (0.45, 2.57) <0.0001

Killip class, n (%) <0.0001

1 1,156 (85.19) 841 (95.68) 243 (74.31) 72 (47.68)

2 162 (11.94) 33 (3.75) 70 (21.41) 59 (39.07)

3 32 (2.63) 4 (0.46) 10 (3.06) 18 (11.92)

4 7 (0.52) 1 (0.11) 4 (1.22) 2 (1.32)

GRACE score 127±34 114±27 143±31 167±35 <0.0001

<109, n (%) 413 (30.43) 367 (41.75) 38 (11.62) 8 (5.30)

109–140, n (%) 506 (37.29) 359 (40.84) 124 (37.92) 23 (15.23)

>140, n (%) 438 (32.28) 153 (17.41) 165 (50.46) 120 (79.47)

Multi-vessel lesion, n (%) 623 (45.91) 416 (53.40) 154 (67.84) 53 (80.30) <0.0001

Revascularization strategy, n (%) <0.0001

MT 472 (34.78) 216 (24.57) 152 (46.48) 104 (68.87)

PCI 770 (56.74) 589 (67.01) 139 (42.51) 42 (27.81)

CABG 115 (8.47) 74 (8.42) 36 (11.01) 5 (3.31)

Table 1 (continued)
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Table 1 (continued)

Characteristics Overall (N=1,357) Low (N=879) Medium (N=327) High (N=151) P value

Baseline medication, n (%)

DAPT 1,335 (98.38) 867 (98.63) 322 (98.47) 146 (96.69) 0.2141

Beta-blocker 1,048 (77.23) 640 (72.81) 271 (82.87) 137 (90.73) <0.0001

ACEI/ARBs 862 (63.52) 560 (63.71) 207 (63.30) 95 (62.91) 0.9782

Statin 1,310 (96.54) 845 (96.13) 317 (96.94) 148 (98.01) 0.4548

Anticoagulants 1,334 (98.31) 864 (98.29) 323 (98.79) 147 (97.35) 0.532

Description statistics for continuous variables were mean ± SD or median (Q1, Q3) as appropriate; counts and percentages were used for 
categorical variables in this table. One-way ANOVA was performed to detect the differences among three groups for normally distributed 
data. Kruskal-Wallis test was performed for skewed-distribution data. Wald Chi-square test was employed for categorical data. ACEI, 
angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; high-density lipoprotein cholesterol; LDLC, low-density 
lipoprotein cholesterol; NT-proBNP, N-terminal pro-B type natriuretic peptide; hsTnT, hypersensitive troponin T; GRACE, Global Registry of 
Acute Coronary Events; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MT, medical therapy; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapy. 

as shown in Figure S1. The distribution of NT-proBNP 
level and survival (composite MACEs) of these three groups 
discretized by X-tile analysis were shown in Figures S2,S3,  
respectively. The patients’ average age was 64.7±11.5 years  
old, and those in the high NT-proBNP level were 
significantly older. Approximately 69.64% of patients were 
male, although this proportion decreased in the medium 
and high NT-proBNP levels. 58.26% of patients were 
current/former smokers, and 27.04% were drinkers, and 
patients with low NT-proBNP levels tended to have higher 
levels of smoking and drinking. 

Hyperlipidaemia was the most common complication 
observed in the present study (approximately 76.82%); 
the average HDLC and LDLC were 1.02±0.27 and 3.01± 
0.97 mmol/L, respectively. Correspondingly, the use of 
statins in our cohort reached 96.54%. Higher NT-proBNP-
level patients tended to be negatively correlated with 
the onset of hyperlipidaemia and LDLC concentration. 
Inversely, hypertension, diabetes, previous stroke, and MI 
were more frequent in the higher NT-proBNP level group. 

H y p e r t e n s i o n  w a s  t h e  s e c o n d  m o s t  c o m m o n 
complication in the present study (approximately 67.58%). 
Furthermore, the average systolic and diastolic pressure 
was 133.98±20.91 and 76.74±13.01 mmHg, respectively. 
Correspondingly, the use of beta-blockers and ACEI/ARBs 
in our patient cohort was 77.23% and 63.52%, respectively. 
Roughly one-third of patients (33.90%) were complicated 
with diabetes; approximately 22.99% had the previous 
stroke, and 18.24% patients had previous MI. Almost all 

patients were using DAPT (98.38%) and anticoagulants 
(98.31%).

At the initial presentation, we calculated the GRACE score 
using the calculator provided by Fox, KAA, Dabbous (18).  
GRACE scores were classified into three levels: <109 
(30.43%), 109–140 (37.29%), and >140 (32.28%). 
Approximately 85.19% of patients were classified as Killip 
class 1. We noted that nearly half (45.91%) of the patients 
had lesions in three vessels, and this proportion reached 
80.30% in the high NT-proBNP level group. Treatment 
strategies, including medicine treatment, PCI, or CABG, 
were based on the physician’s advice and the patient’s 
preferences. More than half (56.74%) patients received PCI 
surgery, 8.47% chose CABG surgery, and 34.78% opted for 
medicine treatment.

Follow-up and outcomes

MACEs that occurred within the 12-month follow-up 
period after discharge are shown in Table 2 and Figure 1. 
The overall average follow-up was 313 days, and 97 patients 
were lost to follow-up, with a median follow-up time of 
147 days. Also, 1,057 patients were free of any events at the 
end of follow-up. A total of 211 (15.55%) patients suffered 
from at least one MACE. Specifically, 57 patients (4.20%) 
experienced all-cause death, including cardiac and non-
cardiac death, 38 of which had a high NT-proBNP level; 58 
patients (4.27%) were hospitalized for unstable angina (UA); 
81 patients (5.97%) were hospitalized for heart failure. 

https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
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Moreover, 29 patients (2.14%) experienced non-fatal 
recurrent MI, and six patients (0.44%) experienced target 
lesion revascularization. 

Also, 19 patients experienced more than once MACE. Of 
these, five patients experienced heart failure and ultimately 
died, and another two patients died after recurrent MI. 
Two patients were hospitalized for heart failure and UA. 
Four patients experienced recurrent MI and UA. One 
patient experienced recurrent MI and heart failure. Five 
patients experienced recurrent MI and were treated with 
revascularization, one of which subsequently died of a MI 
attack 2 months later.

Relationship between NT-proBNP and outcomes

The Cochran-Armitage test was performed to assess the 
trend of the rate of MACEs with the increase of NT-
proBNP. As expected, there was a significant uptrend among 
the low-, medium-, and high NT-proBNP levels (7.05% vs. 
22.63% vs. 49.67%, respectively, P<0.0001). Furthermore, 
all-cause death (0.80% vs. 3.67% vs. 25.17%, respectively, 
P<0.0001) and hospital admissions for heart failure (1.37% 
vs. 12.54% vs. 18.54%, respectively, P<0.0001) exhibited a 
similarly marked uptrend among the three groups. Hospital 
admission for UA (3.75% vs. 4.59 vs. 6.62%, respectively, 
P=0.1126) was clinically significant but was not a notable 
statistical uptrend among three NT-proBNP levels. No 
linear trend was observed between the rate of nonfatal 
recurrent MI and target lesion revascularization.

The univariate and multivariable Cox analyses are 
displayed in Table 3 and Figure 2 (more details are shown in 
Table S1). The result indicated that a higher NT-proBNP 
was strongly associated with composite MACEs (medium- 

vs. low-, adjusted HR 2.19, 95% CI: 1.45–3.32, P=0.0002; 
high- vs. low-, adjusted HR 3.07, 95% CI: 1.78–5.29, 
P<0.0001). We also found that higher NT-proBNP was 
a significant independent risk factor for all-cause death 
(medium- vs. low-, adjusted HR 3.92, 95% CI: 1.21–15.33, 
P=0.0258; high- vs. low-, adjusted HR 16.93, 95% CI: 
3.97–72.26, P=0.0001) and heart failure (medium- vs.  
low-, adjusted HR 5.30, 95% CI: 2.50–11.20, P<0.0001; 
high- vs. low-, adjusted HR 4.67, 95% CI: 1.80–12.13, 
P=0.0016). No notable statistical association was identified 
between NT-proBNP level and unstable angina, nonfatal 
recurrent MI, or target lesion revascularization. 

Furthermore, subgroup analysis of NT-proBNP 
levels on composite MACEs was performed using a Cox 
model (shown in Figure 3; detailed results are displayed in  
Table S2). We found that NT-proBNP was a robust 
prognostic biomarker across different genders, GRACE risk 
groups, and revascularization strategies, and the prognostic 
value was more evident for patients older than 60 years and 
whose LVEF was less than 40%.

Additional prognostic value of NT-proBNP

NT-proBNP (log-scaled for normally distributed data) was 
positively correlated with the GRACE score (r=0.58 95% 
CI: 0.54–0.61, P<0.0001). The Harrell C-index of NT-
proBNP combined with the GRACE score was higher than 
those of NT-proBNP or GRACE alone to predict composite 
MACEs and all of its components (as shown in Table S3).  
For composite MACEs, the IDI of NT-proBNP combined 
with the GRACE score (IDI =0.064, 95% CI: 0.027–0.106, 
P<0.001) and NT-proBNP alone (IDI =0.048, 95% CI: 
0.001–0.102, P=0.047) significantly improved the GRACE 

Table 2 Major adverse cardiac events within the 12-month follow-up period

Outcome Overall, n (%) Low, n (%) Medium, n (%) High, n (%) P for trend

Composite MACEs 211 (15.55) 62 (7.05) 74 (22.63) 75 (49.67) <0.0001

All-cause death 57 (4.20) 7 (0.80) 12 (3.67) 38 (25.17) <0.0001

Hospital admission for UA 58 (4.27) 33 (3.75) 15 (4.59) 10 (6.62) 0.1126

Hospital admission for heart failure 81 (5.97) 12 (1.37) 41 (12.54) 28 (18.54) <0.0001

Non-fatal recurrent MI 29 (2.14) 13 (1.48) 13 (3.98) 13 (1.99) 0.1286

Target lesion revascularization 6 (0.44) 4 (0.46) 1 (0.31) 1 (0.66) 0.8962

The Cochran-Armitage test was performed to explore the trend of the rate of MACEs with the increase of NT-proBNP. Composite MACEs 
consisted of all-cause death, hospital admission for UA, hospital admission for heart failure, nonfatal recurrent MI, and target lesion 
revascularization. MACE, major adverse cardiac events; UA, unstable angina; MI, myocardial infarction.

https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
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score alone, although the NRI was not statistically 
significant. When predicting all-cause death and heart 
failure, the IDI of NT-proBNP combined with the GRACE 
score and NT-proBNP alone were both marginally 
significant, while the NRI was not significant. Due to 
limited target lesion revascularization (six cases), the NRI 

and IDI were unavailable.

Other potential prognostic variables 

Although this study’s primary aim was to analyze the impact 
of NT-proBNP on composite MACEs using multivariable 
Cox regression, some other meaningful variables were 
identified (as shown in Table S1). Higher LVEF was found 
to be a protective factor (HR 0.98, 95% CI: 0.96–0.99, 
P=0.0280). Higher hs-TnT (HR 1.16, 95% CI: 1.06–1.26, 
P=0.0011) and high GRACE risk (HR 3.43, 95% CI: 1.66–
7.07, P=0.0008) were determined to be independent risk 
factors. Moreover, patients with single occluded vessels had 
a poor prognosis (HR 1.69, 95% CI: 1.16–2.45, P=0.0059). 
Patients with NSTEMI could significantly benefit from PCI 
surgery (HR 0.42, 95% CI: 0.25–0.69, P=0.0006) compared 
with conservative medicine treatment. Baseline medication 
including beta-blockers (HR 0.17, 95% CI: 0.10–0.28, 
P<0.0001), ACEI/ARBs (HR 0.68, 95% CI: 0.49–0.94, 
P=0.0186), and anticoagulants (HR 0.17, 95% CI: 0.06–
0.52, P=0.0018) were found to be protective factors against 
composite MACEs.

Discussion

This prospective, multicenter cohort study aimed to 
explore the prognostic value of NT-proBNP in patients 
with NSTEMI. The key findings were as follows. Firstly, 
the rate of composite MACEs shows a significant uptrend 
with increasing levels of NT-proBNP, as does the rate of 
all-cause death and heart failure. Secondly, higher NT-
proBNP levels were identified as an independent risk factor 
for composite MACEs within 12 months in patients with 
NSTEMI. Subgroup analysis suggested that NT-proBNP 
was a robust prognostic biomarker across different genders, 
GRACE risk groups, and revascularization strategies. 
However, the prognostic value was more evident for 
patients older than 60 years and those whose LVEF was 
less than 40%. High NT-proBNP levels were also found to 
be an independent risk biomarker for all-cause death and 
heart failure. Thirdly, predicting composite MACEs, all-
cause death, and heart failure were substantially improved 
when NT-proBNP was combined with the GRACE 
score. However, there was no significant improvement for 
predicting hospital admission for UA, nonfatal recurrent 
MI, and target lesion revascularization.

N T- p r o B N P  i s  s y n t h e s i z e d  a n d  s e c r e t e d  b y 
cardiomyocytes to increase blood pressure in the left 

Figure 1 Kaplan-Meier curves for the observed outcomes during 
the 12 months follow-up period among all 1,357 patients. (A) 
Composite MACEs, (B) all-cause death, and (C) heart failure. 
The log-rank test was performed to detect the differences among 
different NT-proBNP levels. All three panels were statistically 
significant, with P<0.0001.
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Table 3 Univariate and multivariable Cox regression analyses of the association between NT-proBNP level and outcomes

Outcome NT-proBNP level Crude HR (95% CI) Crude P value Adjusted HR (95% CI)* Adjusted P value*

Composite MACEs Low Reference – Reference –

Medium 3.53 (2.52, 4.95) <0.0001 2.19 (1.45, 3.32) 0.0002

High 9.82 (7.00, 13.76) <0.0001 3.07 (1.78, 5.29) <0.0001

All-cause death Low Reference – Reference –

Medium 4.68 (1.84, 11.90) 0.0012 3.92 (1.21, 15.33) 0.0258

High 35.14 (15.69, 78.70) <0.0001 16.93 (3.97, 72.26) 0.0001

Hospital admission for UA Low Reference – Reference –

Medium 1.23 (0.67, 2.27) 0.5022 0.88 (0.41, 1.91) 0.7541

High 1.78 (0.88, 3.63) 0.1075 0.78 (0.25, 2.47) 0.676

Hospital admission for HF Low Reference – Reference –

Medium 9.65 (5.07, 18.37) <0.0001 5.30 (2.50, 11.20) <0.0001

High 14.97 (7.61, 29.44) <0.0001 4.67 (1.80, 12.13) 0.0016

Nonfatal recurrent MI Low Reference – Reference –

Medium 2.72 (1.26, 5.86) 0.0109 2.09 (0.69, 6.30) 0.1916

High 1.35 (0.38, 4.73) 0.6414 0.54 (0.09, 3.46) 0.5185

Target lesion revascularization Low Reference – Reference –

Medium 0.67 (0.08, 6.01) 0.7218 NA NA

High 1.45 (0.16, 13.01) 0.7378 NA NA

Univariate and multivariable Cox proportional hazard models were used in this table. Composite MACEs consisted of all-cause death, 
hospital admission for UA, hospital admission for heart failure, nonfatal recurrent MI, and target lesion revascularization. *, the multivariable 
Cox proportional hazard model was adjusted for the following: age, gender, smoking status, drinking status, hypertension, diabetes, 
hyperlipidaemia, previous stroke and MI, heart rate, left main involvement, systolic and diastolic pressure, LVEF, HDLC, LDLC, hs-TnT, 
Killip class, GRACE score, number of lesion vessel, baseline medication, and treatment strategy. NA means that the Cox regression model 
was not converged. MACE, major adverse cardiac events; UA, unstable angina; MI, myocardial infarction; LVEF, left ventricular ejection 
fraction; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; hs-TnT, hypersensitive troponin T; GRACE, 
Global Registry of Acute Coronary Events.

ventricle, which consequently brings about ventricular 
dysfunction. When the pressure of the left ventricle 
overloads in patients with acute coronary syndrome or 
recurrent ischemic episodes in stable ischemic heart disease, 
the level of NT-proBNP in peripheral circulation increases. 
A previous study (19) reported that high NT-proBNP level 
at initial admission could identify patients with a high risk 
of progression to MACEs following the onset of NSTEMI, 
which was consistent with our findings in Chinese patients.

In a real-world clinical scenario, exertional dyspnea and 
chest pain were common reasons for NSTEMI patients’ 
presentation, and revascularization procedure selection was 
based on the severity of NSTEMI and patient preferences. 
In our cohort, there were 770 (56.74%) patients who 

received PCI surgery, 115 (8.47%) who received CABG 
surgery, and 472 (34.78%) who received medicine 
treatment. A study from Korea revealed that the NT-
proBNP level predicted the incidence of MACEs within 
12 months in patients with NSTEMI who underwent early 
invasive PCI (20), which is consistent with our findings. We 
also found that patients with medium/high levels of NT-
proBNP who receive conservative medicine treatment were 
at a high risk of composite MACEs. 

Although the subgroup analyses performed in this study 
were explorative, the results raise some important points. 
Our results showed that higher NT-proBNP was correlated 
with composite MACEs, especially in older patients (HR 
3.37, 95% CI: 1.90–5.98). Huang et al. revealed that NT-
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Figure 2 The multivariable Cox model was used to obtain the adjusted HR of NT-proBNP levels on MACEs observed during the 
12-month follow-up period among all 1,357 patients. (A,B,C,D,E) Represents the adjusted HR of NT-proBNP levels on composite MACEs 
(211 cases), all-cause death (57 cases), hospital admission for unstable angina (58 cases), hospital admission for heart failure (81 cases), and 
nonfatal recurrent myocardial infarction (29 cases). Target lesion revascularization (6 cases) was unavailable for rare events. The top (bottom) 
edge of the bar represents the upper (lower) 95% CI: of the adjusted HR. The red line was the null reference line, and (A,B,D) didn’t cross 
the null line. MACE, major adverse cardiac events.

proBNP levels (log scale) were independently associated 
with mortality in each age group (61–71 group: HR =1.82; 
≥72 groups: HR 1.48) (21). Furthermore, a meta-analysis 
showed that patients with totally occluded vessels were at a 
higher risk of mortality and MACEs. Consequently, more 
precise risk stratification tools are needed to facilitate earlier 
revascularization to potentially improve outcomes (22).  
Our finding that NT-proBNP was a prognostic factor 
for patients with completely occluded vessels may be 
illuminating. A similar study demonstrated that NT-
proBNP was a potential biomarker for risk stratification 
of ACS patients with the three-vessel disease (23). A lower 
LVEF suggests an impaired left ventricular function and is 
correlated with worse outcomes (HR =0.98, 95% CI: 0.96–
0.99). We found that NT-proBNP was an independent 
prognostic factor for patients with LVEF ≤40%, but not for 
those with LVEF >40%, indicating that early measurement 
of NT-proBNP may be valuable for patients with impaired 
left ventricular function. 

The GRACE score is a clinical risk prediction tool for 

estimating the cumulative 6-month risk of death and death 
or myocardial infarction for both STEMI and NSTMEI 
patients. Although the GRACE score is widely used to 
facilitate the triage and management of patients with 
the acute coronary syndrome, its accuracy needs to be 
improved (18). There was a moderate positive correlation 
between NT-proBNP and the GRACE score (r=0.58, 
P<0.0001). The Harrell C-index of GRACE alone for 
predicting composite MACEs was 0.7149 and reached 
0.7715 when combined with NT-proBNP level. The 
IDI of NT-proBNP was 0.064, P<0.001, that is, 6.4% 
increased (decreased) predicted probability for patients 
with MACEs (without MACEs) was obtained by adding 
NT-proBNP. The NRI of NT-proBNP was 0.059, 
P=0.252, which is equivalent to the difference between 
the proportion of MACE patients in whom the risk scores 
were determined using the “new model” (GRACE score 
combined with NT-proBNP) were higher than the risk 
scores determined using the “old model” (GRACE score 
alone), minus the same proportion among non-MACE 
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Figure 3 Subgroup analysis of different patients. This figure shows the adjusted HR (95% CI) of the subgroup analysis from the 
multivariable Cox model. (A,B,C,D,E,F) Represent the subgroups across different genders (female 412; male 945), ages (<60, 424 cases; ≥60, 
933 cases), whether the patient had completely occluded vessels (yes, 464 cases; no, 893 cases), LVEFs (≤40%, 284 cases; >40%, 1,073 cases), 
revascularization strategies (MT, 472 cases; CABG/PCI, 885 cases), and GRACE scores (≤140, 919 cases; >140, 438 cases). The red line 
denotes a statistically significant subgroup. (E) Combines patients who received PCI and CABG surgeries, and (F) combines patients with 
GRACE scores <90 and those with 90≤ GRACE scores <140, as the sample size of the subgroups, was small. LVEF, left ventricular ejection 
fraction; MT, medical therapy; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; GRACE, Global Registry 
of Acute Coronary Events.

patients.
Interestingly, we observed a near Harrell C-index of 

GRACE and NT-proBNP (0.7194 vs. 0.7223) with an IDI 
of 0.048 (P=0.047). Evidence of the additional prognostic 
value of NT-proBNP was also reported in patients with 
three-vessel disease. Thus, we concluded that there was a 
moderate additional value of NT-proBNP. In particular, 
the NT-proBNP can serve as an approximate surrogate 
when it is inconvenient or impossible to obtain the GRACE 
score. NT-proBNP is an independent prognostic biomarker 
for NSTEMI, but for a synergistic prognostic effect, the 
GRACE score should be combined at the same time when 

facilitating triage and management of patients (Table S3).
Considering that MACEs were a composite outcome, 

further analysis revealed that NT-proBNP was a noteworthy 
prognostic factor for the occurrence of all-cause death and 
heart failure, but not for hospital admission for UA, nonfatal 
recurrent MI, or target lesion revascularization. A previous 
study has shown that the baseline NT-proBNP level was 
a strong independent predictor of in-hospital and 180-day 
mortality (8). Hospital admission for heart failure was the 
most common outcome in the present study (approximately 
5.97%). Compared with STEMI, the triggers of heart 
failure development following NSTEMI have been poorly 

https://cdn.amegroups.cn/static/public/APM-20-2538-supplementary.pdf
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studied. It has been reported that NT-proBNP was an 
independent predictor of heart failure development after 
NSTEMI (24). Hospital admission for UA, nonfatal 
recurrent MI, and target lesion revascularization were 
included in the composite MACEs as they were common 
clinical practice outcomes. However, they exhibited were 
no positive relationship with the level of NT-proBNP. A 
potential reason for this may be that these patients were less 
severe than heart failure or death and relatively low power 
of the study.

Limitations

This study had some limitations that should be noted. 
Firstly, the rates of MACEs were relatively low. As a result, 
the HRs, NRI, and IDI of NT-proBNP on target lesion 
revascularization failed to be included in the multivariable 
Cox regression analysis due to the low power. Thus, subgroup 
analyses were not performed on each specific outcome 
(only composite MACEs were analyzed). Although hospital 
admission for unstable angina was captured, in practice, some 
patients might bear the pain, and no admission, hence the 
rate of unstable angina is some what underestimated, despite 
double-checking by the interviewers.

Moreover, the dosages of medications used during 
the follow-up period were unavailable. However, in our 
clinical experience, the medicines used were stable relative 
to baseline medications, so we inferred no substantial bias 
in the results. Lastly, considering that the patients in our 
study were all from China, caution should be applied before 
generalizing the results to other races.

Conclusions

The present study demonstrated that NT-proBNP is a 
relatively robust prognostic biomarker following admission 
with NSTEMI in the Chinese population. Patients 
with high NT-proBNP levels should be extra vigilant, 
especially older patients and those with impaired cardiac 
ejection function. Combining NT-proBNP levels with the 
GRACE score produced significant incremental benefits in 
prognostic accuracy for composite MACEs at 12 months, as 
well as for all-cause death and heart failure. We recommend 
more accurate risk stratification using NT-proBNP for 
patients with NSTEMI, which would help subsequent 
patient management.
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Figure S2 Distribution of serum concentration of NT-proBNP by 
X-tile analysis.

Figure S3 Survival (composite MACEs) of NSTEMI patients in 
three groups. 

Figure S1 Statistic of X-tile analysis for NT-proBNP discretization.
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Table S1 Multivariable Cox regression for composite MACEs

Variables HR (95%CI) P value

NT-proBNP medium vs. low 2.19 (1.48, 3.32) 0.0002

NT-proBNP high vs. low 3.07 (1.78, 5.29) <0.0001

Age (elder than 60) 1.54 (0.86, 2.74) 0.1433

Male 0.87 (0.59, 1.27) 0.4622

Smoking 0.92 (0.64, 1.31) 0.6370

Drinking 0.83 (0.53, 1.32) 0.4318

Hypertension 0.50 (0.79, 1.64) 0.4605

Diabetes 1.04 (0.75, 1.44) 0.8300

Previous stroke 1.26 (0.89, 1.78) 0.1859

Hyperlipidaemia 1.15 (0.74, 1.79) 0.5216

Previous MI 1.30 (0.89, 1.90) 0.1695

Heart rate 1.01 (0.99, 1.02) 0.0763

Left main involvement 1.32 (0.88, 1.99) 0.1858

Systolic pressure (mmHg) 1.01 (0.99, 1.02) 0.0836

Diastolic pressure (mmHg) 0.99 (0.97, 1.01) 0.0787

LVEF 0.98 (0.96, 0.99) 0.0280

HDLC (mmol/L) 0.83 (0.42, 1.64) 0.5964

LDLC (mmol/L) 0.94 (0.79, 1.13) 0.5297

hsTNT 1.16 (1.06, 1.26) 0.0011

Killip class

1 Reference Reference

2 1.17 (0.77, 1.80) 0.4597

3 0.65 (0.30, 1.40) 0.2682

4 1.39 (0.31, 6.17) 0.6655

GRACE

<109 Reference Reference

109–140 1.77 (0.90, 3.46) 0.0975

>140 3.43 (1.66, 7.07) 0.0008

Occluded vessel

None Reference Reference

Single 1.69 (1.16, 2.45) 0.0059

Multiple 1.56 (0.88, 2.78) 0.1308

Revascularization strategy

MT Reference Reference

PCI 0.42 (0.25, 0.69) 0.0006

CABG 0.80 (0.41, 1.56) 0.5125

Baseline Medication

DAPT 0.42 (0.17, 1.03) 0.0580

Beta-blocker 0.17 (0.10, 0.28) <0.0001

ACEI/ARB 0.68 (0.49, 0.94) 0.0189

Statin 0.69 (0.31, 1.53) 0.3577

Anticoagulants 0.17 (0.06, 0.52) 0.0018

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; high-density lipoprotein cholesterol; LDLC, 
low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-B type natriuretic peptide; hsTNT, hypersensitive troponin T; GRACE, 
Global Registry of Acute Coronary Events; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MT, medical therapy; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass grafting; DAPT, dual anti-platelet therapy. 
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Table S2 Subgroup analysis of association between NT-proBNP and composite MACEs

Subgroup
NT-proBNP  

level
Number of events,  

n (%)
Crude HR  
(95% CI)

Crude  
P value

Adjusted HR  
(95% CI)*

Adjusted  
P value*

Age <60 Low 15 (3.72) Reference – Reference –

Medium 5 (10.64) 3.11 (1.12, 8.62) 0.0296 2.36 (0.49, 11.39) 0.2856

High 2 (16.67) 2.63 (0.35, 19.99) 0.3508 0.20 (0.01, 3.98) 0.2901

Age ≥60 Low 47 (9.87) Reference – Reference –

Medium 69 (24.64) 2.87 (1.98, 4.14) <0.0001 2.32 (1.48, 3.63) 0.0002

High 73 (52.52) 7.92 (5.50, 11.41) <0.0001 3.37 (1.90, 5.98) <0.0001

Male Low 48 (6.98) Reference – Reference –

Medium 42 (21.76) 3.42 (2.26, 5.18) <0.0001 2.03 (1.19, 3.44) 0.0089

High 29 (45.31) 8.63 (5.44, 13.71) <0.0001 2.46 (1.13, 5.36) 0.0236

Female Low 14 (7.33) Reference – Reference –

Medium 32 (23.88) 3.58 (1.91, 6.71) <0.0001 2.82 (1.31, 6.10) 0.0084

High 46 (52.87) 10.28 (5.64, 18.75) <0.0001 4.02 (1.60, 10.05) 0.003

GRACE ≤140 Low 35 (4.82) Reference – Reference –

Medium 24 (14.81) 3.24 (1.93, 5.45) <0.0001 2.37 (1.28, 4.41) 0.0061

High 14 (45.16) 12.35 (6.63, 22.99) <0.0001 6.52 (2.45, 17.38) 0.0002

GRACE >140 Low 27 (17.65) Reference – Reference –

Medium 50 (30.30) 1.90 (1.19, 3.03) 0.0075 2.20 (1.22, 3.97) 0.009

High 61 (50.83) 3.83 (2.43, 6.03) <0.0001 2.44 (1.19, 5.00) 0.015

Non-occluded vessel Low 40 (6.94) Reference – Reference –

Medium 45 (21.13) 3.26 (2.13, 4.99) <0.0001 2.03 (1.17, 3.52) 0.0114

High 48 (46.15) 9.46 (6.20, 14.42) <0.0001 3.62 (1.79, 7.34) 0.0004

Occluded vessel Low 22 (7.26) Reference – Reference –

Medium 29 (25.44) 4.05 (2.32, 7.04) <0.0001 2.58 (1.27, 5.24) 0.0086

High 27 (57.45) 10.69 (6.08, 18.81) <0.0001 3.50 (1.29, 9.53) 0.0141

MT Low 20 (9.26) Reference – Reference –

Medium 34 (22.73) 2.65 (1.52, 4.61) 0.0005 2.08 (1.01, 4.29) 0.0465

High 47 (45.19) 6.47 (3.83, 10.94) <0.0001 2.63 (1.15, 6.03) 0.0227

PCI/CABG Low 42 (6.33) Reference – Reference –

Medium 40 (22.86) 3.95 (2.56, 6.09) <0.0001 1.95 (1.14, 3.32) 0.0146

High 28 (59.57) 14.41 (8.91, 23.31) <0.0001 2.61 (1.21, 5.66) 0.015

LVEF >40 Low 14 (12.73) Reference – Reference –

Medium 26 (28.57) 2.41 (1.26, 4.62) 0.008 0.97 (0.43, 2.18) 0.9461

High 42 (50.60) 5.22 (2.85, 9.58) <0.0001 2.22 (0.88, 5.62) 0.0923

LVEF ≤40 Low 48 (6.24) Reference – Reference –

Medium 48 (20.34) 3.57 (2.39, 5.33) <0.0001 2.25 (1.42, 3.57) 0.0006

High 33 (48.53) 10.71 (6.87, 16.72) <0.0001 4.65 (2.50, 8.65) <0.0001

Post-hoc explorative subgroup analysis was performed to detect the potential patients who can benefit from measure of NT-proBNP. 
Stratification factors including age, gender, GRACE score, single/multi-vessel lesion, revascularization strategy, LVEF. Some abbreviations 
are denoted as follows: GRACE, Global Registry of Acute Coronary Events; MT, medical therapy; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction. *, adjusted HR was calculated based on multivariable Cox 
proportional hazard model.
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Table S3 Additional prognostic value of NT-proBNP on GRACE score

Outcome Harrell C-index IDI (95% CI) P value NRI (95% CI) P value

Composite MACEs

GRACE alone 0.7149 Reference – Reference –

NT-proBNP alone 0.7223 0.048 (0.001, 0.102) 0.047 0.059 (−0.208, 0.126) 0.252

GRACE + NT-proBNP 0.7715 0.064 (0.027, 0.106) <0.001 0.059 (−0.209, 0.304) 0.193

All-cause death

GRACE alone 0.7645 Reference – Reference –

NT-proBNP alone 0.8359 0.092 (0.042, 0.147) <0.001 0.209 (−0.094, 0.642) 0.578

GRACE + NT-proBNP 0.8652 0.096 (0.047, 0.151) <0.001 0.209 (−0.124, 0.597) 0.771

Hospital admission for UA

GRACE alone 0.6407 Reference – Reference –

NT-proBNP alone 0.5473 −0.009 (−0.022, 0.002) 0.08 −0.221 (−0.332, 0.016) 0.086

GRACE + NT-proBNP 0.6465 0.001 (−0.002, 0.006) 0.419 −0.012 (−0.137, 0.245) 0.93

Hospital admission for heart failure

GRACE alone 0.7228 Reference – Reference –

NT-proBNP alone 0.7727 0.031 (0.001, 0.068) 0.053 0.306 (−0.085, 0.419) 0.385

GRACE + NT-proBNP 0.805 0.035 (0.013, 0.065) <0.001 0.531 (−0.013, 0.611) 0.066

Non-fatal recurrent MI

GRACE alone 0.6374 Reference – Reference –

NT-proBNP alone 0.6131 0.000 (−0.011, 0.016) 0.91 0.088 (−0.400, 0.363) 0.824

GRACE + NT-proBNP 0.6716 0.003 (−0.005, 0.014) 0.505 0.070 (−0.239, 0.393) 0.538

Target lesion revascularization

GRACE alone 0.6779 Reference – Reference –

NT-proBNP alone 0.554 NA NA NA NA

GRACE + NT-proBNP 0.7144 NA NA NA NA

Harrell C-index reflected the discrimination of the variable(s), the greater value is, the greater discrimination ability is. The net 
reclassification improvement (NRI) and integrated discrimination improvement (IDI) were also used to evaluate the additional clinical value 
of NT-proBNP. The positive value of IDI and NRI means positive improvement. NA, not available. 
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