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Heart-type fatty acid binding protein predicts cardiovascular 
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Background: Heart-type fatty acid binding protein (H-FABP) has been reported to be a prognostic 
predictor for cardiovascular outcome in acute coronary syndrome (ACS). However, its prognostic utility in 
patients with stable coronary artery disease (CAD) has not been well established. The aim of this study was 
to assess the association between H-FABP with the severity of coronary disease and cardiovascular events 
(CVEs) in patients with stable CAD. 
Methods: A total of 4,370 angiography-proven CAD patients were consecutively enrolled. The severity 
of CAD was assessed by Gensini Score (GS) and the numbers of diseased vessels. The CVEs included 
cardiovascular death, myocardial infarction, stroke and coronary revascularization. Cox regression analysis 
with adjusted hazard ratios (HRs) and Kaplan-Meier analysis were used to evaluate the relation of H-FABP 
to CVEs in this cohort. 
Results: During a median follow-up of 51 months, 353 CVEs occurred. Overall, patients in the highest 
levels of H-FABP group had increased rate of multi-vessel stenosis and higher GS compared with those in 
the lowest group (P<0.05, respectively). Moreover, H-FABP levels were significantly higher in patients with 
events compared to those without (P<0.001). In Cox regression analysis, elevated H-FABP levels were found 
to be independently associated with a high risk of CVEs [adjusted HRs: 1.453; 95% confidence intervals (CIs): 
1.040–2.029, P=0.028], especially with cardiovascular death (adjusted HRs: 2.865; 95% CI: 1.315–6.243, 
P=0.008). 
Conclusions: Our results demonstrated that H-FABP was also a useful predictor for CVEs in patients with 
stable CAD, which needed to be verified by further studies.
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Introduction 

In cardiovascular medicine, biomarkers have been 
demonstrated to play multiple roles in understanding the 
pathophysiological complexity of coronary artery disease 
(CAD) and offering an integrated strategy to disease 
management. In fact, the exploration of biomarkers 
presenting acute myocardial injury is consistently a hot topic 
due to its relation to emergent status of CAD. In recent 
decades, several markers have been rapidly developed in 
the detection of myocardial injury, such as troponin I (TnI) 
or troponin T (TnT), and creatine kinase myocardial band 
(CK-MB), which have currently been used in the diagnosis 
of acute coronary syndrome (ACS). More interestingly, the 
usefulness of these markers for predicting cardiovascular 
events (CVEs) has clinically been of great interest (1-3).

Heart-type fatty acid binding protein (H-FABP), a 
cardiac biomarker released from cardiomyocytes, has 
previously been reported to be an early marker for acute 
myocardial injury (2,4,5). Moreover, prior studies have 
also suggested a close relationship between H-FABP and 
atherosclerosis, acute pulmonary embolism, acute ischemic 
stroke and acute heart failure (6-10). Just recently, the 
clinical interest that applying it to the prognostic utility 
of CAD has been increasing (5,11,12). For example, an 
early study in 2,287 patients with ACS revealed that 
H-FABP was associated with increased risk of death and 
major cardiac events (13). Another study performed in 
1,080 ACS patients with troponin-negative also indicated 
that H-FABP was additive to troponin in patients with 
suspected ACS (14). In addition, a recent study in 
1,071 stable CAD patients with an average follow-up of  
24 months has also showed a positive result of H-FABP 
in predicating CVE (15). However, these previous studies 
were limited by either small sample size or short-term 
follow-up. Therefore, further investigations may be 
needed to explore the prognostic utility of H-FABP in 
patients with stable CAD. 

In the current study, we enrolled a consecutive, relatively 
large cohort with stable CAD to evaluate the association 
of baseline H-FABP levels with the disease severity and 
cardiovascular outcomes in angiography-proven patients 
with stable CAD. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2493).

Methods

Study patients

From January 2012 to February 2017, a total of 6,712 
consecutive patients underwent coronary angiography 
(CAG) due to angina-like chest pain were enrolled in 
the three medical centers (Fuwai Hospital, National 
Center for Cardiovascular Diseases, Chinese Academy of 
Medical Sciences, Peking Union Medical College, Beijing, 
China; Department of Cardiology, Xuanwu Hospital, 
Capital Medical University, Beijing, China; Department 
of  Cardiology,  Bei j ing Anzhen Hospital ,  Capital 
Medical University, China). The baseline characteristics, 
angiographic features and laboratory data were collected 
from all patients. Patients without entire data, under 
the age of 18 years, with severe infectious or systematic 
inflammatory diseases, significant hematologic disorders, 
thyroid dysfunction, severe liver and renal insufficiency were 
excluded. Patients who did not conform the stable state of 
CAD according to the guideline were also excluded (3).  
Finally, 4,370 eligible patients with stable CAD were 
included. The study flowchart was shown as Figure 1. 

The CAG was performed using standard clinical 
protocols with al l  angiograms interpreted by the 
experienced invasive cardiologists. The severity of CAD 
was evaluated by the numbers of lesion vessels and Gensini 
Score (GS) assessment system, which was defined according 
to stenosis severity as 1-point for <25% stenosis, 2-point 
for 26–50% stenosis, 4-point for 51–75% stenosis, 8-point 
for 76–90% stenosis and 32-point for total occlusion. The 
score was then multiplied by a multiplying factor that 
represented the importance of the lesion’s position in the 
coronary arterial system. For example, 5 for the left main, 
2.5 for the proximal left anterior descending or proximal 
left circumflex, 1.5 for the mid-segment and 1 for the distal 
segment. 

The CVEs covered cardiovascular death, nonfatal 
MI, stroke, and coronary revascularization including 
percutaneous coronary intervention (PCI) and coronary 
artery bypass grafting (CABG). The methodology of 
follow-up was consistent with previous studies (16-18). In 
detail, after an initial appointment, all the patients were 
actively followed up at six months intervals by face-to-
face interviews and/or telephone connections with our 
well-trained cardiologists or nurses who were blinded to 
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the purpose of this study. All available information from 
patients reported with possible event was collected. The 
death of a subject was reported by their relatives, the 
general practitioner, or the expert who treated the subject. 
Three experienced cardiologists who were blinded to this 
study classified the events independently. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the hospital ethical review board of Fuwai 
Hospital and National Center for Cardiovascular Diseases, 
Beijing, China (No: 2013-442) and informed consent was 
taken from all the patients.

Laboratory analysis

The laboratory data were obtained from each patient with 
their venous blood samples taken after a 12-hour overnight 
fasting. The lipid profiles were determined by automatic 

biochemistry analyzer (Hitachi 7150, Tokyo, Japan). In 
detail, the low-density lipoprotein cholesterol (LDL-C) 
concentration was analyzed by selective solubilization 
method (low-density lipid cholesterol test kit; Kyowa 
Medex, Tokyo). High-density lipoprotein cholesterol 
(HDL-C) concentration was measured by a homogeneous 
method (Determiner L HDL; Kyowa Medex, Tokyo). 
Total cholesterol (TC) and Triglyceride (TG) were 
determined by enzymatic methods. All other laboratory 
data mentioned were detected by standard haematological 
and biochemical  tests .  H-FABP was measured by 
Latex Immunoturbidimetric Method (Beijing Strong 
Biotechnologies, Inc. This turbidometric immunoassay 
was performed using the Hitachi 7180 chemistry analyzer). 
The reference interval of H-FABP was <5 ng/mL. The 
coefficient of variation for the assay was <10%. All the 
laboratory data were measured at baseline for each patient 
at the initial entry in hospital.

Figure 1 The study flowchart. 
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Statistical analysis 

The continuous data was expressed as mean ± standard 
deviation (SD) or median (inter-quartile range) and the 
qualitative data were shown as frequencies or percentage. 
The categorical data were compared by Chi-square test. 
For determining differences among groups, a t-test was 
performed for the normally distributed data. As non-
normally distributed data, the Mann-Whitney U test was 
performed for two-group comparisons and the Kruskal-
Wallis test for multi-group comparisons as appropriate. The 
event-free survival rates of total events and cardiovascular 
deaths among subgroups according to H-FABP levels were 
conducted by the Kaplan-Meier method and compared 
by the log-rank test. Cox regression hazard models were 
performed to calculate hazard ratios (HRs) and 95% 
confidence intervals (CI) for CVEs in patients with different 
levels of H-FABP. All statistical analyses were performed 
using SPSS software version 23.0 (SPSS, Inc., Chicago, IL, 
USA).

Results

A total of 4,370 patients with stable CAD were finally 
included in this prospective multi-center study and the 
study flowchart was shown in Figure 1. The baseline 
characteristics of patients were provided in Table 1. The 
mean age of subjects was 58.2±9.7 years and 3,087 patients 
(70.6%) were male. H-FABP was measured in all 4,370 
patients. The mean H-FABP level was 2.45 ng/mL in the 
total cohort. During a median of 51 months follow-up, 353 
(8.1%) patients occurred CVEs, included 69 cardiovascular 
deaths, 43 nonfatal MI, 90 stroke, and 151 coronary 
revascularization included PCI and CABG. Notably, serum 
H-FABP levels were significantly elevated in patients 
with events compared with ones without (2.83±2.27 vs.  
2.38±1.72 ng/mL, P<0.001, Table 1). Meanwhile, the 
patients with events were older and appeared to have higher 
rate of hypertension, higher level of hemoglobin A1c 
(HbA1c) when compared with those without events (P<0.05, 
respectively, Table 1). Moreover, no significant difference of 
other laboratory data was found in patients with or without 
events (P>0.05, respectively, Table 1).

In addition, according to the quartiles of H-FABP levels, 
the subjects were divided into four subgroups as quartile 
1 (<1.50 ng/mL), quartile 2 (1.50–2.20 ng/mL), quartile 
3 (2.21–3.00 ng/mL), quartile 4 (>3.0 ng/mL). As shown 
in Table 2, the patients in the higher H-FABP group were 

older and had increased creatinine levels compared with 
ones in the lower H-FABP group (P<0.05, respectively). 
Besides, the patients with higher H-FABP levels had 
higher rate of angiotensin converting enzyme inhibitors 
(ACEI)/angiotensin receptor blockers (ARB) medication 
(P<0.05), which might be related to the higher proportion 
of hypertension in these patients. Significantly, we found 
the association between H-FABP levels and risk of CVEs 
to follow a dose-response pattern with a higher risk among 
individuals in the fourth quartiles of H-FABP levels as 
compared with the first quartile (5.8% vs. 7.4% vs. 8.3% 
vs. 11.3%, P<0.001, Table 2). The patients in the highest 
H-FABP group showed near 1.5-fold higher rate of adverse 
events than ones in the lowest H-FABP group.

Then, we evaluated the relationship of H-FABP and 
the severity of coronary stenosis. The severity of CAD was 
assessed by GS and the numbers of lesion vessels. As shown 
in Table 2, the patients with elevated H-FABP levels had 
higher incidence of multiple vessels stenosis (≥3 vessels, 
quartile 4 vs. quartile 1: 43.1% vs. 36.2%, P=0.012, Figure 2A).  
In addition, the patients in the highest quartile of H-FABP 
group showed significantly higher GS compared with 
ones in the lowest quartile of H-FABP group (mean GS: 
37.9±35.7 vs. 31.9±30.3, P<0.001, Table 2, Figure 2B). 

We further explored the association between H-FABP 
levels with CVEs by stratifying the patients into 4 
subgroups according to the quartile of H-FABP levels. As 
shown in Figure 3, the Kaplan-Meier curves demonstrated 
that the patients in the highest quartile of H-FABP were 
associated with the greatest risk of total cardiovascular 
outcomes  (Figure  3A )  and cardiovascular  deaths  
(Figure 3B). Additionally, in Cox proportional-hazards 
model, elevated H-FABP levels were associated with 
increased risk of CVEs [unadjusted HR: 1.767; 95% CIs: 
1.301–2.400, P<0.001, Figure 4A]. After adjusted for 
multiple valuables included age, gender, family history 
of CAD, dyslipidemia, hypertension, current smoking, 
diabetes and HbA1c, the patients in the upper levels of 
H-FABP remained to be independently correlated with 
worse cardiovascular outcomes (adjusted HR: 1.453; 
95% CIs: 1.040–2.029, P=0.028, Figure 4B). Notably, the 
patients with highest H-FABP levels showed a significantly 
increased risk of cardiovascular death (unadjusted HR: 
4.427; 95% CIs: 2.139–9.164, P<0.001, Figure 4C), 
the results remained after adjusting for the established 
confounders (adjusted HR: 2.865; 95% CIs: 1.315–6.243, 
P=0.008, Figure 4D).
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Discussion

In this multicenter, prospective study of 4,370 patients with 
stable CAD, we investigated the diagnostic and prognostic 
values of H-FABP. The results freshly revealed the relation 
of H-FABP to stable CAD. Firstly, data defined that 
H-FABP was associated with the severity of CAD in stable 
patients assessed by GS and the numbers of diseased vessels. 
Moreover, we found that H-FABP was an independent 
predictor for CVEs in this population. Importantly, sub-

event analysis indicated that plasma H-FABP concentration 
was strongly associated with cardiovascular death. These 
findings were clinically novel and suggested the value of 
H-FABP in risk stratification among patients with stable 
CAD, especially in predicting long-term mortality.

H-FABP is a small cytoplasmic protein (15 kDa) released 
from necrotic cardiac myocytes, which is highly specific to 
myocardium (19). It can reach the diagnostic concentration 
in blood just within 1 to 2 hours after the onset of clinical 

Table 1 Baseline and clinical characteristics in study patients with and without events

Variables Total Events Non-events P value

Baseline characteristics

Patients 4,370 353 (8.1) 4,017 (91.9)

Age (years) 58.2±9.7 59.9±10.2 58.1±9.7 0.001

Male 3,087 (70.6) 244 (69.1) 2,843 (70.8) 0.513

BMI (kg/m2) 25.92±3.14 26.04±3.31 25.91±3.13 0.457

Hypertension 2,866 (65.6) 257 (72.8) 2,609 (64.9) 0.003

Dyslipidemia 3,945 (90.3) 312 (88.4) 3,633 (90.4) 0.211

Diabetes 2,401 (54.9) 202 (57.2) 2,199 (54.7) 0.369

Current smokers 1,345 (30.8) 88 (24.9) 1,257 (31.3) 0.013

Peripheral vascular disease 59 (1.4) 8 (2.3) 51 (1.3) 0.120

Cerebrovascular disease 136 (3.1) 16 (4.5) 120 (3.0) 0.109

Family history of CAD 611 (14.0) 45 (12.7) 566 (14.1) 0.486

Laboratory data

Triglyceride (mmol/L) 1.80±1.23 1.83±1.25 1.79±1.23 0.585

TC (mmol/L) 4.14±1.17 4.17±1.10 4.13±1.18 0.581

LDL (mmol/L) 2.51±1.00 2.51±0.95 2.51±1.00 0.937

HbA1c (%) 6.53±1.23 6.85±1.32 6.52±1.22 <0.001

H-FABP (ng/mL) 2.45±1.86 2.83±2.27 2.38±1.72 <0.001

TnI (ng/mL) 0.004 (0.002–0.009) 0.004 (0.002–0.010) 0.004 (0.002–0.009) 0.275

Creatinine (μmol/L) 77.77±17.16 78.25±17.29 77.73±17.15 0.580

Treatments in hospital

Aspirin 4,242 (97.1) 339 (96.0) 3,903 (97.2) 0.228

β-Blokers 3,417 (78.2) 279 (79.0) 3,138 (78.1) 0.689

Lipid-lowering medication 4,058 (92.9) 327 (92.6) 3,731 (92.9) 0.864

ACEI or ARB 2,024 (46.3) 174 (49.3) 1,850 (46.1) 0.242

Values are expressed as the mean ± SD, the median with interquartile range or n (%). CAD, coronary artery disease; BMI, Body mass 
index; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; H-FABP, heart-fatty acid binding 
protein; TnI, troponin I; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker.



Zhang et al. H-FABP and outcomes in stable CAD

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(21):1349 | http://dx.doi.org/10.21037/atm-20-2493

Page 6 of 10

symptoms (4,20). Therefore, H-FABP is now recognized as 
an early cardiac biomarker of myocardial injury in patients 
with ACS (5,11,12). More interestingly, in addition to 
serving as a marker for myocardial injury, H-FABP is also 
reported to be a potential prognostic indicator for future 
cardiac outcomes. Recently, several studies have reported 

an association between elevated level of H-FABP and 
worse cardiac events in patients with ACS (12-14,21,22). 
Therefore, its prognostic value in different status of 
cardiovascular disease may be of interest in cardiovascular 
medicine. However, only limited observations evaluated 
the role of H-FABP in predicting the clinical outcomes 

Table 2 Comparison of baseline and clinical characteristics of subjects according to the H-FABP levels (ng/mL)

Variables Quartile 1 (<1.50) Quartile 2 (1.50–2.20) Quartile 3 (2.21–3.00) Quartile 4 (>3.00) P value

Baseline characteristics

Patients 1,134 1,091 1,147 998

Age (years) 54.2±9.0 57.2±8.9 59.0±9.3 62.9±9.6 <0.001

Male 798 (70.4) 781 (71.6) 824 (71.8) 684 (68.5) 0.329

BMI (kg/m2) 25.83±2.95 25.89±3.15 25.88±3.09 26.12±3.39 0.166

Hypertension 703 (62.0) 678 (62.1) 752 (65.6) 733 (73.4) <0.001

Dyslipidemia 1,016 (89.6) 1,003 (91.9) 1,035 (90.2) 891 (89.3) 0.161

Diabetes 602 (53.1) 599 (54.9) 651 (56.8) 549 (55.0) 0.376

Current Smokers 337 (29.7) 374 (34.3) 357 (31.1) 277 (27.8) 0.011

Peripheral vascular disease 10 (0.9) 15 (1.4) 14 (1.2) 20 (1.8) 0.156

Cerebrovascular disease 24 (2.1) 35 (3.2) 36 (3.1) 41 (4.1) 0.070

Family history of CAD 172 (15.2) 179 (16.4) 154 (13.4) 106 (10.6) 0.001

Laboratory data

Triglyceride (mmol/L) 1.85±1.43 1.78±1.10 1.79±1.12 1.76±1.26 0.403

TC (mmol/L) 4.14±1.23 4.15±1.12 4.14±1.20 4.12±1.12 0.923

LDL (mmol/L) 2.52±1.06 2.55±1.07 2.49±0.91 2.47±0.94 0.231

HbA1c (%) 6.39±1.17 6.47±1.23 6.53±1.17 6.78±1.31 <0.001

Troponin I (ng/mL) 0.003 (0.001–0.007) 0.004 (0.002–0.008) 0.004 (0.002–0.010) 0.006 (0.002–0.013) <0.001

Creatinine (μmol/L) 73.75±14.38 75.40±13.59 77.16±15.30 85.65±22.34 <0.001

Treatments in hospital

Aspirin 1,099 (96.9) 1,068 (96.9) 1,106 (96.4) 969 (97.1) 0.224

β-Blokers 895 (78.9) 847 (77.6) 911 (79.4) 764 (76.6) 0.369

Lipid-lowering medication 1041 (91.8) 1010 (92.6) 1065 (92.9) 942 (94.4) 0.134

ACEI or ARB 478 (42.1) 481 (44.1) 537 (46.8) 528 (52.9) <0.001

Multi-vessel disease ≥3 412 (36.2) 436 (40.1) 472 (41.3) 430 (43.1) 0.012

Gensini score 31.9±30.3 33.8±31.2 34.7±30.8 37.9±35.7 <0.001

Cardiovascular events 66 (5.8) 81 (7.4) 93 (8.3) 113 (11.3) <0.001

Values are expressed as the mean ± SD, the median with interquartile range or n (%). CAD, coronary artery disease; BMI, Body mass 
index; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; H-FABP, heart-fatty acid binding 
protein; TnI, troponin I; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker.
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in general population and stable CAD. For example, data 
from Takahata Study (23) in general Japanese population 
(n=3,503) showed that a higher H-FABP level was 
associated with all-cause and cardiovascular deaths during 
a follow-up of 7 years. More recently, another study from 
Taiwan in 1,071 stable CAD patients with follow-up of  
24 months showed that H-FABP was an independent 
predictor for CVE (15). Unfortunately, those studies 
appeared to be limited by either primary prevention or 
small sample size with short-term follow-up. Further study, 
hence, may be needed to clarify the role of H-FABP in 
patients stable CAD. That is a main reason why we carried 
out the present study.

The present study conducted in a larger Chinese cohort 
with up to 7.2 years follow-up, for the first time, showed 
that plasma H-FABP levels were significantly correlated 
with the severity of diseased coronary arteries. As we 
presented in the section of results, the degree of coronary 
artery stenosis was gradually aggravated in patients with 
elevated H-FABP levels. Such data provided the novel 
information regarding the role of H-FABP in stable CAD. 
Moreover, whether H-FABP was related to the clinical 

outcomes in patients with stable CAD needed to be further 
studied.

To our knowledge, clinical outcomes are majorly 
dependent on the disease severity. The underlying 
mechanism regarding the impact of the disease severity on 
clinical outcomes in patients with CAD may be linked with 
the chances of the increased risk of coronary events. Since 
we have demonstrated that H-FABP was associated with the 
disease severity, we further explore the prognostic role of 
H-FABP in the present study. Obviously, our results showed 
that serum H-FABP levels were significantly elevated in 
patients with events compared with those without events, 
and the patients in the highest H-FABP group had near  
1.5-fold higher rate of adverse events than those in 
the lowest H-FABP group. Further analysis by Cox 
proportional-hazards model suggested that patients with 
highest H-FABP levels were independently associated with 
worse outcomes (adjusted HR: 1.453; 95% CIs: 1.040–
2.029, P=0.028). Particularly, the H-FABP levels were 
significantly related to the risk of cardiovascular deaths even 
after adjusting for the established confounders (adjusted HR: 
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A B

C D

Figure 4 Hazard ratios for the association of heart fatty acids binding protein (H-FABP) with total cardiovascular events and cardiovascular 
death. Unadjusted model for cardiovascular events (A) and cardiovascular death (B) and adjusted model for cardiovascular events (C) and 
cardiovascular death (D) adjusted for age, gender, diabetes, dyslipidemia, hypertension, glycated hemoglobin, current smoking and family 
history of coronary artery disease. HR, hazard ratio; CI, confidence interval.

2.865; 95% CIs: 1.315–6.243, P=0.008). Although we could 
not confirm the exact mechanisms of the result that elevated 
levels of H-FABP were related to CVEs, the following 
items might be involved in the progression of CAD in 
subjects with elevated H-FABP levels, such as that patients 
with higher H-FABP levels had more severe coronary disease, 
they were older and had higher prevalence of hypertension than 
those with lower H-FABP levels. Overall, the findings in the 
present study not only enhanced our understanding of the role 
of H-FABP in patients with stable CAD but also provided hint 
for risk stratification in such population. Therefore, clinicians 
may need to pay more attention to the elevated levels of H-FABP 
in patients with stable CAD.

There were several potential limitations in the study. 
Firstly, as inherent to the nature of an observational and 
prospective study, only association but not causal link could 
be determined. In addition, H-FABP measured only at 

baseline and the levels might be affected by the medical 
intervention during the follow-up time. Finally, since the 
present study enrolled patients with normal creatinine 
clearance, we unable to determine whether H-FABP played 
a prognostic role in patients with renal dysfunction. Further 
studies were required to ascertain these findings.

In conclusion, the current study revealed a solid fact that 
H-FABP was a useful biomarker for worse outcomes due to 
its capability of predicting adverse clinical events in patients 
with stable CAD, suggesting that H-FABP might help to 
risk assessment in stable CAD.
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