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Background: Neutrophil gelatinase-associated lipocalin (NGAL) has been suggested to 
reflect early renal dysfunction. We investigated the predictive significance of serum NGAL 
in predicting cardiovascular (CV) death in an old-age population with coronary heart 
disease (CHD).
Methods: In total, 633 CHD patients with a stable clinical condition were enrolled. The 
measurements of serum NGAL and other laboratory indices were performed within 24 hours 
after admission. Adjusted analysis was used to assess relationships between serum NGAL 
and CV death during the 10-year follow-up period.
Results: Multivariate logistic regression analysis demonstrated that elevated NGAL levels 
were related to a higher prevalence of CV disease history [quartile 4, 2.41 (1.60–4.59), 
P-trend <0.001]. The Kaplan–Meier curve indicated that patients with high NGAL levels 
tended to have a higher rate of CV death than patients with low NGAL levels. A multivariate 
Cox model suggested that increased levels of NGAL were independently linked with 
elevated risk of CV death (HR=2.62, 95% CI 1.51–4.96, P<0.001) during the 10-year 
follow-up period, after adjusting for related confounding factors using sensitivity analysis. 
Furthermore, the receiver operating characteristics (ROC) curve demonstrated that serum 
NGAL (AUC=0.917, 95% CI 0.895–0.940, P<0.001) had an ideal predictive value in 
predicting CV death.
Conclusion: Serum levels of NGAL were elevated in patients with CHD and may be a new 
parameter that could independently predict CV death in these patients, which may strengthen 
its potential application in clinical practice.
Keywords: neutrophil gelatinase-associated lipocalin, cardiovascular death, ischemic heart 
disease

Introduction
Coronary heart disease (CHD), the result of long-term myocardial ischemia caused 
by coronary atherosclerosis, can develop into myocardial infarction (MI) and heart 
failure (HF),1,2 which bring about serious medical and economic burdens and can 
be life-threatening for these patients.3 Although the prognosis of patients with CHD 
has been greatly improved by enhanced medical treatment, and many risk factors, 
such as hypertension and diabetes mellitus and its related pathogenesis, including 
inflammation and oxidative stress, have been fully confirmed in previous studies,4–7 

CHD-related mortality remains high.8 Therefore, finding valuable indicators for 
predicting deaths from CHD is necessary.
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Neutrophil gelatinase-associated lipocalin (NGAL) is 
a glycoprotein with a molecular weight of 25 kDa, which 
was originally obtained from human neutrophils.9,10 It can 
be synthesized in the bone marrow and stored in specific 
granules of mature neutrophils,11 as well as being pro-
duced in a variety of cell types, including endothelial 
cells, hepatic cells, cardiomyocytes, renal cells and 
neurons.12–15 Reports have shown that NGAL can be 
rapidly released as a result of damage to the kidney 
tubules, and was identified as a biomarker for early kidney 
injury in vivo.16,17 Considering the pathological features, 
studies have demonstrated that elevated NGAL can be 
regarded a biomarker for detecting renal failure in patients 
with HF.14,18 Another study has suggested an association 
between elevated NGAL and a high risk of mortality in HF 
patients with or without renal dysfunction.19 An animal 
study showed that NGAL is overexpressed in compensa-
tory cardiomyocytes after MI and the overexpression per-
sists at least for 1 month.14 Researchers have also 
observed that NGAL expression is elevated in isolated 
cardiomyocytes from rat heart after inflammatory stimuli, 
including endothelin-1, interleukin-1β and tumor necrosis 
factor-α (TNF-α).14,20,21 Importantly, some studies have 
reported that NGAL is involved in inflammation-related 
cardiac injury.14,22,23

Up to now, however, few studies have investigated the 
correlation between NGAL and CV death in CHD 
patients. Against the above research background, our 
study was the first to evaluate whether serum NGAL can 
predict CV death in CHD patients during a 10-year follow- 
up period.

Materials and Methods
Baseline Evaluations
Our study included 633 patients with CHD (MI and angina 
pectoris) who were hospitalized at the Cardiovascular 
Medicine Department of the Affiliated Mindong Hospital 
of Fujian Medical University owing to acute coronary 
syndrome (ACS) from October 2005 to December 2010. 
These included patients who had undergone echocardio-
graphic evaluation and standardized treatment during hos-
pitalization. The diagnostic criteria for CHD include:24 1) 
typical angina pectoris or MI without evidence of severe 
aortic stenosis, insufficiency, cardiomyopathy and 
others; 2) electrocardiogram (ECG) showing MI or 
a positive ECG exercise test, excluding other causes (var-
ious heart diseases, significant anemia, obstructive 

emphysema, autonomic nerve dysfunction, application of 
digitalis, electrolyte disorder and other); 3) patients over 
40 years old with heart enlargement, HF and dysfunction 
of papillary muscles, which cannot be explained by myo-
cardial disease or other reasons, and who have two of the 
following three items: hypertension, hypercholesterolemia 
or diabetes.25 These included CHD patients who had been 
clinically stable for more than 6 months and had not 
experienced serious illness requiring hospitalization before 
this admission. In total, 153 of all included patients had 
a history of cardiovascular disease (CVD), including 
essential hypertension (n=141) and stroke (n=12). All 
clinical features after admission (baseline data) were col-
lected from these patients’ medical records. Patients with 
chronic kidney disease (n=13), serious liver diseases 
(n=6), neoplastic diseases (n=7) or other diseases (n=5) 
were excluded from this cohort study. According to 
Declaration of Helsinki guidelines, the Ethics Committee 
of the Affiliated Mindong Hospital of Fujian Medical 
University approved this prospective study and all 
included patients gave their written informed consent.

Follow-Up
All CHD patients were contacted by telephone four times 
each month until the occurrence of CV death during the 
10-year follow-up period. The death event was defined as 
death caused by MI, acute HF or exacerbation of chronic 
HF, stroke, sudden cardiac death or arrhythmia. Our reli-
able and continuous surveillance system can ensure ade-
quate collection of CV death. For the purpose of this study, 
as long as one of these events occurred, the patient’s 
follow-up was completed. If the current status of these 
patients was uncertain, referring cardiologists and/or gen-
eral practitioners were contacted and invited to identify the 
patient’s condition. Fifteen CHD patients were lost to 
follow-up.

Laboratory Measurements
A fasting venous blood specimen was obtained from all 
included CHD patients on the first morning after admission. 
The samples were measured for brain natriuretic peptide 
(BNP), serum fasting blood glucose (FBG), serum urea 
nitrogen (BUN), hemoglobin (Hb), albumin (ALB), serum 
creatinine (SCr) and high-sensitivity C-reactive protein (hs- 
CRP) by an automated blood counter (Sysmex XE5000; 
Emilio de Azevedo Campos, Porto, Portugal). Low-density 
lipoprotein cholesterol (LDL), total cholesterol (TC), high- 
density lipoprotein cholesterol (HDL) and triglycerides (TG) 
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were measured using the Siemens ADVIA 2400 automatic 
biochemistry analyzer (Siemens AG). Serum NGAL levels 
in the blood samples were measured by a rapid, point-of- 
care fluorescence detection immunoassay using the Triage 
meter (Biosite, Quilaban, Lisboa, Portugal).

Statistical Analyses
The Kolmogorov–Smirnov test combined with Q-Q plots 
was used to assess data normality. Data with a non-normal 
distribution were analyzed by the Mann–Whitney U-test, 
normally distributed data by the independent t-test and 
categorical variables by the chi-squared test.

First, to test whether serum NGAL might be associated 
with CVD history on admission, a corrected logical regres-
sion model was performed with serum NGAL as the inde-
pendent variable and CVD history as the dependent 
variable. Confounding factors were corrected as follows: 
Model 1: Adjusted for age, gender and body mass index 
(BMI). Model 2: Adjusted for age, gender, BMI, smoker, 
drinker, exercise regularly, diabetes mellitus, blood pressure 
(BP), preserved left ventricular ejection fraction (LVEF) and 
medications. Model 3: Adjusted for age, gender, BMI, smo-
ker, drinker, exercise regularly, diabetes mellitus, BP, pre-
served LVEF, medications and laboratory measurements. 
Second, the free rate of CV death was constructed by the 
Kaplan–Meier method. We further analyzed the association 
between serum NGAL and CV death using a corrected Cox 
regression model. The corrected model was used to confirm 
independent risk factors for CV death. Factors with 
P values less than 0.05 analyzed by univariate analysis 
were entered into the multivariate analysis. We also adjusted 
for confounding factors associated with CVD, even if they 
were not significantly associated with outcomes in the uni-
variate analysis.

In addition, the predictive value of serum NGAL for CV 
death was determined using receiver operating 
characteristics (ROC) curves, and the area under the curve 
(AUC), 95% confidence intervals, sensitivity and specificity 
were calculated. All of the analyses were performed using 
SPSS 26.0 and P≤0.05 was considered statistically significant.

Results
Clinical Characteristics of the Patients 
with CHD After Admission
All clinical data on the included patients with CHD are 
described in Table 1. The serum median NGAL level in 
these patients was 102.5 ng/mL. Based on the serum 

median, all subjects were classified into two subgroups 
[patients with high serum NGAL (≥102.5 ng/mL) and low 
serum NGAL (<102.5 ng/mL)]. Compared with CHD 
patients with low NGAL levels, CHD patients with high 
serum NGAL levels had a higher CV mortality and higher 
prevalence of CVD history on admission (all P<0.05). They 
tended to be smokers or drinkers, and tended to have higher 
BMI, systolic BP and diastolic BP, a higher rate of diabetes 
mellitus and a lower rate of preserved LVEF (all P<0.05). 
With regard to laboratory measurements, CHD patients with 
high NGAL levels tended to have higher levels of FBG, 
LDL, TG, TC, hs-CRP, SCr and BUN, and lower levels of 
Hb and ALB (all P<0.05).

Elevated NGAL Levels Were Associated 
with Higher Prevalence of CVD History 
on Admission in Patients with CHD
To confirm the correlation of CVD history with serum 
NGAL in CHD patients, logistic regression of the correction 
models was used, as shown in Table 2. Model 1 demon-
strated that elevated NGAL levels were linked with a higher 
prevalence of CVD history when age, gender and BMI were 
adjusted [quartile 4, 2.46 (1.65–4.67), P-trend <0.001]. The 
results of Model 2 were changed little and statistically sig-
nificant when further adjustments for smoker, drinker, exer-
cise regularly, diabetes mellitus, BP, preserved LVEF and 
medications were made [quartile 4, 2.43 (1.63–4.63), 
P-trend <0.001]. The results of Model 3 were similar to 
Model 2 when continuing to add serum indices into Model 
2 [quartile 4, 2.41 (1.60–4.59), P-trend <0.001].

Elevated NGAL Levels Suggested an 
Independent Association with CV Death 
in Patients with CHD by Sensitivity 
Analysis, Using “CVD History” as 
a Covariate
CV deaths in CHD patients were determined from inclusion 
to the end of a follow-up of 10 years. In total, 51 patients 
with CHD died; 43 of these deaths were due to CV outcomes 
and the remaining eight deaths were caused by non-CV 
factors. The CV deaths resulted from MI (n=14), acute HF 
or exacerbation of chronic HF (n=12), stroke (n=8), arrhyth-
mia (n=5) and sudden cardiac death (n=4). Kaplan–Meier 
analysis indicated that CHD patients with high NGAL levels 
(≥102.5 ng/mL) tended to have a higher rate of CV death 
than CHD patients with lower NGAL (P<0.001) (Figure 1).
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Furthermore, the predictors for CV death were 
assessed by Cox regression analysis. Our univariate ana-
lysis suggested that NGAL, BMI, smoker, CVD history, 
diabetes mellitus, SCr, TG, TC and LDL were signifi-
cantly related to increased CV mortality (Table 3). 
Importantly, the multivariate analysis suggested that ele-
vated NGAL levels were independently linked with 
increased CV mortality (HR=2.62, 95% CI 1.51–4.96, 
P<0.001) after adjusting for age, gender, BMI, smoker, 

drinker, diabetes mellitus, BP, preserved LVEF and 
laboratory measurements. In addition, we used 
a stratified analysis to investigate the correlation of 
serum NGAL with CV mortality in patients with MI and 
angina pectoris. The multivariate Cox model indicated 
that elevated NGAL levels were still linked with higher 
CV mortality in patients with MI [2.76 (1.73–5.47), 
P<0.001, Model 3] and in patients with angina pectoris 
[2.40 (1.22–4.21), P<0.001, Model 3] (Table 4). The HR 

Table 1 Clinical Characteristics of the Patients with CHD After Admission

Variables NGAL <102.5 ng/mL (n=316) NGAL ≥102.5 ng/mL (n=317) P Value

Age (years) 71.6 (67.4–77.8) 72.1 (68.2–79.2) 0.098

Gender (male) 174 (55.1) 161 (50.8) 0.215

BMI (kg/m2) 25.4 (24.3–28.7) 26.2 (23.1–29.4) 0.018

Smoker 63 (19.9) 84 (26.5) 0.007

Drinker 49 (15.5) 79 (24.9) <0.001

CVD history on admission 52 (15.5) 101 (31.9) <0.001

Exercise regularly 124 (39.2) 101 (31.8) 0.064

Diabetes mellitus 12 (3.8) 34 (10.7) <0.001

Heart rate (beats/min) 83±7 85±6 0.389

CV mortality during follow-up 11 (3.5) 32 (10.1) <0.001

Systolic BP (mmHg) 129 (120–142) 133 (124–146) 0.011

Diastolic BP (mmHg) 78 (72–85) 80 (73–89) 0.012

Preserved LVEF 201 (63.6) 164 (51.7) 0.011

Hospital stay (days) 10 (5–11) 12 (7–14) 0.112

Medications
Diuretics 286 (90.5) 310 (97.8) 0.071
ACE inhibitors 218 (69.0) 253 (79.8) 0.058

Beta-blockers 132 (41.8) 89 (28.1) 0.52

Laboratory measurements
NGAL (ng/mL) 73.4±6.51 146.5±13.5 <0.001

SCr (µmol/L) 85.6±7.3 99.6±9.5 0.009
BUN (mmol/L) 5.6±3.4 7.1±3.9 0.014

FBG (mmol/L) 5.97 (4.53–7.69) 6.34 (5.12–8.83) 0.038

ALB (g/L) 41.5 (38.9–44.2) 37.6 (35.2–40.4) <0.001
Hb (g/L) 122 (113–127) 116 (108–133) 0.019

hs-CRP (mg/L) 6.17 (1.89–21.75) 10.91 (3.24–28.55) <0.001

BNP (pg/mL) 1432±245 1395±239 0.43
TG (mmol/L) 1.39±0.41 2.14±0.54 <0.001

LDL (mmol/L) 2.16 (1.49–2.54) 2.59 (1.53–2.81) 0.001

HDL (mmol/L) 0.79 (0.60–1.01) 0.71 (0.54–0.95) 0.104
TC (mmol/L) 3.67±0.92 4.31±1.23 0.007

Note: Data are shown as median (range), n (%) or mean ± SD.
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value was higher in patients with MI than in patients with 
angina pectoris.

Serum NGAL Had a Good Predictive 
Value for Predicting CV Death During 
Follow-Up in Patients with CHD
To further evaluate the predictive value of NGAL in pre-
dicting CV death in patients with CHD, the ROC curve 
was plotted (Figure 2). We observed that serum NGAL 
(AUC=0.917, 95% CI 0.895–0.940, P<0.001) had an 
ideal predictive value in predicting CV death.

Discussion
As far as we know, this is the first cohort study evaluating 
associations between serum concentrations of NGAL and 
CV death in CHD patients. We observed that serum 

NGAL is an independent predictor for CV death in 
patients with CHD.

The association of NGAL with CVD has been investi-
gated in previous clinical studies and basic experiments. 
A clinical study showed that patients with chronic HF and 
MI had higher levels of NGAL compared with healthy -
subjects.14 Furthermore, elevated NGAL levels were sig-
nificantly related to higher New York Heart Association 
(NYHA) classification.14 Some other studies also sug-
gested raised NGAL levels in patients with CVD.22,23 

NGAL was further found to have a prognostic value in 
HF patients and higher serum level of NGAL were asso-
ciated with an increased risk of death.19 Importantly, ele-
vated NGAL levels in these HF patients may reflect renal 
dysfunction because renal dysfunction is often observed in 
HF patients and can cause increased NGAL levels.26 

Expression of NGAL was significantly higher in the non- 
ischemic area than the ischemic area in a rat model with 
HF caused by MI.14 Another study found that NGAL 
exists in atherosclerotic plaques in humans, where macro-
phages colocalized with NGAL.27 It also found that 
NGAL expression was significantly elevated in the heart 
and aorta of MI mice.27 In a prospective cohort study, 
higher serum NGAL at baseline contributed to higher 
risks of all-cause mortality and adverse cardiac events in 
a general population.28 The association of increased 
NGAL levels with risk of CV events was also reported in 
a large elderly population.29 Moreover, one study reported 
that among patients with ACS, elevated NGAL levels 
were associated with adverse outcomes.30 These previous 
findings are consistent with our results, that elevated 
serum NGAL levels and NGAL expression in tissues are 
associated with adverse CV events. However, differently 
from the previous studies, our results were based on 

Table 2 Logistic Regression Analysis for the Association Between Serum NGAL Levels and CVD History on Admission in Patients 
with CHD

Variables Model 1 Model 2 Model 3

Serum NGAL level

Quartile 1 (low) 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)

Quartile 2 1.47 (1.14–2.43) 1.45 (1.12–2.39) 1.43 (1.10–2.35)
Quartile 3 1.89 (1.31–3.52) 1.84 (1.27–3.46) 1.81 (1.25–3.44)

Quartile 4 (high) 2.46 (1.65–4.67) 2.43 (1.63–4.63) 2.41 (1.60–4.59)

P-trend <0.001 <0.001 <0.001

Notes: Model 1: Adjusted for age, gender and BMI. Model 2: Adjusted for age, gender, BMI, smoker, drinker, exercise regularly, diabetes mellitus, BP, preserved LVEF and 
medications. Model 3: Adjusted for age, gender, BMI, smoker, drinker, exercise regularly, diabetes mellitus, BP, preserved LVEF and medications and laboratory 
measurements. 
Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; CVD, cardiovascular disease; CHD, coronary heart disease; BMI, body mass index; BP, blood pressure; 
LVEF, left ventricular ejection fraction.

Figure 1 Kaplan–Meier analysis of CV mortality according to median levels of 
serum NGAL in patients with CHD.
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corrected renal function so that abnormal renal function 
did not affect the independent association between serum 
NGAL and CV events in patients with CHD.

In basic experiments, the association of NGAL with car-
diac function has also been investigated in NGAL−/− mice.31 

A potential function is that NGAL is involved in the 

Table 3 Cox Proportional Hazard Analysis for Associations Between Serum NGAL Levels and CV Mortality During the Follow-Up of 
10 Years in Patients with CHD by Sensitivity Analysis, Using “CVD History” as a Covariate

Variables Univariate Cox Multivariate Cox

HR 95% CI P Value HR 95% CI P Value

Age (per 1-SD increase) 1.64 1.24–2.63 0.024 1.42 1.13–1.98 0.125

Sex 1.35 0.96–1.72 0.258

BMI (per 1-SD increase) 1.84 1.24–2.59 0.015 1.72 1.13–2.15 0.027

Smoker 1.61 1.10–1.95 0.019 1.43 1.08–1.89 0.039

Drinker 1.76 1.11–2.03 0.017 1.32 0.93–1.85 0.071

CVD history on admission 2.73 1.52–4.99 <0.001 2.30 1.39–4.56 0.009

Preserved LVEF 1.75 1.43–2.76 0.039 1.25 0.89–1.75 0.113

Diabetes mellitus 2.2 1.4–3.4 0.005 1.9 1.1–2.6 0.010

Systolic BP (per 1-SD increase) 1.50 0.87–1.71 0.110 1.21 0.73–1.56 0.215

Diastolic BP (per 1-SD increase) 1.19 0.64–1.50 0.271

Laboratory measurements
SCr (per 1-SD increase) 1.91 1.14–3.70 0.014 1.72 1.08–2.69 0.043

BUN (per 1-SD increase) 1.36 0.89–1.67 0.263

hs-CRP (per 1-SD increase) 1.51 1.09–2.40 0.042 1.22 0.95–1.72 0.102
Hb (per 1-SD increase) 1.21 0.90–1.53 0.215

ALB (per 1-SD increase) 0.74 0.24–0.93 0.031 0.82 0.41–1.35 0.076

TG (per 1-SD increase) 2.10 1.33–3.82 0.010 1.95 1.27–3.48 0.019
LDL (per 1-SD increase) 2.27 1.44–5.28 <0.001 2.09 1.36–4.53 0.011

TC (per 1-SD increase) 2.21 1.63–4.11 0.009 1.98 1.50–4.01 0.013

FBG (per 1-SD increase) 1.38 0.89–2.00 0.154
NGAL (per 1-SD increase) 2.74 1.75–5.37 <0.001 2.62 1.51–4.96 <0.001

Notes: Adjusted for age, gender, BMI, smoker, drinker, diabetes mellitus, BP, preserved LVEF and laboratory measurements (FBG, TC, TG, LDL, Hb, ALB, hs-CRP, SCr and 
BUN). 
Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; CV, cardiovascular; CHD, coronary heart disease; CVD, cardiovascular disease; HR, hazard ratio; CI, 
confidence interval; BMI, body mass index; LVEF, left ventricular ejection fraction; BP, blood pressure; SCr, serum creatinine; BUN, serum urea nitrogen; hs-CRP, high- 
sensitivity C-reactive protein; Hb, hemoglobin; ALB, albumin; TG, triglycerides; LDL, low-density lipoprotein cholesterol; TC, total cholesterol; FBG, fasting blood glucose.

Table 4 Association Between Serum NGAL Levels and CV Mortality During the Follow-Up of 10 Years in Patients with CHD by 
Stratified Analysis

Variables Model 1 Model 2 Model 3

Angina pectoris 2.48 (1.51–5.22) 2.46 (1.44–5.01) 2.40 (1.22–4.21)

P value <0.001 <0.001 <0.001

Myocardial infarction 2.83 (1.83–5.66) 2.78 (1.76–5.51) 2.76 (1.73–5.47)

P value <0.001 <0.001 <0.001

Notes: Model 1: Adjusted for age, gender and BMI. Model 2: Adjusted for age, gender, BMI, smoker, drinker, exercise regularly, diabetes mellitus, BP, preserved LVEF and 
medications. Model 3: Adjusted for age, gender, BMI, smoker, drinker, exercise regularly, diabetes mellitus, BP, preserved LVEF, medications and laboratory measurements. 
Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; CV, cardiovascular; CHD, coronary heart disease; BMI, body mass index; BP, blood pressure; LVEF, left 
ventricular ejection fraction.

https://doi.org/10.2147/IJGM.S328022                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4892

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


recruitment process of inflammatory cells in heart transplanta-
tion. Research demonstrated that a remarkably reduced num-
ber of infiltrating granulocytes was observed in NGAL+/+ 

recipients from transplanted NGAL−/− hearts.32,33 Another 
study also showed that NGAL can promote cardiomyocyte 
apoptosis directly, which can contribute to the remodeling 
process of underlying CVD conditions, including MI and 
HF.34 Based on the previous research on mechanisms, 
NGAL is significantly involved in the inflammatory reactions 
in the heart, causing inflammatory damage to cardiomyocytes. 
Similarly, with NGAL as a marker of this state, elevated hs- 
CRP is a marker of higher inflammatory burden.35 The 
mechanism of inflammatory damage may be partly responsible 
for the increased NGAL associated with CV death in patients 
with CHD.

The present study has several remarkable strengths. To 
begin with, this longitudinal cohort study was performed 
with a long-term follow-up of 10 years and sufficient clinical 
information was obtained. We ensured that major CV 
deaths occurred during our follow-up period to avoid outcome 
bias due to insufficient follow-up time. Our study is the first to 
demonstrate that elevated NGAL levels are associated with 
increased CV mortality and might be considered as a predictor 
for CV death in CHD patients, although previous studies have 
shown that NGAL was related to CVD. Furthermore, major 
confounding factors associated with NGAL and CVD were 
adjusted for the independent association, ensuring the 

reliability of our results. Of course, our research also has 
several unavoidable limitations. First, previous studies have 
shown that NGAL is a marker of early renal injury. Whether 
the relationship between NGAL and CHD death is caused by 
CHD or renal function has not been fully analyzed, although 
SCr, an important marker of renal function, was corrected in 
our regression model. Second, sufficient correction of con-
founding factors may also lead to overfitting of the correction 
model, which can make the results of the study slightly incon-
sistent with the actual results. Third, serum NGAL measure-
ment was performed only once in all included patients at 
baseline. Other variables that may affect serum NGAL levels 
are unknown. A single serum test may not fully represent the 
real level of NGAL in these patients, thus leading to some bias 
in our results.

Conclusions
Serum NGAL levels are elevated and have a significant 
association with CV death in patients with CHD. The 
significant predictive value of elevated NGAL levels may 
be linked to a higher degree of inflammatory reactions in 
CHD patients because NGAL expression in a healthy gen-
eral population was linked with all inflammatory markers.
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