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Abstract

Objective: This study aimed to assess the diagnostic value of serum neutrophil gelatinase-
associated lipocalin (NGAL) and cystatin C for renal dysfunction in older patients with coronary
disease.

Methods: A total of 84 older patients with coronary artery disease were included in this study.
Serum NGAL and cystatin C levels were analysed using commercially available kits. Medical data
of all patients were recorded and analysed.

Results: NGAL and cystatin C levels were significantly positively correlated with N-terminal
prohormone of brain natriuretic peptide levels and negatively correlated with the estimated
glomerular filtration rate. The areas under the receiver operating characteristic curves of
serum NGAL and cystatin C levels for diagnosing early renal dysfunction were 0.884 and
0.744, respectively.

Conclusion: Serum NGAL and cystatin C are potential early and sensitive markers of renal
dysfunction in older patients with coronary artery disease.
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Introduction

Chronic heart failure (CHF) is the end stage
of various cardiovascular diseases and one
of its common causes is coronary artery dis-
ease (CAD). Because of the increase in the
ageing population and improved treatment
options for CAD, including acute myocar-
dial infarction, the incidence of CHF has
increased yearly.!* Renal impairment is
common among patients with heart failure.
Approximately 35%—70% of patients with
heart failure have concurrent chronic
kidney dysfunction (CKD).*®* CHF and
CKD have many common risk factors and
pathophysiological pathways, such as
inflammatory and direct cellular immune-
mediated responses, as well as renin—angio-
tensin—aldosterone system activation.” !
Poor outcomes regarding CKD in patients
with heart failure have been shown in some
trials.>'* CKD can increase the risk of re-
hospitalization because of worsening of
heart failure and cardiac death in patients
with heart failure.'® Early diagnosis of renal
impairment for patients with CHF is impor-
tant. Serum creatinine (Scr) and blood urea
nitrogen (BUN) levels have been the most
widely used parameters for clinical evalua-
tion of renal function. While Scr levels are
affected by many factors, such as age, sex,
weight, height, muscle mass, and dietary
structure, BUN levels are easily affected
by body conditions and can be reabsorbed
by the renal system. Only severe renal
damage can be detected by increased levels
of Scr and BUN. In recent years, there has
been increasing interest and effort in devel-
oping new biomarkers for assessing early
renal damage in patients with CAD, includ-
ing neutrophil gelatinase-associated lipoca-
lin (NGAL), liver-type fatty acid-binding
protein, kidney injury molecule-1, cystatin
C, and C-reactive protein.'"® Among them,
NGAL and cystatin C are the two most
promising potential biomarkers.
Therefore, this study aimed to evaluate

the potential of serum NGAL and cystatin
C levels in diagnosing early renal impair-
ment in older patients with CAD.

Subjects and Methods

Subjects

This prospective study enrolled 84 older
patients who were diagnosed with CAD at
the Xuanwu Hospital of Capital Medical
University between October 2012 and
September 2013. CAD was diagnosed by a
history of CAD, computed tomography
angiographic or digital subtraction angio-
graphic evidence of coronary artery stenosis
>50%, typical angina pectoris, or myocar-
dial ischaemic changes detected by an
electrocardiogram.

Based on the Framingham diagnostic
criteria, CHF was considered when patients
had at least two major criteria or one major
criterion with two minor criteria.'” The
patients were divided into three groups
according to the New York Heart
Association (NYHA) cardiac function clas-
sification as follows: NYHA class I group
(n=30), NYHA class II group (n=28),
and NYHA class HI-IV group (n=26).
A total of 31 healthy age-matched subjects
were selected for the control group.
Exclusion criteria were as follows: acute
exacerbations of CHF, acute coronary syn-
drome, unstable control of blood pressure,
diabetes, cancer, haematological diseases,
chronic obstructive pulmonary disease,
autoimmune disease, severe hepatic insuffi-
ciency, and end-stage renal failure. All sub-
jects had normal Scr levels (<133 pmol/L in
men and <108 pumol/L in women).!” All
subjects signed informed consent forms
prior to the study, which was approved by
the Ethics Committee of Xuanwu Hospital
at the Capital Medical University in China.
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Clinical data

Weight, height, and systolic and diastolic
blood pressure were recorded at admission.
Body mass index was calculated. Venous
blood was collected after 8 to 10 hours of
fasting. Scr, BUN, serum albumin (ALB),
and urinary microalbumin (UmALB) levels
were measured using a Hitachi 7600 auto-
matic analyser (Hitachi Medical
Corporation, Tokyo, Japan) in the labora-
tory at Xuanwu Hospital. The estimated
glomerular filtration rate (eGFR) was
determined using the simplified modifica-
tion of diet in renal disease (MDRD) for-
mula: 186.3 x Ser™ 1% x age %% (x 0.742
if female and x 1.212 if Black). Renal dys-
function was defined by an eGFR < 60 mL/
min/1.73 m?. Serum N-terminal prohor-
mone of brain natriuretic peptide (NT-
proBNP) levels were detected using the
PATHFAST system analyser (Mitsubishi,
Tokyo, Japan).

Measurement of Serum NGAL and
cystatin C levels

Serum NGAL levels were analysed using an
ELISA kit from AntibodyShop (Gentofte,
Denmark). Cystatin C levels were measured
using a particle-enhancing immunonephelo-
metric assay (Dade Behring, Marburg,
Germany).

Echocardiography

Echocardiographic parameters, including
the left ventricular ejection fraction and
left ventricular end-diastolic dimension,
were assessed in every patient using a
Philips iE33 ultrasound system (Philips
Healthcare Systems, Eindhoven, The
Netherlands).

Statistical analysis

Statistical analyses were conducted using
SPSS for Windows, version 12.0 (SPSS

Inc., Chicago, IL, USA). The data are
shown as the mean+standard deviation
(SD). Continuous variables among the
four groups were compared by using one-
way analysis of variance. The 7> test was
used for comparisons of enumeration
data. To obtain the optimal threshold
value, the sensitivity and specificity of
serum NGAL and cystatin C in diagnosing
early renal impairment were determined
using receiver operating characteristic
(ROCQ) curves. Correlations between serum
NGAL or cystatin C levels and NT-
proBNP levels or the eGFR were evaluated
by Pearson’s or Spearman’s test. A P value
<0.05 indicates statistical significance.

Results

The baseline clinical and biochemical char-
acteristics of all subjects are shown in Table
1. Serum NGAL levels of CAD patients
from the NYHA class I, NYHA class II,
and NYHA class ITI-1V groups were signif-
icantly higher than those of the control
group (P=0.009, P<0.001, P<0.001,
respectively). Serum cystatin C levels of the
NYHA class 11 and NYHA class I1I-IV
groups were significantly higher than those
of the control group (both P < 0.001). There
was no significant difference in serum cysta-
tin C levels between the NYHA class I group
and the control group. Scr, BUN, and
UmALB levels were significantly higher in
patients of the NYHA class III-IV group
compared with those in the other groups
(all P<0.001).

Serum NGAL and cystatin C levels were
positively correlated with NT-proBNP
levels (r=0.842 and r=0.718, respectively;
P <0.001) and were negatively correlated
with the eGFR (r=—0.689 and r = —0.448,
respectively; P < 0.001). (Figure 1).

ROC curve analysis showed that the
areas under the curves of serum NGAL
and cystatin C levels were 0.884 and
0.744, respectively (P <0.001, Figure 2).
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Figure I. Scatter plots showing correlations of serum NGAL or cystatin C with NT-proBNP or the eGFR
(2) Correlation of serum NGAL with NTproBNP levels; (b) correlation of serum NGAL levels with the
eGFR; (c) correlation of serum cystatin C with NT-proBNP levels; and (d) correlation of serum cystatin C
levels with the eGFR. NGAL, neutrophil gelatinase-associated lipocalin; NT-proBNP, N-terminal prohor-
mone of brain natriuretic peptide; eGFR, estimated glomerular filtration rate.

A serum NGAL level of 127 g/L showed the
highest sensitivity and specificity in diag-
nosing renal dysfunction at 93.5% and
84.5%, respectively. Moreover, a serum
cystatin C level of 1.35 mg/L showed the
highest sensitivity and specificity in diag-
nosing renal dysfunction at 83.9% and
54.8%, respectively.

Discussion

In this study, we found that serum NGAL
and cystatin C levels increased with
increased NYHA class classification. We
also observed significant correlations
between serum NGAL or cystatin C levels

and the eGFR or NT-proBNP levels. Our
results are consistent with previous data on
the relationship between NGAL and brain
natriuretic peptide with the GFR."
Additionally, serum NGAL and cystatin C
levels were highly sensitive and specific in
diagnosing early renal dysfunction, as deter-
mined by ROC curves, and the sensitivity
and specificity of serum NGAL levels were
higher than those of serum cystatin C levels.

NGAL is a 25-kD protein that is present
in activated neutrophils. NGAL is mainly
expressed in the proximal tubules of the
mature kidney. This protein is also
expressed in the trachea, lung, stomach,
small intestine, pancreas, prostate, and
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Figure 2. ROC curves of serum NGAL and cystatin C levels for diagnosing renal dysfunction
ROC, receiver operating characteristic; NGAL, neutrophil gelatinase-associated lipocalin.

thymus."” NGAL can be absorbed by the
early primitive renal tubular epithelial cells
and promotes maturation of primary tubu-
lar epithelial cells by mediating the trans-
port of iron.”” NGAL is a marker of renal
tubular injury and is elevated in the serum
and urine of patients prior to an increase of
Scr levels in the early stage of acute kidney
injury.?! %% Several studies have also indi-
cated a potential value for NGAL in heart
failure after acute myocardial infarction. In
the left ventricle of a rat myocardial infarc-
tion model, Yndestad et al.>’ observed
NGAL expression in the non-ischaemic
area from 2 days to 2 months after myocar-
dial infarction. Patients with CHF also had
elevated serum NGAL levels. Cystatin C is
a small protein consisting of 122 amino
acids and is produced in vivo by nucleated
cells at a constant rate. Cystatin C is almost
completely filtrated by the glomerulus in the
proximal tubule, and after degradation by
renal tubular epithelial cells, it is
completely reabsorbed into the blood.

The concentration of serum cystatin C is
entirely dependent on the GFR and is
rarely affected by other factors. Therefore,
serum cystatin C levels are considered to be
one of the ideal endogenous markers of the
GFR. Additionally, cystatin C is involved
in the pathogenesis of heart failure, such as
tissue remodelling, atherosclerosis, and left
ventricular hypertrophy.”®

In this study we chose to use the eGFR
instead of measurement of the creatinine
clearance rate for evaluating renal dysfunc-
tion because creatinine-based measurement
may not be suitable for all populations.
Creatinine-based estimation of renal func-
tion is only useful when renal function is
stable and Scr values that are obtained
during a change in renal function cannot
provide an accurate estimate of renal func-
tion. For measuring the eGFR, we used the
MDRD formula because it has been vali-
dated extensively in Caucasian and
African American populations with renal
dysfunction and has shown good
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performance for patients with all common
causes of kidney disease.®'

In our study, there was no significant dif-
ference in the eGFR, as calculated by the
MDRD equation, among the study groups.
We found that serum NGAL and cystatin C
levels increased with the NYHA class and
were the highest in the NYHA class ITI-1V
group. Serum NGAL levels in the NYHA
class I group were significantly higher than
those of the control group. Serum cystatin
C levels in the NYHA class II group were
significantly higher than those of the con-
trol group and the NYHA class I group.
There was no significant difference in
serum cystatin C levels between the
NYHA class I group and the control
group. Levels of Scr, BUN, and UmALB
were higher in patients of the NYHA class
III-IV group compared with those in the
other groups. These data indicated that
renal impairment may have already
occurred in patients in the early stage of
CHEF. Moreover, serum NGAL levels were
increased earlier than cystatin C levels.
Therefore, even if biochemical indicators
of patients with CHF suggest that Scr,
BUN, and UmALB levels are normal, doc-
tors should still pay close attention to their
renal function.

This study also showed that serum
NGAL and cystatin C levels were negative-
ly correlated with the eGFR. Furthermore,
serum NGAL levels were more closely cor-
related with the eGFR than serum cystatin
C levels. Therefore, both serum NGAL and
cystatin C levels could reflect the degree of
renal dysfunction. However, serum NGAL
levels were a better indicator than serum
cystatin C levels. This study also used
ROC curves to study the threshold, sensi-
tivity, and specificity of serum NGAL and
cystatin C in diagnosing renal dysfunction.
The area under the curve of serum NGAL
levels was greater than that of cystatin C.
The sensitivity and specificity of serum
NGAL in diagnosing renal dysfunction

were also higher than those of serum cysta-
tin C. These results suggest that serum
NGAL levels can more accurately diagnose
renal dysfunction than cystatin C among
older patients with CAD.

Even mild renal impairment in patients
with CHF leads to a higher mortality rate
compared with those with normal renal
function.* 3* CHF and CKD appear to
interact in a vicious cycle, as one situation
worsens the other. Patients with CHF and
normal Scr levels are usually undertreated.
Changes in renal function, even small
changes in Scr levels, may worsen the prog-
nosis of patients with CHF. Therefore,
detection of early kidney dysfunction can
aid implementation of early treatment to
prevent or delay progression of renal
impairment and effectively improve the
patient’s prognosis.

In conclusion, serum NGAL and cysta-
tin C are potential early and sensitive
markers of kidney impairment among
older patients with CAD. Detection of
serum NGAL and cystatin C levels may
contribute to early diagnosis of renal
injury, and improve the treatment and
prognosis of older patients with CAD.
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