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Adropin is associated with hyperhomocysteine
and coronary atherosclerosis

LIANG-PING ZHAO', TAO YOU!, SIEW-PANG CHAN”*, JIAN-CHANG CHEN' and WEI-TING XU'

1Department of Cardiology, The Second Affiliated Hospital of Soochow University, Suzhou, Jiangsu 215004, P.R. China;
2Department of Medicine, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 117597,

3Cardiovascular Research Institute, National University Heart Centre Singapore, National University Health System,

Singapore 119228, Republic of Singapore; 4Department of Mathematics and Statistics,

School of Engineering and Mathematical Sciences, Faculty of Engineering, Technology and Science,

La Trobe University, Melbourne, Victoria 3086, Australia

Received October 26, 2014; Accepted November 23, 2015

DOI: 10.3892/etm.2015.2954

Abstract. Homocysteine has been recognized as a risk factor
for atherosclerosis and cardiovascular diseases. Adropin is a
newly-identified energy homeostasis protein with a potential
protective effect against coronary artery disease (CAD). This
study attempted to measure the correlation between serum
homocysteine and adropin levels in patients with CAD, and
to ascertain how the two hormones could affect the severity
of coronary atherosclerosis. A cohort of CAD patients who
had undergone coronary angiography was prospectively
recruited. The serum homocysteine and adropin levels of the
patients were measured and the severity of coronary athero-
sclerosis was quantified with the SYNTAX score. The data
were analyzed with a generalized structural equation model.
In total, 170 consecutive patients were recruited with a mean
serum homocysteine level of 15.9+8.3 ymol/l, and 76 (44.7%)
patients were identified as hyperhomocysteinemic with a
serum homocysteine level >15 ymol/l. Serum homocysteine
level was found to be significantly negatively correlated with
serum adropin level (r=-0.169, P=0.028). Patients with hyper-
homocysteinemia had lower serum adropin levels and higher
SYNTAX scores than patients without hyperhomocysteinemia.
Further analysis with a generalized structural equation model
showed that adropin was significantly associated with hyper-
homocysteinemia (adjusted odds ratio: 0.95, 95% confidence
interval: 0.93 to 0.98; P=0.002), which in turn was signifi-
cantly associated with the SYNTAX score (coefficient: 4.71,
95% confidence interval: 1.39 to 8.03; P=0.005). In conclusion,
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the serum homocysteine level was inversely correlated with
the serum adropin level in patients with CAD. A low serum
adropin level was associated with hyperhomocysteinemia and
more severe coronary atherosclerosis, as reflected by a higher
SYNTAX score.

Introduction

Homocysteine, a sulfur-containing amino acid produced in
the metabolism of the essential amino acid methionine, has
been recognized as a potential risk factor for atherosclerosis
and cardiovascular diseases (1,2). Epidemiological studies
have shown that hyperhomocysteinemia, characterized by a
serum homocysteine level >15 ymol/l, is not only associated
with the onset of coronary artery disease (CAD) but also
can predict the mortality of patients with CAD (3,4). Recent
studies have reported that the blood homocysteine level is
significantly associated with calcified plaque and the severity
of CAD, assessed by computed tomography angiography and
the Gensini scoring system (5-7). While there is published
evidence supporting the pathophysiologic mechanisms linking
homocysteine to atherosclerosis, including an increase of
oxidative stress and promotion of the oxidation of low-density
lipoprotein (8), stimulation of vascular smooth muscle cell
proliferation (9,10) and inducement of vascular inflamma-
tion and endothelial dysfunction (11), certain studies did not
support the predictive effect of homocysteine on atherothrom-
botic cardiovascular diseases (12-14).

Adropin is a newly-identified secretary protein that partici-
pates in the regulation of energy homeostasis and insulin
response. It is encoded by the energy homeostasis associated
gene (Enho) and expressed in the liver, brain and endothelial
cells (15,16). The governing effects of adropin on glucose
and lipid homeostasis could play an important role in the
prevention of insulin resistance, impaired glucose tolerance,
and dyslipidemia associated with diabetes and obesity (15,17).
In addition to the impact on body energy metabolism, there
is also growing published evidence that adropin is a marker
of cardiovascular diseases. An in vitro laboratory experi-
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ment showed that adropin-treated endothelial cells exhibited
greater proliferation, migration, capillary-like tube formation
and upregulation of the expression of endothelial nitric oxide
synthase (eNOS) (16). Furthermore, previous studies have also
reported that a lower serum adropin level is associated with
acute myocardial infarction and the angiographic severity of
coronary atherosclerosis (18,19).

Since homocysteine and adropin have opposite effects on
endothelial function and atherosclerotic disease, there could
be a possible linkage between these two molecules. Thus
far, there is a shortage of published evidence evaluating the
relationship between homocysteine and adropin. In this explor-
atory study, the correlation between serum homocysteine and
adropin levels in patients with CAD and the effects of the two
hormones on the severity of coronary atherosclerosis (assessed
with a SYNTAX scoring system) were investigated.

Materials and methods

Study design and subjects. This was a prospective observa-
tional study. Consecutive patients hospitalized at the Second
Affiliated Hospital of Soochow University (Suzhou, China)
for the diagnosis and management of CAD were recruited. To
confirm the diagnosis of CAD, only patients who had under-
gone coronary angiography and were found to have =50%
stenosis in at least one coronary artery were deemed eligible.
Patients with end-stage renal failure, severe hepatic insuf-
ficiency, current microbial infections or malignant tumor were
excluded. Details about the study protocol were explained to
the eligible patients and informed consent was obtained. The
study protocol was approved by the Medical Ethics Committee
of the Second Affiliated Hospital of Soochow University.

Laboratory investigations. Samples of venous blood were
collected following overnight fasting, and stored at -80°C
prior to analyses. Serum homocysteine level was measured
by an enzymatic conversion method (Formosa Biomedical
Technology Corporation, Taiwan); serum adropin level with
a commercial enzyme-linked immunosorbent assay (ELISA)
kit JRDUN Biotechnology Co., Ltd., Shanghai, China);
high sensitivity C-reactive protein (hsCRP) level with a
high-sensitivity ELISA kit (Orion Diagnostica Oy, Espoo,
Finland), and fasting plasma glucose with the hexokinase
method (AU5400 High-Volume Chemistry Immuno Analyzer;
Olympus Corporation, Tokyo, Japan). Serum creatinine level
and serum lipid profiles including triglyceride, total choles-
terol, low-density lipoprotein cholesterol and high-density
lipoprotein cholesterol were assessed using standard methods.
In brief, serum creatinine level was measured using the
muscle amino acid oxidase method. Serum total cholesterol
and triglyceride levels were measured by automated enzymatic
procedures. The low-density lipoprotein cholesterol and high-
density lipoprotein cholesterol levels were determined after
separating the lipoprotein fractions from fresh fasting sera by
sequential ultracentrifugation, using the AU5400 analyzer.

Demographic, clinical and angiographic data collection.
The demographic and clinical characteristics of the recruited
patients were collected from hospital case records. These
included age, gender, cigarette smoking status, hypertension,
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diabetes mellitus, and principal diagnosis at the index admis-
sion. Echocardiograms were carried out to determine the left
ventricular ejection fraction prior to coronary angiography.
Patients' height (m) and weight (kg) in light clothing were
measured, and the body mass index (kg/m?) was calculated.

Coronary angiography was performed using stan-
dard techniques through radial or femoral approaches.
Angiographic analysis was carried out by two experienced
interventional cardiologists who were blinded to the study.
The number of diseased coronary arteries (luminal diameter
narrowing =50%) was recorded, and patients with stenosis of
the left main coronary artery =50% were considered to have
two-vessel disease. SYNTAX scores of the study patients
were calculated according to the guidelines of the SYNTAX
Steering Committee and Boston Scientific Corporation (http://
www.syntaxscore.com/).

Statistical analyses.Exploratory analysesinvolvingquantitative
and qualitative data were performed with independent-sample
t-tests (or the nonparametric Wilcoxon-Mann-Whitney tests if
the data were non-normally distributed) and Chi-square tests,
respectively. The association between homocysteine level,
adropin level and SYNTAX score were assessed by pairwise
Pearson correlation. In the following confirmatory analyses,
a generalized structural equation model (gSEM) (20) was
built with multiple risk factors and confounders in order to
ascertain their effects on hyperhomocysteinemia (HyperHCY)
and SYNTAX scores (SYNTAX). Patients were classified as
suffering from hyperhomocysteinemia if their serum homo-
cysteine level was >15 gmol/l (21,22). The specific variables
considered in the gSEM included demographic, clinical and
angiographic characteristics. The details are depicted in
Table I.

The proposed gSEM model, unlike the conventional
regression, can accommodate multiple outcomes and handle
more complex inter-relationships among the variables. It is a
system of related models combined and estimated within a
single framework, which is able to estimate the direct, indirect
and total effects of the variables on the outcomes. As there
were two outcomes of interest, the proposed gSEM model was
constructed with two equations. SYNTAX was dealt with by
a linear regression, and HyperHCY was analyzed with a bino-
mial distribution and logit link in view of its binary nature. The
data were exported to Stata/MP version 13 (Stata Corporation,
College Station, TX, USA) for analysis, and all statistical tests
were conducted with a 5% level of significance.

Results

Demographic, clinical and angiographic characteristics.
Between July 2012 and May 2013, 170 consecutive patients
with a mean serum homocysteine level of 15.9+8.3 ymol/l,
were successfully recruited into the study. The patients' demo-
graphic, clinical and angiographic characteristics are presented
in Table I. Among the recruited patients, 76 (44.7%) had
suffered from hyperhomocysteinemia (serum homocysteine
level >15 ymol/l). When compared with patients without the
condition, they were found to have a lower serum adropin level,
but higher body mass index, SYNTAX score and creatinine
level. In addition, patients with hyperhomocysteinemia were
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Table I. Demographic, clinical and angiographic characteristics.
Nonhyperhomocysteinemia Hyperhomocysteinemia

Characteristics (n=94) (n=76) P-value
Age (year) 64.6+11.5 64.8+11.6 0.923
Male, n (%) 62 (66.0) 54 (71.1) 0.511
Smoking, n (%) 44 (46.8) 39 (51.3) 0.644
Hypertension, n (%) 60 (63.8) 59 (77.6) 0.116
Diabetes, n (%) 17 (18.1) 18 (23.7) 0.491
Body mass index (kg/m?) 23.743.1 25.0+4.3 0.033
Left ventricular ejection fraction (%) 61.8+7.5 55.3+114 0.054
Adropin (pg/ml) 75.9+55.7 52.7£13.0 <0.001
Fasting plasma glucose (mmol/l) 5.8+1.5 6.7£1.9 0.104
Cholesterol (mmol/1) 5.0+2.4 4729 0.603
Triglyceride (mmol/l) 1.8+1.7 2.1£3.0 0.559
Low-density lipoprotein cholesterol (mmol/l) 2.6+09 2.7+1.1 0.619
High-density lipoprotein cholesterol (mmol/I) 1.1+0.3 1.0+0.3 0.436
Creatinine (pmol/l) 68.6+£22.1 79.3+30.8 0.029
hsCRP (mg/l) 1244232 18.9+37.4 0.282
Clinical presentations, n (%) 0.614

STEMI 24 (25.5) 23 (30.3)

NSTEMI 17 (18.1) 15 (19.7)

Unstable angina 31 (33.0) 18 (23.7)

Stable angina/silent ischemia 22 (23.4) 20 (26.3)
Diseased vessel number, n (%) 0.038

1-vessel 43 (45.7) 22 (28.9)

2-vessel 25 (26.6) 21 (27.6)

3-vessel 26 (27.7) 33(43.4)
SYNTAX score 19.1£10.3 24.5+11.6 0.002

Data are mean + standard deviation or number (%). hsCRP, high sensitivity C-reactive protein; STEMI, ST-segment elevation myocardial
infarction; NSTEMI, non-ST-segment elevation myocardial infarction. P-values in bold are considered significant (P<0.05).

more likely to have 3-vessel disease, and less likely to have
single vessel disease. No significant differences in age, gender,
smoking status, hypertension, diabetes, left ventricular ejec-
tion fraction, fasting plasma glucose, cholesterol, triglyceride,
low density lipoprotein cholesterol, high density lipoprotein
cholesterol, hsCRP and principal clinical presentations were
observed between the two groups.

Pairwise correlation. The recruited patients reported a mean
SYNTAX score of 21.5+11.2 (range, 4-57). The serum homo-
cysteine level was significantly negatively correlated with the
serum adropin level (Pearson correlation r=-0.169, P=0.028).
Although the serum homocysteine level was not significantly
correlated with SYNTAX score (r=0.124, P=0.108), hyper-
homocysteinemia was (r=0.238, P=0.002). The SYNTAX
score was in turn negatively correlated with the adropin level
(r=-0.181, P=0.018). There is thus evidence suggesting that
serum adropin, while negatively associated with serum homo-
cysteine, could predict coronary atherosclerosis quantified with
SYNTAX score. Further pairwise correlation analyses revealed

that SYNTAX score was significantly associated with age
(r=0.183, P=0.017) and serum creatinine (r=0.364, P<0.001).

Generalized structural equation modeling for hyperhomocys-
teinemia and SYNTAX score. In view of the relatively large
number of predictors considered in the confirmatory analysis
with gSEM, a backward elimination routine (with P=0.05
as the criterion for variable elimination) was implemented
to identify which demographic, clinical and angiographic
variables were significantly associated with HyperHCY and
SYNTAX, while considering the effect of serum adropin level.
Extra consideration was taken when a large effect size was
found, despite its statistical non-significance. The standard
errors of the estimated effects were corrected with the robust
statistical procedure. This ensured that the constructed gSEM
was not sensitive to invalid modeling assumptions, particu-
larly when there were potential outliers that could not be well
accommodated with any parametric framework.

The final gSEM identified adropin and creatinine as the
significant predictors of HyperHCY, and indicated that adropin
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Table II. Generalized structural equation modelling of SYNTAX score and hyperhomocysteinemia (homocysteine >15 gmol/l).

A, SYNTAX score (SYNTAX sub-model)

Variable Coefficient Robust 95% CI P-value
Adropin (pg/ml) -0.04 -0.06 to -0.01 0.019
Hyperhomocysteinemia

No Reference Reference

Yes 4.71 1.39 to 8.03 0.005
Age (years) 0.19 0.04t0 0.34 0.012
B, Hyperhomocyteinemia (HyperHCY sub-model)
Variable AOR Robust 95% CI P-value
Adropin (pg/ml) 0.95 0.93t0 0.98 0.002
Creatinine (#mol/l) 1.02 1.00 to 1.04 0.046
Hypertension

Without Reference Reference

With 1.87 0.71 to 4.91 0.210

AOR, adjusted odds ratio; CI, confidence interval. P-values in bold are considered significant (P<0.05).

and HyperHCY affected the SYNTAX score (Table II).
As revealed in the HyperHCY sub-model, adropin had a
negative impact [adjusted odds ratio (AOR): 0.95, 95% confi-
dence interval (CI): 0.93 to 0.98; P=0.002) on HyperHCY
and this conformed with the earlier pairwise correlation
analysis. However, a higher level of creatinine (AOR: 1.02,
95% CI: 1.00 to 1.04; P=0.046) was significantly associated
with HyperHCY. It is worthy of note that hypertension was
retained in the sub-model in view of its large effect size. When
other variables were comparable, CAD patients suffering from
hypertension were 1.87-fold more likely to have hyperhomo-
cysteinemia when compared with those without hypertension,
although the effect was non-significant.

Adropin and HyperHCY were significantly associated with
SYNTAX when adjusting for the effect of age, as revealed in
the SYNTAX sub-model (Table IT). All other variables being
comparable, a unit increase in serum adropin level (pg/ml)
would reduce the SYNTAX score by 0.04 units (95% CI: -0.06
to -0.01; P=0.019). Patients with hyperhomocysteinemia had a
significantly higher average SYNTAX score of 4.71 units (95%
CI: 1.39 to 8.03; P=0.005), when compared with those not
suffering from the condition. Finally, as the CAD patients aged
their SYNTAX score was expected to increase (coefficient:
0.19,95% CI: 0.04 to 0.34; P=0.012). The analyses with gSEM
confirmed that the study hypotheses were valid. While serum
adropin was significantly associated with hyperhomocystein-
emia, both low adropin level and hyperhomocysteinemia were
significantly associated with coronary atherosclerosis.

Discussion

This study prospectively evaluated the association between
serum homocysteine level and serum adropin level in patients

with CAD, and identified the significant association of the
two molecules with the severity of coronary atherosclerosis
as represented by the SYNTAX score. The results showed
that a low serum adropin level was significantly associated
with hyperhomocysteinemia. Patients with hyperhomocyste-
inemia had a higher SYNTAX score, indicating more severe
coronary atherosclerosis. By contrast, the serum adropin level
was negatively correlated with SYNTAX score, suggesting a
possible protective effect of serum adropin against coronary
atherosclerosis.

Homocysteine is an intermediate formed during the
metabolism of methionine, which is metabolized through
vitamin-dependent pathways including remethylation
(requiring folate and vitamin B,,) back to methionine and
trans-sulfuration (requiring vitamin B,,) to cysteine and
taurine (14). Studies have reported that the insufficiency of
such vitamins in the body correlates with hyperhomocystein-
emia, which could induce atherosclerosis and cardiovascular
diseases (23-25). Homocysteinemia increases the vascular
oxidative burden (26), activates inflammatory mediator of
nuclear factor-k B (NF-kB) (27), raises the endothelin-1 (ET-1)
level, reduces coupled eNOS but increases the uncoupled form
of eNOS, resulting in the excessive production of superoxide
radicals instead of nitric oxide (28). These actions support the
‘atherosclerosis hypothesis’ of homocysteine from the intrinsic
pathological mechanisms.

However, some clinical trials failed to demonstrate
that homocysteine-lowering treatment with folic acid and
vitamin B,,, and vitamin B, could reduce early atherosclerosis
and the risk of recurrent cardiovascular events in patients with
cardiovascular diseases (29-31). One possible explanation for
the negative results could be that the study populations had
a sufficiently folate-rich diet. Thus, any further treatment
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with such vitamins would provide no additional benefit. In
addition, high-dose folic acid increases circulating but not
intracellular 5-methyltetrahydrofolate, which plays a crucial
role in homocysteine metabolism. Therefore, in spite of the
uncertainty of the effectiveness of pharmacological treatment
targeting the homocysteine level in patients with cardiovas-
cular diseases, hyperhomocysteinemia was hypothesized to be
associated with increased atherosclerotic and cardiovascular
risk. As shown in the above confirmatory analysis, patients
with hyperhomocysteinemia indeed had more severe coronary
atherosclerosis, presenting with a higher SYNTAX score.

As a newly identified secreted protein with an impact
on energy homeostasis, the primary effects of adropin are
associated with glucose consumption, lipid metabolism and
insulin sensitivity. A previous study demonstrated the benefi-
cial effects of adropin on the regulation of eNOS bioactivity
and endothelial function (16). Adropin is able to stimulate
Akt Ser473 and endothelial nitric oxide synthase Serl177
phosphorylation, thus resulting in the upregulation of nitric
oxide formation and bioavailability (16). An epidemiological
study reported that patients with cardiac syndrome X had a
lower serum adropin level and plasma nitrite/nitrate level than
healthy subjects, and the adropin level was positively corre-
lated with nitrite/nitrate level (32). In a study of patients with
type 2 diabetes, individuals with endothelial dysfunction had a
lower plasma adropin level than individuals without endothe-
lial dysfunction, thus suggesting the protective role of adropin
in endothelial function (33). As such, given the adverse effects
of homocysteine on endothelial function, adropin may antago-
nize homocysteine to protect endothelial function.

Insulin resistance may be a possible link between homocys-
teine and adropin. The association of hyperhomocysteinemia
with insulin resistance has been demonstrated by several epide-
miological and animal studies (34-36). Oxidative stress caused
by hyperhomocysteinemia could interrupt insulin signaling
and impair insulin action (37). A recent study demonstrated
that hyperhomocysteinemia promoted insulin resistance
by inducing endoplasmic reticulum stress, activating c-Jun
N-terminal kinase to stimulate proinflammatory cytokine
production and facilitating macrophage infiltration (38). Due
to its attenuating effect on insulin resistance, adropin may
be a useful antagonist of homocysteine, playing a role in the
prevention of oxidative stress and the further progression of
atherogenesis.

In addition, the present study showed that creatinine was
significantly associated with hyperhomocysteinemia, which
in turn affected coronary atherosclerosis as represented
by the SYNTAX score. The metabolism and clearance of
homocysteine is mostly completed in the kidney, suggesting a
potentially close association between homocysteine and renal
function (3,39). Renal function as evaluated using creatinine
levels and the glomerular filtration rate has already been
recognized a risk factor for the severity of CAD in a previous
study (40).

The findings of the present study must be interpreted in
light of the study's limitations. The reported results were based
on a relatively small patient cohort. In addition, the evaluation
of the association between homocysteine and adropin was
conducted in patients with CAD. As such, the results might
not be applicable to healthy subjects or the general population

EXPERIMENTAL AND THERAPEUTIC MEDICINE 11: 1065-1070, 2016

1069

at large. Further confirmatory studies must be conducted to
determine if the significant correlation between homocysteine
and adropin could indeed be causal in nature.

In conclusion, a low serum adropin level was significantly
associated with hyperhomocysteinemia in patients with CAD.
In addition, patients with hyperhomocysteinemia had more
severe coronary atherosclerosis presenting with a higher
SYNTAX score. Also, the negative correlation between serum
adropin level and SYNTAX score suggests that adropin
potentially provides a protective effect against coronary
atherosclerosis.
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