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Abstract

Obijective: To investigate the predictive value of hyperhomocysteinaemia (HHcy) for obstructive
coronary artery disease (CAD) in an Asian population in northern China.

Methods: This retrospective study enrolled patients at their first cardiac assessment and
assigned them to an obstructive CAD group or a non-obstructive CAD group according to
the coronary angiography results. HHcy was defined as a homocysteine (Hcy) level > |5 pmol/I.
Results: This study enrolled 2987 participants: 1172 in the non-obstructive CAD group and
1815 in the obstructive CAD group. Hcy level in the obstructive CAD group was significantly
higher than in the non-obstructive CAD group. The proportion of patients with HHcy in the
obstructive CAD group was significantly greater than in the non-obstructive CAD group.
Multivariate logistic regression analysis demonstrated that HHcy was independently correlated
with obstructive CAD in both young (aged < 55 years) and old patients (aged > 55 years). HHcy
showed a higher sensitivity (93.1%), specificity (86.1%) and accuracy (90.0%) for obstructive CAD.
The odds ratio for HHcy was 84.2. The Kappa value (0.8) showed substantial agreement between
obstructive CAD and HHcy.

Conclusions: HHcy was associated with obstructive CAD and may be a potentially independent
risk factor for obstructive CAD with good predictive value.
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Introduction

Coronary artery disease (CAD) is a cardio-
vascular disease that has become the lead-
ing cause of deaths worldwide." In 2010, the
prevalence of CAD in the US was 19.8% in
those aged >65 years, 7.1% for those aged
4564 years and 1.2% in those aged 1844
years." In 2016, there were 15.5 million
people over 20 years of age with CAD in
the US."! CAD is the main cause of sudden
cardiac arrest, accounting for about 80%.>
More than 4 million people die of CAD
every year in the 49 countries in Europe
and North Asia.”? CAD is an atherosclerotic
disease that involves vascular smooth cell
activation, vascular remodelling, endotheli-
al dysfunction, oxidative stress, lipid metab-
olism disorder, inflammation, thrombosis,
platelet activation, matrix metabolism
changes and genetic factors.” Risk factors
for CAD include disorders of lipid and lipo-
protein metabolism, diabetes mellitus,
hypertension, chronic kidney disease,
smoking, diet, obesity, sex, lifestyle, age
and family history.'*

It is estimated that the annual cost of
CAD medical services in the US exceeds
$200 billion and it results in a substantial
economic burden.* Therefore, the early pre-
diction of CAD is very important. The
Framingham risk scoring system includes
sex, age, smoking, dyslipidaemia and
blood pressure to accurately predict
CAD. The PROCAM simple scoring
system uses the following eight independent
risk variables: age, family history of prema-
ture myocardial infarction, blood pressure,

smoking, diabetes mellitus, and levels of tri-
glycerides (TG), low-density lipoprotein
cholesterol (LDL-C) and high-density lipo-
protein cholesterol (HDL-C).* PROCAM is
limited to predicting the risk of CAD based
on conventional risk factors for specific
individuals.® Although a consensus has
not been reached, researchers must contin-
ue to focus on newer risk factors, which
may improve the ability to predict CAD
and promptly intervene when combined
with conventional risk factors.” The newer
risk factors include homocysteine (Hcy)
levels.® !

Homocysteine is a sulphur-containing
amino acid, which is an intermediate prod-
uct of methionine metabolism.'? Hey can be
transformed into cystathionine by cysta-
thionine B-synthase. Hcy can also be
re-methylated back to methionine by methi-
onine synthase or betaine Hcy methyltrans-
ferase (Figure 1).'* Folic acid plays an
important role in the remethylation of
Hcy by providing 5-methyltetrahydrofolate.
Disruption of any key step in Hcy metabo-
lism may lead to a change in Hcy concen-
tration, including mutations in methionine
synthase, methyleneterahydrofolate reduc-
tase, cystathionine B-synthase and methio-
nine synthase reductase, which lead to
inherited disorders.'*!?

Homocysteine is considered to be a risk
factor for CAD, but the exact molecular
mechanism remains elusive.!> Endothelial
damage, as a key initial event of atheroscle-
rosis, has been observed in hyperhomocys-
teinaemia (HHcy). For example, Hcy
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Figure |. The biogenesis pathway of homocyste-
ine (Hcy). CBS, cystathionine f-synthase; MS,
methionine synthase; SAM, S-adenosylmethionine;
SAH, S-adenosylhomocysteine; BHMT, betaine Hcy
methyltransferase.

inhibits the production of nitric oxide,
which is a major regulator of endothelial
homeostasis. In addition, Hcy blocks the
signalling pathway related to another
important  endothelial  gasotransmitter
(hydrogen sulfide).'® Hey also causes the
loss of the endothelial antioxidant system,
increases the concentration of intracellular
reactive oxygen species, which interferes
with lipoprotein metabolism and promotes
atherosclerosis.'® Moreover, excessive Hcy
may be indirectly bound to proteins. This
process is called protein N-homocysteina-
tion, which induces vascular damage.
Finally, S-adenosylhomocysteine (SAH),
as the metabolic precursor of Hey, accumu-
lates in the HHcy environment and is a neg-
ative regulator of methyltransferases in
most cells."” SAH-induced cellular hypome-
thylation is also considered to be the molec-
ular basis of Hey’s vascular toxicity.'®
Although some studies have reported an
association between circulating Hcy levels
and the occurrence of CAD, only a few

reports have assessed whether Hcy levels
are conducive to the reclassification of risk
beyond the Framingham Risk Score
study.'”?* However, the results of studies
on Hcy levels in patients with CAD have
always been contradictory because some
studies have failed to prove the link
between Hcy levels and CAD, especially in
Asian populations.?>*' One possible reason
is that these studies included a small sample
size. This current study was undertaken in a
large community in northern China to
explore the relationship between Hcy and
obstructive CAD. The predictive value of
HHcy for obstructive CAD after adjusting
for conventional risk factors was also
investigated.

Patients and methods

Study population

This retrospective study enrolled consecu-
tive patients in the Department of
Cardiology, Shaanxi Provincial People’s
Hospital, Xi’an, Shaanxi Province, China
for their first cardiac assessment between
May 2017 and May 2020. The inclusion cri-
teria were as follows: (i) patients that under-
went coronary angiography at their first
cardiac assessment; (ii) patients with
obstructive CAD or those patients with
suspected CAD but no coronary disease
diagnosed by coronary angiography. The
exclusion criteria were as follows: (i)
patients with folic acid or vitamin B com-
plex supplementation; (ii) patients receiving
oral hormone replacement therapy; (iii)
patients with renal insufficiency (creatinine
>1.5mg/dl); (iv) patients with folic acid or
vitamin B complex deficiency; (v) presence
of malignancy; (vi) patients with a known
history of liver disecase or those that were
taking any of the known drugs that affect
liver functions, such as isoniazid, phenytoin
and chlorpromazine. Patients with sus-
pected CAD but no coronary disease
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confirmed by coronary angiography were
assigned to the non-obstructive CAD
group; and patients with obstructive CAD
diagnosed by coronary angiography were
assigned to the obstructive CAD group.

This  study complied with the
Declaration of Helsinki and was approved
by the Medical Ethical Review Board of
Shaanxi Provincial People’s Hospital,
Xi’an, Shaanxi Province, China (no.
20170008). Written informed consent was
obtained from the patients and all patient
details were de-identified. The reporting of
this study complied with the STROBE
statement.”

Coronary angiography and diagnosis of
obstructive CAD

Coronary angiography was conducted using
the standard Judkins technique with a
Philips digital subtraction angiography
machine (UNIQ FD20; Philips,
Amsterdam, the Netherlands). Two indepen-
dent interventional cardiologists (H.Y.W. &
X.W.Y.) analysed the degree of coronary
artery stenosis. One or more major coronary
arteries with a diameter stenosis of 50% or
more were defined as obstructive CAD.

Laboratory measurements

Venous blood (5 ml) was collected
in ethylenediaminetetraacetic acid tubes
(2.0 mg/ml) within 24 h after admission in
the fasting state. Within 30 min of collec-
tion, samples were centrifuged at 1006 g for
20 min at room temperature (Eppendorf
5414S centrifuge; Eppendorf, Hamburg,
Germany ) and then stored at —70°C until
batch analysis. Fasting blood glucose
(FBGQG), total cholesterol (TC), TG, HDL-
C and LDL-C levels were measured with
an automated biochemical analyser (7180;
Hitachi, Tokyo, Japan). Plasma Hcy levels
were measured by enzyme-linked immuno-
sorbent assay (ELISA) as previously

described.”* The minimum detectable con-
centration of Hey was 0.5 pmol/l. The intra-
assay and interassay coefficients of varia-
tion for the ELISA were 4.8% and 6.6%,
respectively.

Definition of risk factors

Risk factors for obstructive CAD were as
follows: (i) an active smoker was defined as
a person that actively smoked and had a
history of regular smoking in the past year
before enrolment;>® (ii) a family history of
premature obstructive CAD was defined as
a diagnosis of obstructive CAD in a first
degree relative aged less <55 years in men
or <65 years in women;° (iii) hypertension
was defined as having received medication
and/or having a blood pressure >140/
90 mmHg;*’ (iv) diabetes mellitus was defined
as a previous medical history and/or post-
prandial glucose level > 150mg/dl or FBG
level > 126 mg/dl;*® (v) hypertriglyceridaemia
was defined as TG levels >1.7mmol/l; (vi)
hypercholesterolacmia was defined as TC
levels >5.2mmol/l; (vii) a low HDL-C level
was defined as an HDL-C level <1.0 mmol/l;
(viii) a high LDL-C level was defined as an
LDL-C level >3.4mmol/l; (ix) HHcy was
defined as an Hcy level > 15 pmol/l.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 20.0 (IBM Corp., Armonk, NY,
USA). Continuous variables are presented
as mean + SD and Student’s z-test was used
to compare the differences between the two
groups. Categorical variables are presented
as numbers (%) and y*-test was used to
compare the differences between the two
groups. A multivariate logistic regression
analysis was used to evaluate the predictive
ability of risk factors for obstructive CAD.
Diagnostic statistics were used to evaluate
the diagnostic value of risk factors for
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obstructive CAD. A receiver operating
characteristic (ROC) curve analysis was
performed to determine the best predictive
value of Hcy levels. Youden’s index was
employed to evaluate the ideal cut-off of
Hcy levels for screening obstructive CAD
in this patient population. A P-value
<0.05 was  considered  statistically
significant.

Results

This retrospective study included 2987 par-
ticipants, of which 1172 were included in
the non-obstructive CAD group and 1815
patients were included in the obstructive
CAD group. The obstructive CAD group

included a significantly higher proportion
of males and a higher proportion of
patients with a family history of premature
obstructive CAD, diabetes mellitus, hyper-
tension and active smoking status com-
pared with the non-obstructive CAD
group (P<0.001 for all comparisons)
(Table 1). Compared with the non-
obstructive CAD group, patients with
obstructive CAD had significantly higher
levels of FBG, TC, TG and LDL-C and
significantly lower levels of HDL-C
(P<0.001 for all comparisons). The Hcy
level in the obstructive CAD group was sig-
nificantly higher than that in the non-
obstructive CAD group (P <0.001).
Moreover, a higher proportion of patients

Table |. Baseline demographic and clinical characteristics of patients (n =2987) that were included in a
study to investigate the ability of hyperhomocysteinaemia (HHcy) to predict obstructive coronary artery

disease (CAD).

Obstructive Non-obstructive
CAD group CAD group

Characteristic n=1815 n=1172 Statistical analysis®
Age, years 52.14+8.02 51.61+7.12 NS

Male 1368 (75.37) 709 (60.49) P <0.001
BMI, kg/m? 2532 +4.64 24.98 +4.75 NS

SBP, mmHg 136.35+ 1590  135.28 4+ 16.92 NS

DBP, mmHg 89.62+10.42 88.93+10.21 NS
Family history of premature obstructive CAD 386 (21.27) 175 (14.93) P <0.001
Diabetes mellitus 635 (34.99) 199 (16.98) P <0.001
Hypertension 1281 (70.58) 416 (35.49) P<0.001
Active smoker 1089 (60.00) 410 (34.98) P<0.001
FBG, mmol/l 7.16 +2.08 6.74+1.78 P<0.001
TC, mmol/l 461 +£1.28 431£1.16 P <0.001
TG, mmol/l 1.85+0.51 1.41 £0.59 P <0.001
LDL-C, mmol/l 343+ 1.09 276 £ 1.01 P <0.001
HDL-C, mmol/l 1.01 £0.23 1.21 £0.26 P <0.001
Creatinine, pmol/l 80.54 + 16.67 79.39 + 16.08 NS

Urea nitrogen, mmol/I 5.64+1.42 5.584+1.51 NS

Hcy, umol/l 20.71 £6.32 1322 +£5.74 P<0.001
HHcy 1314 (72.40) 405 (34.56) P <0.001

Data presented as mean =+ SD or n of patients (%).

2Continuous variables were compared using Student’s t-test ; categorical variables were compared using y*-test; NS, no

significant between-group difference (P > 0.05).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total
cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;

Hcy, homocysteine.



Journal of International Medical Research

Table 2. Multivariate logistic regression analysis of the risk factors for obstructive coronary

artery disease in patients aged <55 years.

Risk factor QOdds ratio 95% confidence interval Statistical analysis
Male 1.22 1.09, 1.88 P=0.008
Diabetes mellitus 2.67 1.42, 4.87 P <0.001
Hypertension 1.32 1.02, 2.27 P=0.004
Active smoker 1.21 1.01, 2.64 P=0.003
Hypertriglyceridaemia 1.90 1.24, 3.02 P <0.001
High LDL-C level 2.12 1.47, 3.85 P <0.001
Low HDL-C level 2.21 1.45, 3.97 P <0.001
HHcy 3.03 2.10, 5.76 P <0.001

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HHcy,

hyperhomocysteinaemia.

Table 3. Multivariate logistic regression analysis of the risk factors for obstructive coronary

artery disease in patients aged > 55 years.

Risk factor QOdds ratio 95% confidence interval Statistical analysis
Male 1.34 1.19, 2.88 P=10.003
Diabetes mellitus 297 1.64, 5.21 P <0.001
Hypertension 1.52 1.22, 3.21 P=0.004
Active smoker 1.26 1.21, 2.95 P=0.004
Hypertriglyceridaemia 1.81 1.32, 3.67 P <0.001
High LDL-C level 2.04 1.37, 3.98 P <0.001
Low HDL-C level 242 1.56, 4.07 P <0.001
HHcy 3.56 2.06, 5.96 P <0.001

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HHcy,

hyperhomocysteinaemia.

were diagnosed with HHcy in the obstruc-
tive CAD group than in the non-obstructive
CAD group (1314 of 1815 [72.40%] versus
405 of 1172 [34.56%]; P < 0.001).
Hyperhomocysteinaecmia was indepen-
dently correlated with obstructive CAD in
both young (aged <55 years [n=1277],
P <0.001) (Table 2) and old patients (aged
> 55 years [n=1538], P<0.001) (Table 3).
Male sex, diabetes mellitus, hypertension,
active smoking, hypertriglyceridaemia, high
LDL-C levels and low HDL-C levels were
also independently correlated with obstruc-
tive CAD in young and old patients.
Hyperhomocysteinaemia  showed a
higher sensitivity (93.1%), specificity
(86.1%), positive predictive value (PPV,

89.9%), negative predictive value (NPV,
90.7%) and accuracy (90.0%) compared
with diabetes mellitus, hypertension, active
smoker, hypertriglyceridaemia and low
HDL-C level (Table 4). The odds ratio for
HHcy was 84.2 and the Kappa value (0.8)
showed substantial agreement between
obstructive CAD and HHcy, which was
inferior only to a high LDL-C Ilevel.
Figure 2 shows the ROC curve analysis of
HHcy for predicting obstructive CAD (area
under the curve: 0.912; 95% confidence
interval 0.871, 0.932; P < 0.001). The highest
value for Youden’s index was observed
at the 15.13 umol/l Hey cut-off value in the
patient population (index =0.815;
sensitivity = 91.9%; specificity = 89.6%).
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Table 4. Comparison of diagnostic values for obstructive coronary artery disease in patients with different

risk factors.

High Low
Diagnostic  Diabetes Active LDL-C  HDL-C
values mellitus  Hypertension smoker  Hypertriglyceridaemia level level HHcy
Sensitivity, % 59.0 70.0 60.3 74.8 93.1 75.7 93.1
Specificity, % 70.6 77.1 69.0 67.8 86.1 724 86.1
PPV, % 69.9 74.8 722 74.6 91.2 74.9 89.9
NPV, % 55.1 65.5 50.1 70.9 922 76.6 90.7
Accuracy, % 50.0 69.2 60.2 74.6 91.3 73.7 90.0
Odds ratio 2.1 7.0 2.8 76.8 86.3 70.2 84.2
Kappa value 0.2 0.5 0.4 0.7 0.8 0.7 0.8
P-value P=0.002 P<0.00l P<0.001 P<0.00l P<0.001 P<0.001 P<0.00l

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HHcy, hyperhomocysteinaemia;

PPV, positive predictive value; NPV, negative predictive value.
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Figure 2. The receiver operating characteristic
curve analysis of hyperhomocysteinaemia for pre-
dicting obstructive coronary artery disease.

Discussion

Although most patients with CAD have
more than one conventional cardiovascular
risk factor, 25% of patients with CAD are
not diagnosed with conventional risk fac-
tors.”> Therefore, clinicians must identify
other risk factors. This current retrospective
study identified HHcy as an independent
risk factor for CAD in both young and
old patients based on a large community

study conducted in northern China after
adjusting for other conventional risk fac-
tors, including male sex, smoking, diabetes
mellitus, hypertension, hypertriglyceridae-
mia, high LDL-C and low HDL-C levels.
According to the present study, HHcy had
a high diagnostic value for CAD, which was
only inferior to a high LDL-C level.
Homocysteine is a sulphur-containing
amino acid extracted from the diet that is
associated with cardiovascular events.*
The mechanisms responsible for endothelial
damage and subsequent atherosclerosis and
thrombosis are currently unknown. The
mechanisms may be related to epithelial
cell injury, changes in platelet function,
alterations in coagulation proteins and
increased pro-coagulant activity, changes
in LDL-C levels and the stimulation of
smooth muscle cell proliferation.*® A previ-
ous study reported the relationship between
elevated Hcy levels and thrombosis, along
with thrombovascular abnormalities in
patients with homocysteinuria.®' In the
past four decades, some studies have
reported an association between Hcy levels
and CAD.'” 22 However, the results for
Hcy levels in patients with CAD have
been conflicting, especially in Asian popu-
lations. For example, two previous studies
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did not find a link between Hcy levels and
CAD in Indian populations.?**' However,
another study showed that Hcy levels were
increased significantly in patients with
CAD, with a very high sensitivity, specific-
ity and accuracy with a PPV greater than
90%.'? These studies had some limitations,
including relatively small study popula-
tions.!” 2! Thus, the evidence for the role
of plasma Hcy level as an independent
risk factor for CAD in the Indian popula-
tion remains unclear.

A previous study conducted in southern
China reported the association of Hcey levels
in young patients with CAD.>* HHcy was a
risk factor for CAD in young patients.”*
However, the study had several limitations.
First, coronary angiography was not per-
formed on all controls to exclude CAD.**
Secondly, the study population was rela-
tively small.** Thirdly, the enrolled popula-
tion was aged <55 years.”* In contrast, this
current study had the following character-
istics. First, the sample size was relatively
large. Secondly, patients were enrolled for
the first cardiac assessment. Thirdly, coro-
nary angiography was performed on all
patients. Finally, the patients with obstruc-
tive  CAD were stratified into young
patients (aged <55 years) and old patients
(aged > 55 years).

In the present study, 1172 patients with
non-obstructive CAD and 1815 patients
with obstructive CAD were enrolled.
Patients were grouped according to the
results of coronary angiography. The con-
ventional risk factors and Hcy levels were
compared between the obstructive CAD
and non-obstructive CAD groups. Hcy
levels in patients with obstructive CAD
were significantly higher than those in
non-obstructive CAD patients. When com-
paring the sensitivity, specificity and accu-
racy of these risk factors to be able to
diagnose obstructive CAD, HHcy had a
higher sensitivity and accuracy and was
considered a better predictor of obstructive

CAD compared with diabetes mellitus,
hypertension, active smoker, hypertriglycer-
idaemia and low HDL-C level. Youden’s
index is used to assess the authenticity of
screening tests. A higher index indicates a
better effect of screening tests with greater
authenticity. In this study, Youden’s index
was used to evaluate the ideal cut-off level
of Hcy for screening obstructive CAD in this
patient population. The cut-off value of
15.13 umol/l for Hey resulted in the highest
Youden’s index (index =0.815). Genetic fac-
tors, B vitamins and folic acid intake may
determine plasma Hey levels.>* A report sug-
gested that a polymorphism of the methy-
lene tetrahydrofolate reductase (MTHFR)
gene in individuals with the TT genotype
led to reduced enzyme activity and increased
Hcy levels.*> Another report demonstrated
that approximately 12% of Asians are
homozygous for the T allele (T/T) and
more than 50% are heterozygous.** In
China, dietary intake of folic acid is insuffi-
cient.®* These factors may explain why more
patients with HHcy were included in this
current study. These factors may also
explain why the cut-off value in the popula-
tion was slightly higher than the traditional
definition of HHcy of >15 pumol/1."

Research has demonstrated close corre-
lations between plasma Hcy levels and age,
sex and smoking.®>> This current study
grouped the patients with obstructive
CAD into young patients (aged <55
years) and old patients (aged > 55 years).
Multivariate logistic regression analysis
identified HHcy as an independent risk
factor not only in young patients with
obstructive CAD but also in old patients
with obstructive CAD after adjusting for
other risk factors.

This study had several limitations. First,
this study was conducted at a single centre,
although it did include a relatively large
sample. Secondly, the design of this study
did not clearly assess the potential effects of
all risk factors as in a prospective study.
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Thirdly, the MTHFR gene polymorphism
was not measured, although a previous
meta-analysis showed that the MTHFR
C677T polymorphism did not significantly
affect CAD.%

In conclusion, this current retrospective
study demonstrated that the Hcy level in
patients with obstructive CAD was signifi-
cantly higher than that in non-obstructive
CAD patients. HHcy was associated with
obstructive CAD and may be a potentially
independent risk factor for obstructive CAD
with good predictive value. Prospective stud-
ies with large sample sizes are needed to fur-
ther clarify this association.
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