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Abstract

Purpose We conducted this systemic review and meta-analysis to investigate the association between elevated plasma homo-
cysteine (Hcy) levels and recurrent restenosis and clinical outcomes after percutaneous coronary intervention (PCI).

Methods PubMed, EMBASE, and Web of Science were systematically searched prior to May 2018. Studies evaluating the
association between plasma Hcy levels and the occurrence of restenosis, major adverse cardiac events (MACE), all-cause
mortality, cardiac death, non-fatal myocardial infarction (MI), and target lesion revascularization were identified.

Results A total of 19 articles with 4340 participants were identified. Higher Hey levels were not associated with an increased risk
of restenosis (relative risk (RR) =1.10, 95% CI 0.90-1.33). Hcy levels in the restenosis group were not significantly higher than
in the non-restenosis group (weighted mean difference = 0.70, 95% CI — 0.23—1.63). Subgroup analysis revealed that higher Hey
levels were not associated with restenosis after stenting but appeared to increase the risk of restenosis after angioplasty. Elevated
Hcy levels increased the risk of all-cause mortality by an average of 3.19-fold (RR =3.19, 95% CI 1.90-5.34, P = 0.000), the risk
of MACE by 1.51-fold (RR=1.51,95% CI 1.23-1.85, P =0.000), and the risk of cardiac death by 2.76-fold (RR =2.76, 95% CI
1.44-5.32, P=0.000) but appeared not to increase the risk of non-fatal MI (RR =1.36, 95% CI 0.89-2.09).

Conclusions Our meta-analysis suggests that although there is no clear association between higher Hey levels and restenosis
following stent implantation, higher Hcy levels appeared to increase the risk of restenosis after coronary angioplasty and also
increased the risk of all-cause mortality, MACE, and cardiac death after PCIL.

Registration Details The protocol of this meta-analysis was registered on PROSPERO (CRD42018096466). (http://www.crd.
york.ac.uk/PROSPERO/display record.php?ID=CRD42018096466).
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Introduction

Homocysteine (Hey), a sulfur-containing amino acid, is main-
ly derived through methionine (Met) metabolism, rather than
directly from food, in human beings. It subsequently un-
dergoes metabolism through two major pathways: re-
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methylation to Met or trans-sulfuration to cysteine [1]. In ad-
dition to mutations in genes encoding enzymes in Hcy meta-
bolic pathways, elevated levels of Hey are also attributed to
vitamin deficiencies, excessive Met intake, pregnancy, the use
of certain medications, and other factors [1, 2]. As has been
extensively documented, higher levels of Hey are closely cor-
related with coronary heart diseases, atrial fibrillation, stroke,
arterial stiffness, and other cardiovascular diseases (CADs)
[3—6]. Hcy, as a novel and modifiable risk-factor, has now
been given considerable attention for the management of
CAD.

Percutaneous coronary intervention (PCI) is an indispens-
able alternative to bypass surgery in the treatment of coronary
artery disease. However, the prevalent application and bene-
ficial value of PCI have been greatly hindered by the occur-
rence of restenosis. Restenosis is a complicated
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pathophysiological process, for which the underlying mecha-
nisms have not been well defined, and it is speculated to in-
volve elastic recoil, vascular remodeling, and neointimal hy-
perplasia [7]. Several studies have suggested that Hcy might
contribute to restenosis after PCI by causing endothelial inju-
ries, thrombus formation, the proliferation of smooth muscle
cells, and the synthesis of collagen [8—10]. Clinical trials have
reported conflicting results regarding the association between
Hcy levels and restenosis and clinical outcomes after PCls,
and we aimed to further explore this association through a
meta-analysis.

Methods

Our study has been registered, and the protocol can be
accessed at http://www.crd.york.ac.uk/PROSPERO/display
record.php?ID=CRD42018096466 (Registration number:
CRD42018096466). This review was performed following
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) guidelines [11].

The literature retrieval was conducted using PubMed,
EMBASE, and Web of Science databases prior to May 2018
for potentially relevant articles, with no language restrictions.

The search strategies in PubMed were presented as fol-
lows: ((“Percutaneous Coronary Intervention”’[Mesh]) OR
(Percutaneous Coronary Revascularization [Title/Abstract])
OR (Stents [Mesh]) OR (stent [Title/Abstract]) OR (stenting
[Title/Abstract]) OR (Angioplasty, Balloon [Mesh]) OR
(Dilation, Transluminal Arterial [Title/Abstract]) OR
(Arterial Dilation, Transluminal [Title/Abstract]) OR
(Arterial Dilations, Transluminal [Title/Abstract]) OR
(Dilations, Transluminal Arterial [Title/Abstract]) OR
(Transluminal Arterial Dilation [Title/Abstract]) OR
(Transluminal Arterial Dilations [Title/Abstract]) OR
(Balloon Angioplasty [Title/Abstract]) OR (Angioplasty
[Title/Abstract]) OR (“Atherectomy”[Mesh]) OR
(Atherectomies [Title/Abstract])) AND
((“Homocysteine”[Mesh]) OR (2-amino-4-mercaptobutyric
acid [Title/Abstract]) OR (2 amino 4 mercaptobutyric acid
[Title/Abstract]) OR (Homocysteine, L-Isomer [Title/
Abstract]) OR (L-Isomer Homocysteine [Title/Abstract]) OR
(S-Adenosylhomocysteine [Title/Abstract])).

The inclusion criteria were the following: (1) observational
studies investigating the relationship between plasma Hcy
levels and the occurrence of restenosis, composite primary
end points, major adverse cardiac events (MACEs), all-cause
mortality, cardiac death, non-fatal myocardial infarction (MI),
and target lesion revascularization (TLR) after PCI, and (2)
data were available for meta-analysis.

The exclusion criteria were the following: (1) case reports,
reviews, meeting abstracts, and editorials; (2) studies that were
conducted in a particular population, e.g., patients with
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diabetes mellitus or undergoing dialysis; and (3) studies eval-
uating Hey-lowering therapy and clinical outcomes.

Two reviewers (Zhipeng Zhang and Changgiang Yang)
independently extracted the relevant information regarding
the first author, year of publication, country or area, study
type, duration of follow-up, sample size, Hcy assay method,
study end point, cases, and total numbers of the experimental
and control groups. All disagreements were settled through
discussion. In addition, we sent requests to corresponding au-
thors for missing data via e-mail.

The study quality was evaluated by the Newcastle-Ottawa
Scale (NOS) [12]. Newcastle-Ottawa Scale comprises three
sections: population selection (four items), comparability (one
item), and outcome (three items). Each of the items can be
given one score except for comparability which can be given a
maximum of two scores. Studies with a total score <7 were
considered “low quality.”

All statistical analysis was performed using STATA MP
14.0 (Stata Corp LP, College Station, TX, USA). A P value
of less than 0.05 was considered to indicate statistical signif-
icance. Relative risks (RRs) and 95% Cls of the higher Hey
category versus the lower Hey category were calculated and
pooled using a fixed or random effects model. For continuous
variables, such as Hcy levels, weighted mean difference
(WMD) was used as the measurement. Heterogeneity across
studies was quantified using the y test and the /* statistic. An
P value of less than 25%, 50%, and 75% was considered to
indicate a low, moderate, and high risk of heterogeneity, re-
spectively. If heterogeneity was significant, subgroup analysis
and meta-regression were performed to detect the potential
sources. Funnel plots and the Egger test were performed to
detect potential publication bias.

Results

A total of 773 articles were identified from the initial retrieval
(PubMed =89, EMBASE =381, Web of Science=303).
Finally, 19 articles with 4340 participants were included in
the meta-analysis following the inclusion and exclusion
criteria [13-31]. The details of the screening process are pre-
sented in Fig. 1.

The study characteristics are displayed in Table 1. Among
the 19 studies, seven (36.8%) were performed in Asia, seven
(36.8%) in Europe, four (21.1%) in North America, and one
(5.3%) in New Zealand. All were cohort studies published
between 2000 and 2017. Six studies measured Hcy levels
through a fluorescence polarization immunoassay, ten studies
through high-performance liquid chromatography with fluo-
rescence detection, one used an Alfresa Auto Hey Kit, and
another two studies did not declare the exact methods used.
Of the 19 studies, most excluded patients with renal
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Fig. 1 The flow chart of the meta-

analysis PubMed
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full-text
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dysfunction, and seven studies did not report any information
about creatinine.

Nine studies [14, 16-19, 21, 25-27] involving 3296 pa-
tients reported the impact of higher Hcy levels on the occur-
rence of restenosis after PCI. As shown in Fig. 2, higher Hcy
levels appeared to not be associated with a greater risk of
restenosis (RR =1.10, 95% CI 0.90-1.33). The heterogeneity
across studies was almost significant (P=49.1%, P=0.047).
We performed a subgroup analysis using available informa-
tion concerning whether all participants received stent implan-
tation (“angioplasty” = all participants received angioplasty
only; “combination” = some participants received angioplasty
only and some received angioplasty plus stent implantation,
the particular proportions were not available; “stent” = all
participants received stent implantation). The results suggest
that heterogeneity in the stent subgroup was insignificant (/* =
0.0%, P=0.761). Considering that the cutoff points of higher
versus lower Hey levels were different across the studies, we
conducted a meta-regression analysis taking the cutoff points
as a covariate. The results suggested that the cutoff points
could not explain the heterogeneity (adjusted R-squared =—
34.68%, t=—0.22, P=0.832); namely, the different cutoff
points did not influence the total effects. There was no publi-
cation bias, as assessed using Egger’s test (1=0.12, P=
0.905).

Eleven studies [15, 17-22, 24, 28, 29, 31] evaluated the
differences in Hcy levels between a restenosis group and a
non-restenosis group. Of the remaining 11 studies with 1887
participants, the overall WMD was 0.70 umol/l (95% CI —
0.23-1.63) with a significant heterogeneity (/> =73.2%, P=
0.000). We also performed a subgroup analysis using the
available information on whether all participants received

stent implantation (as mentioned above). The results revealed
that the heterogeneity in the angioplasty and stent subgroups
was negligible (= 0.0%, P=0.413 vs F=0.0%, P=0.518,
respectively), as shown in Fig. 3. The differences in Hcy
levels between the restenosis and non-restenosis group were
significant in the angioplasty subgroup (WMD =2.33 umol/I,
95% CI 1.35-3.31) but not in the stent subgroup (WMD =—
0.35 umol/l, 95% CI —0.93-0.24). Publication bias was not
detected using Egger’s test (= 0.69, P =0.505).

Of the 19 studies, five [14, 16, 25, 30, 32] reported the
impact of Hey levels (higher versus lower) on all-cause mor-
tality. Among the 3337 patients, 166 events occurred in the
higher Hey group and 156 in the lower Hey group. The pooled
RR was 3.19 (95% CI 1.90-5.34, P=0.000) with heteroge-
neity (> = 55.6%, P=0.061).

Among the 4135 participants [14, 16, 23, 25, 26, 32],
MACE was seen in 15.2% (n=381) of subjects in the lower
Hcy category and 21.9% (n = 358) in the higher Hey category.
The results suggest that elevated Hey levels increase the risk
of MACE after PCI (RR=1.51, 95% CI 1.23-1.85, P=
0.000) with low heterogeneity across the studies (/* = 39.3%,
P=0.144).

Four [14, 16, 25, 26] studies involving 2682 participants
assessed the impact of Hey levels on cardiac death. A total of
56 cardiac deaths occurred in the higher Hcy group and 36 in
the lower Hcy group. As shown in Fig. 4, higher Hey levels
increased the risk of cardiac death by approximately 2.76-fold
compared with lower Hcey levels (RR =2.76, 95% CI 1.44—
5.32, P=0.000). The heterogeneity was insignificant (/=
24.3%, P=0.260).

Five studies [14, 16, 25, 26, 32] investigated the relation-
ship between higher Hey levels and non-fatal MI. Among the
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Fig. 2 Meta-analysis of RRs in

studies evaluating the link Study
between Hcy levels and restenosis D

in higher vs lower Hcy categories.

RR relative risk, Hcy Stent

homocysteine; stent: all subjects
in the studies received stent
implantation; combination: some
subjects in the studies received
angioplasty and others received
stenting plus angioplasty;
angioplasty: all subjects in the
studies received angioplasty only
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-
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3487 participants, 63 encountered non-fatal MI in the higher
Hcy category and 57 in the lower Hey category. The results
suggested that there was no significant link between elevated
Hcy and the occurrence of non-fatal MI (RR =1.36, 95% CI
0.89-2.09). The heterogeneity among studies was low (I =
18.2%, P =0.299) when a fixed-effects model was used.

Ofthe 19 studies, only two studies [14, 25] involving 2021
subjects evaluated the link between higher Hcy levels and the
incidence of TLR. The incidence of TLR in the lower Hcy
category and the higher Hey category was 9.9% vs 11.1% and
6.6% vs 12.7%, respectively.

Fig. 3 Meta-analysis of the mean

differences in studies evaluating Study

T
323 1 31

Discussion

The findings of the current study are as follows: (1) Overall,
elevated Hcy levels have no significant effects on the resteno-
sis rate after PCI. Subgroup analysis suggested that a link
between higher Hey levels and restenosis was not definite
after coronary stent implantation. However, higher Hey levels
appeared to increase the risk of restenosis after coronary an-
gioplasty; (2) elevated Hcy levels increased the risk of all-
cause mortality by an average of 3.19-fold, the risk of
MACE by 1.51-fold, and the risk of cardiac death by 2.76-
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Fig. 4 Meta-analysis of RRs in
studies evaluating the link
between Hcy levels and the
occurrence of all-cause mortality,
MACE, cardiac death, non-fatal
MI and TLR in higher vs lower
Hcy categories. RR relative risk,
Hcy homocysteine, MACE major
adverse cardiac events, MI
myocardial infarction, TLR target
lesion revascularization
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fold; (3) there appeared to be no significant link between ele-
vated Hcy and the occurrence of non-fatal MI; and (4) the
incidence of TLR appeared to be higher in the elevated Hey
category.

Disputes exist regarding whether elevated Hcy levels in-
crease the risk of restenosis after PCI. Hiroyuki M. and col-
leagues reported a positive correlation in this regard in sub-
jects undergoing coronary angioplasty [18]. Ortolani P. et al.
reported that Hey could not be used as a prognostic indicator
for in-stent restenosis in subjects receiving stent implantation
[16]. There are also many studies evaluating such a correlation
by recruiting subjects undergoing a mix of angioplasty and
stent implantation, that is, some participants in the study re-
ceived angioplasty and others received stent implantation. In
the current meta-analysis, we found a negative association
between Hcy levels and restenosis after PCI with modest het-
erogeneity. We therefore performed a meta-regression analysis
by including publication year, study area, sample size, and
NOS score but failed to find potential sources of heterogene-
ity. The incidence of restenosis possibly varied in the angio-
plasty and stent group, and we speculated that the heteroge-
neity resulted from the proportions of subjects undergoing
angioplasty and stent implantation in different studies.
Subsequently, we conducted a subgroup analysis by stent,
combination and angioplasty with the available extracted in-
formation. The results suggested that Hcy levels were not
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associated with the occurrence of restenosis after stent implan-
tation in the higher vs lower Hey category and the restenosis
vs non-restenosis group. For the angioplasty subgroup, in re-
stenosis vs non-restenosis comparisons, Hey levels were sig-
nificantly higher in the restenosis group. In higher vs lower
Hcy comparisons, Wong, C. K. et al. reported that higher Hey
levels did not increase the risk of restenosis after angioplasty;
however, their study excluded subjects with insulin dependent
diabetes (type 1) and only 5% of subjects had non-insulin
dependent diabetes (type 2). Moreover, many studies have
reported the role of elevated Hey in the development of dia-
betes mellitus [33-35] and the exclusion of subjects with dia-
betes mellitus could possibly reduce the proportion of
hyperhomocysteinemic subjects. We determined the propor-
tions of individuals with diabetes mellitus in other studies
included in this analysis. The results varied from 16.3 to
40.2% (16.3%, 19.7%, 22%, 30.5%, and 40.2%, respective-
ly). Accordingly, we concluded that elevated Hcy levels ap-
pear to increase the risk of restenosis after coronary angioplas-
ty but had no effect for stent implantation.

Experimental results have shown that Hcy increased the
expression of monocyte chemotactic protein 1 and interleu-
kin-8, which facilitated the migration and adhesion of mono-
cytes to the endothelium [36]. Hey was also shown to activate
nuclear factor kappa B, a transcription factor that is pivotal in
stimulating the production of cytokines, leukocyte adhesion
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molecules, chemokines, and hemopoietic growth factors, all
of which were demonstrated to participate in vascular inflam-
mation [37]. These inflammatory pathways contribute to ath-
erosclerosis by promoting endothelial dysfunction, oxidative
stress, platelet activation, hypercoagulation status, the prolif-
eration of smooth muscle cells, and synthesis of collagen [10,
38]. These pathophysiological processes also correlate closely
with vascular remodeling, which is referred to as a permanent
change in artery diameter after vascular injury. We speculated
that long-term exposure to high Hcy made the vascular wall
more prone to vascular remodeling. Vascular remodeling is
essential in restenosis, and many factors are involved in this
pathophysiological process. Therefore, we speculate that Hey
is a marker of this process, rather than a cause, and elevated
Hcy represents a greater possibility of vascular remodeling.
The main mechanisms of restenosis after angioplasty are elas-
tic recoil and vascular remodeling. The dominant process in
restenosis after stenting is neo-intimal hyperplasia [39, 40].
Stents effectively hinder elastic recoil and vascular remodel-
ing. The role of neo-intimal hyperplasia in the development of
restenosis has been reduced with advances in stent technology
and the development of P2Y 12 inhibitors. Therefore, it is
comprehensible that Hey is not associated with restenosis after
stenting.

A dose-response meta-analysis has previously reported a
linear trend between Hcy levels and all-cause mortality in the
general population and each 5 umol/l increase in Hey levels
was related to a 1.336-fold risk of all-cause mortality [41].
While many studies have explored the link between Hcy
levels and long-term outcomes after PCI, the results are incon-
sistent and conflicting [16, 23, 26]. Sample sizes, the included
population, basic characteristics, assessment methods, and
follow-up period varied among these studies. The present
meta-analysis indicated that elevated Hcy levels are associated
with a higher risk of all-cause mortality, MACE, and cardiac
death. The underlying mechanisms have not been clearly elu-
cidated. Studies have suggested a direct relationship between
Hcy and multi-vessel lesions and heart failure [14, 42]. We
speculate that the link between Hcy and MACE (mainly car-
diac death) might be mediated by multi-vessel lesions and
heart failure through Hey-induced endothelial dysfunction,
oxidative stress, platelet activation, hypercoagulation status,
the proliferation of smooth muscle cells, and collagen synthe-
sis. It is also possible that Hey is involved in many chronic
diseases, such as CAD, cognitive disorders [43], and
thrombogenesis [25], which together give rise to the long-
term prognosis.

In the past 10 to 15 years, the role of Hey in CAD has been
challenged by many negative results in cohort studies and also
randomized controlled studies involving vitamin B complex
and folate. Ching-Yu Julius Chen et al. [44] disclosed that Hcy
levels were not increased in patients with ST segment eleva-
tion myocardial infarction (STEMI), regardless of Killip

classifications and they proposed that Hcy was a bystander
rather than a causative factor in STEML In their study, the
mean Hcy concentration was considerably low (8.4 +
2.2 umol/l). A study by Bleiec @ et al. [45] revealed that
Hcy-reducing therapy did not change the serum concentra-
tions of inflammatory markers of atherosclerosis in patients
with stable CAD after a 6-month follow-up (Hcy 11.0 umol/l
at baseline). A meta-analysis of randomized controlled trials
[46] suggested that supplementation with B vitamins and folic
acid could lower plasma Hcy levels but failed to decrease the
risk of cardiovascular diseases and all-cause mortality [44].
However, most patients in these trials had normal or moder-
ately elevated Hcy levels at baseline. Given that mean Hcy
levels and genetic backgrounds are diverse in different areas,
the effects of Hcy on CAD might be different among popula-
tions with varying average Hcy levels. Besides, the significant
advances in PCI and drug-eluting stents, together with new
anti-platelet drugs, have greatly decreased the occurrence of
restenosis and adverse cardiac events and might attenuate the
effect of Hcy in CAD. The most appropriate form of interven-
tion in hyperhomocysteinemia still remains to be verified
through large-scale randomized trials. Such trials could also
help to identify individuals at high risk of developing resteno-
sis after angioplasty and long-term adverse events after PCI.

The current study has some limitations. Firstly, the respec-
tive proportions of subjects receiving angioplasty or stenting
were not available in certain studies, which confined the strat-
ification analysis and made the total effects analysis less con-
vincing. Secondly, most of the included studies provided only
two categories of Hey levels, and the dose—effect relationship
of Hey and the end point could not be evaluated through a
dose-response analysis. Thirdly, the number of studies was
not sufficient, and the conclusions need to be verified through
more large-scale randomized studies. Fourthly, kidney func-
tion and vitamin intake can have a considerable impact on
plasma Hcy levels. However, seven of the 19 studies did not
provide any information about creatinine and only a few stud-
ies mentioned that they excluded patients receiving B com-
plex vitamins, folate-containing supplements, and other drugs
that interfere with Hcy levels. Lastly, the cutoff point for
higher vs lower Hcy categories was not consistent among
studies, and this might have some influence on the total ef-
fects, although it is not a potential source of heterogeneity. In
fact, people in different areas have various living habits and
genetic backgrounds. The mean Hcy levels were diverse,
ranging from 6.7 pmol/l in Kuwait to 14 pumol/l in Italy [47,
48]. Therefore, high and low levels were relative, and we
pooled the data to find differences in levels of restenosis be-
tween higher and lower Hey groups.

In summary, our meta-analysis suggested that although
there is no clear association between higher Hey levels and
restenosis following stent implantation, higher Hey levels ap-
peared to increase the risk of restenosis after coronary
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angioplasty. Elevated Hcy levels also increased the risk of all-
cause mortality, MACE, and cardiac death after PCL
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