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Background: With the progresses in medical development in recent years, plasma homocysteine (Hcy)
levels are considered to be an independent risk factor for the development of coronary heart disease (CHD).
We hope to use the method of meta-analysis to systematically evaluate the relationship between plasma Hcy
levels and CHD, for providing a basis for the prevention, diagnosis and treatment of CHD.

Methods: The PubMed, Cochrane and Embase databases were searched for case-control studies and cohort
studies on the association between plasma Hcy levels and CHD from the database establishment to October
2021. Duplicate studies were re-excluded by Endnote X9 software. The risk of bias was assessed using the
Newcastle-Ottawa Scale (NOS) scale. All of the studies we included were studies with no confirmed CHD
and recorded Hey levels. The data were extracted, and the quality was evaluated. Data were recorded and
meta-analyzed using Stata 15.1 software. The risk ratio (RR) values were combined with 95% confidence
interval (CI) using fixed- or random-effects models. Finally, sensitivity analysis was used to assess the
reliability of the results. A funnel plot was used to evaluate the publication bias of the literature.

Results: A total of 10 studies with a total of 10,103 subjects were included. All studies were of case-control
studies or cohort studies with good quality. Meta-analysis showed that for every 5 pmol/L increase in Hey
level, the pooled risk ratio of coronary events was 1.22, 95% CI: 1.11, 1.34. These results demonstrate that
when plasma Hcy level increased, the risk of CHD also increased.

Conclusions: Compared with traditional risk factors, the incidence of CHD increases by 22% for every
5 pmol/L increase in plasma Hcy levels. This mean that clinicians can timely take preventive measures for

coronary heart disease when the patients’ elevated plasma Hcy.
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Introduction hypertension serve as traditional risk factors (1-3). However,
In recent years, the incidence of coronary heart disease 15-20% of pat'lents with CHD ?UH have no est.abllshed risk
(CHD) has gradually increased. CHD seriously endangers factors and miss the opportunity for prevention (3). The
human health, and its mortality rate has exceeded that of relationship between plasma homocysteine (Hcy) and the
neoplastic diseases. Hyperlipidemia, smoking, diabetes and prevalence of CHD has attracted attention, and it has been
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found that the level of plasma Hcy will have an impact on
the incidence of CHD . Numerous studies have suggested
that elevated Hey may be an independent risk factor for
CHD (4-6), but Armitage et al. (7) have a different view
on this.

To reduce error of individual basic research, we
summarized the data of plasma Hcy levels and the
relationship between CHD using the method of meta-
analysis. There have been relevant meta-analyses that
have been previously reported, but studies in patients
with known CHD may be affected by other risk factors,
resulting in the inability to accurately reflect the direct
relationship between Hey and CHD. We included studies
without confirmed CHD to objectively evaluate the
relationship between the two conditions. We present
the following article in accordance with the MOOSE
reporting checklist (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-22-78/rc).

Methods
Literature search strategy

Due to the relatively high level of relevant studies abroad,
we searched the main foreign literature databases PubMed,
Embase and Cochrane Library literature databases
from the establishment of the database to October
2021. The search keywords were case-control studies,
cohort studies, cardiovascular diseases, homocysteine,
hyperhomocysteinemia and cystathionine beta-synthase.
The search was performed by means of MeSH words
combined with free words.

Literature screening

Inclusion criteria included cohort studies and case-
control studies with a patient’s first diagnosis of CHD and
documented plasma Hcy levels. The exclusion Criteria
included case reports that were individual cases, duplicate
data and studies, and studies in which participants were
known to have definite CHD.

Risk of bias evaluation

The NOS scale was used to evaluate case-control studies
and cohort studies, with a full score of 9 for 8 items.
Including representativeness of the exposed cohort,
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selection of the nonexposed cohort, ascertainment of
exposure, demonstration that outcome of interest was not
present at start of start, comparability of cohorts on the
basis of the design or analysis, assessment of outcome, was
follow up long enough for outcomes to occur and adequacy
of follow up of cohorts.

Data extraction

After the literature search, Endnote X9 software was
used for unified processing. The duplicate check function
was used to progressively screen all studies, which was
independently performed by two evaluators. The titles and
abstracts were read for preliminary screening, the full text
was read after obtaining the original text, and the data from
the literatures was extracted according to the inclusion
and exclusion criteria. The extracted contents included
the following: (I) basic information of the literature:
title, author, publication date, contact address, and name
of publication; (II) basic characteristics of study: study
methods, total sample size of study, and number of groups;
and (III) basic characteristics of participants: sex and age. In
situations in which any dispute existed in the extraction of
data and quality evaluation, the two evaluators negotiated or
invited a third researcher to solve the difference in opinions.

Handling of missing data

If relevant data were not provided in the literature but could
be obtained through calculation, they were retained. If
there were no relevant data, the author could be contacted
for acquisition of such data. If it was still unavailable, this
literature was excluded.

Statistical analysis

Meta-analysis of the RR value and its 95% CI was
performed by using Statal5.1 software to generate a forest
plot. I? was used to evaluate the heterogeneity among the
included studies. When 12>50%, it suggested that the results
had great heterogeneity. A random effects model was used
to perform sensitivity analysis and analyze the source of
heterogeneity. When 12<50%, it suggested that the results
had homogeneity. A fixed effects model was used. P values
were used to determine whether the results had statistical
differences, suggesting statistically significant when P<0.05
and homogeneous when P>0.05. Sensitivity analysis was
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Figure 1 Literature screening flow chart.

performed by excluding any literature one by one based on
the effect of the pooled effect size to clarify the effect of the
literature quality on heterogeneity factors. Publication bias
was assessed using a funnel plot. To standardize the RRs, we
estimated the RR value associated with an increase in Hey
by 5-pmol/L for each study.

Results
Literature search results

A total of 1,486 studies were searched using the above
databases and search terms. A total of 1,463 studies were
retrieved by Endnote X9 software. A total of 1,418 studies
were excluded after reading the titles and abstracts, and
45 studies remained. Ten articles remained after full text
reading and rescreening. Figure 1 shows the literature

© Journal of Thoracic Disease. All rights reserved.

() No outcome (n=27)
() No data (n=5)

search results and screening process.

Basic characteristics of included literatures

According to the content correlation and the inclusion and
exclusion criteria, 10 articles were finally included. A total
of 10,103 subjects we included in these articles. After quality
evaluation, all articles were of high quality according to the
NOS scoring scale. The basic information of the literature

is shown in Tible 1.

Combined results of the RR value and its 95% CI

All studies reported the RR value and 95% CI of the
correlation between the plasma Hcey level and CHD.
The combined results showed that there was a significant
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Table 1 List of characteristics of the included studies

649

Author Year Region Sample size Case/control Follow-up time (y)  NOS score (pts)
Arnesen E (8) 1995 Norway 600 122/478 4 6
de Bree A (9) 2003 Ireland 919 170/749 10.3 7
Zylberstein DE (10) 2004 Sweden 1,368 - 24 7
Knekt P (11) 2001 Finland 224 75/149 13 8
Knekt P (12) 2001 Finland 796 272/524 13 6
CuiR (13) 2008 China 444 134/310 10 6
Ridker PM (14) 2000 Boston 366 122/244 3 7
Shai | (15) 2004 USA 695 237/458 8 7
Voutilainen S (16) 2004 USA 2,682 - 8 6
SunY (17) 2009 China 2,009 - 12 7
NOS, Newcastle-Ottawa Scale.

Study

ID RR(95% Cl)  Weight, %

Arnesen E (1995) —+:— 1.32 (1.05,1.85) 15.31

de Bree A (2003) —+—§ 1.03 (0.83,1.29) 18.04

Zylberstein DE (2004) —v—+— 1.86 (1.06,3.26)  7.20

Knekt P (2001) —*——i 0.90 (0.51, 1.60) 7.02

Knekt P (2001) * 0.77 (0.24,2.45) 2.16

Renzhe Cui (2008) —o— 1.22(1.08,1.39) 22.12

Ridker PM (2000) —%—-0— 2.00(1.10,3.80) 6.24

Shai | (2004) —EO— 1.66 (1.05,2.64) 9.38

Voutilainen S (2004) —+—-— 1.03(0.57,1.87) 6.64

Yu Sun (2009) . — % $309(1.62,5.88) 5.88

Overall (I-squared =52.0%, P=0.028) Q 1.33(1.11,1.59) 100.00

NOTE: weights are from random effects analysis i

: h

0.17 1

Figure 2 Combined results of the RR value and its 95% CI. CI, confidence interval; RR, risk ratio.

correlation between the plasma Hcy level and the incidence
of CHD (RR =1.33, 95% CI: 1.11, 1.59, I’=52.0%). The
fixed effect model was selected (P=0.002), and the difference
was statistically significant. The results are shown in

Figure 2.
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5.88

Sensitivity analyses

Sensitivity analysis was performed on the results, and the
literature was excluded one by one. The heterogeneity was
significantly reduced after excluding the literature by Yu
Sun et al. (17) (RR =122, 95% CI: 1.11, 1.34, I’=26.5%;
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Study
ID RR (95% Cl)  Weight, %
i
Arnesen E (1995) — 1.32 (1.05,1.85)  11.04
de Bree A (2003) —+—§— 1.03(0.83,1.29) 18.21
Zylberstein DE (2004) ; a 1.86 (1.06,3.26)  2.81
Knekt P (2001) + : 0.90 (0.51,1.60) 2.71
Knekt P (2001) & : 0.77 (0.24,2.45)  0.66
Renzhe Cui (2008) —— 1.22(1.08,1.39) 55.61
Ridker PM (2000) E 2.00(1.10,3.80) 2.30
Shai | (2004) —'—v— 1.66 (1.05,2.64)  4.17
Voutilainen S (2004) -+ i 1.03 (0.57, 1.87) 2.51
Overall (I-squared =26.5%, P=0.208) @ 1.22 (1.11,1.34) 100.00
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Figure 3 The combined results of the RR value and its 95% CI (sensitivity analysis). CI, confidence interval; RR, risk ratio.
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Figure 4 Funnel plot. RR, risk ratio.

P<0.001), and the difference was statistically significant.

These results are shown in Figure 3.
Risk of bias evaluation

The funnel plot showed no significant publication bias in

the results, as shown in Figure 4.
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Discussion

Hcy is a hydroxy-containing amino acid generated by
the demethylation of methionine in the liver, muscle and
certain other tissues. It is mainly metabolized by the kidney
and liver through two pathways: methylation or sulfation
to methionine. The normal plasma Hcy concentration is
5-15 pmol/L, of which approximately 70-80% is bound to
plasma proteins (mainly albumin), approximately 1% exists
in the circulating blood as free thiol, and approximately
20-30% binds to the Hcy dimer by itself or binds to mixed
disulfides of other thiols, such as cysteine to form Hcy-
Cys. At present, it has been clarified that increasing age,
low estrogen levels, deficiency in vitamins (VitB,, VitB,,,
folic acid) that act as coenzymes in the Hey pathway, long-
term smoking, alcohol consumption, renal insufficiency,
hypothyroidism, tumors and drug reactions can lead to
increased plasma Hcy levels. The Chinese Guidelines for
the Prevention and Control of Hypertension, revised in
2018 (18), use total fasting plasma Hey >15 pmol/L as the
diagnostic criteria for hyperhomocysteinemia (HHcy).
According to the degree of Hcy elevation, mild HHcy (Hey
15-30 pmol/L), moderate HHcy (Hey 31-100 pmol/L) and
severe HHcy (Hey >100 pmol/L) were classified.
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The pathological basis of CHD is intimal injury of
the coronary artery, endothelial cell barrier function
damage after deposition, and smooth muscle proliferation.
Furthermore, growth factors promote a chronic
inflammatory response that leads to the final formation
of an atheromatous plate. The pathogenesis of CHD
induced by Hcy has not been fully elucidated, and there are
several possible mechanisms. The first is through vascular
endothelial cell injury and apoptosis. Intravascular cells
are the barrier between smooth muscles and the blood,
and they can also regulate local blood vessels by secreting
vasoconstrictor and vasodilator substances. Nitric oxide
is an important vasodilator secreted by endothelial cells.
Elevated Hey can promote hydrogen peroxide production,
and peroxide accumulation inhibits the activity of nitric
oxide lyase. This reduces NO production and impairs
diastolic function, which causes endothelial cell function
damage (19). Endothelial progenitor cells are precursor
cells of vascular endothelial cells and contribute to the
course of neovascularization and repair after vascular injury.
Hcy inhibits the proliferation of endothelial progenitor
cells by promoting the hypomethylation of cyclin A
and inhibiting the expression of cyclin A. This leads to
endothelial dysfunction and promotes the formation of
atherosclerosis (20). The second possible mechanism
involves smooth muscle cells (SMCs). SMCs are the main
cells that constitute the tissue structure of the vascular wall
and maintain tension. SMC proliferation leads to vascular
wall thickening, structural wall destruction, and weakened
diastolic function, which constitute the pathological basis
of atherosclerosis. The third possible mechanism involves
lipid metabolism disorders. Lipid metabolism disorders
are important risk factors for atherosclerosis, of which an
increase in low-density lipoprotein cholesterol (LDL-C)
is the main factor causing atherosclerosis. At present,
oxidized low-density lipoprotein (ox-LDL) is considered
to be the most important atherosclerotic factor. High-
density lipoprotein cholesterol (HDL-C) has a preventive
effect on atherosclerosis. The fourth possible mechanism
involves platelet adhesion. Platelets pretreated with Hcy
and thiolactone had increased adhesion to collagen and
fibrin and increased platelet adhesion (21). Platelets are
activated after adhesion, followed by a release reaction
and an adhesion reaction, accelerating thrombosis. For
the fifth possible mechanism, Hey can stimulate high-
sensitivity C-reactive protein production by affecting
the N-methyl-D-aspartate receptor-ROS-extracellular
signal-regulated protein kinase 1/2 p38-nuclear factor
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kB pathway (22). C-reactive protein is one of the
most important inflammatory mediators leading to
atherosclerosis, and it can promote the progression of
atherosclerosis by mediating the inflammatory response,
stimulating endothelial cells to express adhesion molecules,
and inhibiting NO production to damage endothelial cells.
High levels of Hcy can promote the formation of early
atherosclerosis by activating splenic T cells, increasing the
secretion of related proinflammatory factors, and reducing
the production of cytokines (23). The sixth possible
mechanism involves Hey-induced oxidative stress. This is an
important factor in Hey-induced coronary atherosclerosis,
which is mainly caused by the imbalance of oxidative and
antioxidant functions in organisms. It is speculated that
Hcy is mainly involved in the formation of atherosclerosis
through oxidative stress.

This meta-analysis showed the relationship between
different levels of Hey and CHD. This study showed that
for every 5 pmol/L increase in Hey, the risk of CHD-
related events increased by approximately 20%. Because the
quality of the included studies was high, it was considered
that it could accurately measure the risk of CHD. There are
still some limitations in the meta-analysis. We only rely on
published data, which may only bias positive findings more.
However, funnel plots do not show this bias and can only
represent published data. Another bias is that we do not
standardize the results evaluated in the study, which may
lead to some bias.

Conclusions

In summary, elevated Hcy levels increase the risk of CHD
by approximately 20%. Therefore, the subsample size is
limited, and studies on the correlation between plasma Hey
levels and CHD still need to be conducted by including
more studies with large sample sizes and better quality.
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