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Abstract
Background: Elevated homocysteine (Hcy) levels showed increasing significance as the predisposing factor for the pathogenesis
of atherosclerotic sequelae, including cardiovascular mortality, coronary artery disease, and stroke. There is increasing evidence
linking plasma Hcy levels and heart failure (HF). The association between the elevated level of plasma Hcy and HF was examined by
meta-analysis and systematic review in this study.

Methods: The PubMed and ScienceDirect databases until April 2020 were utilized to collect previous literature on plasma Hcy
levels and the potential relation to HF. The pooled effects were evaluated depending on standardized mean differences (SMDs) with
95% confidence intervals (CIs), and the calculation was performed using Stata 12 software. Potential sources of heterogeneity were
assessed with subgroup analysis and sensitivity analysis.

Results:A total of 12 research projects including 5506 subjects were selected. For pooled effect, the results confirmed that patients
with HF had higher Hcy levels than the control subjects (SMD,1.148 and 95%CI, [0.715, 1.581]). Based on the classification of New
York Heart Association (NYHA), the Hcy levels for the group of NYHA I or II (SMD, 1.484 and 95%CI, [0.442, 2.527]) and the group of
NYHA III or IV (SMD, 3.361 and 95% CI, [1.902, 4.820]) were significantly increased compared to controls, while the increase was
more intensive for the group of NYHA III or IV. Subgroup analyses revealed similar results.

Conclusion: Our meta-analysis identified that plasma Hcy levels were significantly elevated in HF patients compared to control
subjects, which is positively related to the advancement of NYHA class.

Abbreviations: CIs = confidence intervals, Hcy = homocysteine, HF = heart failure, NOS = Newcastle–Ottawa Scale, NYHA =
New York Heart Association, SMDs = standardized mean differences.
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Highlights

� To evaluate high homocysteine levels in heart failure by
conducting a meta-analysis.

� Elevated homocysteine levels are significantly associated
with heart failure.

� Homocysteine levels were with a progressive increase for
increasing New York Heart Association class.
1. Introduction

As the byproduct in the conversion of methionine to cysteine,
homocysteine (Hcy) is a sulfhydryl-containing amino acid. It does
not occur in the diet but is the derivative of dietary methionine
due to its demethylation, becoming an essential intermediate for
normal mammalian metabolism of methionine.[1] Some studies
reported that moderately elevated total Hcy levels showed
increasing significance for the pathogenesis of atherosclerotic
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sequelae, including cardiovascular mortality, coronary artery
disease, and stroke.[2] The potential mechanisms of adverse
effects of Hcy include endothelial dysfunction and death,
oxidative stress increasing, inflammation, collagen metabolism
altering, and pro-atherothrombotic.[3]

Among the fatal diseases, the global prevalence of heart failure
(HF) is placed in the highest rank, and prevention of chronicHF is
still an unsolved problem. In recent years, various similar studies
have suggested that the elevation of plasma Hcy levels is
associated with HF[4–6] and the possible role of hyper-
homocysteinemia in the complex damage mechanisms of HF
has also the reason for concern. However, the sample sizes of
these studies are rather small. Moreover, no systematic review
with a quantitative synthesis of the plasma Hcy level of HF
patients compared to controls has been reported yet. Therefore, a
comprehensive and critical meta-analysis of previous studies was
designed and conducted to clarify evidence-based conclusions
concerning the significance of Hcy level for HF.
2. Methods

2.1. Search strategy

A systematic search was conducted by 2 investigators (NJ and
JH) independently through the PubMed and ScienceDirect
databases until April 2020. To locate all relevant publications
Figure 1. Flow diagram o
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which documented the association of plasma levels of Hcy in HF,
medical subject headings or free text words were checked with the
following rule of keywords
“Homocysteine” (or “Hcy”) plus “heart failure.” The

searching strategy also covered the references of the selected
articles to find out additional works which were neglected in the
database search. The searching strategy also required formal
publication of the selected works and the availability of full text.
2.2. Inclusion and exclusion criteria

The literature searching and review were independently con-
ducted by 2 investigators (XZ and XC). Firstly, the screening on
titles and abstracts could confirm the relevance and decide the
selection for some studies, and nonetheless, the inclusion or
exclusion of some other studies might not be decided at this step,
which would be forwarded to full-text screening. And the
decisions for the inclusion of those studies were checked by 2
investigators (LH and JH), respectively. Once discrepancy in
opinions occurred between the 2 investigators, the third
investigator (NJ) independently checked the involved study to
make the final decision.
The content of the selected literature was examined. The

criteria for inclusion stated: (1) cross-sectional or case-control or
cohort studies in humans; (2) focus on the significance of plasma
Hcy levels for HF; (3) written in English and approved by
f the literature search.



Table 1

Characteristics of subjects in included studies.

Author Country
HF

number
HF homocysteine
concentration

Controls
number

Controls homocysteine
concentration

NOS
score

Herrmann et al(2005) Germany 95 17.1±20.0 18 9.6±2.6 6
Gibelin et al (2006) France 159 15.8±6.9 119 10.9±3.2 8
Raeder et al (2006) Norway 29 24.1±2.0 85 17.9±1.0 6
May et al (2007) USA 621 15.6±7.0 2500 14.6±6.5 6
Okuyan et al (2010) Turkey 68 16.9±5.27 40 10.15±3.49 8
Topcuoglu et al (2010) Turkey 31 20.2±9.15 38 13.6±7.56 8
Agoston-Coldea et al (2011) Romania 65 18.9±10.0 79 14.1±5.2 7
Makarewicz-Wujec and Kozlowska-Wojciechowska (2011) Poland 55 13.6±4.3 55 10.3±2.6 7
Hjelm et al (2014) Sweden 138 20.13±7.8 564 17.17±6.91 7
Fournier et al (2015) France 134 18.4±7.83 50 12.8±3.14 7
Strauss et al (2017) Poland 55 14.9±6.8 348 12.45±5.16 8
El-Amrousy et al (2018) Egypt 80 11.15±1.96 80 6.69±0.97 8

HF=heart failure, NOS=Newcastle–Ottawa Scale.
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standard peer review; and (4) provides a considerable amount of
valid data on Hcy levels for both HF-positive group and HF-
negative controls. The exclusion criteria stated: (1) studies with
inadequate relevance; (2) review articles or case reports; (3)
animal studies; and (4) failure to provide data on Hcy levels for
either HF-positive group or HF-negative controls.[7]
Figure 2. Forest plot of studies in homocysteine levels for subjects with HF vs c
random-effects model. CIs=confidence intervals, HF=heart failure, SMDs=stan
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2.3. Data extraction and quality assessment
According to the inclusion and exclusion criteria, data extraction
from the included studies was conducted independently by 2
investigators (YC and JH). Specifically, the data about the
following items were collected: first author, year of publication,
nationality, quantity of participants, and plasma Hcy level. In
ontrol subjects. The combined SMD and 95% CIs were calculated using the
dardized mean differences.
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case of discrepant information, 2 investigators discussed each
case in detail to decide how to process it. Newcastle–Ottawa
Scale (NOS) was used to evaluate the included studies. Two
authors (LH and NJ) conducted the quality assessment
independently.[8]
2.4. Statistical analysis

Stata version 12 was used as the calculation tool for the analytical
process, while statistical significance was set to be P< .05. The
standardized mean differences (SMDs) and 95% confidence
intervals (CIs) were elicited for comparison. The model of
random effects or fixed-effects model was used to evaluate the
pooled SMD with or without heterogeneity, respectively. The
statistical estimation of heterogeneity was achieved with I2 tests.
Studies with I2 value higher than 50% was considered to have
high heterogeneity and the model of random effects was applied;
otherwise, the fixed-effects model was used.[9]

As the potential source of heterogeneity, the correlations
between plasma Hcy levels and other variables involved in the
selected studies were assessed with subgroup analysis. Moreover,
for the variation caused by any individual study, sensitivity
Figure 3. Forest plot of studies in homocysteine levels for subjects with HF vs con
failure.
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analysis was also conducted. Publication bias was identified with
Begg test and the visualization using funnel plots.[8]
2.5. Ethics and dissemination

Since this is a protocol for meta-analysis, all data in this study
come from published studies and do not involve patients, so
ethical approval is not required. The findings of this research will
be disseminated in peer-reviewed journals or conference
presentations.
3. Results

A flow diagram of the data search and study selection is presented
in Figure 1. A total of 351 records were identified in the initial
search according to the searching strategy as stated in the
previous section. Depending on the above-described criteria of
evaluation, 12 validated articles were included in the meta-
analysis.[2,5,6,10–18] The main characteristics of the included
studies were shown in Table 1. No additional studies were
identified through our hand search of references from published
studies.
trol subjects by subgroups of New York Heart Association classes. HF=heart
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3.1. Plasma Hcy levels and HF

Twelve studies incorporating 5506 subjects were identified in the
comparison of Hcy concentration between HF patients and
control subjects. First, the heterogeneity was evaluated for the
selected studies, and highly significant heterogeneity was
identified (I2=96.6%; P< .001); thus, a random effect model
was selected to estimate the pooled effect size. The results
indicated that HF patients showed significantly higher Hcy levels
than the control subjects (SMD, 1.148 and 95% CI, [0.715,
1.581]) (Fig. 2). Besides, according to the classification of New
York Heart Association (NYHA), the Hcy levels of NYHA I or II
groups (SMD, 1.484 and 95% CI, [0.442, 2.527]) in 3 studies
were significantly elevated compared to controls. The Hcy levels
of NYHA III or IV groups (SMD, 3.361 and 95% CI, [1.902,
4.820]) in 3 studies were also significantly increased compared to
controls, and the increases were more intensive than those in the
NYHA I or II groups (Fig. 3).
Figure 4. (A) Subgroup analysis of studies in levels of homocysteine for subjects w
subgroups of sample size (B). Stratified by NOS scores (C). (B) Subgroup analysis
Stratified by geographical location (A). Stratified by subgroups of sample size (B
homocysteine for subjects with HF vs control subjects. Stratified by geographical lo
(C). HF=heart failure, NOS=Newcastle–Ottawa Scale.
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3.2. Subgroup analysis

Heterogeneity among the studies was identified by subgroup
analysis disaggregated by geographic location, quality assess-
ment, and sample size. Subgroup analysis stratified by geographic
location found that HF patients had significantly elevated Hcy
levels compared to control subjects in Europe and Asia (Europe:
SMD, 1.062 and 95% CI, [0.579, 1.545]; Asia: SMD, 1.127 and
95% CI, [0.496, 1.757]), but not in other location (SMD, 1.509
and 95% CI, [�1.169, 4.187]) (Fig. 4A). In addition, subgroup
analysis stratified by sample size proved that HF patients had
elevated Hcy levels compared to the control subjects (sample size
<200:SMD, 1.541 and 95% CI, [0.786, 2.295]; sample size
≥200:SMD, 0.460 and 95% CI, [0.151, 0.770]) (Fig. 4B).
Furthermore, the subgroup analysis stratified by NOS scores also
found plasma Hcy levels were significantly increased in NOS 7
and NOS 8(NOS=7: SMD, 0.659 and 95% CI, [0.415, 0.903];
NOS=8: SMD, 1.279 and 95% CI, [0.528, 2.030]), but not in
ith HF vs control subjects. Stratified by geographical location (A). Stratified by
of studies in levels of homocysteine for subjects with HF vs control subjects.
). Stratified by NOS scores (C). (C) Subgroup analysis of studies in levels of
cation (A). Stratified by subgroups of sample size (B). Stratified by NOS scores

http://www.md-journal.com


Jin et al. Medicine (2021) 100:33 Medicine
NOS 6(NOS=6: SMD, 1.716 and 95% CI, [�0.357, 3.789])
(Fig. 4C). Table 2 showed the summary for subgroup analyses.

3.3. Sensitivity analysis and publication bias

The sensitivity analysis showed that none of the studies could
exert an exceptional influence on the pooled effect (Table 3). In
addition, the funnel plot had obvious asymmetry, and consis-
tently Begg test indicated there was potential publication bias
(Fig. 5).

4. Discussion

In this meta-analysis including a total of 12 eligible articles, with a
combined patient population of 5506 participants, we assessed
the significance of plasma Hcy levels for HF. According to the
current database, this is the first meta-analysis on this topic. To
minimize potential errors, PubMed and ScienceDirect databases
were searched thoroughly, as well as all of the items in reference
lists of those relevant studies. The finding confirmed plasma Hcy
levels were significantly higher in HF patients than the levels in
control subjects, with a positive relationship to the advancement
Figure 4. (C
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of NYHA class, which supports the proposition that Hcy levels
differ between HF patients and control subjects. Some studies
reported strong relationships between Hcy levels and the indices
reflecting various aspects of clinical severity of HF.[10,11,14]

According to El-Amrousyet al, plasma Hcy levels, such as plasma
highly sensitive cardiac troponin T, had a remarkable prognostic
value for congestive HF while the levels were significantly
correlated with clinical and echocardiographic data, the severity
of HF, and adverse outcomes.[18] As found by previous studies, a
gradual increase in Hcy levels across NYHA classes have been
observed in our study. We speculate using Hcy to reflect aspects
of clinical severity of HF is potential biological parameter.
Subgroup analysis showed higher plasma Hcy levels in HF
patients than the levels of controls in Asia and Europe; however,
plasma Hcy levels for those groups in other locations did not
differ significantly. This discrepancy may be attributable to the
limited scope of the selected studies.
Research also indicated a positive relationship between

moderately increased Hcy levels and the increased risks of
atherosclerotic vascular disease, cardiovascular disease, cerebro-
vascular, and peripheral artery diseases.[19,20] The molecular
mechanisms contributing to the significance of plasma Hcy levels
ontinued)



Figure 4. (Continued).
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for HF remain unclear. Research indicated that Hcy was
identified as an independent predisposing condition for athero-
sclerosis.[21] Atherosclerosis is the most common pathological
Table 2

Subgroup analyses of homocysteine levels and HF.

Subgroup Number of studies SMD (95% CI)

Geographical location
Europe 8 1.062 (0.579, 1.545)
Asia 2 1.127 (0.496, 1.757)
Other 2 1.509 (�1.169, 4.187)

Sample size
≥200 4 0.460 (0.151, 0.770)
<200 8 1.541 (0.786, 2.295)

NOS
6 3 1.716 (�0.357, 3.789)
7 4 0.659 (0.415, 0.903)
8 5 1.279 (0.528, 2.030)

CIs=confidence intervals, HF=heart failure, SMDs= standardized mean differences.
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process underlying the pathogenesis of cardiovascular diseases,
including HF.[19] Thus, elevated Hcy levels could cause HF by
inducing myocardial ischemia, promoting coronary atheroscle-
Test of SMD=0 Heterogeneity

Z p for Z I2 P for I2

4.31 <.001 94.5% <.001
3.50 <.001 72.8% .055
1.10 .269 99.3% <.001

2.92 .004 91.0% <.001
4.00 <.001 95.9% <.001

1.62 .105 98.6% <.001
5.28 <.001 61.6% .050
3.34 .001 97.0% <.001

http://www.md-journal.com


Table 3

The heterogeneity of the included studies through sensitivity analysis.

Excluded studies SMD (95% CI) I2 P value

Herrmann et al (2005) 1.214 (0.755, 1.674) 97.0 <.001
Gibelin et al (2006) 1.180 (0.702, 1.659) 96.8% <.001
Raeder et al (2006) 0.872 (0.512,1.231) 95.1% <.001
May et al (2007) 1.253 (0.763,1.743) 95.5% <.001
Okuyan et al (2010) 1.121 (0.672, 1.571) 96.8% <.001
Topcuoglu et al (2010) 1.181 (0.722, 1.640) 96.9% <.001
Agoston-Coldea et al (2011) 1.201 (0.731, 1.671) 96.9% <.001
Makarewicz-Wujec and Kozlowska-Wojciechowska (2011) 1.170 (0.709, 1.1.632) 96.9% <.001
Hjelm et al (2014) 1.231 (0.716, 1.746) 96.9% <.001
Fournier et al (2015) 1.183 (0.715, 1.651) 96.9% <.001
Strauss et al (2017) 1.219 (0.741, 1.697) 97.0% <.001
El-Amrousy et al (2018) 0.970 (0.596, 1.344) 95.3% <.001

CIs= confidence intervals, SMDs= standardized mean differences.
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rosis, or disturbing the endothelium coronary blood flow.[22,23]

Secondly, some studies have shown that elevated Hcy levels play
key roles in cardiac remodeling, which is a known precursor of
HF, by resulting in significantly increased myocyte size, the
proliferation of mast cells, cardiac fibrosis, and activation of
matrix metalloproteinases.[24,25] Thirdly, Hcy had also been
reported to cause an increase in oxygen stress, a factor known to
promote myocardial dysfunction, and a decrease in endothelial
function, which enhances HF events.[26–28] At last, research has
indicated that the diet of patientswithHF seems to differ from the
diet of patients without HF. Patients with HF had significantly
reduced folate acid and dietary fiber intake compared to the
patients without HF, which probably resulted from the low
consumption of fruit and vegetables.[29] Hence, it seems
understandable that HF is associated with high Hcy concen-
trations as a result of dietary folic acid deficiencies. Moreover,
some studies reported that the potential beneficial effect of folic
acid on endothelial functions was independent of the Hcy
Figure 5. Funnel plot for studies in homocysteine levels for
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levels.[30,31] Thus, we speculated that the folic acid deficiency
may increase the risk of HF through reduced endothelial
function.
According to the current databases, this is the first meta-

analysis to evaluate the significance of Hcy levels for HF patients.
The sensitivity analysis showed the variation caused by any single
study was insignificant. However, our study did have some
limitations. First, there was significant heterogeneity because the
studies used diverse methodologies; thus, conclusions should be
drawn with caution. Secondly, the funnel plot was asymmetrical,
indicating potential publication bias due to the studies supporting
insignificance might not be published or not being available for
the meta-analysis. Also, conference proceedings were not
included so we could have missed some minor unpublished
studies. In addition, throughout the included studies, the
measurement for Hcy levels in plasma is not standardized, and
various assays were used in previous studies. As a result, a
detection bias cannot be completely excluded in our analysis.
subjects with HF vs control subjects. HF=heart failure.
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5. Conclusion

In conclusion, this meta-analysis and systematic review con-
firmed that plasma Hcy levels and HF have a close-knit and
significant association. Analyses demonstrated that patients with
HF had a higher Hcy level than healthy controls, with a positive
relationship to the advancement of NYHA class. Meanwhile,
further in-depth studies are required to verify the results and
assess the underlying mechanism of how Hcy participates in the
progress of HF.
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