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ABSTRACT

Prevalence of hyperhomocysteinemia (HHcy) is high in critical-
lyill patients. However, the association between serum homo-
cysteine level and outcomes of the critically ill patients remains
unknown. We performed a meta-analysis of cohort studies to
comprehensively evaluate the above association. Relevant co-
hort studies were identified by search of electronic databases
including PubMed, Embase, Web of Science, Wanfang, and
CNKI from the inception of the databases to February 5, 2022.
A randomized-effect model incorporating the possible be-
tween-study heterogeneity was used to pool the results. Over-
all, 16 cohorts with 1663 critically ill patients who were admit-
ted to the intensive care unit (ICU) were involved in the
meta-analysis. Pooled results showed that compared to
non-survivors of the critical illnesses, survivors had significant-
ly lower serum level of Hcy at ICU admission [mean difference
(MD): -3.42 pmol/l, 95 % confidence interval (Cl): -5.89 to
0.94, p=0.007; 12 =86 %]. Subgroup analysis showed that the
difference of Hcy between survivors and non-survivors was
significantin Asian patients (MD: -8.17 pmol/l, p<0.001), but
not in non-Asians (MD: 0.30 pmol/l, p=0.62; p for subgroup
difference <0.001). Moreover, meta-analysis with seven co-
horts, allincluding Chinese patients, showed that HHcy at ICU
admission was independently associated with a higher risk of
all-cause mortality in critically ill patients (odds ratio: 2.99, 95 %
Cl: 2.26 t0 3.97, p<0.001; 12=69 %). A higher serum level of
Hcy at ICU admission may be associated with an increased risk
of all-cause mortality in critically ill patients, particularly in the
Chinese population.

Introduction

Hyperhomocysteinemia (HHcy) is a common metabolic disorder
characterized by increased serum level of homocysteine (Hcy), an
intermediate product of the methionine cycle [1-3]. Pathophysio-
logically, HHcy has been related with activated oxidative stress, ex-
cessive endoplasmic reticulum stress, altered DNA methylation, en-
dothelial dysfunction, and activated immuno-inflammatory re-
sponse, all of which are involved in the pathogenesis and progression
of atherosclerosis and vascularinjuries [4-6]. The prevalence of HHcy
in general population may be different according to the diagnostic
criteria of HHcy and the region of the studies. In the Framingham
study population, the prevalence of HHcy was 29.3 % using the di-

agnostic criteria of Hcy> 14 pmol/I [7]. In China, using the diagnos-
tic criteria of Hcy>15 pmol/l, a recent updated meta-analysis includ-
ing 338 660 participants showed that the overall prevalence of HHcy
was 37.2 %, which was gradually increased over time [8]. Clinically,
HHcy has been related to increased risks of cardiovascular diseases
[9], stroke [10], cognitive decline, and dementia [11]. Moreover,
HHcy has been suggested as a risk factor of death in general popu-
lation [12]. Interestingly, accumulating evidence suggests that the
prevalence of HHcy is also high in patients of acute clinical condi-
tions, such as the critically ill patients who are admitted to the inten-
sive care unit (ICU) [13]. Besides, higher Hcy has also been detected
in patients with acute diseases as compared to healthy controls, such
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as patients with the acute phase of atherothrombotic stroke [14] and
patients with acute pancreatitis [15], and the acute increment of Hcy
in these patients may be related to pathophysiological changes in-
cluding endothelial dysfunction [16]. However, the potential prog-
nostic significance of serum Hcy on clinical outcomes of patients
with critical illnesses remains unclear. Some early studies failed to
show that the serum level of Hcy was different between survivors
and non-survivors of the critically ill patients [17-21], while other
studies showed that HHcy at baseline may be a risk factor of in-
creased mortality in these patients [22-26]. Therefore, we per-
formed a systematic review and meta-analysis to comprehensively
evaluate the potential association between serum Hcy and outcomes
of the critically ill patients.

Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA 2020) [27, 28] guideline and Cochrane’s
Handbook for Systematic Review and Meta-Analysis [29] were fol-
lowed in this study.

Literature search

Studies were conducted by search of Medline, Web of Science, and
Embase using strategy based on the combined key words: (1) “homo-
cysteine” OR “Hcy” OR “hyperhomocysteinemia”; (2) “intensive care”
OR “ICU” OR “critically ill” OR “critical illness” OR “trauma” OR
“APACHE” OR “sepsis” OR “acute respiratory distress” OR “multiple
organ system failure” OR “mechanical ventilation”, from inception of
the database to February 5, 2022. Only studies with human subjects
were included. No restriction was applied regarding the language of
publication. We also screened the citation lists of the related original
and review papers in a manual manner as a complementation.

Inclusion and exclusion criteria for the potential
studies

The objective of the study was to determine the association between
serum Hcy at ICU admission and all-cause mortality of the critical ill
patients. Accordingly, the possible difference of serum Hcy was firstly
determined between survivors and non-survivors, and then, the as-
sociation between HHcy and all-cause mortality in the critical ill pa-
tients was evaluated. The following inclusion criteria were applied:
(1) designed as cohort studies; (2) included patients with critical
illnesses who were admitted to ICU; (3) serum level of Hcy was meas-
ured atICU admission and analyzed as exposure; (4) patients were fol-
lowed for the outcome of all-cause mortality; and (5) reported the
serum Hcy at admission in survivors and non-survivors, and/or the rel-
ative risk of all-cause mortality between patients with and without
HHcy at ICU admission. Diagnosis of HHcy was in accordance with the
criteria used among the original studies. Reviews, cross-sectional stud-
ies, studies that did not include patients with critical illnesses admit-
ted to ICU, studies that did not measure serum Hcy, or studies that did
not report all-cause mortality were excluded.

Data collection and quality evaluation of the
included studies

Two independent authors conducted database search, data collec-
tion, and assessment of study quality separately. In case of disa-

greement, it was resolved by discussion and consensus between
the two authors. The data collected were: (1) general study infor-
mation and study design; (2) patient characteristics, including the
diagnosis, age, and sex; (3) timing of serum Hcy measurement and
analytic methods; (4) follow-up duration and number of patients
who died during follow-up; and (5) outcomes reported and varia-
bles controlled for studies that reported the relative risk of all-cause
mortality between patients with and without HHcy. The Newcas-
tle-Ottawa Scale (NOS) [30] was used for assessing the quality of
the studies. Studies were graded according to selection of study
groups, comparability of groups, and ascertainment of exposure
and outcomes. A maximum of nine stars represents the lowest risk
of bias.

Statistical methods

The difference of serum Hcy between the survivors and non-survi-
vors of critically ill patients was measured with mean difference
(MD) and its 95 % confidence interval (Cl). In addition, the associa-
tion between HHcy at ICU admission and all-cause mortality of the
critically ill patients was presented as odds ratio (OR) and its 95%
Cl. Logarithmical transformation of OR data and stand error (SE)
extracted from each study were performed to achieve normalized
distribution [31]. To evaluate the extent of between-study heter-
ogeneity, the Cochrane’s Q-test was performed and the |2 statistic
was estimated as previously described [31,32]. An 12>50 % reflect-
ed significant heterogeneity. A random-effect model was applied
to pool the results after incorporating of possible between-study
heterogeneity [29]. Sensitivity analyses by excluding one cohort
at a time were performed to evaluate the stability of the results. If
atleast ten datasets were available for the outcome, subgroup anal-
yses were performed to evaluate the possible influences of study
characteristics on the outcome, such as ethnicity of the patients,
study design, types of ICU admitted (medical, surgical, or mixed),
follow-up durations, and quality scores. Medians of continuous var-
iables were used to define subgroups. Funnel plots were construct-
ed and visual inspection of their symmetry was performed to as-
sume the possible existence of publication bias [33]. Egger’s re-
gression test [33] was also performed to test possible publication
bias. We used RevMan (Version 5.1; Cochrane Collaboration, Ox-
ford, UK) and Stata (Version 17.0; StataCorp LLC, Texas, USA) soft-
ware for the statistical analyses and a p<0.05 suggests statistical
significance.

Results

Study identification

As shown in > Fig. 1, 619 articles were retrieved after search of
electronic databases after removing duplications. Subsequently,
579 were further excluded due to the lack of relevance. The remain-
ing 40 studies were screened with full text, and 24 were furtherre-
moved for the reasons in » Fig. 1. Finally, 16 cohort studies [17-
26,34-39] were available for the meta-analysis.

Characteristics of the included studies

As shown in > Table 1, 16 cohort studies were included in the me-
ta-analysis. Six of them were prospective cohort studies
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> Fig. 1 Flow diagram of the database search and study identification.

[17,19,21,34,36,39] and the remaining were retrospective co-
hort studies [18, 20, 22-26, 35,37, 38]. These studies were per-
formed in Austria [17, 18, 20], Greece [21], Brazil [19], the United
States [35,36], Iran [34], and China [22-26,37-39], and all includ-
ed critically ill patients who were admitted to the ICU, such as pa-
tients with sepsis, pulmonary embolism, acute myocardial infarc-
tion, severe acute pancreatitis, respiratory failure, intracerebral
hemorrhage, and severe multiple trauma etc.. Serum Hcy was
measured within 48 hours of ICU admission, and the follow-up du-
rations varied from 2 weeks to 12 months. Overall, 375 patients
died during follow-up. Difference of serum Hcy at ICU admission
between survivors and non-survivors was reported in 13 studies
[17-21,24-26,34-37,39] with 985 patients, while the association
between HHcy and all-cause mortality of the critically ill patients
was reported in 7 studies [22-26,37,38] with 1013 patients. For
the latter studies, HHcy was all defined as serum Hcy> 15 pmol/l,
and the association between HHcy and all-cause mortality was ana-
lyzed with multivariate models incorporating age, sex, and other
parameters of disease severity. The NOS of the included studies

were five to eight stars, suggesting moderate to good quality
(> Table 2).

Difference of serum Hcy between survivors and
Non-survivors

Overall, 13 studies [17-21, 24-26, 34-37,39] with 985 critically ll
patients evaluated the possible difference of Hcy at ICU admission
between the survivors and non-survivors. Pooled results showed
that compared to the non-survivors, survivors had a significantly
lower serum level of Hcy at ICU admission (MD: -3.42 pmol/l, 95 %
Cl: -5.89to -0.94, p=0.007; 12= 86 %; » Fig. 2a). Sensitivity ana-
lyses by excluding one cohort at a time showed similar results (MD:
-2.64to-4.00 pmol/l, p all<0.05). Subgroup analysis showed that
the difference of Hcy between survivors and non-survivors was sig-
nificant in Asian patients (MD: -8.17 pmol/l, p<0.001), but not in
non-Asians (MD: 0.30 pmol/l, p=0.62; p for subgroup differ-
ence<0.001; > Fig. 2b). Further subgroup analyses showed consist-
ent results in prospective and retrospective cohort studies, and in
patients admitted to medical and surgical ICU (p for subgroup dif-
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> Table 2 Study quality evaluation via the Newcastle-Ottawa Scale.

Study [Ref] Represent-  Selection of  Ascer- Outcome
ativeness the tain- not
of the non-ex- ment of present at
exposed posed expo- baseline
cohort cohort sure

Schindler 2000 [17] 1 1 1 1

Stoiser 2000[18] O 1 1 1

Tsantes 2010 [21] 1 1 1 1

Ploder2010[20] 0 1 1 1

Coelho Neto 2010 1 1 1 1

[19]

Feng 2015 [22] 0 1 1 1

Rahmani 2016 [34] 1 1 1 1

Bernstein 2018 [35] 0 1 1 1

Wexler 2018 [36] 1 1 1 1

Niu 2020 [24] 0 1 1 1

Li 2020 [37] 0 1 1 1

Chen 2020 [23] 0 1 1 1

Zhang 2021 [39] 0 1 1 1

Liu 2021 [38] 0 1 1 1

Chen 2021 [25] 0 1 1 1

Meng 2022 [26] 0 1 1 1

ference both>0.05; > Fig. 3a and b). Moreover, subgroup analyses
suggested that the difference of serum Hcy between survivors and
non-survivors were significant for studies with follow-up durations
of 6-12 months, but not for those within 3 months (p for subgroup
difference<0.001; » Fig. 4a). In addition, difference in study quali-
ty scores did not significantly affect the results (p for subgroup dif-
ference=0.35, »Fig. 4b).

Association between HHcy and mortality of critically
ill patients

Seven retrospective cohort studies [22-26,37,38] with 1013 pa-
tients, all from China, evaluated the association between HHcy and
all-cause mortality of the critically ill patients. Pooled results
showed that HHcy at ICU admission was independently associated
with a higher risk of all-cause mortality (OR: 2.99, 95 % Cl: 2.26 to
3.97,p<0.001; 12=69 %; » Fig. 5a). Sensitivity analyses by exclud-
ing one cohort at a time showed similar results (OR: 2.73 to 3.33,
p all<0.05). Moreover, subgroup analyses suggested that the as-
sociation was stronger in studies with follow-up durations of 12
months (OR: 4.13, p<0.001) and 6 months (OR: 3.38, p<0.001)
than those of 1 month (OR: 1.99, p<0.001; p for subgroup differ-
ence<0.001; > Fig. 5b).

Publication bias

The funnel plots for the meta-analyses of Hcy difference and the
association between HHcy and all-cause mortality are shown in
» Fig. 6a, b. On visual inspection, these plots were symmetrical,

Con- Control for ~ Assess- Enough Adequa- To-
trol for  other ment of long cy of tal
age confound- outcome follow-up follow-up
ing factors duration of
cohorts

0 0 1 1 1 7
0 0 1 1 1 6
0 0 1 1 1 7
0 0 1 0 1 5
0 0 1 1 1 7
1 1 1 1 1 8
0 0 1 0 1 6
0 0 1 0 1 5
0 0 1 0 1 6
1 1 1 1 1 8
1 1 1 1 1 8
1 1 1 1 1 8
0 0 1 1 1 6
1 1 1 1 1 8
1 1 1 1 1 8
1 1 1 1 1 8

indicating low risks of publication biases. Egger’s regression test
also did not show significant publication biases (p=0.22 and 0.27,
respectively).

Discussion

In this meta-analysis, we pooled the results of 16 cohort studies
and found that survivors of the critically ill patients admitted to ICU
had a lower serum level of Hcy as compared to the non-survivors.
Moreover, subsequent subgroup analysis showed that the differ-
ence of Hcy at ICU admission between the survivors and non-sur-
vivors were mainly observed in studies of the Chinese patients, but
not for studies of the western countries. Additionally, meta-analy-
sis of seven cohort studies, all from China, showed that HHcy de-
fined as Hcy > 15 pmol/l was independently associated with a high-
er mortality risk in critically ill patients. Taken together, these re-
sults showed that a higher serum level of Hcy at ICU admission may
be associated with an increased risk of all-cause mortality in criti-
cally ill patients, particularly in the Chinese population.

To the best of our knowledge, this is the first meta-analysis
which evaluated the association between serum level of Hcy at ICU
admission and all-cause mortality in critically ill patients. The
strengths of the meta-analysis included the following. First, an ex-
tensive literature search was performed in five electronic databas-
es to retrieve the up-to-date cohort studies regarding the prognos-
tic role of Hcy in patients with critical illnesses. In addition, two
outcomes of the meta-analyses were separately analyzed, which
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Survivors Nonsurvivors
Study or Subgroup Mean SD Total Mean SD Total Weight
Schindler 2000 9.6 6.1 40 112 109 15  6.4%
Stoiser 2000 10.4 8 7 4.1 4.7 7 56%
Tsantes 2010 7.2 3.7 45 71 4.5 57 9.5%
Ploder 2010 69 6.7 11 7.2 4.4 7 6.9%
Coelho Neto 2010 8.06 3 15 5.06 3.73 6 8.3%
Rahmani 2016 17.6 83 103 221 9.6 47  8.5%
Bernstein 2018 123 7.28 38 1215 3 4  8.0%
Wexler 2018 58 26 78 6.4 4.7 31 9.4%
Niu 2020 20.86 3.92 35 31.23 16.12 25 59%
Li 2020 12 9.2 148 169 4.4 16  8.9%
Zhang 2021 179 9.2 97 296 101 23 7.4%
Chen 2021 85 4.95 38 157 5.8 22 87%
Meng 2022 13.86 12.14 40 2823 116 30 6.5%

Total (95% CI) 695 290 100.0%
Heterogeneity: Tau? = 16.18; Chi? = 87.33, df = 12 (P < 0.00001); I> = 86%
Test for overall effect: Z=2.71 (P = 0.007)

-1.60 [-7.43, 4.23]
6.30 [-0.57, 13.17]
0.10 [-1.49, 1.69] T
-0.30 [-5.43, 4.83]
3.00 [-0.35, 6.35] —
-4.50 [7.68, -1.32] =
0.15 [-3.59, 3.89] =
-0.60 [-2.35, 1.15] -
-10.37 [-16.82, -3.92] ——
-4.90 [7.52, -2.28] ==
-11.70 [-16.22, 7.18] ==
-7.20 [-10.09, -4.31] =
14,37 [-19.97, -8.77] —

-3.42 [-5.89, -0.94] <

4 s '

-20  -10 0 10 20
Lower Hey in survivors  Higher Hey in survivors

b Survivors Nonsurvivors Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
1.2.1 Asian
Rahmani 2016 17.6 83 103 221 9.6 47  8.5% -4.50 [-7.68, -1.32] T
Niu 2020 20.86 3.92 35 31.23 16.12 25 59% -10.37 [-16.82, -3.92] -

Li 2020 12 9.2 148 169 4.4 16 8.9% -4.90 [-7.52, -2.28] -
Zhang 2021 179 9.2 97 296 101 23  7.4% -11.70[-16.22, -7.18] -
Chen 2021 85 4095 38 157 5.8 22 87% -7.20[-10.09, -4.31] _'_
Meng 2022 13.86 12.14 40 2823 116 30 6.5% -14.37[-19.97,-8.77] -
Subtotal (95% CI) 461 163 45.9% -8.17 [-11.03, -5.31] 2

Heterogeneity: Tau? = 8.38; Chi2 = 16.73, df = 5 (P = 0.005); 1> =70%
Test for overall effect: Z = 5.60 (P < 0.00001)

1.2.2 Non-Asian

Schindler 2000 9.6 6.1 40 112 109 15 6.4%
Stoiser 2000 10.4 8 7 4.1 4.7 7 56%
Tsantes 2010 7.2 3.7 45 71 4.5 57  95%
Ploder 2010 69 6.7 11 7.2 4.4 7 6.9%
Coelho Neto 2010 8.06 3 15 5.06 3.73 6 8.3%
Bernstein 2018 123 7.28 38 1215 3 4 8.0%
Wexler 2018 58 26 78 6.4 4.7 31 9.4%
Subtotal (95% CI) 234 127  54.1%

Heterogeneity: Tau? = 0.35; Chi? = 6.93, df =6 (P = 0.33); I = 13%
Test for overall effect: Z = 0.49 (P = 0.62)

Total (95% CI) 695 290 100.0%
Heterogeneity: Tau? = 16.18; Chi? = 87.33, df = 12 (P < 0.00001); I> = 86%
Test for overall effect: Z = 2.71 (P = 0.007)

Test for subaroun differences: Chi2 = 28.74. df = 1 (P < 0.00001). I = 96.5%

-1.60 [-7.43, 4.23]
6.30 [-0.57, 13.17]

0.10 [-1.49, 1.69] T

-0.30 [-5.43, 4.83] —r

3.00 [-0.35, 6.35] —
0.15 [-3.59, 3.89] —

-0.60 [-2.35, 1.15] -

0.30 [-0.89, 1.48] L g

.3.42 [-5.89, -0.94] L 4
-20 -10 0 10 20

Lower Hey in survivors  Higher Hey in survivors

> Fig. 2 Forest plots for the meta-analysis comparing the difference of Hcy at ICU admission between survivors and non-survivors of critically ill
patients. a: overall meta-analysis; and b: subgroup analysis in Asian and non-Asian patients.

consistently showed that a higher Hcy at ICU admission is related
with anincreased risk of all-cause mortality in critically ill patients.
Finally, sensitivity and subgroup analyses were performed, and the
results validated the stability of the findings. The biological basis
for the association between a higher serum level of Hcy and the in-
creased mortality risk of patients with critically ill remains not de-
termined. Moreover, currently, it remains unknown whether Hcy
is actively involved in the pathogenesis and exacerbation of the
critical illnesses, or it is just a simple biomarker of disease severity.
A previous showed that HHcy in patients with critical illnesses was
associated with the deficiency of pyridoxal-5'-phosphate, a maker
of increased catabolism and reduced body reserve [40,41]. More-

over, a higher serum level of Hcy has been associated with overac-
tivated inflammation [42], oxidative stress [43], and endothelial
dysfunction [44], all of which have been associated with the poor
prognosis in patients with critical illnesses. Besides, Hcy has been
related to the hypercoagulative status and increased risk of throm-
bosis [45], myocardial injury [46], and acute kidney injury [47] in
patients with critical illnesses, all of which could adversely affect
the prognosis of the patients. Studies are warranted to determine
the molecular mechanisms underlying the influence of Hcy on mor-
tality in patients with critical illnesses.

Our subgroup analyses showed that the difference between Hcy
atICU admission between survivors and non-survivors of critically
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a

Survivors Nonsurvivors Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1PC
Schindler 2000 9.6 6.1 40 112 109 15 6.4% -1.60 [-7.43, 4.23] I
Tsantes 2010 7.2 3.7 45 71 4.5 57  9.5% 0.10 [-1.49, 1.69] T
Coelho Neto 2010 8.06 3 15 506 3.73 6 83% 3.00 [-0.35, 6.35] I
Rahmani 2016 17.6 83 103 221 9.6 47  8.5% -4.50 [-7.68, -1.32] -
Wexler 2018 5.8 26 78 6.4 4.7 31 9.4% -0.60 [-2.35, 1.15] -
Zhang 2021 17.9 9.2 97 296 101 23 7.4% -11.70[-16.22, -7.18] -
Subtotal (95% CI) 378 179 49.4% -2.23 [-5.19, 0.74] -
Heterogeneity: Tau? = 10.70; Chi* = 33.78, df = 5 (P < 0.00001); I* = 85%
Test for overall effect: Z=1.47 (P = 0.14)
1.3.2RC
Stoiser 2000 10.4 8 7 4.1 4.7 7 56% 6.30 [-0.57, 13.17] T
Ploder 2010 6.9 6.7 11 7.2 4.4 7 6.9% -0.30 [-5.43, 4.83) - 1
Bernstein 2018 123 7.28 38 12.15 3 4  8.0% 0.15[-3.59, 3.89] -
Niu 2020 20.86 3.92 35 31.23 16.12 25 59% -10.37[-16.82, -3.92] -
Li 2020 12 92 148 169 4.4 16  8.9% -4.90 [-7.52, -2.28] _'_
Chen 2021 85 495 38 157 5.8 22 87% -7.20[-10.09, -4.31] -
Meng 2022 13.86 12.14 40 2823 116 30 6.5% -14.37[-19.97,-8.77] -
Subtotal (95% CI) 317 111  50.6%  -4.47 [-8.42, -0.52] . _a
Heterogeneity: Tau? = 22.34; Chi? = 36.42, df =6 (P < 0.00001); I = 84%
Test for overall effect: Z = 2.22 (P = 0.03)
Total (95% CI) 695 290 100.0%  -3.42 [-5.89, -0.94] <

Heterogeneity: Tau? = 16.18; Chi* = 87.33, df = 12 (P < 0.00001); I* = 86%
Test for overall effect: Z=2.71 (P = 0.007)
Test for subaroun differences: Chi = 0.79. df = 1 (P = 0.37). I’ = 0%

-20 10 0 10 20
Lower Hcy in survivors  Higher Hey in survivors

b Survivors Nonsurvivors Mean Difference Mean Difference
r I Mean D Total Mean SD_Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.4.1 Medical
Stoiser 2000 10.4 8 7 4.1 4.7 7 5.6% 6.30 [-0.57, 13.17] 1
Tsantes 2010 7.2 3.7 45 71 4.5 ST 9.5% 0.10 [-1.49, 1.69] T
Coelho Neto 2010 8.06 3 15 5.06 3.73 6 8.3% 3.00 [-0.35, 6.35] I
Li 2020 12 92 148 169 44 16 89%  -4.90[-7.52, -2.28] -
Zhang 2021 179 9.2 97 296 1041 23 7.4% -11.70[-16.22, -7.18] -
Subtotal (95% CI) 312 109 397%  -1.69 [-6.22, 2.84] o

Heterogeneity: Tau® = 22.69; Chi* = 41.63, df = 4 (P < 0.00001); I* = 90%
Test for overall effect: Z=0.73 (P = 0.46)

1.4.2 Surgical

Rahmani 2016 17.6 83 103 221 9.6 47  8.5% -4.50 [-7.68, -1.32]
Bernstein 2018 123 7.28 38 1215 3 4  8.0% 0.15[-3.59, 3.89] _
Niu 2020 20.86 3.92 35 31.23 16.12 25 5.9% -10.37[-16.82, -3.92]
Meng 2022 13.86 12.14 40 28.23 116 30 6.5% -14.37[-19.97,-8.77]
Subtotal (95% CI) 216 106 29.0% -6.88[-12.77,-0.99]

Heterogeneity: Tau? = 30.16; Chi? = 20.78, df = 3 (P = 0.0001); I? = 86%
Test for overall effect: Z = 2.29 (P = 0.02)

i.l” m{

1.4.3 Mixed

Schindler 2000 96 6.1 40 112 109 15 6.4% -1.60 [-7.43, 4.23] I
Ploder 2010 69 6.7 1 72 44 7 69% -0.30 [-5.43, 4.83] I
Wexler 2018 58 26 78 64 47 31 9.4% -0.60 [-2.35, 1.15] B
Chen 2021 8.5 4.95 38 157 58 22  87% -7.20[-10.09, -4.31]

Subtotal (95% CI) 167 75  31.4% -2.60 [-6.48, 1.28] -

Heterogeneity: Tau? = 11.67; Chi® = 15.27, df = 3 (P = 0.002); I = 80%
Test for overall effect: Z=1.31 (P = 0.19)

Total (95% CI) 695 290 100.0%  -3.42 [-5.89, -0.94] <>
Heterogeneity: Tau? = 16.18; Chi* = 87.33, df = 12 (P < 0.00001); I*> = 86% t

Test for overall effect: Z = 2.71 (P = 0.007)

Test for subaroun differences: Chiz2=2.01. df=2 (P =0.37). 2=0.7%

20 -0 0 10 20
Lower Hcey in survivors  Higher Hey in survivors

> Fig. 3 Subgroup analyses comparing the difference of Hcy at ICU admission between survivors and non-survivors of critically ill patients. a: sub-
group analysis according to study design; and b: subgroup analysis in patients with medical ICU, surgical ICU, and any ICU.

ill patients was significant in Asian patients (mostly from China),  critically illnesses. These results may suggest that the association
but not in patients from the western countries. Moreover, pooled  between higher serum level of Hcy and increased mortality risk of
results of seven cohorts, all from China, showed that HHcy may be  the critically ill patients was mainly observed in Chinese popula-
anindependent risk factor of higher mortality risk in patients with  tion. The reasons for the possible racial difference of the associa-
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a Survivors Nonsurvivors Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV m, 95% CI
1.5.1 Two weeks
Ploder 2010 89 6.7 11 72 44 7  69% -0.30 [-5.43, 4.83]

Rahmani 2016 176 83 103 221 96 47 85%  -450[-7.68 -1.32] -
Bernstein 2018 123 7.28 38 1215 3 4 B8.0% 0.15[-3.59, 3.89]
Subtotal (95% CI) 152 58 23.4% -1.83 [-5.06, 1.39]

Heterogeneity: Tau? = 4.11; Chi? =4.05, df =2 (P = 0.13); 2 = 51%
Test for overall effect: Z = 1.11 (P = 0.27)

1.5.2 1 month

Schindler 2000 96 6.1 40 112 108 15  6.4% -1.60 [-7.43, 4.23] -
Stoiser 2000 104 8 741 47 7 56% 6.30 [-0.57, 13.17] — -
Coelho Neto 2010 8.06 3 15 506 3.73 6 83% 3.00 [-0.35, 6.35] —
Wexler 2018 58 26 78 6.4 4.7 31 9.4% -0.60 [-2.35, 1.15] -T

Li 2020 12 92 148 169 4.4 16  8.9% -4.90 [-7.52, -2.28] -

Chen 2021 85 495 38 157 58 22 87% -7.20[-10.09, -4.31] -

Subtotal (95% CI) 326 97  47.2% -1.34 [-4.76, 2.08] >

Heterogeneity: Tau® = 14.28; Chi* = 33.79, df = 5 (P < 0.00001); I* = 85%
Test for overall effect: Z = 0.77 (P = 0.44)

1.5.3 3 months

Tsantes 2010 7.2 3.7 45 71 45 57 9.5% 0.10 [-1.49, 1.69]
Subtotal (95% CI) 45 57 9.5% 0.10 [-1.49, 1.69] L 2
Heterogeneity: Not applicable

Test for overall effect: Z = 0.12 (P = 0.90)

4
'

1.5.4 6~12 months

Niu 2020 20.86 3.92 35 31.23 16.12 25 59% -10.37[-16.82, -3.92] -
Zhang 2021 178 92 97 296 10.1 23 7.4% -11.70[-16.22, -7.18] -
Meng 2022 13.86 12.14 40 28.23 116 30 6.5% -14.37[-19.97,-8.77] -
Subtotal (95% CI) 172 78  19.9% -12.21 [-15.29, -9.12] <>

Heterogeneity: Tau® = 0.00; Chi* = 0.93, df = 2 (P = 0.63); I = 0%
Test for overall effect: Z = 7.75 (P < 0.00001)

Total (95% Cl) 695 290 100.0%  -3.42 [-5.89, -0.94] &>
Heterogeneity: Tau? = 16.18; Chi* = 87.33, df = 12 (P < 0.00001); I* = 86%
Test for overall effect: Z = 2.71 (P = 0.007)

Test for subaroup differences: Chi? = 48.67. df = 3 (P < 0.00001). 12 = 93.8%

-20 -10 0 10 20
Lower Hey in survivors Higher Hey in survivors

b Survivors Nonsurvivors Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% ClI 1V, Random. 95% C
1.6.1 5~6
Stoiser 2000 10.4 8 7 441 4.7 7  56% 6.30 [-0.57, 13.17] T
Ploder 2010 69 67 " 72 44 7 69% -0.30 [-5.43, 4.83] -1
Rahmani 2016 176 83 103 221 96 47 85%  -450[-7.68,-1.32] -
Bernstein 2018 123 7.28 38 12.15 3 4 8.0% 0.15[-3.59, 3.89] -1
Wexler 2018 58 26 78 64 47 31 94% -0.60 [-2.35, 1.15] T
Zhang 2021 179 9.2 97 296 101 23 74% -11.70[-16.22, -7.18] -
Subtotal (95% CI) 334 119 458%  -2.10 [-5.76, 1.56] >

Heterogeneity: Tau? = 16.22; Chi? = 29.75, df = 5 (P < 0.0001); I = 83%
Test for overall effect: Z=1.12 (P = 0.26)

16.27-8
Schindler 2000 96 61 40 112 109 15 64%  -1.60[-7.43 4.23] T
Tsantes 2010 72 37 45 74 45 57  95%  0.10[1.49, 1.69] T
Coelho Neto 2010 8.06 3 15 506 373 6 83%  3.00[-0.35 635 =
Niu 2020 2086 392 35 3123 1612 25 59% -10.37 [-16.82,-3.92) —

Li 2020 12 92 148 169 44 16 89%  -4.90(-7.52 -2.28] ==

Chen 2021 85 495 38 157 58 22 87% -7.20[-10.09, -4.31] —_

Meng 2022 13.86 1214 40 2823 116 30 6.5% -14.37[-19.97, -8.77] —

Subtotal (95% CI) 361 171 54.2%  -4.64 [-8.49, -0.80] L

Heterogeneity: Tau? = 22.40; Chi? = 57.05, df = 6 (P < 0.00001); I> = 89%
Test for overall effect: Z = 2.37 (P = 0.02)

Total (95% CI) 695 290 100.0%  -3.42 [-5.89, -0.94] &>
Heterogeneity: Tau? = 16.18; Chi? = 87.33, df = 12 (P < 0.00001); I* = 86%
Test for overall effect: Z = 2.71 (P = 0.007)

Test for subaroup differences: Chiz = 0.88. df =1 (P =0.35). 2= 0%

L
y

-20  -10 0 10 20
Lower Hey in survivors  Higher Hey in survivors

» Fig. 4 Subgroup analyses comparing the difference of Hcy at ICU admission between survivors and non-survivors of critically ill patients. a: sub-
group analysis according to the follow-up duration; and b: subgroup analysis according to the different quality scores.

tion between Hcy and mortality risk in patients with critical illness- ~ ern population probably because of low vitamin B in the Chinese
es are also unknown. Previous studies have suggested a possible  population due to the low-vegetable diet [50]. Moreover, genetic
racial difference of the serum level of Hcy [48,49]. The prevalence  factors, such as the prevalence of the Methylenetetrahydrofolate
of HHcy may be higherin Chinese population than that of thewest- ~ reductase (MTHFR) C677T polymorphism may also affect the
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Study or Subgroup  log[Odds Ratio] SE Weight IV, Random. 95% Cl

Feng 2015 1.41827741 0.08996605 22.0%
Niu 2020 1.24703229 0.17924661 17.6%
Li 2020 1.18631787 0.59255784  4.7%
Chen 2020 1.42791604 0.32399631 10.8%
Liu 2021 0.50077529 0.30967427 11.4%
Chen 2021 0.70309751 0.18219403 17.4%
Meng 2022 1.08856195 0.20785518 16.0%
Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.09; Chi? = 19.13, df =6 (P = 0.004); 1> = 69%
Test for overall effect: Z = 7.63 (P < 0.00001)

Odds Ratio Odds Ratio

IV. Random, 95% CI
4.13 [3.46, 4.93] e
3.48 [2.45, 4.94] A

3.27 [1.03, 10.46]
417 [2.21, 7.87]
1.65[0.90, 3.03] T
2.02[1.41, 2.89]
2.97 [1.98, 4.46]

2.99 [2.26, 3.97] 2

0.1 02 05 1 2 5 10
HHcy for lower mortality HHcy for higher mortality

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
2.2.1 1 month
Li 2020 1.18631787 0.59255784 4.7% 3.27 [1.03, 10.46]
Liu 2021 0.50077529 0.30967427 11.4% 1.65 [0.90, 3.03] T =
Chen 2021 0.70309751 0.18219403 17.4% 2.02[1.41, 2.89] S
Subtotal (95% CI) 33.5% 1.99 [1.48, 2.67] .
Heterogeneity: Tau? = 0.00; Chi*= 1.08, df =2 (P = 0.58); I = 0%
Test for overall effect: Z = 4.52 (P < 0.00001)
2.2.2 6 months
Niu 2020 1.24703229 0.17924661 17.6% 3.48 [2.45, 4.94] —
Chen 2020 1.42791604 0.32399631 10.8% 4.17 [2.21, 7.87) -
Meng 2022 1.08856195 0.20785518 16.0% 2.97 [1.98, 4.46] -
Subtotal (95% CI) 44.4% 3.38 [2.64, 4.31] <
Heterogeneity: Tau? = 0.00; Chi2 = 0.83, df = 2 (P = 0.66); I = 0%
Test for overall effect: Z =9.72 (P < 0.00001)
2.2.3 12 months
Feng 2015 1.41827741 0.08996605 22.0% 4.13 [3.46, 4.93] T
Subtotal (95% CI) 22.0% 4.13 [3.46, 4.93] <
Heterogeneity: Not applicable
Test for overall effect: Z = 15.76 (P < 0.00001)
Total (95% ClI) 100.0% 2.99 [2.26, 3.97] . 2
Heterogeneity: Tau? = 0.09; Chiz = 19.13, df = 6 (P = 0.004); I> = 69% 0 - sz of R 2 5 1’0

Test for overall effect: Z = 7.63 (P < 0.00001)

Test for subaroup differences: Chiz = 17.22. df = 2 (P = 0.0002). I? = 88.4%

HHcy for lower mortality HHcy for higher mortality

> Fig. 5 Forest plots for the meta-analysis of the association between HHcy and all-cause mortality of critically ill patients. a: overall meta-analysis;

and b: subgroup analysis according to the follow-up durations.

association between Hcy and mortality risk in the critically ill pa-
tients from different ethnicities [51]. The mutation of the MTHFR
gene which causes the C677T polymorphism could lead to the re-
duced activity of the MTHFR enzyme. Accordingly, the homozy-
gous mutated subjects have higher Hcy levels while the heterozy-
gous mutated subjects have mildly raised Hcy levels compared with
the normal, non-mutated controls [51]. As for the potential differ-
ence for the prevalence of this variant different between Asians
(Chinese) and people from western countries, it was still to be de-
termined because limited data is available [51]. In addition, results
of subgroup analyses also suggested that the difference of Hcy is
significantin non-survivors and survivors observed at 6-12 months,
but not for those observed within 3 months. In addition, the asso-
ciation between HHcy and mortality is also stronger at 6-12
months, than that at 1 month. All of these findings may suggest a

chronic adverse influence of HHcy on mortality in critically ill pa-
tients, rather than an acute effect. Studies are needed in the future
to validate these findings and to clarify the possible mechanisms.

This meta-analysis also has some limitations, which should be
considered when the results are interpreted. First, although all of
the included patients were with critical illnesses and admitted to
the ICU, the diagnosis and treatments for the patients were differ-
ent, which may lead to the heterogeneity. Besides, only serum level
of Hcy at ICU admission was analyzed. It remains unknown wheth-
er the changes of Hcy during ICU stay, or hospitalization may affect
the association between Hcy and mortality in these patients. More-
over, the seven cohort studies in the meta-analysis for the associ-
ation between HHcy and all-cause mortality in critically ill patients
were all retrospective, the results of which may be confounded by
the selection and recall biases. Finally, as previously mentioned, a
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» Fig. 6 Funnel plots for the publication bias underlying the me-
ta-analyses. a: funnel plots for the publication bias underlying the
meta-analysis for the difference of Hcy between survivors and
non-survivors of critically ill patients; and b: funnel plots for the
publication bias underlying the meta-analysis for the association
between HHcy and all-cause mortality of critically ill patients.

causative relationship between HHcy and all-cause mortality in pa-
tients with critical illnesses could not be derived because this is a
meta-analysis of observational studies. Clinical studies may be con-
sidered to evaluate the possible influence of Hcy-lowering therapy
on the prognosis of critically ill patients with HHcy.

In conclusion, results of this meta-analysis showed that a high-
er serum level of Hcy at ICU admission may be associated with an
increased risk of all-cause mortality in critically ill patients, particu-
larly in the Chinese population. Future studies are needed to deter-
mine the underlying mechanisms and to investigate whether
Hcy-lowering therapy could improve the survival of these patients.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Koklesova L, Mazurakova A, Samec M et al. Homocysteine metabolism
as the target for predictive medical approach, disease prevention,
prognosis, and treatments tailored to the person. EPMA | 2021; 1-29

[2] Herrmann W, Herrmann M. The controversial role of HCY and vitamin

B deficiency in cardiovascular diseases. Nutrients 2022; 14: 1412

3

Kumar A, Palfrey HA, Pathak R et al. The metabolism and significance
of homocysteine in nutrition and health. Nutr Metab (Lond) 2017; 14:
78

Lazzerini PE, Capecchi PL, Selvi E et al. Hyperhomocysteinemia,
inflammation and autoimmunity. Autoimmun Rev 2007; 6: 503-509

4

5

Finch M, Joseph J. Homocysteine, cardiovascular inflammation, and
myocardial remodeling. Cardiovasc Hematol Disord Drug Targets
2010; 10: 241-245

6

Kaplan P, Tatarkova Z, Sivonova MK et al. Homocysteine and
mitochondria in cardiovascular and cerebrovascular systems. Int ] Mol
Sci 2020; 21: 7698

[7

Selhub ], Jacques PF, Bostom AG et al. Relationship between plasma
homocysteine and vitamin status in the Framingham study
population. Impact of folic acid fortification. Public Health Rev 2000;
28:117-145

(8

Zeng Y, Li FF, Yuan SQ et al. Prevalence of hyperhomocysteinemia in
China: an updated meta-analysis. Biology (Basel) 2021; 10: 959

[9

Paganelli F, Mottola G, Fromonot ] et al. Hyperhomocysteinemia and
cardiovascular disease: is the adenosinergic system the missing link?
Int ] Mol Sci 2021; 22: 1690

[10] Holmen M, Hvas AM, Arendt JFH. Hyperhomocysteinemia and
ischemic stroke: a potential dose-response association - a systematic
review and meta-analysis. TH Open 2021; 5: e420-e437

[11] Zhou F, Chen S. Hyperhomocysteinemia and risk of incident cognitive
outcomes: an updated dose-response meta-analysis of prospective
cohort studies. Ageing Res Rev 2019; 51: 55-66

[12] Selhub ]. The many facets of hyperhomocysteinemia: studies from the
Framingham cohorts. | Nutr 2006; 136: 17265-1730S

[13] Mizock BA. Homocysteine and critical illness. Crit Care Med 2000; 28:
1229-1230

[14] Salemi G, Gueli MC, D’Amelio M et al. Blood levels of homocysteine,
cysteine, glutathione, folic acid, and vitamin B12 in the acute phase of
atherothrombotic stroke. Neurol Sci 2009; 30: 361-364

[15] Yuzbasioglu MF, Ozkaya M, Cakal E et al. Changes in plasma levels of
homocysteine in patients with acute pancreatitis. JOP 2008; 9:
357-361

[16] Esse R, Barroso M, Tavares de Almeida | et al. The contribution of
homocysteine metabolism disruption to endothelial dysfunction:
state-of-the-art. Int ] Mol Sci 2019; 20: 867

[17] Schindler K, Zauner C, Buchmayer H et al. High prevalence of
hyperhomocysteinemia in critically ill patients. Crit Care Med 2000;
28:991-995

[18

Stoiser B, Thalhammer F, EI-Menyawi | et al. Homocysteine and laminin
are not prognostic markers in patients with septic inflammatory
response syndrome. Clin Diagn Lab Immunol 2000; 7: 119-121

[19] Coelho Neto A, Azevedo RP, Santos MB et al. Homocysteine plasma
levels as a marker of clinical severity in septic patients. Rev Bras Ter
Intensiva 2010; 22: 327-332

[20] Ploder M, Kurz K, Spittler A et al. Early increase of plasma
homocysteine in sepsis patients with poor outcome. Mol Med 2010;
16: 498-504

[21] Tsantes A, Tsangaris I, Nikolopoulos G et al. The effect of
homocysteine on the clinical outcomes of ventilated patients with
severe sepsis. Minerva Anestesiol 2010; 76: 787-794

602 Yuan F, Zheng K. Homocysteine and the Mortality... Horm Metab Res 2022; 54: 593-603 | © 2022. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Feng HY, Li WW. Association between the level of homocysteine and
in-hospital death in elderly patients with pulmonary embolism. J Chin
Pract Diagn Ther 2015; 29: 491-493

Chen YQ, Xiao Y, Hu DB et al. Effect of homocysteine and cystatin
levels of the prognosis of COPD patients with respiratory failure. Chin |
Coal Indus Med 2020; 23: 293-298

Niu J. Diagnostic value of serum cTnl, HCY and PCT in severity of
multiple trauma patients and their relationship with prognosis. Chin |
Emerg Resusc Disaster Med 2020; 15: 326-330

Chen W, Li Y, Wu YH et al. The evaluation value of serum
homocysteine level for the prognosis of patients with sepsis. Chin |
Clin Med 2021; 13: 73-75

Meng W, Tian W. Associations of homocysteine, procalcitonin, and
D-dimer levels with severity and prognosis of patients with multiple
trauma. Clin Lab 2022; 68. doi:10.7754/Clin.Lab.2021.210525

Page M|, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. BM) 2021; 372:
n71

Page M|, Moher D, Bossuyt PM et al. PRISMA 2020 explanation and
elaboration: updated guidance and exemplars for reporting systematic
reviews. BM] 2021; 372: n160

Higgins J, Thomas J. Chandler et al. Cochrane handbook for systematic
reviews of interventions version 6.2. The Cochrane Collaboration 2021
www.training.cochrane.org/handbook

Wells GA, Shea B, O’Connell D et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in
meta-analyses 2010 http://www.ohri.ca/programs/clinical _
epidemiology/oxford.asp

Higgins J, Green S. Cochrane handbook for systematic reviews of
interventions version 5.1.0. The Cochrane Collaboration 2011 www.
cochranehandbook.org

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002; 21: 1539-1558

Egger M, Davey Smith G, Schneider M et al. Bias in meta-analysis
detected by a simple, graphical test. BM] 1997; 315: 629-634

Rahmani A, Hatefi M, Dastjerdi MM et al. Correlation between serum
homocysteine levels and outcome of patients with severe traumatic
brain injury. World Neurosurg 2016; 87: 507-515

Bernstein JE, Savla P, Dong F et al. Inflammatory markers and severity
of intracerebral hemorrhage. Cureus 2018; 10: 3529

Wexler O, Gough MS, Morgan MAM et al. Methionine metabolites in
patients with sepsis. ] Intensive Care Med 2018; 33: 37-47

Li HD, Xing B. Relation among homocysteine, severity and prognosis
of acute pancreatitis. Chin Med 2020; 15: 721-725

Liu M, Xing B. The effect of serum homocysteine level on septic

patients with acute kidney injury. Chin ] Emerg Resusc Disaster Med
2021; 16: 275-278

(39]

[40]

[41]

(42]

(43]

[44]

[45]

[46]

[47]

(48]

(49]

(50]

(51]

Zhang N, Shi F, Liang H et al. The feasibility of using Hcy, CRP, and
Cys-C to analyze AMI patients’ disease conditions and prognoses. Am |
Trans| Res 2021; 13: 2724-2730

Molina-Lopez |, Florea D, Quintero-Osso B et al. Pyridoxal-5’-
phosphate deficiency is associated with hyperhomocysteinemia
regardless of antioxidant, thiamine, riboflavin, cobalamine, and folate
status in critically ill patients. Clin Nutr 2016; 35: 706-712

Hou CT, Wu YH, Huang PN et al. Higher plasma pyridoxal 5’-phosphate
is associated with better blood glucose responses in critically ill
surgical patients with inadequate vitamin B-6 status. Clin Nutr 2011;
30:478-483

Gori AM, Sofi F, Marcucci R et al. Association between homocysteine,
vitamin B(6) concentrations and inflammation. Clin Chem Lab Med
2007; 45:1728-1736

Perna AF, Ingrosso D, De Santo NG. Homocysteine and oxidative
stress. Amino Acids 2003; 25: 409-417

Lai WK, Kan MY. Homocysteine-induced endothelial dysfunction. Ann
Nutr Metab 2015; 67: 1-12

Abu-Farha M, Al-Sabah S, Hammad MM et al. Prognostic genetic
markers for thrombosis in COVID-19 patients: a focused analysis on
D-dimer, homocysteine and thromboembolism. Front Pharmacol
2020; 11: 587451

Wang L, Niu H, Zhang |. Homocysteine induces mitochondrial
dysfunction and oxidative stress in myocardial ischemia/reperfusion
injury through stimulating ROS production and the ERK1/2 signaling
pathway. Exp Ther Med 2020; 20: 938-944

Long Y, Zhen X, Zhu F et al. Hyperhomocysteinemia exacerbates
cisplatin-induced acute kidney injury. Int | Biol Sci 2017; 13: 219-231

Jacques PF, Rosenberg IH, Rogers G et al. Serum total homocysteine
concentrations in adolescent and adult Americans: results from the
third national health and nutrition examination survey. Am | Clin Nutr
1999; 69: 482-489

Albert MA, Glynn R], Buring JE et al. Relation between soluble
intercellular adhesion molecule-1, homocysteine, and fibrinogen levels
and race/ethnicity in women without cardiovascular disease. Am |
Cardiol 2007; 99: 1246-1251

Tu W, Yan F, Chao B et al. Status of hyperhomocysteinemia in China:
results from the China stroke high-risk population screening program,
2018. Front Med 2021; 15: 903-912

Liew SC, Gupta ED. Methylenetetrahydrofolate reductase (MTHFR)
C677T polymorphism: epidemiology, metabolism and the associated
diseases. Eur | Med Genet 2015; 58: 1-10

Yuan F, Zheng K. Homocysteine and the Mortality... Horm Metab Res 2022; 54: 593-603 | © 2022. Thieme. All rights reserved. 603

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


http://www.training.cochrane.org/handbook
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.cochranehandbook.org
http://www.cochranehandbook.org

