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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 vascular injuries [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 μmol/l [7]. In China, using the diagnos-
tic criteria of Hcy > 15 μmol/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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Abstr Act

Prevalence of hyperhomocysteinemia (HHcy) is high in critical-
ly ill 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 μmol/l, 95 % confidence interval (CI): –5.89 to 
0.94, p = 0.007; I2 = 86 %]. Subgroup analysis showed that the 
difference of Hcy between survivors and non-survivors was 
significant in Asian patients (MD: –8.17 μmol/l, p < 0.001), but 
not in non-Asians (MD: 0.30 μmol/l, p = 0.62; p for subgroup 
difference < 0.001). Moreover, meta-analysis with seven co-
horts, all including 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 % 
CI: 2.26 to 3.97, p < 0.001; I2 = 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.
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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 at ICU 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 (CI). 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 % 
CI. 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 I2 statistic 
was estimated as previously described [31, 32]. An I2 > 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 
at least 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 further re-
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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[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 μmol/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 ill 
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 μmol/l, 95 % 
CI: –5.89 to –0.94, p = 0.007; I2 = 86 %; ▶Fig. 2a). Sensitivity ana-
lyses by excluding one cohort at a time showed similar results (MD: 
–2.64 to –4.00 μmol/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 μmol/l, p < 0.001), but not in 
non-Asians (MD: 0.30 μmol/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-

▶Fig. 1 Flow diagram of the database search and study identification.
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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 % CI: 2.26 to 
3.97, p < 0.001; I2 = 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, 

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 μmol/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 

▶table 2 Study quality evaluation via the Newcastle-Ottawa Scale.

study [ref] represent-
ativeness 
of the 
exposed 
cohort

selection of 
the 
non-ex-
posed 
cohort

Ascer-
tain-
ment of 
expo-
sure

Outcome 
not 
present at 
baseline

con-
trol for 
age

control for 
other 
confound-
ing factors

Assess-
ment of 
outcome

Enough 
long 
follow-up 
duration

Adequa-
cy of 
follow-up 
of 
cohorts

to-
tal 

Schindler 2000 [17] 1 1 1 1 0 0 1 1 1 7

Stoiser 2000 [18] 0 1 1 1 0 0 1 1 1 6

Tsantes 2010 [21] 1 1 1 1 0 0 1 1 1 7

Ploder 2010 [20] 0 1 1 1 0 0 1 0 1 5

Coelho Neto 2010 
[19]

1 1 1 1 0 0 1 1 1 7

Feng 2015 [22] 0 1 1 1 1 1 1 1 1 8

Rahmani 2016 [34] 1 1 1 1 0 0 1 0 1 6

Bernstein 2018 [35] 0 1 1 1 0 0 1 0 1 5

Wexler 2018 [36] 1 1 1 1 0 0 1 0 1 6

Niu 2020 [24] 0 1 1 1 1 1 1 1 1 8

Li 2020 [37] 0 1 1 1 1 1 1 1 1 8

Chen 2020 [23] 0 1 1 1 1 1 1 1 1 8

Zhang 2021 [39] 0 1 1 1 0 0 1 1 1 6

Liu 2021 [38] 0 1 1 1 1 1 1 1 1 8

Chen 2021 [25] 0 1 1 1 1 1 1 1 1 8

Meng 2022 [26] 0 1 1 1 1 1 1 1 1 8
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consistently showed that a higher Hcy at ICU admission is related 
with an increased 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 
at ICU admission between survivors and non-survivors of critically 

▶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.
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ill patients was significant in Asian patients (mostly from China), 
but not in patients from the western countries. Moreover, pooled 
results of seven cohorts, all from China, showed that HHcy may be 
an independent risk factor of higher mortality risk in patients with 

critically illnesses. These results may suggest that the association 
between higher serum level of Hcy and increased mortality risk of 
the critically ill patients was mainly observed in Chinese popula-
tion. The reasons for the possible racial difference of the associa-

▶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.
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tion between Hcy and mortality risk in patients with critical illness-
es are also unknown. Previous studies have suggested a possible 
racial difference of the serum level of Hcy [48, 49]. The prevalence 
of HHcy may be higher in Chinese population than that of the west-

ern population probably because of low vitamin B in the Chinese 
population due to the low-vegetable diet [50]. Moreover, genetic 
factors, such as the prevalence of the Methylenetetrahydrofolate 
reductase (MTHFR) C677T polymorphism may also affect the 

▶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.
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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 
significant in 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 

▶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.
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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.
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