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Background: Studies on the association of homocysteine level with poststroke depression (PSD) have yielded conflicting results. This systematic review and meta-analysis aimed to evaluate the elevated homocysteine level at the acute stage of ischemic stroke in predicting PSD.

Methods: Two authors systematically searched articles indexed in PubMed and Embase databases up to 31 January 2022. Studies evaluating the association of homocysteine level with the development of PSD in patients with acute ischemic stroke were selected.

Results: A total of 10 studies involving 2,907 patients were identified. The pooled adjusted odds ratio (OR) of PSD was 3.72 [95% confidence intervals (CI) 2.03–6.81] for the top vs. bottom homocysteine level. The value of elevated homocysteine level in predicting PSD was stronger in ≥6-month follow-up (OR 4.81; 95% CI 3.12–7.43) than those in ≤ 3-month follow-up subgroup (OR 3.20; 95% CI 1.29–7.91). Moreover, a per unit increase in homocysteine level conferred a 7% higher risk of PSD.

Conclusion: Elevated homocysteine level in the acute stage of ischemic stroke may be an independent predictor of PSD.
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Introduction

Stroke remains a global public health burden resulting in substantial mortality and morbidity (1). Neuropsychiatric disorders represent the common consequence associated with stroke (2). Poststroke depression is the most frequent neuropsychiatric disorder (3, 4). Approximately, over 30% of survivors suffered from poststroke depression at the early or late stage of stroke (5). Poststroke depression has been linked with cognitive impairments (6), functional independence (7), recurrent vascular events (8), and worse survival (9). Considering its negative impacts, the identification of effective biomarkers for predicting poststroke depression is of particular importance.

Homocysteine is an amino acid produced by chemically altering adenosine. The elevated blood level of homocysteine has been identified as an independent risk factor for stroke (10). Moreover, increased homocysteine levels can also be recognized as a predictor of adverse outcomes in patients with acute ischemic stroke (11). Interestingly, homocysteine level was higher in individuals with depression than in healthy controls (12). However, available studies regarding the association of homocysteine level with depression after stroke have yielded conflicting results (13–18). Nevertheless, the findings of these studies were established on a small number of patients.

Currently, no previous meta-analysis has yet investigated the association between homocysteine level and the development of poststroke depression. To address this knowledge gap, we conducted this systematic review and meta-analysis to evaluate the utility of elevated homocysteine levels at the acute stage in predicting poststroke depression among ischemic stroke survivors.



Methods


Search strategy

This systematic review and meta-analysis were conducted and reported according to the checklist of Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. Two authors systematically searched articles indexed in PubMed and Embase databases up to 31 January 2022. Search keywords included the following terms in combination: “depression” OR “poststroke depression” OR “post-stroke depression” AND “stroke” AND “homocysteine” OR “hyperhomocysteinemia.” We also manually searched the reference lists of each related article to find any possible missing studies.



Study selection

The inclusion criteria were as follow: (1) participants with a diagnosis of ischemic or hemorrhage stroke, (2) blood homocysteine level at the acute stage as exposure, (3) depression diagnosed by a valid instrument after stroke as an outcome measure, (4) provided the multivariate-adjusted relative risk of poststroke depression for the top vs. bottom homocysteine level or per unit increase in homocysteine level, and (5) study design: cohort study or post hoc analysis of clinical trials. The exclusion criteria included: (1) patients with a history of depression before stroke onset, (2) case-control as study design, and (3) poststroke depression was diagnosed <1 month.



Data extraction and risk of bias

The data collected from the eligible study included: the first author's name, publication year, year of publication, type of stroke, study design, patients' number, percentage of the male gender, age of patients, tool and time of depression assessment, the prevalence of poststroke depression, the fully adjusted relative risk of poststroke depression, and adjusted covariates. The risk of bias in included studies was evaluated using the Newcastle–Ottawa Scale (NOS) for the cohort studies (19). Studies with seven points or more were defined as low risk of bias. The discrepancy between the two authors was resolved by discussion.



Statistical analysis

Meta-analyses were carried out using STATA 12.0 (Stata Corp LP, College Station). The association of elevated homocysteine level with poststroke depression was expressed by pooling fully adjusted odds ratio (OR) with 95% confidence intervals (CI) for the top vs. bottom homocysteine level or per unit increase in homocysteine level. Heterogeneity across studies was measured using the I2 statistic (I2 > 50% indicating significance) and Cochran's Q-test (p < 0.10 indicating significance). The selection of a fixed-effect model or random-effect model was based on the without or with significant heterogeneity. Publication bias was evaluated by Begg's test (20) and Egger's test (21). Leave-one-out sensitivity analysis was performed to investigate the reliability of the pooling risk summary. Subgroup analyses were conducted according to the time of poststroke depression assessment (≤ 3 vs. ≥6 months).




Results


Search results and studies characteristics

Figure 1 shows the study selection process. Briefly, a total of 218 potentially relevant articles were identified through electronic and manual searches. After excluding duplicate publications and evaluating titles or abstracts, 24 articles were retrieved for full-text evaluation. In total, 14 articles were further removed after applying the inclusion and exclusion criteria. Thus, 10 studies (13–18, 22–25) were finally included in this meta-analysis.
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FIGURE 1
 Flow chart of the study selection process.


Table 1 shows a summary of the main characteristics of eligible studies. All eligible studies were conducted in China and published between 2014 and 2020. One study (18) was a post hoc analysis of clinical trials and others were prospective cohort studies. The sample sizes of individual studies ranged from 191 to 408, with a total of 2,907 patients. The time of poststroke depression assessment was between 3 months and 1 year. Depression was determined by the Diagnostic and Statistical Manual of Mental Disorders (DSM) and Beck Depression Inventory Fast Screen (BDI-FS) criteria. The prevalence of poststroke depression ranged between 23.3 and 43.5%. According to the NOS, all the included studies were grouped as low risk of bias (NOS 6–8 points).


TABLE 1 Main characteristics of the included studies.
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Categorical variable analysis of homocysteine level with poststroke depression

Five studies (15, 16, 18, 22, 23) reported the association of elevated homocysteine levels with poststroke depression by categorical analysis. As shown in Figure 2, significant heterogeneity (I2 = 82.5%, p < 0.001) across studies was found. The pooled adjusted OR of poststroke depression was 3.72 (95% CI 2.03–6.81) for the top vs. bottom homocysteine level. Egger's test (p = 0.026) but not Begg's test (p = 0.462) suggested evidence of publication bias. After imputing two potential missing studies, the pooled OR of poststroke depression (OR 2.41; 95% CI 1.04–5.58) remained statistically significant under a trim-and-fill analysis (Figure 3). Leave-one-out sensitivity analysis demonstrated the robustness of the pooling risk summary (all p-values < 0.05; Supplemental Table S1). Subgroup analysis showed that the value of elevated homocysteine level in predicting PSD was stronger in ≥6-month follow-up studies (OR 4.81;95% CI 3.12–7.43; Figure 2A) than those ≤ 3-month follow-up studies (OR 3.20;95% CI 1.29–7.91; Figure 2B).


[image: Figure 2]
FIGURE 2
 Forest plots showing the pooled OR with 95% CI of poststroke depression for the top vs. bottom homocysteine level in a random effect model.
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FIGURE 3
 Funnel plot showing the impact of elevated homocysteine level on poststroke depression. The circles alone are real studies and the circles enclosed in boxes are “filled” studies.




Continuous variable analysis of homocysteine level with poststroke depression

Seven studies (13–17, 24, 25) reported the value of homocysteine level in predicting poststroke depression by continuous variable analysis. As shown in Figure 4, no significant heterogeneity (I2 = 27.5%, p = 0.219) across studies was found. The pooled adjusted OR of poststroke depression was 1.07 (95% CI 1.04–1.10) for per unit increase in homocysteine level. Begg's test (p = 0.548) and Egger's test (p = 0.114) suggested without evidence of publication bias. Leave-one-out sensitivity analysis confirmed the reliability of the pooling risk summary (all p-values < 0.05; Supplemental Table S2). Subgroup analysis showed that the value of elevated homocysteine level in predicting poststroke depression was stronger in ≥6-month follow-up studies (OR 1.13; 95% CI 1.06–1.21; Figure 4A) than those ≤ 3-month follow-up studies (OR 1.06; 95% CI 1.03–1.09; Figure 4B).
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FIGURE 4
 Forest plots showing the pooled OR with 95% CI of poststroke depression for per unit increase in homocysteine level in a fixed-effect model.





Discussion

The current systematic review and meta-analysis analyzed the impact of homocysteine level at the acute stage of ischemic stroke on the development of depression. This meta-analysis demonstrated that acute ischemic stroke patients with elevated homocysteine levels had an increased risk of poststroke depression in stroke survivors. Ischemic stroke survivors with the top homocysteine level had a 3.72-fold higher risk of poststroke depression compared with those with bottom homocysteine levels. Furthermore, a per unit increase in homocysteine level conferred a 7% higher risk of poststroke depression. Blood homocysteine level at the acute stage of ischemic stroke may be an independent predictor of poststroke depression.

A previous meta-analysis (12) has demonstrated that hyperhomocysteinemia had a 34% higher risk of depression in the general population. Our meta-analysis specially focused on the impact of elevated homocysteine levels on depression in patients with acute ischemia. Compared with the general population, the presence of stroke was found to reinforce the predictive value of homocysteine level. A well-designed case-control study (26) showed that stroke survivors (at least 9 months) with major poststroke depression had higher levels of serum homocysteine than those with similar age and functional ability. Another Swedish cohort study (27) demonstrated that elevated homocysteine level was a significant predictor of depressive symptoms among stroke survivors even after accounting for age and gender. These studies further supported that homocysteine may involve in the development of poststroke depression.

The mechanisms underlying elevated homocysteine levels' relationship to the development of poststroke depression have not been fully elucidated. Plausible explanations underlying this association were as follows: (1) elevated homocysteine level can cause neurotransmitter deficiency and inhibit monoamine neurotransmitter metabolism (28); (2) hyperhomocysteinemia can increase the vulnerability of hippocampal neurons to neurotoxic (29, 30) and oxidative injury (31, 32); (3) homocysteine can exaggerate microglia activation and neuroinflammation (33); and (4) homocysteine can upregulate the N-methyl-D-aspartate receptors-mediated synaptic alterations (34).

Depression most frequently developed within the first year after a stroke (35). Subgroup analyses suggested that the value of homocysteine level in predicting poststroke depression appeared to be stronger in ≥6-month follow-up studies than those in ≤ 3-month follow-up studies in both categorical and continuous variable analyses. These findings revealed that the association between elevated homocysteine level and poststroke depression tended to be strengthened with the lengthening of follow-up. Therefore, ischemic stroke patients with elevated homocysteine levels should be early managed with homocysteine-lowering agents.

Depressive symptoms are common among stroke survivors (36). The reported prevalence of poststroke depression ranged between 23.3 and 43.5% in the included studies. Poststroke depression can further increase morbidity and mortality risk. Considering the positive correlation of hyperhomocysteinemia with poststroke depression, the determination of blood homocysteine level can provide early prognostic information. On the other hand, whether management of hyperhomocysteinemia can reduce depression risk among stroke survivors is another interesting issue. However, a randomized controlled trial showed that lowering homocysteine levels by supplementation with vitamin B12 and folic acid did not reduce depressive symptoms in older adults with hyperhomocysteinemia (37). Future clinical trials are warranted to investigate the impact of the homocysteine-lowering intervention on the development of poststroke depression.

Several limitations should be acknowledged in our study. First, blood homocysteine level was tested only at the acute stage of stroke rather than dynamic measurement. Single detection of homocysteine level at a time point may have led to selection bias. Second, various thresholds of elevated homocysteine levels were reported in the analyzed studies, thus preventing clinicians from discriminating against those in need of homocysteine-lowering intervention. Third, significant heterogeneity (I2 = 82.5%) was present in the pooling risk summary by categorial homocysteine analysis. Different thresholds of elevated homocysteine level, time of depression assessment, and methods of depression diagnosis may contribute to the heterogeneity. Fourth, the lack of adjusting several uncontrolled confounding factors such as folate, vitamin B6, or vitamin B12 level may confound the pooling risk estimate. Fifth, all included patients were from the Chinese population and generalization of the current results to other patients should be done with caution. Finally, this meta-analysis could not distinguish the impacts of elevated homocysteine levels on different types of depression and subtypes of ischemic stroke.



Conclusion

Elevated homocysteine level at the acute stage of ischemic stroke may be an independent predictor of poststroke depression in stroke survivors. Future studies are necessary to investigate whether homocysteine-lowering intervention can reduce the development of poststroke depression.
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IGF-1
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OR, odds ratio; CI, confidence interval; R, retrospective; P, prospective; PSD, poststroke depression; NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index; FBG, fasting blaod glucose; CRP, C-reactive protein; Hs-CRP, high-sensitivity C-reactive protein;
IL-6, Interleukin 6; GDF-15, growth differentiation factor; IGF-1, insulin-like growth factor 1; mRS, Modified Rankin Scale; DM, diabetes mellitus; CHD, coronary heart disease; SBP, systolic blood pressure; DSM, Diagnostic and Statistical Manual of Mental Disorders;
BDI-FS, Beck Depression Inventory Fast Screen; NOS, Newcastle-Ottawa scale.





OPS/images/fpsyt-13-1016700-g003.gif





OPS/images/fpsyt-13-1016700-g004.gif
Sy *
w0 mosmen e
Azomses wio.

T czoom0, 10w w0
Dy o 20
St o= 00% 920850 e w2
R r—

uvraons —_—— e omm 0w
sy JE— oD 4
v aon ez 10
e 1wz w6
Dom o) 10w m w0
St Qo= 20,0202 0w s
ooty oo g 20073

Ot rsms= 275920219 s o

s B3






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Homocysteine level at the acute stage of ischemic stroke as a biomarker of poststroke depression: A systematic review and meta-analysis



		Introduction



		Methods



		Search strategy



		Study selection



		Data extraction and risk of bias



		Statistical analysis







		Results



		Search results and studies characteristics



		Categorical variable analysis of homocysteine level with poststroke depression



		Continuous variable analysis of homocysteine level with poststroke depression







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Psychiatry

Homocysteine level at the acute
stage of ischemic stroke as a
biomarker of poststroke
depression: A systematic review
and meta-analysis





OPS/images/fpsyt-13-1016700-g001.gif
T Ao e demted
p—

prp—
=115

[T —
tes 0 s = 151

Eryeyee—
feipiyae2)

l

E———
fs———")

T o s o
e s scesiced =
emicsude @ = 3
e e (@ - D)
o mesnees v il
P
stk cstame @< 1)
o dassen <1 st 0 -
e susies - 3
asemepsicateno2)






OPS/images/fpsyt-13-1016700-g002.gif
L

women e

—— socoem we

—— mewim e

< wanre ww

S S ol
<> smenww me










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Psychiatry





