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Abstract
Background: It was still unclear how homocysteine (Hcy) levels and cognitive de�cits change in patients
with schizophrenia of various ages. The present article attempts to assess the relationship between Hcy
levels and cognitive de�cits in patients with schizophrenia across age groups, especially in young people.

Methods: Totals of 103 patients and 122 healthy controls were included. All participants were strati�ed
into four groups according to their age: 18-29 years, 30-39 years, 40-49 years, and 50-59 years. Clinical
data, plasma Hcy levels, and cognitive function score were collected. Cognitive function was evaluated
using the MATRICS Consensus Cognitive Battery of tests assessing speed of processing, verbal learning
and memory, visual learning and memory, working memory, and attention/vigilance.

Results: Compared with the healthy group, Hcy levels increased signi�cantly, and all the measured
cognitive function score were signi�cantly lower in all age groups of patients with schizophrenia (p <
0.001). Hcy levels were negatively associated with speed of processing (SoP), working memory (WM),
and visual learning and memory (Vis Lrng) score in 18-29 years. Further multiple regression analysis
showed that SoP were independently associated with Hcy levels in patients with schizophrenia aged 18-
29 years (B = 0.61, t = 3.17, p = 0.013).

Conclusions: Based on our results, patients with schizophrenia performed worse on cognitive
assessments and Hcy levels were more closely related to cognition in young patients.

Introduction
Schizophrenia is a severe psychiatric syndrome characterized by psychotic symptoms, negative
symptoms and cognitive de�cits. It is among the top 10 global causes of disability1. Biomarkers, such as
homocysteine (Hcy), kynurenic acid, C-reactive protein, and triiodothyronine, have been shown to be
potential risk factors for schizophrenia2-5. Hcy interacts with NMDA receptors, induces apoptosis, triggers
oxidative stress, injures mitochondrial function and leads to vascular damage, which played an essantial
role in the occurrence and development of schizophrenia6. Elevated plasma Hcy levels might also
contribute to cognitive de�cits that are common in patients with schizophrenia, even when the analyses
are corrected for the relevant covariates7. However, several epidemiological studies have shown that
elevated Hcy levels do not appear to be correlated with cognitive de�cits in patients with schizophrenia8.
Therefore, the association between Hcy levels and cognitive de�cits in patients with schizophrenia
continues to be debated.

Abnormal accumulation of Hcy in plasma is a high-risk factor for neurodegeneration in individuals aged
65 years9. Moreover, a previous study showed that plasma Hcy levels increased signi�cantly with age in a
Northeast Chinese population10. In addition, Chen PH et al6 showed a signi�cant association between
higher plasma Hcy concentration and worse cognitive performance in patients with late-onset bipolar
disorder. Taken together, age may play an important role in determining Hcy levels in both the healthy
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population and patients with psychiatric disorders. However, we do not know the association between
Hcy levels and cognitive de�cits in patients with schizophrenia across of various ages.

Based on the increased plasma Hcy levels and cognitive de�cits in patients with schizophrenia, as well as
the close relationship between Hcy levels and age, we were very interesting in exploring their possible
association in patients with schizophrenia. To the best of our knowledge, no study has reported the
association between Hcy levels and cognitive de�cits in patients with schizophrenia across age groups.
Therefore, there are two purposes for the present study: (1) to determine whether differences in plasma
Hcy levels exist in patients with schizophrenia across age groups by performing a statistical analysis and
(2) to determine whether plasma Hcy levels and cognitive de�cits are correlated in patients with
schizophrenia from different age groups.

Methods
Subjects and Procedures

Totals of 103 patients who met DSM-V diagnosis for schizophrenia were recruited from the inpatient
department of the A�liated Brain Hospital of Guangzhou Medical University. All patients were conducted
from December 2018 to May 2019. The study was approved by the ethics committee of the A�liated
Brain Hospital of Guangzhou Medical University. All individuals signed the informed consent form. The
patients also met the following criteria: (a) Han Chinese, age 18–59 years, (b) with a duration of illness of
at least 5 years and at least 5 years of education, (c) a diagnosis conducted by an independent
experienced psychiatrist on the basis of the Structured Clinical Interview for DSM-V (SCID), and (d) take a
stable dose of antipsychotic drugs for ≥ 4 weeks before the start of the study.

The exclusion criteria were as follows: (a) use of immunosuppressive agents; (b) past history of
autoimmune disorders; (c) substance dependence/abuse; (d) breastfeeding or pregnancy; and (e) major
medical abnormalities, including central nervous system diseases and cancer.

Totals of 122 healthy individuals were recruited from community. All subjects were recruited during the
same period from Guangzhou. None of them had serious physical diseases or drug abuse/dependence,
excluding nicotine.

Psychotic Symptoms

The Positive and Negative Syndrome Scales (PANSS) were performed to assess the clinical symptoms of
all patients by two psychiatrists who participated in a training course. Repeated assessment found that
the interrater correlation coe�cient remained ≥ 0.80 for the PANSS total score.

Cognitive Assessment

Cognitive function was evaluated using the MATRICS Consensus Cognitive Battery (MCCB) of tests
assessing speed of processing (SoP), working memory (WM), verbal learning and memory (Vrbl Lrng),
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visual learning and memory (Vis Lmg), and attention/vigilance (AV). The two researchers participated in a
training course in the use of MCCB to ensure the consistency and reliability of ratings. They maintained
an interrater correlation coe�cient of 0.85 on the MCCB in repeated assessments.      

Hcy Analysis

Plasma samples were obtained to analyze plasma Hcy levels on the same day as the cognitive function
assessments. Peripheral venous blood was collected from the participants after at least 8 hours of
fasting. Plasma Hcy levels were measured using the enzyme cycling assay and analyzed by a technician
from A�liated Brain Hospital of Guangzhou Medical University.

Statistical Analysis

Clinical and demographic data were analyzed using analysis of variance (ANOVA) for continuous
variables and the chi-square test for categorical variables. If the ANOVA results were signi�cant, we then
performed an analysis of covariance (ANCOVA) of cognitive de�cits and controlled for the confounding
effects of age, BMI, and education. Second, we separately determined associations between plasma Hcy
levels and cognitive de�cits in stable patients with schizophrenia across age groups. Finally, multiple
regression analyses was used to qualitify the correlations between plasma Hcy levels and cognitive
de�cits in patients with schizophrenia after adjustment for age, BMI, and education. SPSS version 22.0
were used to do all data, and statistical signi�cance was de�ned as p ≤ 0.05 (two-sided).

Results
Differences in demographics, cognitive function and Hcy levels between patients and healthy controls.

Totals of 103 patients and 122 healthy controls were analyzed. Table 1 shows signi�cant differences in
age, BMI, and education between patients with schizophrenia and healthy controls (p < 0.001). Thus, we
controlled for age, BMI, and education in subsequent analyses.

In the patient group, all individuals were strati�ed into four groups according to age: ≤ 18-29 years (n =
17), 30–39 years (n = 19), 40–49 years (n = 32), and 50-59 years (n = 35). Signi�cant differences were
observed in education and duration of illness (p < 0.05). However, no signi�cant differences in positive
symptoms, negative symptoms, general psychopathology syndrome, or PANSS total score were observed
across age groups.

Changes in cognitive de�cits and Hcy levels in schizophrenia and healthy controls across age groups.

Plasma Hcy levels were signi�cantly lower in patients with schizophrenia than in healthy controls (p <
0.001). As shown in Figure 1, the highest plasma Hcy levels were detected in the 50–59 years group and
the lowest levels were detected in the 30-39 years group. Compared with healthy controls, signi�cantly
higher Hcy levels were observed in patients with schizophrenia across all age groups, which remained
signi�cant after adjustment for age, BMI, and education (all p < 0.05).
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Figure 2 shows signi�cant differences in cognitive test score for the �ve indexes of MCCB between
patients with schizophrenia and healthy controls among the four groups, which remained signi�cantly
after adjustment for age, BMI, and education, except for 40-49 years in WM score (p = 0.103), 30-39 years
in Vrbl Lrng score (p = 0.199), 30-39 years and 40-49 years in Vis Lrng score (p = 0.087, p = 0.084), and
18-29 years in AV score (p = 0.195). The lowest SoP, WM, Vis Lrng, and AV score were recorded by
patients aged 50–59 years, and the lowest Vrbl Lrng score were recorded by patients aged 18–29 years.

Age-related differences in the relationships between Hcy levels and clinical symptoms and cognitive
de�cits in schizophrenia.

Table 2 shows the correlations between Hcy levels, clinical symptoms and cognitive de�cits in patients.
As shown, plasma Hcy levels showed negatively correlated with SoP, WM, and Vis Lrng score in
schizophrenia aged 18-29 years (r = -0.60, p = 0.011; r = -0.62, p = 0.008; and r = -0.50, p = 0.039,
respectively). In addition, Hcy levels were negatively correlated with Vrbl Lrng score in patients aged 40-49
years (r = -0.48, p = 0.015).

After adjusting for confounding factors (including education and duration of illness), a further multiple
regression analysis performed in the subgroup of patients with schizophrenia showed independent
associations between SoP and Hcy levels (B = 0.61, t = 3.17, p = 0.013) in patients with schizophrenia
aged 18-29 years. However, no signi�cant relationships were observed between Hcy levels and Vrbl Lrng
score in patients aged 40-49 years.

Discussion
To our best knowledge, the report is �rstly explore the age-speci�c difference in Hcy levels and the
correlation with cognitive de�cits in schizophrenia. Our study reported several major �ndings: (1) Higher
plasma Hcy levels were detected in patients with schizophrenia than in healthy controls across age
groups. (2) Signi�cant differences in MCCB test score were observed for schizophrenia compared to
healthy controls among the four age groups. (3) With increasing age, the incidences of increased Hcy
levels were not signi�cantly increased. (4) More interestingly, we observed age-related differences in the
relationships between increased plasma Hcy levels and cognitive de�cits in patients with schizophrenia.
Signi�cant relationships between SoP, WM, and Hcy levels were only observed in the 18-29 year age
group but not in the other subgroups.

Regland et al. �rst detected the Hcy levels, and high levels were detected in 45% of patients with
schizophrenia11. Similar to our results, the Hcy levels were increased in schizophrenia compared to
healthy controls, even across age groups. This result is consistent with �ndings supporting that
hypothesis that Hcy levels might be confounding factors in schizophrenia 12.

Haidemenos et al. de�ned schizophrenia as a disease characterized by generalized cognitive de�cits13;
14. Consistent with previous research, our study showed that patients with schizophrenia exhibited
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signi�cantly worse performance on neurocognitive tests than healthy controls in most age groups15,
which suggests the occurrence of cognitive de�cits in the early course of the disease16.

As shown in the present study, the Hcy concentration �rst decreased and then increased, as the lowest
levels were at 30-39 years of age and signi�cantly increased after 40 years of age. In several longitudinal
studies, the progression of changes in Hcy levels associated with age was not con�rmed. Additionally, a
recent large-sample study including 7872 subjects evaluated the age-related differences in Hcy levels in a
general Chinese population and showed that the Hcy levels �rst decreased, then increased, and
signi�cantly increased after 50 years of age17, similar to the results of our study. However, some previous
studies did not observe a statistically signi�cant association between Hcy levels and age18, whereas
other studies reported that plasma Hcy levels increased signi�cantly with age in the general population
and patients with schizophrenia19; 20. The inconsistent results for this association are unclear. One
possible reason may be due to the differences in subjects who had suffered from different diseases,
BMIs, regions of residence, races, dietary habits, genetic backgrounds or courses of illness21-24; for
example, the subjects in the present study were inpatients, and most had suffered from schizophrenia for
a long time.

Regarding cohort studies, some recent studies in hunmans displayed that an increase in the Hcy
concentration was negatively associated with the evolution of cognitive de�cits in the general population
and patients with Alzheimer's disease and schizophrenia, particularly in studies of elderly individuals25-27.
Interestingly, we found that Hcy levels were negatively associated with SoP score, but not score for other
cognitive domains, in patients with schizophrenia aged 18-29 years after adjustment for age, BMI, and
education. Additionally, with increasing age, no relationship was observed between these factors, in
contrast most previous studies28-30. The inconsistent results may be because plasma Hcy levels result
from a complex process mediated by the interaction between genetic and environmental factors, and the
independent factors associated with Hcy levels and cognitive de�cits differed according to age31.
Moreover, the negative effects of various risk factors on cognitive de�cits increase with aging16. Although
the mechanism remains unclear, these �ndings indicated that age-related changes in cognitive de�cits in
patients with chronic schizophrenia are subtle and not uniform across multiple cognitive domains. These
age-related differences must be considered when applying strategies to prevent cognitive de�cits.

Limitations

Several limitations of the present study should be mentioned. One signi�cant drawback of our study is
that it was a cross-sectional study and was unable to determine the direct causal relationship between
cognitive function and Hcy levels in patients with schizophrenia across age groups. Second, all patients
in this study were diagnosed with chronic schizophrenia, limiting the generalizability in other disease
states, including �rst-episode and drug-naive schizophrenia. Furthermore, Hcy levels and cognitive
de�cits are related to many confounding factors, such as dietary patterns and lifestyle. Unfortunately, we
did not collect these data in our current study, and further investigation is warranted.
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Conclusions
Based on our results, patients with schizophrenia exhibited cognitive de�cits and Hcy levels were more
closely related to cognition in young patients than in other subgroups. Therefore, researchers should
focus on the complex age-Hcy interaction, and further research is warranted to investigate the
mechanisms underlying the effect of Hcy levels on cognitive de�cits in different age groups.

Declarations
Con�ict of interest

None declared.

Compliance with ethical standards

All clinical studies described in the manuscript were carried out in accordance with Declaration of
Helsinki promulgated by the National Institute of Health and all methods were carried out in accordance
with relevant guidelines and regulations.

Funding: This research was supported by the National Natural Science Foundation of China (Grant No.
31771074), the Science and Technology Plan Project of Guangdong Province (Grant No.
2019B030316001), the Science and Technology Plan Project of Guangzhou (Grant Nos. 201804010259,
201807010064, 201704020168, and 201804010259), and the Science and Technology Plan Project of
Liwan District, Guangzhou (Grant No. 201804011).

References
1. Marder, S. R. & Cannon, T. D. Schizophrenia. N Engl J Med. 381, 1753-1761 (2019).

2. Huang, X. et al. Increased Plasma Kynurenic Acid Levels are Associated with Impaired
Attention/Vigilance and Social Co gnition in Patients with Schizophrenia. Neuropsychiatr Dis Treat.
16, 263-271 (2020).

3. Jiang, B. et al. Effects of Differences in Serum Total Homocysteine, Folate, and Vitamin B12 On
Cognitive Impairment I N Stroke Patients. BMC Neurol. 14, 217 (2014).

4. Bunevicius, A., Kazlauskas, H., Raskauskiene, N., Janusonis, V. & Bunevicius, R. Ischemic Stroke
Functional Outcomes are Independently Associated with C-reactive Protein Concentratio Ns and
Cognitive Outcomes with Triiodothyronine Concentrations: A Pilot Study. Endocrine. 45, 213-220
(2014).

5. Balcioglu, Y. H. & Kirlioglu, S. S. C-Reactive Protein/Albumin and Neutrophil/Albumin Ratios as Novel
In�ammatory Markers in Patients Wi Th Schizophrenia. Psychiatry Investig. 17, 902-910 (2020).

�. Chen, P. H. et al. Homocysteine, Rather than Age of Onset, is a Better Predictor for Cognitive Function
in Older Adults with Bipolar Disorder. Int J Geriatr Psychiatry. 34, 1473-1480 (2019).



Page 8/12

7. Setién-Suero, E., Suárez-Pinilla, M., Suárez-Pinilla, P., Crespo-Facorro, B. & Ayesa-Arriola, R.
Homocysteine and Cognition: A Systematic Review of 111 Studies. Neurosci Biobehav Rev. 69, 280-
298 (2016).

�. Di Lorenzo, R. et al. Homocysteine Levels in Schizophrenia Patients Newly Admitted to an Acute
Psychiatric Ward. Acta Neuropsychiatr. 27, 336-344 (2015).

9. Ostrakhovitch, E. A. & Tabibzadeh, S. Homocysteine and Age-Associated Disorders. Ageing Res. Rev.
49, 144-164 (2019).

10. Wang, F. et al. The Relationship Between Plasma Homocysteine Levels and MTHFR Gene Variation,
Age, and Sex in Northea St China. Niger. J. Clin. Pract. 22, 380-385 (2019).

11. Regland, B., Johansson, B. V., Grenfeldt, B., Hjelmgren, L. T. & Medhus, M. Homocysteinemia is a
Common Feature of Schizophrenia. J Neural Transm Gen Sect. 100, 165-169 (1995).

12. García-Miss, M. R. et al. Folate, Homocysteine, Interleukin-6, and Tumor Necrosis Factor Alfa Levels,
but Not the Methylenetetr Ahydrofolate Reductase C677T Polymorphism, are Risk Factors for
Schizophrenia. J. Psychiatr. Res. 44, 441-446 (2010).

13. Haidemenos, A. et al. Plasma Homocysteine, Folate and B12 in Chronic Schizophrenia. Prog
Neuropsychopharmacol Biol Psychiatry. 31, 1289-1296 (2007).

14. Bagney, A. et al. Negative Symptoms and Executive Function in Schizophrenia: Does their
Relationship Change with Illnes S Duration? Psychopathology. 46, 241-248 (2013).

15. Vinogradov, S., Fisher, M. & Nagarajan, S. Cognitive Training in Schizophrenia: Golden Age Or Wild
West? Biol Psychiatry. 73, 935-937 (2013).

1�. Mosio Ek, A., Gierus, J., Koweszko, T. & Szulc, A. Cognitive Impairment in Schizophrenia Across Age
Groups: A Case-Control Study. BMC Psychiatry. 16, 37 (2016).

17. Xu, R. et al. Gender- and Age-Related Differences in Homocysteine Concentration: A Cross-Sectional
Study of the Gen Eral Population of China. Sci Rep. 10, 17401 (2020).

1�. Omer Sultan, M. et al. Correlation of Homocysteine Level and Age in Patients with Ischemic Stroke.
Cureus. 12, e7785 (2020).

19. Wang, F. et al. The Relationship Between Plasma Homocysteine Levels and MTHFR Gene Variation,
Age, and Sex in Northea St China. Niger. J. Clin. Pract. 22, 380-385 (2019).

20. Di Lorenzo, R. et al. Homocysteine Levels in Schizophrenia Patients Newly Admitted to an Acute
Psychiatric Ward. Acta Neuropsychiatr. 27, 336-344 (2015).

21. Huang, Y. et al. Homocysteine Level, Body Mass Index and Clinical Correlates in Chinese Han
Patients with Schizophreni a. Sci Rep. 10, 16119 (2020).

22. Yazici, E. et al. Klotho, Vitamin D and Homocysteine Levels During Acute Episode and Remission
Periods in Schizophrenia Patients. Nord J Psychiatry. 73, 178-184 (2019).

23. Numata, S. et al. Evaluation of an Association Between Plasma Total Homocysteine and
Schizophrenia by a Mendelian Rando Mization Analysis. BMC Med. Genet. 16, 54 (2015).



Page 9/12

24. Moustafa, A. A., Hewedi, D. H., Eissa, A. M., Frydecka, D. & Misiak, B. Homocysteine Levels in
Schizophrenia and Affective Disorders-Focus On Cognition. Front. Behav. Neurosci. 8, 343 (2014).

25. Ayesa-Arriola, R. et al. Homocysteine and Cognition in First-Episode Psychosis Patients. Eur Arch
Psychiatry Clin Neurosci. 262, 557-564 (2012).

2�. Agrawal, A. et al. Age Dependent Levels of Plasma Homocysteine and Cognitive Performance. Behav.
Brain Res. 283, 139-144 (2015).

27. Setién-Suero, E., Suárez-Pinilla, M., Suárez-Pinilla, P., Crespo-Facorro, B. & Ayesa-Arriola, R.
Homocysteine and Cognition: A Systematic Review of 111 Studies. Neurosci Biobehav Rev. 69, 280-
298 (2016).

2�. Trze Niowska-Druka A, B. et al. Evaluation of Hyperhomocysteinemia Prevalence and its In�uence On
the Selected Cognitive Functions I N Patients with Schizophrenia. Prog Neuropsychopharmacol Biol
Psychiatry. 95, 109679 (2019).

29. Gonzalez-Liencres, C. et al. Oxidative Stress in Schizophrenia: A Case-Control Study On the Effects
On Social Cognition and Neuroc Ognition. BMC Psychiatry. 14, 268 (2014).

30. Xu, R. et al. Gender- and Age-Related Differences in Homocysteine Concentration: A Cross-Sectional
Study of the Gen Eral Population of China. Sci Rep. 10, 17401 (2020).

31. Legdeur, N. et al. Age Dependency of Risk Factors for Cognitive Decline. BMC Geriatr. 18, 187 (2018).

Tables
Table 1. Sociodemographic data and clinical profiles of patients with schizophrenia and healthy controls.
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Variables schizophrenia

n=103

healthy controls

n=122

F/X2 p

Male 56 (54.4%) 58 (47.9%) 0.92 0.337

Age, years 42.89 (11.83) 35.02 (12.87) 12.87 <0.001

BMI, kg/m2 24.56 (4.35) 22.44 (3.44) 3.44 <0.001

Education, years 10.89 (3.21) 14.83 (3.05) 3.05 <0.001

Hcy, mmol/L 16.28 (10.66) 9.53 (4.63) 4.63 <0.001

SoP score 33.36 (14.80) 49.85 (9.15) 9.15 <0.001

WM score 37.64 (13.44) 47.97 (9.75) 9.75 <0.001

Vrbl Lrng score 33.77 (12.34) 44.27 (10.23) 10.23 <0.001

Vis Lrng score 36.14 (11.88) 48.07 (10.35) 10.35 <0.001

AV score 37.73 (10.38) 48.67 (10.30) 10.30 <0.001

Abbreviations: Hcy=homocysteine, SoP=speed of processing, WM=working memory, Vrbl Lrng=verbal
learning and memory, Vis Lmg=visual learning and memory, AV=attention/vigilance.

 

Table 2. The correlations between the plasma Hcy levels and clinical symptoms or cognitive
deficits in patients with schizophrenia across age groups.

 

Figures
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Group   SoP

score

WM
score

Vrbl Lrng
score

Vis Lrng
score

AV

score

P
subscore

N
subscore

G

subscore

Total PANSS
score

18-29
y

r -0.60 -0.62 -0.09 -0.50 0.44 0.03 0.14 0.14 0.15

p0.011 0.008 0.722 0.039 0.08 0.913 0.592 0.595 0.576

30-39
y

r -0.04 -0.11 -0.04 -0.25 -0.06 0.22 0.33 0.30 0.40

p0.869 0.662 0.864 0.301 0.819 0.366 0.168 0.216 0.094

40-49
y

r -0.14 0.05 -0.48 -0.30 -0.19 0.33 -0.01 0.16 0.13

p0.440 0.779 0.005 0.099 0.299 0.070 0.950 0.375 0.48

50-59
y

r -0.06 0.07 -0.12 -0.11 -0.19 0.01 -0.17 -0.17 -0.17

p0.726 0.694 0.498 0.534 0.276 0.964 0.345 0.327 0.324

Abbreviations: Hcy=homocysteine, SoP=speed of processing, Vrbl Lrng=verbal learning and memory,
Vis Lmg=visual learning and memory, WM=working memory, AV=attention/vigilance, P=positive
symptom, N=negative symptom, G=general psychopathology syndrome, r=Pearson’s correlation
coefficient.

Figure 1

Differences in the plasma Hcy levels between patients with schizophrenia and healthy controls across
age groups. *Signi�cant differences in Hcy levels was observed between patients with schizophrenia and
healthy controls (p < 0.05). Abbreviations: Hcy=homocysteine.
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Figure 2

Differences in cognitive test score between patients with schizophrenia and healthy controls across age
groups. *Signi�cant differences in cognitive function score was observed between patients with
schizophrenia and healthy controls (p < 0.05). Abbreviations: SoP=speed of processing, WM=working
memory, Vrbl Lrng=verbal learning and memory, Vis Lmg=visual learning and memory,
AV=attention/vigilance.


