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Abstract 

Background: Bipolar affective disorder (BPAD) is a severe and persistent mental illness defined by the presence of recurrent mood 
episodes. Several studies have shown that the levels of homocysteine (Hcy) were elevated in BPAD patients, and high levels of peripheral 
Hcy have been associated with worse cognitive performance. 
Objectives: The current study aimed to examine the correlation of the level of Hcy in the serum with attention and executive functions in 
patients suffering from type I stable BPAD (BPAD I). 
Methods: The present cross-sectional study was conducted on 170 participants in Huzhou, Zhejiang province, China, within July 2016 to 
December 2017. The subjects were divided into patients with schizophrenia (n=100) as the study group and healthy volunteers (n=70) as 
the control group. The Hcy and folic acid levels of fasting ulnar vein serum were determined using chemiluminescent microparticle 
immunoassay. Patient attention was evaluated by the Trail Making Test A (TMTA), and executive functions were assessed using the Trail 
Making Test B (TMTB) and Stroop Color and Word Test (SCWT). 
Results: The mean value of serum Hcy was significantly higher in the study group than that reported for the control group (19.01±5.83 
and 11.40±4.62; P<0.001). The results of several tests of attention (59.39±19.27 and 53.26±14.82; P=0.027) and executive functions 
(123.75±40.60 and 107.52±29.31; P=0.013) were poorer in the study group. The serum Hcy value positively correlated with the 
disturbance variables of the TMTA, TMTB, and Trail Making Test. However, the duration of the Stroop-C test (SCT) and SCWT negatively 
correlated with the correct number of the SCT and SCWT. 
Conclusion: The increase in the level of serum Hcy closely correlated with the impairment of attention and executive functions in 
patients suffering from stable BPAD I. 
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1. Background 

Bipolar affective disorder (BPAD) is a severe and 
persistent mental illness defined by the presence of 
recurrent mood episodes (1). The BPAD is divided 
into two subtypes in the fourth edition of the 
Diagnostic and Statistical Manual of Mental 
Disorders (DSM-IV). The BPAD type I (BPAD I) 
refers to a manic or mixed episode and major 
depressive episode; however, BPAD type II refers to 
a mild mania and major depressive episode. 
Cognitive impairment occurs in both the acute and 
stable stages of BPAD patients (1-2). Furthermore, 
the impairment of BPAD I is more serious than the 
impairment of BPAD II (3). In particular, cognitive 
impairment in the stable stage of BPAD I suggests 
poor prognosis (4), and this is the main reason for 
no restoration of normal social function in the 
remission stage (5).  

Attention and executive functions are important 
components of cognitive function, which can affect 
the final recovery and long-term prognosis of 
patients (6). Homocysteine (Hcy) has a neurotoxic 
effect on neuronal apoptosis (7), which closely 
correlated with cognitive impairment in many 
diseases, such as dementia, depression, and 

schizophrenia (8-10). Several studies have shown 
that the levels of Hcy were elevated in BPAD 
patients, and high levels of peripheral Hcy have 
been associated with worse cognitive performance 
(11-13).  

In 2008, Dittmann et al. reported that elevated 
Hcy levels might have a negative impact on verbal 
learning, delayed memory, and executive function in 
BPAD patients (11). In another study, Osher et al. 
obtained a similar result. They confirmed that in 
BPAD patients, higher Hcy levels were associated 
with poorer performance in some neuropsychological 
tests (13). A meta-analysis conducted by Salagre et al. 
evaluated nine cross-sectional studies with 1,547 
participants. The results of the aforementioned study 
showed that Hcy levels were elevated in patients with 
BPAD during mania and euthymia, suggesting that 
peripheral Hcy could be considered a potential 
biomarker in BPAD (14).  

 

2. Objectives 

To date, no study has reported the prevalence of 
Hcy in Chinese patients suffering from stable BPAD I. 
Therefore, the present study aimed to investigate the 
relationship between the level of serum Hcy and 
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impairment of attention and executive functions in 
patients with stable BPAD I. 

 

3. Methods 

3.1. Subjects  
This cross-sectional study was conducted on 170 

participants in Huzhou, Zhejiang province, China. 
Huzhou Third Municipal Hospital is a governmental 
specialized hospital with 900 beds. The Psychiatry 
Department is the major department of this hospital. 
A total of 100 outpatients or inpatients (including 50 
males and 50 females) in the No. 3 People’s Hospital 
of Huzhou were assigned to the study group within 
July 2016 and December 2017; however, 70 health 
workers of the hospital were assigned to the control 
group (including 35 males and 35 females).  

Most (85%) of the patients were from Huzhou. 
Only 15% of the patients were from the cities next to 
Huzhou, such as Jiaxin and Wenzhou. And all the 
health workers were natives of Huzhou. All the study 
subjects were right-handed, with no color blindness 
or weakness and no deafness or stuttering. 
Furthermore, the subjects were not related to each 
other and were able to independently complete the 
neuropsychological tests. The present study was 
approved by the Ethics Committee of No. 3 People’s 
Hospital of Huzhou (code: 201602; approval date: 17 
April 2016), and informed consent was obtained from 
all the patients.  

 
3.2. Inclusion and exclusion criteria  

The inclusion criteria of the present study were 1) 
the diagnostic criteria for BPAD I based on the DSM-IV, 
evaluated by two attending physicians (or more), 2) 
remission period of ≥ 3 months, remission stage 
standard (i.e., Young Mania Rating Scale [YMRS] score 
of < 6 and Hamilton Depression Rating Scale-17 
(HAMD-17) score of ≤ 7 (15), 3) age range of 16-60 
years, (4) educational level of > 5 years, (5) and 
written informed consent (by the patient or guardian) 
for the present study. In addition, the patients had a 
personal physician who could independently evaluate 
the relevant neuropsychological condition. 

The exclusion criteria of the current study were 
1) a history of substance abuse and dependence, 2) 
presence of cellular-associated disease in the brain, 
3) reception of electroconvulsive therapy in the 
past year, 4) experience of serious suicide ideation 
and self-injury, 5) presence of severe physical 
diseases, including heart, liver, and kidney diseases, 
6) pregnancy or lactation, and 7) mental 
retardation.  

 
3.3. Sociodemographic data  

The sociodemographic data of the patients in the 
present study, including gender, age, educational 
level, marital status, course of the disease, and family 
history, were collected using a self-made general 

condition questionnaire.  
 

3.4. Executive function assessment  
The neuropsychological evaluation scale is an 

effective method for testing the impairment of 
executive function. The Trail Making Test A (TMTA) 
was used to assess the selective attention of the 
subjects in the present study. The Trail Making Test B 
(TMTB) and Stroop Color and Word Test (SCWT) 
were mainly applied to test the executive function of 
the patients. All the participants received the 
attention and executive function evaluation. The test 
was performed in a quiet environment and lasted for 
30-60 min. The evaluation tools were successively 
introduced according to the actual test sequence as 
follows:  

1) The Trail Making Test (TMT) (16) consists of 
two parts (A and B), which was used for the 
evaluation of completion time. In both tests, if the 
completion time is shorter, the score is better. The 
TMT disturbance variable reflects the set-shift 
components of executive function to complete the 
difference of the time consumed between the TMTA 
and TMTB.  

2) The SCWT (17) includes the Stroop-C test (SCT) 
and SCWT. Each card has 112 words for the 
assessment of the reading time and correct number.  

All the symptom scales and executive functions 
were completed on the same day; however, the study 
subjects were allowed to rest between the 
assessments.  

 
3.5. Homocysteine and folate determination  

Serum Hcy and folic acid levels were 
simultaneously measured in the study and control 
groups. The blood was sampled at 8:00 a.m. the day 
after the enrollment. Ulnar vein blood (5 mL) was 
collected on an empty stomach, and the blood samples 
were placed in a vacuum coagulation tube. Serum 
centrifugation was performed within 1 h at 3,000 rpm 
for 5-10 min (Allegra 64R Centrifuge, Beckman 
Coulter, Brea, California, the USA). The supernatant 
was aspirated and stored at -70°C for subsequent 
tests. The levels of serum Hcy and folic acid were 
measured via a chemiluminescence kit (Abbott 
Laboratories, Illinois, the USA). Chemiluminescence 
microparticle immunoassay was performed on the 
ARCHITECT i2000 SR (Abbott Laboratories, Illinois, 
the USA). This operation was carried out according to 
the standard procedure.  

 
3.6. Statistical analysis  

The SPSS statistical software (version 20.0; IBM 
Corp., Armonk, New York, USA) was used to process 
the data. The measured data were expressed as 
mean±standard deviation. The enumerated data were 
expressed in percentage (%). The W-test was utilized 
to test the normality, and the F-test was used for the 
homogeneity test of variances. In addition, the t-test 



  Na W et al. 

 

Iran Red Crescent Med J. 2020; 22(12):e65.                                                                                                                                                                                                      3 
 

was employed for comparisons between the two 
groups. The nonparametric test was utilized to 
compare the mean of multiple samples not obeying 
the normal distribution or obeying the normal 
distribution but with an uneven variance. The 
counting data were used for the Chi-square test. 
Correlation analysis was based on the Pearson-
related analysis or Spearman-related analysis. A p-
value of less than 0.05 was considered statistically 
significant.  

 

4. Results 

4.1. Sociodemographic and clinical characteristics  
In this study, a total of 110 patients with BPAD I 

were screened within July 2016 and December 2017. 
Nevertheless, 10 patients did not meet the inclusion 
criteria and were ruled out. Finally, 100 patients 
were included in the study group of the present 
study. The course of the disease was within 18-55 

months with a median of 27.54±6.32 months. Seven 
patients had a positive family history of BPAD I. The 
control group comprised of 70 healthy subjects. The 
differences in age, educational level, and marital 
status between these two groups were not 
statistically significant (P>0.05). The YMRS and 
HAMD-17 scores were significantly higher in the 
study group than those reported for the control 
group (P<0.001; Table 1).  

 
4.2. Comparison of the levels of serum Hcy and folic 
acid in addition to attention and executive functions  

The serum Hcy level was significantly higher in 
the study group than that reported for the control 
group (P<0.001); however, the difference in the folic 
acid level was not statistically significant (P˃0.05). 
Furthermore, attention function and all evaluated 
executive functions were significantly poorer in the 
study group than those reported for the control 
group (P<0.05; Table 2). 

 
Table 1. Comparison of sociodemographic and clinical characteristics between study and control groups 

Index 
Study group 

(n=100) 
Control group 

(n=70) 
t /χ2 P-value 

Age (year) 31.19±10.73 32.13±11.17 0.553 0.581 
Duration of education 10.17±3.59 11.08±4.12 1.530 0.128 
Spouse (Yes/No) 74/26 48/22 0.599 0.439 
Course of disease (month) 27.54±6.32 -- -- -- 
Family history 7 -- -- -- 
Young Mania Rating Scale  1.82±1.10 0.48±0.79 8.734 0.000 
Hamilton Depression Rating Scale-17 2.28±2.35 0.81±1.06 4.894 0.000 

 
Table 2. Comparison of serum homocysteine and folic acid levels in addition to attention and executive functions between study and 
control groups 

Index Unit 
Study group 

(n=100) 
Control group 

(n=70) 
T/Z P-value 

Homocysteine umol/L 19.01±5.83 11.40±4.62 9.100 <0.001 
Folic acid ng/L 6.53±2.81 7.32±2.55 1.873 0.063 
TMTA Sec 59.39±19.27 53.26±14.82 2.238 0.027 
TMTB Sec 123.75±40.60 107.52±29.31 2.509 0.013 
TMT interference Sec 62.41±29.60 53.85±22.57 2.137 0.033 
SCT Amount 106.80±7.37 110.35±3.24 3.780 <0.001 
SCT Sec 70.45±22.52 62.82±15.03 2.474 0.014 
SCWT Amount 78.17±28.85 87.30±20.91 2.263 0.025 
SCWT Sec 170.83±59.73 151.46±40.92 2.577 0.011 

TMTA: Trail Making Test A; TMTB: Trail Making Test B; TMT: Trail Making Test; SCT: Stroop-C test; SCWT: Stroop Color and Word Test 

 
4.3. Correlation analysis of the levels of serum Hcy and 
folic acid with attention and executive functions in the 
study group  

A Spearman correlation analysis was carried out 
for serum Hcy and folic acid levels, age, duration of 
education, course of the disease, TMTA, TMTB, TMT 
(TMTB-TMTA), SCT, and SCWT in the study group. 
The level of serum Hcy significantly and positively 
correlated (P<0.05) with the duration of the TMTA 
and disturbance variable of the TMT. Moreover, the 
level of serum Hcy significantly and positively 
correlated (P<0.01) with the duration of the TMTB, 
SCT, and SCWT. The level of serum Hcy also 
significantly and negatively correlated (P<0.01) with 

the correct number of the SCT and SCWT. However, 
the age, course of the disease, duration of education, 
and level of serum folic acid in the study group did 
not correlate (P>0.05) with the disturbance variables 
of the TMTA, TMTB, TMT, SCT, and SCWT (Table 3). 

 

5. Discussion 

The obtained results of the present study revealed 
that the level of serum Hcy was higher in stable BPAD 
I in the study group than that reported for the control 
group; however, the difference in folic acid level was 
not statistically significant. The results of various 
tests of attention and executive functions were  
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Table 3. Correlation analysis of serum homocysteine and folic acid levels with attention and execution functions in study group (n=100) 

Index TMTA TMTB TMT interference SCT SSCT SCWT SSCWT 

Age (year) 
0.078 0.009 0.113 -0. 033 0.278 -0.037 0.105 
0.599 0.943 0.487 0.840 0.069 0.822 0.263 

Course of disease 
0.093 0.271 0.215 -0.126 0.252 -0.172 0.031 
0.570 0.091 0.184 0.438 0.117 0.302 0.879 

Duration of education 
0.102 0.008 0.073 -0.237 0.172 -0.064 0.203 
0.530 0.854 0.653 0.141 0.288 0.696 0.178 

Homocysteine 
*0.332 **0.408 *0.389 **0.603- **0.572 **0.577- **0.642 

0.036 0.007 0.030 0.000 0.000 0.000 0.000 

Folic acid 
0.024 0.087 0.052 -0.028 0.157 -0.172 0.166 
0.637 0.537 0.689 0.836 0.300 0.299 0.306 

* P<0.05; ** P<0.01  
TMTA: Trail Making Test A; TMTB: Trail Making Test B; TMT: Trail Making Test; SCT: Stroop-C test; SCWT: Stroop Color and Word Test 
Upper row regarded as the value of correlation coefficient r; lower row regarded as the p-value 

 
statistically poorer in the study group than those 
reported for the control group. The serum Hcy value 
of patients in the study group positively correlated 
with the disturbance variables of the TMTA, TMTB, 
and TMT and duration of the SCT and SCWT; 
nevertheless, the serum Hcy value negatively 
correlated with the correct number of the SCT and 
SCWT. Nonetheless, the serum folic acid level, age, 
education level, and course of disease did not 
correlate with attention and executive functions.  

Executive function is an advanced cognitive 
function of human beings and the ability of 
individuals to successfully engage in independent, 
purposeful, and self-responsible behaviors. This is 
coordinated with attention function and is an 
important component of cognitive function in 
patients with BPAD (18). The BPAD is a form of 
chronic mental disorder with a high recurrence rate 
and high disability (19). Patientsʼ social functioning 
could be recovered if they could manage BPAD 
treatment by themselves, such as adhering to drug 
treatment, maintaining a good mood, and achieving 
optimal control of the disease. However, all these 
factors rely on the capability for attention skills and 
executive functions.  

The findings of the current study demonstrated 
that the time of the TMT and CWT was prolonged; 
nevertheless, the correct number of CWT decreased. 
This finding suggested that the impairment of 
attention and executive functions is observed in 
patients with stable BPAD I, which is consistent with 
the results of previous studies (20, 21). In another 
study carried out by Mann et al., it was also revealed 
that the impairment of executive functions in BPAD 
patients persists and does not fully recover in the 
stable stage. The impairment of executive functions 
in stable BPAD patients might be also one of the inner 
phenotypes of the disease (22).  

Neuroimaging studies have shown that brain 
volume, white matter fiber integrity, cerebral blood 
flow signals, and oxygen saturation in important 
brain areas are the related factors of executive 
function impairment in patients with BPAD (23). Dev 
et al. (24) also demonstrated that the bilateral 
anterior cingulate, bilateral dorsolateral prefrontal 

cortex, and cerebral blood flow levels of the right 
inferior parietal lobule positively correlated with 
reactive inhibition. However, it is required to carry 
out further studies to investigate the aforementioned 
finding. 

The results of a study conducted by Dittmann et 
al. (11) indicated that the increase of serum Hcy 
levels in BPAD patients is often accompanied by a 
decrease in executive functions, which is consistent 
with the findings of the current study. Therefore, the 
serum Hcy level may be a biological risk factor for 
cognitive dysfunction. In the present study, the level 
of serum Hcy significantly increased in the study 
group, compared to that reported for the control 
group (P<0.05). The level of serum Hcy in the study 
group also positively correlated (P<0.05) with the 
duration of the TMT and CWT; nonetheless, it 
negatively correlated (P<0.05) with the correct 
number of the CWT. This finding suggests that the 
increase in serum Hcy in stable BPAD I patients may 
further damage the attention and executive functions 
(P<0.05). These results are similar to those of studies 
by Dias VV et al. (12) and Dittmann S et al. (11).  

The Hcy is an important intermediate product in 
the metabolism of methionine. A high Hcy level has 
been shown to promote the self-oxidation of Hcy, 
destroy the normal redox state of neural cells, affect 
the redox signaling pathway, and aggravate the 
oxidative damage of endothelial cells and neurons 
(25). Furthermore, a high level of Hcy may induce 
indirect neurotoxicity, leading to the death of 
hippocampal neurons and cognitive impairment in 
patients. In the current study, the presence and 
correlation of high levels of serum Hcy and damage to 
attention and executive functions in stable BPAD I 
patients (P<0.05) suggest a connection between Hcy 
metabolism and behavioral functions. Currently, the 
mechanism of serum Hcy in BPAD remains unclear 
and needs to be further studied.  

In the present study, the difference in the level of 
serum folic in the stable BPAD I group was not 
statistically significant (P>0.05), compared to that of 
the control group, which did not correlate with the 
TMT and SCT (P>0.05). In addition, age, educational 
level, and course of the disease did not correlate with 
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the TMT and SCT (P>0.05). This result suggests that 
the impairment of attention and executive functions 
in stable BPAD I patients does not correlate with 
serum folic acid level, age, educational level, and 
course of the disease, which is in line with the results 
of a study conducted by Normala et al. (26). 

In the current study, it was observed that the 
damage to attention and executive functions in 
Chinese stable BPAD I patients correlated with the 
high level of Hcy. It is regarded as the novelty of the 
present study. However, the present study also had 
several limitations. Firstly, the present study only 
carried out a comparative investigation of the cross-
sectional data. Secondly, the present study was a 
single-center clinical study with a small sample size; 
therefore, it is required to carry out further studies 
with a larger sample size and multicenter clinical 
nature. Finally, further stratification was not carried 
out for the Hcy level, and drug analysis and grouping 
were not conducted in the present study; 
consequently, further investigation is still required in 
this regard.  

 

6. Conclusion 

The patients with stable BPAD I demonstrated a 
correlated and significant increase in their levels of 
serum Hcy and impairment of attention and 
executive functions. 
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