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Introduction
Major Depressive Disorder (MDD) is a common mental disease, which is characterized 

by low mood, slow thinking, weak willpower, a variety of physical symptoms, cognitive 
impairment and so on [1]. According to the WHO (WHO) report, the incidence of MDD in 
the world is 4.4%, and the incidence among female and male is 5.1% and 3.6%, respectively 
[2]. The lifetime prevalence of MDD in China is 3.4% [3]. MDD has the characteristics of high 
prevalence, low cure rate, high recurrence rate, high disability rate and high suicide rate, 
ranking the fourth among the world’s disability diseases, and will become the first disease 
burden in the world by 2030 [2]. A large number of studies [4-7] have pointed out that there are 
comprehensive and persistent cognitive impairment in MDD patients after the first episode, 
including the impairment of orientation, memory, attention, learning ability, calculation, 
analysis, judgment, executive function and other cognitive functions, especially the executive 
function impairment reflecting frontal lobe function, and the impairment of cognitive function 
in elderly patients is more severe than that in young patients. Severe depression patients not 
only have cognitive impairment in the acute stage, but also have some cognitive impairment 
in the remission stage, which seriously affects patients’ social life, family life, study and work, 
and increases the risk of depression recurrence [8], and the risk of Alzheimer’s disease [9].

Executive function refers to the ability of an individual to make comprehensive use of all 
kinds of resources around him to solve problems in an unfamiliar environment. It is generally 
considered to include three basic parts: working memory, reaction inhibition and the ability 
to switch between tasks [10]. The executive dysfunction of MDD patients [10,11] is mainly 
reflected in the impairment of cognitive flexibility, conversion and reaction inhibition, the 
decline of decision-making and task management ability, and the lack of self-confidence. 
Functional imaging studies have shown that the executive dysfunction of patients with MDD 
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Abstract
Objective: To explore the characteristics of executive function and its relevant factors among Patients 
with Major Depressive Disorders (MDD). 

Methods: Two hundred and sixty-five patients with major depressive disorders were selected, who were 
admitted to the 4th neurological department in Guangdong Sanjiu Brain Hospital from July 2018 to June 
2020. They were administed with Hamilton Depression Rating Scale (HAMD), Hamilton Anxiety Rating 
Scale (HAMA), Wisconsin Card Sorting Test (WCST) and a self-edited questionnaire on the personal gen-
eral information. 

Result: The total score of HAMA, HAMD and WCST were (16.32±5.91), (34.67±8.72) and (1.97±1.94), re-
spectively. Multiple linear regression analysis showed that the following 7 factors such as education, fam-
ily monthly income, taking antidepressant drugs as prescribed, length of exercise per day, sleep quality, 
regular physical therapy, as well as understanding and support from relatives and friends were postively 
related with the total score of WCST (B= .137～.522, all P<.05), and the total score of HAMD and HAMA, 
age, age of first episode, duration of depression, recurrent depression and family history of psychosis 
were negatively related with the total score of WCST (B= -.215～-.711, all P<.05) . 

Conclusion: The MDD patients’ executive function has decreased significantly, which is closely related 
to such factors as the course of depression, severity of depression, the degree of brain function decline, 
treatment compliance, as well as family and social support.

Keywords: Major depressive disorder; Executive function; Relevant factors

Abbreviations: MDD: Major Depressive Disorder; HAMD: Hamilton Depression Rating Scale; HAMA: 
Hamilton Anxiety Rating Scale; WCST: Wisconsin Card Sorting Test
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may be related to the structural abnormalities of the prefrontal 
lobe and the subcutaneous nuclei connected with the prefrontal 
lobe, and the dysfunction of the prefrontal lobe [11]. At present, the 
research on executive function of patients with MDD is mainly based 
on epidemiological investigation, and the conclusions of various 
studies are not consistent. Some studies have found that patients 
with MDD have significant defects in several areas of executive 
function, but other studies have found that there is no significant 
difference in executive function between patients with MDD and 
healthy people [12]. Therefore, the executive function of patients 
with MDD is likely to be affected by some factors. However, there 
are few studies on the influencing factors of executive function in 
patients with MDD. This study aims to explore this problem.

Object and Methods

Object
Sampling: 265 patients with MDD were selected from July 2018 

to June 2020 in the fourth neurologic Department of Guangdong 
Sanjiu brain hospital. Among them, there are 153 men and 112 
females; with the average age of (31.5±14.8) years old; average 
duration of disease of (43.4±56.2) month, first-episode age of 
(28.3±13.9) years old. Inclusion criteria: (1)Han nationality; (2)12-
60 years old; (3) meet the diagnostic standard of depression in 
ICD-10, the 10th edition of international classification of diseases. 
(4) diagnosed as depression by psychiatrist; (5) total score of 
Hamilton Depression Scale (HAMD) of 24 items≥ 20. Exclusion 
criteria: (1) with chronic, serious physical disease, or severe mental 
illness attack; 2() alcohol and drug dependence history; ⑶ color 
blindness; (4) brain organic diseases; (5) pregnant and lactating 
women.

Informed consent: The enrolled patients were explained the 
purpose, procedure and precautions of the study in detail and 
asked to sign informed consent.

Ethical review: The procedure and content of this study are in 
accordance with the ethical standards set by the ethics committee 
of Guangdong Sanjiu Brain Hospital and have been approved by the 
Committee.

Tools
Hamilton Depression Rating Scale (HAMD): It is compiled by 

Hamilton [13] and revised by Tang Yuhua to Chinese version [14]. 
There are 24 items, divided into 7 factors: anxiety/ somatization, 
weight, cognitive impairment, day and night changes, delay, sleep 
disorders, despair. The liketer 5-points scoring method is used to 
score from 0 to 4 points corresponding to (asymptomatic) - (very 
heavy). The higher the score, the more serious the depression. The 
clinical demarcation points are: If the total score < 8, the patient is 
considered normal; If the total score ranges 8 to 19, the patient is 
possible depression; If the total score ranges 20 to 35, the patient is 
positive depression; and if the total score > 35, the patient is severe 
depression. In this study, the cronbach’a coefficient of the total scale 
is 0.84, and the cronbach’a coefficient of each factor is 0.74-0.79.

Hamilton Anxiety Rating Scale (HAMD): It is compiled by 
Hamilton [15], revised by Tang Yuhua to Chinese version [16]. 

There are 14 items, which are divided into two factors: physical 
anxiety and mental anxiety. The higher the score, the more anxious 
the anxiety. The liketer 5-points scoring method is used to score 
from 0 to 4 points corresponding to (asymptomatic) - (very heavy). 
The clinical demarcation points are: If the total score <7, the patient 
is considered normal; If the total score is 7 to 13, the patient is 
possible anxiety; If the total score is 14-20, the patient is positive 
anxiety; If the total score is 21-28, the patient is obvious anxiety; 
And if the total score is more than 28, the patient is severe anxiety. 
In this study, Cronbach ‘a coefficient of the total scale is 0.90, and 
Cronbach’ a coefficient of each factor is 0.79-0.86, respectively.

Wisconsin Card Sorting Test (WCST): It is compiled by 
Grant (1948) and revised by Tan Yunlong to Chinese version [17], 
which is used to test the abstract thinking ability of non-color 
blind people over 6 years old. There are 4 stimulus cards and 128 
response cards, which are divided into 14 test indexes, namely 
Total Score (TS), number of Complete Categories (CC), Percentage 
of Conceptualization Level (RFP), Continuous Responses (RP), 
Continuous Error (RPE), non-continuous error (NRPE), total 
responses required to complete the test (RA), Correct Responses 
(RC), Correct Response Percentage (RCP), Wrong Responses (RE), 
the number of answers required to complete the first classification 
(RF), the Percentage Of Persistent Errors (RPEP), the number of 
incomplete classifications (FM), and the number of Learning to 
Learn (LL). In this study, the cronbach’a coefficient of the total scale 
is 0.91, and the cronbach’a coefficient of each dimension is 0.75-
0.86.

Self-compiled questionnaire on personal general 
information: The CNKI, Wanfang database, VIP database, Baidu, 
Pubmed and other search engines are used to search the literatures 
about “related factors of executive function among major depressive 
disorder” (176 in Chinese and 4733 in foreign). Based on that, the 
basic content of the questionnaire is constructed, with a total of 
17 items. Combined with the results of 3 collective discussions 
with 9 representatives of psychiatrists, 1 item is deleted, and 2 
items are added. The final questionnaire for personal general 
information of MDD patients consists of 18 items, including age, 
gender, age of first episode, depression duration (months), whether 
anxiety is combined, education, occupation, whether psychological 
treatment has been received, monthly income of family, whether 
taking antidepressants according to the doctor’s orders, whether 
exercise for more than 30 minutes every day, sleep quality, whether 
recurrence depression, with family history of mental diseases 
or not, with major negative life events within last 1 year or not, 
whether physical therapy (such as trams) was regularly accepted, 
what the attitude of relatives and friends towards your depression, 
and depression subtypes, etc.

Data processing
SPSS 20.0 is used to analyze the effective data. Descriptive sta-

tistics are used to calculate the average score and standard devi-
ation of each scale; Pearson product difference correlation, inde-
pendent sample t-test and one-way ANOVA are used to explore the 
pairwise correlation among the variables; multiple linear regres-
sion is used to analyze the main related factors of WCST total score.
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Results

Descriptive statistics of total score and factor score of 
each scale

It can be seen from Table 1 that the HAMD total score of this 
group reached the standard of (positive) depressive symptoms 
[9], HAMA total score reached the standard of (positive) anxiety 

symptoms [10], and WCST total score was significantly lower than 
that of normal people [17].

Correlation analysis of scores of each scale
From Table 2, there was a significant positive correlation 

between total scores of HAMD , HAMA and WCST.

Table 1: Descriptive analysis of total score and each factor score of 3 scales (n = 265).

Factor M SD Min Max

Total score of HAMD 34.67 8.72 21 50

Anxiety or somatization 9.02 2.18 4 13

Weight 0.61 0.63 0 2

Cognitive impairment 7.36 3.49 2 17

Diurnal variation 0.55 0.61 0 2.01

Delay 6.25 2.03 1 13

Sleep disorders 5.43 1.88 2 8

Despair 5.45 2.19 2 10

Total score of HAMA 16.32 5.91 5 29

Mental anxiety 10.81 3.51 4 19

Somatic anxiety 5.53 3.01 0 12

Total score of WCST 1.97 1.94 0 6

Number of categories completed 2.01 1.73 0 6

Percentage of conceptualization level 30.76 21.88 0 85.71

Continuous response 40.86 24.35 2 109

Persistent error 16.97 15.01 0 60

Non persistent error 47.62 28.97 6 103

Total number of answers to complete the test 103.35 10.79 70 128

Correct answers 52.79 18.03 25 93

Correct response percentage 46.99 17.27 19.53 88.57

Wrong answers 66.61 23.44 8 103

Number of answers required to complete the first category 54.87 29.98 10 128

Percentage of persistent errors 13.89 11.85 0 47.62

Unable to maintain the full number of categories 1.35 1.8 0 8

Learning to learn 0.08 0.14 -0.15 1.1

Table 2: Correlation analysis of total score of HAMD, HAMA and WCST (n=265).

Factor Total Score of HAMD Total Score of HAMA Total Score of WCST

1. Total score of HAMD

2. Total score of HAMA .827**

3. Total score of WCST -.218** -.106**

Note: **P< 0.01.

Univariate analysis of demographic variables of 
executive function among MDD patients

Variable assignment: Firstly, the possible situations 

(alternative answers) of demographic classification variables and 
clinical related classification variables that may affect the total 
score of WCST are assigned. The results are shown in Table 3.
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Table 3: SVariable assignment.

S. No. Item Options and Assignment

1 Gender 0=male,1=female

2 education
0 = illiterate, 1 = primary school, 2 = junior high school, 3 = senior high 

school or technical secondary school, 4= junior college, 5= Undergraduate 
or above

3 Occupation 0 = civil servant, 1 = worker, 2 = farmer, 3 = businessman, 4 = manager, 5 = 
teacher, 6 = medical worker, 7 = IT industry, 8 = freelance

4 Have you ever received regularly psychotherapy? 0 = none, 1 = yes

5 The family monthly income is 0 = 0～4000 yuan, 1 = 5001～8000 yuan, 2 = 8001～12000 yuan, 3 = 12001 
yuan or more

6 Whether taking antidepressants as prescribed?
0 = none at all, 1 = not very good at taking antidepressants as prescribe

, 2 = basically take antidepressants as prescribe

7 Whether anxiety is combined? 0 = no, 1 = yes

8 Do you exercise more than 30 minutes every day? 0 = no, 1 = yes

9 Sleep quality: 0 = very bad, 1 = not very good, 2 = average, 3 = good, 4 = very good

10 Recurrent depression 0 = no, 1 = yes

11 Family history of mental illness 0 = none, 1 = yes

12 Whether there were significant negative life events in 1 year 0 = none, 1 = yes

13 Regular physical therapy (such as rTMS) 0 = no, 1 = yes

14 What's the attitude of relatives and friends towards your 
depression? 

0 = not understanding, 1 =basically understanding but not supporting

 treatment, 3 = basically understanding and fully supporting treatment

15 Depression subtype 

0 = severe depressive episode without psychotic symptoms, 1 = severe 
depressive episode with psychotic symptoms, 2 = moderate episode 

of recurrent depressive disorder, 3 = mood disorder without psychotic 
symptoms, 4 = recurrent depressive disorder with psychotic symptoms

Univariate analysis of executive function among MDD 
patients: Univariate analysis was performed on the demographic 
and clinical variables that may affect the total score of WCST. The 
results are shown in Table 4. It can be seen from Table 4 that except 
occupation, depression subtype, whether receive psychotherapy 

regularly and whether there were major negative life events within 
last one year, the other 14 factors had significant effects on the total 
score of WCST (r = -. 305, -. 248, -. 346, all P < 0.001; | t |/|F| = 2.121-
9.989, all P < 0.01).

Table 4: Univariate analysis of demographic and clinical variables that may affect the total score of WCST (n = 265).

S. No Item r/t/F P-Value

1  Age -. 305 <. 001

2 Gender -4.121 <. 000

3 Age of first episode -. 248 <. 000

4 Duration of depression (months) -. 346 <. 001

5 Whether anxiety is combined 3.622 <. 001

6  Education -7.839  <. 001

7 Occupation 1.317 0.274

8 Depression subtype 2.581 0.054

9 Whether received psychotherapy regularly? -1.459 0.417

10 Monthly family income -3.728 <. 001

11 Whether taking antidepressants according to the doctor's advice -4.376 <. 001

12 Do you exercise more than 30 minutes a day -5.681 <.001

13 Sleep quality -4.471 <. 001

14 Recurrent depression or not 3.947 <. 001
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15 Family history of mental illness 9.989 <. 001

16 Were There major negative life events within last 1 year? 1.129 0.525

17 Do you have regular physical therapy (such as rTMS) -7.228 <. 001

18 What's the attitude of relatives and friends towards your depression? -5.213 <. 001

Multiple stepwise linear regression analysis of executive 
function related factors in patients with depression

Taking the total score of WCST as the dependent variable, 
and the above18 demographic variables, clinical related variables 
and HAMA, HAMD total scores as the independent variables, the 
multiple stepwise linear regression analysis is carried out within 
95% confidence interval. It can be seen from Table 5 that education, 

family monthly income, taking antidepressants according to 
doctor’s advice, daily exercise time, sleep quality, regular physical 
therapy, understanding and support from relatives and friends 
are positively correlated with the total score of WSCT (B=. 137 ~. 
522, all P < 0.05). The total score of WSCT is negatively correlated 
with HAMD, HAMA, age, first-episode age, duration of depression, 
recurrent depression and family history of psychosis (B= -. 215 -. 
711, all P < 0.05).

Table 5: Multiple stepwise linear regression analysis of main influencing factors of WSCT total score.

Dependent Independent Regression Coefficient
β T P R2  Radj2Variable Variable B SE

Total score Total score of HAMD -0.743 0.054 -0.711 -8.148 <.001 0.546 0.542

of WCST Total score of HAMA -0.646 0.093 -0.608 -6.963 <.001   

 age -0.535 0.068 -0.497 -9.055 <.001   

 first-episode age -0.834 0.121 -0.341 -2.559 0.011   

 Duration of depression -0.436 0.046 -0.465 -2.292 0.02   

 education 0.409 0.132 0.237 2.507 0.012   

 Monthly household income 0.472 0.092 0.352 2.295 0.02   

 Taking antidepressants as prescribed 0.384 0.059 0.433 2.136 0.023   

 How long do you exercise every day 0.313 0.035 0.251 3.72  <.001   

 Sleep quality 0.603 0.079 0.571 2.691 0.007   

 Recurrent depression or not -0.477 0.068 -0.442 -2.888 0.004   

 Do you have a family history of mental illness -0.71 0.064 -0.686 -4.932  <.001   

 Do you receive physiotherapy regularly 0.553 0.107 0.297 2.631 0.009   

 The attitude of relatives and friends towards your 
depression 0.279 0.083 0.244 4.102 <.001   

Discussion
The total score of WCST and the score of each factor in this 

group are significantly lower than the normal value [15], which is 
consistent with the results of previous studies [16-20], suggesting 
that the impairment of executive function is common in MDD 
patients, mainly in the aspects of individual inhibition, cognitive 
flexibility, planning, semantic fluency and set switching ability. 
Multiple stepwise linear regression shows that education, family 
monthly income, taking antidepressants as prescribed, daily 
exercise time, sleep quality, regular physical therapy, understanding 
and support of relatives and friends are positively correlated with 
WCST total score; HAMD total score, HAMA total score, age, first-
episode age, duration of depression, recurrent depression and 
psychotic family history were negatively correlated with WCST 
total score.

Education and family monthly income positively predict 
the executive function of MDD patients, which is consistent 
with previous research results [21,22], suggesting that higher 

socioeconomic status can promote physiological and psychological 
functions. The “social causality theory” in the field of health [23] 
points out that people with lower socio-economic status (lower 
education level and lower per capita household consumption 
expenditure) are more likely to experience unfortunate life events 
(such as recent widowhood and death of children) Poor health 
level (such as malnutrition, disability, chronic diseases, infectious 
diseases, poor medical conditions, and so on), these factors will 
have a negative impact on brain function. At the same time, people 
with higher education level are more able to correctly understand 
depression and its treatment methods, more able to state their 
illness clearly to doctors, so that the diagnosis and treatment are 
more targeted, and they are more able to choose and adhere to the 
correct treatment methods.

Taking antidepressants according to the doctor’s advice can 
help maintain executive function. It is consistent with the results 
of previous studies [21,24], suggesting that antidepressants can 
promote the affective disorder (such as depression) and cognitive 
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function (such as executive function) of MDD patients. Based on 
the existing theoretical hypothesis and clinical trial results, the 
occurrence of depression may be influenced by many factors, and 
each factor plays a role through different signal pathways and 
pathophysiological processes, which eventually leads to changes in 
the number and function of synapses [25], and damages synaptic 
plasticity. It can reduce the excitability of cerebral cortex [26], 
induce the occurrence of depression, and may be accompanied 
by cognitive decline [27]. Therefore, the improvement of synaptic 
plasticity can improve depressive symptoms and cognitive function. 
Although classical Selective Serotonin Reuptake Inhibitors (SSRI) 
and new antidepressants have different mechanisms of action, their 
antidepressant effects are related to the improvement of synaptic 
plasticity [27,28]. Rational administration can promote nerve 
regeneration in the Dentate Gyrus (DG) and other brain regions of 
patients [29], so it is also conducive to the maintenance of brain 
function. Sleep quality positively predicts executive function in 
patients with depression, which is consistent with the results of 
previous studies [21,29,30]. Sleep change is the most common 
circadian rhythm disorder in depression, about 80% of patients 
with depression will have sleep disorders [30], which main clinical 
manifestations are difficulty in falling asleep and shortened sleep 
duration. Sleep is the result of the balance of brain excitation and 
inhibition. The poor sleep quality can reflect the inflexibility of 
brain excitation and inhibition, that is, the poor executive function. 
On the other hand, poor sleep quality hinders the recovery of 
various physiological functions and has extensive damage to the 
regulatory function of the nervous system, especially the high-level 
nervous function responsible for the frontal lobe, such as executive 
function [31,32]. The duration of daily exercise and regular physical 
therapy (such as rTMS) positively predict the executive function of 
patients with major depressive disorder, which is consistent with 
the results of previous studies [21,33-36]. It is suggested that 
moderate physical exercise and nerve stimulation have a positive 
effect on brain function. The most important clinical manifestation 
of depression is the decrease of mental activity, and its physiological 
mechanism is the decrease of synaptic number [25], function [26] 
and cortical excitability [26]. Experiments have shown that long-
term and moderate physical exercise and regular physical therapy 
(such as rTMS) can increase the number of synapses [21,32-35], 
improve the plasticity of synapses and the excitability of cortex, 
thus improving executive function.

The understanding and support of relatives and friends 
positively predicted the executive function of patients with 
depression, which was consistent with previous research 
results [21,36], suggesting that social support can maintain the 
executive function of MDD patients. Patients with high degree 
of social support can get more material support and spiritual 
encouragement, which makes them more confident to adhere 
to treatment and get more financial resources to comply with 
treatment. The total score of HAMD, HAMA, age, first-episode age, 
duration of depression, recurrent depression and family history of 
psychosis were negatively correlated with the total score of WCST. 
It is consistent with the previous research results [21,37-42]. The 

above seven factors reflect the brain damage of patients and the 
negative impact of reduced plasticity on executive function from 
different perspectives.
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