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Abstract
BACKGROUND 
Cognitive dysfunction in epileptic patients is a high-incidence complication. Its 
mechanism is related to nervous system damage during seizures, but there is no 
effective diagnostic biomarker. Neuronal pentraxin 2 (NPTX2) is thought to play a 
vital role in neurotransmission and the maintenance of synaptic plasticity. This 
study explored how serum NPTX2 and electroencephalogram (EEG) slow wave/ 
fast wave frequency ratio relate to cognitive dysfunction in patients with epilepsy.

AIM 
To determine if serum NPTX2 could serve as a potential biomarker for diagnosing 
cognitive impairment in epilepsy patients.

METHODS 
The participants of this study, conducted from January 2020 to December 2021, 
comprised 74 epilepsy patients with normal cognitive function (normal group), 37 
epilepsy patients with cognitive dysfunction [epilepsy patients with cognitive 
dysfunction (ECD) group] and 30 healthy people (control group). The mini-
mental state examination (MMSE) scale was used to evaluate cognitive function. 
We determined serum NPTX2 levels using an enzyme-linked immunosorbent kit 
and calculated the signal value of EEG regions according to the EEG recording. 
Pearson correlation coefficient was used to analyze the correlation between serum 
NPTX2 and the MMSE score.

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v13.i10.714
mailto:fengwedu@163.com
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RESULTS 
The serum NPTX2 level in the control group, normal group and ECD group were 240.00 ± 35.06 pg/mL, 235.80 ± 
38.01 pg/mL and 193.80 ± 42.72 pg/mL, respectively. The MMSE score was lowest in the ECD group among the 
three, while no significant difference was observed between the control and normal groups. In epilepsy patients 
with cognitive dysfunction, NPTX2 level had a positive correlation with the MMSE score (r = 0.367, P = 0.0253) and 
a negative correlation with epilepsy duration (r = −0.443, P = 0.0061) and the EEG slow wave/fast wave frequency 
ratio value in the temporal region (r = −0.339, P = 0.039).

CONCLUSION 
Serum NPTX2 was found to be related to cognitive dysfunction and the EEG slow wave/fast wave frequency ratio 
in patients with epilepsy. It is thus a potential biomarker for the diagnosis of cognitive impairment in patients with 
epilepsy.

Key Words: Serum neuronal pentraxin 2; Cognitive dysfunction; Epilepsy; Electroencephalogram slow wave/fast wave 
frequency ratio; Biomarker

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Here, we found serum neuronal pentraxin 2 (NPTX2) levels were found to be significantly higher in the normal 
group than in the cognitive dysfunction group. Additionally, NPTX2 levels showed a positive correlation with cognitive 
function scores and a negative correlation with epilepsy duration and electroencephalogram (EEG) slow wave/fast wave 
frequency ratio values in the temporal region. Serum NPTX2 level and the EEG slow wave/fast wave frequency ratio value 
had good sensitivity and specificity for evaluating cognitive dysfunction. These findings suggest that serum NPTX2 could be 
a valuable biomarker for diagnosing cognitive impairment in patients with epilepsy, providing important insights for clinical 
practice.

Citation: Huang XF, Xu MX, Chen YF, Lin YQ, Lin YX, Wang F. Serum neuronal pentraxin 2 is related to cognitive dysfunction and 
electroencephalogram slow wave/fast wave frequency ratio in epilepsy. World J Psychiatry 2023; 13(10): 714-723
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/714.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.714

INTRODUCTION
Epilepsy is a common neurological disorder characterized by abnormal synchronous firing of neurons in the brain[1]. The 
causes of epilepsy are sometimes known and sometimes unknown (idiopathic epilepsy). Epidemiological studies have 
shown that approximately 70% of adults with epilepsy have cognitive dysfunction[2,3]. However, there are no effective 
cognitive assessment criteria for patients with epilepsy. Cognitive dysfunction in epilepsy patients occurs on multiple 
levels, including executive ability, attention, language, and memory ability. Various epilepsy-related factors are closely 
related to cognitive dysfunction, including epilepsy course, lesion location, underlying neuropathology, and antiepileptic 
seizure drugs[2]. Cognitive impairment is common in epileptic patients and is characterized by impairment in 
neurological function. Due to the lack of early diagnostic methods for cognitive impairment in epilepsy patients, 
unavoidable neurological damage is present in epilepsy patients[3,4].

Neuronal pentraxin 2 (NPTX2), also named “neuronal activity-regulated pentraxin”, is first find in in 1995[5]. NPTX2 is 
being found to take part in neurotransmission, the maintenance of synaptic plasticity, and the formation of excitatory 
synapses at presynaptic and postsynaptic sites[6,7]. NPTX2 is also being found to take part in Parkinson’s disease[8,9], 
ischemic diseases[10,11], and Alzheimer’s disease[12,13]. A recent study reported that NPTX2 was a novel biomarker for 
Alzheimer’s disease[14]. In addition, researchers have explored the role of NPTX2 in vascular dementia. A recent study 
reported significantly higher serum levels of NPTX2 in patients with vascular dementia than in healthy controls. Fur-
thermore, NPTX2 serum levels were found to be significantly correlated with cognitive function scores in patients with 
vascular dementia[15]. However, we still known nothing about NPTX2 in epilepsy.

This study evaluated NPTX2 serum levels in epilepsy patients, and future study their relationship with the patients’ 
cognitive function.

MATERIALS AND METHODS
Patients and ethical statement
This study enrolled 111 patients diagnosed with epilepsy at the First Affiliated Hospital of Fujian Medical University 
between January 2020 and December 2021. In addition, 30 healthy volunteers were recruited as a control group. The 

https://www.wjgnet.com/2220-3206/full/v13/i10/714.htm
https://dx.doi.org/10.5498/wjp.v13.i10.714


Huang XF et al. NPTX2 and cognitive dysfunction in epilepsy

WJP https://www.wjgnet.com 716 October 19, 2023 Volume 13 Issue 10

inclusion criteria were as follows: (1) Clinically confirmed epilepsy [electroencephalogram (EEG) with or without epilep-
tiform discharge]; (2) No seizures 24 h before enrollment; (3) Age between 18 and 60 years; (4) Clear consciousness and 
cooperative during the examinations; (5) Normal vision, hearing, and speech functions; (6) An education level of at least 
primary school and an ability to understand the scale content sufficiently to answer the questions; (7) Signed an informed 
consent form; and (8) Asymptomatic epilepsy (head computed tomography or magnetic resonance imaging does not 
show intracranial lesions). The exclusion criteria were as follows: (1) Liver dysfunction (alanine transaminase or aspartate 
aminotransferase > 50 U/L) or renal impairment (serum creatinine > 135 µmol/L); (2) In the acute stage of the disease 
course; (3) A long-term history of alcoholism or psychoactive substance abuse or recent use of drugs that could affect 
cognitive function such as antidepressants, antipsychotics, baclofen, and benzodiazepines; or (4) Uncooperative behavior. 
The study was conducted in accordance with the Declaration of Helsinki (revised in 2013) and was approved by the ethics 
board of the First Affiliated Hospital of Fujian Medical University (No. [2019]274). Informed consent was obtained from 
all participants.

Cognitive function assessment
The mini-mental state examination (MMSE) scale was used to evaluate cognitive function in all participants. The MMSE 
scale consists of 30 questions related to cognitive function; each correct answer receives one point. An MMSE scale score 
of less than 27 indicates cognitive dysfunction in persons with at least a junior high school education[16].

Serum NPTX2 assay
Fasting venous blood was drawn from all participants. The peripheral blood was centrifuged at room temperature to 
obtain serum, which was then frozen in liquid nitrogen, awaiting further tests. Serum NPTX2 was detected using a 
Human Neuronal pentraxin-2 (NPTX2) enzyme-linked immunosorbent assay kit (CSB-EL016030HU; CUSABIO, Houston, 
TX, United States).

EEG test
All patients with epilepsy were subjected to an EEG test. The test was conducted in a quiet room, and the patients were 
told to relax and stay awake with closed eyes. The patients were also subjected to induction tests such as opening their 
eyes and hyperventilation. The EEG detection parameter settings were as follows: Filter channel 0.5–30 Hz, time constant 
0.3, paper feed speed 3 cm/s, gain 100 µV = l cm, and scalp resistance of each electrode not exceeding 5,000 Ω. After 
selecting monopolar lead tracing for 1 min and once the EEG signal was stable, the EEG signal sampling without artifacts 
and representing EEG background activity was selected. Each patient took 8 s for one sampling unit, with 10 sampling 
units selected intermittently. The EEG slow wave/fast wave frequency ratio (EEGs value) was calculated using the fast 
Fourier transform method: EEGs value = (δ+θ)/(α1+α2+β1+β2). δ (1.0–3.9 Hz), θ (4.0–7.9 Hz), α1 (8.0–10.0 Hz), α2 
(10.1–13.9 Hz), β1 (14.0–19.9 Hz), and β2 (20.0–30.0 Hz).

Statistical analysis
Data were recorded in an Excel sheet and were analyzed using SPSS 25.0 (IBM, Corp., Armonk, NY, United States). Count 
data were expressed as percentages, while continuous data were expressed as mean ± SD. The Kolmogorov–Smirnov test 
was used to test whether the quantitative data were normally distributed. Normally distributed data were presented as 
(mean ± SD), and differences between groups were analyzed using unpaired Student's t-test. Non-normally distributed 
quantitative data were presented as the median (interquartile range), and differences between groups were analyzed 
using the Mann–Whitney U-test. The Pearson correlation coefficient was used to analyze the correlation between two 
variables of measurement data. Furthermore, the receiver operating characteristic curves were constructed, and the area 
under the curve (AUC) was calculated to assess the performance of NPTX2 serum levels and EEGs values in diagnosing 
cognitive dysfunction in patients with epilepsy. A P value < 0.05 was considered statistically significant.

RESULTS
Cognitive function and baseline data of patients with epilepsy
Cognitive function was assessed using the MMSE scale. The epilepsy patients with cognitive dysfunction (ECD) group 
recorded the lowest MMSE score among the three groups. Furthermore, no significant difference in MMSE scores was 
observed between the control and normal groups (P > 0.05, Figure 1). In addition, the age, gender, education and 
something related to epilepsy between normal group and ECD group are omparable (P > 0.05, Table 1).

Relationship between NPTX2 serum levels and clinical features
No statistically significant difference was observed in NPTX2 serum levels between the control and normal groups (P > 
0.05). However, serum NPTX2 levels in normal group were significantly higher than that in the ECD group (P < 0.05, 
Figure 2). The serum level of NPTX2 was positively related to MMSE score (r = 0.367, P = 0.0253), not to age (r = 0.115, P = 
0.497), and negatively related to epilepsy duration (r = -0.443, P = 0.0061, Figure 3) in the ECD group. In addition, no 
significant differences were found in gender, education level, epilepsy type, epilepsy drug types, or treatment protocol 
between the ECD and normal groups (Figure 4).
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Table 1 Baseline data for epilepsy patients with different cognitive function and healthy volunteers

Epilepsy P value
Variable Control (n = 30)

Normal (n = 74) ECD (n = 37) P1 P2

Age (yr, mean ± SD) 33.93 ± 9.39 35.27 ± 9.73 34.68 ± 9.50 0.523 0.760

Gender, n (%)

Male 17 48 (64.86) 20 (54.05)

Female 13 26 (35.14) 17 (45.95)

0.434 0.270

Education level, n (%)

Junior/senior high school 19 46 (62.16) 20 (54.05)

University or above 11 28 (27.84) 17 (45.95)

0.911 0.412

Epilepsy onset age (yr, mean ± SD) – 26.15 ± 7.41 25.62 ± 10.52 – 0.760

Epilepsy duration (yr, mean ± SD) – 9.12 ± 5.60 9.05 ± 4.10 0.948

Epilepsy type, n (%)

Focal – 20 (27.03) 9 (24.32)

Overall – 54 (72.97) 28 (75.68)

– 0.760

Types of epilepsy drugs, n (%)

0–1 – 57 (77.03) 26 (70.27)

2–3 – 17 (22.97) 11 (29.73)

– 0.440

Epilepsy treatment protocol, n (%)

VPN – 39 (52.70) 19 (51.35)

No-VPN – 35 (47.30) 18 (48.65)

– 0.890

1Control group vs. epilepsy (normal) group.
2Epilepsy (normal) group vs. epilepsy patients with cognitive dysfunction group.
ECD: Epilepsy patients with cognitive dysfunction; VPN: Valproate.

Table 2 Comparison of electroencephalogram slow wave/fast wave frequency ratio for different brain regions of epilepsy patients with 
different cognitive function (mean ± SD)

Epilepsy
Area of ECG

Normal (n = 74) ECD (n = 37)
t P

Frontal region 0.54 ± 0.20 0.65 ± 0.20 2.781 0.006

Central region 0.45 ± 0.18 0.53 ± 0.16 2.441 0.016

Top region 0.39 ± 0.21 0.45 ± 0.16 1.461 0.147

Temporal region 0.39 ± 0.17 0.62 ± 0.13 7.127 < 0.001

Occipital region 0.28 ± 0.13 0.34 ± 0.19 1.827 0.070

ECD: Epilepsy patients with cognitive dysfunction; ECG: Electrocardiogram.

Ratio of EEG slow wave/fast wave frequency in epilepsy patients
Patients in the normal and ECD groups showed different EEG slow wave/fast wave frequency ratios (EEG value). 
Patients in the normal group recorded lower EEGs values in the frontal, central, top, temporal, and occipital regions than 
patients in the ECD group. However, significant differences in EEG values were observed only in the frontal, central, and 
temporal regions (P < 0.05, Table 2).

Relationship between NPTX2 serum levels and EEG values
The correlation analysis showed that NPTX2 serum levels in the group were not correlated with EEG values in the frontal 
or central region (P > 0.05). However, NPTX2 serum levels in the group were negatively correlated with the EEG values 
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Figure 1 Mini-mental state examination score of cognitive function among the study participants. Control: Healthy volunteers (n = 30); Normal: 
Epilepsy patients with normal cognitive function (n = 74); epilepsy patients with cognitive dysfunction (n = 37). ECD: Epilepsy patients with cognitive dysfunction; 
MoCa: Montreal Cognitive Assessment; MMSE: Mini-mental state examination.

Figure 2 Serum levels of neuronal pentraxin 2 among study participants. Control: Healthy volunteers (n = 30); Normal: Epilepsy patients with normal 
cognitive function (n = 74); epilepsy patients with cognitive dysfunction (n = 37). ECD: Epilepsy patients with cognitive dysfunction; NPTX2: Neuronal pentraxin 2.

in the temporal region (P < 0.05, Figure 5).

Predictive analysis of NPTX2 serum levels and EEG values of the temporal region in cognitive dysfunction
The AUC value of NPTX2 for diagnosing cognitive impairment in epilepsy patients is 0.777, and the 95%confidence 
interval (95%CI) is 0.679-0.876 (Figure 6). When the cutoff NPTX2 serum level for distinguishing cognitive function in 
patients with epilepsy was 206.50 pg/mL, the sensitivity and the specificity was 91.89% and 85.14%, respectively 
(Figure 6).

Moreover, the AUC value of electrocardiogram (ECG) for diagnosing cognitive impairment in epilepsy patients is 
0.815, and the 95%CI is 0.739–0.892 (Figure 6). When the cutoff EEG value for distinguishing cognitive function in patients 
with epilepsy in the temporal region was set at 0.455, the sensitivity and the specificity was 91.89% and 68.92%, 
respectively (Figure 6).
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Figure 3 Correlation between Neuronal pentraxin 2 levels and Mini-mental state examination score, age and epilepsy duration. A to C: 
Correlation between serum levels of NPTX2 and MMSE score in (A), age (B), and epilepsy duration (C) in epilepsy patients with cognitive dysfunction. NPTX2: 
Neuronal pentraxin 2; MMSE: Mini-mental state examination.

Figure 4 Comparison between neuronal pentraxin 2 serum levels and different variables in patients with epilepsy and cognitive 
dysfunction. A to E: Gender(A), education level (B), epilepsy type (C), epilepsy drug types (D), and treatment protocol (E). ECD: Epilepsy patients with cognitive 
dysfunction; NPTX2: Neuronal pentraxin 2; VPA: Valproate.

DISCUSSION
Epilepsy is a disease that damages the nervous system, causing damage to the patient's nervous system and subsequently 
leading to cognitive impairment[17,18]. Epilepsy patients with cognitive impairment are affected in various aspects of 
their lives. However, it can be confirmed that if diagnosed in the early stages of neu-rological damage, existing medicine 
has the ability to mitigate cognitive impairment caused by epilepsy. Due to the lack of biomarkers for diagnosing 
neurological damage in epilepsy patients, it is very difficult to diagnose early neurological damage in epilepsy patients, 
which also leads to varying degrees of cognitive impairment in epilepsy patients as adults. Therefore, there is a need to 
develop novel biomarkers for the early detection of cognitive impairment in epilepsy patients.
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Figure 5 Relationship between NPTX2 levels and ECG values in different regions. Correlation between NPTX2 serum levels and EEG values in the 
frontal (A), central (B), and temporal (C) regions of patients with epilepsy and cognitive dysfunction. ECG: Electrocardiogram; NPTX2: Neuronal pentraxin 2.

Figure 6 Receiver operating characteristic curve for predicting serum level values and electroencephalogram values in temporal region 
in patients with epilepsy and cognitive dysfunction. ECG: Electrocardiogram; NPTX2: Neuronal pentraxin 2.

In this study, we first found that the serum NPTX2 in epilepsy were strongly higher than that in healthy people, and is 
related to the cognitive function score of epilepsy patients. However, previous studies have shown that NPTX2 is 
associated with neurological damage, such as significantly accelerating the onset time of Parkinson's mice by upregu-
lating NPTX2 blood levels, and NPTX2 has been identified as associated with neurological damage in Parkinson's 
patients. In addition, previous studies have also found that the level of NPTX2 in the hippocampus of mice decreases due 
to cognitive decline caused by neuropathic pain, and it is related to cognitive function in mice after cerebral ischemia[19].

In 1995, NPTX2, a secreted protein, was first discovered[20]. Subsequently, research on NPTX2 was reported, and its 
main function was mainly studied in synapses, indicating that NPTX2 plays an important role in the nervous system[21,
22]. This function makes NPTX2 associated with the occurrence and development of many neurological diseases, such as 
stroke, Huntington's disease, and Amyotropic lateral sclerosis[23]. The development and damage of the nervous system 
are closely related to cognitive function, especially in the hippocampus, and has been reported to have significant 
expression levels in the cerebrospinal fluid of Alzheimer's disease patients, and it is related to the patient's cognitive 
function score[24]. In this study, we not only found that the levels of serum NPTX2 in ECD group were lowest, but also 
found that NPTX2 levels was strongly related to the the patient's cognitive function score. Therefore, these data indicate 
that NPTX2 is associated with nerve injury and cognitive impairment caused by nerve injury, making it a potential 
biomarker for diagnosing cognitive impairment in epilepsy patients.

EEG is widely used for diagnosis, identification, prognosis evaluation, and treatment efficacy assessment for 
neurological diseases, including epilepsy[25]. Quantitative EEG transforms the brain wave signals from the time domain 
in the ordinary EEG into the frequency domain[26]. Due to the inability to effectively control the onset time and pattern of 
epilepsy patients, it is very difficult for us to detect the EEG during the seizure period of epilepsy patients. Therefore, 
researchers usually study the EEG during the interval between seizures[27]. Therefore, we selected EEG in the 
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background of the interseizure period. This study found lower EEG values in the frontal, central, top, temporal, and 
occipital regions of patients with epilepsy and normal cognitive function than in those with epilepsy and cognitive 
dysfunction. Importantly, this study also found that NPTX2 serum levels were negatively correlated with EEG values in 
the temporal region of patients with epilepsy and cognitive dysfunction. These findings suggest that NPTX2 serum levels 
and temporal region's EEG values is related to cognitive impairment in epilepsy patients.

This study has several limitations. First, this study was conducted in a single center, and had a low sample size. 
Second, we did not monitor NPTX2 serum levels dynamically. Third, several factors that could affect NPTX2 serum 
levels—such as smoking, alcohol use, and drug use history—were not considered. Finally, our patient follow-up period 
was short.

CONCLUSION
In this study, we found that NPTX2 levels in epilepsy patients were lower than those in the healthy population and were 
associated with cognitive function scores, seizure duration, and ECG values in epilepsy patients. All in all, these results 
indicate that serum NPTX2 levels are potential biomarkers for diagnosing cognitive dysfunction in epilepsy patients.

ARTICLE HIGHLIGHTS
Research background
Cognitive dysfunction is a common complication in epileptic patients, but there is a lack of effective diagnostic 
biomarkers. This study investigated the relationship between serum levels of neuronal pentraxin 2 (NPTX2), an 
important molecule involved in neurotransmission and synaptic plasticity, and cognitive dysfunction in epilepsy 
patients. The study also explored the association between electroencephalogram (EEG) slow wave/fast wave frequency 
ratio and cognitive impairment. The aim was to determine if serum NPTX2 could serve as a potential biomarker for 
diagnosing cognitive impairment in epilepsy patients, addressing the need for reliable diagnostic tools in this population.

Research motivation
The high incidence of cognitive dysfunction in epileptic patients highlights the need for effective diagnostic biomarkers. 
Currently, there is a lack of reliable tools to identify cognitive impairment in this population. This study aimed to 
investigate the correlation between serum NPTX2 levels and EEG slow wave/fast wave frequency ratios with cognitive 
dysfunction in epilepsy patients. By exploring these potential biomarkers, the study aimed to contribute to the deve-
lopment of a diagnostic tool for identifying cognitive impairment in epilepsy patients, facilitating early intervention and 
improved patient care.

Research objectives
The main objectives of this study were to investigate the relationship between serum levels of NPTX2 and EEG with 
cognitive dysfunction in epilepsy patients. The study aimed to determine if serum NPTX2 could serve as a potential 
biomarker for diagnosing cognitive impairment in patients with epilepsy. Additionally, the study aimed to assess the 
correlation between serum NPTX2 levels, EEG patterns, and cognitive function using the mini-mental state examination 
(MMSE) scale. The ultimate goal was to contribute to the development of effective diagnostic tools for identifying 
cognitive impairment in epilepsy patients.

Research methods
The study enrolled three groups of participants: Normal group, 74 epilepsy patients without cognitive dysfunction; 
epilepsy patients with cognitive dysfunction group, 37 epilepsy patients with cognitive dysfunction; Control group, 30 
healthy individuals. Cognitive function was evaluated using the MMSE scale. Serum levels of NPTX2 were measured 
using an enzyme-linked immunosorbent kit, and EEG recordings were used to calculate the slow wave/fast wave 
frequency ratio in different EEG regions. Statistical analyses were performed to compare variables among the groups and 
assess correlations between biomarkers and cognitive function. Receiver operating characteristic (ROC) curve analysis 
was conducted to evaluate the diagnostic performance of serum NPTX2 and EEG patterns for cognitive dysfunction in 
epilepsy patients.

Research results
The study found no significant differences in age, gender, or education level among the three groups. There were also no 
significant differences in epilepsy-related factors between the normal group and the cognitive dysfunction group. Serum 
levels of NPTX2 were significantly higher in the normal group compared to the cognitive dysfunction group, while the 
control group showed no significant difference from the normal group. The cognitive dysfunction group had the lowest 
MMSE scores. The EEG slow wave/fast wave frequency ratio values were significantly higher in the cognitive 
dysfunction group compared to the normal group in various EEG regions. In epilepsy patients with cognitive dys-
function, NPTX2 levels correlated positively with the MMSE score and negatively with epilepsy duration and the EEG 
slow wave/fast wave frequency ratio value in the temporal region. ROC curve analysis demonstrated that serum NPTX2 
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level and EEG patterns had diagnostic potential for evaluating cognitive dysfunction in epilepsy patients.

Research conclusions
The study concluded that serum NPTX2 levels are associated with cognitive dysfunction and the EEG slow wave/fast 
wave frequency ratio in epilepsy patients. Serum NPTX2 shows potential as a diagnostic biomarker for cognitive 
impairment in epilepsy. The study found no significant differences in demographic and epilepsy-related factors between 
the normal and cognitive dysfunction groups. However, serum NPTX2 levels were significantly higher in the normal 
group compared to the cognitive dysfunction group. The EEG slow wave/fast wave frequency ratios were also higher in 
the cognitive dysfunction group. These findings suggest that serum NPTX2 and EEG patterns may serve as valuable 
indicators for diagnosing cognitive impairment in epilepsy patients.

Research perspectives
The findings of this study highlight the potential of serum NPTX2 as a diagnostic biomarker for cognitive impairment in 
epilepsy patients. Further research is needed to validate and expand upon these results. Future studies could explore the 
underlying mechanisms linking NPTX2 levels and cognitive dysfunction, investigating the role of NPTX2 in neurotrans-
mission and synaptic plasticity. Additionally, larger sample sizes and longitudinal studies could provide more robust 
evidence regarding the relationship between serum NPTX2, EEG patterns, and cognitive dysfunction. Ultimately, 
establishing reliable biomarkers could aid in early detection and intervention for cognitive impairments in epilepsy, 
improving patient outcomes and quality of life.
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Abstract
BACKGROUND 
The gut microbiome interacts with the central nervous system through the gut-
brain axis, and this interaction involves neuronal, endocrine, and immune 
mechanisms, among others, which allow the microbiota to influence and respond 
to a variety of behavioral and mental conditions.

AIM 
To explore the correlation between cognitive impairment and gut microbiota 
imbalance in patients with schizophrenia.

METHODS 
A total of 498 untreated patients with schizophrenia admitted to our hospital from 
July 2020 to July 2022 were selected as the case group, while 498 healthy volun-
teers who underwent physical examinations at our hospital during the same 
period were selected as a control group. Fluorescence in situ hybridization was 
employed to determine the total number of bacteria in the feces of the two groups. 
The cognitive function test package was used to assess the score of cognitive 
function in each dimension. Then, the relationship between gut microbiota and 
cognitive function was analyzed.

RESULTS 
There were statistically significant differences in the relative abundance of gut 
microbiota at both phylum and class levels between the case group and the 
control group. In addition, the scores of cognitive function, such as atten-
tion/alertness and learning ability, were significantly lower in the case group than 
in the control group (all P < 0.05). The cognitive function was positively correlated 
with Actinomycetota, Bacteroidota, Euryarchaeota, Fusobacteria, Pseudo-
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monadota, and Saccharibacteria, while negatively correlated with Bacillota, Tenericutes, and Verrucomicrobia at 
the phylum level. While at the class level, the cognitive function was positively correlated with Class 
Actinobacteria, Bacteroidia, Betaproteobacteria, Proteobacteria, Blastomycetes, and Gammaproteobacteria, while 
negatively correlated with Bacilli, Clostridia, Coriobacteriia, and Verrucomicrobiae.

CONCLUSION 
There is a relationship between the metabolic results of gut microbiota and cognitive function in patients with 
schizophrenia. When imbalances occur in the gut microbiota of patients, it leads to more severe cognitive 
impairment.

Key Words: Schizophrenia; Cognitive function; Gut microbiota; Metabolic imbalance; Bacteria

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The highlights of this study are as follows. First, individuals with schizophrenia have imbalanced intestinal 
microbiota compared to healthy individuals. Second, patients with schizophrenia exhibit cognitive impairments in various 
areas such as attention, memory, social cognition, and executive function. Additionally, specific microbial groups such as 
Actinomycetes, Bacteroides, and Proteobacteria have shown a positive correlation with cognitive function in patients with 
schizophrenia. Furthermore, there is a close relationship between metabolic imbalance of intestinal flora and cognitive 
impairment in individuals with schizophrenia. Lastly, further clinical trials are necessary to gather more data and insights for 
the development of effective treatments for schizophrenia.

Citation: Ma J, Song XQ. Correlation between cognitive impairment and metabolic imbalance of gut microbiota in patients with 
schizophrenia. World J Psychiatry 2023; 13(10): 724-731
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/724.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.724

INTRODUCTION
Schizophrenia is a severe mental disorder with unknown etiology. Most of the patients are young and middle-aged. 
Frequently, the patients may encounter various obstacles in thinking, perception, emotion, and behavior, leading to a lack 
of coordination between mental activities and the surroundings[1]. Patients with schizophrenia exhibit characteristics 
such as a high disability rate, substantial burden, and an increased tendency of suicide. This disorder also causes hallucin-
ations, delusions, language, and behavior abnormalities, with a long course and heterogeneous clinical manifestations. 
Schizophrenia has an impact on the physical and mental health, as well as social quality of life for patients, resulting in 
economic pressure and social burden. With the continuous advancement of biological technology, the understanding of 
schizophrenia is gradually deepening[2,3]. As one of the primary symptoms of schizophrenia, cognitive dysfunction 
includes two aspects, mental cognition and social cognition. Generally, it manifests before other psychotic symptoms of 
schizophrenia and persists throughout the course of the disease[4]. In recent years, there has been an increasing focus on 
the cognitive impairment of patients. Cognitive impairment can impede patients' social and occupational rehabilitation, 
and assessing cognitive function can predict the disease progression and treatment response[5]. Gut microbiota 
constitutes a complex and vast ecosystem. Scholars have proposed that gut microbiota can regulate the immune and 
inflammatory responses within the human body and influence neural development. However, the understanding of the 
relationship between gut microbiota and schizophrenia is still limited[6,7].

In this study, cognitive function and gut microbiota were examined to explore the potential correlation between 
cognitive impairment and metabolic imbalance of gut microbiota in patients with schizophrenia.

MATERIALS AND METHODS
Materials
A total of 498 patients with schizophrenia admitted to The First Affiliated Hospital of Zhengzhou University from July 
2020 to July 2021 were selected as the case group, and 498 healthy volunteers who underwent physical examination at the 
same hospital were randomly chosen as the control group.

Inclusion criteria were: patients who met the diagnostic criteria for schizophrenia in the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition[8], patients with no abnormality in routine blood tests, and patients who were 
18-years-old to 50-years-old.

https://www.wjgnet.com/2220-3206/full/v13/i10/724.htm
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Exclusion criteria were: patients with diabetes, thyroid disease, hypertension, heart disease, or other diseases that may 
affect the stability of gut microbiota; patients who suffered from diarrhea in the past 3 mo; or patients who were pregnant 
or lactating.

Determination of bacterial counts
The bacterial counts in patients were determined using fluorescence in situ hybridization. We utilized fluorescent tags as 
a substitute for isotope labeling. First, biotin labeling was carried out, followed by DNA probe hybridization. Next, 
fluorescein avidin was used to bind with the probe hybridization to the target DNA on the chromosomes to form a 
hybrid. Qualitative and quantitative analyses were then performed after detecting the fluorescence under a microscope.

Cognitive function scores
The first step was to determine whether the patient was conscious. Generally, the Glasgow scale was employed to assess 
the degree of consciousness disturbance. If the patient was conscious, the Short Form Mental State Examination was used 
to screen for cognitive dysfunction. Based on the results, the presence of cognitive impairment could be identified, and 
further assessment of cognitive function was conducted accordingly.

Statistical processing
SPSS21.0 software was used for the data analyses. The independent t-test was used for comparisons between the two 
groups. For multivariate regression analysis, the multiple linear regression model was employed when the dependent 
variable was continuous, whereas the logistic regression model was used when the dependent variable was dichotomous. 
P < 0.05 was considered statistically significant.

RESULTS
Distribution of gut microbiota at the phylum level in the two groups
As shown in Table 1, the case group exhibited a significantly higher relative abundance of Actinomycetota, Bacteroidota, 
Euryarchaeota, Fusobacteria, Pseudomonadota, and lower abundance of Bacillota, Tenericutes, and Verrucomicrobia 
when compared with the control group (P < 0.05).

Distribution of gut microbiota at the class level in the two groups
As shown in Table 2, compared with the control group, the case group exhibited a significantly higher relative abundance 
of Class Actinobacteria, Bacteroidia, Betaproteobacteria, Proteobacteria, Blastomycetes, and Gammaproteobacteria, and 
lower relative abundance of Bacilli, Clostridia, Coriobacteriia, and Verrucomicrobiae (P < 0.05).

Comparison of cognitive scores between the two groups
As shown in Table 3, the scores of attention or alertness, learning, memory, fine motors, social cognition, executive 
function, conversion, inhibition, planning, working memory, category fluency, information processing, and total 
cognitive score were all significantly lower in the case group than in the control group (P < 0.05).

Correlation analysis between cognitive function and gut microbiota at the phylum level
As shown in Table 4, cognitive function was positively correlated with Actinomycetota (r = 6.591, P = 0.001), Bacteroidota 
(r = 5.625, P = 0.016), Euryarchaeota (r = 6.281, P = 0.183), Fusobacteria (r = 2.190, P = 0.026), Pseudomonadota (r = 6.364, P 
= 0.018), and Saccharibacteria (r = 5.196, P = 0.037), while negatively correlated with Bacillota (r = -0.976, P = 0.281), 
Tenericutes (r = -0.623, P = 0.001), and Verrucomicrobia (r = -0.191, P = 0.006).

Correlation analysis of between cognitive function and gut microbiota at the class level
As shown in Table 5, cognitive function was positively correlated with Class Actinobacteria (r = 3.257, P = 0.001), 
Bacteroidia (r = 6.294, P = 0.001), Betaproteobacteria (r = 6.281, P = 0.016), Proteobacteria (r = 6.270, P = 0.008), Blasto-
mycetes (r = 5.671, P = 0.006), and Gammaproteobacteria (r = 4.195, P = 0.005), while negatively correlated with Bacilli (r = 
-0.981, P = 0.001), Clostridia (r = -0.124, P = 0.015), Coriobacteriia (r = -0.293, P = 0.019), and Verrucomicrobiae (r = -0.549, 
P = 0.010).

DISCUSSION
Schizophrenia is a chronic and severe mental disorder characterized by disturbances in an individual's sensory, 
emotional, and behavioral functions[9]. Patients with schizophrenia have difficulties distinguishing between reality and 
the imaginary. They may exhibit slow reactions, and show a phenomenon of behavioral withdrawal, significantly 
affecting their ability to engage in normal social behavior. In medical terms, schizophrenia is classified as a disorder 
rather than a disease. This disorder often typically occurs during the young or prime stages of life. It encompasses 
disturbances in the body, mind, emotions, and behaviors, but the patients do not have a coma or mentally retarded 
imagination[10,11]. Some studies have found that genetic factors, brain structure, and environment factors contribute 



Ma J et al. Patients with schizophrenia

WJP https://www.wjgnet.com 727 October 19, 2023 Volume 13 Issue 10

Table 1 Relative abundance of gut microbiota at the phylum level in the two groups

Name of bacteria Case group, n = 498 Control group, n = 498 T value P value

Actinomycetota 2.95 ± 5.62 2.18 ± 3.60 2.575 0.01

Bacteroidota 34.27 ± 19.53 26.84 ± 16.07 6.556 0.001

Euryarchaeota 0.16 ± 0.57 0.00 ± 0.00 6.264 0.001

Bacillota 48.82 ± 17.96 61.37 ± 14.49 12.14 0.001

Fusobacteria 0.08 ± 0.57 0.02 ± 0.07 2.332 0.019

Pseudomonadota 15.82 ± 20.13 7.68 ± 11.59 7.82 0.001

Saccharibacteria 0.49 ± 0.27 0.01 ± 0.01 39.65 0.001

Tenericutes 0.23 ± 1.14 0.59 ± 1.92 3.598 0.001

Verrucomicrobia 0.57 ± 1.94 1.62 ± 5.19 4.229 0.001

Actinomycetota 2.95 ± 5.62 2.18 ± 3.60 2.575 0.01

Data are presented as mean ± SD.

Table 2 Relative abundance of gut microbiota at the class level in the two groups

Name of bacteria Case group, n = 498 Control group, n = 498 T value P value

Class Actinobacteria 2.81 ± 5.64 1.56 ± 2.81 4.427 0.001

Bacilli 2.01 ± 4.28 2.67 ± 5.60 2.090 0.036

Bacteroidia 31.28 ± 19.67 26.68 ± 16.18 4.030 0.001

Betaproteobacteria 1.50 ± 3.29 0.39 ± 0.52 7.437 0.001

Clostridia 45.92 ± 18.62 58.18 ± 13.92 11.770 0.001

Coriobacteriia 0.21 ± 0.49 0.58 ± 1.29 5.984 0.001

Proteobacteria 0.29 ± 0.39 0.15 ± 0.24 6.822 0.001

Blastomycetes 0.96 ± 1.19 0.67 ± 1.20 3.829 0.01

Gammaproteobacteria 13.84 ± 19.67 6.92 ± 11.37 6.797 0.001

Verrucomicrobiae 0.58 ± 1.69 1.82 ± 5.86 4.537 0.001

Data are presented as mean ± SD.

significantly to the development of this disorder. Therefore, comprehensive medical and psychological treatments are 
necessary to address the multifaceted nature of the condition.

Cognitive impairment is commonly observed in patients with schizophrenia, impacting various aspects such as 
information integration, memory, and attention. Symptoms of cognitive dysfunction are prominently manifested through 
memory decline in the general population[12,13]. In addition to memory decline, schizophrenia can result in impairments 
in executive function, visuospatial ability, comprehension, and numeracy. People's general cognition and social cognition 
are also closely associated with age. As the aging population continues to grow, the incidence of cognitive dysfunction is 
increasing[14,15]. A large number of clinical studies have demonstrated a certain correlation between schizophrenia and 
cognitive function. Effective interventions targeting overall cognition, emotions, and society aspects have shown 
promising results. In this study, patients with schizophrenia exhibited considerable declines in various cognitive aspects, 
including learning, memory, fine motor skills, social cognition, working memory, category fluency, information 
processing, and kinetic energy, when compared to healthy individuals. These results suggest association between 
cognitive function and schizophrenia, which is similar to the results of the above research.

Schizophrenia has profoundly impacted numerous families. Consequently, there is a paramount need to pursue 
effective treatment options and improve the patient prognosis[16]. Gut microbiota is a central regulator of metabolism in 
the human body and has been found to be associated with various mental diseases[17,18]. In modern society, there is a 
growing awareness of the diversity, complexity, and dynamics of gut microbiota. Differences in the structure and 
diversity of gut microbiota have been observed in patients with schizophrenia, with the control of the disorder having a 
great impact on the distribution of gut microbiota structure[19,20]. Some scholars have noted that alterations in the gut 
microbial community can affect the cytokine levels in the body, subsequently impacting the brain function and behaviors, 
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Table 3 Comparative analysis of cognitive scores between the two groups

Cognitive domain Case group, n = 498 Control group, n = 498 T value P value

Attention/alertness 40.27 ± 6.29 51.98 ± 9.92 22.250 0.001

Learning 36.27 ± 10.01 50.69 ± 10.08 22.650 0.001

Memory 40.31 ± 11.26 54.27 ± 7.19 23.320 0.001

Fine motors 37.29 ± 13.27 59.06 ± 7.91 31.450 0.001

Social cognition 41.09 ± 11.08 54.26 ± 10.87 18.930 0.001

Executive function 40.18 ± 7.04 52.37 ± 5.09 31.310 0.001

Conversion 41.06 ± 7.21 49.57 ± 7.61 18.120 0.001

Inhibition 38.62 ± 9.51 54.63 ± 9.67 26.340 0.001

Planning 42.14 ± 13.01 52.67 ± 10.17 14.230 0.001

Working memory 42.09 ± 13.02 53.19 ± 9.06 15.620 0.001

Category fluency 39.86 ± 10.05 53.18 ± 9.07 21.960 0.001

Information processing 33.43 ± 9.14 48.45 ± 7.39 28.520 0.001

Total score 40.64 ± 7.17 51.14 ± 5.29 26.300 0.001

Data are presented as mean ± SD of points.

Table 4 Correlation analysis between the total cognitive score and gut microbiota at the phylum level

Total cognitive score
Name of bacteria

R value P value

Actinomycetota 6.591 0.001

Bacteroidota 5.625 0.016

Euryarchaeota 6.281 0.183

Bacillota 0.976 0.281

Fusobacteria 2.190 0.026

Pseudomonadota 6.364 0.018

Saccharibacteria 5.196 0.037

Tenericutes 0.623 0.001

Verrucomicrobia 0.191 0.006

and greatly affecting the prognosis of patients. In this study, we found that the relative abundance of gut microbiota in 
patients with schizophrenia differed significantly from that in healthy individuals, indicating an imbalance in the gut 
microbiota in patients with schizophrenia, which is consistent with the previous results. This article examined gut 
microbiota at a phylum level (Actinomycetota, Bacteroidota, Euryarchaeota, Fusobacteria, Pseudomonadota, etc) and a 
class level (Class Actinobacteria, Bacteroidia, Betaproteobacteria, Proteobacteria, Blastomycetes, and Gammaproteo-
bacteria, etc). The results suggest that there is a certain correlation between gut microbiota and schizophrenia.

In this study, a correlation was identified between cognitive impairment and metabolic imbalance of gut microbiota. 
However, it is essential to acknowledge that the small sample size in this study may introduce some bias in the data. In 
the future, clinical trials with larger sample size should be conducted to provide more reliable data to guide the clinical 
treatment for patients with schizophrenia.

CONCLUSION
To summarize, this study revealed the presence of gut microbiota imbalance in schizophrenia patients and found the 
correlation between cognitive impairment and metabolic imbalance of gut microbiota in these patients. of intestinal flora, 
providing insights into the link between changes in gut microbiota and cognitive function, as well as the pathogenesis of 
schizophrenia. This research presents a novel approach that may pave the way for future treatments targeting schizo-
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Table 5 Correlation analysis between the total cognitive score and gut microbiota at the class level

Total cognitive score
Name of bacteria

R value P value

Actinobacteria 3.257 0.001

Bacilli 0.981 0.001

Bacteroidia 6.294 0.001

Betaproteobacteria 6.281 0.016

Clostridia 0.124 0.015

Coriobacteriia 0.293 0.019

Proteobacteria 6.270 0.008

Blastomycetes 5.671 0.006

Gammaproteobacteria 4.195 0.005

Verrucomicrobiae 0.549 0.010

phrenia.

ARTICLE HIGHLIGHTS
Research background
Schizophrenia is a severe mental disorder characterized by impaired thinking, perception, emotion, and behavior. It 
affects the physical and mental health of the patients, leading to a high disability rate, burden, and suicide tendency. 
Cognitive dysfunction is a primary symptom of schizophrenia and includes mental cognition and social cognition. It can 
significantly impact the overall functioning and quality of life of individuals with schizophrenia. In recent years, there has 
been increasing recognition of the importance of cognitive function in schizophrenia. Cognitive impairment can not only 
predict the progression of the disease but also affect the treatment response and functional outcomes. Therefore, 
understanding the factors that contribute to cognitive impairment in schizophrenia is crucial for improving patient 
outcomes. Gut microbiota, a complex ecosystem of microorganisms residing in the gastrointestinal tract, has been found 
to play a role in regulating immune and inflammatory responses, as well as influencing neural development. Emerging 
evidence has suggested a potential connection between gut microbiota and psychiatric disorders, including schizo-
phrenia. However, the specific relationship between gut microbiota and cognitive impairment in schizophrenia patients 
remains limited and requires further exploration.

Research motivation
Recent research has suggested a potential link between gut microbiota and psychiatric disorders, including schizo-
phrenia. However, the specific relationship between gut microbiota and cognitive impairment in schizophrenia remains 
poorly understood. This knowledge gap necessitates further investigation to explore the potential role of gut microbiota 
in the cognitive dysfunction observed in schizophrenia.

The motivation behind this study is to bridge this gap by investigating the correlation between cognitive impairment 
and gut microbiota imbalance in patients with schizophrenia. By examining the composition of gut microbiota and 
evaluating cognitive function in a large sample of untreated schizophrenia patients, we aimed to shed light on the 
potential mechanisms underlying cognitive dysfunction in this population.

The findings of this study provide significant clinical implications and contribute to the development of novel 
therapeutic strategies targeting the gut microbiota to improve cognitive outcomes of patients with schizophrenia. 
Ultimately, this research aims to enhance the understanding of the complex interplay between gut microbiota and 
cognitive impairment in schizophrenia, leading to improved diagnosis, treatment, and overall management of this mental 
disorder.

Research objectives
The objective of this research was to explore the correlation between cognitive impairment and gut microbiota imbalance 
in patients with schizophrenia. The study compared the composition and abundance of gut microbiota in untreated 
schizophrenia patients and healthy controls, evaluated cognitive function using a consensus version of the cognitive 
function test package, and examined the relationship between specific microbial groups and cognitive function.

Research methods
The research employed a case-control study design. A total of 498 untreated schizophrenia patients admitted to the 
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hospital from July 2020 to July 2022 were selected as the case group, while 498 healthy volunteers who underwent 
physical examinations at the same hospital during the same period served as the control group. The composition and 
abundance of gut microbiota were assessed using fluorescence in situ hybridization to determine the total number of 
bacteria in fecal samples from both groups. Cognitive function was evaluated using a cognitive function test package 
consensus version, which assesses various dimensions of cognitive function. Statistical analysis was performed to 
compare the relative abundance of actinomycetes and other microbial groups between the case and control groups, as 
well as to examine the relationship between specific gut microbiota and cognitive function. The statistical significance 
level was set at P < 0.05.

Research results
The research findings revealed the correlation between gut microbiota and cognitive function in patients with schizo-
phrenia. There was a statistically significant difference in the relative abundance of Actinomycetota between the case 
group and the control group, indicating an imbalance in the gut microbiota of schizophrenia patients. Moreover, 
compared to the control group, the schizophrenia patients demonstrated statistically significant differences in scores 
related to attention/alertness, and learning ability, suggesting impaired cognitive function in these areas. Furthermore, 
specific microbial groups showed correlations with cognitive function: Actinomycetota, Bacteroidota, Fusobacteria, and 
Proteobacteria were found to be positively associated with cognitive function, while the Coriobacteriia showed a negative 
correlation. These findings provide evidence of the influence of gut microbiota on cognitive impairment in schizophrenia 
patients and underscore the importance of addressing gut microbiota imbalance as a potential therapeutic target for 
improving cognitive outcomes in this population.

Research conclusions
In conclusion, this research confirmed a relationship between gut microbiota metabolic imbalance and cognitive function 
in patients with schizophrenia. The study findings indicate that when there is an imbalance in the composition of gut 
microbiota, the cognitive function of schizophrenia patients is more severely affected. The relative abundance of Actino-
mycetota was found to significantly differ between the case group and the control group, suggesting an imbalance in gut 
microbiota in schizophrenia patients. Additionally, specific microbial groups, including Actinomycetota, Bacteroidota, 
Fusobacteria, and Proteobacteria, were positively correlated with cognitive function, while the Coriobacteriia showed a 
negative correlation. These results emphasize the importance of addressing gut microbiota imbalances as a potential 
target for improving cognitive impairment in schizophrenia patients. Further research and interventions focused on 
modulating gut microbial composition and promoting gut health may lead to improved cognitive outcomes in this 
population.

Research perspectives
In future research, it is recommended to conduct longitudinal studies to observe changes in gut microbiota and cognitive 
function over time in schizophrenia patients, as well as intervention studies to investigate the effects of modulating gut 
microbiota on cognitive outcomes. Mechanistic studies can provide insights into the underlying mechanisms of the gut-
brain axis in schizophrenia. The identification of specific gut microbiota markers as diagnostic or prognostic biomarkers 
for cognitive impairment, exploring individual differences, and developing personalized therapeutic strategies are also 
important areas for further investigation. By pursuing these research perspectives, we can advance our understanding of 
the role of gut microbiota in schizophrenia-related cognitive impairment and potentially develop targeted interventions 
to improve cognitive outcomes in this population.
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Abstract
BACKGROUND 
Studies have shown that sleep disorders are closely related to anxiety and 
depression, and the quality of life (QoL) of patients with sleep disorders is 
generally poor.

AIM 
To examine the occurrence of sleep disorders in people with coronary heart 
disease (CHD) and their relationships with QoL, depression, and anxiety.

METHODS 
As per the sleep condition, 240 CHD individuals were separated into two groups: 
non-sleep disorder group (n = 128) and sleep disorder group (n = 112). The self-
rating anxiety scale (SAS), self-rating depression scale (SDS), and World Health 
Organization criteria for the Quality of Life Brief scale (WHOQOL-BREF) scores of 
the two groups were compared. Logistic regression method was used to analyze 
the independent risk factors of CHD patients with sleep disorders. Multivariate 
logistic regression analysis was employed to develop the risk prediction model. 
The association among the Pittsburgh Sleep Quality Index, SAS, and SDS was 
examined using Spearman’s correlation analysis.

RESULTS 
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The incidence of sleep disorder was 46.67% in 240 patients. The scores of SAS and SDS in the sleep disorder group 
were higher than those in the non-sleep disorder group, and the WHOQOL-BREF scores were lower than those in 
the non-sleep disorder group (P < 0.05). The risk prediction model of sleep disturbances in CHD patients was 
constructed using the outcomes of multivariate logistic regression analysis, P = 1/[1 + e (-2.160 + 0.989 × (female) + 
0.001 × (new rural cooperative medical insurance) + 2.219 × (anxiety) + 2.157 × depression)]. The results of a 
Spearman’s correlation study revealed that sleep quality was strongly adversely connected with the physiological 
field, psychological field, and social relation scores in QoL, and was considerably positively correlated with SAS 
and SDS (P < 0.05).

CONCLUSION 
A multivariate logistic regression model can better predict the occurrence of sleep disorders in CHD patients. Sleep 
disorders in CHD patients are significantly correlated with QoL, depression, and anxiety.

Key Words: Coronary heart disease; Sleep disorder; Quality of life; Depression; Anxiety

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sleep disorder is a common clinical problem, and the correlation between sleep disorder and anxiety and 
depression has been widely discussed in clinical practice. This study explored the problem of sleep disorder in patients with 
coronary heart disease (CHD) and its correlation with anxiety, depression, and quality of life (QoL). The results showed that 
the incidence of sleep disorder is higher in patients with CHD, and is positively correlated with anxiety and depression, and 
negatively correlated with QoL.

Citation: Zheng D, Tan RJ, Liu W, Song PC, Li FD. Sleep disturbances are associated with anxiety, depression, and decreased quality 
of life in patients with coronary heart disease. World J Psychiatry 2023; 13(10): 732-742
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/732.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.732

INTRODUCTION
Coronary heart disease (CHD) can damage people’s health and lead to death. Sleep disorders are a prevalent aspect of 
CHD that can have a negative effect on a patient’s quality of life (QoL), cause coronary events, increase disease 
progression, and influence patients’ survival[1,2]. As a result, treating patients’ sleep disorders will enable them to have a 
longer life expectancy. Exploring the influencing factors of sleep disorders is conducive to further research and evaluation 
of sleep disorders in CHD patients. Patients with CHD are more likely to experience negative feelings, depression, and 
anxiety as a result of the disease, which affects their QoL. The reason may be that CHD is critical and difficult to treat and 
may be accompanied by symptoms such as angina pectoris or arrhythmia, and excessive worry may lead to anxiety and 
depression[3,4]. There is currently little research on the influence of anxiety and depression on the sleep quality of CHD 
patients, and there are also few studies on the influence of demographic and clinical factors on sleep problems in CHD 
patients.

Our present research aimed to study and explore the current status of sleep disorders in CHD patients and its 
correlation with QoL, depression, and anxiety to establish a standard for therapeutic prevention and management of 
sleep disturbances in individuals with CHD.

MATERIALS AND METHODS
Data sources
Clinical data were gathered from 240 CHD patients (114 females and 126 males) with an age range of 48-79 years (average 
age = 61.58 ± 6.93) referred to our facility between January 2020 and September 2022. The study inclusion criteria: (1) All 
patients met the Diagnostic Criteria for Coronary atherosclerotic Heart Disease[5]; (2) the vital signs were stable after 
treatment; (3) no history of drug abuse; and (4) patients with normal communication ability. Exclusion criteria were: (1) 
Patients with depression, schizophrenia, or other mental diseases; (2) patients with cognitive impairment; (3) patients 
with cerebrovascular disease or central nervous system disease; (4) patients with malignant tumor disease; and (5) 
patients with heart failure. This study was approved by the ethics committee.

Data collection
General data such as sex, age, disease type, smoking, marital status, hypertension, diabetes, family history of CHD, 
dyslipidemia, education level, working status, and type of medical insurance of all patients were collected.

https://www.wjgnet.com/2220-3206/full/v13/i10/732.htm
https://dx.doi.org/10.5498/wjp.v13.i10.732
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Observation indexes
(1) The Pittsburgh Sleep Quality Index (PSQI)[6] score of 240 CHD patients was collected. Each of the seven evaluation 
items on the scale received a score between 0 and 3, for a range of 0 to 21 points. A score > 7 points denotes poor sleep 
quality and a sleep disorder, whereas a score of 7 points shows good sleep quality and no sleep disorders. The lower the 
score, the poorer the sleep quality. Then 240 patients with CHD were divided into the sleep disorder group and non-sleep 
disorder group according to the PSQI score, and the incidence of sleep disorder in 240 patients with CHD was calculated; 
(2) The self-rating anxiety scale (SAS)[7] and self-rating depression scale (SDS)[7] scores of CHD patients with and 
without sleep disturbances were collected and compared. There are 20 items in SAS scale; ≥ 50 is classified as anxiety, and 
the higher the score, the more serious the anxiety. The SDS scale consists of 20 items; ≥ 53 points indicates depression, and 
the higher the score, the more serious the degree of depression; (3) The World Health Organization criteria for the Quality 
of Life Brief scale[8] score of CHD patients with and without sleep disturbances were collected and compared. The scale 
includes four dimensions, namely physiology, psychology, environment, and social relation, and each dimension scores 
0-100 points; (4) A comparison of the general data for the sleep disorder group and the non-sleep disorder group was 
done; (5) To examine independent risk factors of sleep problems in CHD patients, components with statistically 
significant variations in basic information were considered in the multivariate logistic regression analysis; (6) The logistic 
regression analysis findings were used to develop the risk prediction model. The area under the curve (AUC), receiver 
operating characteristic (ROC), and Hosmer-Lemeshow analyses were employed to examine the model’s degree of 
correlation, and the ROC curve was constructed to demonstrate how effectively the model predicts results. The closer the 
AUC is to 1.0, the higher the prediction efficiency; and (7) The association among PSQI, SAS, and SDS was investigated 
using Spearman’s correlation analysis.

Statistical analyses
Two individuals working independently entered the study data into Excel tables, and SPSS 24.0 statistical software was 
employed to examine and interpret the data. The experimental data are expressed as the mean ± SD, and the t-test was 
used to compare homogeneous and normally distributed data. Numbers "n" and percentages "%" were employed to 
characterize the counting data, and the χ2 test was performed to compare groups. For multivariate analyses, a logistic 
regression model was utilized, and Spearman’s correlation analysis was performed for correlation analyses. The 
threshold for statistical significance was set at P < 0.05 for all bilateral tests.

RESULTS
Comparison of the incidence of sleep disorders in CHD patients
Among the 240 patients, 112 CHD patients had PSQI scores > 7 points and had a sleep disorder, with an incidence of 
46.67%.

Comparison of QoL, depression, and anxiety scores of CHD individuals with sleep disorder and without sleep 
disorders
As can be seen in Table 1, the difference between the SDS and SAS scores in both groups was statistically significant (P < 
0.05; Figure 1).

Comparison of QoL scores of CHD patients in both groups
The sleep disorder group scored lower on the social relation, psychological field, and physiological field compared to the 
non-sleep disorder group (P < 0.05). Environmental field scores between the two groups were not significantly different (
P > 0.05) (Figure 2, Table 2).

Single-factor analysis of sleep disorders in CHD patients
No significant difference was observed in both groups in terms of disease type, smoking, marital status, hypertension, 
diabetes, family history of CHD, dyslipidemia, educational level, and working status. In the group of people with sleep 
disorders, there were more female patients (P < 0.05), patients under the age of 60, individuals in new rural cooperative 
medical systems, and patients with anxiety and depression (Table 3).

Multivariate logistic regression investigation of sleep disorders in individuals with CHD
The parameters with significant differences in the univariate study of sleep quality disorders in CHD patients were 
subjected to multivariate logistic regression analysis. The sleep disorder of patients was taken as dependent variables, 
and sex, age, medical insurance type, anxiety and depression were taken as independent variables (Table 4). Multivariate 
logistic regression analyses showed that females, new rural cooperative medical insurance, depression, and anxiety were 
independent risk factors for sleep disorders in individuals with CHD (P < 0.05; Table 5).

Establishment and calibration of the multivariate logistic regression model
The risk prediction model of sleep disturbances in CHD patients was established using the results of a multivariate 
logistic regression study, P = 1/[1 + e (-2.160 + 0.989 × (female) + 0.001 × (new rural cooperative medical insurance) + 
2.219 × (anxiety) + 2.157 × depression)], and the Hosmer-Lemeshow test was used, χ2 = 7.284, P = 0.506, indicating a good 
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Table 1 Comparison of quality of life, depression, and anxiety scores of patients with coronary heart disease with and without sleep 
disorders

Group SAS score SDS score

Sleep disorder group, n = 112 49.93 ± 8.37a 49.89 ± 6.47a

Non-sleep disorder group, n = 128 37.02 ± 10.84 40.45 ± 7.53

t value 10.389 10.336

P value < 0.001 < 0.001

aP < 0.05 vs non-sleep disorder group.
Data (points) are mean ± SD. SAS: Self-rating anxiety scale; SDS: Self-rating depression scale.

Table 2 Comparison of the quality of life scores of patients with coronary heart disease with and without sleep disorders

Group Physiological field Psychological field Environmental field Social relation

Sleep disorder group, n = 112 35.58 ± 5.75a 30.52 ± 4.72a 45.98 ± 5.40 42.93 ± 5.45a

Non-sleep disorder group, n = 128 38.88 ± 5.52 34.92 ± 3.82 46.63 ± 5.74 45.06 ± 4.30

t value 4.524 7.869 0.901 3.334

P value < 0.001 < 0.001 0.369 0.001

aP < 0.05 vs non-sleep disorder group.
Data (points) are mean ± SD.

Figure 1 Comparison of both groups’ self-rating depression scale and self-rating anxiety scale scores. aP < 0.05 vs non-sleep disorder group. 
SDS: Self-rating depression scale; SAS: Self-rating anxiety scale.

fit between the model and the observed values, as shown in Figure 3.

Prediction efficiency of the logistic regression model
Figure 4 illustrates the outcomes of ROC analysis, which revealed that the model had a good predictive effect (P < 0.05). 
Moreover, the AUC of the risk prediction model for sleep disorders in CHD patients was 0.851 with a 95% confidence 
interval (CI) of 0.803-0.900.

Correlation between sleep disorders and anxiety, depression, and QoL
As indicated in Table 6, Spearman’s correlation analysis revealed that sleep quality exhibited a strong negative 
association with the physiological field, psychological field, and social relations of QoL, and was positively associated 
with SAS and SDS (P < 0.05; Figures 5 and 6).

DISCUSSION
Sleep disturbances have been linked to an increased risk of CHD and the development of CHD, according to several 
studies conducted both domestically and internationally[2,9,10]. Disease factors, psychological factors, and environ-
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Table 3 Single factor analysis of sleep disorders in patients with coronary heart disease

Factor Sleep disorder group, n = 112 Non-sleep disorder group, n = 128 χ2/t value P value

Sex

Male 47 (41.69)a 79 (61.27) 9.347 0.002

Female 65 (58.04)a 49 (38.28)

Age in yr 62.56 ± 7.18a 60.72 ± 6.61 2.070 0.040

≥ 60 56 (50.00) 30 (23.44)

< 60 56 (50.00) 98 (76.56)

Disease type

Stable angina pectoris 57 (50.89) 67 (52.34) 0.050 0.822

Acute coronary syndrome 55 (49.11) 61 (47.66)

Smoking

Yes 44 (39.29) 46 (35.94) 0.286 0.593

No 68 (60.71) 82 (64.06)

Marital status

Single 6 (5.36) 9 (7.03) 0.286 0.593

Married 106 (94.64) 119 (92.97)

Hypertension

Yes 68 (60.71) 74 (57.81) 0.208 0.648

No 44 (47.89) 54 (42.19)

Diabetes

Yes 31 (27.68) 29 (22.66) 0.804 0.370

No 81 (72.32) 99 (77.34)

Family history of CHD

Yes 25 (22.32) 22 (17.19) 1.000 0.317

No 87 (77.68) 106 (82.81)

History of dyslipidemia

Yes 32 (28.57) 39 (30.47) 0.103 0.748

No 80 (71.43) 89 (69.53)

Education level

High school and below 54 (48.21) 62 (48.44) 0.001 0.972

College or above 58 (51.79) 66 (51.56)

Working status

On-the-job 26 (23.21) 42 (32.81) 3.023 0.221

Waiting for employment 6 (5.36) 8 (6.25)

Retired 80 (71.43) 78 (60.94)

Medical insurance type

Medical insurance for urban workers 45 (40.18)a 85 (66.41) 16.551 < 0.001

New rural cooperative medical insurance 67 (59.82)a 43 (33.59)

Anxiety, ≥ 50 points

Yes 65 (58.04)a 14 (10.94) 60.006 < 0.001

No 47 (41.96)a 114 (89.06)

Depression, ≥ 53 points
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Yes 41 (36.16)a 7 (5.47) 36.1987 < 0.001

No 71 (63.39)a 121 (94.53)

aP < 0.05 vs non-sleep disorder group.
Data are mean ± SD or n (%). CHD: Coronary heart disease.

Table 4 Assignment

Factor Assignment method

Age in yr ≥ 60 yr = 1, < 60 yr = 0

Sex Male = 0, Female = 1

New rural cooperative medical insurance = 1Medical insurance type

Medical insurance for urban workers = 0

Anxiety Yes = 1, No = 0

Depression Yes = 1, No = 0

Table 5 Analysis of sleep disorders in patients with coronary heart disease using multiple logistic regression models

Variable β value SE Wals χ2 OR value 95%CI P value

Sex 0.989 0.338 8.548 2.688 1.385-5.215 0.003

Age in yr -0.108 0.342 0.099 0.898 0.459-1.755 0.753

Medical insurance type 1.176 0.338 12.098 0.001 1.671-6.291 0.001

Anxiety 2.219 0.380 34.020 9.200 4.365-19.394 < 0.001

Depression 2.157 0.493 19.143 8.647 3.290-22.726 < 0.001

Constant -2.160 0.383 31.714 0.115 < 0.001

CI: Confidence interval; OR: Odds ratio; SE: Standard error.

Table 6 Correlation between sleep disorders and quality of life, depression, and anxiety

Group r value P value

SAS 0.500 < 0.001

SDS 0.493 < 0.001

Physiological field -0.215 < 0.001

Psychological field -0.434 < 0.001

Environmental field -0.080 0.217

Social relations -0.198 0.002

SAS: Self-rating anxiety scale; SDS: Self-rating depression scale.

mental factors can affect the sleep quality of CHD patients. In this study, 46.67% of 240 CHD patients had sleep disorders, 
accounting for a relatively high proportion. Sleep disorders in CHD patients are very serious and should be paid 
attention to. In this study, CHD patients with sleep disorders had higher SAS and SDS scores than CHD patients without 
sleep disorders, and their QoL scores were substantially lower than those of patients without sleep disorders, showing 
that sleep disorders can have an impact on a patient’s psychological health and QoL.

Multivariate logistic regression analyses showed that females, new rural cooperative medical insurance, depression, 
and anxiety were independent risk factors for sleep disorders in individuals with CHD (P < 0.05). According to research 
by Ulander et al[11], women are more prone than men to experience sleep disorders. According to Wang et al[12], female 
cancer patients have an increased incidence of sleep disorders. In line with the aforementioned study, these findings 
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Figure 2 Comparison of both groups’ quality of life scores. aP < 0.05 vs non-sleep disorder group.

Figure 3 Calibration degree of the logistic regression model.

Figure 4 Prediction efficiency of the logistic regression model. ROC: Receiver operating characteristic.

support the previous study by showing that sex is a definite risk factor for anxiety problems in patients with CHD. It is 
speculated that the reason may be that female patients are more sensitive, their mood is easy to fluctuate, and their sleep 
quality is easy to be affected. The specific reason needs to be further explored. Most patients with the new rural 
cooperative medical insurance are rural patients. They are not as economically secure as patients in metropolitan areas, 
and there are disparities in the payment rates between the employee medical insurance and the new rural cooperative 
medical insurance, which adds to the financial strain on patients and their families and impairs patient sleep. The new 
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Figure 5 Correlation between sleep disorders and anxiety and depression. A: Pittsburgh sleep quality index (PSQI) is correlated with physiological 
field; B: The correlation between PSQI and self-rating depression scale. SAS: Self-rating anxiety scale; SDS: Self-rating depression scale.

Figure 6 Correlation between sleep disorders and quality of life. A: Pittsburgh sleep quality index (PSQI) is correlated with physiological field; B: PSQI is 
related to psychological field; C: Correlation between PSQI and environmental field; D: Correlation between PSQI and social field.

rural cooperative medical insurance is thus a significant risk factor for sleep problems in CHD patients in this study.
Sejbuk et al[9] reported that anxiety is a negative factor affecting sleep quality. Bonanni et al[13] also believe that 

depression and anxiety are related to menopause insomnia. Anxiety and depression were found to be independently 
associated risk factors for sleep disorders in this investigation, which was similar to previous research findings. CHD 
patients have serious physical discomfort and reduced QoL, and their strong concern for prognosis is easy to affect sleep 
quality. Long-term sleep disorders can lead to increased blood pressure, cardiovascular system dysfunction and 
neurological dysfunction, and further, aggravate psychological stress[14,15]. By contrast, anxiety, depression, and other 
adverse emotions can seriously affect the endocrine of patients, causing body discomfort symptoms such as palpitation 
and chest tightness, further affecting sleep and leading to sleep disorders[16-18]. To increase the quality of their sleep, 
patients with depression and anxiety should receive psychological treatment, while female CHD patients and CHD 
patients with new rural cooperative medical insurance should receive clinical attention. A sleep disorder prediction 
model was developed using multivariate logistic regression, and its prediction performance was assessed using the ROC 
curve. This prediction model’s AUC value was 0.851 (95%CI = 0.803-0.900), showing that it has a strong predictive value 
for sleep problems in CHD patients.
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Sleep disorder is a process of dual physiological and psychological disorders[19], and some anxiety and depression 
patients tend to shift more attention to sleep problems, trying to improve physiological and psychological disorders by 
adjusting sleep, but they are more likely to be nervous, and further aggravate sleep disorders, forming a vicious cycle. 
Long-term anxiety, depression and sleep disorders cause and affect each other, seriously affecting patients’ work and life, 
and in severe cases, it may lead to functional disorders and further reduce the QoL. In addition, sleep disorders are one of 
the main characteristics of depression, mainly manifested by early waking, difficulty in maintaining sleep, and waking 
dysthymic tendencies. Serious anxiety and depression can cause psychological stress and lead to autonomic nervous 
disorder, and the wake-up system of the brain related to sleep and the hypnotic system is in an unbalanced state, and the 
excitation of the wake-up system will further lead to sleep disorders[20-22].

Adverse emotions such as anxiety and depression before bedtime can promote the activity of the reticuloendothelial 
system, promote the release of norepinephrine, enhance the activity of the body, and cause sleep disorders. In this study, 
the Spearman’s correlation study showed that sleep quality was inversely correlated with the physiological field, psycho-
logical field, and social relations in QoL and positively associated with SAS and SDS. This finding implies that patients 
with sleep disorders should focus on enhancing their poor mood and QoL to prevent an unnecessary vicious cycle that 
negatively affects their prognosis. The shortcoming of the present work is that it included too few influencing factors and 
could not identify the reason for the high incidence of sleep disorders. Besides, it only used SAS and SDS scales to 
conduct a simple psychological assessment of patients, and in-depth structured psychological interviews are not 
conducted, which may lead to bias in survey results. Therefore, it is necessary to increase the analysis of influencing 
factors for further and in-depth exploration.

CONCLUSION
In summary, risk variables for sleep disturbances in CHD patients include sex, new rural cooperative medical insurance, 
depression, and anxiety. The risk factor prediction model established by multivariate logistic regression has good 
predictive efficacy. The considerable inverse relationship between sleep disorders and QoL and the substantial positive 
relationship between sleep disorders and depression and anxiety suggests that individuals may be able to improve their 
depressive moods through psychological counselling and break the vicious cycle of mutual influence between a bad 
mood and sleep quality. In terms of economic pressure, cost-effective treatment programs can be selected for patients as 
far as possible to reduce the economic pressure on patients’ families, which is conducive to improving their bad mood, 
improving their sleep quality and QoL, and improving their prognosis.

ARTICLE HIGHLIGHTS
Research background
Studies have shown that sleep disorders are closely related to anxiety and depression, and the quality of life (QoL) of 
patients with sleep disorders is generally poor. The significance of this study is to explore the status quo and risk factors 
of sleep disorders in patients with coronary heart disease (CHD) and their correlation with anxiety, depression and QoL. 
To provide reference for the prevention and treatment of sleep disorders in clinical CHD.

Research motivation
The current status of sleep disorders in patients with CHD is the main topic of this study. At present, it is clinically 
necessary to explore the current status of sleep disorders in patients with CHD and its correlation with anxiety, 
depression and QoL, so as to provide reference for the prevention and treatment of patients with CHD sleep disorders. 
The significance of this study is to explore the risk factors of patients with CHD sleep disorders and their correlation with 
anxiety, depression and QoL, encourage clinical teams to continue to explore CHD sleep disorders, and promote the 
continuous progress of sleep disorder prevention and treatment technology.

Research objectives
The incidence of sleep disorders in patients with CHD was 46.67%. Sex, female, new rural cooperative medical insurance, 
anxiety and depression were independent risk factors for CHD sleep disorders. It was confirmed that CHD sleep 
disorders were closely related to anxiety, depression and QoL, providing a new reference for clinical prevention and 
treatment of CHD sleep disorders in the future.

Research methods
The clinical data of patients were retrospectively analyzed, and the patients were divided into the sleep disorder group 
and the non-sleep disorder group according to their sleep conditions. The general data of the two groups were statist-
ically analyzed by independent sample t-test and χ2 test. The risk factors of sleep disorders in patients with CHD were 
analyzed by the logistic multivariate regression method and a risk prediction model was built. Receiver operating charac-
teristic was used to analyze the effectiveness of the risk prediction model, and Spearman’s correlation was used to 
analyze the correlation between sleep disorders and anxiety, depression, and QoL.
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Research results
Patients with CHD sleep disorder are closely related to anxiety, depression and QoL, and sex, female, new rural medical 
insurance, anxiety and depression are risk factors for patients with CHD sleep disorder, providing a new reference for the 
prevention and treatment of patients with CHD sleep disorder. It is necessary to further expand the sample size to 
explore the influencing factors of patients with CHD sleep disorder.

Research conclusions
Patients with CHD sleep disorders can interact with anxiety and depression, forming a vicious circle, so clinical attention 
should be paid to psychological intervention for patients with CHD sleep disorders.

Research perspectives
Sleep disorders in patients with CHD are closely related to anxiety and depression, which can have a negative impact on 
QoL. Emotional intervention methods can be used to improve sleep disorders and QoL in patients with CHD.
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Abstract
BACKGROUND 
Considering the limited effectiveness of clinical interventions for knee oste-
oarthritis (KOA), it is necessary to continue to explore appropriate and effective 
treatment strategies to improve the condition of KOA patients.

AIM 
To clarify the influence of ankle flexion and extension exercises combined with a 
psychological intervention on the psychological status and activities of daily 
living (ADLs) of patients with KOA.

METHODS 
The research participants were 116 KOA patients admitted to The First Affiliated 
Hospital of Guizhou University of Traditional Chinese Medicine between May 
2019 and May 2022, including 54 patients receiving routine treatment, care and 
psychological intervention (control group) and 62 patients additionally treated 
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with ankle flexion and extension exercises (research group). The two groups were comparatively analyzed in terms 
of psychological status (Self-rating Anxiety/Depression Scale, SDS/SAS), ADLs, knee joint function (Lysholm Knee 
Scoring Scale), pain (Visual Analog Scale, VAS), fatigue (Multidimensional Fatigue Inventory, MFI), and quality of 
life (QoL; Short-Form 36 Item Health Survey, SF-36).

RESULTS 
After evaluation, it was found that the postinterventional SDS, SAS, VAS, and MFI scores in the research group 
were significantly reduced compared with the baseline (before the intervention) values and those of the control 
group, while the postinterventional Lysholm, ADL and SF-36 scores were markedly elevated.

CONCLUSION 
Therefore, ankle flexion and extension exercises are highly effective in easing negative psychological status, 
enhancing ADLs, daily living ability, knee joint function and QoL, and relieving pain and fatigue in KOA patients, 
thus warranting clinical promotion.

Key Words: Ankle flexion and extension exercises; Knee osteoarthritis; Psychology; Negative emotions; Activities of daily 
living; Quality of life

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study explores and verifies the clinical advantages of ankle flexion and extension exercises combined with a 
psychological intervention in knee osteoarthritis from the aspects of negative mood, activities of daily living, knee function, 
pain, fatigue, and quality of life.
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INTRODUCTION
Knee osteoarthritis (KOA) is a chronic, inflammatory and degenerative joint disease that predominates in middle-aged 
and elderly women and is pathologically characterized by cartilage degeneration and bone overgrowth (osteophyte and 
subchondral thickening)[1-3]. KOA patients suffer from joint pain, swelling, stiffness, deformity, and dysfunction, which 
not only negatively affect patients' activities of daily living (ADLs) to varying degrees but also cause psychological 
distress to patients, affecting their quality of life (QoL); hence, it is also paramount to intervene in patients psycholo-
gically[4,5]. An in-depth analysis of the causes of KOA revealed that abnormal joint loads such as excessive exercise and 
past sprains, mechanical injuries, age, obesity, diet and genetic factors are factors that increase the risk of developing 
KOA[6]. According to epidemiological data, KOA is one of the important causes of lower-limb disability in the elderly 
population and may affect 40% of men and 47% of women, with an incidence of 60% among middle-aged and elderly 
individuals[7,8]. The pathogenesis of KOA is complicated. Although many attempts have been made to suppress the 
course of KOA, it is still necessary to continue to explore suitable and effective treatment strategies to improve the 
condition of KOA patients.

There are many clinical treatment options for KOA, including weight loss, exercise, painkillers, intra-articular 
hyaluronic acid, and joint replacement surgery[9]. Weight loss is mainly applicable to obese patients, while analgesics, 
intra-articular hyaluronic acid, and joint replacement surgery carry certain medication or surgical risks, especially for 
elderly patients with serious diseases[10]. Therefore, this study included an in-depth exploration of therapeutic strategies 
for KOA patients from the perspective of exercise. Exercise therapy, as a lifestyle intervention, mainly strengthens blood 
circulation by regulating venous reflux and congestion, thus increasing joint range of motion and muscle strength while 
positively influencing joint stability[11,12]. Ankle flexion and extension exercise is an exercise mode mainly based on 
ankle plantar flexion and ankle dorsiflexion, which has a positive effect on lower-limb blood circulation and muscle 
strength[13]. A report suggests that passive ankle flexion and extension exercises in elderly KOA patients can 
significantly resolve symptoms and pain with a certain degree of safety, suggesting the clinical application potential of 
this exercise program.

Considering that there are few studies on the clinical application of ankle flexion and extension exercises combined 
with a psychological intervention in KOA, this study evaluated the potential clinical value of these interventions from the 
aspects of psychology and ADLs.

https://www.wjgnet.com/2220-3206/full/v13/i10/743.htm
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MATERIALS AND METHODS
Patient source
The study population comprised 116 KOA patients admitted to The First Affiliated Hospital of Guizhou University of 
Traditional Chinese Medicine between May 2019 and May 2022, including 54 patients receiving routine treatment and 
nursing (control group) and 62 patients additionally given ankle flexion and extension exercises (research group). The 
two patient groups did not differ much in baseline data and had clinical comparability (P > 0.05).

Criteria for patient enrollment and exclusion
Inclusion criteria were as follows: in accordance with the diagnostic criteria for KOA[14]; primary disease; intermittent 
joint narrowing, subchondral osteosclerosis, or cystic degeneration shown by radiographs; complete medical records; 
normal comprehension and expression ability; and high compliance.

The exclusion criteria were as follows: history of knee joint trauma or surgery; knee joint redness, swelling, heat pain, 
and obvious limitation of motion; complications with other serious chronic diseases that are not suitable for routine 
functional exercise; and cardio-cerebrovascular diseases, malignant tumors, or coagulation dysfunction.

Methods
The control group received routine therapy. A comfortable hospitalization environment was provided for patients. 
Meanwhile, nursing staff patiently addressed the doubts and concerns of patients and their families and provided vital 
sign monitoring, dietary guidance, psychological care, health education, nursing-patient interaction, and local massage. 
In addition, patients were informed of matters to be noted during the convalescence period to prevent and control the 
occurrence of complications and were assisted in relieving limb symptoms and reducing the pain of the primary lesion as 
much as possible. The psychological intervention is described below. First, relevant health education was carried out, and 
the etiology of KOA and the mechanism and purpose of the treatment were explained to patients in plain language to 
enhance their disease awareness and better understand the treatment methods, thus improving their cooperation as much 
as possible. Second, by enumerating patients who experienced positive outcomes (patients who experienced an ideal 
curative effect after following the doctor's advice) and patients who experienced negative outcomes (patients who 
experienced unsatisfactory curative effects due to noncompliance with the doctor's advice), the patients developed a 
greater realization of the importance and necessity of following the doctor's advice. Third, during the treatment, medical 
staff actively asked patients about their treatment feelings to optimize patients’ treatment experience and find potential 
problems in time to give reasonable suggestions. Patients' psychological status was also considered, and psychological 
counseling was given in a timely manner. Moreover, the hospital provided a quiet and comfortable environment for 
patients so that they could take the initiative to receive diagnosis and treatment.

In addition to the measures implemented in the control group, the research group was also treated with cognitive 
education and ankle flexion and extension exercises. The cognitive education intervention is described below. Health and 
KOA-related cognitive education was conducted through multimedia lectures, mainly teaching the characteristics, 
functions, pathological mechanisms, risk factors and treatment methods of KOA, so that patients could understand the 
therapeutic value and mechanism of exercise therapy in KOA. Ankle flexion and extension exercise methods were as 
follows: (1) Supine ankle flexion and extension: The patient took the supine position with toes pointing to the ceiling as 
the starting position; the ankles were flexed and kept in that position for 10 s, followed by ankle dorsolateral extension 
that was maintained for 10 s before returning to the initial posture. The above exercises were performed for 20 repetitions 
per set with 5 sets per session and a 1-min break between sets; (2) Ankle flexion and extension in the seated position: The 
patient sat on the chair, with feet flat on the ground and toes pointing straight ahead; ankle plantar flexion of both feet 
was performed for 10 s, followed by ankle dorsiflexion for 10 s; finally, the patient returned to the initial posture. The 
above exercises were performed for 20 repetitions per set with 5 sets per session and a 1-minute rest between sets; and (3) 
Ankle flexion and extension in the standing position: The patient took a comfortable standing posture with one or both 
hands placed on the table or wall for support; foot plantar flexion followed by ankle dorsiflexion was performed; finally, 
the patient returned to the initial posture. The above exercises were performed for 10 repetitions per set with 5 sets per 
session and a 1-min break between sets. The ankle flexion and extension exercises in these three positions were performed 
in turn, that is, supine ankle flexion and extension on the first day, seated ankle flexion and extension on the second day, 
and standing ankle flexion and extension on the third day. Both groups were treated for three months.

Outcome measures
Psychological state. We used the Self-rating Depression/Anxiety Scale (SDS/SAS)[15] to evaluate patients' depression 
and anxiety before and after the intervention. Both scales have 20 items and a score range of 0-80 points, with the scores 
in direct proportion to the patient's depressive and anxious symptoms.

ADLs. Patients were evaluated before and after the intervention using the ADL Scale[16] for feeding, bathing, dressing, 
decorating, continence, and toileting domains, with a maximum score of 100. A higher score suggests a more significant 
improvement in patients’ ADLs.

Knee joint function. Knee joint function assessment was made before and after treatment using the Lysholm Knee 
Scoring Scale[17], with the evaluation contents including pain, swelling, limping, blocking, instability, crouching, and 
climbing stairs. On a 100-point scale, higher scores are associated with better recovery of knee function.

Degree of pain. Before and after the intervention, patients were also assessed by the Visual Analog Scale (VAS; score 
range: 0-10)[18] to determine the degree of pain. The score is directly proportional to the degree of pain.
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Table 1 Analysis of baseline data of knee osteoarthritis patients in the two groups

Factors Control group (n = 
54) Research group (n = 62) χ2/t 

value
P 
value

Age (yr) 59.46 ± 6.95 58.55 ± 6.82 0.711 0.479

Sex (male/female) 25/29 27/35 0.894 0.466

Disease course (yr) 5.20 ± 2.55 5.37 ± 2.67 0.349 0.728

Single knee disease (yes/no) 38/16 41/21 0.813 0.269

Cause of illness (excessive exercise/sprain/others) 25/19/10 29/21/12 0.406 0.705

Education level (junior high school and below/senior high school and 
above)

34/20 38/24 0.404 0.725

Figure 1 Analysis of the influence of ankle flexion and extension exercises on knee osteoarthritis patients’ psychological state. A: The 
research group had a postinterventional Self-Rating Depression Scale score that was lower than the preinterventional value and that of the control group; B: The 
research group had a postinterventional Self-Rating Anxiety Scale score that was lower than the preinterventional value and that of the control group. Note: aP < 0.05; 
bP < 0.01. SDS: Self-Rating Depression Scale; SAS: Self-Rating Anxiety Scale.

Fatigue. The fatigue of patients before and after the intervention was evaluated by the Multidimensional Fatigue 
Inventory (MFI)[19], a tool with a score ranging from 20 to 100 that is positively related to fatigue.

QoL. Finally, we assessed patients’ QoL from eight dimensions [physical functioning (PF); role-physical (RP); bodily 
pain (BP); social functioning (SF); general health (GH); mental health (MH); role-emotional (RE), and vitality (VT) by 
referring to the Short-Form 36 Item Health Survey (SF-36)]. Each dimension has a score of 0-10 that is positively 
correlated with QoL.

Statistical methods
The mean ± SEM was used to describe the measurement data, and the independent-samples t-test was used to compare 
two sets of measurement data. The intergroup comparison of count data expressed by percentages (%) was made by the 
χ2 test. Data analysis was performed using SPSS 19.0, and the significance threshold was α = 0.05.

RESULTS
Analysis of baseline data of KOA patients in the two groups
Baseline data such as age, sex, course of disease, single knee disease, cause of disease and education level of KOA patients 
in the two groups were compared and analyzed, and no significant differences were found (P > 0.05). See Table 1.

Analysis of the influence of ankle flexion and extension exercises on KOA patients’ psychological state
We evaluated patients’ negative psychological state by using the SDS and SAS. The results showed no significant 
difference in the two scale scores between the research and control groups prior to intervention [SDS: (59.15 ± 6.05) score 
vs (58.91 ± 6.44) score, SAS: (61.34 ± 7.13) score vs (60.37 ± 5.31) score, P > 0.05]. An obvious reduction in both scales was 
found in the two groups after the intervention [SDS: (47.60 ± 5.21) score vs (54.02 ± 5.51) score, SAS: (45.32 ± 5.16) score vs 
(55.83 ± 5.62) score, P < 0.05], especially in the research group (P < 0.05). See Figure 1.



Liu Y et al. Knee osteoarthritis

WJP https://www.wjgnet.com 747 October 19, 2023 Volume 13 Issue 10

Figure 2 Analysis of the impact of ankle flexion and extension exercises on knee osteoarthritis patients’ activities of daily living. The 
research group had a postinterventional activities of daily living score that was lower than the preinterventional value and that of the control group. aP < 0.05; bP < 
0.01. ADL: Activities of daily living.

Figure 3 Analysis of the influence of ankle flexion and extension exercises on knee osteoarthritis patients’ knee joint function. The 
research group had a postinterventional Lysholm score that was higher than the preinterventional value and that of the control group. aP < 0.05; bP < 0.01.

Analysis of the impact of ankle flexion and extension exercises on KOA patients’ ADLs
KOA patients’ ADLs were assessed by the ADL scale. The ADL score did not differ markedly between the groups prior to 
intervention (66.97 ± 6.53) score vs (65.98 ± 5.65) score, P > 0.05), but it was elevated in both groups after the intervention 
(81.44 ± 4.95) score vs (73.50 ± 5.13) score, P < 0.05), with a higher postinterventional score in the research group (P < 0.05). 
See Figure 2.

Analysis of the influence of ankle flexion and extension exercises on KOA patients’ knee joint function
Knee function was assessed in both groups of KOA patients using the Lysholm Knee Scoring Scale. The two groups also 
showed similar Lysholm scores before the intervention (45.89 ± 5.69) score vs (44.43 ± 5.79) score, P > 0.05. An evident 
elevation in the Lysholm score was found in both arms after the intervention, with an even higher score in the research 
group (76.40 ± 5.25) score vs (68.39 ± 4.74) score, P < 0.05. See Figure 3.

Analysis of the impact of ankle flexion and extension exercises on pain and fatigue in KOA patients
By evaluating the VAS and MFI scores of both groups, the pain and fatigue status of KOA patients were determined. VAS 
and MFI scores were found to be similar in the two groups before the intervention [VAS: (6.11 ± 1.47) score vs (6.00 ± 1.91) 
score, MFI: (57.87 ± 13.85) score vs (58.81 ± 11.94) score, P > 0.05], but they were significantly reduced after the 
intervention, with even lower scores in the research group [VAS: (2.11 ± 0.63) score vs (3.35 ± 0.76) score, MFI: (20.55 ± 
6.61) score vs (34.48 ± 10.50) score, P < 0.05]. See Figure 4.

Analysis of the impact of ankle flexion and extension exercises on KOA patients’ QoL
The QoL of KOA patients in both groups was evaluated using the SF-36 scale. The data revealed no significant difference 
in SF-36 scores between the research and control groups before the intervention (P > 0.05). The SF-36 scores of both arms 
showed a significant upward trend after the intervention (P < 0.05), with a more significant increase in the research group 
(P < 0.05). See Figure 5.



Liu Y et al. Knee osteoarthritis

WJP https://www.wjgnet.com 748 October 19, 2023 Volume 13 Issue 10

Figure 4 Analysis of the impact of ankle flexion and extension exercises on knee osteoarthritis patients’ pain and fatigue. A: The research 
group had a postinterventional Visual Analog Scale score that was lower than the preinterventional value and that of the control group; B: The research group had a 
postinterventional MFI score that was lower than the preinterventional value and that of the control group. aP < 0.05; bP < 0.01. VAS: Visual Analog Scale; MFI: 
Multidimensional Fatigue Inventory.

DISCUSSION
KOA, with complex pathological mechanisms and triggers that are not fully understood, has no effective treatment at 
present[20]. Ankle flexion and extension exercises, as a type of exercise rehabilitation therapy, integrate and apply the 
knowledge of sports medicine, rehabilitation medicine, biomechanics and modern functional anatomy to provide KOA 
patients with an evidence-based exercise intervention[21]. In the research of Abbott et al[22], exercise therapy was proven 
to be beneficial to physical function recovery in KOA patients, suggesting the potential value of ankle flexion and 
extension exercises in KOA. In another study, exercise therapy was more effective in treating KOA than conventional 
therapy, contributing to more significant pain reduction and improved function and QoL[23]. Psychological intervention 
is a measure centered on patients' psychological state and emotional experience, which can improve patients' functional 
outcomes by eliminating or alleviating their psychological distress[24]. Previous studies have shown that psychological 
intervention can play a positive role in reducing the severity of KOA symptoms and improving life satisfaction by 
establishing a positive attitude toward illness[25].

According to the negative psychological state investigation in this study, the research group had markedly reduced 
SDS and SAS scores after the intervention, which were lower than those of the control group, suggesting that ankle 
flexion and extension exercises combined with a psychological intervention have a good regulatory effect on the negative 
psychological state of KOA patients. Song et al[26] reported that modified Tai Chi exercises, as a kind of kinesitherapy, 
can significantly relieve anxiety and depression in elderly female patients with KOA, similar to our findings. Negative 
emotions such as anxiety and depression in KOA patients have been shown to be related to factors such as high pain 
levels[27]. In this study, the research group who received ankle flexion and extension exercises experienced a significant 
reduction in pain levels after the intervention, which may help explain its relieving effect on negative emotions. 
Furthermore, in the investigation of ADLs, the research group showed a postinterventional ADL score that was evidently 
higher than the baseline and that of the control group, indicating that ankle flexion and extension exercises combined 
with a psychological intervention are beneficial to significantly improve the ADLs of KOA patients. This may be 
attributed to the improvement in muscle strength and range of motion in patients after ankle flexion and extension 
exercises, thus reducing activity limitations in such patients[28]. Subsequently, knee function analysis revealed markedly 
increased Lysholm scores in the research group that were higher than those in the control group after the intervention, 
which indicates that ankle flexion and extension exercises combined with a psychological intervention are conducive to 
enhancing the knee joint function of KOA patients. Exercise therapy, such as ankle flexion and extension exercises, has 
also been reported to alleviate KOA by enhancing muscle strength, restoring neuromotor control and improving the 
range of joint motion[29]. Later, the analysis of pain and fatigue showed marked reductions in VAS and MFI scores in the 
research group that were significantly lower than those in the control group, demonstrating that ankle flexion and 
extension exercises combined with a psychological intervention are significantly effective in mitigating pain and fatigue 
in KOA patients. Peeler et al[30] noted in their study that low-load exercise for KOA patients has significant advantages in 
improving ADLs and knee joint function, with a potent pain-relieving effect, which can support our research results. In 
addition, the fatigue of KOA patients is primarily associated with pathological pain and decreased physical function[31]. 
The alleviation of fatigue in KOA patients may be related to the reduction of pain and improvement of body function by 
ankle flexion and extension exercises, which agrees with the research results reported by Casilda-López et al[32]. Finally, 
the QoL assessment showed that the SF-36 scores of the research group increased significantly after the intervention and 
were markedly higher than those of the control group, indicating that ankle flexion and extension exercises combined 
with a psychological intervention can significantly boost QoL in KOA patients.
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Figure 5 Analysis of the influence of ankle flexion and extension exercises on knee osteoarthritis patients’ quality of life. A: The research 
group had a postinterventional Role-physical score that was higher than the preinterventional value and that of the control group; B: The research group had a 
postinterventional physical functioning score that was higher than the preinterventional value and that of the control group; C: The research group had a 
postinterventional bodily pain score that was higher than the preinterventional value and that of the control group; D: The research group had a postinterventional 
social functioning score that was higher than the preinterventional value and that of the control group; E: The research group had a postinterventional general health 
score that was higher than the preinterventional value and that of the control group; F: The research group had a postinterventional mental health score that was 
higher than the preinterventional value and that of the control group; G: The research group had a postinterventional role-emotional score that was higher than the 
preinterventional value and that of the control group; H: The research group had a postinterventional vitality score that was higher than the preinterventional value and 
that of the control group. aP < 0.05; bP < 0.01. PF: Physical functioning; RP: Role-physical; BP: Bodily pain; SF: Social functioning; GH: General health; MH: Mental 
health; RE: Role-emotional; VT: Vitality.

CONCLUSION
Taken together, while resulting in psychological relief and improvement of ADLs, ankle flexion and extension exercises 
combined with a psychological intervention can effectively restore knee joint function and mitigate pain and fatigue in 
KOA patients, thus playing a positive role in improving the quality of life of patients and warranting clinical promotion.
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ARTICLE HIGHLIGHTS
Research background
Given the limited efficacy of clinical intervention in knee osteoarthritis (KOA), it is necessary to continue to explore 
appropriate and effective treatment strategies to improve the condition of KOA patients.

Research motivation
The pathogenesis of KOA is complex, and exploring effective treatment strategies is of great significance for the 
prevention and treatment of this disease.

Research objectives
The aim of this study is to clarify the influence of ankle flexion and extension exercises combined with psychological 
intervention on the psychology and activities of daily living (ADLs) of patients with KOA.

Research methods
The research participants were 116 KOA patients admitted between May 2019 and May 2022, including 54 cases receiving 
routine treatment, care and psychological intervention (control group) and 62 cases additionally treated with ankle 
flexion and extension exercises (research group) on the basis of the control group. The two groups were comparatively 
analyzed in terms of psychological status (Self-rating Anxiety/Depression Scale, SDS/SAS), ADLs (ADL scale), knee joint 
function (Lysholm Knee Scoring Scale), pain (Visual Analogue Scale, VAS), fatigue (Multidimensional Fatigue Inventory, 
MFI), and quality of life (QoL; Short-Form 36 Item Health Survey, SF-36).

Research results
After evaluation, it was found that the postinterventional SDS, SAS, VAS, and MFI scores in the research group were 
significantly reduced compared with the baseline (before the intervention) values and those of the control group, while 
the postinterventional Lysholm, ADL, and SF-36 scores were markedly elevated.

Research conclusions
Ankle flexion and extension exercises are highly effective in easing negative psychology, enhancing ADLs, knee joint 
function and QoL, and relieving pain and fatigue in KOA patients, which is worthy of clinical promotion.

Research perspectives
In addition to the positive effect on the negative psychological relief and improvement of ADLs of KOA patients, ankle 
flexion and extension exercises combined with a psychological intervention can also effectively restore knee joint 
function, alleviate pain and fatigue, and enhance patients’ quality of life, providing an effective treatment option for KOA 
patients.
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Abstract
BACKGROUND 
Patients with chronic hepatitis B (CHB) experience various problems, including 
low psychological flexibility, negative emotions, and poor sleep quality. 
Therefore, effective nursing interventions are required to reduce adverse events. 
Acceptance and commitment therapy (ACT) combined with enabling cognitive-
behavioral education (ECBE) can improve patients' psychological and sleep. 
Therefore, we speculate that this may also be effective in patients with CHB.

AIM 
To investigate the effects of different intervention methods on psychological 
flexibility, negative emotions, and sleep quality in patients with CHB.

METHODS 
This retrospective study examined clinical and evaluation data of 129 patients 
with CHB. Intervention methods were divided into a conventional group (routine 
nursing, n = 69) and a combination group (ACT combined with ECBE, n = 60). We 
observed changes in psychological flexibility, negative emotions, sleep quality, 
and self-care ability in both groups. Observation items were evaluated using the 
Acceptance and Action Questionnaire-2nd Edition (AAQ-II), Self-Rating Anxiety 
Scale (SAS), Self-Rating Depression Scale (SDS), Pittsburgh Sleep Quality Index 
(PSQI), and Exercise of Self-Care Agency Scale (ESCA).

RESULTS 
Compared with the conventional group, the AAQ-II score of the combined group 
was lower (Fbetween-group effect = 8.548; Ftime effects = 25.020; Finteraction effects = 52.930; all P < 
0.001), the SAS score (t = 5.445) and SDS score (t = 7.076) were lower (all P < 
0.001), as were the PSQI dimensions (tsleep quality = 4.581, tfall sleep time = 2.826, tsleep time = 
2.436, tsleep efficiency = 5.787, tsleep disorder = 5.008, thypnotic drugs = 3.786, tdaytime dysfunction = 4.812); all 
P < 0.05). The ESCA scores for all dimensions were higher (thealth knowledge level = 6.994, t
self-concept = 5.902, tself-responsibility = 19.820, tself-care skills = 8.470; all P < 0.001).
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CONCLUSION 
ACT combined with ECBE in patients with CHB can improve psychological flexibility and sleep quality, alleviate 
negative emotions, and improve self-care.

Key Words: Acceptance and commitment therapy; Empowerment cognitive-behavioral education; Chronic hepatitis B; 
Psychological flexibility; Negative emotion; Sleep quality

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chronic hepatitis B (CHB) is an infectious and progressive disease requiring basic treatment supplemented with 
effective nursing interventions. We analyzed the clinical data of 129 patients with CHB. Acceptance and commitment 
therapy combined with cognitive-behavioral education improved the psychological flexibility and sleep quality of patients 
with CHB, relieve negative emotions, and improve self-care ability, making a breakthrough in the problem of insufficient 
routine care.

Citation: Zheng Y, Wang XW, Xia CX. Effects of different intervention methods on psychological flexibility, negative emotions and 
sleep quality in chronic hepatitis B. World J Psychiatry 2023; 13(10): 753-762
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/753.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.753

INTRODUCTION
Chronic hepatitis B (CHB) is a frequent chronic infectious disease. According to the World Health Organization in 2017
[1], the number of CHB infections worldwide reached 257 million. Approximately 900000 people worldwide die each year 
from hepatitis B virus (HBV) infection or its complications[1]. Due to the mutual influence of physiological, psychological, 
and social factors, patients with CHB often have various sleep disorders, thus reducing the therapeutic effect[2]. Drug 
therapies such as conventional antiviral therapy combined with effective nursing interventions can control disease 
progression[3].

Bedside delivery of health education to the patient improves understanding and self-management[4]. However, after 
receiving education, patients still have an insufficient sense of participation, low mastery of disease knowledge, and no 
change in incorrect understandings. Additionally, their psychological and behavioural adaptation to the disease is not 
obvious, and most patients have unresolved problems such as anxiety, depression, and poor sleep. This is related to the 
lack of conventional health education and targeted psychological counselling[5]. Moreover, the lack of routine CHB care 
is a clinical problem that needs to be resolved.

Acceptance and commitment therapy (ACT) is a new type of cognitive behavioral therapy based on functional contex-
tualism and relational reference theory, which promotes individual acceptance of the present and self, and increases 
psychological flexibility[6]. Additionally, enabling cognitive-behavioral education (ECBE) is a psychological behavior 
therapy that aims to explore individual-centered problems; help individuals reconstruct cognitive processes; solve 
emotional, cognitive, and behavioral disorders; and promote the development of skills and positive beliefs that enable the 
individual to effectively deal with problems associated with their disease[7]. ACT and ECBE have been applied to the 
nursing care of patients with diabetes[8], cancer[9], and other diseases[10] and have achieved good results. However, the 
combination of these two therapies has not been previous investigated in the treatment of CHB. This study explored the 
effects ACT combined with ECBE on psychological flexibility, negative emotions, and sleep quality in patients with CHB.

MATERIALS AND METHODS
Research object
A total of 129 patients with CHB treated at The First People’s Hospital of Wenling between January 2021 and June 2022 
were retrospectively selected. Patients were divided into two groups, depending on whether they received routine care or 
ACT combined with ECBE intervention.

The inclusion criteria were as follows: (1) Diagnosis of CHB according to the criteria; (2) normal vision and hearing 
function; (3) a complete record of baseline data (sex, age, disease course, and liver function); and (4) assessment of 
psychological flexibility, negative emotions, and sleep quality.

The diagnostic criteria for CHB included a positive results for both serum surface antigen and HBV DNA[11]. 
Additionally, liver function index alanine aminotransferase continually increased and liver histological examination 
showed hepatitis lesions.

https://www.wjgnet.com/2220-3206/full/v13/i10/753.htm
https://dx.doi.org/10.5498/wjp.v13.i10.753
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The following exclusion criteria was applied: (1) Severe sleep disorders or insomnia caused by other diseases; (2) 
Combined heart, liver, kidney, and other organ lesions; (3) Viral hepatitis other than CHB; and (4) Malignant tumors.

According to the different nursing intervention methods applied, the patients were classified into a conventional group 
(routine nursing care, n = 69) and a combination group (ACT combined with ECBE, n = 60). The research concepts used 
are presented in Figure 1.

Related research data collection
We collected baseline patient data from the electronic medical records, including sex, age, disease course, and evaluation 
data of psychological flexibility, negative emotions, sleep quality, and self-care agency.

Detailed intervention methods
Routine nursing: Based on principles of nursing practice, nursing staff provided nutritional interventions, medication 
guidance and safety nursing, early rehabilitation training, and relevant health education. Health education for patients 
with CHB was delivered through one-to-one communication or distribution of educational manuals to disseminate 
knowledge on the causes of CHB, treatment methods, risk factors, and other aspects of the disease. Relevant psycho-
logical counseling; daily personal self-care skills in a home setting and life guidance were discussed with patients on 
discharge from hospital.

ACT: Acceptance perception: Medical staff provided health education using graphic publicity pages or short videos to 
inform patients of the pathogenesis, routine treatment options, and precautions of CHB, to help increase understanding 
of CHB and the ramifications of the disease.

Cognitive disengagement: Family members were guided to encourage patients to actively cooperate with drug 
treatment or psychotherapy and strengthen family awareness of CHB to reduce the impact of adverse events or negative 
emotions. Under the guidance of nutritionists, dietary management and stress reduction training was also strengthened 
to adjust patients' negative emotions.

Experience life: Patients were encouraged to exchange experiences with their friends to can share the burden of disease 
and integrate into surrounding life and work. The encouragement and support of family and patient friends enabled 
patients to develop a good understanding of their disease and alleviate negative emotions such as fear, anxiety, and 
depression. Patients were also encouraged to share their experiences and empathize with life experiences, diverting 
patients' attention.

Self-awareness: Through patient communication and doctor-patient communication, patient awareness of the disease 
was strengthened, establishing confidence in treating the disease to establish correct cognition and attitude and 
understanding the disease.

Values: With the support of family members and medical staff, patients established social values, adjusted their 
mentality, returned to society and work, and developed positive attitudes towards life.

Positive coping: Through drug treatment, psychological intervention, and moderate exercise, patients strengthened 
their confidence, modified negative emotions, and actively cooperated with treatment.

ECBE: Clarify themes and processes: To understand the most harmful, extensive, and high-incidence problems and in 
CHB care, the nursing content included identifying problem(s), expressing feelings, setting goals, and making plans.

Clarify patient needs (problem establishment): Patient's thoughts and educational needs, such as changes during 
illness, daily mood and reasons, family support and care, disease knowledge, support, and help were identified.

Scale assessments: Acceptance and Action Questionnaire-2nd Edition (AAQ-II), Self-Rating Anxiety Scale (SAS), Self-
Rating Depression Scale (SDS), Pittsburgh Sleep Quality Index (PSQI), Exercise of Self-Care Agency Scale (ESCA), and 
Master of psychological flexibility, negative emotions, sleep quality, and self-care abilities scores were observed.

Goal setting Cognitive aspects: (1) CHB Education. By playing videos, issuing manuals or one-on-one communication, 
and conducting collective lectures, patients could fully understand the harm caused by CHB, importance of a good 
mentality, importance of drug treatment, and side effects; and (2) diet education. Based on the health belief model[12], a 
reasonable diet knowledge education plan was developed for patients to understand the importance of nutritional 
balance and related information. Specific information about nutritional balance for example, dietary calcium supplements 
(China's recommended amount of calcium is 800 mg per day), and increased fresh fruits and vegetable and protein-rich 
food (such as milk, poultry, fish) intake was provided. Education was delivered through videos, pictures, animations, and 
text.

Behavior: (1) Improved family support. Family members or spouses were included in the synchronous education 
program to develop basic knowledge of CHB nursing and psychological and physiological support. Family members 
were also instructed to create a good family atmosphere and environment, pay attention to the patients’ psychological 
state, and provide timely counseling to reduce the negative emotions caused by loneliness and family apathy; and (2) 
Improve self-care. Help was provided to patients to understand the importance of self-care and prevention and treatment 
of common health problems in CHB. Nursing staff focused on the mental health of patients, teaching them physical and 
mental adjustment methods to prevent anxiety and depression.

Observation target
Psychological flexibility: Before the intervention, 3 mo after intervention, and 6 mo after, the psychological flexibility of 
the patients was evaluated using the AAQ-II scale[13]. The seven items were scored from 1 (never) to 7 (always) with a 
total score of 7-49 points. Higher scores indicated higher empirical avoidance and psychological flexibility. Cronbach's α 
coefficient of the scale was 0.880, indicating good reliability.
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Figure 1 Research ideas. ACT: Acceptance and commitment therapy; ECBE: Enabling cognitive-behavioral education; AAQ-II: Action Questionnaire-2nd Edition; 
SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale; PSQI: Pittsburgh Sleep Quality Index; ESCA: Exercise of Self-Care Agency Scale.

Negative emotions: The SAS and SDS[14] were used to evaluate the degree of anxiety and depression before and 6 mo 
after the intervention. The two scales were composed of 20 items scored according to a four-level scoring method (score 1-
4 points). Higher scores indicated more severe anxiety and depression.

Sleep quality: The PSQI[15] was used to evaluate sleep quality before and after the intervention. This scale included the 
following seven dimensions: sleep quality, sleep time, sleep time, sleep efficiency, sleep disorders, use of hypnotic drugs, 
and daytime dysfunction. Each dimension was scored on a scale of 0-3 points. Higher scores indicated worse sleep 
quality.

Self-care ability: Before and 6 mo after the intervention[16], self-care abilities, including health knowledge (14 items), 
self-concept (nine items), self-responsibility (eight items), self-care skills (12 items) and four other dimensions (health 
knowledge level, self-concept, self-responsibility, and self-care skills). The 43 items were scored using the five-level 
scoring method (0-4 points). Higher scores indicated better self-care ability. Cronbach's α coefficient was 0.76-0.87, 
indicating good internal consistency.

Statistical analysis
SPSS 20.0 [IBM SPSS Statistics software, IBM Corp (version 20.0), NY, United States] was used to analyze the data. The 
data are presented as mean ± SD. The t-test was used to compare the difference between two sets of data. One-way 
analysis of variance was used to compare the two groups. The Bonferroni t-test was used for multiple comparisons 
between multiple samples. Repeated-measures analysis of variance was used to compare data at different time points 
between groups. The number of cases and chi-square test were used to analyze the count data. A test value = 0.05 was 
used. P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics
Baseline data such as sex, age, and course of disease were compared between the two groups. No significant differences 
were observed (all P > 0.05), indicating comparability (Table 1).

AAQ-II score
The AAQ-II score in the combination group was significantly lower than that in the conventional group. The AAQ-II 
scores of both groups decreased with time, with an interaction effect between group and time (Fbetween-group effect = 8.548; 
Ftime effects = 25.020; Finteraction effects = 52.930; all P < 0.001) (Table 2).
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Table 1 Basic data

Course of disease 
(mean ± SD, yr) Educational level (n) Child-Pugh 

grade

Group Gender (n, 
male/female)

Age 
(mean ± 
SD, yr)

Number of 
units(n, first 
visit/return 
visit)

Course 
of CHB

Course of 
insomnia

Junior 
high 
school 
and below

High 
school

Bachelor’s 
degree and 
above

Grade 
A

Grade 
B

Combination 
group (n = 60)

38/22 48.36 ± 
10.25

19/41 12.25 ± 
3.17

2.51 ± 0.86 15 28 17 39 21

Conventional 
group (n = 69)

41/28 49.21 ± 
11.12

24/45 13.07 ± 
3.58

2.22 ± 0.88 18 31 20 42 27

χ2/t 0.207 0.449 0.140 1.368 1.887 0.041 0.234

P 0.649 0.654 0.708 0.174 0.061 0.980 0.628

CHB: Chronic hepatitis B.

Table 2 Action Questionnaire-2nd Edition scores

Time Combination group (n = 60) Conventional group (n = 69) t P

Before intervention 39.27 ± 6.22 38.72 ± 5.69 0.524 0.601

3 mo after intervention 31.26 ± 7.15 36.28 ± 6.67 4.123 < 0.001

6 mo after intervention 28.11 ± 6.32 33.51 ± 6.63 4.715 < 0.001

F 45.920 11.640 — —

P < 0.001 < 0.001 — —

Multiple comparison results of PSQI scores at each time point between the conventional and combination groups 
showed significant differences in AAQ-II scores between the two time points in each group (all P < 0.05) (Table 3).

SAS and SDS score
The SAS scores of the combination group were 49.25 ± 5.35 and 37.56 ± 6.11, before and after intervention, respectively; t 
= 11.150, P < 0.001. The SDS scores were 53.58 ± 7.12 and 41.56 ± 5.38, before and after intervention, respectively; t = 
10.430, P < 0.001.

The SAS scores of the conventional group were as follows: before intervention (48.68 ± 5.52), and after intervention 
(43.27 ± 5.79), t = 5.618, P < 0.001. The SDS scores were, before intervention (54.03 ± 6.69), after intervention (49.20 ± 6.69), 
t = 4.241, P < 0.001.

In comparison with the conventional group, the SAS (t = 5.445) and SDS (t = 7.076) scores of the combination group 
were lower after the intervention (both P < 0.001) (Figure 2).

PSQI score
The post-intervention scores for sleep quality, fall sleep time, sleep time, sleep efficiency, sleep disorders, use of hypnotic 
drugs, daytime dysfunction, and other dimensions in the combination group and the conventional group were lower than 
the corresponding pre-intervention scores (all P < 0.001). The scores for each dimension in the combination group were 
lower than those in the conventional group (P < 0.05) (Table 4).

ESCA score
The pre-intervention scores of health knowledge level, self-concept, self-responsibility, and self-care skills in the 
combination group were: 33.48 ± 5.36, 20.16 ± 3.25, 21.58 ± 4.39, and 31.25 ± 5.54 points. The same pre-intervention scores 
in the conventional group were: 34.02 ± 4.54, 20.67 ± 3.51, 21.24 ± 4.13, and 30.86 ± 6.62 points.

After the intervention, the scores of the above dimensions in the combination group were 51.27 ± 3.39, 31.25 ± 4.42, 
29.17 ± 3.08, and 43.12 ± 4.24 points. The scores in the conventional group were 45.36 ± 5.73, 26.17 ± 5.24, 25.68 ± 4.42, and 
35.56 ± 5.67 points.

Scores in both groups were higher after the interventions (all P < 0.001). The scores for each dimension in the combined 
group were higher than those in the conventional group (t: 6.994, 5.902, 5.128, and 8.470; all P < 0.001) (Figure 3).
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Table 3 Multiple comparisons of Pittsburgh Sleep Quality Index scores at different time points (Bonferroni)

95%CI
Group (I) Time (J) Time Mean difference (I-J) Standard error P

Lower limit Upper limit

Combination group

Before intervention 3 mo after intervention 8.017 1.198 0.001 5.121 10.913

6 mo after intervention 11.167 1.198 0.001 8.271 14.063

3 mo after intervention before intervention -8.017 1.198 0.001 -10.913 -5.121

6 mo after intervention 3.150 1.198 0.028 0.254 6.046

6 mo after intervention Before intervention -11.167 1.198 0.001 -14.063 -8.271

3 mo after intervention -3.150 1.198 0.028 -6.046 -0.254

Conventional group

Before intervention 3 mo after intervention 2.449 1.080 0.073 -0.157 5.056

6 mo after intervention 5.217 1.080 0.001 2.611 7.824

3 mo after intervention Before intervention -2.449 1.080 0.073 -5.056 0.157

6 mo after intervention 2.768 1.080 0.033 0.162 5.375

6 mo after intervention Before intervention -5.217 1.080 0.000 -7.824 -2.611

3 mo after intervention -2.768 1.080 0.033 -5.375 -0.162

95%CI: 95% confidence interval.

Table 4 Pittsburgh Sleep Quality Index score

Group and time Statistics Sleep 
quality

Fall sleep 
time

Sleep 
time

Sleep 
efficiency

Sleep 
disorder

Hypnotic 
drugs

Daytime 
dysfunction

Combination group (n 
= 60)

    Before intervention 2.35 ± 0.65 2.43 ± 0.66 2.52 ± 0.61 2.33 ± 0.58 1.98 ± 0.52 2.05 ± 0.52 2.18 ± 0.54

    After intervention 0.82 ± 0.421 0.85 ± 0.441 0.78 ± 
0.481

0.75 ± 0.461 0.77 ± 0.521 0.86 ± 0.361 1.16 ± 0.311

t 15.310 15.430 17.360 16.530 12.750 14.570 12.690

P 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Conventional group (n 
= 69)

    Before intervention 2.26 ± 0.57 2.35 ± 0.62 2.49 ± 0.64 2.29 ± 0.62 1.95 ± 0.47 2.01 ± 0.55 2.15 ± 0.56

    After intervention 1.06 ± 0.35 1.06 ± 0.53 0.97 ± 0.58 1.05 ± 0.32 1.02 ± 0.37 1.02 ± 0.22 1.41 ± 0.58

t 14.900 13.140 14.620 14.760 12.910 13.880 7.624

P 0.001 0.001 0.001 0.001 0.001 0.001 0.001

1The index compared with normal group, P  < 0.05.

DISCUSSION
As CHB easily progresses to cirrhosis or liver cancer[17], there are considerable changes in the psychological, emotional, 
and living conditions of patients; effective nursing interventions are needed. Insomnia, a decline in sleep quality, is a 
common symptom in patients with CHB. primarily caused by an increase in endotoxin levels, unbalanced hormone 
secretion, and increased psychological burden which negatively impacts quality of life.

We found that the AAQ-II scores of both groups were lower after the intervention, and the combined group scores 
were lower, indicating that ACT combined with ECBE could reduce patient empirical avoidance behavior and enhance 
psychological flexibility. This is consistent with previous studies on adult patients with chronic pain [18]. Psychological 
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Figure 2 Self-Rating Anxiety Scale score and Self-Rating Depression Scale score. A: The post-intervention Self-Rating Anxiety Scale score (t = 
5.445); B: Self-Rating Depression Scale score (t = 7.076) in the combination group were lower than those in the conventional group (both P < 0.001). aP < 0.05. SAS: 
Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.

Figure 3 Exercise of Self-Care Agency Scale score. A: Health knowledge level; B: Self-concept; C: Self-responsibility; D: Self-care skills. The post-
interventions scores of each dimension in the combined group were lower than those in the combination group. aP < 0.05.

flexibility refers to psychological and behavioral adaptations to changing situations during interactions between 
individuals and the environment[19], a protective factor for mental health[20].

CHB is characterized by progression to cirrhosis or liver cancer and a heavy economic burden, which can easily cause 
negative emotions and need for patients to escape and control their worries. ACT guides and encourages patients to 
accept all negative and positive experiences with an open and optimistic attitude. After ACT intervention, patients may 
no longer resist, control, or evade CHB but observe and accept it objectively. Additionally, patients with CHB can cope 
more effectively with the stimulation of surrounding environmental factors and take positive actions to reduce psycho-
logical pressure, anxiety and depression.

ECBE focuses on four aspects: Establishing problems, expressing emotions, setting goals, and formulating plans. It 
focuses on patients' psychological changes, unhealthy emotions, and sleep quality and adopts targeted interventions and 
supervision. ECBE also encourages patients to gradually reduce avoidance behaviours, anxiety, depression, insomnia, 
and other problems, improves psychological flexibility, and relieves negative emotions. Previous research[21] has 
demonstrated that psychological flexibility is closely related to anxiety and depression. According to the results of this 
study, the SAS and SDS scores of patients receiving ACT combined with ECBE nursing were significantly reduced, 
indicating that anxiety and depression were significantly alleviated, highlighting the effectiveness of the combined 
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intervention in relieving negative emotions in patients with CHB.
In this study, the scores of the PSQI were lower and ESCA scores were higher in the combination group, demonstrating 

that ACT combined with ECBE also played a significant role in regulating sleep quality and patient self-care ability. The 
sleep quality of patients with CHB is typically much lower[22]. For ACT combined with ECBE, nursing staff developed 
patient knowledge of CHB and helped to correct misunderstandings about the disease, reducing excessive worrying and 
negative emotions, and improving sleep quality.

Moreover, the low self-care ability of patients with CHB has been demonstrated[23]. Improving self-care ability is the 
final step in the implementation of ECBE. Nursing staff guide patients to understand the importance of self-care and the 
prevention and treatment of common health problems associated with CHB. They also promote patient self-care ability, 
an important component that is lacking in routine nursing. Furthermore, providing effective relief from negative 
emotions encourages patients to actively cooperate with treatment and related auxiliary interventions, accept guidance 
and transmission of nursing knowledge; it also enhances patient understanding of the disease and nursing measures, 
indirectly improving self-care abilities[24,25].

Some limitations should be noted. First, this was a single-center study; therefore, the application of these findings to 
those in different centers needs to be approached with caution and the results need to be corroborated in future studies. 
Second, this was a retrospective study, and the data may be subject to selection, information, and confounding biases. 
Therefore, prospective randomized controlled studies are required to obtain more accurate clinical data and generate 
more robust evidence.

CONCLUSION
The combination of ACT and ECBE in patients with CHB can improve psychological flexibility and sleep quality, alleviate 
negative emotions, and improve self-care abilities.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis B (CHB) is an infectious, progressive disease. Patients experience a heavy psychological burden and 
severe insomnia symptoms.

Research motivation
Patients with CHB urgently require effective nursing interventions to alleviate mental flexibility, negative emotions, and 
sleep quality problems.

Research objectives
To analyze the effects of acceptance and commitment therapy (ACT) combined with enabling cognitive-behavioral 
education (ECBE) on mental flexibility, negative emotions, and sleep quality in CHB patients.

Research methods
We retrospectively analyzed the clinical data of 129 patients with CHB and observed changes and differences in 
Acceptance and Action Questionnaire-2nd edition (AAQ-II), Self-Rating Anxiety Scale (SAS), Self-Rating Depression Scale 
(SDS), Pittsburgh Sleep Quality Index (PSQI), and Exercise of Self-Case Agency Scale (ESCA) scores after routine nursing 
and ACT combined with ECBE intervention.

Research results
Compared to patients receiving conventional care, the AAQ-II, SAS, SDS, and PSQI scores in patients receiving ACT 
combined with ECBE were lower and ESCA scores were higher.

Research conclusions
ACT combined with ECBE is effective for CHB patients in China and overcomes the problem of nursing defects in CHB.

Research perspectives
We observed the mental flexibility, negative emotions, and sleep quality of patients with CHB according to two different 
nursing interventions: routine nursing and ACT combined with ECBE.
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Abstract
BACKGROUND 
Preeclampsia is a pregnancy-specific multi-system disease with multi-factor and 
multi-mechanism characteristics. The cure for preeclampsia is to terminate the 
pregnancy and deliver the placenta. However, it will reduce the perinatal survival 
rate, prolong the pregnancy cycle, and increase the incidence of maternal complic-
ations. With relaxation of the birth policy, the number of elderly pregnant women 
has increased significantly, and the prevalence rate of preeclampsia has increased. 
Inappropriate treatment can seriously affect the normal postpartum life of preg-
nant women. Studies have shown that postpartum anxiety in women with preec-
lampsia can affect physical and mental health, as well as infant growth and deve-
lopment.

AIM 
To analyze the factors influencing preeclampsia in pregnant women complicated 
with postpartum anxiety, and to construct a personalized predictive model.

METHODS 
We retrospectively studied 528 pregnant women with preeclampsia who deli-
vered in Wenzhou Hospital of Integrated Traditional Chinese and Western Medi-
cine between January 2018 and December 2021. Their basic data were collected, 
and various physiological and biochemical indicators were obtained by laboratory 
examination. The self-rating anxiety scale was used to determine whether the 
women had postpartum anxiety 42 d after delivery. The independent factors influ
-encing postpartum anxiety in early pregnant women with eclampsia were analy-
zed with multifactor logistic regression and a predictive model was constructed. 
The Hosmer-Lemeshow test and receiver operating characteristic (ROC) curve 
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were used to evaluate the calibration and discrimination of the predictive model. Eighty pregnant women with 
preeclampsia admitted to our hospital from January 2022 to May 2022 were retrospectively selected to verify the 
prediction model.

RESULTS 
We excluded 46 of the 528 pregnant women with preeclampsia because of loss to follow-up and adverse outcomes. 
A total of 482 cases completed the assessment of postpartum anxiety 42 d after delivery, and 126 (26.14%) had 
postpartum anxiety. Bad marital relationship, gender discrimination in family members, hematocrit (Hct), estradiol 
(E2) hormone and interleukin (IL)-6 were independent risk factors for postpartum anxiety in pregnant women with 
preeclampsia (P < 0.05). Prediction model: Logit (P) = 0.880 × marital relationship + 0.870 × gender discrimination 
of family members + 0.130 × Hct - 0.044 × E2 + 0.286 × IL-6 - 21.420. The area under the ROC curve of the model 
was 0.943 (95% confidence interval: 0.919-0.966). The threshold of the model was -1.507 according to the maximum 
Youden index (0.757), the corresponding sensitivity was 84.90%, and the specificity was 90.70%. Hosmer-Leme-
show χ2 = 5.900, P = 0.658. The sensitivity, specificity and accuracy of the model were 81.82%, 84.48% and 83.75%, 
respectively.

CONCLUSION 
Poor marital relationship, family gender discrimination, Hct, IL-6 and E2 are the influencing factors of postpartum 
anxiety in preeclampsia women. The constructed prediction model has high sensitivity and specificity.

Key Words: Preeclampsia; Postpartum anxiety; Risk factors; Predictive model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Preeclampsia is a progressive multisystem disease during pregnancy, characterized by new hypertension and 
proteinuria after 20 wk of pregnancy, and the condition develops continuously, which has a serious effect on the health of 
the mother and child. We analyzed the biochemical indicators of 528 pregnant women with preeclampsia and the inde-
pendent factors influencing postpartum anxiety, and constructed a predictive model, with high clinical value.

Citation: Lin LJ, Zhou HX, Ye ZY, Zhang Q, Chen S. Construction and validation of a personalized prediction model for postpartum 
anxiety in pregnant women with preeclampsia. World J Psychiatry 2023; 13(10): 763-771
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/763.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.763

INTRODUCTION
The incidence of preeclampsia can reach 8%[1], and studies have found that women with preeclampsia are more likely to 
suffer from postpartum anxiety[2-4], with an incidence of up to 20%[5]. Postpartum anxiety can aggravate maternal 
comorbidities, resulting in poor treatment compliance. Postpartum anxiety has short- or long-term adverse effects on 
maternal physical and mental health, as well as infant growth and development, and may lead to adverse events such as 
maternal drug abuse, suicide, and even infant injury[6,7]. Therefore, if we can predict the risk of postpartum anxiety in 
women with preeclampsia, targeted management and early intervention could avoid postpartum anxiety or improve 
postpartum psychological status. Current research focuses on the pregnancy outcome of women with preeclampsia, and 
few studies involve postpartum anxiety. In this study, we retrospectively studied 528 pregnant women with preeclampsia 
who delivered at our hospital between January 1, 2018 and December 31, 2021. The risk factors for preeclampsia in preg-
nant women complicated with postpartum anxiety were analyzed, and a predictive model was constructed to provide 
clinicians with an effective and practical risk assessment tool.

MATERIALS AND METHODS
General data
A total of 528 pregnant women with preeclampsia who delivered at Wenzhou Hospital of Integrated Traditional Chinese 
and Western Medicine Jianka between January 2018 and December 2021 were retrospectively selected. Inclusion criteria 
were: (1) Pre-eclampsia was diagnosed according to the relevant standards of obstetrics and gynecology[8]; (2) Con-
ception occurred naturally, the fetus was normal, and the pregnancy was singleton; (3) No cognitive impairment or 
history of mental illness, and normal communication; and (4) Age > 18 years and living in the local area. Exclusion 
criteria were: (1) Prenatal anxiety; (2) Medical history of encephalopathy; (3) Severe heart, liver, kidney and other organ 
diseases; (4) Concurrent diseases of the immune system, nervous system, severe cardiovascular disease and malignant 
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tumors; (5) Adverse pregnancy outcomes (including arrhythmia, fetal growth restriction, intrauterine fetal death, 
neonatal death, severe neonatal asphyxia, neonatal defects and serious postpartum complications); and (6) Patients who 
had to withdraw from the study due to an emergency.

The predictive model was clinically verified by retrospectively selecting 80 pregnant women with preeclampsia who 
met the above criteria in Wenzhou Hospital of Integrated Traditional Chinese and Western Medicine between January 
and May 2022. Sample size calculation: (1) According to references, preeclampsia and the incidence of postpartum anxiety 
at about 20%, this study is expected to end in the multi-factor regression model analysis of 10 variables, according to the 
average number of events per predictor variable (EPV) sample size calculation, take EPV = 10, sample size = into 
variables × EPV/incidence rate = 10 × 10/20% = 500 cases, according to the inclusion and exclusion criteria and 
considering adverse outcomes, the sample size was 528; and (2) The sample size of the external validation was generally 
1/4 to 1/2 of the modeling set, and the sample size = 1/4 of the modeling set, 120 cases (482/4) should be included. 
However, due to the influence of the external environment such as the epidemic situation and the actual situation of our 
hospital, 80 cases of preeclampsia pregnant women were finally included.

Data collection
General information: Age, educational level and occupation of pregnant women; occupation and educational level of 
spouse; family economic status; emotional status of husband and wife (self-rated as good or bad); whether pregnancy was 
planned; whether there was experience of raising children; whether there was gender discrimination on the part of 
oneself or family members (expecting to have male or female baby); whether there was regular maternity examination; 
and history of adverse pregnancy outcomes. Laboratory indicators included: Routine blood tests [including hematocrit 
(Hct), hemoglobin, and platelet count]; estrogen [including estradiol (E2)]; liver function (including alanine aminotrans-
ferase and aspartate aminotransferase); renal function (including creatinine and urea nitrogen); coagulation indicators 
(including fibrinogen and prothrombin time); and other biochemical indicators [including triglycerides and interleukin 
(IL)-6].

Postpartum anxiety criteria
The self-rating anxiety scale (SAS) was used to determine whether the parturients who completed the study had post-
partum anxiety at 42 d postpartum. The SAS consisted of 20 items, with each item scoring 1 (none or few), 2 (sometimes 
yes), 3 (most of the time yes), and 4 (most of the time yes). In accordance with the Chinese standard, SAS score ≥ 50 
indicated the presence of postpartum anxiety; a score of 50-59 indicated mild anxiety, 60-69 moderate anxiety, and ≥ 70 
severe anxiety.

Statistical analysis
The data obtained were processed by SPSS 27.0. Measurement data and numerical data were expressed as mean ± SD and 
percentage, respectively, using t and χ2 tests, respectively. The independent factors influencing postpartum anxiety in 
pregnant women with preeclampsia were analyzed using multifactor logistic regression and a predictive model was 
constructed. The Hosmer-Lemeshow test and receiver operating characteristic (ROC) curve were used to evaluate the 
calibration and discrimination of the predictive model. P < 0.05 indicated a significant difference.

RESULTS
Comparison of baseline data of pregnant women with preeclampsia
We excluded 46 of 528 pregnant women with preeclampsia because of loss to follow-up and adverse outcomes, and 482 
women completed the anxiety assessment 42 d after delivery. Among them, 126 women (26.14%) experienced postpartum 
anxiety. The analysis of baseline data of 482 pregnant women with preeclampsia showed that marital relationship, gender 
discrimination of family members, Hct, E2 and serum IL-6 levels were factors potentially influencing postpartum anxiety 
in pregnant women with preeclampsia (P < 0.05) (Table 1).

Multifactor logistics regression analysis of pregnant women with preeclampsia complicated with postpartum anxiety
The significant factors above were used as covariates marital relationship (0 = good, 1 = bad), gender discrimination 
among family members (0 = none, 1 = yes). Concurrent postpartum anxiety was used as the dependent variable (0 = 
none, 1 = yes), and multifactor logistic regression analysis was performed. Bad marital relationship, gender discrim-
ination among family members, Hct, E2 and IL-6 were independent risk factors for postpartum anxiety in pregnant 
women with preeclampsia (P < 0.05) (Table 2).

Construction and validation of predictive model for pregnant women with preeclampsia complicated with postpartum 
anxiety
According to the multivariate logistic regression model, a predictive model of postpartum anxiety in pregnant women 
with preeclampsia was constructed: Logit(P) = 0.880 × conjugal affection + 0.871 × gender discrimination in family 
members + 0.130 × Hct - 0.044 × E2 + 0.286 × IL-6 - 21.420. The ROC curve was drawn to evaluate the discrimination of 
the predictive model. The area under the ROC curve was 0.943 (95% confidence interval: 0.919-0.966). The threshold of 
the model was -1.507 according to the most approximate maximum Youden index (0.757), and the corresponding 
sensitivity and specificity were 0.849 and 0.907, respectively (Figure 1). The goodness-of-fit test was used to evaluate the 
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Table 1 Comparison of baseline data of pregnant women with preeclampsia, n (%)

Variable Postpartum anxiety (n = 
126)

No postpartum anxiety (n = 
356) t/χ2 P 

value

Age (mean ± SD) 31.80 ± 3.99 32.04 ± 4.09 0.491 0.624

Degree of education 1.853 0.396

    Junior high school and below 31 (24.60) 70 (19.66)

    Senior high school (technical secondary school) 61 (48.41) 172 (48.31)

    College (higher vocational) or above 34 (26.98) 114 (32.02)

Occupation 5.433 0.143

    Unemployed 25 (19.84) 50 (14.04)

    Workers and peasants 43 (34.13) 150 (42.13)

    Public official 19 (15.08) 37 (10.39)

    Other 39 (30.95) 119 (33.43)

Per capita monthly household income 4.491 0.106

    < 2500 RMB yuan 22 (17.46) 68 (19.10)

    2500-5000 RMB yuan 65 (51.59) 146 (41.01)

    > 5000 RMB yuan 39 (30.95) 142 (39.89)

Spousal occupation 3.390 0.335

    Unemployed 13 (10.32) 20 (5.62)

    Workers and peasants 59 (46.83) 181 (50.83)

    Public official 21 (16.67) 57 (16.01)

    Other 33 (26.19) 98 (27.53)

Education level of spouse 3.994 0.136

    Junior high school and below 19 (15.08) 40 (11.24)

    Senior high school (technical secondary school) 58 (46.03) 200 (56.18)

    College (higher vocational) or above 49 (38.89) 116 (32.58)

Marital relationship 37.665 < 0.001

    Good 39 (30.95) 223 (62.64)

    Bad 87 (69.05) 133 (37.36)

Whether it was a planned pregnancy 1.338 0.247

    Yes 80 (63.49) 246 (69.10)

    No 46 (36.51) 110 (30.90)

Have any experience raising children 0.253 0.615

    Yes 38 (30.16) 99 (27.81)

    No 88 (69.84) 257 (72.19)

Whether the pregnant woman herself has gender discrim-
ination

0.471 0.493

    Yes 28 (22.22) 90 (25.28)

    No 98 (77.78) 266 (74.72)

Gender discrimination among family members 24.318 < 0.001

    Yes 86 (68.25) 152 (42.70)

    No 40 (31.75) 204 (57.30)

Whether regular birth inspection 1.846 0.174
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    Yes 84 (66.67) 260 (73.03)

    No 42 (33.33) 96 (26.97)

History of adverse pregnancy outcomes 0.256 0.613

    Yes 30 (23.81) 77 (21.63)

    No 96 (76.19) 279 (78.37)

Systolic blood pressure (mean ± SD, mmHg) 149.57 ± 7.3 149.50 ± 8.08 -0.087 0.930

Diastolic blood pressure (mean ± SD, mmHg) 100.37 ± 5.97 99.62 ± 6.70 -1.113 0.266

Hemoglobin (mean ± SD, g/L) 108.47 ± 25.25 112.90 ± 30.02 1.700 0.090

Hct (mean ± SD, %) 63.16 ± 8.49 47.23 ± 6.18 -22.421 < 0.001

Platelets (mean ± SD, × 109/L) 137.72 ± 33.06 141.53 ± 32.63 1.121 0.263

Fibrinogen (mean ± SD, g/L) 4.38 ± 1.03 4.59 ± 1.11 1.749 0.081

Prothrombin time (mean ± SD, s) 10.96 ± 3.04 11.27 ± 3.01 0.991 0.322

Creatinine (mean ± SD, mmol/L) 60.64 ± 18.51 58.91 ± 16.86 -0.963 0.336

Urea nitrogen (mean ± SD, mmol/L) 4.16 ± 1.09 3.99 ± 0.97 -1.597 0.111

Alanine transaminase (mean ± SD, U/L) 27.21 ± 7.12 26.70 ± 7.23 -0.685 0.494

Aspartate aminotransferase (mean ± SD, U/L) 29.85 ± 9.05 28.82 ± 9.31 -1.071 0.285

Triglyceride (mean ± SD, mmol/L) 4.67 ± 1.08 4.18 ± 1.09 -1.657 0.098

Estradiol (mean ± SD, pg/mL) 50.23 ± 15.00 57.97 ± 11.95 5.845 < 0.001

Interleukin-6 (mean ± SD, pg/mL) 56.39 ± 12.22 40.24 ± 10.12 -14.554 < 0.001

Hct: Hematocrit.

Table 2 Multifactor logistic regression analysis of postpartum anxiety in pregnant women with preeclampsia

Factor β Wald χ2 P value OR (95%CI)

bad marital relationship 0.880 4.594 0.032 2.412 (1.078-5.394)

Gender discrimination among family members 0.871 4.339 0.037 2.390 (1.053-5.425)

Hematocrit 0.130 35.391 < 0.001 1.139 (1.091-1.189)

Eastradiol -0.044 8.039 0.005 0.957 (0.928-0.986)

Interleukin-6 0.286 64.504 < 0.001 1.331 (1.242-1.428)

Constant -21.420 72.926 < 0.001

OR: Odds ratio; CI: Confidence interval.

calibration of the predictive model, which showed Hosmer-Lemeshow χ2 = 5.900, and P = 0.658 (Figure 2).

Clinical verification of predictive model for pregnant women with preeclampsia complicated with postpartum anxiety
We retrospectively selected 80 pregnant women with preeclampsia in our hospital between January and May 2022 to 
clinically verify the predictive model. The sensitivity was 81.82%, specificity 84.48%, and accuracy 83.75% (Table 3).

DISCUSSION
The results of this study showed that serum transaminase levels, blood pressure, platelet levels, and coagulation indi-
cators in pregnant women with preeclampsia with postpartum anxiety did not differ significantly from those in women 
without postpartum, which was consistent with previous studies[4]. We found that bad marital relationship, gender 
discrimination among family members, Hct, IL-6 and E2 were all independent factors influencing postpartum anxiety in 
pregnant women with preeclampsia. The care and support of husbands play a key role in improving the psychological 
status of pregnant women[9,10]. Therefore, strengthening the health education of the spouses of pregnant and lying-in 
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Table 3 Clinical validation of the predictive model

Models predict postpartum anxiety
Postpartum anxiety

Yes No
Total

Yes 18 4 22

No 9 49 58

Total 27 53 80

Figure 1  Receiver operating characteristic curve analysis of the predictive model for postpartum anxiety in preeclampsia.

Figure 2  Goodness of fit test of a predictive model for postpartum anxiety in women with preeclampsia.

women and guiding them to attach importance to psychological care and support are important to reduce the risk of 
postpartum anxiety. The feudal thought of “son preference” is deeply rooted in China. Family members and even the 
pregnant women themselves care about the gender of the newborn[11]. When pregnant women with preeclampsia 
excessively consider the views of family members on the gender of their newborn, it can easily exert psychological 
pressure, leading to postpartum anxiety. Therefore, for pregnant women with preeclampsia, health education should be 
strengthened during prenatal examination, the idea of gender equality should be advocated, and possible gender discrim-



Lin LJ et al. Construct postpartum anxiety model of preeclampsia

WJP https://www.wjgnet.com 769 October 19, 2023 Volume 13 Issue 10

ination should be corrected in time to reduce the risk of postpartum anxiety of pregnant women.
There is a biological basis for postpartum anxiety in pregnant women with preeclampsia. Postpartum estrogen 

deficiency is an important reason for the significantly increased incidence of mental illness at 30 d postpartum[12], and E2 
level is negatively correlated with the severity of female anxiety[13], which is similar to our study. The possible causes are 
that E2 can play an antianxiety role by improving the binding rate of serotonin reuptake transporter and the reuptake 
capacity of cells for serotonin. However, postpartum estrogen secretion from the uterus is stopped, the recovery of 
ovarian estrogen secretion function is slow, and the level of E2 is low, thus the antianxiety effect is weakened. If the level 
of E2 is low in pregnant women with preeclampsia, it may further decrease the level of postpartum estrogen, so anxiety is 
more likely to occur[14,15]. Ramiro-Cortijo et al[16] confirmed that the Hct in patients with preeclampsia was significantly 
higher than that of healthy people, and increased with aggravation of preeclampsia. Noori et al[17] showed that the pre-
natal Hct accurately predicted severity of depression and anxiety 6 wk after delivery. The results of this study showed 
that Hct was an independent factor influencing postpartum anxiety in pregnant women with preeclampsia, which was 
consistent with the above conclusions. Pregnant women with preeclampsia usually have overactivation of inflammation 
and immunity, and a large number of inflammatory factors are released into the blood, resulting in increased serum IL-6 
level, which is positively correlated with the severity of preeclampsia[18]. Immune activation caused by inflammatory 
factors can lead to dysfunction of the neuroendocrine and immune systems[19,20]. Therefore, elevated serum IL-6 levels 
may cause postpartum anxiety in women with preeclampsia. Therefore, clinical attention should be paid to patients with 
abnormal indicators, and follow-up observation should be strengthened, or appropriate treatment should be given to 
adjust the level of related indicators.

In this study, a risk predictive model for pregnant women with preeclampsia complicated with postpartum anxiety 
was constructed based on the above independent influencing factors (bad marital relationship, gender discrimination of 
family members, Hct, IL-6 and E2). The ROC curve analysis results showed that the predictive model had good discrim-
ination, and the goodness-of-fit test showed that the model had good calibration. The prospective clinical validation 
showed that the model had high sensitivity (81.82%), specificity (84.48%) and accuracy (83.75%), indicating that the 
predictive model had clinical practicability. The model was simple to use and had high accuracy. However, the number 
of cases in the time period selected for clinical verification is small, and the results may have certain errors. In the future 
will be incorporated into various validation.

CONCLUSION
Bad marital relationship, gender discrimination of family members, Hct, IL-6 and E2 are independent factors influencing 
postpartum anxiety in pregnant women with preeclampsia. The predictive model established based on these factors has 
high sensitivity, specificity and accuracy, strong operability, and high clinical value. However, this study was a single-
center study, the clinical validation of the model was only conducted in our hospital, and the sample size was insufficient, 
so the results were inevitably biased. In the future, multi-center research and multi-center clinical verification will be 
carried out, and multi-factor, multi-sample and multi-time span will be adopted to explore, so as to enhance the reliability 
of the research results.
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Relaxation of the maternity policy has resulted in an increase in the number of elderly pregnant and lying-in women, and 
the prevalence of preeclampsia. Preeclampsia can lead to organ damage and system dysfunction.
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The object of this study is to explore the factors influencing postpartum anxiety in pregnant women with preeclampsia 
and construct a personalized model for predicting postpartum anxiety, to provide a reference for clinical trials.

Research methods
We retrospectively analyzed 528 pregnant women with preeclampsia who delivered in our hospital between 2018 and 
2021. Various physiological and biochemical indicators were obtained through laboratory tests. Multivariate logistic 
regression, receiver operating characteristic curve, Hosmer-Lemeshow and other methods were used to analyze the 
factors influencing postpartum anxiety in pregnant women with preeclampsia and to construct a predictive model.

Research results
A total of 126 pregnant women with preeclampsia experienced postpartum anxiety. Bad marital relationship, gender 
discrimination among family members, hematocrit, estradiol hormone and interleukin-6 were independent risk factors 
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for postpartum anxiety in pregnant women with preeclampsia, and the predictive model constructed based on these 
factors had high accuracy.

Research conclusions
We analyzed the factors influencing postpartum anxiety in pregnant women with preeclampsia and constructed a 
predictive model with high sensitivity and accuracy, which provided a reference value for clinical practice.

Research perspectives
Firstly, multi-sample, multi-factor, multi-center and multi-time span clinical studies will be carried out in the future to 
enhance the reliability of the research results. In addition, different models were constructed for clinical application in 
pregnant women with preeclampsia and postpartum anxiety.
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Abstract
BACKGROUND 
Medical school is known for its lengthy process, which is both physically and 
emotionally draining. Students’ mental balance would shrink as they progress in 
their medical training. A systematic review and meta-analysis reported that the 
prevalence of depressive symptoms among medical students remained relatively 
constant at 27.2%.

AIM 
To assess the prevalence of depressive symptoms among Tunisian medical 
students and evaluate its associated factors.

METHODS 
This is a descriptive cross-sectional study that was carried out in the second 
semester of the academic year 2017/2018, between April 2018 and July 2018 
among 1138 medical students. Data were collected using a socio-demographic 
questionnaire and the Beck Depression Inventory-II (BDI-II).

RESULTS 
Sixty-four percent (n = 728) of the participants had depressive symptoms, of 
which 266 (23.4%) met the criteria for mild, 271 (23.8%) for moderate, and 191 
(16.8%) for severe depressive symptoms. Female gender, low socio-economic 
level, smoking habits and history of mental disorder, performing leisure and 
physical activities, satisfaction toward a career choice, and happiness perception 
were the main prognostic factors for depression among medical students. 
Although academic grades may not be considered a prognostic factor, final-year 
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students appeared to be less depressive than their colleagues.

CONCLUSION 
These findings give insight into mental health issues and comorbidities among Tunisian medical students. It is a 
hopeful request for decision-makers and academic authorities to set serious measures and draw effective 
interventions to minimize the currency of psychological distress among this subpopulation.

Key Words: Depression; Psychiatry; Medical students; Mental health; Beck Depression Inventory; Tunisia

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to assess the prevalence of depressive symptoms among Tunisian medical students and evaluate 
its associated factors. This is a descriptive cross-sectional study that was carried out in the second semester of the academic 
year 2017/2018, between April 2018 and July 2018 among 1138 medical students. Sixty four percent (n = 728) of the 
participants had depressive symptoms, of which 266 (23.4%) met the criteria for mild, 271 (23.8%) for moderate, and 191 
(16.8%) for severe depressive symptoms. Female gender, low socio-economic level, smoking habits and history of mental 
disorder, performing leisure and physical activities, satisfaction toward career choice, and happiness perception were the 
main prognostic factors for depression among medical students. Although academic grade may not be considered as a 
prognostic factor, final year students appeared to be less depressive than their colleagues.

Citation: Amamou B, Alouani S, Ben Haouala A, Alouani S, Tlili MA, Mhalla A, Zaafrane F, Gaha L. Depression among medical 
students in Tunisia: Prevalence and associated factors. World J Psychiatry 2023; 13(10): 772-783
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/772.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.772

INTRODUCTION
The Global Burden of Diseases, Injuries, and Risk Factors Study 2017 (GBD 2017), conducted between 1990 and 2017 in 
195 countries and territories, concluded that more than 264 million people of all ages were depressed[1].

Depression can be long-lasting or recurrent, and standing still impairs an individual’s ability to function in his daily 
life[2].

Psychological distress among university students has witnessed a considerable rise, becoming a concern for public 
health authorities around the globe. And among university students, medical students are particularly more vulnerable to 
psychological distress and morbidity since medical education is reputed for its long process and it is physically and 
emotionally consuming[3,4].

Rotenstein et al[5] reported in a systematic review and meta-analysis conducted in 2016 that between 1982 and 2015, 
depressive symptom prevalence remained relatively constant at 27.2% for medical students with no significant difference 
between preclinical and clinical students.

Even though it is crucial for an educational institution to assess the mental status of its students, only a few Tunisian 
studies surveyed the currency of depression among medical students.

Within this framework, this study aimed to assess the prevalence of depressive symptoms among medical students in 
Tunisia and to evaluate its associated factors.

MATERIALS AND METHODS
Study design and participants
The present study is a descriptive cross-sectional study that was carried out in the second semester of the academic year 
2017/2018, between April 2018 and July 2018 (away from exams). We recruited students from the four medical faculties 
in Tunisia [Faculty of Medicine of Monastir (FMM), Sousse, Tunis, and Sfax].

The minimal sample size required for the study was 322694. It was calculated using the formula: n =  μα2 p (1-p)/δ2, 
where “μα”  is  the one-sided magnitude of the confidence level (μα  =  1.96) and “p” is the  expected proportion of the 
outcome of interest with an assumption of 30% depression among medical students.

Only enrolled medical students from the first year to the fifth year were invited to complete an online survey as a main 
tool of the study.

To retrieve an adequate sample for the present study, all candidates were invited to complete an anonymous 
nationwide web-based questionnaire via their student delegate who published the questionnaire in their Facebook group, 
mentioning the purpose of the study and assuring the confidentiality and anonymity of each answer. The questionnaire 
was sent with a description of the study. Every person could only answer the questionnaire once.

https://www.wjgnet.com/2220-3206/full/v13/i10/772.htm
https://dx.doi.org/10.5498/wjp.v13.i10.772
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As the response rate is the number of completed and sent survey responses divided by the number of people who 
viewed the survey, the present study response rate was measured to be 16.45%, considering students who reached the 
link and viewed the survey content (Figure 1).

Study instruments
The self-report questionnaire employed in the French language (the second language and official language for medical 
studies in Tunisia) took approximately 15 min to answer and collected data on.

Students’ general characteristics: It consists of personal (age, gender, origin, personal medical history, tobacco use, 
alcoholism, marital status, self-assessment of their financial status, and current residence) and academic characteristics: 
Faculty, academic level, satisfaction toward career choice, and dropping out thoughts, leisure and sporting activities, 
participation in a stress management workshop, and a precedent visit to a psychiatrist/psychologist.

Beck Depression Inventory-II (BDI-II): It is a self-administrated tool, used to screen for the presence of depressive 
symptoms[6,7]. The BDI-II timeframe extends for 2 wk to correspond with the DSM-IV criteria for diagnosing depressive 
disorders and includes items measuring cognitive, affective, somatic, and vegetative symptoms of depression. With a 
sensitivity of 87% and specificity of 79%, the BDI-II was validated using adult and adolescent psychiatric outpatients.

Each participant is asked to answer 21 items rated on a 4-point Linkert scale indicating the degree of severity from 0 
(not at all) to 3 (extreme form of each symptom). Cumulative score is calculated. The provisional diagnosis of depression 
is made if the BDI-II score is greater than 13 and the presence of severe depressive symptoms if the score is greater than 
or equal to 29. The severity of depression was classified into three categories: Mild, moderate, and severe depression[7,8].

Statistical analysis
The data collected were keyed into Excel for Windows and statistical analyses were carried out using the software 
package SPSS version 24 (SPSS Inc.). Descriptive analysis (frequencies, prevalence, mean, and standard deviation) was 
applied to evaluate the characteristics of the samples. The Chi-square (χ2) test was carried out to compare the prevalence 
of depression between different groups, while the Student’s t-test was used to analyze quantitative data (age) with the 
presence of depression. Variables whose P value was < 0.2 were entered as independent variables in regression analysis. 
The 95% confidence intervals (95%CI) were calculated for prevalence rates. Binary logistic regression models were used 
to show the predictive model of BDI based on the values of the independent variables (predictors). The level of 
significance was set at P < 0.05.

Ethical considerations
We explained the purpose of the study to all participants. The confidentiality and anonymity of each answer were 
guaranteed. A completed questionnaire was considered as consent to participate in the study. The present study was 
approved by the ethics committee of the FMM (No. 3067).

RESULTS
Description of general characteristics
The sample consisted of 1138 medical students, including 888 (78%) females and 250 (22%) males, with ages ranging from 
18 to 37 years (mean, 22.0 years ± 2.3 years). There were 423 students (37.2%) who were enrolled in the Faculty of 
Medicine of Tunis (FMT), while 304 (26.7%), 248 (21.8%), and 163 (14.3%) were registered, respectively, in the FMM, 
Sousse (FMS) and Sfax (FMSF). Of the sample, there were 448 pre-clinical students (Year 1 and Year 2) (39.3%) and 690 
clinical students (Year 3, Year 4, and Year 5) (60.6%).

Based on their financial status self-assessment, most of the students (921, 80.9%) were at a moderate socio-economic 
level while 146 (12.8%) were at a high level and 71 (6.2%) were at a low level. Fourteen percent of the participants were 
smokers and 16% revealed drinking habits. Almost 70% of the sample did not practice either leisure or physical activities. 
Only 158 (13.9%) had participated in a stress management workshop and 228 (20%) had sought psychiatric help.

Half of the sample were unsatisfied with their career choice and have thought, at least once, of dropping out of medical 
studies. Sixty-one percent of participants (699) admitted feeling unhappy. More personal and academically related details 
are illustrated in Table 1.

Depressive symptoms
The BDI-II total scores of participants ranged from 0 to 63 with a mean score of 18.73 ± 10.60 as shown in Table 2. Sixty-
four percent (n = 728) of the participants had depressive symptoms, of which 266 (23.4%) met the criteria for mild, 271 
(23.8%) for moderate, and 191 (16.8%) for severe depressive symptoms. Among 728 depressive students, only 177 (24.3%) 
had sought psychiatric help.

Students’ general characteristics as determinants of depression
Personal characteristics: Female students were more depressed than males. Neither students’ residency nor marital status 
showed a significant effect on depressive symptoms. Depression was more prevalent among smokers and students with 
low socio-economic levels.



Amamou B et al. Depression prevalence among medical students in Tunisia

WJP https://www.wjgnet.com 775 October 19, 2023 Volume 13 Issue 10

Table 1 Characteristics of study participants (n = 1138) (university year 2017/2018), n (%)

Characteristic mean ± SD

Age, yr 22 (2.347) (min 18, max 37)

Gender Female 888 (78)

Male 250 (22)

Faculty Monastir 304 (26.7)

Sousse 248 (21.8)

Sfax 163 (14.3)

Tunis 423 (37.2)

Grade Year 1 252 (22.1)

Year 2 196 (17.2)

Year 3 198 (17.4)

Year 4 171 (15)

Year 5 321 (28.2)

Marital status Single 837 (73.6)

Engaged 269 (23.6)

Married 29 (2.5)

Divorced 3 (0.3)

Alone 193 (17)

With friends/roommates 220 (19.3)

Academic residency 127 (11.2)

Family home 598 (52.5)

Socio-economic level Low 71 (6.2)

Moderate 921 (80.9)

High 146 (12.8)

Children Yes 23 (2)

No 1115 (98)

History of medical illness Yes 173 (15.2)

No 965 (84.8)

History of mental illness Yes 79 (6.9)

No 1059 (93.1)

Leisure activities Yes 349 (30.7)

No 789 (69.3)

Physical activities Yes 322 (28.3)

No 816 (71.7)

Smoking habits Yes 160 (14.1)

No 978 (85.9)

Drinking habits Yes 183 (16.1)

No 955 (83.9)

Are you satisfied with your career choice? Yes 619 (54.4)

No 519 (45.6)

Have you ever thought of dropping out of medical studies? Yes 664 (58.3)

No 474 (41.7)
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Stress management training Yes 158 (13.9)

No 980 (86.1)

Have you ever visited a psychiatrist? Yes 228 (20)

No 910 (80)

Why not? No answer 261 (22.9)

I feel fine. I don’t need it 392 (34.4)

I need it, but I am always busy 366 (23.2)

I need it, but my circle of friends/family discouraged me 119 (10.5)

Are you happy? Yes 439 (38.6)

No 699 (61.4)

Table 2 Prevalence of depression among study participants (n = 1138)

BDI-II total score, mean ± SD Min 0, max 63, 18.730 (10.654)

Depression level Absence of depression 410 (36%)

Low 266 (23.4%)

Moderate 271 (23.8%)

Severe 191 (16.8%)

Figure 1 Flowchart of the study.

Depressive symptoms were associated with age (P = 0.048; the age difference was not meaningful), gender (P = 0.038), 
socio-economic level (P < 10-3), history of medical illness (P = 0.034), history of mental illness (P < 10-3), and smoking 
habits (P = 0.025).

Academic characteristics: With 70% depressed students, Sousse Faculty of Medicine was ranked as the most depressed 
faculty. There was no difference between pre-clinical and clinical students. The lack of leisure and physical activities was 
significantly associated with the presence of depressive symptoms.

The presence of depression was associated with faculty (P = 0.042), leisure activities (P < 10-3), physical activities (P < 
10-3), satisfaction toward career choices (P < 10-3), dropping out thoughts (P < 10-3), a precedent visit of a psychiatrist/
psychologist (P < 10-3), and happiness perception (P < 10-3). Different correlations are illustrated in Table 3.

Association between depressive symptoms and sample characteristics: Regression analysis
Female gender, low socio-economic level, smoking habits, and history of mental disorders were identified to be the main 
prognostic factors for depression among medical students (Table 4).

Although academic grade and participation in a stress management workshop did not show a significant correlation in 
the univariate analysis, we added these two variables in the regression analysis as they were mentioned in the literature. 
Academic grade may not be considered a prognostic factor. However, as detailed in Table 4, final-year students seemed 
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Table 3 Association between characteristics of participants and symptoms of depression, n (%)

Characteristic D- D+ P value

Age, yr, mean ± SD 21.820 (2.059) 22.100 (2.492) 0.048

Gender Female 306 (34.5) 582 (65.5) 0.038

Male 104 (41.6) 146 (58.4)

Faculty Monastir 124 (40.8) 180 (59.2) 0.042

Sousse 73 (29.4) 175 (70.6)

Sfax 63 (38.7) 100 (61.3)

Tunis 150 (35.5) 273 (64.5)

Grade Year 1 91 (36.1) 161 (63.9) 0.57

Year 2 72 (36.7) 124 (63.3)

Year 3 74 (37.4) 124 (62.6)

Year 4 52 (30.4) 119 (69.6)

Year 5 121 (37.7) 200 (62.3)

Accomodation Alone 63 (32.6) 130 (67.4) 0.597

With friends/roommates 79 (35.9) 141 (64.1)

Academic residency 43 (33.9) 84 (66.1)

Family home 225 (37.6) 373 (62.4)

Marital status Single 301 (36) 536 (64.0) 0.786

Engaged 100 (37.2) 169 (62.8)

Married 8 (27.6) 21 (72.4)

Divorced 1 (33.3) 2 (66.7) 0.149

Children Yes 5 (21.7) 18 (78.3)

No 405 (36.3) 710 (63.7)

Socio-economic level Low 9 (12.7) 62 (87.3) < 10-3

Moderate 330 (35.8) 591 (64.2)

High 71 (48.6) 75 (51.4)

History of medical illness Yes 50 (28.9) 123 (71.1) 0.034

No 360 (37.3) 605 (62.7)

History of mental illness Yes 14 (17.7) 65 (82.3) < 10-3

No 396 (37.4) 663 (62.6)

Leisure activities Yes 172 (49.3) 177 (50.7) < 10-3

No 238 (30.2) 551 (69.8)

Physical activities Yes 145 (45) 177 (55) < 10-3

No 265 (32.5) 551 (67.5)

Smoking habits Yes 45 (28.1) 115 (71.9) 0.025

No 365 (37.3) 613 (62.7)

Drinking habits Yes 63 (34.4) 120 (65.6) 0.622

No 347 (36.3) 608 (63.7)

Are you satisfied with your career choice? Yes 305 (49.3) 314 (50.7) < 10-3

No 105 (20.2) 414 (79.8)

Have you ever thought of dropping out of medical studies? Yes 167 (25.2) 497 (74.8) < 10-3

No 243 (51.3) 231 (48.7)
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Stress management training Yes 49 (31.0) 109 (69.0) 0.157

No 361 (36.8) 619 (63.2)

Have you ever visited a psychiatrist? Yes 51 (22.4) 177 (77.6) < 10-3

No 359 (39.5) 551 (60.5)

No

Are you happy? Yes 289 (65.8) 150 (34.2) < 10-3

No 121 (17.3) 578 (82.7)

Table 4 Binary logistic regression analysis of association between the sample and depression symptoms

Characteristic Exp (B) 95%CI P value

Gender 1.544 1.135-2.099 0.006

Socio-economic level High 1

Moderate 1.83 1.276-2.633 0.001

Low 6.589 3.000-14.469 < 10-3

History of mental illness 2.693 1.470-4.932 0.001

Smoking habits 1.669 1.123-2.481 0.011

Grade Year 1 1

Year 2 0.991 0.653-1.504 0.966

Year 3 0.796 0.523-1.213 0.288

Year 4 0.918 0.584-1.444 0.711

Year 5 0.667 0.456-0.974 0.036

Leisure activities 0.459 0.344-0.613 < 10-3

Physical activities 0.679 0.505-0.914 0.011

Satisfaction toward career choice 0.238 0.179-0.316 < 10-3

Stress management training 1.609 1.085-2.385 0.018

Happiness perception 0.143 0.107-0.193 < 10-3

to be less depressed than their colleagues.
Performing leisure and physical activities, satisfaction toward a career choice, happiness perception, and participation 

in a stress management workshop were considered prognostic factors for depression among participants.

DISCUSSION
Prevalence of depression among students
Sixty-four percent (n = 728) of the participants had depressive symptoms. These results seem to be higher than the 
aggregate prevalence of 27.2% (range, 9.3%-55.9%) reported by Rotenstein et al[5] in their systematic review and meta-
analysis that covered 195 studies in 47 different countries, involving 129123 medical students. In a medical education 
journal, a meta-analysis that concerned a total of 62728 medical students pooled across 77 studies was published in March 
2016[9], which reported similar results (28%).

The magnitude of depression found in our study closely resembled the findings from some neighboring countries: 
Egypt 60.2%[10], Bahrain 65.6%[11], etc. Lower prevalence were found in India[12] (18%), Thailand[13] (12.6%), Germany
[14] (10.3%), etc.

Nationally, the proportion of depressed medical students was higher than what was reported in a previous Tunisian 
study[15] that was conducted at the University of Sfax and showed that out of 80 medical students, 31% were depressed. 
Similar results were found in another study that included Tunisian medical residents (30.5%)[16]. Both studies used the 
same screening tool (Hospital Anxiety and Depression scale)[15,16].

This variation worldwide can be explained to be due to sample size and data collection tools. Besides, diversity in 
cultural, religious, and spiritual peculiarities[17] in addition to dissimilarity in the healthcare system might also elucidate 
the disparity of findings between countries.
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Association between characteristics of participants and symptoms of depression
Female gender: Globally, there were controverted issues given the impact of gender on depression symptoms. The 
significant correlation of poor mental health with female students found in the current study is supported by previous 
studies in Sweden[18], Nepal[19], Australia[20], etc. In contrast, no difference in depression between genders was 
disclosed in previous studies in Tunisia[16], Greece[21], Ethiopia[22], etc. Furthermore, regression analysis yielded mixed 
findings with some considering female gender as a risk factor for depression: South Africa[23], Turkey[24], South Korea
[25], etc. Studies took a multitude of tracks to elucidate why female students were more prone to depression than their 
male peers, and they suggested social stigma, gender inequity, and cultural constraints as the main reasons[9,26,27].

Financial status: Based on their financial status self-assessment, students at a low socioeconomic level were more likely to 
get depressed than their peers. These outcomes are in harmony with those run in neighboring and foreign countries[3,10,
14,25,28]. The impact of financial status on the occurrence of depression was documented in numerous studies among 
general populations[29-32]. A large four-year study (The PATH Through Life Survey) was conducted by Butterworth and 
colleagues in the city of Canberra and the surrounding regions in south-east Australia, and it included 6715 participants 
from different cohorts (1975-1979; 1956-1960; and 1937-1941). The study proclaimed that the lack of financial resources 
was strongly associated with depression[33,34].

Mental problems: Out of 1138 participants, 79 (6.9%) reported having a history of mental illness. These results seem to be 
akin to those found in other studies[26,35]. Nineteen Saudi Arabian medical students (out of 398) reported having a 
psychological illness. Eighty-four percent of them met the BDI criteria for depression. The chi-square test detected a 
significant correlation (P < 0.001) and multiple linear regression inferred that the presence of psychological problems 
makes students 1.435 times more likely to get depressed [P = 0.03, exp(B) 4.200, 95%CI: 1.150-15.338][35]. These findings 
are congruous with those reported earlier by Asal et al[36], Pagnin et al[37], and Pillay et al[38], who found that depressive 
and anxiety features were related to students’ history of poor mental health[36-38].

Smoking, drinking, and substance use: Out of 1138 participants, 160 (14.1%) had smoking habits while 183 (16.1%) had 
drinking habits. Smokers (115, 71.9%) and drinkers (120, 65.6%) met the BDI-II criteria for depression. The regression 
analysis considered smoking as a risk factor for depression. Many studies have looked for the link between substance use 
and the occurrence of depression[39]. On the other hand, Palestinian and Saudi Arabian studies that explored the impact 
of smoking only (but not drinking for cultural limitations) found no significant correlation with depression (P = 0.08)[26,
35]. Moreover, O. Coskun and colleagues[24] perceived no significant relationship between alcohol and the magnitude of 
depression. Correspondingly, studies among Ethiopian, Nepali, and Australian medical students found, also, no 
significant link between substance use and the development of depression[19,20,22]. Strikingly, a similar study was 
performed in the Netherlands. Authors noticed that first-year students who had drinking habits tended to be more 
balanced in their mental wellness than non-drinking students. Hence, drinking seems to be a coping tool wielded to ease 
the pressure but also to inflate social interactions and activities[40,41]. Even though drinking can be regarded as a relief 
from stress or a coping strategy, immoderate drinking may ruin liver and pancreas functioning, alter the cardiovascular 
system, and lead to tumoral issues as well as numerous psychiatric disorders[41-44].

Association between academic characteristics of participants and depression symptoms
Physical activities: Almost 70% of the sample did not practice any physical activity. Among them, 551 (67.5%) met the 
BDI-II criteria for depression. The regression analysis considered physical activity as a protective factor against 
depression[45].

A tiny number of studies had explored physical behavior among medical students. Abdelwahed and colleagues, for 
instance, observed that 210 out of 442 were performing physical activity at least three times a week. Yet, statistical 
analysis did not show any significant correlation between physical activity and depression (P = 0.647), anxiety (P = 0.78), 
or stress (P = 0.76)[10].

Worldwide, the impact of physical exercises was exemplified in numerous studies. A systematic review on the effects 
of physical activity on brain structure and function in youth related that physical activity can redesign white matter 
integrity and arousal of regions key to cognitive tasks[46]. Identically, Rebar and colleagues performed a meta-analysis of 
the impact of physical activity on depression and anxiety among the non-clinical population[47]. Authors concluded that 
physical activity was shown to decrease depression by a medium effect [standardized mean difference (SMD) = -0.50; 
95%CI: -0.93 to -0.06] and anxiety by a small effect (SMD = -0.38; 95%CI: -0.66 to -0.11)[47].

Leisure activities and extracurricular involvement: More than half of the participants (69.3%) were not performing any 
leisure activity. Fifty hundred and fifty-one (69.8%) among them were found depressed. Statistical analysis proved a 
significant association between spare time ventures and the occurrence of depression: The odds of developing depression 
was reduced to half among socially active participants. These findings seem in line with a Nepalian study where 34% of 
students (221/651) were involved in extracurricular activities. While those who answered “Always” and “Often” as the 
frequency of their extra activities were 28.6% and 21.7% depressed, respectively, those who answered “Rarely” and 
“Never” were 42.4% and 41.7% depressed, respectively. Even though a strong correlation (P < 10-3) was found in the chi-
square test, having a spare schedule tends to be a protective factor against anxiety (P = 0.012, OR = 0.367, 95%CI: 0.165-
0.799) but not depression[19]. The part taken by social life and social relationships turns out to be a key strand in the fight 
against depression and lessen stressful life pressures[22,40,48,49]. Dyrbye et al[28], who drove a longitudinal study among 
3743 United States medical students from 2010 to 2014, noticed that students who avowed having low social support were 
more likely to manifest depressive features (P < 10-3). Similarly, Turkish and Palestinian studies substantiated the strong 
correlation (P < 10-3) that relates social interaction and social stand with the contingency of depression[24,35].
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Satisfaction and dropping out ideas: Statistical analysis showed a strong correlation between students’ dissatisfaction 
and depression (P < 10-3). Unsatisfaction is, then, considered a risk factor for developing depression. These data closely 
resemble findings from other studies. Pokhrel et al[19] demonstrated that satisfied students in Nepal were less prone to 
depression (OR = 0.51, 95%CI: 0.33-0.80). Similarly, discontented KSA medical students tend to be more depressed than 
their peers (P = 0.03)[35]. Studies conducted in New Zealand[50] and Palestine[26] reported results in line with our study. 
The influence that satisfaction toward career choice has on students’ mental health did not come out of anywhere. It 
arises from the reluctance to study medicine: Whether to please parents’ desire to become a doctor or to go along with 
friends aiming to get higher social status. All of it ends by being hushed, knowing the reality of medicine[51].

Recommendations
As disclosed above, medical students are without a doubt prone to several mental afflictions. Therefore, preventing such 
distress among students should be a priority and a must.

Primary prevention is possible by supplying learners with seminars on time management, relaxation exercises, and 
mindfulness activities through counseling services such as the listening unit that has been established in our faculty. 
Finally, prioritizing students’ welfare starts by providing space and needed materials to enhance students’ physical 
exercises and group activities, delivering variable and healthy meals in university restaurants, and revising students’ 
schedules to suit their academic, physical, and psychological needs.

Limitations
Overall, the authors acknowledge some limitations to this study. Being a descriptive cross-sectional study, causal links 
between the correlations could not be inaugurated. Preferably, further studies should be surveyed in longitudinal, 
prospective, and multicenter designs aiming to yield a greater overview of the circumstances. Even though the number of 
students who participated in this survey is much higher than those carried out in Tunisian and neighboring studies, a 
larger sample size would have risen the diligence and exactness of our study.

As our study was based on self-administrated questionnaires and all data employed were self-reported, it is possible 
that students could have understated or overstated their depressive symptoms. The choice, itself, of participating in the 
online survey may mirror some level of bias related to the personal traits and characteristics of the students. We have 
estimated the occurrence of depression among medical students using a self-reported inventory (BDI-II), there were no 
clinical assessments supervised by psychiatrists. Consequently, the diagnostic value may be restricted, and further 
psychiatric interviews are required to validate our results. Other students’ characteristics that were correlated to the 
development of depressive symptoms were not explored among participants, such as emotional intelligence, coping 
skills, social support, religious beliefs, personality characteristics, and substance use disorders.

CONCLUSION
These findings give insight into Tunisian medical students’ mental health issues and comorbidities. It is a hopeful request 
for decision-makers and academic authorities to take serious measures and offer effective interventions to minimize the 
currency of psychological distress among this subpopulation. To date, this is the largest study on depression among 
Tunisian and Maghrebian medical students. Yet, further research is recommended to explore other correlated factors and 
to evaluate the effectiveness of these measures on depression levels among medical students.

ARTICLE HIGHLIGHTS
Research background
Most medical schools in the world (including Tunisia) still recruit their students based solely on the university entrance 
exam score. Students’ motivation, though being a crucial conjecture in their academic performance and well-being, has 
never been conventionally and structurally assessed in Tunisia. As a result, many students simply choose the medical 
field due to social codes, family influences, and cultural norms.

Research motivation
It is crucial for an educational institution to assess the mental status of students and its associated factors.

Research objectives
To assess the prevalence of depressive symptoms among Tunisian medical students and to evaluate its associated factors.

Research methods
This is an online survey of students from the four Tunisian medical faculties using Beck’s depression questionnaire.

Research results
Sixty-four percent (n = 728) of the participants had depressive symptoms. Female gender, low socioeconomic level, 
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smoking habits and history of mental disorder, performing leisure and physical activities, satisfaction toward a career 
choice, and happiness perception were the main prognostic factors for depression among medical students.

Research conclusions
These findings give insight into mental health issues and comorbidity among Tunisian medical students. It is a hopeful 
request for decision-makers and academic authorities to take serious measures and offer effective interventions to 
minimize the currency of psychological distress among this subpopulation.

Research perspectives
Further studies are needed to explore other correlated factors (such as emotional intelligence, coping skills, social 
support, religious beliefs, and personality characteristics) and to evaluate the effectiveness of these measures on 
depression levels among Tunisian medical students.
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Abstract
BACKGROUND 
Depression is a common mental disorder among college students. The main 
symptoms include being persistent low mood, sad emotional experiences, lack of 
pleasure, listlessness, and impaired cognitive function accompanied by tendencies 
of self-harm and suicide.

AIM 
To clarify the pathways and effects of the behavioral activation system between 
physical activity and depressive symptoms in college students with depressive 
symptoms.

METHODS 
This cross-sectional research screened 3047 college students. Of these, 472 had 
depressive symptoms, with a depression detection rate of 15.49%. Furthermore, 
442 college students with depressive symptoms were analyzed. A one-way 
analysis of variance and Pearson’s correlation, linear regression, and structural 
equation modeling analyses were used to explore the correlations and pathways 
of the interactions between the variables.

RESULTS 
Depressive symptoms were significantly negatively correlated with physical 
activity (r = -0.175, P < 0.001), the behavioral activation system (r = -0.197, P < 
0.001), and drive (r = -0.113, P = 0.017). Furthermore, it was negatively correlated 
with fun-seeking (FS) (r = -0.055, P = 0.251); however, it was not significant. 
Physical activity was significantly positively correlated with reward respons-
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iveness (RR) (r = 0.141, P = 0.003) and drive (r = 0.124, P = 0.009) and not significantly positively correlated with FS 
(r = 0.090, P = 0.058). The mediating effect of RR between physical activity and depressive symptoms was 
significant [B = -0.025, 95% confidence interval (95%CI): -0.051 to -0.008, P = 0.001]. The direct and total effects of 
physical activity on depressive symptoms and were significant (B = -0.150, 95%CI: -0.233 to -0.073, P < 0.001; B = 
-0.175, 95%CI: -0.260 to -0.099, P < 0.001), respectively.

CONCLUSION 
As physical activity levels increased, depression scores among college students decreased. The mediating effect of 
RR between physical activity and depressive symptoms was significant. Therefore, colleges and universities should 
encourage college students with depression to increase their physical activity and improve their behavioral 
activation system. Particular attention should be paid to RR, which may reduce the prevalence of depressive 
symptoms.

Key Words: College students; Physical activity; Depressive symptoms; Behavioral activation system; Mediating role

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study explored the specificity of the behavioral activation system for physical activity and reward motivation 
in college students with different depressive symptom scores. Furthermore, the inter-relationships among the three variables 
were examined via a cross-sectional research design. Pathways of the behavioral activation system that mediated the effect 
of physical activity level on depressive symptoms in college students with depressive symptoms were clarified.

Citation: Zhu JH, Li SF, Wang P, Xin X, Zhao Q, Chen SC, Wang X. Correlation and pathways of behavioral activation systems 
mediating physical activity level and depressive symptoms among college students. World J Psychiatry 2023; 13(10): 784-792
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/784.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.784

INTRODUCTION
Depression, a disabling mental disorder, seriously endangers the lives and health of people and ranks the 13th highest in 
the number of disability-adjusted life-years among all illnesses and injuries worldwide[1]. It is a common mental disorder 
among college students, with a detection rate of over 30%[2,3]. The main symptoms include persistent low mood, sad 
emotional experiences, lack of pleasure, listlessness, and impaired cognitive function, with tendencies of self-harm and 
suicide. The World Health Organization predicted that depression would rank first in the disease burden worldwide by 
2030[4].

The behavioral activation system, also known as reward motivation, is located in the midbrain dopamine loop and 
refers to the convergent motivation for reward, promoting goal-directed behavior to obtain the reward, and producing 
positive emotions or hedonic pleasure experiences[5]. It is divided into three factors: Reward responsiveness (RR), drive, 
and fun-seeking (FS)[6]. Impaired reward function, or anhedonia, is a core symptom of depression, and deficits in the 
behavioral activation system can serve as functional deficits in depressive symptoms[7,8].

An inter-relationship between physical activity, depressive symptoms, and behavioral activation system exists. 
Appropriate physical activity significantly alleviates clinical symptoms in people with depressive symptoms[9-11] and 
reduces anxiety and depression levels in college students[12]. In addition, exercise is also strongly associated with 
behavioral activation system, such as enhancing the midbrain-striatal dopamine (DA) system and improving the brain 
reward function in adolescents[13]. Physical activity also positively affects the behavioral activation system, and thereby 
alleviates depressive symptoms.

Previous studies[7-11,13] examined the two-sided relationship between physical activity, behavioral activation system, 
and depressive symptoms. Physical activity enhanced the behavioral activation system and reduced depressive 
symptoms. Furthermore, the behavioral activation system acted as an influencing factor for depressive symptoms. 
However, whether the behavioral activation system intervened in the relationship between physical activity and 
depressive symptoms remains unclear. Furthermore, its pathways of actions, how it intervened through the three 
subdimensions of the behavioral activation system, and whether the effects were consistent also remain unclear. 
Therefore, this study conducted a cross-sectional research that aimed to provide a theoretical basis for a deeper 
understanding of the relationship between human behavior, emotion, and the nervous system. Furthermore, we aimed to 
provide a reference for researchers and college administrators. This study proposed the following research hypotheses: 
(1) Physical activity and the behavioral activation system would have specificity among college students with different 
depressive symptom scores; (2) Physical activity, the behavioral activation system, and depressive symptoms would be 
closely related; and (3) Behavioral activation system would mediate the relationship between physical activity and 
depressive symptoms with different effects of the sub-dimensions.

https://www.wjgnet.com/2220-3206/full/v13/i10/784.htm
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Figure 1 Flow chart of the participants recruitment.

MATERIALS AND METHODS
Participants
This study used a cross-sectional research design. In total, 3047 college students were recruited online based on voluntary 
participation to complete a questionnaire. College students with depressive symptoms were screened via the Beck 
Depression Inventory (BDI)-II, and 472 students had depressive symptoms, with a depression detection rate of 15.49% 
(Figure 1). Inclusion criteria were participants who were college students, aged 18-26 years, had a score of ≥ 14 on the 
BDI-II, with a scores of 14-19, 20-28, and 29-63 indicating mild, moderate, and severe depression, respectively, and had no 
other psychiatric disorders and no brain injury. The exclusion criteria were participants who took drugs, such as barbit-
urates, benzodiazepines, and chloral hydrate, majored in sports, and had contraindications for exercise. After 30 invalid 
questionnaires with regular responses, a short response time (< 3 min), or outliers that exceeded the standard deviation ± 
3 were excluded, 442 valid questionnaires (93.64%) were obtained. This study was approved by the Ethics Committee of 
the Shanghai University of Sport (102772021RT007).

Measures
General information questionnaire: Participants’ basic information, such as age, sex, height, weight, and family status 
were obtained.

International physical activity questionnaire short form: This 7-item questionnaire has been widely used to measure 
physical activity among Chinese university students. Of these, six questions enquired regarding individuals’ physical 
activity, which included high-intensity and moderate-intensity physical activity, and walking, and the frequency of 
different intensity activities for one week and the cumulative time per day. The weekly physical activity levels were 
calculated and divided into high, medium, and low groups according to the relevant criteria. The higher the group level, 
the greater the intensity of daily physical activity. This scale’s retest reliability coefficient was 0.718[14].

Behavioral inhibition/activation system scale: A revised Chinese version by Li et al[15] was adopted with 18 items, 
which included two dimensions: Behavioral inhibition and activation. The behavioral activation dimension, also known 
as the behavioral activation system, was selected and contained three subfactors: RR, drive, and FS. Each item was scored 
on a scale from 1 (fully agree) to 4 (fully disagree). Cronbach's alpha was 0.759[15].

BDI-II: This widely used 21-item self-assessment scale assessed depressive symptoms. Responses were rated on a 4-point 
Likert scale that ranged from 0 (no symptoms) to 3 (severe symptoms). Total scores of 0-13, 14-19, 20-28, and 29-63 
indicated no, mild, moderate, and severe depression, respectively. The internal consistency coefficient was 0.948[16].

Statistical analysis
Measures were expressed as mean ± SD, and the results were retained to three decimal places. For questionnaire data that 
were not missing at random, interpolation of the means of the same category was performed to avoid biased estimated 
coefficients via the simple deletion method. One-way analysis of variance and least significant difference post-hoc 
multiple tests were applied to compare the specificity of physical activity and behavioral activation system among college 
students with different depressive symptom scores. Pearson's correlation and linear regression analyses were performed 
to explore the relationships among physical activity, depressive symptoms, and behavioral activation system. Two-tailed 
tests were adopted for statistical inference of all parameters, and the test level α was set at 0.05. P < 0.05, P < 0.01, and P < 
0.001 all indicated statistical significance.
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Table 1 Differences in physical activity and behavioral activation system in college students with different depressive symptom scores

Levels of depressive symptoms Post hoc multiple comparisons
Variables Whole 

(442) Severe (n = 
58)

Moderate (n = 
190)

Mild (n = 
194)

F-
value

P 
value Severe vs 

Moderate
Severe vs 
Mild

Moderate vs 
Mild

Physical activity (MET-
min/week)

1308 ± 954 944 ± 617 1333 ± 1003 1392 ± 967 5.149 0.006 0.006 0.002 0.535

Reward responsiveness 11.88 ± 
2.033

11.03 ± 2.232 11.81 ± 2.043 12.21 ± 
1.885

7.865 < 0.001 < 0.001 0.010 0.053

Drive 11.22 ± 
2.064

10.71 ± 2.656 11.15 ± 2.008 11.45 ± 
1.888

3.129 0.045 0.154 0.016 0.152

Fun-seeking 14.17 ± 
2.270

13.78 ± 2.968 14.10 ± 2.217 14.36 ± 
2.067

1.654 0.192 0.341 0.085 0.260

Table 2 Regression analysis of each variable

95%CI Coefficient significance test Collinearity diagnostics
Independent variables B

Lower limit Upper limit
Beta

t-value P value
SE

Tolerance VIF

Reward responsiveness -0.176 -0.268 -0.084 -0.176 -3.766 < 0.001a 0.047 0.980 1.020

Physical activity -0.116 -0.242 -0.058 -0.116 -3.217 0.001 0.047 0.980 1.020

aP < 0.001.
Model summary: F = 14.259a; R = 0.247; R2 = 0.061; Adjusted R2 = 0.057. VIF: Variance inflation factor; 95%CI: 95% confidence interval.

Harman’s single factor test was used to examine the effects of common method bias. Structural equation modeling was 
conducted to examine the role of behavioral activation system in mediating the relationship between physical activity and 
depressive symptoms. The non-parametric percentage bootstrap method was adopted for parameter estimation in the 
path analysis. Number of samples was set at 5000, with a bias-corrected 95% confidence interval (95%CI) for the product 
of the mediated paths, without 0 defining the mediating effect as statistically significant. Data calculations were 
performed using SPSS Statistics version 23.0, and Amos version 23.0.

RESULTS
Specificity of physical activity and behavioral activation system in college students with different depressive symptom 
scores
There were no significant differences in FS behavior, physical activity, RR, and drive (P < 0.05) among college students 
with different depressive symptom scores. Post-hoc multiple comparisons indicated significant differences in physical 
activity and RR (P < 0.05) between college students with severe depressive symptoms and those with moderate 
depressive symptoms. In addition, there were also differences in physical activity, RR, and drive (P < 0.01) between those 
with severe depressive symptoms and those with mild depressive symptoms. Other indicators had no statistically 
significant differences. See Table 1 for further details.

Relationship between physical activity, depressive symptoms and behavioral activation system
Depressive symptoms were significantly negatively correlated with physical activity (r = -0.175, P < 0.001), RR (r = -0.197, 
P < 0.001), and drive (r = -0.113, P = 0.017). Furthermore, it was also negatively correlated with FS (r = -0.055, P = 0.251); 
however, it was not significant. Physical activity was significantly positively correlated with RR (r = 0.141, P = 0.003) and 
drive (r = 0.124, P = 0.009), and not significantly positively correlated with FS (r = 0.090, P = 0.058). Further details are 
shown in Figure 2.

To examine the extent of which physical activity and behavioral activation system explained depressive symptoms and 
explore the feasibility of the structural relationship model, depressive symptoms were considered as dependent variables, 
and physical activity, RR, drive, and FS as independent variables. Furthermore, a linear regression analysis was 
performed via stepwise regression. The goodness-of-fit of the prediction model was demonstrated (R = 0.247, R2 = 0.061, 
adjusted R2 = 0.057, and changed variable F = 10.349), which excluded drive and FS. As shown in Table 2, RR and 
physical activity were negative influencing factors, with 6.1% explanatory power for depressive symptom scores. The 
tolerance of each independent variable was > 0.1, and the variance inflation factor was < 5; thus, the effect of multicollin-
earity was excluded.
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Figure 2 Correlations among the variables. A: Depressive symptoms were significantly negatively correlated with physical activity; B: Depressive symptoms 
were significantly negatively correlated with reward responsiveness; C: Depressive symptoms were significantly negatively correlated with drive; D: Depressive 
symptoms were negatively, but not significantly, associated with fun-seeking; E: Physical activity was significantly positively correlated with reward responsiveness; F: 
Physical activity was significantly positively correlated with drive; G: Physical activity were positively, but not significantly, associated with fun-seeking.

Construction and validation of a structural relationship model of indicators of physical activity, behavioral activation 
system, and depressive symptoms
To assess for common method bias, a validation factor analysis was conducted on the International Physical Activity 
Questionnaire, the Behavioral Activation System Scale, and the BDI via Harman’s single factor test, nine factors with 
characteristic roots greater than 1 were obtained. The amount of variance explained by the first factor was 17.980%, which 
was less than the critical value of 40%. Therefore, the effect of common method bias was excluded. Based on the inter-
relationships among physical activity, behavioral activation system, and depressive symptoms in college students, a 
model was established with physical activity, depressive symptoms, and behavioral activation system as the 
independent, dependent, and mediating variables, respectively. Mediated paths with insignificant coefficients were 
individually removed and recalculated until all mediated path coefficients passed the bootstrap significance test. Discrep-
ancies divided by degrees of freedom (CMIN/df) = 0.286, root mean square residual (RMR) = 0.006, root mean square 
error of approximation (RMSEA) < 0.001, goodness-of-fit index (GFI) = 1.000, normed fit index (NFI) = 0.999, and 
comparative fit index (CFI) = 1.000 reached the reference standards of CMIN/df < 3, RMR < 0.05, RMSEA < 0.08, GFI, 
NFI, and CFI > 0.9[17], which indicated that the structural equation model fit well and was reasonable and reliable. The 
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Table 3 List of the intermediary effect coefficients

Bias-corrected 95%CI
Types of effects B SE

Lower limit Upper limit P value

Mediating effect of reward responsiveness -0.025 0.011 -0.051 -0.008 0.001

Path coefficient of physical activity on drive 0.124 0.045 0.034 0.211 0.007

Direct effect -0.150 0.041 -0.233 -0.073 < 0.001

Total effect -0.175 0.040 -0.260 -0.099 < 0.001

95%CI: 95% confidence interval.

Figure 3 Schematic diagram of the structural relationship model between physical activity, behavioral activation system, and depressive 
symptom indicators in college students with depressive symptoms. There are direct pathways and reward responsiveness-mediated indirect pathways 
between physical activity and depressive symptoms.

path analysis is shown in Figure 3, and the results of the mediating effect test are presented in Table 3. The path coeffi-
cients of physical activity on FS were not significant. Furthermore, those of FS and driving on depressive symptom scores 
were not significant, and were excluded. There were significant path coefficient for physical activity on drive (B = 0.124, 
95%CI: 0.034 to 0.211, P = 0.007), mediating effect mediated by RR (B = -0.025, 95%CI: -0.051 to -0.008, P = 0.001), direct 
effect of physical activity on depressive symptoms (B = -0.150, 95%CI: -0.233 to -0.073, P < 0.001), and total effect of 
physical activity on depressive symptoms (B = -0.175. 95%CI: -0.260 to -0.099, P < 0.001).

DISCUSSION
These results showed that the higher the level of physical activity among college students with depressive symptoms, the 
higher the behavioral activation system and lower their depressive symptom scores. Furthermore, the direct effect of 
physical activity on depressive symptoms was significant. The results supported those of previous studies on the 
relationship between behavioral activation system and depressive symptoms. Furthermore, our findings were generally 
consistent with previous results. Takagaki et al[18] found a negative association between the behavioral activation system 
and depressive symptoms among 18-19 years old college students with depressive symptoms in a Japanese University. 
Absence of pleasure was a core symptom of depression[19] which was related to the dysfunction of the brain's DA 
reward system[20]. Deficits in the reward system served as a susceptibility factor and predictor of depression, with state 
independence and heritability[21,22]. A cross-sectional study found that college students with higher levels of physical 
activity had lower detection rates of depressive symptoms and insufficient physical activity was a risk factor for 
depressive symptoms among college students. Experimental studies confirmed that increased physical activity was 
effective in improving depressive symptoms and stimulated the secretion of neurotransmitters, which increased the 
behavioral activation system and also alleviated depressive symptoms.

This study showed that only RR mediated the relationship between physical activity and depressive symptoms. 
Physical activity promoted the secretion of neurotransmitters, such as DA in the brain, enhanced the neuroplasticity of 
the DA system, and improved the reward function. This enhanced the RR and contributed to the maintenance and 
regulation of good emotions in individuals, promoted the generation of positive emotions, and suppressed negative 
emotions[23]. High reward responses acted as a protective factor against depression[24]. Furthermore RR purely reflected 
extroversion and convergent motivation[25], which maintained and regulated individual behavior. Hence, impulsive 
behaviors that met short-term interests were subordinated to needs more closely related to the individual's long-term 
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interests[26]. High RR prompted a positive response to rewards. It enhanced an individual's ability to obtain pleasurable 
experiences to avoid the exacerbation of their depressive symptoms[27,28]. Only the RR pathway mediated the 
relationship between physical activity and depressive symptoms. A possible reason was that RR, as the initial evaluation 
of reward, measured early "reward interest,” “goal-drive”, and “persistence.” Furthermore, its effect on depressive 
symptoms may precede the other two dimensions. Reasons why drive and FS did not mediate the relationship between 
physical activity and depressive symptoms were drive referred to the degree of willingness to exert effort to obtain a 
reward and measured late "reward responsiveness" and "impulsivity;" FS was a continuous evaluation of the reward. 
Hence, drive and FS were more significant for major depression, and better predictors of treatment effect[29,30]. Our 
participants had different conditions, and relatively few individuals reported severe depression symptoms.

This study has some limitations. First, the data were from subjective reports, which may have some bias. Furthermore 
objective indicators are recommended for future measurements. This study was conducted as a cross-sectional study. 
Hence, longitudinal studies are required to further confirm the pathways of action.

CONCLUSION
The higher the level of physical activity, the higher the behavioral activation system and lower the depressive symptom 
score in college students with depression. Furthermore, there was only one pathway of action in the behavioral activation 
system, RR, which had a significant mediating effect between physical activity and depressive symptoms. Therefore, 
colleges and universities should encourage college students with depression to increase their physical activity and 
improve their behavioral activation system. Particular attention should be paid to RR, which may reduce the prevalence 
of depressive symptoms.

ARTICLE HIGHLIGHTS
Research background
Depression is a common mental disorder among college students. Key symptoms include persistent depressed mood, sad 
emotional experiences, lack of pleasure, listlessness, and impaired cognitive function, accompanied by self-harm and 
suicidal tendencies.

Research motivation
Reduce the prevalence of depressive symptoms in college students.

Research objectives
Elucidating pathways and effects of behavioral activation systems between physical activity and depressive symptoms in 
college students with depressive symptoms.

Research methods
One-way analysis of variance and Pearson correlation, linear regression, and structural equation modeling were used to 
explore the correlation and pathway of interactions between variables.

Research results
The mediating effect of reward responses between physical activity and depressive symptoms was significant [B = -0.025, 
95% confidence interval (95%CI): -0.051 to -0.008, P = 0.001]. The direct and total effects of physical activity on depressive 
symptoms were significant ((B = -0.150, 95%CI: -0.233 to -0.073, P < 0.001; B = -0.175, 95%CI: -0.260 to -0.099, P < 0.001, 
respectively).

Research conclusions
Colleges and universities should encourage college students with depression to increase physical activity and improve 
behavioral activation systems. Particular attention should be paid to the ability to reward responses, which may reduce 
the prevalence of depressive symptoms.

Research perspectives
It is recommended to use objective measurement tools in future measurements; longitudinal studies are needed to further 
define the course of action.
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Abstract
BACKGROUND 
Acute cerebral infarction (ACI) is characterized by a high incidence of morbidity, 
disability, recurrence, death and heavy economic burden, and has become a disea-
se of concern in global researchers. As ACI has serious effects on patients’ physi-
cal status, life and economy, often causing anxiety, depression and other psycho-
logical problems, these problems can lead to the aggravation of physical symp-
toms; thus, it is very important to understand the factors affecting the mental hea-
lth of these patients.

AIM 
To understand the elements that affect the mental health of patients who have 
suffered an ACI.

METHODS 
A questionnaire survey was conducted among patients with ACI admitted to 
three tertiary hospitals (Quanzhou First Hospital, Fuqing City Hospital Affiliated 
to Fujian Medical University, and the 900 Hospital of the Joint Service Support 
Force of the People’s Liberation Army of China) in Fujian Province from January 
2022 to December 2022 using the convenience sampling method. ACI inpatients 
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who met the inclusion criteria were selected. Informed consent was obtained from the patients before the invest-
igation, and a face-to-face questionnaire survey was conducted using a unified scale. The questionnaire included a 
general situation questionnaire, Zung’s self-rating depression scale and Zung’s self-rating anxiety scale. All 
questionnaires were checked by two researchers and then the data were input and sorted using Excel software. The 
general situation of patients with ACI was analyzed by descriptive statistics, the influence of variables on mental 
health by the independent sample t test and variance analysis, and the influencing factors on psychological distress 
were analyzed by multiple stepwise regression.

RESULTS 
The average age of the 220 patients with ACI was 68.64 ± 10.74 years, including 142 males and 78 females. Most of 
the patients were between 60 and 74 years old, the majority had high school or technical secondary school edu-
cation, most lived with their spouse, and most lived in cities. The majority of patients had a personal income of 
3001 to 5000 RMB yuan per month. The new rural cooperative medical insurance system had the largest number of 
participants. Most stroke patients were cared for by their spouses and of these patients, 52.3% had previously 
smoked. Univariate analysis showed that gender, age, residence, course of disease, number of previous chronic 
diseases and smoking history were the main factors affecting the anxiety scores of patients with ACI. Age, living 
conditions, monthly income, course of disease and knowledge of disease were the primary variables influencing 
the depression score in patients with ACI. The findings of multivariate analysis revealed that the course of disease 
and gender were the most important factors influencing patients’ anxiety scores, and the course of disease was also 
the most important factor influencing patients’ depression scores.

CONCLUSION 
Long disease course and female patients with ACI were more likely to have psychological problems such as a high 
incidence of emotional disorders. These groups require more attention and counseling.

Key Words: Acute cerebral infarction; Mental health; Self-rating depression scale; Self-rating anxiety scale; Influencing factor; 
Correlation analysis
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Core Tip: In recent years, research on acute cerebral infarction has not only focused on the effects of the infarction on the 
body, but also the psychological effects. In this study, we found that long disease course may be the main factor leading to 
psychological problems in patients, and female patients with a high incidence of emotional disorders are more likely to have 
psychological problems. Such groups require more attention and psychological counseling.

Citation: Chen QQ, Lin FM, Chen DH, Ye YM, Gong GM, Chen FF, Huang SF, Peng SL. Analysis of mental health status and related 
factors in patients with acute cerebral infarction. World J Psychiatry 2023; 13(10): 793-802
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/793.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.793

INTRODUCTION
Acute cerebral infarction (ACI) has become a disease of concern in global researchers due to its high incidence of mor-
bidity, disability, recurrence, death and heavy economic burden[1,2]. Most patients have different degrees of limb 
function, cognitive function and other disorders following sudden ACI. Patients find it difficult to accept physical 
changes which have a greater impact on their psychological status. These cannot be resolved in a short period of time, 
and there are some emotional changes such as suspicion and anxiety. Long-term negative emotions are psychological 
burdens, which affect physical and mental health[3-5]. Early detection of psychological problems, exploring the source of 
these psychological problems, providing targeted solutions, reducing patients’ psychological disorders while improving 
the recovery in limb function or cognition, and promoting rehabilitation are essential. Therefore, it is necessary to carry 
out a cross-sectional survey to understand the influencing factors on mental health status in patients with ACI, examine 
the key factors affecting mental health, improve the mental health status of patients with ACI, and pave the way for early 
clinical intervention.

https://www.wjgnet.com/2220-3206/full/v13/i10/793.htm
https://dx.doi.org/10.5498/wjp.v13.i10.793
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MATERIALS AND METHODS
Study population and data collection
From January 2022 to December 2022, a questionnaire survey was conducted in patients with ACI admitted to three 
tertiary hospitals in Fujian Province (Quanzhou First Hospital, Fuqing City Hospital Affiliated to Fujian Medical 
University, and the 900 Hospital of the Joint Service Support Force of the People’s Liberation Army of China).

Inclusion criteria were: (1) Diagnosis consistent with that in the Chinese acute stroke clinical research consensus; (2) 
High research compliance; (3) Basic listening and speaking ability; and (4) Patients with a temporary stable condition and 
clear consciousness.

Exclusion criteria were: (1) Patients with language communication, cognitive, hearing or mental disorders; (2) Those 
with severe respiratory failure, malignant tumor, liver, renal, and cardiac dysfunction; and (3) Incomplete clinical data or 
participation in other research.

All patients with ACI who met the inclusion requirements were included in the study. Before the investigation, consent 
was obtained from the subjects and the informed consent was signed. A unified scale was used to conduct a face-to-face 
questionnaire survey. Those with good reading and writing ability completed the questionnaire. If the patients had 
difficulty in completing the questionnaire, the researcher used a unified guidance language to describe the questions. 
When the patient understood the questions, the survey was completed according to the patient’s opinions. The researcher 
collected and checked the questionnaires, and corrected any errors.

General information questionnaire
This questionnaire included demographic characteristics (gender, age, education level, marital status, medical insurance 
type, inpatient caregivers, smoking history, etc.) and disease-related data (course of disease, type of stroke, number of 
strokes, past chronic disease status, etc).

Assessment of anxiety and depression
To evaluate potential anxiety and depression, the Chinese versions of Zung’s self-rating depression scale (SDS) and 
Zung’s self-rating anxiety scale (SAS) were utilized. The commonly used SAS and SDS measures are quick and practical 
tools for assessing respondents’ signs of anxiety and depression, and they have strong reliability and validity in the 
Chinese population. Each scale has 20 items that are rated on a scale of 1 to 4 to evaluate the assertions (rarely, occa-
sionally, frequently, or always). The standard scale was created by multiplying the 20-80 point range of the overall score 
by 1.25. The higher the score, the more severe the anxiety or depression. According to the findings of the Chinese norm, 
the cut-off value of the SDS standard score was 53 points; mild depression was defined as 53-62 points, moderate 
depression as 63-72 points, and severe depression as more than 73 points. The SAS standard deviation cutoff was 50 
points, with mild anxiety being between 50 and 59 points, moderate anxiety being between 60 and 69 points, and severe 
anxiety being more than 69 points.

Statistical analysis
All questionnaires were checked by two researchers, and then Excel software was used for data entry and collation. The 
SPSS26.0 program was utilized for data analysis. Descriptive statistical analysis was used for the general situation of 
patients with ACI. The independent sample t test and variance analysis were used to analyze the influence of each 
variable on mental health. Multiple stepwise regression analysis was used to analyze the influencing factors of psycho-
logical distress. P < 0.05 was considered statistically significant.

RESULTS
Demographic characteristics of patients with ACI
Demographic characteristics of the 220 patients with ACI (Table 1).

Disease-related information on patients with ACI
The disease course, frequency of onset, history of hypertension, history of diabetes, history of coronary heart disease, and 
history of chronic diseases patients with ACI was counted (Table 2).

Mental health status of patients with ACI
Among the 220 patients with ACI in this survey, 122 had depression, including 73 cases of mild depression, 39 cases of 
moderate depression, and 10 cases of severe depression. One hundred and sixty-three cases had anxiety, including 65 
cases of mild anxiety, 61 cases of moderate anxiety, and 37 cases of severe anxiety (Table 3).

Effects of demographic sociological characteristics on mental health
The SAS score and SDS score of ACI patients were used as dependent variables, and gender, age, occupation, education 
level, marital status, living conditions, place of residence, personal monthly income, type of medical insurance, inpatient 
nursing staff, and smoking history were used as independent variables for univariate analysis. The results showed that 
gender, age, living conditions and smoking history were the main factors affecting the SAS score of ACI patients. Age, 
living conditions and personal monthly income were the main factors affecting the SDS score of ACI patients (Table 4).
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Table 1 Demographic characteristics of acute cerebral infarction patients

Characteristics Classification n Constituent ratio

Male 142 64.5%Gender

Female 78 35.5%

≤ 59 49 22.3%

60-74 94 42.7%

Age (yr)

≥ 74 77 35.0%

Primary school and below 39 17.7%

Junior middle school 54 24.5%

High school/technical secondary school 91 41.4%

Degree of education

College degree or above 36 16.4%

Married 134 60.9%

Bereft of one’s spouse 26 11.8%

Marital status

Divorce or other 60 27.3%

Live with parents 10 4.5%

Live with children 41 18.6%

Live with partner 108 49.1%

Living situation

Living alone 61 27.7%

City 114 51.8%Domicile

Village 106 48.2%

≤ 1000 17 7.7%

1001-3000 75 34.1%

3001-5000 76 34.5%

Monthly profit (yuan)

≥ 5001 52 23.6%

Medical insurance for urban employees 63 28.6%

Medical insurance for urban residents 40 18.2%

New rural cooperative 95 43.2%

Medical insurance type

Self-paying 22 10.0%

Parents 11 5.0%

Spouse 114 51.8%

Children 76 34.5%

Caregiver

Other 19 8.6%

No 105 47.7%History of smoking

Yes 115 52.3%

Effects of ACI on mental health
The SAS score and SDS score of stroke patients were used as dependent variables, and the duration of disease, number of 
strokes, history of hypertension, history of diabetes, history of coronary heart disease, number of previous chronic 
diseases, and knowledge were used as independent variables for univariate analysis. The results showed that the course 
of disease, chronic history and the number of previous chronic diseases were the main factors affecting the SAS score of 
ACI patients. The course of disease and the status of knowledge of the disease were the main factors affecting the SDS 
score of patients with ACI (Table 5).

Multivariate analysis of anxiety in patients with ACI
The data obtained from this survey were analyzed by stepwise regression analysis, the SAS score in patients with ACI 
was used as the dependent variable, and the variables that showed statistically significant SAS scores in the patient data 
(gender, age, location, disease course, number of chronic diseases, and smoking history) as independent variables. The 
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Table 2 Disease-related data of acute cerebral infarction patients

Factors Classification n Constituent ratio

1-6 mo 96 43.64%

7-12 mo 73 33.18%

1-2 yr 36 16.36%

Course of disease

More than 2 yr 15 6.82%

One 122 55.45%Number of ACIs

More than two 98 44.55%

Yes 132 60.00%History of hypertension

No 88 40.00%

Yes 117 53.18%History of diabetes

No 103 46.82%

Yes 109 49.55%History of coronary heart disease

No 111 50.45%

0 17 7.73%

1 75 34.09%

2 101 45.91%

Number of previous chronic diseases

3 27 12.27%

Fully informed 97 44.09%

Partially informed 73 33.18%

Informed status of ACI

Completely uninformed 50 22.73%

ACI: Acute cerebral infarction.

Table 3 Mental health status of acute cerebral infarction patients

Factors Classification Number Constituent ratio mean ± SD

Without 93 42.27% 43.31 ± 7.49

M 73 33.18% 57.29 ± 2.74

M 39 17.73% 66.51 ± 2.68

SDS

S 10 4.55% 76.30 ± 1.64

Without 57 25.91% 43.09 ± 8.86

M 65 29.55% 52.85 ± 10.03

M 61 27.73% 60.38 ± 8.28

SAS

S 37 16.82% 75.92 ± 4.97

SDS: Self-rating depression scale; SAS: Self-rating anxiety scale.

findings demonstrated that gender and progression of the illness were factors in the regression model (Table 6).

Multivariate analysis of depression in patients with ACI
The data obtained from this survey were analyzed by stepwise regression analysis, the SDS score in patients with ACI 
was used as the dependent variable, and the variables that showed statistically significant SAS scores in the patient data 
(age, place of residence, disease course, personal monthly income, and disease awareness) as independent variables. The 
findings demonstrated that the disease course was a factor in the regression equation (Table 7).
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Table 4 Influence of sociological characteristics of the population on mental health

Factors Classification SAS (mean ± SD) F/t value P value SDS (mean ± SD) F/t value P value

Male 54.74 ± 11.05 8.5771 0.004 52.36 ± 11.31 0.2931 0.589Gender

Female 62.5 ± 13.63 57.59 ± 11.78

≤ 59 51.33 ± 12.67 10.504 < 0.001 49.35 ± 11.18 8.878 < 0.001

60-74 57.49 ± 11.42 53.67 ± 11.39

Age (yr)

≥ 74 61.42 ± 12.38 57.97 ± 11.34

Primary school and below 58.05 ± 12.82 0.494 0.687 55.38 ± 13.83 1.096 0.352

Junior middle school 58.3 ± 11.05 53.15 ± 10.13

High school/technical secondary school 57.67 ± 13.43 55.33 ± 11.25

Degree of education

College degree or above 55.22 ± 12.36 51.72 ± 12.60

Married 57.51 ± 12.32 1.687 0.188 53.88 ± 11.88 1.559 0.213

Bereft of one’s spouse 61.23 ± 12.30 57.96 ± 9.28

Marital status

Divorce or other 55.83 ± 13.04 53.33 ± 12.18

Live with parents 48.00 ± 10.71 3.849 0.01 44.40 ± 11.32 3.923 0.009

Live with children 61.83 ± 10.76 57.88 ± 11.32 2.4

Live with partner 57.36 ± 12.82 53.61 ± 11.99 3.4

Living situation

Living alone 56.36 ± 12.61 54.43 ± 10.72

City 55.97 ± 12.30 3.4941 0.063 54.18 ± 11.05 0.0021 0.96Domicile

Village 59.12 ± 12.69 54.25 ± 12.46

≤ 1000 56.35 ± 12.52 1.9 0.131 50.00 ± 15.36 2.845 0.039

1001-3000 56.57 ± 11.94 54.13 ± 12.24

3001-5000 60.17 ± 12.45 56.88 ± 10.45

Monthly profit (yuan)

≥ 5001 55.27 ± 13.26 51.81 ± 10.76

Medical insurance for urban employees 57.25 ± 13.46 1.245 0.294 55.60 ± 10.69 1.063 0.366

Medical insurance for urban residents 54.3 ± 11.02 51.43 ± 11.08

New rural cooperative 58.78 ± 12.79 54.40 ± 12.64

Medical insurance type

Self-paying 58.41 ± 11.14 54.50 ± 11.53

Parents 48.55 ± 5.09 2.189 0.09 51.36 ± 12.75 1.012 0.388

Spouse 58.00 ± 13.10 53.80 ± 11.29

Children 58.41 ± 11.36 55.84 ± 12.41

Caregiver

Other 55.95 ± 15.26 51.84 ± 10.81

No 55.63 ± 12.16 5.4221 0.021 53.39 ± 11.91 1.1861 0.277History of smoking

Yes 59.53 ± 12.77 55.11 ± 11.51

1t value.
ACI: Acute cerebral infarction; SDS: Self-rating depression scale; SAS: Self-rating anxiety scale.

DISCUSSION
ACI is a sudden cerebrovascular disease. It is an acute attack when the patient’s brain is blocked by blood vessels such as 
coronary arteries[6,7]. Due to the close connection between the cerebrovascular and central nervous system, patients with 
ACI often have a poor prognosis. Even after treatment, neurological dysfunction may persist. Some patients are prone to 
unpleasant feelings such as depression and anxiety during the onset of the disease, and then sleep disorders, neuras-
thenia and other symptoms, such psychological changes may be related to the occurrence of nerve defects[8-10]. In recent 
years, the study of ACI has not only focused on the effects on the body, but psychological effects have received more and 
more attention[11-13]. Patients with anxiety and depression often have a poor prognosis, longer recovery time and are 
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Table 5 Effects of acute cerebral infarction on mental health

Factors Classification SAS (mean ± 
SD)

F/t/Welch 
value

P 
value

SDS (mean ± 
SD)

F/t/Welch 
value

P 
value

1-6 mo 47.66 ± 9.80 72.127 < 0.001 46.36 ± 10.63 56.8352 < 0.001

7-12 mo 62.97 ± 7.48 59.12 ± 7.83

1-2 yr 68.17 ± 9.99 58.81 ± 8.51

Course of disease

More than 2 yr 68.13 ± 6.55 69.53 ± 5.76

One 56.63 ± 13.34 1.2861 0.258 53.10 ± 13.18 2.6741 0.103Number of ACIs

More than two 58.56 ± 11.48 55.60 ± 9.50

Yes 57.11 ± 12.28 0.3091 0.579 53.86 ± 11.60 0.2931 0.589History of hypertension

No 58.07 ± 13.01 54.74 ± 11.96

Yes 57.14 ± 13.01 0.1981 0.657 54.09 ± 10.83 0.031 0.863History of diabetes

No 57.89 ± 12.07 54.36 ± 12.72

Yes 57.02 ± 12.43 0.3051 0.581 54.36 ± 11.54 0.0331 0.857History of coronary heart disease

No 57.95 ± 12.72 54.07 ± 11.96

0 64.94 ± 12.36 2.595 0.050 59.53 ± 10.33 2.277 0.081

1 55.73 ± 12.07 52.09 ± 13.20

2 57.76 ± 12.34 55.13 ± 10.78

Number of previous chronic 
diseases

3 56.67 ± 13.67 53.33 ± 10.71

Fully informed 57.04 ± 12.63 2.444 0.089 55.14 ± 11.22 5.161 0.006

Partially informed 55.84 ± 11.99 50.88 ± 12.02

Informed status of ACI

Completely 
uninformed

60.78 ± 12.87 57.28 ± 11.31

1t value.
2Welch value.
ACI: Acute cerebral infarction; SDS: Self-rating depression scale; SAS: Self-rating anxiety scale.

Table 6 Multivariate analysis of anxiety in patients with acute cerebral infarction

Variable B SE Beta t value P value 95%CI

Constant 29.551 2.164 13.654 < 0.001 25.286-33.817

Course of disease 8.918 0.638 0.658 13.981 < 0.001 7.661-10.176

Sex 8.356 1.232 0.319 6.781 < 0.001 5.928-10.785

CI: Confidence interval.

Table 7 Multivariate analysis of depression in patients with acute cerebral infarction

Variable B SE Beta t value P value 95%CI

Constant 41.149 1.457 28.252 < 0.001 38.279-44.02

Course of disease 8.769 0.7 0.647 12.524 < 0.001 7.389-10.149

CI: Confidence interval.
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more likely to relapse[13,14]. Therefore, this study analyzed the influencing factors on mental health in patients with ACI, 
with the hope of identifying the key factors affecting mental health.

The SAS score and SDS score in the 220 patients with ACI included in this study were statistically significant. The total 
SAS score was 57.49 ± 12.56, which was significantly higher than the standard cut-off value. The total SDS score was 54.21 
± 11.73, which was significantly higher than the standard cut-off value, indicating that psychological problems are 
common in patients with ACI in China. The results of univariate analysis showed that gender, age, residence, course of 
disease, number of chronic diseases and smoking history were the primary elements influencing the anxiety score in 
patients with ACI. Age, living conditions, monthly income, course of disease and knowledge of ACI were primary 
elements influencing the depression score in patients with ACI. The analysis results showed that female patients had 
more severe anxiety than male patients. The levels of anxiety and depression increased with age. Similar to previous 
research results, a possible reason for this is that women and the elderly belong to a high-risk group with emotional 
disorders[15-17], and psychological problems are more likely to occur after ACI. The SAS and SDS scores of patients 
living with their children were higher, which matched the outcomes of earlier studies[18,19]. This may be because 
patients living with their children often need to take care of their families, and the lack of ability regarding family care 
after infarction leads to serious anxiety. The longer the disease course, the higher the SAS and SDS scores in patients, 
which matched the outcomes of earlier studies[20,21], and might be the result of an aggravation of psychological pro-
blems caused by long-term distress; the anxiety score in patients without a history of chronic disease was highest, which 
may be due to the increase in psychological pressure caused by the patient’s abilities in their previous healthy state and 
their sudden need for care. The depression score in patients with ACI and higher monthly income was greatest, which 
may be due to the impact on work and income after illness, resulting in psychological problems. Patients who do not 
understand the disease have higher depression scores, which may be due to the fact that patients do not understand their 
disease status and do not know why they are more likely to worry about hospitalization, resulting in psychological 
problems. Furthermore, multivariate analysis showed that the course of disease and gender were the key factors affecting 
the anxiety score in patients, and the course of disease was also the key factor affecting the depression score in patients. 
According to these findings, psychological issues are more likely to occur in patients who have had their disorder for a 
longer period of time and in women.

The limitation of this study is that the sample size is too small to fully analyze more factors affecting the mental health 
status of ACI patients. In future studies, we will continue to collect data of ACI patients, and further evaluate the key 
factors affecting the mental health of ACI patients in a more comprehensive way, as well as the mediating and regulating 
effects of other influencing factors.

CONCLUSION
In summary, patients with ACI generally have psychological issues including despair and anxiety. A long disease course 
may be the main factor leading to psychological problems in patients, and female patients are more likely to have psycho-
logical problems such as a high incidence of emotional disorders. Such groups require more attention and psychological 
counseling.

ARTICLE HIGHLIGHTS
Research background
Acute cerebral infarction (ACI) is a sudden cerebrovascular disease. ACI occurs when the patient’s brain is blocked by 
coronary arteries and other blood vessels, resulting in ischemia and hypoxia. Even after receiving treatment, there may be 
persistent neurological dysfunction. Patients with anxiety and depression tend to have a poor prognosis, take longer to 
recover and are more likely to relapse.

Research motivation
This study analyzed the factors affecting the mental health of patients with ACI, with the hope of identifying the key fac-
tors affecting mental health.

Research objectives
The object of this study is to improve the mental health status of patients with ACI, and pave the way for early clinical 
intervention.

Research methods
A questionnaire survey was conducted among patients with ACI admitted to three tertiary hospitals in Fujian Province 
from January 2022 to December 2022 using the convenience sampling method. Patients with ACI who were inpatients 
and met the inclusion criteria were selected. A face-to-face questionnaire survey was conducted using a unified scale. To 
evaluate potential signs of anxiety and depression, the Zung’s self-rating depression scale and Zung’s self-rating anxiety 
scale were used. All questionnaires were checked by two researchers and then the data were input and sorted using Excel 
software. The general situation of ACI patients was analyzed by descriptive statistics, the influence of variables on mental 
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health by the independent sample t test and variance analysis, and the influencing factors on psychological distress were 
analyzed by multiple stepwise regression.

Research results
Univariate analysis showed that gender, age, residence, course of disease, number of previous chronic diseases and 
smoking history were the main factors affecting anxiety scores in ACI patients. Age, living conditions, monthly income, 
course of disease and knowledge of ACI were the main factors affecting the depression score in ACI patients. According 
to the results of the multivariate analysis, the course of disease and gender were the key factors affecting the anxiety 
score, and the course of disease was also the key factor affecting the depression score.

Research conclusions
Patients with ACI generally have psychological issues including depression and anxiety. A long disease course may be 
the main factor leading to psychological problems in patients, and female patients are more likely to have psychological 
problems such as a high incidence of emotional disorders. Such groups require more attention and psychological coun-
seling.

Research perspectives
More patient records should be collected to more comprehensively evaluate the key factors affecting the mental health of 
patients with ACI.
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Abstract
BACKGROUND 
The debate regarding diagnostic classification systems in psychiatry (categorial vs dimensional systems) has 
essential implications for the diagnosis, prevention and treatment of stress reactions. We previously found a 
unique pattern of stress reaction in a study executed during the coronavirus disease 2019 pandemic using large 
representative samples in two countries, and termed it the Complex Stress Reaction Syndrome (CSRS).

AIM 
To investigate CSRS, Type A (psychiatric symptoms, spanning anxiety, depression, stress symptoms, and post-
traumatic stress disorder (PTSD)), with or without long-coronavirus disease (COVID) residuals (CSRS, Type B, 
neuropsychiatric symptoms spanning cognitive deficits and fatigue, excluding systemic symptoms). Our two-tailed 
hypothesis was that CSRS is a condition related to an unrecognized type of stress reaction in daily life in the 
general population (Type A) or that it is related to the severe acute respiratory syndrome coronavirus 2 infection 
and its long-COVID residuals (Type B).

METHODS 
977 individuals in four continents (North America, Europe, Australia and the Middle East) completed the online 
study questionnaire in six languages using the Qualtrics platform. The study was managed by six teams in six 
countries that promoted the study on social media. The questionnaire assessed anxiety, depression, stress 
symptoms and PTSD (CSRS, Type A), cognitive deficits and fatigue (CSRS, Type B). The data were analyzed using 
Proportion Analyses, Multivariate Analysis of Co-Variance (MANCOVA), linear regression analyses and validated 
clinical cutoff points.

RESULTS 
The results of the Proportion Analyses showed that the prevalence of 4 symptoms spanning anxiety, depression, 
stress symptoms, and PTSD was significantly higher than the most prevalent combinations of fewer symptoms 
across 4 continents, age groups, and gender. This supports the transdiagnostic argument embedded in the CSRS 
(Type A). The same pattern of results was found in infected/recovered individuals. The prevalence of the 4 
psychiatric symptoms combination was significantly greater than that of 5 and 6 symptoms, when adding cognitive 
deficits and fatigue, respectively. MANCOVA showed a significant three-way interaction (age × gender × 
continent). Further analyses showed that the sources of this three-way interaction were threefold relating to two 
sub-populations at-risk: (1) Individuals that self-identified as non-binary gender scored significantly higher on all 4 
psychiatric symptoms of the CSRS, Type A at young age groups (< 50 years old) in North America compared to 
(self-identified) women and men located in the 4 continents studied, and to other ages across the adult life span; 
and (2) This pattern of results (CSRS, Type A) was found also in women at young ages (< 40 years old) in North 
America who scored higher compared to men and women in other continents and other ages. Linear regression 
analyses confirmed the MANCOVA results.

CONCLUSION 
These results show a combined mental health risk factor related to stress reactivity, suggesting that the CSRS is 
sensitive to populations at risk and may be applied to future identification of other vulnerable sub-populations. It 
also supports the transdiagnostic approach for more accurate prevention and treatment. Time will tell if such 
transdiagnostic syndromes will be part of the discussions on the next revisions of the traditional classification 
systems or whether the crisis in psychiatry further evolves.

Key Words: Transdiagnostic; Complex Stress Reaction Syndrome; Stress reactivity; Affective disorders; Debate in psychiatry
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Core Tip: The debate regarding diagnostic classification systems in psychiatry (categorial vs dimensional systems) has 
essential implications for the diagnosis, prevention and treatment of stress reactions and affective disorders. The results of 
this international study show a combined mental health risk factor related to stress reactivity and reduced positive affectivity, 
suggesting that the Complex Stress Reaction Syndrome (Type A) is sensitive to populations at risk and may be applied to 
future identification of other vulnerable sub-populations. It also supports the transdiagnostic approach for more accurate 
prevention and treatment. Time will tell if such transdiagnostic syndromes will be part of the discussions on the next 
revisions of the traditional classification systems or whether the crisis in psychiatry further evolves.

Citation: Goldstein Ferber S, Weller A, Hayes AM, Vannorsdall TD, Ajlouni Y, Qudah M, Zalsman G, Shoval G, Jannini TB, Fiedler 
R, Chen LX, Shayani DR, Kachuki Dory E, Stolowicz-Melman D, Evans C, Trow M, Di Lorenzo G, Rossi R. International study of 
the Complex Stress Reaction Syndrome: Implications for transdiagnostic clinical practice. World J Psychiatry 2023; 13(10): 803-815
URL: https://www.wjgnet.com/2220-3206/full/v13/i10/803.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i10.803

INTRODUCTION
The debate on diagnostic classification systems and the resulting crisis in psychiatry is evolving[1]. Many professionals 
doubt the validity of the categorical model, Diagnostic and Statistical Manual of mental disorders (DSM) and Interna-
tional Classification of Diseases (ICD), as clinical practice, supported by scientific evidence, shows that mixed sympto-
mology is often presented by many patients without meeting the full criteria of any traditional diagnostic category[2]. 
Updated search in Reference Citation Analysis (https://www.referencecitationanalysis.com/), Google Scholar and 
PubMed, shows that the transdiagnostic approach is evolving and that cutting edge studies are published in very high-
ranked journals[3-7].

There are at least four transdiagnostic new classification systems: Hierarchical Taxonomy to Psychopathology[8], 
Research Domain Criteria[9], Bipolar-Schizophrenia Network on intermediate phenotypes[10], and Neuroscience-Based 
Nomenclature[11]. These dimensional transdiagnostic approaches showed biological evidence of specific underlying 
mechanisms for several mental disorders[12-15]. However, others claim that the findings on underlying biological 
mechanisms relate to a too wide range of disorders, ruling out the option of differential diagnosis and more accurate 
derived prevention and treatment[15,16]. The option of including dimensional categories in the traditional classifications 
has yet to be discussed.

The debate in psychiatry has crucial implications for the diagnosis of stress reactions. Optimal stress reactions are 
prerequisites of adaptive coping from evolutionary perspectives[17-19]. However, stress reactions are patient-specific, 
environment-specific, and timing-specific. Therefore, they include a wide range of behaviors and emotional conditions, 
which cross traditional classification categories and are addressed only partially by these systems[12-14,20,21]. Of special 
interest is the condition of exposure to multiple stressors, investigated mostly in disaster situations such as flooding, 
pandemics, hurricanes, earthquakes, and wars[22-25]. In the etiological explanations of the traditional nosology, the 
interactions of individual differences in coping capacities with the number and extent of environmental stressors have not 
been evidence-based to date.

Specifically, we previously found a unique transdiagnostic pattern of stress reaction in a binational study using large 
representative samples in two countries, Italy and Israel, executed during the coronavirus disease 2019 (COVID-19) 
pandemic[26]. The results showed a transdiagnostic combination of four stress-related symptoms [anxiety, depression, 
stress symptoms, and post-traumatic stress disorder (PTSD)] that was significantly more prevalent than combinations of 
fewer symptoms. We termed this combination of four symptoms the Complex Stress Reaction Syndrome (CSRS). We 
found this pattern of results in the two countries despite cultural and language differences between the two countries and 
between the methodologies used, suggesting convergent validity of the CSRS.

The pattern of multiple associated symptoms has been widely reported by others regarding the COVID-19 pandemic’s 
impacts on mental health[27-29]. According to WHO reports, 22% of the population develops mental health problems in a 
dimensional pattern, reactive to emergencies[30]. Accordingly, we related the CSRS to the COVID-19 situation and 
included CSRS, Type A (psychiatric symptoms) and Type B (psychiatric and neuropsychiatric symptoms in COVID-
infected and recovered individuals, excluding systemic symptoms of long-COVID)[26,31]. However, the possibility that 
CSRS is relevant in the post-COVID era, to capture the mixed clinical picture resulting from concomitant daily stressors in 
the general population, has only recently been proposed[16].

In a recent paper, we outlined the detailed description of the conceptual development of the CSRS, including its origins 
in clinical practice and its uniqueness as one transdiagnostic category[16], rather than a total transdiagnostic denial of the 
traditional psychiatric classifications as suggested by others. The framework underpinning the current study presents an 
elaboration of the first validation of the CSRS in our published binational study[26], by the inclusion of participants 
located in four continents in this current study, beyond the validation of the CSRS in only two countries.

In the current multi-lingual international study, conducted across four continents, we aimed to investigate our two-
tailed hypothesis that the CSRS is a condition related to the unrecognized type of stress reaction in daily life in the general 
population (Type A) or related to the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral infection and 
its long-COVID neuropsychiatric residuals (Type B).

https://www.wjgnet.com/2220-3206/full/v13/i10/803.htm
https://dx.doi.org/10.5498/wjp.v13.i10.803
https://www.referencecitationanalysis.com/
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MATERIALS AND METHODS
Institutional review board
Institutional review board approvals for this international study were provided by The Johns Hopkins University, 
Baltimore, Maryland, United States, and by Bar Ilan University, Ramat-Gan, Israel. The study survey used the Qualtrics 
platform (Qualtrics, Provo, Utah, United States) for data collection.

Sample
From a sample of 2024 individuals who approached the study questionnaire and partially completed it, 977 completed 
the entire study questionnaire, and this sample was used for the statistical analyses.

Inclusion criteria: Age > 18 years old.

Recruitment regions: Middle East, North America, Australia, Europe.

Activating recruitment teams: A team of research assistants executed the study on media platforms in each of the six 
active countries located in four continents. These teams were located in Israel, Jordan, Italy, Sweden, United States and 
Australia. Each team was led by at least one psychiatrist or psychologist.

Languages: The survey (i.e. the clinical research tools) was translated from English to 5 languages (Arabic, Hebrew, 
Italian, Swedish and German) using back translations to English for validation. All posts on the social media platforms 
were published in all 6 languages of the study to enhance recruitment.

Qualtrics: We uploaded the study survey in 6 languages on the Qualtrics platform. The data were saved on this platform 
and analyzed periodically for the recruitment rate. The final statistical analyses were executed using the data saved on 
this platform.

Study period: February 1, 2022-March 1, 2023.

Clinical research tools: We used the following clinical screening tools to identify mental health status (CSRS, Type A): 
Generalized anxiety disorder-7 (anxiety measure[32]; Cronbach's alpha = 0.931), patient health questionnaire-8[33] 
(depression measure; Cronbach's alpha = 0.903), perceived stress scale[34] (stress measure; Cronbach's alpha = 0.901), 
international trauma questionnaire[35] (a PTSD measure; Cronbach's alpha = 0.921). We also used neuropsychiatric 
measures for infected or recovered individuals (CSRS, Type B): (1) The Perceived Deficits Questionnaire-5, (a cognitive 
impairment measure[36]; Cronbach’s alpha = 0.88); and (2) Fatigue[37], (Cronbach’s alpha = 0.654). Participants were 
asked whether they were SARS-CoV-2 infected/recovered or not. These data were analyzed using validated clinical 
cutoff points to identify symptomatic conditions above the normative scores on each tool. Anonymity of participants was 
maintained throughout the study.

Participation time: Surveys took approximately 15 min to complete as measured in a pilot study before the onset of this 
research.

Recruitment
Instagram: We opened an account with promoting videos and photos related to the study and periodically added more 
related materials. The materials were translated and posted in all six languages of the study. The account displayed a link 
to the survey's international Qualtrics platform. Each post was user friendly.

Facebook: We used Facebook online groups to post a link to the survey. In the case of private Facebook groups, the 
research assistants in each active participating country contacted the group managers for permission.

Reddit: We promoted the study using this social media platform which is friendly and popular in the United States and 
Australia.

Online meetings: The international study teams in the six active countries conducted periodical, online meetings with the 
leading author and professional leads across each recruitment site to track the recruitment process and rate. To manage 
recruitment goals in each region, the leading author shared figures of the participants' rate per region, extracted from the 
data already gathered at those points.

Statistical analyses
The statistical approach included three steps: (1) We analyzed the frequency of all combinations of symptoms, to 
determine the most frequent combinations of two, three, four (CSRS, Type A), five and six (CSRS, Type B) symptoms. We 
then compared between the most prevalent combinations of each number of symptoms using Proportion Analyses; (2) 
Multivariate Analysis of Co-Variance (MANCOVA) to identify subpopulations at risk; and (3) We confirmed the identi-
fication of the subpopulations at risk by linear regression analyses.
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RESULTS
This sample included 655 women, 296 men, and 26 individuals who self-identified as non-binary gender. Of those, 253 
aged 18-29, 294 aged 30-39, 204 aged 40-49, 151 aged 50-59, and 75 aged above 60 years old.

All symptoms were significantly correlated (Table 1). Proportion Analyses showed that in the general population, the 
prevalence of the four-symptom combination (CSRS, Type A) Anxiety, Depression, Stress and PTSD (30.98%, 95%CI: 28-
33.8) was greater than that of the most prevalent combination of three symptoms (Anxiety, Stress, and PTSD; 12.78%, 
95%CI: 10.7-14.9, P < 0.001) and the most prevalent combination of two symptoms (Anxiety and Stress; 6.24%, 95%CI: 4.8-
7.8, P < 0.001), as well as more prevalent than the one most prevalent symptom (Stress; 18.81%, 95%CI: 16.6-21.6, P < 
0.001) (Table 2).

In the infected population we found the same pattern of results. As shown for the general population, in infected 
individuals the prevalence of the combination of four symptoms, Anxiety, Depression, Stress and PTSD (27%, 95%CI: 
24.1-31.8) was greater than that of the most prevalent combination of three symptoms (Anxiety, Stress, and PTSD; 12.2%, 
95%CI: 9.7-15.3, P < 0.001), greater than that of the most prevalent combination of two symptoms (Anxiety and Stress; 
5.9%, 95%CI: 4.2-8.3, P < 0.001), and that of the one most prevalent symptom (Stress; 21%, 95%CI: 18-25, P < 0.01).

However, when we added long-COVID neuropsychiatric symptoms (Cognitive deficits and Fatigue, CSRS, Type B) to 
the four psychiatric symptoms (CSRS, Type A), the prevalence of four psychiatric symptoms (CSRS, Type A) was still 
significantly greater than the most prevalent combinations of five symptoms (when adding Cognitive deficits, 8%, 95%CI: 
6.3-11.1) or six symptoms (when adding Cognitive Deficits and Fatigue, 4%, 95%CI: 2.8-6.3) at P = 0.003, P < 0.001, 
respectively), showing that the prevalence of CSRS, Type A is significantly greater than all combinations of symptoms 
studied. Thus, these results endorse our two-tailed hypothesis, confirming that one tail of the two (CSRS, Type A) is 
significant. These findings suggest that the CSRS, Type A is applicable for the general population without direct 
association with the neuropsychiatric part of long-Covid (CSRS, Type B), and that it is not necessarily related to the viral 
infection and its suspected residuals. Bonferroni correction for multiple comparisons was conducted and the results were 
significant at P < 0.01.

As shown in Table 2, more people reported the combination of all 4 psychiatric symptoms (CSRS, Type A) than the 
combinations of fewer symptoms.

In further analyses to detect subpopulations at risk, a MANCOVA was conducted with four continents, five age groups 
and three types of gender as independent variables, while keeping the 4 psychiatric components of the CSRS, Type A as 
dependent variables, controlling for COVID-infected/recovered vs non infected/recovered individuals as a covariate. A 
three-way interaction was found: Continent × age × gender [F(14,925) = 1.747, P < 0.05 with observed power of 0.903] 
(Figures 1 and 2). The covariate did not significantly add to the explained variance. Follow up analyses showed that the 
sources of the three-way interaction were threefold, consistently over the 4 dependent variables (Anxiety, Depression, 
Stress and PTSD, CSRS, Type A): (1) In North America, participants aged < 50 years old, self-identifying as non-binary, 
reported significantly higher scores than both women and men (P < 0.05); (2) Women at young ages (< 40 years old) in 
North America scored higher compared to men and women in other continents and other ages; and (3) In North America, 
women at young ages (< 40 years old) and participants self-identifying as non-binary gender, aged < 50, scored above the 
clinical cutoff points, although women’s scores were significantly lower (P < 0.05) than the scores of the non-binary 
gender at these young ages.

The sources of the three-way interaction, which in turn correspond to identified populations at risk, were confirmed by 
linear regression analyses, which do not require an assumption of variables' normal distributions.

Specifically, Anxiety score was negatively associated with being a man [b = -1.42 (-2.22, -0.62)] and positively 
associated with non-binary gender [b = 3.81 (1.53, 6.10)], negatively associated with age groups 50-60 [b = -1.36 (-2.56, -
0.15)] and > 60 [b = -3.06 (-4.59, -1.53)] and living in Australia [b = -2.96 (-3.85, -2.07)] or the Middle-East [b=-2.06 (-3.84, -
1.36)] compared to North America.

Depression score was negatively associated with being a man [b = -1.57 (-2.42, -0.72)] and positively associated with 
non-binary gender [b = 5.08 (2.65, 7.51)] while negatively associated with age group > 60 [b = -2.89 (4.52, 1.26)] and living 
in Australia [b = -2.01 (-2.96, -1.06)] or the Middle-East [b = -2.97 (-4.28, -1.64)] compared to North America.

Stress symptoms score was negatively associated with being a man [b = -2.02 (-3.15, -0.88)] and positively associated 
with non-binary gender [b = 4.65 (1.40, 7.90)], negatively associated with age groups 50-60 [b = -2.12 (-3.84, -0.40)] and > 
60 [b = -5.33 (-7.51, -3.16)] and living in Australia [b = -3.24 (-4.51, -3.98)] or the Middle East [b = -4.49 (-6.25, -2.72)] 
compared to North America.

PTSD score was negatively associated with being a man [b = -2.89 (-4.09, -1.70)] and positively associated with non-
binary gender [b = 6.34 (2.92, 9.75)], negatively associated with older age group > 60 [b = -4.86 (-7.15, -2.57)] and living in 
Australia [b = -3.53 (-4.86, -2.20)], Europe [b = -3.43 (-6.02, -0.85)] or the Middle East [b = -4.44 (-6.29, -2.59)] compared to 
North America.

DISCUSSION
The results of this study show that the prevalence of 4 symptoms, combining anxiety, depression, stress symptoms and 
PTSD, was significantly higher than the most prevalent combinations of fewer symptoms across 4 continents, age groups 
(> 18 years old), and gender. This supports the transdiagnostic hypothesis embedded in the CSRS (Type A) and shows its 
clinical value as a future potential diagnosis spanning 4 conventional diagnostic categories.
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Table 1 Correlation coefficients between all six dependent variables

Correlation table PHQ PSS ITQ GAD Cognitive Fatigue

PHQ 1 0.79a 0.74a 0.80a 0.4a 0.24a

PSS 0.79a 1 0.74a 0.79a 0.3a 0.25a

ITQ 0.74a 0.74 1 0.71a 0.34a 0.31a

GAD 0.80a 0.79a 0.71 1 0.311 0.25a

Cognitive 0.4a 0.3a 0.34a 0.311a 1 0.30a

Fatigue 0.24a 0.25a 0.31a 0.25a 0.30a 1

aP < 0.001.
As shown in Table 1, all components of the CSRS type A and type B are significantly correlated. PHQ: Patient Health Questionnaire; PSS: Perceived Stress 
Scale; ITQ: International Trauma Questionnaire; GAD: Generalized Anxiety Disorder.

Table 2 All combinations of symptoms reported

General population Percentage

Combination

None 10

Stress 20

Depression 0

Anxiety 3

PTSD 2

Stress + depression 0

Anxiety + depression 0

PTSD + depression 0

Stress + anxiety 6

Stress + PTSD 4

Anxiety + PTSD 1

Stress + depression + anxiety 3

Stress+ depression + PTSD 1

Stress + anxiety + PTSD 13

Depression+ anxiety + PTSD 0

All 31

PTSD: Post-traumatic stress disorder.

The results show that the CSRS is sensitive to demographic variability and especially to the differences between 
cultures, locations and gender types. The overall analyses confirm the transdiagnostic hypothesis by showing that over 4 
continents and gender types more symptoms were significantly more prevalent than fewer symptoms.

One identified source for the significant three-way interaction found in this study (age × gender × continent), and 
confirmed by regression analyses showed, that the group that self-identified as non-binary gender scored significantly 
higher on all four psychiatric symptoms of the CSRS at young ages (< 40 years old) in North America compared to (self-
identified) women and (self-identified) men located in the 4 continents studied, and to other ages across the adult life 
span. These results show a combined mental health risk factor, suggesting that the CSRS, Type A is sensitive to 
populations at risk and may be applied to future identification of other vulnerable sub-populations.

In the scientific literature, identifying as non-binary at a young age has been recognized as a risk factor for increased 
mental health problems compared to other age groups and to other gender identities including other types on the gender 
identity spectrum such as the transgender identity[38,39]. The reduced affective wellbeing of those who identify as non-
binary gender have been documented in research and theoretical conceptualizations[38,40,41]. To describe the unique 
type of distress that non-binary gender individuals might experience the term “gender minorities stress” was suggested
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Figure 1 The measures assessing the four psychiatric features of the Complex Stress Reaction Syndrome (CSRS, Type A, mean ± SD). A: 
The Generalized Anxiety Disorder (anxiety measure); B: The Patient Health Questionnaire-8 (depression measure); C: The Perceived Stress Scale (perceived stress 
measure); D: The International Trauma Questionnaire (post-traumatic stress disorder measure).

[42]. We note that more conservative social views in continents other than North America may have inhibited people 
from identifying as non-binary and prevented an even larger magnitude of the non-binary gender stress reactivity in our 
findings. The emotional burden of this minority and its dramatic impact on this study’s results attests to the extreme 
distress experienced by this sub-population.

An additional source for the three-way interaction is related to another sub-population at risk which scored above the 
clinical cutoffs of all the four types of symptomatology included in the CSRS, Type A, young age groups identifying as a 
woman in North America. Being a woman at young age has been reported as a risk factor long before the COVID-19 
outbreak[43,44], during the COVID-19 pandemic[45] and in the post-COVID era[46] in very large, epidemiological 
studies. Thus, our results show the sensitivity of the CSRS, Type A in measuring a specific stress reactivity spanning 
several conventional categories in both minoritized and majority subpopulations.

In this study, the psychiatric pattern of symptoms (CSRS, Type A) was similar in infected/recovered SARS-CoV-2 
patients and in the non-infected population, suggesting that the CSRS, Type A is sensitive to a clinical picture in daily life, 
beyond its relevance to catastrophes, including the COVID-19 pandemic[16]. The neuropsychiatric part of the CSRS 
relating to neuropsychiatric components of the long-COVID syndrome (CSRS, Type B), did not add to the explained 
variance and the same pattern of results was found in infected/recovered individuals. These results show that the 
psychiatric part of the CSRS (Type A), when controlling for infected-non infected conditions, is the type of CSRS which is 
sensitive to at-risk sub-populations. In accordance with a current debate, this study also suggests that the long-COVID 
syndrome is a too broad diagnostic category in neuropsychiatry, resulting in recent contradictory results[47,48]. Thus, the 
CSRS shows relevance for daily life stressors, beyond the pandemic situation and not as a mandatory result of the viral 
infection.

Thus, the CSRS, Type A represents a unique transdiagnostic clinical picture combining symptomatology of affective 
disorders with stress reactivity[16,26,31]. The prevalence of affective disorders spans a wide range of symptomatology, 
with dramatic cross-cultural differences[49]. Reports on prevalence of stress reactions are also present across a wide range 
mental disorders[50]. Furthermore, earlier studies reported that at-risk populations do not necessarily meet the full 
criteria of affective disorders and stress reactivity categories[40,44]. As it arises from the current findings, and according 
to our previous arguments[26], the CSRS, Type A identifies, and is sensitive to individual differences in stress reactivity 
and reduced positive affectivity, within a transdiagnostic spectrum.

The correlative design of this study is the most appropriate for the current stage of CSRS development as only after 
assuring the face validity of the hypothesized syndrome by empirical data, including its highly associated symptoms, a 
follow up design on etiological questions related to more causal assumptions may be investigated. In fact, to show that 
any transdiagnostic hypothesis is related to associations between symptoms spanning several traditional categories, a 
correlative design should be employed.

As the aim of this research is primarily transdiagnostic, its correlative design affords testing the relationship and extent 
of association between a given number of variables (symptoms) spanning traditional classifications without meeting them 
in full. This type of design also allows testing whether a correlative combination of more symptoms is more prevalent 
than a combination of fewer symptoms from a given number of hypothesized variables, in a given hypothesized 
combination.
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Figure 2 Three-way interactions between continents, age groups and gender identifying the sub-populations at risk by the four 
psychiatric features of the Complex Stress Reaction Syndrome (CSRS, Type A). A: Three-way-interaction for the Generalized Anxiety Disorder 
(anxiety measure); B: Three-way-interaction for the Patient Health Questionnaire-8 (depression measure); C: Three-way-interaction for the Perceived Stress Scale 
(perceived stress measure); D: Three-way-interaction for the International Trauma Questionnaire (post-traumatic stress disorder measure).

The correlative design used in this study aimed also to show the sensitivity of CSRS to populations at risk who score 
beyond the clinical cutoff of the measures used. As such, the study also aimed to investigate the generalizability of the 
CSRS across continents, gender types and age-groups. This required comparisons between continents, gender types and 
age-groups. Thus, a correlative design and its aligned conclusion on associations between symptoms as related to 
demographic factors, may be derived even when employing statistical comparisons between independent (demographic, 
in this case) variables, and their assumed related “causal” impact on the dependent (CSRS, Type A) variables. The 
advantage of this approach and conclusions regarding association between independent (demographic) and dependent 
(CSRS, Type A) variables is threefold from both scientific and clinical perspectives: (1) It shows the generalizability of the 
CSRS; (2) It shows the CSRS, Type A as clinically essential for the identification of populations at risk, suggesting that the 
CSRS, Type A is sensitive to a unique transdiagnostic mental health condition; and (3) It includes a suspected indication 
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to treat. Furthermore, the results of the analysis of variance were confirmed by significant associations between the same 
demographic variables and the most prevalent combination of symptoms (CSRS, Type A) in linear regression analyses. 
Thus, the same populations at risk, as well as the sensitivity of the CSRS to these populations, are apparent in the results 
of this study.

The limitations of this study lie in the sampling methods utilized, which used convenience sampling[51]. This type of 
convenience online sampling became very popular and legitimate during the pandemic, although very large samples 
have been criticized before and after the pandemic[52,53]. Additional limitations include the use of self-report measures 
(symptoms) and not diagnostic interviews (signs), and the possible bias towards samples who are computer literate. 
However, in our binational research[26], we combined the methodology of representative sampling (Israel) with 
convenience sampling (Italy) and found similar results, although employing two different sampling methodologies, 
supporting the validity of the online convenience sampling. Yet to come, international studies with representative 
sampling, are warranted for further support of the CSRS, Type A validity and its clinical value.

This current international study emphasizes the importance of transdiagnostic approaches for clinical identification of 
individual differences and sub-populations at risk that do not meet the full criteria of any traditional category. This will 
afford the development of more accurate prevention and treatment for those with emotional needs who remain without a 
clear diagnosis and proper clinical care.

CONCLUSION
This study shows a global new picture of the indication to treat derived from (1) The different populations included from 
around the globe; and (2) Allowing a transdiagnostic perspective. Although the categorical model of diseases remains 
largely used worldwide[26], the future will tell if transdiagnostic categories will be part of the next revisions of the DSM 
and ICD conventional systems to facilitate a resolution of the crisis in the field of psychiatry[1]. Indeed, a transdiagnostic 
approach recognizes the inherent complexity and heterogeneity of mental disorders by focusing on shared underlying 
dimensions rather than rigid diagnostic categories. This allows for a more nuanced understanding of psychopathology 
and better captures the overlapping symptomatology often observed across different disorders. Hence, future interna-
tional transdiagnostic clinical research is warranted. To support psychiatrists in their clinical practice, future research 
may utilize transdiagnostic approaches to classify patients who show a mixed clinical picture when applied in face-to-
face clinical meetings (signs) compared to remote self-scoring (symptoms) by the same patients.

ARTICLE HIGHLIGHTS
Research background
The debate regarding diagnostic classification systems in psychiatry (categorial vs dimensional systems) has essential 
implications for the diagnosis, prevention and treatment of stress reactions.

Research motivation
We previously found a unique pattern of stress reaction in a study executed during the coronavirus disease 2019 
pandemic using large representative samples in two countries, and termed it the Complex Stress Reaction Syndrome 
(CSRS). In the current international study, in four continents, using six languages we aimed to investigate the general-
ization of the CSRS and its sensitivity to populations at risk.

Research objectives
We aimed to investigate CSRS, Type A [psychiatric symptoms, spanning anxiety, depression, stress symptoms, and post-
traumatic stress disorder (PTSD)], with or without long-COVID residuals (CSRS, Type B, neuropsychiatric symptoms 
spanning cognitive deficits and fatigue, excluding systemic symptoms). Our two-tailed hypothesis was that CSRS is a 
condition related to an unrecognized type of stress reaction in daily life in the general population (Type A) or that it is 
related to the severe acute respiratory syndrome coronavirus 2 infection and its long-COVID residuals (Type B).

Research methods
Media-supported study using the Qualtrics platform.

Research results
The results of the Proportion Analyses showed that the prevalence of 4 symptoms spanning anxiety, depression, stress 
symptoms, and PTSD was significantly higher than the most prevalent combinations of fewer symptoms across 4 
continents, age groups, and gender (CSRS, Type A). Further analyses identified two populations at risk: (1) Individuals 
that self-identified as non-binary gender; and (2) Women at young ages (< 40 years old) in North America.

Research conclusions
These results show a combined mental health risk factor related to stress reactivity, suggesting that the CSRS is sensitive 
to populations at risk and may be applied to future identification of other vulnerable sub-populations. It also supports the 
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transdiagnostic approach for more accurate prevention and treatment. Time will tell if such transdiagnostic syndromes 
will be part of the discussions on the next revisions of the traditional classification systems or whether the crisis in 
psychiatry further evolves.

Research perspectives
A follow-up international study to investigate whether the condition of multiplicity of stressors is the etiological source 
for developing the CSRS, Type A clinical status, is warranted.
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