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Abstract
Women represent the majority of patients with psychiatric diagnoses and also the 
largest users of psychotropic drugs. There are inevitable differences in efficacy, 
side effects and long-term treatment response between men and women. Psycho-
pharmacological research needs to develop adequately powered animal and 
human trials aimed to consider pharmacokinetics and pharmacodynamics of 
central nervous system drugs in both male and female subjects. Healthcare profes-
sionals have the responsibility to prescribe sex-specific psychopharmacotherapies 
with a priority to differentiate between men and women in order to minimize 
adverse drugs reactions, to maximize therapeutic effectiveness and to provide 
personalized management of care.

Key Words: Women; Psychopharmacology; Psychotropic drugs; Sex differences
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Core Tip: It has been largely demonstrated that women are the majority of patients with 
psychiatric diagnoses and also the largest users of psychotropic drugs. There are 
differences between men and women receiving psychotropic drugs, in terms of 
response, efficacy, side effects, long-term treatment outcome. There is still a lack of 
psychopharmacological research focusing on these differences in male and female 
patients. This editorial focuses on the important issue of deeply understanding the 
pharmacokinetics and pharmacodynamics of central nervous system drugs with a 
priority to differentiate between men and women in order to provide personalized 
management of care.
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INTRODUCTION
Nothwithstanding both biological research and clinical experience have largely demonstrated that pathophysiological 
dissimilarities between men and women significantly influence the pharmacokinetics and pharmacodynamics of psycho-
tropic drugs, most central nervous system drugs are prescribed to women and men at the same doses[1]. Sex differences 
in neural and behavioral outcomes have been described in the majority of neuroimaging studies evaluating the response 
to antidepressants, antipsychotics, sedative-hypnotics, stimulants and mood stabilizers[2]. Sex differences exist in every 
major part of the brain[3], hormones and neurosteroids affect the brains of men and women differentially and dissimilar 
biological mechanisms may underlie sex differences in responsiveness to stress[4].

Gender psychopharmacology is a complex field of study: Not only biological and physiological differences have a 
pivotal importance, but also all those factors that contribute to the formation of the individual, such as psychological 
behaviour, social role, cultural characteristics contribute significatively. Personalized medicine could become the future, 
designing suitable drugs or providing more appropriate doses, with different administration intervals. Men and women 
use drugs and other health interventions differently, for biological reasons, as they get sick differently (for example, men 
seem to have higher pain tolerance and more lethal conditions, whereas women have a stronger immune response but 
more disabling chronic conditions) and socio-cultural reasons, as they have different attitudes toward health and care[5]. 
Besides, men and women respond differently to pharmacotherapies, because the drugs are absorbed and eliminated 
differently or because there are differences in the sensitivity and distribution of the targets on which these substances act. 
Gender differences in drug response are based on pharmacokinetic and pharmacodynamic variations, such as bioavail-
ability, volume of distribution and binding to plasma proteins. There are also differences in metabolization and drug 
excretion: Women produce less creatinine, have a lower glomerular filtrate volume than men, and there is a tendency for 
women to accumulate drugs. On average, men have larger body sizes that result in larger distribution volumes and faster 
total clearance of most medications in men compared to women. Greater body fat in women (until older ages) may 
increase distribution volumes for lipophilic drugs[6].

Over the course of life, women undergo several hormonal changes connected, for example, to the onset and end of the 
menstrual cycle as well as pregnancy and the post-partum period. Pregnancy and lactation modify all pharmacokinetic 
parameters, due to changes in the volume of distribution. Besides, the placenta is a drug-metabolizing organ and the 
enzymes in the placenta are different from those in the liver[5].

WOMEN AND PSYCHOTROPIC DRUGS: FUTURE PERSPECTIVES OF RESEARCH
Women represent the majority of patients with psychiatric diagnoses and also the largest users of psychotropic drugs, 
especially antidepressants[7,8]. More women than men take multiple medications, and are more vulnerable to a number 
of adverse drug reactions. The reasons for this increased risk include gender-related differences in pharmacokinetic, 
immunological and hormonal factors (Figure 1). Among these differences, variation in levels and changes in sex steroids 
that subsequently interact with neurotransmitters, lower lean body mass compared to men, reduced hepatic clearance, 
different activity of cytochrome P450 enzymes with consequent different rates of metabolization, as well as conjugation, 
absorption, protein binding and renal elimination should be considered[9]. Besides, important issues regard the increased 
risk of QT prolongation at electrocardiogram with certain drugs compared with men even at equivalent serum concen-
trations and specific cutaneous reactions due to possible gender differences in T cell activation and proliferation 
(Figure 2). The prevalence of side effects in women is moderated by readiness to report, pain threshold, nature of the side 
effect, adherence to prescription, therapeutic alliance, genetic differences. It can be argued how both sex-related than 
gender-related factors (lifestyle factors, communication styles, health information-seeking behaviour, differences in social 
roles, and medication prescribing and adherence) could also lead to gender-specific differences in the occurrence, 
perception and reporting of adverse drug reactions. For example, women and men may perceive symptoms differently; 
women seem to search more actively for health information than men; there are often differences in the dose of drugs or 
duration of therapies prescribed to women as compared to men[10].

There is an increase of the rates of individuals reporting the use of any psychiatric medications over the last few 
decade, and in particular rates of antidepressant, benzodiazepine and antipsychotic use seem to be higher in females[11]. 
Although these data witness the advancements of medicine and the improvement of the quality of life of psychiatric 
patients, the other side of the coin is represented by the inevitable consideration of differences in efficacy, side effects and 
long-term treatment response between males and females, probably related, almost in part, to sex differences in how 
these drugs act on the brain and are metabolized and excreted. In addition, reproductive-aged women have repetitive 
variations in sex hormones with each monthly cycle that influence the onset, chronicity, and outcome of a variety of 
psychiatric illnesses[12].

https://www.wjgnet.com/2220-3206/full/v14/i2/194.htm
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Figure 1 Gender differences in pharmacokinetics and pharmacodynamics.

Figure 2 Factors influencing gender-based drug response.

The complexity of women’s hormonal physiology translates into mood instability related to the menstrual cycle, the 
manifold physiological changes of pregnancy, and, finally, the extremely complicated phase of menopause. Levels of sex 
hormones throughout the menstrual cycle are associated with the activation of specific hepatic enzymes and the rate of 
clearance of certain drugs, while the main differences between men and women in drug kinetics disappear at menopause 
due to the progressive decline in the production of estrogen and progesterone[7].
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The specificity of psychopharmacological treatment in women arise from sex-related mechanisms of pharmacody-
namics and pharmacokinetics up to peculiarities in terms of absorption, distribution, metabolization, and excretion. For 
example, in the prescription of antipsychotics, like olanzapine and clozapine, the effective dose for a woman might need 
to be lower than guidelines recommend for men on average (men with psychosis often require higher dosages of 
antipsychotic drugs related to their greater liver enzymatic clearance), while some antipsychotic side effects, weight gain 
for instance, are more worrisome for women than for men. After menopause, women need an increase in their 
antipsychotic dose, due to the decline of endogenous estrogen levels; other reproductive stages in women’s lives require 
special prescribing considerations as well[13-15].

Notwithstanding the number of trials enrolling women has increased following the instructions of Food and Durg 
Administration, women are still less represented in clinical trials because both pharmacokinetics and pharmacodynamics 
of a drug can be influenced by menstrual cycle phases, hormonal fluctuations, use of oral contraceptives and hormonal 
therapy, and life events such as pregnancy and lactation.

Clinicians should always keep in mind sex differences when prescribing psychotropic drugs and there must be 
adequate academic and scientific information on the potential impact of sex-related factors that affect pharmacokinetics 
and pharmacodynamics processes. This topic results critical in order to ensure drug safety and efficacy for females and 
males, and for informing clinical product monographs and consumer information.

There is a need of adequately powered psychopharmacological researches aimed to consider both male and female 
subjects in animal and human studies. In addition, clinical trials should necessarily analyze sex-related differences in 
results. Evaluation of the effects of sex can help to explain seemingly contradictory findings of pharmacological studies. 
In future researches, it could be interesting to deepen sex-specific differences in response to antidepressant therapy[16], to 
compare the clinical trajectory of women and men with treatment-resistent depression treated with similar augmentation 
strategies[17], to test different psychotropic drugs aiming to individuate which may have a greater efficacy on women 
than men[18] or to better evaluate sex differences in studies examining the role of the glutamate system in psychiatric 
disease[19]. Not only women often use drugs differently and respond to drugs differently, but they can also have unique 
obstacles to effective treatment (for example not being able to find child care or being prescribed treatment that has not 
been adequately tested on women)[20]. Although men are more likely than women to use almost all types of illicit drugs, 
there is evidence that women may be more susceptible to craving and relapse[21], therefore, influencing psychopharma-
cological treatment in terms of comorbidity and compliance with therapy. It could be useful to identify more precisely 
which gender-related psychosocial factors, environmental factors (chemical pollutants, cigarette smoking or oral contra-
ceptives, nutritional variables) and psychological factors, in terms of patients’ beliefs, attitudes and expectations, that can 
affect the efficacy of a prescribed pharmacotherapy, and this issue results particularly applicable to centrally acting drugs.

CONCLUSION
Studying and recognizing differences between both sexes is the first step in ensuring equity and appropriateness of care. 
Sex is a key variable that cannot be neglected to optimize psychopharmacological treatment and to improve the efficacy 
and safety of drug use[22]. The development of sex-specific psychopharmacological research should aim to create a link 
between researchers and physicians for careful evaluation of biological, physiological, and pathological differences 
between men and women for the purpose of an increasing level of personalized medicine. On one hand, it is imperative 
to better identify the most urgent priorities and to increase awareness and knowledge about the mechanisms underlying 
the differences. On the other hand, it is crucial to stimulate the development of scientific and regulatory pathways that 
ensure that male and female populations are studied specifically and selectively.

Neuropsychopharmacology research should necessarily and primarily consider sex as a biological variable in order to 
reduce costs and improve benefits, reproducibility of results and rigor of methodology. Treatment guidelines should 
always take into account sex-related factors and their influence on pharmacokinetics and pharmacodynamics processes as 
well as the occurrence of adverse drug reactions and events. Healthcare professionals have a responsability to understand 
the pharmacokinetics and pharmacodynamics of central nervous system drugs with a priority to differentiate between 
men and women in order to minimize the adeverse drugs reactions, to maximize the therapeutic effectiveness, to provide 
personalized management of care of patients and to contribute to the development of sex-specific psychopharmaco-
therapies.
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Abstract
In this editorial, we discuss the status of a therapeutic approach to emotional 
reactions accompanying thermal skin injuries. Burns are considered a major 
health problem, as well as an economic and social problem, with potentially 
devastating and life-changing consequences. They affect a wide range of patients 
with different damage mechanisms, varied depths, and localizations of the burns. 
The most common are thermal burns, with more than 11 million occurrences 
annually according to the World Health Organization data. Thermal skin injuries 
are among the most tragic and catastrophic injuries, almost unsurpassed in terms 
of severity, morbidity, and mortality, as well as functional, aesthetic, social, 
economic, and psychological consequences. Burn survivors face stress, anxiety, 
depression, low self-esteem, body deformity, social isolation, unemployment, 
financial burden, and family problems. The advances in acute burn care have 
allowed researchers and physicians to pay more attention to other effects of burns, 
focusing on psychological consequences in particular. Apart from the significant 
improvements in routine protocols, it seems useful to take care of psychological 
disturbances that occur simultaneously but may emerge as the most lasting 
outcome of those injuries. In that sense, various standards and additional 
approaches may be involved to achieve overall recovery.

Key Words: Thermal skin injury; Anxiety; Depression; Psychological consequences of 
burns

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v14.i2.199
mailto:grosic@medf.kg.ac.rs


Krstic B et al. Psychological consequences of burns

WJP https://www.wjgnet.com 200 February 19, 2024 Volume 14 Issue 2

Core Tip: This editorial aimed to allow updated principle information considering the psychological consequences of burns 
by means of their medical, social, and economic significance in the population. Also, it aimed to bring some new insight into 
the potential therapeutic advances using alternative and adjuvant therapies. In that manner, we offered some evidence for the 
benefits of using a new methodology in the treatment of one of the most lasting consequences induced by thermal skin 
injury.

Citation: Krstic B, Krstic M, Selakovic D, Jovicic N, Rosic G. Therapeutic approach to emotional reactions accompanied with thermal 
skin injury – from basic to epidemiological research. World J Psychiatry 2024; 14(2): 199-203
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/199.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.199

INTRODUCTION
Epidemiological data
Burns represent injuries to the skin and local tissue occurring as a consequence of energy transfer from a heat source to 
the body, thus causing an increase in the local tissue temperature. The increase of the tissue temperature above a certain 
threshold leads to irreversible cellular injury, interrupting metabolic processes[1]. According to the basic characteristics of 
the etiological agent, burns, as a medical entity, are divided into thermal, electrical, chemical, and radiation injuries. The 
most common are thermal burns, which make up about 86% of all burns. These burns could be caused by flame, hot 
liquid, or steam, as well as by direct contact with a hot object. Approximately 4% of burns are caused by electricity, 3% by 
chemical substances, and 7% could be classified as other types of burns. Burns are a major health problem, as well as an 
economic and social problem, with potentially devastating and life-changing consequences[2]. According to the World 
Health Organization data, more than 11 million burns occur annually, with the majority taking place in underdeveloped 
and developing countries due to various environmental factors (old buildings, lower safety standards, absence of smoke 
detectors, faulty electricity, etc.).

Classification according to population categories
There is a wide range of patients affected by burns, and their mechanisms of damage, burn depth, and localizations of 
burns are varied as well. The degree of damage depends on the power of the heat source, the duration of the heat effect, 
the method of injury, the age of the patient, the location of the burn, and the overall patient's health condition.  According 
to the diagnostic criteria, burns can vary from small wounds treated on an outpatient basis to very large injuries that 
require specific protocols, including treatment in specialized centres. The treatment of severe burns includes prevention 
of progression to multiorgan system failure, which is usually accompanied by long stays in hospitals and long-term 
follow-up (to avoid risk from functional and psychosocial consequences). In total, more than 6% of all burn victims 
undergo specialized therapeutic protocols, yet with a devastating overall mortality rate[3]. Burn injuries affect the whole 
population, regardless of gender and age, although some studies suggest that these injuries are more common in men. 
Studies have shown certain patterns, indicating that males most often get burns outside the home (outdoors and at the 
workplace), whereas females are most frequently injured at home, and children usually get burns when they are not 
under the supervision of adults at home[4]. The morbidity and mortality risk of these injuries is also influenced by the 
population structure. Studies demonstrated that the highest rates of burn-related injuries and fatalities occur among the 
populations of young children, under 4 years of age and also senior adults over 60 years of age[5]. This kind of trauma is 
particularly important in children populations due to the long period of disability. A surveillance study in low and 
middle-income countries demonstrated that 17% of children with this kind of trauma experienced disability longer than 6 
wk, while in 8% lifelong disability lifelong disability is predicted[6].

SOCIAL CHALLENGES AND ECONOMIC IMPACT OF THERMAL SKIN INJURIES
This is an important public health issue with a significant disease burden, not only in terms of serious morbidity and 
mortality but also with a large economic impact. Between 7 and 12 million people who sustain burn injuries (and require 
medical treatment) are absent from school or work for longer periods[7]. Studies have shown that the average number of 
days off work after burn trauma was close to 60, thus indicating the high economic burden that burn trauma causes. 
Patients’ return to active duty, such as work or school, are important outcome after burn trauma since work is not only a 
source of income but also evidence of integration and participation in the community. All regions are affected by the 
incidence and mortality of this kind of trauma globally, yet middle and lower-income areas have the highest occurrence 
rates, probably due to living conditions, infrastructure, lack of advanced safety measures and access to medical care. 
Survival rates after severe burns have increased significantly in recent decades, especially in developed countries, due to 
better treatment of burn shock, more active surgical approaches, more effective infection control, and immune and 
metabolic status. War operations should also be mentioned when discussing this type of injury as thermal injuries are a 
significant source of morbidity and mortality in times of war. They constitute 5% to 20% of all injuries and 4% of all 
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deaths in military personnel. These numbers are doubled in the civilian population[8,9]. The complexity and outcomes of 
treatment are significantly influenced by the lack of adequate medical care, as well as the specific psychological aspect 
that accompanies war situations.

THE PSYCHOLOGICAL IMPACT OF THERMAL SKIN INJURIES
Burns are injuries of great medical, scientific, and economic importance and can affect and worsen the physical and 
mental health of survivors and present significant social challenges, especially for those with more extensive burns[10]. 
Thermal skin injuries are among the most tragic and catastrophic injuries, almost unsurpassed in terms of severity, 
morbidity, and mortality, as well as consequences that are functional, aesthetic, social, economic, and psychological. The 
psychological impact on the patient's health is very pronounced in these injuries. Understanding of trauma-related 
psychological complications has only recently been directed to burn care. There are several psychopathologic effects 
related to burn trauma. The range is wide, from acute stress disorder, within the first 30 d, to posttraumatic stress 
disorder, a reaction that persists longer than 30 days following an incident, to major depressive disorder[11,12]. A long 
stay in the hospital, intense pain, loss of function, fear of the reaction of the environment, the struggle to accept a new 
way of life, and many other factors lead to different emotional reactions in burned patients, who are a particularly 
vulnerable population. Burn survivors face stress, anxiety, depression, body deformity, low self-esteem, and unem-
ployment followed by financial burdens. Social isolation and private, family problems also occur frequently. Burn 
survivors find it extremely difficult to live with visible scars in a modern society that values physical features and attract-
iveness. These consequences can lead to body image disaffection, which can cause social anxiety, social withdrawal, and 
depressive disorder[13]. Anxiety is a common response in burn recovery and to the treatments necessary to heal burned 
tissue, although the origin of anxiety can be related to the trauma itself. It was noted that most patients with superficial 
burns suffered from mild anxiety, while patients with deeper burns tended to suffer from severe anxiety. Burn survivors 
may also be at increased risk for depression due to impairment or loss of function, changes in physical appearance, 
difficulty managing pain, or time away from social interactions due to prolonged hospitalization and physical rehabil-
itation. Disfigurement of socially visible areas such as the face and dissatisfaction with the appearance of the body after a 
burn were found to be associated with the development and maintenance of psychological distress and lower self-esteem. 
For burn patients, even the common challenges of everyday life may present psychological stress. A previously familiar 
environment, due to physical and psychological limitations, can seem new and lead to helplessness, hopelessness, and 
loneliness. The realization that life may not return to the way it was before the injury, could lead to a series of negative 
feelings, which may result in various psychological disorders[14]. One-third of burn patients experienced a stress 
disorder, including post-traumatic stress disorder, according to previously published data[15]. Patients with moderate 
burns can also have psychological consequences, not only severe ones, which can occur even more than a year after the 
trauma. The emotional trauma caused by burns can affect all areas of a person's life: put stress on relationships, lead to 
depression or substance abuse, and even put additional strain on their physical health. There is a very high risk of death 
in burn patients in the first year after the burn, strongly correlated with trauma and mental illness. Burn survivors have a 
notable need for mental health care, and due to the known and prolonged effect of burn trauma on mental health, 
patients cannot be considered cured right after the physical healing of the wound[11].

THE PSYCHOLOGICAL CARE FOR BURN PATIENTS
The advances in acute burn care have allowed researchers and physicians to pay more attention to some of the other 
effects of burns, particularly the psychological consequences. However, planning for physical and psychological rehabil-
itation after major burns should begin at the time of admission. Recently, great progress has been made in the recognition 
and treatment of psychological complications caused by these injuries. There has even been a linguistic change in 
nomenclature, with patients previously categorized as "burn victims" now being referred to as "burn trauma survivors"
[16]. An initial focus on physical limitations in burn treatment is necessary, but treatment must also address the psycho-
logical trauma that may last longer than physical limitations. Coordinating psychological care for burn patients is 
challenging, and just as physical recovery occurs in stages, psychological needs vary over time. As the reaction to a burn 
is very complex, so is the approach to its treatment. This is why burn treatment is a multidisciplinary approach, as the 
focus is on restoring functionality both physically and mentally. To return to a normal life, patients need an adequate 
influence on the emotional reactions caused by the burn injury[17]. Along with the conventional approach that involves 
antidepressants, anxiolytics, and cognitive behavioral therapy, new therapeutic approaches are emerging to address 
scarring, mental health, and quality of life. New forms of treatment have the effect of improving the outcome of burns 
both acutely and in the long term, therefore proposing the additional therapeutic protocols, as potentially beneficial.

THE ADJUNCTIVE THERAPEUTIC APPROACHES IN BURN PATIENTS
Among others, hyperbaric oxygen therapy (HBO) has long been used as an adjunctive therapy to promote wound 
healing. In addition to the benefits that HBO has on the wound healing process, several studies have shown that HBO 
reduces neuropathic pain caused by burns. Previously published data show that administration of HBO can induce 



Krstic B et al. Psychological consequences of burns

WJP https://www.wjgnet.com 202 February 19, 2024 Volume 14 Issue 2

tolerance to ischemia through the regulation of antioxidative enzymes, suggesting that administration of HBO could also 
prevent impairment of cognitive functions[18]. In addition, numerous studies stated that antioxidant supplementations 
for burn patients significantly promote faster wound healing, shorten hospital stays, reduce mortality rate, and decrease 
the incidence of infection in all cases. At the same time, the administration of antioxidants and trace elements significantly 
enhances the rate of recovery, prevents complications, and reduces the mortality rate, thus affecting the psychological 
consequences of burns[19].

CONCLUSION
Taken altogether, the multidimensional importance of thermal injuries and their widespread consequences implies the 
necessity for a multidisciplinary approach to their treatment. Aside from the significant improvement in routine 
protocols, it seems useful to take care of simultaneously occurring psychological disturbances that may appear as the 
most lasting outcome of those injuries. In that sense, future investigations of potential therapeutic protocols to treat 
thermal skin injury, including both standard and additional protocols, should include the estimation of their action in the 
brain regions involved in emotional regulations to achieve overall recovery.
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Abstract
The impact of global climate change and air pollution on mental health has 
become a crucial public health issue. Increased public awareness of health, 
advancements in medical diagnosis and treatment, the way media outlets report 
environmental changes and the variation in social resources affect psychological 
responses and adaptation methods to climate change and air pollution. In the 
context of climate change, extreme weather events seriously disrupt people's 
living environments, and unstable educational environments lead to an increase 
in mental health issues for students. Air pollution affects students' mental health 
by increasing the incidence of diseases while decreasing contact with nature, 
leading to problems such as anxiety, depression, and decreased cognitive 
function. We call for joint efforts to reduce pollutant emissions at the source, 
improve energy structures, strengthen environmental monitoring and gover-
nance, increase attention to the mental health issues of students, and help student 
groups build resilience; by establishing public policies, enhancing social support 
and adjusting lifestyles and habits, we can help students cope with the constantly 
changing environment and maintain a good level of mental health. Through these 
comprehensive measures, we can more effectively address the challenges of 
global climate change and air pollution and promote the achievement of the 
United Nations Sustainable Development Goals.

Key Words: Climate change; Ambient air pollution; Mental health; Energy structure; 
Public policy; Sustainable development
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Core Tip: Global climate change and air pollution are becoming increasingly important issues in the field of public health and 
are exerting complex impacts on mental well-being. Extreme climate events and air pollution not only disrupt living 
environments, triggering the emergence of psychological conditions such as "ecological anxiety" but also exacerbate anxiety, 
depression, and other psychological problems. In response to this challenge, nations should begin to reduce pollutant 
emissions and improve energy structures, and society needs to strengthen environmental regulations and establish supportive 
public policies. Additionally, individuals should maintain good mental health and collectively contribute to achieving the 
United Nations Sustainable Development Goals.

Citation: Wang JX, Liu XQ. Climate change, ambient air pollution, and students' mental health. World J Psychiatry 2024; 14(2): 204-
209
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/204.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.204

INTRODUCTION
To address a series of social, economic, and environmental issues faced worldwide, the United Nations has proposed the 
Sustainable Development Goals, which call for urgent action to address climate change and its impacts, ensure healthy 
lifestyles, and promote the well-being of people of all ages. The Sustainable Development Goals emphasize the urgency of 
maintaining the environment and human health at a global level. Recently, Hu et al[1] explored the impact of meteoro-
logical factors and air pollution on depression incidence. Their study revealed that both meteorological factors and the air 
pollutant nitrogen dioxide influence daily hospitalization rates among individuals with depression, and there is an 
interaction between meteorological factors and environmental air pollution. The findings of Hu et al[1] offer important 
references for further analyzing the relationships among climate change, environmental air pollution, and mental health.

In recent years, with the continuous increase in energy consumption and greenhouse gas emissions, air pollution has 
become more severe, and the climate is continually changing, leading people worldwide to increasingly suffer from the 
impacts of extreme weather events[2]. Issues such as resource scarcity, poor living conditions, and displacement are 
becoming increasingly prominent. In some areas, people suffer from serious disease due to environmental pollution, 
which not only causes considerable disturbances in their lives but also poses a great threat to their mental health. In the 
face of climate change and environmental issues, negative emotions such as depression, anxiety, and stress frequently 
occur. The learning environment of students is destabilized by extreme weather, physical health problems are caused by 
air pollution, and media reports on environmental pollution create a sense of existential crisis, leading to a continuous 
increase in psychological distress. These factors have a profound negative impact on students' daily academic lives. This 
has led to the realization that, in addition to traditional factors such as genetics[3], childhood environment[4], personal 
personality[5], and peer relationships[6], the impact of climate change and environmental air pollution on students' 
mental health cannot be ignored. How to maintain a healthy psychological state is currently a concern. A healthy psycho-
logical state can help students realize their personal potential, cope with various pressures in daily work and life, and 
reduce the adverse effects of negative emotions on the body[7]. Improvements in mental health can enhance people's 
quality of life, public health, and productivity[8]. Furthermore, students with good mental health are more likely to 
actively participate in social activities, which has a profound impact on social and economic development. Therefore, 
good mental health is very important for students' personal growth, economic progress, and sustainable social 
development.

THE IMPACT OF CLIMATE CHANGE ON MENTAL HEALTH
Global climate change, characterized by extreme weather events such as floods, droughts, hurricanes, and blizzards, leads 
to the destruction of living environments and poses threats to physical and mental health. Events such as injuries, deaths 
of loved ones, and illness increase the likelihood of mental disorders[9,10]. "Ecological anxiety" and "ecological grief" also 
affect people's mental health[11,12].

Different types of extreme weather events negatively impact mental health in varying ways. In the aftermath of floods 
or hurricanes, individuals are susceptible to illnesses such as colds, coughs, rashes, and gastrointestinal infections. From a 
neurobiological perspective, traumatic experiences associated with flooding can lead to overactivation of the brain's stress 
response system, impacting the long-term balance of neurotransmitters such as serotonin and norepinephrine[13,14]. 
Increasing environmental temperatures may lead to an increase in the incidence of personal attacks, homicides[15,16], 
and suicide[17]. In Bern, Switzerland, for every 10 °C increase in the average daily temperature due to global warming, 
the risk of mental health disorders increases linearly by 4%[18]. When the average Wet Bulb Globe Temperature index 
reaches 35 °C, overheating can occur in temperature-sensitive areas of the brain and thyroid hormones are inhibited, 
leading to functional hypothyroidism, which affects psychological functions and emotional regulation[19]. When temper-
atures exceed 26.7 °C, the number of hospitalizations for mental health disorders increases[20]. For people with existing 
mental health issues, heatwaves can exacerbate underlying psychiatric and behavioral disorders, increasing their risk of 
death by more than three times[21,22]. Research conducted by Hackbarth et al[23] demonstrated that individuals who 
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experience meteorological disasters often face drastic lifestyle changes and resource shortages. These challenges lead not 
only to a scarcity of material resources but also to a weakened sense of community belonging and disturbances in 
individual self-identity, thereby increasing the risk of posttraumatic stress disorder. Additionally, a study by Rataj et al
[24] indicated that residents of low- and middle-income countries are more susceptible to the impacts of extreme weather 
events.

Moreover, extreme weather causes transportation difficulties, and restrictions on individual activities disrupt the 
normal lives and social activities of students, easily triggering anxiety and leading to a sense of social isolation. This 
anxiety and social isolation further exacerbate mental health issues[25]. The frequent occurrence of extreme weather 
events, which can be sudden and unpredictable, leads to uncertainty and fear about the future. This sense of hopelessness 
and powerlessness can lead to escapism, negatively impacting mental health. The environmental deterioration caused by 
climate change may force people to relocate, losing their original social networks and community ties[26], which leads to 
instability in students' learning environments and adversely affects their mental health.

THE IMPACT OF AMBIENT AIR POLLUTION ON MENTAL HEALTH
The detrimental effects of air pollution on mental health cannot be overlooked. Air pollution is currently one of the most 
impactful environmental health risks worldwide. It arises not only from industrial emissions and vehicle exhaust but also 
from agricultural activities and household burning. As a major environmental issue, air pollution substantially impacts 
people's physical and mental health[27]. The World Health Organization (WHO) reports that 91% of the global 
population lives in places where the air quality exceeds WHO guideline limits, with 4.2 million premature deaths caused 
by environmental air pollution. Air pollutants are considered one of the most critical risk factors affecting mental health
[28].

On the one hand, air pollution contains numerous toxic substances, such as fine particulate matter (PM2.5), NO2, and 
SOx, posing a direct threat to human health and leading to respiratory and cardiovascular diseases[29]. Epidemiological 
studies have shown that air pollutants such as PM2.5 and PM10 are associated with an increased risk of mental health 
issues. Short-term exposure to these environmental particulates can lead to an increase in symptoms of mental health 
problems, such as depression and anxiety[30]. Particulate matter can travel through the respiratory tract to the brain, 
causing inflammation. This inflammation can lead to changes in brain activity and pathological function, ultimately 
affecting cognitive ability. Prolonged exposure to high concentrations of air pollution may cause neurodegenerative 
changes and increase the risk of mental and behavioral disorders[31]. Air pollution affects mental health levels by 
increasing the incidence and severity of diseases.

On the other hand, according to the biophilia hypothesis, humans have an inherent inclination to connect with nature 
and other life forms. In highly urbanized areas or environments that lack green spaces, air pollution reduces students' 
contact with nature, which may lead to issues such as anxiety, depression, and cognitive decline[32]. Due to limited 
outdoor activities, students' social interactions are impacted, which may lead to a decline in social skills, an increase in 
feelings of loneliness, and a weakening of community cohesion. This social isolation not only affects individuals' 
emotional states but can also impact the stability of social relationships. Regular physical activity has been suggested to 
have a positive effect on reducing anxiety and depression in students, as well as improving mood and self-esteem[33]. Air 
pollution also leads to a lack of regular physical exercise for many people, directly impacting their physical health and, 
consequently, their mental health. In addition to its general impact on students' mental health, air pollution has a more 
severe effect on specific groups. Men, rural residents, and individuals with lower income and education levels may be 
more susceptible to the negative effects of air pollution due to their specific socioeconomic status and environmental 
exposure[34,35]. Long-term exposure of children to pollutants can affect brain development and function, leading to 
learning disabilities, attention deficits, and memory loss[36]. The impact of air pollution on children may have adverse 
effects on the future education of the country.

CONCLUSION
With the current global trend of climate warming, we are facing an increasingly severe environmental and health crisis. 
To effectively address this global health crisis, it is imperative to take measures in the following areas to maintain 
students' mental health.

First, it is crucial to reduce pollutant emissions at the source, improve energy structures, enhance energy efficiency, and 
strengthen environmental monitoring and governance. The fundamental causes of meteorological changes and air 
pollution are the extensive greenhouse gas emissions generated during the industrialization process, mainly from 
burning fossil fuels. The urban heat island effect, exacerbated by rapid urbanization, also intensifies climate change. In 
daily life, the widespread use of private vehicles and the application of fertilizers and pesticides in agriculture contribute 
substantially to greenhouse gas emissions. Therefore, it is necessary to reduce pollutant emissions at their source; 
accelerate the transition from fossil fuels to renewable energy sources such as solar power, wind power, and hydropower; 
and promote high-quality socioeconomic development through green initiatives. Relevant societal sectors need to 
promote green building standards and technologies to reduce building energy consumption and mitigate the urban heat 
island effect while enhancing environmental monitoring and governance. Additionally, the public should be encouraged 
to increase their awareness of environmental protection, adopt healthier lifestyles, reduce greenhouse gas emissions, and 
implement more environmentally friendly production and consumption patterns to alleviate the negative impact of the 
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environment on mental health.
Second, attention must be given to students' mental health issues. By establishing public policies and strengthening 

social support, we can help students build resilience, reduce the psychological impact of climate change and environ-
mental pollution and ensure students’ growth and learning in a healthy environment. Public policies play a crucial role in 
increasing awareness of mental health and reducing environmental pollution. Additionally, social support systems are 
key for providing sociopsychological health services and maintaining individual mental health, assisting students in 
coping with psychological distress and enhancing overall mental well-being. Implementing material use interventions in 
educational environments can effectively alleviate mental health issues among students[37]. Support from families, 
friends, and communities can also help students cope with the stress and challenges brought about by environmental 
changes. A crucial aspect of addressing the potential negative psychological impacts of climate change is building 
resilience. Relevant authorities should guide professional rescuers to help students develop psychological resilience and 
utilize their social networks.

Finally, students need to adjust their lifestyles and habits to cope with the constantly changing environment and 
maintain a good level of mental health. Artificial intelligence-assisted screening for psychiatric risks can help students 
maintain sound mental health[38]. Good mental health enables students to adapt better to environmental changes. 
Individuals with healthy mental states are more adept at accepting lifestyle changes brought about by environmental 
degradation and maintaining a positive and optimistic attitude during the adaptation process. Mental health is closely 
linked to physical health, and physical exercise plays a vital role in maintaining mental well-being. Exercise not only 
increases hormone levels, such as those of endorphins and brain-derived neurotrophic factors, which reduce stress, but 
also helps alleviate mood disorders[39]. The maintenance and improvement of mental health are related to the intensity 
and frequency of physical exercise, and frequent high-intensity physical exercise is beneficial for maintaining mental 
health[40]. In adverse weather conditions, interactive sports games, such as simulated football, tennis, and running, can 
be played through electronic devices to maintain the continuity of physical activity. Moreover, maintaining normal social 
activities is equally important for students' mental health.

In summary, in the face of climate change and environmental challenges, maintaining and promoting individual 
mental health among students is crucial. Comprehensive measures are needed, ranging from reducing greenhouse gas 
emissions to providing mental health services. These actions are not only key to achieving students' mental health and 
well-being but also vital components of promoting overall sustainable social development. Through such integrated 
approaches, we can more effectively confront the challenges posed by global climate change and air pollution, fulfilling 
the vision of the United Nations Sustainable Development Goals related to health and climate action and thus 
contributing to building a healthier, more sustainable future.
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Abstract
This editorial addresses catatonia, a complex neuropsychiatric syndrome charac-
terised by a spectrum of psychomotor disturbances. The editorial seeks to clarify 
the ambiguous aspects of catatonia, integrating recent research findings, including 
global studies and diagnostic advancements. It discusses catatonia’s clinical 
manifestations, prevalence, and associated psychiatric and medical conditions, 
with particular emphasis on its frequent co-occurrence with schizophrenia and 
mood disorders. The prevalence of catatonia, which varies across psychiatric 
populations, is illustrated by a significant study conducted in Nelson Mandela 
Bay, South Africa. This study provides valuable insights into the effectiveness of 
the Bush-Francis Screening Instrument compared to the Diagnostic and Statistical 
Manual 5 criteria in diagnosing catatonia. The editorial evaluates treatment 
approaches, primarily focusing on benzodiazepines and electroconvulsive 
therapy, and discusses emerging therapeutic strategies. It underscores the impor-
tance of robust diagnostic frameworks and early intervention in managing 
catatonia, as recommended by the latest evidence-based consensus guideline. 
Furthermore, it suggests future research directions, particularly in exploring the 
neurobiological and genetic factors of catatonia, to enhance our understanding 
and improve treatment outcomes. This editorial succinctly aims to demystify 
catatonia and provide valuable insights for clinicians and researchers in mental 
health care.
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Core Tip: This editorial illuminates the complex nature of catatonia, emphasising its varied psychomotor symptoms. It 
highlights challenges in diagnosis, noting the effectiveness of the Bush-Francis screening instrument over the Diagnostic and 
Statistical Manual 5 criteria, and discusses the syndrome’s prevalence and associations with disorders like schizophrenia and 
mood disorders. Furthermore, it critically examines mainstay treatments such as benzodiazepines and electroconvulsive 
therapy and advocates for strong diagnostic criteria and prompt intervention. It calls for further research into catatonia’s 
neurobiological and genetic aspects, aiming to advance mental health care outcomes.

Citation: Phiri P, Delanerolle G, Hope O, Murugaiyan T, Dimba G, Rathod S, Zingela Z. Catatonia: A deep dive into its unfathomable 
depths. World J Psychiatry 2024; 14(2): 210-214
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/210.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.210

INTRODUCTION
Catatonia, a complex and multifaceted neuropsychiatric condition, manifests through a range of psychomotor abnor-
malities from hypoactivity to hyperactivity. Its deep entanglement with various psychiatric and medical disorders not 
only underscores its clinical importance but also complicates its comprehension and treatment. This editorial delves into 
the diverse aspects of catatonia, encompassing its clinical manifestations, prevalence, distinctive characteristics, and 
evolving therapeutic approaches. The aim is to demystify catatonia’s complexities and offer a clearer understanding of 
this intriguing condition. By synthesizing the latest research and clinical insights, this review strives to present a 
thorough and nuanced view of catatonia, ultimately enriching our knowledge and treatment strategies in mental health 
care.

PRESENTATION
Catatonia exhibits a spectrum of psychomotor abnormalities, encompassing hyperactivity states to hypo-activity 
manifestations. The classical portrayal of catatonia encompasses catalepsy, waxy flexibility, and stupor, alongside other 
symptoms like mutism, negativism, and echophenomena[1]. Catatonia has been historically correlated with schizo-
phrenia, and was classed as a subtype of schizophrenia, however catatonic symptoms are also seen in bipolar disorder, 
major depressive disorder[2], and a range of neurological conditions, both acquired, like encephalitis, and congenital, like 
autism spectrum disorder[3], as well as other systemic conditions, most frequently autoimmune and inflammatory 
diseases. Withdrawal syndromes from multiple classes of psychoactive medications have also been associated with 
catatonia, including benzodiazepines, a mainstay of the treatment of catatonia, and other gamma-aminobutyric acid 
(GABA) agonists.

PREVALENCE
The prevalence of catatonia portrays a varied landscape, with estimates ranging between 7% to 38% among psychiatric 
populations, with certain subgroups, showing particularly increased prevalence rates in those with mood disorders or 
psychosis, learning differences, learning disabilities and cognitive impairment[4,5].

Within the African context, Zingela et al’s notable study conducted in Nelson Mandela Bay, South Africa, unveiled a 
prevalence rate of 18.3% within an acute mental health unit[6]. The authors argued that a wide-ranging prevalence rates, 
from less than 10% to just above 60%, accentuated the crucial role of effective diagnostic tools in ascertaining accurate 
prevalence rates.

CHARACTERISTICS
Although, the etiological underpinnings of catatonia remain elusive, it is often associated with a myriad of psychiatric 
and medical conditions. While no definitive causative process has been identified, potential contributory factors include 
genetic predispositions, changes in regional activity of areas of the brain, especially those to do with movement initiation 
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and perception of movement, significant life changes, and certain medical conditions like autoimmune diseases, stroke, 
encephalitis, delirium, and metabolic abnormalities[2,7].

In schizophrenia, catatonia - which represents itself through complicated disturbances in movement and psychomotor 
behaviour, is one of six classified types of abnormal motor functions. It envelops a range of motor behaviours including 
decreased, increased, and abnormal movements, disturbances of volition, and autonomic instability. The intertwined 
relationship between schizophrenia, mood disorders, other mental disorders and catatonia unveils a layer of complexity, 
further enriching the clinical tableau of catatonia[8]. The neurobiological framework of catatonia is hypothesised to be 
rooted in the dysfunction of GABA and glutamate neurotransmitter systems[8,9]. A characteristic pattern is that of hypo 
and hyperactivity in regions of the brain including the premotor cortex, orbitofrontal cortex and supplementary motor 
cortex[10]. Differing levels of electrical stimulation to these areas have been shown to disrupt the formation of motor 
impulses, or the perception of motor function, leading to a paralysis without distress, further correlating the pattern with 
catatonia[11].

DIAGNOSIS
The diagnosis of catatonia entails a meticulous physical examination, predominantly assessing for waxy flexibility, 
catalepsy and other hallmark signs of catatonia. The Bush-Francis Catatonia Rating Scale (BFCRS) a 23 items scale rated 
on a Likert scale of 0-3, and serves as a vital tool for diagnosing catatonia, involving observations of patient behaviour 
during normal conversation, aggressive head scratching to check for imitation, and several other diagnostic maneuvers
[12], as examples, Sienaert et al[13] identified seven rating scales in assessing catatonia in clinical settings, namely the 
Modified Rogers Catatonia Scale, the Rogers Catatonia Scale, the Northoff Catatonia Rating Scale (NCRS), the Braunig 
Catatonia Rating Scale (BCRS), the Kanner Scale and of course, the Bush Francis Catatonia Rating Scale. Of these, the 
BFCRS, NCRS and BCRS were identified for their reliability in varied populations[13]. Zingela et al[6,14] utilised three 
diagnostic instruments, namely the Bush Francis Screening Instrument (BFCSI), the BFCRS, and the Diagnostic and 
Statistical Manual 5 (DSM-5), unearthing the superior efficacy of the BFCSI in identifying catatonia cases compared to the 
DSM-5, which missed nearly 64% of cases.

TREATMENT
The treatment paradigm for catatonia primarily revolves around addressing the underlying conditions whether 
associated with mental, physical or other disorders like delirium. Benzodiazepines, particularly lorazepam, emerge as the 
mainstay of catatonia treatment, administered through intravenous injections, however, caution must be exercised on 
patients presenting with delirium, it is noteworthy that even in cases of delirium, catatonia responds well to Lorazepam
[1,15]. Electroconvulsive therapy (ECT) serves as an alternative, especially when benzodiazepines prove ineffective, with 
studies reporting an effectiveness range of 80%-100% in different catatonia cases[1]. A recent systematic review by Xiao et 
al[16] concluded that ECT, evidence from 13 systematic reviews and one meta-analysis on ECT, 12 case reports on 
repetitive transcranial magnetic stimulation and seven studies of cases using transient direct current stimulation 
demonstrated statistically significant improvements in patients after treatment[16].

EVIDENCE-BASED CONSENSUS GUIDELINES
The British Association for Psychopharmacology has developed an evidence-based consensus guideline on the 
management of catatonia[17] based on existing systematic reviews and primary literature. This comprehensive guidance 
provides coverage on the diagnosis, aetiology, clinical features, and epidemiology of catatonia. It offers detailed recom-
mendations for clinical assessments, including history, physical examination, and various investigations (Table 1). The 
treatment section encompasses benzodiazepines, ECT, other pharmacological and neuromodulatory therapies, 
addressing specific needs for diverse patient groups such as children, adolescents, older adults, women in the perinatal 
period, individuals with autism spectrum disorder, and those with certain medical conditions.

RESEARCH
The enigmatic nature of catatonia necessitates a concerted research endeavour to explain its neurobiological, genetic, and 
environmental underpinnings. Rogers et al[17] also emphasises that clinical trials in this area are scarce, and most 
recommendations are based on small observational studies, case series, and reports, highlighting the need for more 
randomised controlled trials and prospective cohort studies. Moreover, evolving treatment modalities like N-methyl-D-
aspartate receptor antagonists warrant further exploration to enhance the therapeutic arsenal against catatonia[16]. Xiao 
et al[16] highlighted that although ECT is recommended first line treatment the emerging field of non-invasive brain 
stimulation (NIBS) can be an alternative option. However, more methodological robust randomised controlled trials in 
NIBS are warranted.
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Table 1 British Association of Psychopharmacology evidence-based consensus guidelines for the management of catatonia: Summary 
of key recommendations

Recommendation 
category Details

General approach and 
first-line treatment

Emphasised use of GABA-ergic pharmacotherapies as first-line treatment; followed by recommendation for management of 
non-response, and considering underlying conditions, and potential complications

Other therapies Use of ECT, evolving treatment modalities like N-methyl-D-aspartate receptor antagonists, dopamine precursors, agonists 
and reuptake inhibitors, dopamine receptor antagonists and partial agonists, anticonvulsants, anticholinergic agents, miscel-
laneous treatments; alternatives to ECT include repetitive transcranial magnetic stimulation and transcranial direct-current 
stimulation

Subtypes of catatonia and 
related conditions

Specific recommendations for periodic catatonia, malignant catatonia, neuroleptic malignant syndrome, and medication-
induced catatonia

Special groups and 
situations

Considerations for children and adolescents, older adults, the perinatal period (including the safety of lorazepam and use of 
ECT), individuals with autism spectrum disorder, and those with certain medical conditions

Research priorities Emphasises the need for more randomised controlled trials and prospective cohort studies to strengthen evidence base for 
management of catatonia

GABA: Gamma-aminobutyric acid; ECT: Electroconvulsive therapy.

CONCLUSION
The nuanced understanding of catatonia’s prevalence and its varied presentation, especially in acute mental health 
settings, requires a holistic approach towards its diagnosis and management. The study conducted in Nelson Mandela 
Bay serves as an excellent model for utilizing rigorous diagnostic criteria to reveal the true prevalence of catatonia. 
Applying accurate diagnoses then enables developing specialized treatments targeting the condition. Research on novel 
treatment modalities is warranted.
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Abstract
Mandatory and restrictive health regulations during the corona pandemic caused 
psychic disorders in many people, which even led to clinically relevant mental 
disorders. At the same time, there was gradually a polarization of opinions among 
the population. In order to improve future pandemic management, an integrative 
understanding of these psychosocial processes therefore seems useful. Here we 
start theoretically with the mental effects of inconsistencies of the information 
environment by referring to concepts such as the theory of cognitive dissonance. 
In a next step, we use the psychodynamic theory to understand the affective-moti-
vational defense mechanisms underlying these cognitive states and processes. 
However, a broader theoretical framework of psychoanalysis seems to make 
sense, because self-referential processing also influences the style of thinking. For 
this reason, we use a more comprehensive psychological systems theoretical 
framework model to integrate these different perspectives. This integrative view 
refers in part to basic knowledge of health psychology regarding the resistance of 
unhealthy ways of thinking and behaviors and the possibilities for interventions 
for change. We then extend this model to a broader picture that also covers the 
relationship between men and their environment. This results in the perspective 
of a multidimensional socioecological theoretical framework, which as a heuristic 
reference model and related to other ecological approaches could also be helpful 
for various theoretical questions for public health, and could provide a better 
public understanding of health issues. In line with this perspective, we hypo-
thesize that with regard to the coronavirus disease 2019 pandemic, the acceptance 
of public health narratives could be increased if a more consistent picture of the 
scientific descriptions and explanations of the pandemic - similar to the model 
proposed - could be provided, which would enable the understanding of the 
origin, course and countermeasures, and thus could have positive collective psy-
cho-hygienic effects.
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Core Tip: With the emergence of an increasingly fragmented and crisis-ridden world, sound containment and mentalization 
capacities are required. We provide a stepped multidimensional socioecological theoretical framework that serves as a 
heuristic reference model. The example of the pandemic crisis is transferable and related to other ecological approaches. 
Parameters for sustainable and enduring change processes are given.

Citation: Tretter F, Löffler-Stastka H. Cognitive dissonance and mindset perturbations during crisis: “eco-socio-psycho-somatic” 
perspectives. World J Psychiatry 2024; 14(2): 215-224
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/215.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.215

INTRODUCTION
Commentary on the psychosocial macro world
At present, we seem to live in a persistent post-normal state of society, especially as many crises such as migration, 
pandemics, wars, and the climate crisis overlap. We are confronted with multiple, interdependent crises[1]. This situation 
challenges the competence of the sciences to understand the situation and develop coping strategies for the knowledge 
society, which must be communicated in an understandable way, taking into account both the internal consistencies of 
their narratives and structural characteristics of the affective-cognitive level of citizens.

As an example of a challenge for public health, we refer here to the corona pandemic, in particular by highlighting the 
problem of consistency of health information and the mechanisms for building resilient mindsets that also reflect the 
influence of the sociocultural environment. We gradually develop a comprehensive multilevel model in which we first 
start from observable cognitive dissonances, and then conceptually combine this level with the psychoanalytic view of the 
dynamics of affects and motivations that must be regulated by ego functions. Finally, by use of a systems theoretical 
model of the mind we link this psychological model to a broader social-ecological conceptual framework. We hypothesize 
that the aversive reactions of an increasing part of the population to public health measures are based on the individual 
experience of a “bad” relationship with an increasingly fragmented world, which in addition may also lead to an 
increasingly fragmented self in the respective psychosocial development of the people. We therefore believe that 
pandemic management and public health interventions in general could be more efficient if they take into account these 
psychosocial aspects of people as “situated subjects” and make greater use of transparent theory-based narratives.

Productive and counterproductive power of simple but contradictory narratives: In modern societies, communication is 
largely based on scientific information, even if it is transformed into other, simpler descriptive and also regulatory 
narratives. Here we understand a narrative as a text that encodes values and emotions in order to create meaning and to 
give people affective and cognitive orientations, and that legitimizes a certain collective behavior[2]. Narratives are also 
an important basis of “knowledge societies.”

With regard to the corona pandemic, various narratives contributed to the “infodemic”, as the World Health 
Organization called the huge corona-related psychosocial information environment[3]. Above all, the effects of the 
different health regulations such as general lockdowns and their on’s and off's were internationally varying and not really 
comprehensible, i.e. scientifically satisfactory proven (e.g., wearing masks while skiing, but not in shops). Such inconsist-
encies caused by politics and/or science arise above all from the temporary construction of messages consisting of one-
sentence or even one-word narratives, which are also increasingly communicated incoherently, as is typical in 
postmodern societies[4]. Such narratives about the corona pandemic were modified within a few months: “There will be 
millions of deaths” was communicated in European countries in spring 2020 and new narratives emerged in spring/
summer 2021, such as: “The pandemic is over”. It called for “protecting vulnerable individuals”, “protecting health care”, 
and finally “getting vaccinated”, as “the pandemic is a pandemic of the unvaccinated” (Fall 2021). When the rapidly 
spreading but not so pathogenic omicron variant appeared in December 2021, mandatory vaccinations were propagated. 
However, this public health program could not function effectively because this type of virus was spreading at a very 
rapid pace, and time was short to carry out the vaccinations. As a result, the motivation to vaccinate did not increase[5]. 
The radicalization of the skeptical part of the population also increased.

As a consequence, there was a change in the conditions of public opinion formation regarding corona: a new simple 
rationality emerged, which seemed to be scientifically evidence-based, but which was propagated with insufficient 
justifications, differentiations, and updates. After a while, resentment was articulated in the population and through 
subtle systemic ping-pong processes, social radicalization gradually took place. Put simply: The collective imperatives 
were accepted or rejected - “Let's follow the science” or “The Great Reset[6] is behind it”!
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This phenomenon of polarization is often interpreted as a “reactance reaction”, since slightly skeptical attitudes of 
citizens can change into a passive (or even active) opposition in interaction with the given view of politics, the media and 
the sciences. A first stage of a theoretical explanation for such attitude dynamics at the individual level could be the 
theory of cognitive dissonance as it will be explained later. First, however, basic social mechanisms of the splitting of 
individual and collective consciousness will be explained.

“Spiral of silence” and the need for social acceptance: First, we hypothesize that information inconsistencies in public 
health communications have been instrumental in the emergence of an increasingly aggressive polarization of the social 
atmosphere during the pandemic. For example, at the beginning of 2022, more and more people seemed to belong to the 
silent majority, who may have arisen via the mass media strategy of the “cancel culture”[7] and the sociopsychic 
mechanisms such as the “spiral of silence”[8]: The more dissenting opinions (and even questions) from the institutions 
occured, the more these people were silenced and spontaneously fell silent. And the more they remained silent, the more 
the opinion of the institutions prevailed, thus reinforcing the conformity of public opinion. With regard to this process, it 
must generally be assumed that, among other things, the contact-preventing lockdowns led to the fact that people's 
essential need for social acceptance could no longer be satisfied, although this need could be partially satisfied by the use 
of social media.

Due to the psychohygienic relevance of good human social relationships, we shall first examine the reciprocal 
relationship between the person and her social environment in the context of psychological findings of individual 
development (terms we use here are elaborated in Supplementary material).

Basic interactions between the psychosocial environment and individual development: In view of the reduced social 
dialogue associated with the implementation of mandatory restrictive measures to combat the pandemic, a polarization 
of the social climate became apparent: The good guys as followers and the bad guys as resisters. This increasingly 
developing division of society overshadowed the current cultural change of modern societies, which is characterized by 
an accelerated increase in differentiated but also disintegrated narratives at macro, meso, and micro levels (“disintegrated 
pluralism”). This fragmented character of the sociocultural environment[9] in turn favors the individual development of 
“dissociated personalities”, and thus in this “fragmented acceleration society”[10] a fundamental “loss of (coherent) 
resonance” of the individuals[11] arises. In relation to borderline personality disorder, narcissism and identity, and 
authenticity[12-14], psychoanalysis, in particular, has provided a great deal of empirical and theoretical knowledge about 
such features of the psychosocial development of the individual (e.g., in the context of the influential object relations 
theory based on developmental phases)[15]. We want to shed light on these aspects here by starting with the theory of 
cognitive dissonance, which we then combine with psychoanalysis, and finally outlining a human-ecological point of 
view.

Theoretical framework models for a psychological understanding of the individual coping with the infodemic
In terms of the interrelationship between the structure of the social world and the evolving personality structure, we see a 
correspondence between the inconsistencies of the infodemic and the fragility of basic affective-cognitive[16,17] schemata 
of the individual: if the individual’s current experiences exhibit a high degree of inconsistency, the resulting affective-
cognitive structures are restructured towards a more stable constellation[18] (theory of cognitive dissonance)[19]. 
Moreover, such adaptations can be understood by defense mechanisms as identified by psychoanalysis (e.g., ration-
alizing, suppressing). Finally, we use the structural model[20] and self-theory[21] of psychoanalysis by referring to 
systemic models of the mental (essential theoretical terms we use here are explained in Supplementary material).

Cognitive dissonance: We begin with the information environment of the individual, i.e. the social cognitive sphere. In 
this context, the psychopathological relevance of the need for orientation as identified by Grawe[22] can be assumed in 
principle: if a set of cognitions does not match their affective charges, a cognitive dissonance occurs with a negative basic 
emotionality, which enhances the need for orientation. We also assume that this intrinsic affective-cognitive imbalance 
occurs when the individual is in a state of information overload during affective-cognitive information uptake. The 
overload results from and during the construction of a cognitive schema that interacts with the basic internal affective-
cognitive schema previously established by the individual development. If the need for orientation is not satisfied by the 
environment, the affective-cognitive balance of the person is restored by mainly unconscious mechanisms.

At first glance, the acute harmonization dynamics can now be successfully described by the theory of “cognitive 
dissonance”[19,23,24], which explains the quasi-automatic balancing[25,26] of inconsistent cognitive structures[27] 
(Supplementary material). Consequently, the concept of cognitive dissonance can be applied to cognitions during the 
pandemic. The cognitions were singular but emotionally charged narratives that practically fit together, such as 
skepticism about vaccinations and the options of conspiracy theories (Figure 1). A system of relations in the form of a 
“negative triad,” consisting of the person experiencing both coronavirus disease 2019 (COVID-19) and vaccination 
negatively, leads to a dissonant unstable constellation (left triangle; three negative relations). An additional affective-
cognitive element such as “The great reset,” which is not liked but is believed to propagate also vaccination, stabilizes the 
entire system (right-angled triangle; two negative relations in triads have positive enhancing effects). Although this 
example has some shortcomings in terms of oversimplification, it is helpful for understanding resistance to change of 
opinions and attitudes.

Now the question arises why and how the respective stabilizing element emerges and where it comes from. Here we 
hypothesize that a fragmented and disintegrated internal model of the world and the self acts as an affective-cognitive 
reference structure stored in (implicit) long-term memory for the current information processing and causes the stabil-
ization or destabilization of topic-specific and current affective-cognitive information, which is likely to form mainly in 
working memory and short-term memory. Thus, a stable “self” is likely to have a higher tolerance for inconsistent 

https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
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Figure 1 A hypothetical cognitive scheme of people with vaccine resistance stabilizing through conspiracy narratives (“The Great 
Reset”). See the text for more information. COVID-19: Coronavirus disease 2019.

external information.
It should be noted here too that the well-known resistance to changes of such mindsets is a central issue in health 

issues in context of public health. This is a challenge in addiction psychology and implies motivational interventions by 
therapists[28,29]. In line with this microtheory, it must be acknowledged that a broader conceptual framework of 
theoretical psychology is useful, as health psychologist Robert West has shown with regard to smoking[30]. In addition to 
the cognitive level, West also emphasizes the importance of the affective-motivational level of the mental, and he points 
to the need for a differentiated integrative model of general psychology (PRIME model), a topic recently highlighted by 
the authors[17]. Here, we first follow the traditional theory-integrating path of psychoanalysis, namely the developmental 
psychological perspective of object relations theory[31].

Developmental fragility of the affective-cognitive reference structure: According to the object relations theory (Supple-
mentary material), at the beginning of psychological development there is initially no internal reference structure for the 
affective-cognitive order that fits the environment: Elements of conscious experience are classified separately and only 
polarized as “good” and “bad” experiences (Figure 2). In addition, at this stage of development, there is a lack of stable 
affective-cognitive object relations that distinguish the self and the environment[32] sufficiently. This structure therefore 
resembles a psychotic personality structure[31].

For some individuals, the lifelong interaction between two basic dimensions of human experience of relations - connec-
tedness with others vs self-determination - is deficient and leads to a high vulnerability of human-environment rela-
tionships[33,34]. In this understanding, with a view to the evolving process of interaction with meaningful others[31], the 
cumulative and socially engrammed self-representations can be understood as a “constant frame of reference” embedded 
in the self. It serves as a benchmark with future social cognitions associated with affects[21,35]. Social engrams[36] and 
empathic behavior[37] have been shown to influence higher-order cognition and modulate negative experiences and 
memories, in part by facilitating learning new ones[38].

Following the object relations theory[31], it is now assumed that the basic reference structure for the current affective-
cognitive information processing is provided by the internal representation of object relations[31] or the "internal working 
model", which refers to the meaning of the self-foreign distinction[39]. For the sake of simplicity, we call this affective-
cognitive structure “experience matrix”[32] (Figure 2). Its essential structural properties converge into a growing dynamic 
balance of emotionally valued diversity and integrity of relationships between the elements. In our systemic trans-
formation of object relations theory[17], the value of the respective cognitions (plus, minus) indicates the emotional 
evaluations that are the result of interactions of cognitions. If there is an inconsistent relationship, orientation needs and 
control needs arise and stabilization processes to reduce cognitive dissonance take place[25,30].

It can now be hypothesized that obstacles to adequate affective-cognitive development arise from the fear of losing the 
self, coherence, orientation in life, and even existence, when circumstances challenge people's current configuration of the 
self. In light of the megatrends in modern societies mentioned at the beginning, and in light of the narratives of the 
pandemic, it seems important to note that the modulating function of language in accordance with affect regulations (and 
the self-regulation) depends on the quality of the social relationship as learned in past and current interactions[40,41]. 
Empirical evidence for the latter has been proven over decades in psychotherapeutic process and outcome research[42].

Applied to the experience of the 3 years of the pandemic, it should be emphasized, for example, that with the fluc-
tuating need to reduce social contacts, the need for social belonging was antagonized, resulting in a persistent mixture of 
fear of contagion and an aggressive-depressive mood state to limit social contacts. In our model, these emotional conflicts 
are also interrelated, similar to how they are conceptualized in the phenomenology of emotions and in neurobiology[43,
44].

Interplay of suppressed needs and emotions: The model of the affective-cognitive subsystem of the mental must be 
supplemented with regard to the persistent situation of need suppression in order to explain a comprehensive but diffuse 
aggregation of negative emotions[17]. Here are some simple examples that can be localized on the need-emotion axis: 
Physical displeasure follows the suppression of the need for space and movement: (1) Anxiety is a reaction to the 
suppressed need for physical safety and protection (e.g., before the virus), followed by the aforementioned lack of 
orientation and control, as a correlate of two needs that are of psychopathological relevance[17,22,27]; (2) Aggression can 
occur in response to the suppression of the need for self-determination; and (3) Depression follows the ongoing 
suppression of positive social relationships.

https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
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Figure 2 The core concept of object relations theory visualized as a quadripolar “experience matrix”: The low-developed polarized 
configuration of the representations of the self and the environment with poles of positive and negative experiences (left) and the adult 
configuration with strong distinction of the images of the environment and the self (right)[31]. For simplification, the term “object representation” is 
translated here as “environmental image”; “Self-representation” is also translated as “self-image.”

These systemic affective-motivational relations can be partially compensated as a coping strategy by a cognitive res-
tructuring of the respective experiences. In view of the corona pandemic, therefore, a future option for collective psycho-
logical stabilization could be a simplified and scientifically sound but generally consistent descriptive and explanatory 
"theoretical model of the pandemic" (e.g., infection epidemiological triade model) that allows for higher cognitive 
consistency. This model should integrate the diverse and sometimes contradictory information of the pandemic in a 
simple way, facilitating a mental order in relation to the external situation.

Basic need for space and its regulations - a new experience: In the context of emotional responses to the ongoing 
suppression of needs, in view of the long-lasting behavioral restrictions during the pandemic, it is worth mentioning the 
suppression of the need for space and freedom of movement, an aspect elaborated by ecological psychology (Supple-
mentary material). The need for space is - albeit culturally different-a fundamental need of the “situated subject”, but 
underscored by research. In particular, ecological psychology and behavioral biology have emphasized that it is not so 
much a high or low social density that is affectively important, but above all the autonomy of the regulation of physical 
distance and proximity is relevant[45-48]: In its importance for territoriality, it is a source of serious conflicts, and 
therefore it is a basic need[46-50] for living beings to be able to self-regulate distance. It should also be mentioned here 
that this need for self-determination in the field of mobility is an independent need, although it is only a form of the basic 
need for self-determination in all areas of life. As a basic biological need, its suppression can contribute to the psychody-
namics of pathogenic symptom and syndrome formation[51].

The psychological significance of the need for space was highlighted in the context of the pandemic through public 
health measures such as distancing and isolation and through lockdowns. These restrictions on “mobility,” imposed in 
most countries of the world and applied for several weeks to suppress the dynamics of transmission of severe acute 
respiratory syndrome coronavirus 2, led to the suppression of freedom of movement and produced a complex of negative 
emotions, mainly aggression and depression, as mentioned above. This basic form of restriction of personal freedom 
persisted, and the suffering under these circumstances also varies from culture to culture and also within cultures, for 
example in relation to social class. However, everyday experience already shows that a high density of space (e.g., in the 
family's apartment during lockdown) can cause stress, but can also lead to the experience of security. The observation of 
the external emptiness can also lead to an individual and situational condition (e.g., in the apartment as a single) to the 
experience of freedom and relaxation, but this situation can also soon cause discomfort and anxiety (horror vacui). All of 
these conflicting experiences were reported by patients during the corona crisis.

After discussing different levels of mental processing (cognition, affects, needs), this psychological perspective needs to 
be expanded to increase the ecological validity of the model and to better understand the dynamics of internal and 
external inconsistencies. We therefore “zoom” out of the focus model and look at the entire system of the mental and its 
connections to the environment.

Mental and action as a control loop - the structural model of psychoanalysis combined with action theory: A more holi
-stic view of the mental system is provided above all by the fundamental structural model of psychoanalysis, which has 
been formulated for about 100 years[20]. In this conceptual framework, the ego has to manage the immediate external 
reality and coordinate it with the inner needs, which, through the drives of the id and the imperatives of the superego, 
form a force field that can lead to intrapsychic conflicts. The id can be understood as the affective-motivational level of the 
mental in relation to the foregoing, while the superego can be seen as a set of internalized reference values (setpoints) 
such as norms and rules that enable a low-conflict social life[20,51]. The functions of the superego thus include the 
capacity for self-criticism, guilt and remorse - dispositions that are necessary for interaction with the world, the 
perception, processing and evaluation of new and past events or stimuli. Thus, the superego is particularly relevant for 
the imprinting of affectively charged content. The superego can also be understood as the relevant system of connections 
with the social micro-environment that embeds the person in relation to the formation of opinions, a phenomenon that is 
group-related (family, peer group) and that was discussed at the beginning of the article. Thus, the social environment 
influences the individual and, conversely, the behavior of the individual (also as uniform collective behavior) influences 
the social environment.

https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
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The concept that behavior towards the environment in turn determines new perceptions results in a comprehensive 
and fundamental feedback loop that can be fundamentally captured in a control loop model of the “situated person.” 
This model also corresponds to the basic conceptual structure of psychological and sociological action theory, which 
emphasizes the relevance of the (social) environment[52-54]. Now, in the sense of a human-ecological perspective, it is 
especially the social information environment of the person that matters.

Social environment - group phenomena and trust
The most important level of information about the social environment for the individual is the microsocial level of the 
group (family, peer group) with which relevant communications take place. As mentioned at the beginning, social 
security, social belonging and acceptance and similar social needs are first satisfied by the immediate social environment 
(e.g., the mother). Trust in others depends on these experiences, which - pychoanalytically speaking - leads to a sup-
portive superego. But not only the immediate microsocial environment, but also the macrosocial level with its subsystems 
media, politics, science, etc determines the important feeling of social trust. Currently, however, social trust is declining in 
some countries, which can be partly attributed to the non-acceptance of limits and limitations of the competences of the 
respective social institutions[55,56]. Thus, the acceptance of the limits of the epistemological options of science is crucial 
for a knowledge society: Science can only approach the truth, be it through empirical methods or (social) constructivist 
theoretical concepts, and it must be accepted (and publicly communicated) that science must always deal with the 
“known unknown.” If these limitations are not communicated publicly, and if empirical relativizations of the state of 
science occur in the medium term, public trust in science can decline. Such (intertemporal) inconsistencies exacerbate the 
already fragmented (or “psychotic”) social situation and favor the formation of science-skeptical groups, reinforced above 
all by social media. A psychoanalytic view helps us to shed light on these processes on the social level: On the one hand, 
the fear of the overwhelming power of institutions feeds the need to restore a (fantasized) unbridled omnipotence 
(Narcissism), derived from the longing for paternal protection due to infantile helplessness. On the other hand, fears can 
lead to further regressive phenomena. At the macro- and micro-social level, the pandemic situation revealed well-known 
group phenomena in crisis, such as fragmentation and splitting, which are basically regression to familiar previous 
defense functions, when normal adaptive affective-cognitive processing is overwhelmed. Sublimation, for example, as a 
defense fails when one's own body becomes the source of suffering.

Back to the corona crisis: In pandemic situations, restrictive macrosocial conditions hinder the microsocial processing 
of narratives with the personal social environment and disrupt people’s psychosocial climate, relationships with the real 
world and the information world. Over the course of the three Corona years, the distal macrosocial and proximal 
microsocial worlds lost their consensual foundations, which can lead to cognitive stress in every single social interaction, 
thus becoming chronic. Proponents and supporters of the respective Corona policy, but also many ambivalent and even 
skeptical, resistant and opposing individuals emerged. Some of them are associated with so-called conspiracy theories, 
and some even show an aggressive-oppositional attitude. The general negative affective consequences of the corona 
regulations can now be seen, for example, in hospitalization rates or (adolescent) psychiatric departments due to chronic 
anxiety, aggression and depression[57]. Therefore, individual interaction with a dynamically fragmented world in the 
event of a crisis is obviously a risk factor for extreme psychosocial reactions.

As a consequence and to return to the initial question of this text - the basic hypothesis can be put forward that differ-
entiated but consistent conceptual frameworks of narratives, such as an understandable pandemic theory generated in 
the context of science as a knowledge producer, are useful for this, since theories and models generally help to bring 
observations into a consistent order, thereby reducing cognitive dissonances. The multi-level system-theoretical 
framework presented here for a graded but more comprehensive understanding of affect-relevant cognitive disorders 
could also contribute to this.

Benefits of a systemic understanding of the psychosocial climate on a nested collective and individual level: Theories 
make it possible to integrate heterogeneous information. This can also be achieved by multi-level system-theoretical 
models of the psychosocial situation of humans, as a variant of which was explained here on the basis of the Corona 
pandemic. In context of the field of theoretical public health such “(socio) ecological models” have a long tradition[58-
61]. Such models, however, must also be rooted in the anthropological perspective of the “situated experiencing person” 
conceived as a bio-psycho-social being[62]. This view is therefore characteristic of a human-ecological theory[17,36,62-
64]. As already mentioned at the beginning, human ecology aims at such nested multi-level, multifunctional and multi-
sector models, which basically strive for a differentiated concept of the environmental relations of the person and also a 
differentiated concept of the mental. These models thus capture the external relations of men to the environment and at 
the same time the internal model of the internalized environment (Supplementary material, ecological psychology), 
which also refers to the self-image (cf. object relations theory)[31]. In this view, on one level the person must relate 
environmental offers and personal needs, but also on another level she must weigh up the requirements of the 
environment with regard to the person’s competences to meet these requirements. However, this ultimately four-pole 
basic constellation of the human-environment relationship system very often leads to chronic conflicts. In the case of the 
Corona pandemic, for example, people had to reduce exposure behavior to other people (avoiding contact, distancing, 
wearing masks), but at the same time maintaining contact with important people, which led to conflict.

In this way, the macro version of this integrative model thus fundamentally captures that events in the natural 
environment (e.g., the coronavirus or climate change) affect the health of the population (ecosystem health), which is dealt 
with by institutions of society (e.g., science as a specialized social system), for example insofar as this knowledge and 
corresponding plans for problem management may be passed on via mass media and under political control. The model 
also captures that in the next phase people change their attitudes and behavior (e.g., wear masks or reduce the consu-
mption of non-renewable energy), and finally there is a better situation in the population and so the measures as in the 

https://f6publishing.blob.core.windows.net/bab97813-2a05-4cad-baf4-dee5cec78ac0/WJP-14-215-supplementary-material.pdf
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Figure 3 A socioecological framework of health with interlinked conceptual building blocks (see text): In relation to pandemics, the virus 
acts as part of the physical environment at the somatic level of the person/population (horizontal grey arrow, bottom). This process is 
captured by science as a subsystem of society (vertical grey arrow), and this information is communicated to the population via media (horizontal grey arrow, top), 
which changes the exposure behavior of the population (horizontal grey arrow).

transition from pandemic to endemic can be relaxed (Figure 3).
It is helpful in this basic modeling to distinguish two levels of interactions – an informational level and a material level: 

the virus affects humans directly and materially, but invisibly, and in some cases causes severe COVID-19 diseases. This 
can be observed by science and this information can be passed on to the entire population (Figure 3). Such a model type 
could therefore expand the theoretical field of public health as a form of “social health ecology” devoted to health-related 
nature-society-human interactions (eco-socio-psycho-somatics) and could also be incorporated in a simplified form into 
narratives of health promotion and prevention.

In this model, language, as used in society, plays a crucial role in describing, evaluating and effectively communicating 
scientific observations to the public. And this brings us back to our initial question: The communicated texts should make 
sense through their conceptual framework and thus be able to calm emotions. In this respect, they are also “narratives” in 
the strict sense of the word.

CONCLUSION
With the emergence of an increasingly fragmented and crisis-ridden world, the effects on already fragile personalities are 
becoming increasingly intense on the cognitive and affective level. Children, in particular, are currently confronted with 
dissociated images of a dangerous world and parents as role models for them are also under persistent cognitive stress. 
This chronic tension causes individually and also collectively different adaptation mechanisms such as denial, projection 
or splitting. This is also evident in the management of the Corona pandemic on several levels, insofar narratives for 
everyday behavior were contradictory and thus polarized public opinion.

Because of this relevance to public mental health, we suggest that scientific and political authorities build a more 
consistent, but not oversimplified, picture of societal health problems that can bridge sometimes inevitable narrative 
inconsistencies. Due to the multidimensionality of this problem, we argue for integrative models that are developed 
through an integrated interdisciplinary discourse. This discourse should be implemented in the disciplinary, media, 
political and popular culture debates on health, health care, research and well-being. The need to develop a new way and 
organization of truth production in knowledge societies has been shown to us by the pandemic situation, which like an 
“uneasiness in the culture” reminded us of the overwhelming power of nature, the fragility of one's own body and the 
weaknesses of social institutions that regulate the relationships between people in the family, society and the state[65].
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Abstract
Depression is a common mental health disorder. With current depression 
detection methods, specialized physicians often engage in conversations and 
physiological examinations based on standardized scales as auxiliary measures 
for depression assessment. Non-biological markers-typically classified as verbal 
or non-verbal and deemed crucial evaluation criteria for depression-have not been 
effectively utilized. Specialized physicians usually require extensive training and 
experience to capture changes in these features. Advancements in deep learning 
technology have provided technical support for capturing non-biological markers. 
Several researchers have proposed automatic depression estimation (ADE) sys-
tems based on sounds and videos to assist physicians in capturing these features 
and conducting depression screening. This article summarizes commonly used 
public datasets and recent research on audio- and video-based ADE based on 
three perspectives: Datasets, deficiencies in existing research, and future 
development directions.
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Core Tip: The automatic recognition of depression based on deep learning has gradually become a research hotspot. 
Researchers have proposed automatic depression estimation (ADE) systems utilizing sound and video data to assist 
physicians in screening for depression. This article provides an overview of the latest research on ADE systems, focusing on 
sound and video datasets, current research challenges, and future directions.
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INTRODUCTION
With societal developments, the diagnosis and treatment of depression have become increasingly crucial. Depression is a 
prevalent psychological disorder characterized by symptoms such as low mood, diminished appetite, and insomnia in 
affected individuals[1]. Patients with severe depression may also exhibit a tendency towards suicide. In the field of 
medicine, researchers aspire to conduct comprehensive investigations of depression from both biological and non-
biological perspectives. Li et al[2] summarized biological markers, revealing associations between depression and 
indicators, such as gamma-glutamyl transferase, glucose, triglycerides, albumin, and total bilirubin. Non-biological 
markers can be broadly categorized into verbal and non-verbal features. Verbal features typically pertain to a subject’s 
intonation, speech rate, and emotional expressions in speech extracted from audio recordings. Early studies by 
Cannizzaro et al[3] and Leff et al[4] identified differences in the speech of individuals with psychiatric disorders compared 
to the general population. Non-verbal features typically refer to the facial expressions and body movements commonly 
embedded in video files. The Facial Action Coding System[5], a frequently employed tool for facial expression analysis, 
decomposes facial muscles into multiple action units (AUs) with corresponding numerical identifiers. For instance, AU1 
and AU2 represent inner brow raise and outer brow raise, respectively. A graphical representation of the AU can be 
accessed through the link indicated in the footnote (https://imotions.com/blog/learning/research-fundamentals/facial-
action-coding-system/)[1]. While Girard et al[6] found differences in AU 10, 12, 14, and 15 between individuals with 
depression and the general population, a unified research framework for bodily changes is yet to be established, with the 
core challenge lying in quantifying alterations in body movements. Joshi et al[7] demonstrated the potential of studying 
body movements for ADE using a method based on space-time interest points and a bag of words to analyze 
patients’upper-body movements.

During clinical assessments, specialized physicians detect and treat depression based on diagnostic criteria manuals 
issued by the relevant organizations. For instance, the World Health Organization released the 11th revision of the Interna-
tional Classification of Diseases in 2022, providing detailed classifications of various mental disorders. The American 
Psychiatric Association published the Diagnostic and Statistical Manual of Mental Disorders (DSM)-4[8], in 1994, and its 
updated version, DSM-5[9], in 2013. In 2001, China released the Chinese Classification and Diagnostic Criteria of Mental 
Disorders, Third Edition. Guided by diagnostic manuals, specialized physicians assessed the severity of depression in the 
participants based on the scores obtained from these scales. Rating scales are typically categorized into self-report and 
observer-report scales. The patient health questionnaire[10] is a lightweight self-report scale, whereas the Hamilton 
depression rating scale (HAMD)[11] is a common observer-report scale. Observer-report scales require specialized 
physicians to interview patients and score the details based on the scale. Completing an interview based on the HAMD 
scale typically takes 15-20 min.

In addition to detecting clinical depression based on rating scales, biological markers have been employed to assist 
with the assessment. Physicians use biochemical indicators extracted through techniques, such as blood tests, to aid their 
judgment. With the advancements in detection technologies, biological markers can be quantitatively measured, allowing 
specialized physicians to directly refer to numerical values to determine the clinical significance of a test. However, non-
biological markers, which are crucial features of depression, have not been extensively utilized, attributed to several 
factors. First, changes in non-biological markers, such as facial expressions and intonation, are often subtle. Specialized 
physicians require extensive training and accumulated experience to capture these changes; such training is typically 
time-consuming and inefficient. Second, unlike biological markers, systematic patterns of change in non-biological 
markers depend on their ability to capture spatial and temporal information, a challenging task for early computer 
technologies. The development of deep-learning technology and the computational capabilities of computers provide an 
opportunity to address these challenges. Deep-learning, with its robust capability of capturing temporal and spatial 
information, offers new avenues for constructing assistive systems. Automatic depression estimation (ADE) has become a 
significant research direction in the field of computational medicine, resulting in several ADE methods being proposed.

https://www.wjgnet.com/2220-3206/full/v14/i2/225.htm
https://dx.doi.org/10.5498/wjp.v14.i2.225
https://imotions.com/blog/learning/research-fundamentals/facial-action-coding-system/
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A complete ADE study typically comprises three steps. The first step involves data collection, categorized based on the 
free or need for specific emotional stimulus experiments. The former typically utilizes devices such as cameras and 
microphones to capture audio-visual information of subjects during medical consultations or in natural states. The latter 
requires the design of specific emotional paradigms, followed by recording subjects’ audio-visual information under 
emotional stimuli. The second step involves constructing deep-learning models for ADE. In this phase, researchers 
designed different deep-learning architectures based on data characteristics to capture information for ADE. Finally, the 
model undergoes training and testing for ADE to essentially perform two tasks: classification, i.e., distinguishing whether 
the individual is a patient with depression or further categorizing the severity (non-depressed, mild, moderate, and 
severe), and scoring tasks, i.e., predicting the assessment scale scores of the subjects. Depending on the task, researchers 
choose different evaluation metrics to train and test the effectiveness of the model.

The initial ADE typically requires manual feature extraction and the application of machine learning methods such as 
decision trees and support vector machines for feature classification. Peng et al[12] initially constructed a sentiment 
lexicon, counted word frequencies, and then input these features into a support vector machine for ADE. Alghowinem et 
al[13] first used the openSMILE tool to extract audio features and then employed machine learning methods for ADE. 
Wen et al[14] extracted dynamic feature descriptors from facial region sub-volumes and used sparse coding to implicitly 
organize the extracted feature descriptors for depression diagnosis. With the development of deep learning and computa-
tional capabilities, deep models can perform feature extraction from complex data, eliminating manual feature extraction. 
Notably, owing to the specificity of audio information, certain manual feature extraction steps still exist. Therefore, a 
series of deep learning-based ADE methods, such as, have been proposed. In this review, we focus primarily on recent 
ADE methods based on deep learning approaches. We first introduce commonly used publicly available ADE datasets 
and then provide an overview and summary of recent outstanding audio-visual ADE models. All articles are summarized 
in Table 1. Finally, we summarize the existing challenges and future directions of ADE.

DATASETS
While data form the foundation of ADE research, owing to the inherent challenges in collecting depression data, such as 
strong privacy concerns, lengthy collection periods, and limited data volumes, obtaining subject authorization for public 
sharing is difficult, resulting in a scarcity of publicly available audio-visual datasets. Commonly utilized public datasets 
primarily originate from audio-visual emotion recognition challenges (AVEC), specifically the AVEC2013[15], AVEC2014
[16], and Distress Analysis Interview Corpus/Wizard-of-Oz set (DAIC-WOZ)[17] datasets.

AVEC2013
The AVEC2013 dataset was released as part of the third AVEC Challenge. This dataset comprises 340 video segments 
collected from 292 participants. AVEC2013 required participants to perform tasks such as vowel phonation, reading, 
recounting memories, and narrating a story based on a picture with their audio-visual information recorded. The Beck 
Depression Inventory (BDI) scores served as labels for AVEC2013.

AVEC2014
The AVEC2014 dataset was released as part of the fourth AVEC. This dataset comprises 150 audio-video data segments 
involving a total of 84 subjects. As a subset of AVEC2013, AVEC2014 required each participant to complete two tasks, 
Northwind and Freeform, which involved reading excerpts from articles and answering specific questions. Similar to 
AVEC2013, AVEC2014 also utilizes BDI scores as data labels.

DAIC-WOZ
This dataset encompasses the audio-visual information of subjects collected through various interview formats, with each 
data type being independent. The video information, which included a maximum of 263 audio-visual data points, was 
based on facial features (e.g., annotated directions, facial key points, and AUs features) after conversion.

AUDIO-BASED DEPRESSION ESTIMATION
Audio-based methods are crucial for ADE. In this process, participants often combine manual features with deep features 
for ADE. Manual features typically include time- and frequency-domains. Deep features are typically obtained from 
spectrograms using deep-learning models. These spectrograms often represent the waveform, spectrogram, Mel 
spectrogram, or processed data of raw audio graphically.

He and Cao[18] combined manually extracted audio features with deep-learning features for ADE. They divided the 
model into two parts. The first part employed a deep network to extract deep features from spectrograms and raw speech 
waveforms. The other part extracts median robust extended local binary patterns from spectrograms and low-level 
descriptors from raw speech. Finally, these features were fused using a fusion model to make the final decision. This 
approach achieved root mean squared error (RMSE) and mean absolute error (MAE) values of 10.001 and 8.201 on the 
AVEC2013 dataset and 9.999 and 8.191 on the AVEC2014 dataset. Zuo and Mak[19] recognized the potential performance 
decline associated with limited audio data. With a smaller dataset, capturing the patterns of depressive expressions 
becomes challenging, and deep models tend to learn audio features specific to individual subjects, leading to overfitting. 
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Table 1 Summary of advanced automatic depression estimation methods

Evaluation Criterion
Method Year Framework Dataset Modal

MAE RMSE Accuracy F1-score

AVEC2013 A 8.201 10.001 - -He and Cao[18] 2018 2DCNN

AVEC2014 A 8.191 9.999 - -

SIDD 2023 - DAIC-WOZ A - - - 0.601

MSCDR 2022 1DCNN/ 
RNN

DAIC-WOZ A - - 0.771 0.746

DALF 2023 2DCNN DAIC-WOZ A - - - 0.784

STFN 2023 1DCNN DAIC-WOZ A 5.38 6.36 0.780 -

Speech 
Former++

2023 Transformer DAIC-WOZ A - - 0.733 -

Mao et al[24] 2022 CNN 
RNN

DAIC-WOZ (5) A - - - 0.958

AVEC2013 V-F 6.59 8.39 - -LGA-CNN 2020 2DCNN

AVEC2014 V-F 6.51 8.30 - -

AVEC2013 V-F 7.02 9.37 - -SAN 2022 2DCNN

AVEC2014 V-F 6.59 9.24 - -

AVEC2013 V-F 5.97 7.36Zhao et al[27] 2023 2DCNN

AVEC2014 V-F 5.85 7.23

AVEC2013 V-F 6.08 7.59 - -PRA-Net 2023 2DCNN

AVEC2014 V-F 6.04 7.98 - -

Yuan and Wang
[32]

2019 MLP Private V-E - - 0.831 -

EnSA 2022 Transformer Private V-E - - 0.955 -

SATCN 2022 1DCNN Private V-B - - 0.758 -

Zhao and Wang
[35]

2022 Transformer Private V-B - - 0.729 -

ULCDL 2023 RNN DAIC-WOZ A + V - - 0.830 0.900

AVEC2013 A + V 6.14 8.16 - -Niu et al[37] 2020 2D/3DCNN

AVEC2014 A + V 5.21 7.03 - -

Shao et al[38] 2021 RNN/CNN Private V + V - - 0.854 -

TAMFN 2022 2DCNN D-Vlog A + V - - - 0.750

AVEC2013 A + V 5.38 6.83 - -Uddin et al[41] 2022 2DCNN

AVEC2014 A + V 5.03 6.16 - -

V: Video data; A: Audio data; F: Facial information; B: Body information; MAE: Mean absolute error; RMSE: Root mean squared error; MSCDR: Machine 
speech chain model for depression recognition; SIDD: Speaker-invariant depression detector; DALF: Depression classification; STFN: Spatial-temporal 
feature network; LGA-CNN: Local global attention convolutional neural network; SAN: Self-adaptation network; PRA-Net: Part-and-Relation Attention 
Network; SATCN: Spatial attention-dilated temporal convolutional network; ULCDL: Uncertainty-aware label contrastive and distribution learning; 
TAMFN: Tme-aware attention-based multi-modal fusion depression detection network; DAIC-WOZ: Distress Analysis Interview Corpus/Wizard-of-Oz 
set; AVEC: Audio-visual emotion recognition challenges; DCNN: Dilated Convolutional Neural Network; CNN: Convolutional neural network; RNN: 
Recurrent neural networks.

To address this issue, they proposed a speaker-invariant depression detector, which achieved an F1 score of 0.601 on the 
DAIC-WOZ dataset. Du et al[20] incorporated patients' vocal tract changes into conventional speech perceptual features 
and developed a machine speech chain model for depression recognition (MSCDR) for ADE. The MSCDR extracts speech 
features from both generation and perception aspects and uses recurrent neural networks (RNN) to extract time-domain 
features for depression detection. The MSCDR achieved accuracy and F1 scores of 0.771 and 0.746, respectively, on the 
DAIC-WOZ dataset.
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Yang et al[21] observed that many ADE models based on manually designed features lack good interpretability, with 
features not fully utilized. Therefore, the depression classification (DALF) was proposed. Learnable filters in DALF can 
more effectively decompose audio signals and retain effective features. Analyzing the automatically learned filters allows 
for a deeper understanding of the focus areas of the model. This method achieved an F1 score of 0.784 on the DAIC-WOZ 
dataset. Han et al[22] introduced a spatial-temporal feature network (STFN) to capture audio features. The STFN initially 
captured the deep features of audio information and then used a novel mechanism called hierarchical contrastive 
predictive coding loss, replacing the commonly used RNN to capture temporal information. This approach reduces the 
parameter count of the model, making it more trainable. As such, the STFN achieved accuracy, RMSE, and MAE values of 
0.780, 6.36, and 5.38, respectively, on the DAIC-WOZ dataset. Chen et al[23] focused on integrating the Transformer 
architecture with audio features. Their proposed model, SpeechFormer++, utilized prior knowledge to guide feature 
extraction, achieving an accuracy of 0.733% on the DAIC-WOZ dataset. Mao et al[24] recognized that text features in 
audio are also important for capturing the patterns of depressive expressions. Consequently, they proposed an attention-
based fused representation of text and speech features. This approach initially inputs text information and low-level 
features of raw speech into an encoder for encoding and subsequently employs the encoded features for depression 
detection, achieving an F1 score of 0.958 in a five-class classification task using the DAIC-WOZ dataset.

Overall, the design of ADE models based on audio relies on the initial feature selection. Because audio information 
cannot be utilized directly by deep models, it is typically transformed before being extracted by deep models. These 
transformations are diverse, including directly using the raw waveform, applying Fourier transform or Fast Fourier 
Transform to transform the time-frequency domain information, converting audio into Mel spectrograms, and directly 
extracting audio features such as frame intensity, frame energy, and fundamental frequency. Diverse feature selection 
methods provide various possibilities for ADE, leading to discussions regarding which audio representation is more 
beneficial for ADE. The construction of the model must be aligned with the selected features for an effective feature 
extraction. Given that depression datasets are often small, methods to limit the learning of individual features by the 
model, as demonstrated by Zuo and Mak[19], should be carefully considered.

VIDEO-BASED DEPRESSION ESTIMATION
Video information often preserves changes in participants' facial expressions during exposure to stimulus paradigms. 
Facial expressions include both facial and bodily expressions. In medical research, video-based ADE models typically 
incorporate various attention mechanisms to enhance local facial features. He et al[25] proposed an ADE framework 
called the deep local global attention convolutional neural network (DLGA-CNN). In the DLGA-CNN, multiple attention 
mechanisms are introduced and utilized for extracting multiscale local and global features. Finally, these multiscale 
features are fused and employed for depression detection. The DLGA-CNN achieved RMSE and MAE values of 8.39 and 
6.59 on AVEC2013 and 8.30 and 6.51 on AVEC2014. He et al[26] also recognized the presence of annotation noise in 
depression datasets, which could negatively affect feature extraction and result in suboptimal ADE performance. 
Therefore, they proposed a self-adaptation network (SAN) to relabel erroneous annotations in the datasets. SAN achieved 
RMSE and MAE values of 9.37 and 7.02 on AVEC2013 and 9.24 and 6.95 on AVEC2014.

Zhao et al[27] acknowledged the significance of local and global information and proposed an ADE architecture based 
on facial images. To enhance the quality of facial images, the architecture initially utilizes the Gamma Correction[28] and 
DeblurGAN-v2[29] algorithms to balance brightness and contrast and improve image clarity. The architecture employs 
ConvFFN[30] as the main framework and designs the Hi-Lo attention module to enhance the features in different facial 
regions. Ultimately, this method achieved RMSE and MAE values of 7.36 and 5.97 on the AVEC2013 dataset and 7.23 and 
5.85 on the AVEC2014 dataset. Liu et al[31] introduced another approach, Part-and-Relation Attention Network (PRA-
Net), for feature extraction from facial regions for ADE. PRA-Net initially segments the extracted facial feature maps by 
region; these segmented regions are fed into a self-attention mechanism to capture interregional correlations. The 
classifier merges the regional feature maps with weights for the final decision. PRA-Net achieved RMSE and MAE values 
of 7.59 and 6.08 on the AVEC2013 dataset and 7.98 and 6.04 on the AVEC2014 dataset.

In addition to extracting features from the entire face, Yuan and Wang[32] explored the use of gaze features for ADE. 
They employed a fully connected network to extract gaze features from the participants and achieved an accuracy value 
of 0.831. Subsequently, Zhao and Wang[33] designed an attention-based architecture, EnSA, for ADE that achieved an 
accuracy of 0.955.

In addition to using facial expressions for ADE, utilizing body expressions is also an important approach. Yu et al[34] 
initially captured the participants' body skeleton change sequences using Kinect. Subsequently, they constructed a spatial 
attention-dilated temporal convolutional network (SATCN) based on an improved temporal convolutional network. 
SATCN achieved a maximum accuracy of 0.758 for binary classification tasks and a maximum accuracy value of 0.643 for 
multiclass datasets. Similarly, Zhao and Wang[35] employed body skeletal information for ADE. They observed 
differences in reaction times between the case and control groups for specific tasks. Consequently, they used the reaction 
time as prior knowledge along with skeletal information and input them into a Transformer for ADE. This approach 
achieved an accuracy value of 0.729. Compared to the abundance of facial-based ADE models, the number of models 
based on body expressions is relatively limited, warranting further research and exploration.

Unlike audio information, the advancement of convolutional networks enables the direct utilization of image 
information. Consequently, the construction of end-to-end ADE models has become mainstream in recent years. The 
inputs for these models do not require complex preprocessing and typically involve region cropping and lighting 
balancing. Extracting local information has become a crucial aspect of model construction and has emerged as a primary 
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research direction for ADE based on video information.

FUSION OF AUDIO- AND VISUAL-BASED DEPRESSION ESTIMATION
In addition to using unimodal information for depression prediction, depression-detection models that jointly utilize 
multiple modalities are being developed. Various methods of complementing information enhance the accuracy of multi-
modal models compared to unimodal models, with the combination of audio and visual information a commonly used 
approach.

Yang et al[36] designed uncertainty-aware label contrastive and distribution learning (ULCDL) to integrate facial, 
audio, and text information for ADE. ULCDL introduces a contrastive learning framework into ADE to enhance a model's 
learning capability, achieving an accuracy value of 0.830 and F1 score of 0.900 on the DAIC-WOZ dataset. Niu et al[37] 
combined facial sequences with audio spectrograms to detect ADE. Leveraging the characteristics of both features, they 
proposed spatiotemporal attention and multi-modal attention feature fusion networks to enhance and obtain cross-modal 
attention for the two features. This architecture achieved RMSE and MAE values of 8.16 and 6.14 on AVEC2013 and 7.03 
and 5.21 on AVEC2014. Shao et al[38] observed that different features from the same data can be complementary. They 
combined the participants’ RGB images of the body and body skeleton images for the ADE, achieving an accuracy value 
of 0.854 on a dataset comprising 200 participants. Zhou et al[39] approached ADE from the perspective of video blogs. 
Their proposed time-aware attention-based multi-modal fusion depression detection network (TAMFN) extracts and 
fuses multi-modal information from three aspects: Global features, inter-modal correlations, and temporal changes. 
TAMFN obtained an F1 score of 0.75 on the D-Vlog[40] dataset. Uddin et al[41] initially segmented audio and video into 
equally sized segments before using volume local directional structural patterns and temporal attention pooling to 
encode facial and audio information to obtain the importance of each video and audio segment. The next step involved 
formatting video and audio segments. Finally, multi-modal factorized bilinear pooling was employed to fuse the features 
and make decisions. This method achieved RMSE and MAE values of 6.83 and 5.38 on AVEC2013 and 6.16 and 5.03 on 
AVEC2014.

Multimodality is a new approach to ADE. Multimodal information mimics the patterns of diagnosis and treatment 
from multiple perspectives in clinical examinations. The most crucial aspect of multimodal information is the exploration 
and integration of hidden relationships among the various types of information. Initially, feature and decision fusions 
were the primary methods for combining features. However, these two approaches are simple and do not consider deep 
feature integration. With further research, ADE will demand multiscale and deep fusion of multimodal features. Cross-
modal fusion methods are no longer limited to feature and decision fusions. When constructing new fusion methods, 
identifying relationships between different types of information and methods to capture these relationships become 
crucial.

DISCUSSION
Facial information has been favored by most researchers for ADE methods based on video information. Studies such as[6] 
subdivided faces into multiple AUs for investigation. Inspired by these studies, researchers recognized the importance of 
local facial information. A series of attention mechanisms were proposed and employed to facilitate the model’s focus on 
local information. Although researches[34,35] has explored aspects such as gait and body movements in individuals with 
depression, compared with the excessive attention paid to ADE methods based on facial information, methods based on 
body expressions for ADE appear to be relatively scarce. Notably, databases analyzing the body movements of 
individuals with depression are often not publicly accessible. In addition, publicly available depression databases rarely 
contain body information. The lack of visibility and the difficulty in data collection are significant reasons for the limited 
development of ADE methods based on body expressions. Despite these challenges, we believe that this is an important 
research direction as facial expressions. We hope to develop more ADE methods based on the proposed body changes. 
Research related to human motion recognition, keypoint capture, and skeleton tracking may serve as valuable references 
for constructing ADE models based on body expressions.

For audio-based ADE methods, current approaches primarily involve combining handcrafted features or their 
transformed versions with deep features. Unlike facial expressions, audio information possesses richer individual charac-
teristics, making feature selection more difficult. Finding a unified and effective feature selection pattern, along with deep 
learning architectural methods, remains a crucial task for future research.

The integration of multi-modal features is crucial for future depression detection. In clinical assessments, specialized 
doctors evaluate the subjects from various perspectives. Similarly, ADE based on deep learning should mimic this 
approach by extracting and merging features from multiple perspectives and modalities. In particular, methods for 
feature fusion should be carefully designed by considering common tendencies, temporal synchronicity, and the dynamic 
nature of modalities. With ongoing enhancements in computational power, ADE methods based on large models will 
continue to be proposed.

However, data collection and availability remain significant limitations for the development of ADE. First, owing to 
privacy policies and research ethics, existing open-source datasets are scarce. Second, multi-modal data are rarely used in 
open-source datasets. While the DAIC-WOZ dataset provides transcripts, audio, and desensitized video information, 
datasets that offer other features potentially relevant to depression detection are lacking. Third, most of the current 
research on AI-based depression diagnosis and treatment has a relatively small sample size, making it challenging to 
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accurately reflect the characteristics of the overall population with depression. Fourth, data collection by the different 
research groups did not follow a unified standard.

In practical applications, deep learning-based ADE methods are still in the early stages of development. Nemesure et al
[42] assessed the mental well-being of student populations by combining electronic health records with machine learning 
methods. Aguilera et al[43] developed applications and applied them to primary care. We believe that the interpretability 
of deep learning is a major limitation in its application. Future research should focus on two directions to enhance model 
credibility. The first is the construction of knowledge-guided ADE models. The research framework proposed by Hitzler 
and Sarker[44] is a novel research direction. The second is the incorporation of relevant analyses for model interpre-
tability. Researchers can analyze the operating mechanism of a model using techniques such as visualization and feature 
capture.

In summary, researchers should focus on ADE based on bodily expressions. Additionally, unified and effective 
methods for audio feature extraction should continue to be explored. When constructing ADE models, special attention 
should be paid to the interpretability of the models. We hope that future research will introduce new perspectives and 
methods to address this aspect. Regarding data collection, research groups should consider publicly sharing their 
research paradigms, psychological effect evaluations, and desensitization data to help considerably advance the 
construction of large models and research progress in ADE.

CONCLUSION
In this paper, we provided an overview of prominent audio- and video-based ADE models in recent years, covering the 
aspects of audio, video, and fusion. An analysis of the relevant research revealed a lack of exploration of the body 
expressions of individuals with depression. We encourage researchers to delve further into audio feature extraction. In 
addition, we believe that the construction of large models is crucial for future research. We hope that researchers will 
develop outstanding ADE models in the future.
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Abstract
BACKGROUND 
Panic disorder (PD) involves emotion dysregulation, but its underlying 
mechanisms remain poorly understood. Previous research suggests that implicit 
emotion regulation may play a central role in PD-related emotion dysregulation 
and symptom maintenance. However, there is a lack of studies exploring the 
neural mechanisms of implicit emotion regulation in PD using neurophysiological 
indicators.

AIM 
To study the neural mechanisms of implicit emotion regulation in PD with event-
related potentials (ERP).

METHODS 
A total of 25 PD patients and 20 healthy controls (HC) underwent clinical eva-
luations. The study utilized a case-control design with random sampling, 
selecting participants for the case group from March to December 2018. 
Participants performed an affect labeling task, using affect labeling as the experi-
mental condition and gender labeling as the control condition. ERP and 
behavioral data were recorded to compare the late positive potential (LPP) within 
and between the groups.

RESULTS 
Both PD and HC groups showed longer reaction times and decreased accuracy 
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under the affect labeling. In the HC group, late LPP amplitudes exhibited a dynamic pattern of initial increase 
followed by decrease. Importantly, a significant group × condition interaction effect was observed. Simple effect 
analysis revealed a reduction in the differences of late LPP amplitudes between the affect labeling and gender 
labeling conditions in the PD group compared to the HC group. Furthermore, among PD patients under the affect 
labeling, the late LPP was negatively correlated with disease severity, symptom frequency, and intensity.

CONCLUSION 
PD patients demonstrate abnormalities in implicit emotion regulation, hampering their ability to mobilize cognitive 
resources for downregulating negative emotions. The late LPP amplitude in response to affect labeling may serve 
as a potentially valuable clinical indicator of PD severity.
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Core Tip: This study investigates neural mechanisms of implicit emotion regulation in panic disorder (PD) using event-
related potentials. PD patients exhibit anomalies during an affect labeling task, including prolonged reaction times and 
reduced accuracy. Neurophysiological data indicate diminished differences in late positive potential (LPP) amplitude 
between affect labeling and gender labeling in PD, negatively correlating with disease severity, symptom frequency, and 
intensity. Resultantly, PD patients demonstrate impaired implicit emotion regulation, hindering cognitive resource 
mobilization for negative emotion downregulation. The late LPP amplitude in response to affect labeling may serve as a 
valuable clinical indicator of PD severity.
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INTRODUCTION
Panic disorder (PD) is a severe anxiety disorder characterized by spontaneous and recurring panic attacks and a constant 
fear of experiencing panic symptoms[1]. Epidemiological studies have reported a lifetime prevalence of PD at 4.7%[2]. 
Despite advancements in understanding PD, the neural mechanisms underlying its onset remain incompletely under-
stood. Clinical observations and experimental evidence suggest that deficiencies in emotion regulation play a crucial role 
in the development of PD[3] because they contribute to heightened fear responses.

Emotion regulation involves individuals modifying their emotional responses in response to environmental demands, 
exerting control over the duration, intensity, and underlying characteristics of emotions[4]. Previous studies on emotion 
regulation have primarily focused on explicit strategies. In the context of PD, research on the neural mechanisms of 
emotion regulation has predominantly examined conscious strategies, revealing abnormal activation in the dorsolateral 
prefrontal cortex (DLPFC) and the ventromedial prefrontal cortex in individuals with PD during emotional regulation 
processes[3]. However, meta-analyses on repetitive transcranial magnetic stimulation (rTMS) targeting brain regions 
associated with conscious emotion regulation, such as the DLPFC, have not provided conclusive evidence regarding the 
efficacy of rTMS in treating PD[5,6].

According to Gross's model[7], emotion regulation strategies can be explicit (conscious) or implicit (unconscious). In 
clinical settings, it is observed that panic attacks in PD patients often occur suddenly and cease abruptly, with some 
patients even experiencing attacks during sleep[1,8]. There is no conscious emotion regulation process before or during 
panic attacks in patients. The catastrophic cognitive theory suggests that in PD, patients automatically evaluate both 
internal and external stimuli that are insufficient to elicit intense reactions as threat signals, leading to the initiation and 
maintenance of their anxiety[8]. Additionally, our previous findings indicate that PD patients exhibit anomalous mis-
match negativity responses to acoustic and visual stimuli (both emotional and non-emotional), indicating abnormal 
automatic information processing in these individuals[9]. Therefore, we speculate that the core mechanism underlying 
emotion regulation dysfunction in PD patients may not originate from explicit abnormalities in emotion regulation but 
instead from implicit abnormalities in emotion regulation.

While the reported evidence suggests a significant role of implicit emotion dysregulation in the pathogenesis of PD
[10], the specific mechanisms underlying these regulatory effects remain unclear. Affect labeling is an effective way to 
reduce unwanted emotions and the distress associated with negative events through putting feelings into words[11]. As 
the intent to reduce distress is not explicit, affect labeling has been conceptualized as a form of implicit emotion 
regulation that typically involves verbally labeling the emotional content of a facial stimulus, such as labeling an angry 
facial expression as "angry" or a fearful facial expression as "fearful"[11,12]. Although the regulatory effects of affect 
labeling on emotions have been established[11,13], the precise mechanism by which it reduces emotions, whether through 
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direct weakening or a dynamic process of initial enhancement followed by attenuation, remains unclear, especially in PD 
patients. Therefore, employing high-temporal-resolution event-related potentials (ERP) can help elucidate these 
questions.

The late positive potential (LPP) is a prominent component of ERP, typically occurring around 300 ms after stimulus 
onset. It is widely utilized in the study of emotion regulation[14], and its amplitude is known to increase with the 
subjective intensity of emotional experience, serving as an indicator of emotional regulation effectiveness. While previous 
LPP research suggests that affect labeling can reduce emotional experience[11,13], these findings are based on measuring 
the overall effect after labeling. Affect labeling tasks involve cognitive and motivation-related processing, and the LPP 
reflects changes in cognitive resources and motivation-related stimulus processing[15]. As a result, the amplitude of the 
LPP may dynamically vary instead of simply weakening.

To date, no studies have investigated the neural correlates of affect labeling in PD using ERP. In our current invest-
igation, we recorded LPP data during affect labeling tasks performed by both PD patients and healthy individuals. We 
used emotional faces (negative and positive) as stimuli, building upon findings from research on implicit emotion dysreg-
ulation in anxiety disorders[16]. Building on clinical observations and previous studies, we developed two hypotheses: 
(1) In healthy individuals, the amplitude of the LPP is expected to dynamically fluctuate rather than simply decrease 
when using affect labeling to downregulate emotions; and (2) Compared to healthy controls (HC), individuals with PD 
are anticipated to show a deficit in the regulatory effect of affect labeling, potentially attributed to impaired cognitive 
processing.

MATERIALS AND METHODS
Participants
Twenty-five individuals (7 males, 18 females) diagnosed with clinically predominant PD according to the Diagnostic and 
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)[17], and 20 HC (9 males, 11 females) without a history of 
DSM-IV Axis I disorders were recruited from the outpatient and emergency departments of the First Affiliated Hospital 
of Dalian Medical University and the surrounding communities. The sample size was determined based on previously 
published ERP studies related to PD[9]. The PD group scored 14 or higher on the Hamilton Anxiety Rating Scale (HAMA) 
and 7 or lower on the Hamilton Depression Rating Scale (HAMD). Benzodiazepine medication was discontinued for at 
least one week, and a standardized Structured Clinical Interview for DSM-IV was conducted by a qualified physician to 
screen for other Axis I diagnoses. The HC group was recruited during the same period and matched the demographic 
characteristics of the PD group. The HC group scored 7 or lower on the HAMA and HAMD. PD patients completed the 
PD Severity Scale (PDSS)[18] and the Panic-Associated Symptom Scale (PASS)[19] to assess the severity of PD and 
associated symptoms. All participants scored ≥ 24 on the Mini-Mental State Examination and abstained from using 
psychoactive substances in the 24 h preceding the examination. Participants with other psychiatric disorders, severe 
physical illnesses, brain disorders, or substance dependence were excluded. Informed consent was obtained from all 
participants prior to their participation, following the principles of the Declaration of Helsinki. This study was approved 
by the Ethics Committee of the First Hospital of Dalian Medical University.

Stimulus materials
From the Chinese Facial Affective Picture System[20], a set of 60 negative emotional face pictures (including anger, fear, 
and sadness) and 60 positive emotional face pictures were selected. The distribution of male and female pictures was 
equal in both categories. Statistical analysis revealed no significant differences in valence and arousal ratings between 
male and female pictures (t = -1.54, P > 0.05; t = 0.19, P > 0.05). The mean valence ratings for positive male and female 
pictures were 5.6 (SD = 0.6) and 6.3 (SD = 0.7), respectively, while negative male and female pictures received valence 
ratings of 2.8 (SD = 0.3) and 3.0 (SD = 0.5), respectively. Arousal ratings showed that positive male and female pictures 
had mean scores of 4.6 (SD = 1.1) and 4.8 (SD = 1.0), respectively, whereas negative male and female pictures had mean 
scores of 6.1 (SD = 1.2) and 5.8 (SD = 1.2), respectively.

Experiment design and procedure
The experiment followed a classic paradigm[21] that involved two tasks: Affect labeling (experimental group) and gender 
labeling (control group). Participants first fixated on a "+" in the center of the screen for 1000 ms. Then, for 3500 ms, they 
viewed randomly presented label words and targeted emotional facial expressions. In the gender labeling task, 
participants determined the gender of the facial image and pressed the left or right key accordingly. The gender labels 
used were "male" and "female." The affect labeling task followed the same procedure, with participants selecting the label 
word that best described the emotion. Each trial followed the procedure depicted in Figure 1, with the next trial 
commencing after the image disappeared. The experiment comprised a practice phase and a formal experiment phase, 
with the practice images excluded from the formal phase. The practice phase continued until participants demonstrated 
comprehension of the experimental procedure and achieved an accuracy rate of 80% or higher. The formal experiment 
phase consisted of 240 trials, with 120 trials allocated to affect labeling (randomly divided into E1 and E2 groups) and 120 
trials to gender labeling (randomly divided into S1 and S2 groups). Each set of trials constituted a block. To ensure 
balance between participant groups, the experiment was conducted in two versions: E1-S1-E2-S2 and S2-E2-S1-E1.
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Figure 1 Task design. In the left panel, participants engage in affect labeling trials by selecting the suitable affect label that best describes the facial expression of 
the target face. In contrast, the right panel demonstrates gender labeling (control) trials, where participants are tasked with selecting the name corresponding to the 
gender-appropriate category of the target face.

Electroencephalogram recording
Stimulus presentation and behavioral response data (reaction time, accuracy) were controlled and recorded using E-
prime 2.0 software. Electroencephalogram (EEG) data were collected using a Neuroscan SynAmps2 amplifier with a 64-
channel Ag/AgCl electrode cap following the standardized 10-20 system. Continuous EEG signals were recorded and 
analyzed offline using NeuroScan 4.5 software. During EEG recording, an average reference was applied, and bipolar 
electrodes were used to capture horizontal eye movements and vertical eye movements. The data were sampled at a rate 
of 500 Hz in direct current mode and filtered with a bandpass of 0.05 to 100 Hz. Electrode impedance was maintained 
below 5 kΩ throughout the data collection process.

Data analysis
The participants' EEG waveforms were analyzed offline using NeuroScan 4.5 software. Bilateral mastoids served as the 
average reference electrodes. Manual removal of eye movements and artifacts was performed. The EEG data were filtered 
with a low-pass filter at 30 Hz and a high-pass filter at 0.5 Hz. Segmentation of the EEG data yielded two time windows: 
Early LPP and late LPP. The early LPP time window extended from 200 ms before stimulus onset to 1000 ms after 
stimulus onset, while the late LPP was defined as the time window spanning from 200 ms before response onset to 1000 
ms after response onset. Artifacts were rejected, and the data were averaged to obtain the grand average waveform. The 
measured ERP components, based on prior literature, comprised the early LPP (300-800 ms after stimulus onset, reflecting 
emotional experience following stimulus presentation) and the late LPP (300-1000 ms after task response, reflecting 
emotional processing and experience during task performance). To investigate the dynamic changes of the late LPP, the 
late LPP was further divided into two time windows (350-630 ms, 630-1000 ms) based on the grand average waveform 
from this experiment. Five electrode sites along the midline of the frontal-parietal region were recorded: Frontal midline 
(Fz), frontocentral midline (FCz), central midline (Cz), centroparietal midline (CPz), and parietal midline (Pz).

The behavioral data (reaction time, accuracy) and EEG components were analyzed using SPSS 22.0. A 2 × 2 repeated 
measures analysis of variance (RMANOVA) was conducted on the behavioral data, with group (PD, HC) as the between-
subjects factor and task type (affect labeling, gender labeling) as the within-subjects factor. The LPP amplitude data were 
analyzed using a 2 × 2 × 5 RMANOVA, considering group, task type, and electrode location (Fz, FCz, Cz, CPz, Pz). 
Separate within-group RMANOVAs (2 × 5) were performed for the HC and PD groups, with task type and electrode 
location as the within-subjects’ factors. Covariance analysis was applied, taking into account covariates based on the 
behavioral results. Effect sizes were measured with partial eta-squared (ηp²). Greenhouse-Geisser correction was applied, 
when necessary, to adjust degrees of freedom and P-values for main effects and interaction effects. Pearson correlation 
analysis was used to examine the relationships between electrophysiological data, clinical data, and behavioral data in the 
PD group. Two-tailed tests were conducted, and statistical significance was set at P < 0.05.

RESULTS
Demographic and clinical data
Demographic and clinical characteristics of the HC and PD groups are presented in Table 1. There were no significant 
differences among the three groups in terms of gender, age, body mass index, and education. However, significant 
differences were observed in HAMA and HAMD scores (P < 0.001), with the PD group exhibiting the highest scores for 
both HAMA and HAMD.
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Table 1 Demographics and clinical characteristics of the participants

PD (n = 25) HC (n = 20) t/χ2 P value

Age (yr) 47.20 ± 10.928 49.65 ± 12.766 0.681 0.500

Gender (male/female) 7/18 9/11 1.401 0.236

Education in years 13.52 ± 10.689 14.05 ± 12.037 0.156 0.877

BMI 24.89 ± 3.612 24.77 ± 3.222 0.120 0.905

HAMA 19.40 ± 4.830 2.95 ± 3.000 13.299 < 0.001a

HAMD 12.76 ± 2.85 2.85 ± 1.599 10.581 < 0.001a

PDSS 8.56 ± 3.906 N/A N/A N/A

PASS 6.84 ± 2.954 N/A N/A N/A

aP < 0.001.
BMI: Body mass index; PD: Panic disorder; HC: Healthy controls; HAMA: Hamilton Anxiety Rating Scale; HAMD: Hamilton Depression Rating Scale; 
PDSS: Panic Disorder Severity Scale; PASS: Panic-Associated Symptom Scale; N/A: Not applicable.

Behavioral performance
Descriptive statistics for reaction time and accuracy of the two groups under the two conditions are presented in Table 2. 
Reaction time analysis showed no significant interaction between group and task type (F1, 41 = 1.209, P = 0.278, ηp

2 = 0.029). 
Task type had a significant main effect (F1, 41 = 18.54, P < 0.001, ηp

2 = 0.311), indicating longer reaction times in the affect 
labeling task. The main effect of group was not significant (F1, 41 = 2.339, P = 0.134, ηp² = 0.054), despite the PD group 
having longer reaction times in both tasks.

Accuracy analysis showed no significant interaction between group and task type (F1, 41 = 0.453, P = 0.505, ηp
2 = 0.011). 

The main effect of group was not statistically significant (F1, 41 = 0.468, P = 0.498, ηp
2 = 0.011), indicating similar accuracy 

between the two groups. However, there was a significant difference between the two groups in the affect labeling and 
gender labeling conditions (F1, 41 = 19.174, P < 0.001, ηp² = 0.319), with higher accuracy in the gender labeling task.

Early LPP amplitude
The average early LPP amplitudes for both groups under the two conditions are shown in Supplementary Table 1, with 
waveform plots in Figure 2A and scalp topography in Figure 2B. Covariance analysis, with accuracy and reaction time as 
covariates, showed no significant differences in early LPP amplitudes among the groups, paradigm types, electrode 
locations, and their interactions (P > 0.05 for all comparisons).

Late LPP amplitude
As depicted in Figure 3A, the HC group demonstrated higher amplitudes compared to the PD group at FCz, Cz, CPz, and 
Pz electrode sites. We conducted an analysis of the overall average late LPP amplitude (300-1000 ms). Within the HC 
group, the affect labeling condition exhibited larger LPP amplitudes than the gender labeling condition [(2.77 ± 2.75 μV) 
vs (2.15 ± 2.42 μV)]. Conversely, in the PD group, there was minimal difference in late LPP amplitudes between the affect 
labeling and gender labeling conditions [(1.49 ± 2.29 μV) vs (1.79 ± 2.63 μV)], which aligns with the observed scalp voltage 
distribution in Figure 3B. Supplementary Table 2 provides the statistical values for the overall late LPP amplitudes.

A 2 × 2 × 5 RMANOVA was conducted to analyze overall average late LPP amplitude within the 350-630 ms time 
window. The results revealed significant effects. Firstly, there was a significant main effect of electrode location (F1.46,63 = 
33.68, P < 0.001, ηp

2 = 0.4394). Specifically, the FCz electrode showed significantly higher amplitudes compared to the Fz, 
Cz, CPz, and Pz electrodes (P < 0.01 for all comparisons). Furthermore, the analysis indicated significant differences in 
late LPP amplitudes between the two groups at the Cz (P = 0.015), CPz (P = 0.01), and Pz (P = 0.004) electrode sites.

Importantly, there was a significant task type × group interaction effect (F1,41 = 6.32, P = 0.02, ηp
2= 0.14) within the 350-

630 ms time window. Follow-up RMANOVA on the HC group revealed that affect labeling LPP (3.88 ± 3.60 μV) was 
significantly higher than gender labeling LPP (2.33 ± 3.48 μV) (P = 0.044). However, in the PD group, the difference 
between affect labeling LPP (3.14 ± 3.65 μV) and gender labeling LPP (2.44 ± 4.04 μV) did not reach statistical significance 
(P > 0.05), suggesting a lack of affect labeling effect. Late LPP amplitudes within the 630-1000 ms time window exhibited 
no significant differences in late LPP amplitudes across the groups, paradigm types, electrode locations, and their 
interactions (P > 0.05 for all comparisons).

Notably, in healthy individuals, the affect labeling LPP amplitudes were significantly higher than the gender labeling 
amplitudes within the 350-630 ms window, which does not indicate a decline in emotional response. However, after 630 
ms, there was a trend towards convergence between the affect labeling and gender labeling LPP amplitudes. Further 
analysis in the 630-1000 ms window revealed a smaller difference in LPP amplitudes between affect labeling and gender 
labeling [(1.65 ± 2.35 μV) vs (1.36 ± 2.16 μV)], compared to the 350-630 ms window [(3.88 ± 3.60 μV) vs (2.33 ± 3.48 μV)], 
with no statistically significant difference of the 630-1000 ms window LPP amplitudes (F1, 19 = 1.06, P = 0.316, ηp

2 = 0.05), 
indicating a decline in emotional response. This suggests that the unique nature of affect labeling led to an initial increase 
followed by a decrease in LPP amplitudes.

https://f6publishing.blob.core.windows.net/91006207-d2c2-4264-ba4c-6695ce6f6053/WJP-14-234-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/91006207-d2c2-4264-ba4c-6695ce6f6053/WJP-14-234-supplementary-material.pdf
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Table 2 Accuracy and reaction time (ms) of the two groups under the two tasks

PD HC

Affect labeling Gender labeling Affect labeling Gender labeling

M SD M SD M SD M SD

Reaction time 0.9271 4.62 0.9594 4.85 0.9145 13.94 0.9382 14.21

Accuracy 1389.32 221.43 1239.97 275.19 1247.50 261.76 1158.9 255.87

PD: Panic disorder; HC: Healthy controls; M: Mean.

Correlations
We performed Pearson correlation analyses to investigate the associations between late LPP amplitudes (350-630 ms) at 5 
electrode sites during affect labeling and demographic data, behavioral measures, and clinical scale scores in the PD 
group. As shown in Figure 3C, we found significant negative correlations between late LPP amplitudes and PDSS scores 
at the Cz electrode site (r = -0.437, P = 0.029). Additionally, there were significant negative correlations between late LPP 
amplitudes and PASS scores at the same Cz electrode site (r = -0.423, P = 0.035).

DISCUSSION
This study investigated the implicit emotion regulation capacity in individuals with PD using ERP and affect labeling 
paradigms, while also examining the dynamic changes in affect labeling effects observed in the HC. Our findings 
revealed that both the PD and HC groups demonstrated prolonged reaction times and reduced accuracy in the affect 
labeling task compared to the gender labeling task, potentially indicating a greater demand for cognitive resources during 
affect labeling[22]. Additionally, the LPP amplitudes in the affect labeling condition displayed an initial increase followed 
by a subsequent decrease, suggesting that the process of emotion regulation through labeling is not immediate. 
Importantly, we observed an interaction effect between group and task condition on the late LPP. However, in the PD 
group, affect labeling did not result in significant neural modulation, indicating the ineffectiveness of this strategy in 
reducing negative emotions among PD patients and highlighting compromised implicit emotion regulation abilities in 
PD. Lastly, the LPP amplitudes in PD exhibited a negative correlation with PDSS and PASS scores, implying that the 
inability to effectively attenuate negative emotions during implicit emotion regulation may be associated with disease 
severity, episode frequency, and symptom intensity.

The behavioral data showed that, in the HC group, reaction times were longer for affect labeling compared to gender 
labeling, while accuracy was higher for gender labeling, which is in line with previous findings[23]. This performance 
difference can be attributed to task difficulty[24]. Moreover, the RMANOVA analysis demonstrated a significant main 
effect of condition but did not reveal a main effect of group, indicating that individuals with PD do not exhibit differences 
in reaction times and accuracy compared to HC.

The dynamic changes in LPP amplitudes during affect labeling, characterized by an initial increase followed by a 
decrease, reflect a distinct psychological process worthy of discussion. Torrisi et al[22] (2013) discovered that individuals 
utilize the prefrontal-amygdala circuit to suppress emotions during affect labeling, leading to the downregulation of 
negative emotional experiences[22]. This process involves the consumption of cognitive resources. Our study involved 
participants translating perceived facial emotions into verbal expressions through the affect labeling task, which required 
semantic processing of emotional features and the utilization of cognitive resources[23]. While both affect labeling and 
gender labeling tasks involve transforming features into language, affect labeling specifically deals with emotionally 
arousing information, representing a more complex cognitive processing[11] that demands higher cognitive resource 
consumption. Consequently, this is likely to lead to a more pronounced increase in LPP amplitudes during affect labeling. 
Furthermore, the decline in LPP amplitudes, reaching a level comparable to or even lower than gender labeling, indicates 
the regulatory influence of affect labeling on emotions[11,12]. However, the absence of a significant decrease in LPP 
amplitudes after affect labeling in this study can be attributed to the relatively lower level of arousal elicited by the 
negative images employed[23,25].

In this study, we observed an interaction effect between group and task type, indicating that the relationship between 
these factors influenced the outcomes. Specifically, when analyzing the late LPP amplitudes in the PD group, we found 
no significant differences between affect labeling and gender labeling tasks. These findings suggest a lack of effect of 
affect labeling on emotion regulation in individuals with PD. Previous research has consistently reported cognitive biases 
and interpretive tendencies in individuals with PD[8,26], where they exhibit a tendency to prioritize attention towards 
threatening stimuli and engage in catastrophic interpretations of emotional cues. This cognitive bias hinders effective 
downregulation of negative emotions, as individuals with PD tend to perseverate on negative aspects and struggle to 
mobilize sufficient cognitive resources for successful regulation of negative emotions. Furthermore, prior functional 
magnetic resonance imaging (fMRI) studies have consistently demonstrated compromised top-down unconscious 
cognitive control from the prefrontal cortex to the amygdala in individuals with PD[3,27]. Our study aligns with these 
findings as we did not observe a significant enhancement in the late LPP amplitude (350-630 ms) in the electro-
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Figure 2 Early late positive potential amplitude. A: Illustrates the early late positive potential amplitudes of each electrode site for the healthy control and 
panic disorder groups under the affect labeling and gender labeling conditions. There were no significant main effects of group, condition, or electrode, and no 
significant interaction effects were observed (P > 0.05 for all comparisons); B: Displays the topographic maps of the two groups under the two conditions. PD: Panic 
disorder; HC: Healthy control; Fz: Frontal midline; FCz: Frontocentral midline; Cz: Central midline; CPz: Centroparietal midline; Pz: Parietal midline.

physiological signals, providing further support for the notion of impaired implicit emotion processing in individuals 
with PD.

Interestingly, we observed a significant negative correlation between disease severity and late LPP amplitudes in the 
PD group. Specifically, greater severity of PD symptoms in the past month or higher frequency and intensity of 
symptoms in the past week were associated with impaired implicit emotion regulation abilities. These findings support 
the potential use of LPP as an electrophysiological marker for monitoring disease progression and assessing treatment 
effectiveness.

This study has a few limitations. Firstly, the level of arousal elicited by the emotional stimuli was not strong enough, 
potentially impacting the full capture of the decline in late LPP[23,24]. However, data and waveform analysis support the 
existence of the regulatory process involving enhancement followed by attenuation through affect labeling. Secondly, the 
study exclusively utilized "negative" labels. Future research can explore more specific labels (e.g., neutral and positive) to 
further investigate related aspects. Lastly, the study design lacked longitudinal treatment evaluations. Future studies 
should consider incorporating follow-up assessments of the patients to track changes over time. This would not only 
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Figure 3 Late positive potential amplitude. A: Illustrates the early late positive potential (LPP) amplitudes at each electrode site for the healthy controls (HC) 
and panic disorder (PD) groups under affect labeling and gender labeling conditions. Firstly, a 2 × 2 × 5 repeated measures analysis of variance (350-630 ms) 
revealed significant main effects of electrode (P < 0.001) and a significant group × condition interaction effect (P = 0.02). Post-hoc comparisons indicated that the HC 
group exhibited higher LPP amplitudes in the affect labeling condition compared to the gender labeling condition (P = 0.044), while there was no significant difference 
in the PD group (P > 0.05). Secondly, no significant effects of electrode, condition, group, or interactions were observed in the 630-1000 ms time window (P > 0.05 for 
all comparisons); B: Presents topographic maps of the two groups under the two conditions; C: Demonstrates negative correlations between LPP amplitudes at the 
CZ site during affect labeling and Panic Disorder Severity Scale scores as well as Panic-Associated Symptom Scale scores in PD patients (P = 0.029, P = 0.035, 
respectively). PD: Panic disorder; HC: Healthy control; PDSS: Panic Disorder Severity Scale; PASS: Panic-Associated Symptom Scale; Fz: Frontal midline; FCz: 
Frontocentral midline; Cz: Central midline; CPz: Centroparietal midline; Pz: Parietal midline.
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enhance our understanding of the causal relationship between affect labeling and neural activity changes in PD but also 
allow for an evaluation of whether successful treatment leads to the disappearance of the observed dysregulation.

CONCLUSION
This study reveals that the regulation process of affect labeling is not immediate, as evidenced by an initial increase 
followed by a decrease in LPP amplitude. Importantly, it identifies impaired implicit emotion regulation in PD patients 
and provides the first electrophysiological evidence of this impairment. Specifically, the diminished LPP modulation 
supports the abnormal affect labeling in PD patients. These findings serve as a valuable marker for future research invest-
igating therapeutic interventions for PD that rely on implicit emotion regulation, such as cognitive behavioral therapy[28,
29], and neuromodulatory interventions like transcranial magnetic stimulation[6].

ARTICLE HIGHLIGHTS
Research background
The background of this study is rooted in clinical observations and research findings that identify emotion regulation 
dysfunction as a significant factor in the occurrence of panic disorder (PD). However, the neurophysiological mechanisms 
underlying implicit emotion regulation abnormalities in patients with PD remain unclear.

Research motivation
We aim to analyze neurophysiological changes in PD patients during implicit emotion regulation, identifying a concise 
and effective electrophysiological marker to assess potential anomalies in implicit emotion regulation.

Research objectives
The study aims to determine if there are anomalies in implicit emotion regulation in PD. Past research suggests abnormal 
Late Positive Potential (LPP) during emotion regulation in PD patients, indicating that LPP in event-related potentials 
(ERP) could be an effective tool for assessing implicit emotion regulation deficits.

Research methods
We assessed PD patients using clinical and psychological scales, conducting an emotion labeling task and recording 
behavioral and ERP data.

Research results
In the control group, late LPP initially increased, then decreased. A significant group × condition interaction effect was 
observed. Simple effect analysis showed reduced differences in late LPP amplitudes between affect labeling and gender 
labeling conditions in PD compared to controls. Additionally, under affect labeling, late LPP in PD negatively correlated 
with disease severity.

Research conclusions
PD patients have implicit emotion regulation impairments, and the late LPP amplitude in response to affect labeling may 
be a valuable clinical indicator of PD severity.

Research perspectives
Future considerations should include longitudinal treatment studies with follow-ups, assessing whether PD patients 
regain regulatory function post-successful treatment.
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Abstract
BACKGROUND 
Many studies have explored the relationship between depression and metabolic 
syndrome (MetS), especially in older people. China has entered an aging society. 
However, there are still few studies on the elderly in Chinese communities.

AIM 
To investigate the incidence and risk factors of depression in MetS patients in 
mainland China and to construct a predictive model.

METHODS 
Data from four waves of the China Health and Retirement Longitudinal Study 
were selected, and middle-aged and elderly patients with MetS (n = 2533) were 
included based on the first wave. According to the center for epidemiological 
survey-depression scale (CESD), participants with MetS were divided into 
depression (n = 938) and non-depression groups (n = 1595), and factors related to 
depression were screened out. Subsequently, the 2-, 4-, and 7-year follow-up data 
were analyzed, and a prediction model for depression in MetS patients was 
constructed.

RESULTS 
The prevalence of depression in middle-aged and elderly patients with MetS was 
37.02%. The prevalence of depression at the 2-, 4-, and 7-year follow-up was 
29.55%, 34.53%, and 38.15%, respectively. The prediction model, constructed 
using baseline CESD and Physical Self-Maintenance Scale scores, average sleep 
duration, number of chronic diseases, age, and weight had a good predictive 
effect on the risk of depression in MetS patients at the 2-year follow-up (area 
under the curve = 0.775, 95% confidence interval: 0.750-0.800, P < 0.001), with a 
sensitivity of 68% and a specificity of 74%.

CONCLUSION 
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The prevalence of depression in middle-aged and elderly patients with MetS has increased over time. The early 
identification of and intervention for depressive symptoms requires greater attention in MetS patients.

Key Words: Depression; Metabolic syndrome; Prevalence; Risk factor

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, a 7-year follow-up of middle-aged and elderly people in China Mainland was conducted, and it was 
found that the incidence of depression increased in the population of metabolic syndrome.

Citation: Zhou LN, Ma XC, Wang W. Incidence and risk factors of depression in patients with metabolic syndrome. World J 
Psychiatry 2024; 14(2): 245-254
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/245.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.245

INTRODUCTION
Metabolic syndrome (MetS) is a pathological condition characterized by abdominal obesity, insulin resistance, hyper-
tension, and hyperlipidemia[1]. MetS has become a global problem; although its prevalence varies according to different 
diagnostic criteria, a high prevalence of MetS is undeniable. A cross-sectional study in China reported a MetS prevalence 
of 14.39%, according to diagnostic criteria defined by the Chinese Diabetes Society[2]. Another meta-analysis reported a 
prevalence of approximately 15.5% in China[3]. MetS is more common in the elderly[4], as it causes diabetes, stroke, and 
cognitive impairment, posing a serious disease burden to the middle-aged and the elderly populations[5].

MetS is also common in individuals with psychiatric disorders[6], including bipolar disorder[7], schizophrenia[8], 
depression[9], dementia[10], and other psychiatric disorders[11]. Moreover, MetS is becoming more common in young 
people with depression[9]. However, this phenomenon has received insufficient attention. This suggests that although 
MetS is a disease with age-related morbidity, there is still a need to focus on age groups other than the elderly, especially 
when there is comorbidity with psychiatric disorders.

Depression is also a disease that cannot be ignored in the elderly population. Our previous study, as well as those of 
others, have reported a high prevalence of depression in middle-aged and older adults[12,13], leading to significant 
effects on individual medical expenses[14]. As shown above, both depression and MetS have a high incidence and heavy 
burden in middle-aged and elderly individuals. Therefore, more attention should be paid to depression and MetS in 
middle-aged and elderly individuals.

Additionally, a bidirectional relationship seems to exist between depression and MetS[15], and this association is even 
stronger in older people[16]. On the one hand, elderly patients with MetS have a higher prevalence of depression than the 
general population[17]. The more MetS components the patients have, the more severe their depressive symptoms are
[18]. On the other hand, elderly patients with depression also have a higher prevalence of MetS[19]. Low levels of inflam-
mation, low levels of activity, and antidepressant use in depression patients contribute to the development of MetS[20-
22], and may lead to a risk of fatalities[23]. This may be related to the fact that depression and MetS share some 
pathogenic factors, such as chronic low-grade inflammation[24], and the dysregulation of the hypothalamus-pituitary-
adrenal axis, the autonomic nervous system, the immune system, and platelet and endothelial function[25]. However, 
other studies have denied a link between depression and MetS[26,27], or have simply highlighted the association between 
atypical depression and MetS[28].

Overall, the relationship between depression and MetS remains unclear. Large population and cohort studies need to 
be supplemented to analyze the association between depression and MetS, as well as the complex influencing factors. 
Therefore, based on a large community-based cohort study conducted in mainland China, we designed this study to 
investigate the incidence and risk factors of depression in MetS patients and to construct a predictive model.

MATERIALS AND METHODS
Study population
The China Health and Retirement Longitudinal Study (CHARLS) is a survey conducted in the Chinese mainland. The 
survey participants were those in the community who were 45 years old and above. The main contents include 
demographics, health, function, insurance, work, retirement, and physical examination. CHARLS has been conducting 
baseline surveys since 2011 and has published data from four surveys. Details such as design and sampling have been 
covered in previous studies[29,30]. The national baseline survey conducted during 2011-2012 consisted of 17708 
individuals. The second wave was conducted in 2013-2014 for a 2-year follow-up period, and 15628 individuals were 
successfully re-interviewed. In 2015-2016, 14555 individuals enrolled at baseline were re-interviewed for the third wave at 
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the 4-year follow-up. The fourth wave survey-the most recent survey-conducted in 2018-2019, included 19744 participants 
who participated in their 7-year follow-up.

Study protocol
Based on the survey data from 2011 as the baseline, participants were selected according to the following inclusion 
criteria: (1) Meeting the diagnostic criteria for MetS; (2) center for epidemiological survey-depression scale (CESD) score, 
and (3) complete demographic data, health-related data, activities of daily living (ADL), social participation, etc. Based on 
the above criteria, 2533 patients were selected at baseline. Second, patients’ 2-, 4-, and 7-year follow-up information was 
analyzed. A screening flowchart is shown in Figure 1.

MetS
According to Zhu et al[31], the International Diabetes Federation (IDF) definition is more pertinent than the Adult 
Treatment Panel III definition for screening and estimating the risk of cerebrovascular disease and diabetes in Asian 
American adults. Therefore, in this study, the IDF definition was selected as the diagnostic criteria for MetS, and patients 
were required to have at least two of the following four conditions on the basis of abdominal obesity: (1) High triglyceride 
(TG) level: ≥ 150 mg/dL (≥ 1.69 mmol/L); (2) reduced high-density lipoprotein (HDL) cholesterol level: < 40 mg/dL (< 
1.03 mmol/L) for men, < 50 mg/dL (< 1.29 mmol/L) for women; (3) high blood pressure: ≥ 130 mmHg systolic blood 
pressure, ≥ 85 mmHg diastolic blood pressure (DBP), or receipt of antihypertensive medication, and (4) high fasting 
glucose [≥ 100 mg/dL (≥ 5.56 mmol/L)] or diabetes diagnosis. Abdominal obesity was defined as a waist circumference ≥ 
90 cm in men and ≥ 80 cm in women.

Depression status
The CESD is a widely used depression assessment scale used in epidemiological surveys. The CESD comprises 10 items, 
and each question has a 4-level rating, respectively No, I don’t have any difficulty; I have difficulty but can still do it; Yes, 
I have difficulty and need help; and I cannot do it. Scores of 0-3 are assigned, respectively, two of which are reverse 
grades. The total score is added to obtain the CESD score. The CESD has been used in a large-scale population survey in 
mainland China, with certain validity and reliability[32]. In this study, we labeled CESD ≥ 10 symptomatic depression, 
referred to as depression group, according to the criteria of Andresen et al[33]. And participants with CESD < 10 were 
defined as the non-depressed group.

ADL
The ADL was measure via the Physical Self-Maintenance Scale (PSMS) and Instrumental Activity of Daily Living (IADL)
[34]. In this study, the PSMS included whether and how difficult it was to jog, walk, climb stairs, bend, and lift heavy 
objects, while the IADL included housekeeping, preparing meals, shopping, paying, and taking medications. The choices 
are on a 4-point scale, and they are No, I don’t have any difficulty; I have difficulty but can still do it; yes, I have difficulty 
and need help; and I cannot do it. A score of 1 to 4 points was assigned. The higher the total score, the more severely 
affected the individuals’ health status.

Social participation
The CHARLS investigated the type and frequency of social participation among middle-aged and elderly people. The 
types of social participation include: (1) Interacting with friends; (2) playing Ma-Jong, playing chess, playing cards, or 
attending a community club; (3) providing help to family, friends, or neighbors who do not live with you and who did 
not pay you for the help; (4) going to a sport, social, or other kind of club; (5) taking part in a community-related 
organization; (6) doing voluntary or charity work; (7) caring for a sick or disabled adult who does not live with you and 
who did not pay you for the help; (8) attending an educational or training course; (9) stock investment; (10) using the 
Internet; (11) other, and (12) none of these. They were then asked, regarding each of the selected activities: “How often 
have you done these social activities in the past month?” Respondents were asked to select the choice that best suited 
their situation from “almost every day”; “almost every week”; and “not often”. We chose the frequency of activities with 
the highest participation as the frequency of social participation.

Health information
Physical examinations included height, weight, waist circumference, systolic blood pressure, DBP, sleep, chronic diseases, 
and biomarkers. The sleep aspect included a survey of the average sleep duration and nap time. The collection of blood 
samples required the respondents to fast for one night, and three tubes of venous blood were collected from each 
respondent by medically trained staff from the China Centers for Disease Control and Prevention (CDC), based on a 
standard protocol. After collection, these fresh venous blood samples were transported at 4 ℃, to either local CDC 
laboratories or township-level hospitals near the study sites, or transported to the China CDC in Beijing within 2 wk for 
further testing. The biomarkers tested included white blood cell count (WBC), HDL, C-reactive protein (CRP), TG, fasting 
blood glucose (FBG), and uric acid (UA).

Statistical analysis
All the data in this study were imported into SPSS 22.0 (SPSS Inc., Chicago, IL, United States) for analysis. First, we 
described the overall data and divided the patients into a depression group and a non-depression group, according to 
whether they met the criteria of symptomatic depression at baseline, and compared the overall data of the two groups at 
baseline. In this part of the results, categorical variables were expressed as N (%), the chi-squared test was used to 



Zhou LN et al. Depression in patients with MetS

WJP https://www.wjgnet.com 248 February 19, 2024 Volume 14 Issue 2

Figure 1 Selection process of participants. CESD: Center for epidemiological survey-depression; ADL: Activities of daily living scale.

compare the differences between the two groups, continuous variables were expressed as the mean [95% confidence 
interval (CI)], and the Kolmogorov-Smirnov test was used to compare the two groups.

To determine which factors were associated with depression in MetS patients, we performed regression analyses on 
baseline data. Variables with P < 0.1 in the comparison of the two groups were screened and included in multivariate 
regression analysis, with the CESD score as the dependent variable. Subsequently, we performed multiple regression 
analyses with significant variables obtained from multivariate regression and the CESD score at baseline as independent 
variables, and the CESD score at follow-up as dependent variables to screen for the factors related to symptomatic 
depression in MetS patients.

Finally, we used Cox regression to construct a predictive model of depression in MetS patients, with variables with P < 
0.1 and the CESD score at baseline as independent variables, and the occurrence of depression as the outcome variable. 
Two-tailed P < 0.05 was considered statistically significant for all statistical analyses.

RESULTS
Descriptive analysis of baseline
In this study, 1595 cases in the non-depression group and 938 cases in the depression group were included, and the 
prevalence of depression in MetS patients was 37.02%. The detailed data are shown in Table 1.

Demographic information: There were significant differences in sex, age, education, and marital status between the two 
groups (P < 0.001). Specifically, women, younger ages, lower levels of education, and single people were overrepresented 
in the depression group.

Health information: Compared to the non-depression group, participants in the depression group had lower height and 
weight, more physical disabilities and chronic diseases, more smoking and drinking, and less average sleep and nap time 
(P < 0.05).

Physical examination: The depression group had lower serum UA and higher HDL levels (P < 0.05). There were no 
significant differences in WBC, CRP, TG, waist circumference, systolic blood pressure, DBP, or FBG between the two 
groups (P > 0.05).

ADL and social participation: The types and frequencies of social participation activities in the depression group were 
significantly lower than those in the control group, and the scores of PSMS and IADL were significantly higher than those 
in the control group (P < 0.001).
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Table 1 Comparison of baseline data of metabolic syndrome patients with and without depression, n (%)

Non-depression (n = 1595) Depression (n = 938) P value

Sex

    Male 552 (34.61) 209 (22.28) < 0.001

    Female 1043 (65.39) 729 (77.72)

Age, yr 58.34 (57.90, 58.78) 60.23 (59.65, 60.81) < 0.001

Education

    0 yr 403 (25.27) 352 (37.53) < 0.001

    1-6 yr 612 (38.37) 394 (42.00)

    7-12 yr 547 (34.29) 183 (19.51)

    > 12 yr 33 (2.07) 9 (0.96)

Marital status

    Married 1457 (91.35) 783 (83.48) < 0.001

    Other 138 (8.65) 155 (16.52)

Physical disability

    Yes 185 (11.60) 186 (19.83) < 0.001

    No 1410 (88.40) 752 (80.17)

Number of chronic diseases 1.53 (1.46, 1.59) 2.18 (2.08, 2.29) < 0.001

Height, cm 158.42 (157.98, 158.86) 155.53 (155.03, 156.02) < 0.001

Weight, kg 66.76 (66.15, 67.26) 63.51 (62.79, 64.24) < 0.001

Smoking

    Yes 469 (29.40) 719 (76.65) < 0.001

    No 1126 (70.60) 219 (23.35)

Drinking

    Yes 314 (19.69) 108 (11.51) < 0.001

    No 1281 (80.31) 830 (88.49)

WBC, 109/L 6.312 (6.215, 6.410) 6.388 (6.250, 6.527) 0.911

CRP, mg/L 3.20 (2.82, 3.58) 3.27 (2.77, 3.78) 0.864

UA, mg/dL 4.67 (4.61, 4.74) 4,43 (4.35, 4.50) < 0.001

CESD 4.63 (4.49, 4.76) 14.77 (14.50, 15.05) < 0.001

Waist circumference, cm 94.21 (93.83, 94.59) 93.28 (92.79, 93.76) 0.522

TG, mg/dL 193.58 (185.88, 201.29) 184.17 (175.75, 192.60) 0.266

HDL-C, mg/dL 41.80 (41.21, 42.39) 42.84 (42.09, 43.60) 0.020

SBP, mmHg 111.94 (111.16, 112.72) 112.92 (111.88, 113.96) 0.163

DBP, mmHg 80.40 (79.78, 81.02) 79.89 (79.10, 80.68) 0.359

Glu, mg/dL 122.19 (119.81, 124.57) 120.95 (117.97, 123.93) 0.522

Average sleep duration, hour 6.72 (6.64, 6.79) 5.77 (5.64, 5.90) < 0.001

Nap time, minutes 36.52 (34.32, 38.73) 31.87 (29.20, 34.54) 0.009

Social participation

    Types of activities 0.88 (0.84, 0.93) 0.67 (0.62, 0.73) < 0.001

    Frequency of activities 1.65 (1.55, 1.75) 1.29 (1.17, 1.42) < 0.001

PSMS 11.69 (11.53, 11.85) 15.26 (14.95, 15.58) < 0.001

IADL 5.36 (5.29, 5.42) 6.58 (6.40, 6.77) < 0.001
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N: Number; WBC: White blood cell; CRP: C reactive protein; UA: Uric acid; CESD: Center for Epidemiological Survey-Depression Scale; TG: Triglyceride; 
HDL-C: High-density lipoprotein cholesterol; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Glu: Glucose; PSMS: Physical self-maintenance 
scale; IADL: Instrumental activity of daily living.

Descriptive analysis of follow-up
Two-year follow-up: During the 2-year follow-up, 929 patients were lost to follow-up or died, and the remaining 1604 
patients were followed up. Their average CESD score was 7.59 (95%CI: 7.30-7.88). Among this group, 474 patients 
(29.55%) had depression. Compared with the baseline, the CESD score did not significantly increase or decrease (P = 
0.132, Figure 2), and 181 cases (17.01%, 181/1064) newly developed depression.

Four-year follow-up: During the 4-year follow-up, compared with the baseline, 998 cases were lost to follow-up or died, 
1535 cases remained with an average CESD score of 8.16 (95%CI: 7.71-8.30), and 530 cases had depression, accounting for 
34.53% of the cohort. There were no significant differences in CESD scores from the baseline (P = 0.163, Figure 2), and 239 
cases (23.62%, 239/1,012) had newly developed depression.

Seven-year follow-up: During the 7-year follow-up, compared with the baseline period, 1,196 patients were lost to 
follow-up or died, and the remaining 1337 patients had an average CESD score of 8.67 (95%CI: 8.31-9.02). Compared with 
baseline, the CESD score was significantly increased (P = 0.004, Figure 2). A total of 510 patients (38.15%) had depression. 
There were 243 new cases of depression, accounting for 26.85% of the cohort (243/905).

During the overall follow-up, 1,186 patients completed the follow-up. Among them, 462 patients (38.95%) were newly 
diagnosed with depression, and the average time required for depression to manifest was (4.000 ± 1.978) years.

Regression analysis
Factors associated with CESD at baseline: Multivariable logistic regression analysis with baseline CESD score as the 
dependent variable showed that CESD at baseline was associated with PSMS, IADL, average sleep duration, marital 
status, number of chronic diseases, age, and weight (Table 2, P < 0.05).

Factors associated with CESD at follow-up: The multivariable logistic regression analysis with CESD score in the follow-
up period as the dependent variable found that CESD score at the 2-year follow-up was associated with baseline CESD 
score, PSMS, average sleep duration, number of chronic diseases, age, and weight. CESD score at the 4-year follow-up 
was associated with baseline CESD, ADL, and weight, while CESD score at the 7-year follow-up was associated with 
baseline CESD, ADL, average sleep duration, age, and weight. The detailed data are shown in Table 2.

These factors were used as independent variables to construct the CESD prediction model during the follow-up period. 
The results showed that the CESD prediction model constructed during the 2-year follow-up period had a better 
predictive ability than other follow-up periods [area under the curve (AUC) = 0.775, 95%CI: 0.750-0.800, P < 0.001], with a 
sensitivity of 68% and a specificity of 74% (Figure 3).

Factors associated with new onset depression: Cox regression analysis showed that age [odds ratio (OR) = 0.986, 95%CI: 
0.978-0.993], weight (OR = 0.487, 95%CI: 0.421-0.564), average sleep duration (OR = 0.926, 95%CI: 0.894-0.959), and ADL 
(OR = 1.042, 95%CI: 1.026-1.058) were associated with symptomatic depression in MetS patients within 7 years of follow-
up (all P < 0.001).

DISCUSSION
The bidirectional relationship between depression and MetS remains questionable, especially in middle-aged and older 
adults, who have high rates of both conditions. This study focused on middle-aged and elderly patients with MetS in 
mainland China and followed them for 7 years to screen for risk factors associated with depression in MetS patients. We 
compared the information of people with depression and those without depression among MetS patients at baseline and 
found many differences, such as that those with MetS and depression included more women, lower education level, more 
single people, lower height and weight, more physical disabilities, more chronic diseases, more smoking and drinking, 
less average sleep and nap time, less frequency of social participation, impaired ability of daily living, etc[13,35-38]. These 
are all features of depression that have been reported in previous studies. However, we found that people with 
depression and MetS were younger than those without depression, which is related to the younger age of the current 
depressed population. On the one hand, the onset of depression tends to be younger, and on the other hand, a meta-
analysis of observational studies found that depressive participants under 50 years of age were more likely to develop 
MetS than those over 50 years[34], and concluded that the odds of MetS in depressive patients decreased with age. These 
results suggest that the mutual worsening of MetS and depression is more significant in younger adults.

We then analyzed the follow-up data and selected the follow-up time points of 2, 4, and 7 years. It was found that the 
depression score at the 7-year follow-up was significantly higher than that of the baseline period, the prevalence of 
depression reached 38.15%, and the incidence of depression reached 26.85%, while there was no significant difference 
between the depression scores of the 2-year and 4-year follow-up periods and the baseline period. Akbaraly et al[39] 
proposed that the presence of MetS is associated with an increased risk of future depressive symptoms, and the results of 
this study further suggest that the longer the patients have MetS, the higher the risk of depression. Mulvahill et al[19] 
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Table 2 Factors associated with center for epidemiological survey-depression scale at baseline and follow-up

Baseline 2-yr follow up 4-yr follow up 7-yr follow up

Variables OR (95%CI) Beta OR (95%CI) Beta OR (95%CI) Beta OR (95%CI) Beta

Age -0.551 (-0.816, -
0.286)

-0.075 -0.056 (-0.086, -
0.026)

-0.081 - -0.052 (-0.093, -
0.011)

-0.063

Marital status 1.893 (1.253, 2.533) 0.102 - - -

Height 0.246 (0.016, 0.475) 0.084 -0.054 (-0.076, -
0.031)

-0.103 -0.047 (-0.073, -
0.021)

-0.082 -0.054 (-0.083, -
0.025)

-0.092

Number of chronic 
diseases

0.448 (0.310, 0.586) 0.113 0.211 (0.039, 0.383) 0.055 - -

Average sleep duration -0.664 (-0.771, -
0.558)

-0.205 -0.265 (-0.406, -
0.124)

-0.081 - -0.410 (-0.596, -
0.224)

-0.110

PSMS 0.46 (0.402, 0.518) 0.333 0.174 (0.103, 0.246) 0.120 0.177 (0.095, 0.258) 0.109 0.166 (0.069, 0.263) 0.094

IADL 0.293 (0.184, 0.402) 0.105 - - -

Baseline CESD - 0.424 (0.376, 0.472) 0.424 0.450 (0.393, 0.506) 0.407 0.414 (0.349, 0.478) 0.359

PSMS: Physical self-maintenance scale; IADL: Instrumental activity of daily living; CESD: Center for epidemiological survey-depression scale; OR: Odds 
ratio; CI: Confidence interval.

Figure 2 Center for epidemiological Survey-Depression Scale scores at 2, 4, and 7 years of follow-up. CESD: Center for epidemiological survey-
depression scale.

reported that the presence of MetS in elderly patients with depression is associated with the symptom severity of 
depression, and that poor antidepressant responses are observed in MetS patients. This indicates that the changes 
brought about by MetS not only increase the risk of depression but also affect the treatment efficacy. Therefore, patients 
must be identified and managed as early as possible to improve their outcomes.

Although the prevalence of depression in MetS patients was the highest after 7 years of follow-up, the predictive effect 
of the model established with the screened baseline information on the risk of depression in MetS patients after 7 years is 
limited. We found that the prediction model constructed by baseline CESD, PSMS, average sleep duration, number of 
chronic diseases, age, and weight had a good predictive effect on the risk of depression at the 2-year follow-up. It is worth 
noting that there are also complex interactions between these factors, such as depression and sleep duration, depression 
and chronic disease, chronic disease and ADL, and depression and ADL[40,41]. This suggests that paying attention to 
individuals who already have depressive symptoms, especially those with sleep problems and chronic diseases, is 
important for reducing the development of depression in MetS patients.

This study had some limitations. First, the patients in this study were from a community population, and the 
assessment of depressive symptoms was carried out with the self-rating scale used in a large epidemiological survey; 
therefore, the selected depression could not completely replace a diagnosis of depression. In addition, in the follow-up, to 
avoid too many influencing factors, we started from the data at 2 years, 4 years, and 7 years, instead of continuous 
analysis of the same group of patients. However, the prediction efficiency of the model constructed by this analysis 
method worsened with a longer follow-up time, indicating that the influencing factors within the follow-up years play a 
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Figure 3 Depression prediction models at 2 -, 4 -, and 7-year follow-up. The red line is 2-year follow up, the green line is 4-year follow up, and the blue 
line is 7-year follow up.

certain role. Finally, antidepressants may affect metabolism, but the use of antidepressants was not analyzed in this 
study; therefore, the results regarding the association between MetS and depression may have been affected.

CONCLUSION
In conclusion, this study described changes in the prevalence of depression in MetS patients over a 7-year period, 
screened out factors associated with the development of depression in MetS patients, and constructed a 2-year model to 
predict the risk of depression. The early identification of depression and the provision of interventions can improve 
patient outcomes.

ARTICLE HIGHLIGHTS
Research background
Metabolic syndrome (MetS) is also common in individuals with psychiatric disorders and becoming more common in 
young people with depression. However, the relationship between depression and MetS remains unclear.

Research motivation
Many studies have explored the relationship between depression and MetS, especially in older people. China has entered 
an aging society. However, there are still few studies on the elderly in Chinese communities.

Research objectives
Based on a large community-based cohort study conducted in mainland China, we designed this study to address the 
following: (1) The prevalence of depression in MetS patients; (2) the changing trajectory of the prevalence of MetS during 
the 7-year follow-up; and (3) the risk factors for the development of depression in MetS patients and the construction of 
predictive models.

Research methods
This study analyzed 7 years of follow-up data from the CHARLS database, screened the risk factors for depression in 
patients with metabolic syndrome, and constructed a predictive model for depression in patients with metabolic 
syndrome by regression analysis.

Research results
People with metabolic syndrome had a higher incidence of depression, which increased with the extension of follow-up 
time. The predictive model of baseline depression level, sleep duration, chronic disease, age, and weight was significant 
for depression risk after 2 years in patients with metabolic syndrome.

Research conclusions
All in all, this study shows the prevalence of depression in middle-aged and elderly patients with MetS increases over 
time. More attention should be paid to early identification and intervention of depressive symptoms in MetS patients.

Research perspectives
Mechanisms of depression in patients with MetS, early predictors and intervention modalities.



Zhou LN et al. Depression in patients with MetS

WJP https://www.wjgnet.com 253 February 19, 2024 Volume 14 Issue 2

FOOTNOTES
Author contributions: Zhou LN, Wang W contributed to conception and design of the study, acquisition and interpretation of data, 
drafting the article, final approval of the version to be published; Ma XC contributed to conception and design of the study, and reflect 
the design and recruit subjects.

Supported by Shaanxi Provincial Key Research and Development Program, No. 2023-YBSF-517; and National Natural Science 
Foundation of China, No. 82301737.

Institutional review board statement: This study only adopted publicly available data. Ethical review and approval were not required for 
this study in accordance with the local legislation and institutional requirements.

Informed consent statement: This study only adopted publicly available data. Signed informed consent form or document were not 
applicable for this study.

Conflict-of-interest statement: We have no financial relationships to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Li-Na Zhou 0000-0003-0688-8162; Wei Wang 0009-0003-1326-5390.

S-Editor: Qu XL 
L-Editor: A 
P-Editor: Chen YX

REFERENCES
1 Saklayen MG. The Global Epidemic of the Metabolic Syndrome. Curr Hypertens Rep 2018; 20: 12 [PMID: 29480368 DOI: 

10.1007/s11906-018-0812-z]
2 Lan Y, Mai Z, Zhou S, Liu Y, Li S, Zhao Z, Duan X, Cai C, Deng T, Zhu W, Wu W, Zeng G. Prevalence of metabolic syndrome in China: An 

up-dated cross-sectional study. PLoS One 2018; 13: e0196012 [PMID: 29668762 DOI: 10.1371/journal.pone.0196012]
3 Wang Y, Mi J, Shan XY, Wang QJ, Ge KY. Is China facing an obesity epidemic and the consequences? The trends in obesity and chronic 

disease in China. Int J Obes (Lond) 2007; 31: 177-188 [PMID: 16652128 DOI: 10.1038/sj.ijo.0803354]
4 Akbulut G, Köksal E, Bilici S, Acar Tek N, Yildiran H, Karadag MG, Sanlier N. Metabolic syndrome (MS) in elderly: a cross sectional 

survey. Arch Gerontol Geriatr 2011; 53: e263-e266 [PMID: 21163537 DOI: 10.1016/j.archger.2010.11.021]
5 Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task Force Consensus Group. The metabolic syndrome--a new worldwide definition. 

Lancet 2005; 366: 1059-1062 [PMID: 16182882 DOI: 10.1016/S0140-6736(05)67402-8]
6 Asaye S, Bekele S, Tolessa D, Cheneke W. Metabolic syndrome and associated factors among psychiatric patients in Jimma University 

Specialized Hospital, South West Ethiopia. Diabetes Metab Syndr 2018; 12: 753-760 [PMID: 29729979 DOI: 10.1016/j.dsx.2018.04.037]
7 McElroy SL, Keck PE Jr. Metabolic syndrome in bipolar disorder: a review with a focus on bipolar depression. J Clin Psychiatry 2014; 75: 

46-61 [PMID: 24502861 DOI: 10.4088/JCP.13r08634]
8 Lin YC, Lai CL, Chan HY. The association between rehabilitation programs and metabolic syndrome in chronic inpatients with schizophrenia. 

Psychiatry Res 2018; 260: 227-232 [PMID: 29216485 DOI: 10.1016/j.psychres.2017.11.081]
9 Moreira FP, Jansen K, Cardoso TA, Mondin TC, Vieira IS, Magalhães PVDS, Kapczinski F, Souza LDM, da Silva RA, Oses JP, Wiener CD. 

Metabolic syndrome, depression and anhedonia among young adults. Psychiatry Res 2019; 271: 306-310 [PMID: 30522000 DOI: 
10.1016/j.psychres.2018.08.009]

10 Borshchev YY, Uspensky YP, Galagudza MM. Pathogenetic pathways of cognitive dysfunction and dementia in metabolic syndrome. Life Sci 
2019; 237: 116932 [PMID: 31606384 DOI: 10.1016/j.lfs.2019.116932]

11 Penninx BWJH, Lange SMM. Metabolic syndrome in psychiatric patients: overview, mechanisms, and implications. Dialogues Clin Neurosci 
2018; 20: 63-73 [PMID: 29946213 DOI: 10.31887/DCNS.2018.20.1/bpenninx]

12 Sjöberg L, Karlsson B, Atti AR, Skoog I, Fratiglioni L, Wang HX. Prevalence of depression: Comparisons of different depression definitions 
in population-based samples of older adults. J Affect Disord 2017; 221: 123-131 [PMID: 28645024 DOI: 10.1016/j.jad.2017.06.011]

13 Zhou L, Ma X, Wang W. Relationship between Cognitive Performance and Depressive Symptoms in Chinese Older Adults: The China Health 
and Retirement Longitudinal Study (CHARLS). J Affect Disord 2021; 281: 454-458 [PMID: 33360747 DOI: 10.1016/j.jad.2020.12.059]

14 Sun X, Zhou M, Huang L, Nuse B. Depressive costs: medical expenditures on depression and depressive symptoms among rural elderly in 
China. Public Health 2020; 181: 141-150 [PMID: 32032922 DOI: 10.1016/j.puhe.2019.12.011]

15 Pan A, Keum N, Okereke OI, Sun Q, Kivimaki M, Rubin RR, Hu FB. Bidirectional association between depression and metabolic syndrome: a 
systematic review and meta-analysis of epidemiological studies. Diabetes Care 2012; 35: 1171-1180 [PMID: 22517938 DOI: 
10.2337/dc11-2055]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0688-8162
http://orcid.org/0000-0003-0688-8162
http://orcid.org/0009-0003-1326-5390
http://orcid.org/0009-0003-1326-5390
http://www.ncbi.nlm.nih.gov/pubmed/29480368
https://dx.doi.org/10.1007/s11906-018-0812-z
http://www.ncbi.nlm.nih.gov/pubmed/29668762
https://dx.doi.org/10.1371/journal.pone.0196012
http://www.ncbi.nlm.nih.gov/pubmed/16652128
https://dx.doi.org/10.1038/sj.ijo.0803354
http://www.ncbi.nlm.nih.gov/pubmed/21163537
https://dx.doi.org/10.1016/j.archger.2010.11.021
http://www.ncbi.nlm.nih.gov/pubmed/16182882
https://dx.doi.org/10.1016/S0140-6736(05)67402-8
http://www.ncbi.nlm.nih.gov/pubmed/29729979
https://dx.doi.org/10.1016/j.dsx.2018.04.037
http://www.ncbi.nlm.nih.gov/pubmed/24502861
https://dx.doi.org/10.4088/JCP.13r08634
http://www.ncbi.nlm.nih.gov/pubmed/29216485
https://dx.doi.org/10.1016/j.psychres.2017.11.081
http://www.ncbi.nlm.nih.gov/pubmed/30522000
https://dx.doi.org/10.1016/j.psychres.2018.08.009
http://www.ncbi.nlm.nih.gov/pubmed/31606384
https://dx.doi.org/10.1016/j.lfs.2019.116932
http://www.ncbi.nlm.nih.gov/pubmed/29946213
https://dx.doi.org/10.31887/DCNS.2018.20.1/bpenninx
http://www.ncbi.nlm.nih.gov/pubmed/28645024
https://dx.doi.org/10.1016/j.jad.2017.06.011
http://www.ncbi.nlm.nih.gov/pubmed/33360747
https://dx.doi.org/10.1016/j.jad.2020.12.059
http://www.ncbi.nlm.nih.gov/pubmed/32032922
https://dx.doi.org/10.1016/j.puhe.2019.12.011
http://www.ncbi.nlm.nih.gov/pubmed/22517938
https://dx.doi.org/10.2337/dc11-2055


Zhou LN et al. Depression in patients with MetS

WJP https://www.wjgnet.com 254 February 19, 2024 Volume 14 Issue 2

16 Repousi N, Masana MF, Sanchez-Niubo A, Haro JM, Tyrovolas S. Depression and metabolic syndrome in the older population: A review of 
evidence. J Affect Disord 2018; 237: 56-64 [PMID: 29772477 DOI: 10.1016/j.jad.2018.04.102]

17 Sekita A, Arima H, Ninomiya T, Ohara T, Doi Y, Hirakawa Y, Fukuhara M, Hata J, Yonemoto K, Ga Y, Kitazono T, Kanba S, Kiyohara Y. 
Elevated depressive symptoms in metabolic syndrome in a general population of Japanese men: a cross-sectional study. BMC Public Health 
2013; 13: 862 [PMID: 24044502 DOI: 10.1186/1471-2458-13-862]

18 Liaw FY, Kao TW, Hsueh JT, Chan YH, Chang YW, Chen WL. Exploring the Link between the Components of Metabolic Syndrome and the 
Risk of Depression. Biomed Res Int 2015; 2015: 586251 [PMID: 26770976 DOI: 10.1155/2015/586251]

19 Mulvahill JS, Nicol GE, Dixon D, Lenze EJ, Karp JF, Reynolds CF 3rd, Blumberger DM, Mulsant BH. Effect of Metabolic Syndrome on 
Late-Life Depression: Associations with Disease Severity and Treatment Resistance. J Am Geriatr Soc 2017; 65: 2651-2658 [PMID: 29235659 
DOI: 10.1111/jgs.15129]

20 Zhang M, Chen J, Yin Z, Wang L, Peng L. The association between depression and metabolic syndrome and its components: a bidirectional 
two-sample Mendelian randomization study. Transl Psychiatry 2021; 11: 633 [PMID: 34903730 DOI: 10.1038/s41398-021-01759-z]

21 Hiles SA, Révész D, Lamers F, Giltay E, Penninx BW. Bidirectional prospective associations of metabolic syndrome components with 
depression, anxiety, and antidepressant use. Depress Anxiety 2016; 33: 754-764 [PMID: 27120696 DOI: 10.1002/da.22512]

22 Silić A, Karlović D, Serretti A. Increased inflammation and lower platelet 5-HT in depression with metabolic syndrome. J Affect Disord 2012; 
141: 72-78 [PMID: 22391518 DOI: 10.1016/j.jad.2012.02.019]

23 Lemche AV, Chaban OS, Lemche E. Depression contributing to dyslipidemic cardiovascular risk in the metabolic syndrome. J Endocrinol 
Invest 2017; 40: 539-546 [PMID: 28012071 DOI: 10.1007/s40618-016-0601-y]

24 Chan KL, Cathomas F, Russo SJ. Central and Peripheral Inflammation Link Metabolic Syndrome and Major Depressive Disorder. Physiology 
(Bethesda) 2019; 34: 123-133 [PMID: 30724127 DOI: 10.1152/physiol.00047.2018]

25 Marazziti D, Rutigliano G, Baroni S, Landi P, Dell'Osso L. Metabolic syndrome and major depression. CNS Spectr 2014; 19: 293-304 [PMID: 
24103843 DOI: 10.1017/S1092852913000667]

26 Dekker IP, Marijnissen RM, Giltay EJ, van der Mast RC, Oude Voshaar RC, Rhebergen D, Rius Ottenheim N. The role of metabolic 
syndrome in late-life depression over 6 years: The NESDO study. J Affect Disord 2019; 257: 735-740 [PMID: 31386966 DOI: 
10.1016/j.jad.2019.07.060]

27 Ribeiro RP, Marziale MH, Martins JT, Ribeiro PH, Robazzi ML, Dalmas JC. Prevalence of Metabolic Syndrome among nursing personnel 
and its association with occupational stress, anxiety and depression. Rev Lat Am Enfermagem 2015; 23: 435-440 [PMID: 26155007 DOI: 
10.1590/0104-1169.0383.2573]

28 Takeuchi T, Nakao M, Kachi Y, Yano E. Association of metabolic syndrome with atypical features of depression in Japanese people. 
Psychiatry Clin Neurosci 2013; 67: 532-539 [PMID: 24152284 DOI: 10.1111/pcn.12104]

29 Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China Health and Retirement Longitudinal Study (CHARLS). Int J Epidemiol 
2014; 43: 61-68 [PMID: 23243115 DOI: 10.1093/ije/dys203]

30 Chen X, Crimmins E, Hu PP, Kim JK, Meng Q, Strauss J, Wang Y, Zeng J, Zhang Y, Zhao Y. Venous Blood-Based Biomarkers in the China 
Health and Retirement Longitudinal Study: Rationale, Design, and Results From the 2015 Wave. Am J Epidemiol 2019; 188: 1871-1877 
[PMID: 31364691 DOI: 10.1093/aje/kwz170]

31 Zhu L, Spence C, Yang JW, Ma GX. The IDF Definition Is Better Suited for Screening Metabolic Syndrome and Estimating Risks of Diabetes 
in Asian American Adults: Evidence from NHANES 2011-2016. J Clin Med 2020; 9 [PMID: 33260754 DOI: 10.3390/jcm9123871]

32 Chen H, Mui AC. Factorial validity of the Center for Epidemiologic Studies Depression Scale short form in older population in China. Int 
Psychogeriatr 2014; 26: 49-57 [PMID: 24125553 DOI: 10.1017/S1041610213001701]

33 Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression in well older adults: evaluation of a short form of the CES-D 
(Center for Epidemiologic Studies Depression Scale). Am J Prev Med 1994; 10: 77-84 [PMID: 8037935]

34 Moradi Y, Albatineh AN, Mahmoodi H, Gheshlagh RG. The relationship between depression and risk of metabolic syndrome: a meta-analysis 
of observational studies. Clin Diabetes Endocrinol 2021; 7: 4 [PMID: 33648597 DOI: 10.1186/s40842-021-00117-8]

35 Chan S, Jia S, Chiu H, Chien WT, R Thompson D, Hu Y, Lam L. Subjective health-related quality of life of Chinese older persons with 
depression in Shanghai and Hong Kong: relationship to clinical factors, level of functioning and social support. Int J Geriatr Psychiatry 2009; 
24: 355-362 [PMID: 18773498 DOI: 10.1002/gps.2129]

36 Yuan MZ, Fang Q, Liu GW, Zhou M, Wu JM, Pu CY. Risk Factors for Post-Acute Coronary Syndrome Depression: A Meta-analysis of 
Observational Studies. J Cardiovasc Nurs 2019; 34: 60-70 [PMID: 30312193 DOI: 10.1097/JCN.0000000000000520]

37 Tsuboi Y, Ueda Y, Sugimoto T, Naruse F, Ono R. Association between metabolic syndrome and disability due to low back pain among care 
workers. Int J Occup Med Environ Health 2018; 31: 165-172 [PMID: 28967647 DOI: 10.13075/ijomeh.1896.01004]

38 Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and decrements in health: results from the 
World Health Surveys. Lancet 2007; 370: 851-858 [PMID: 17826170 DOI: 10.1016/S0140-6736(07)61415-9]

39 Akbaraly TN, Kivimäki M, Brunner EJ, Chandola T, Marmot MG, Singh-Manoux A, Ferrie JE. Association between metabolic syndrome and 
depressive symptoms in middle-aged adults: results from the Whitehall II study. Diabetes Care 2009; 32: 499-504 [PMID: 19106378 DOI: 
10.2337/dc08-1358]

40 Maresova P, Javanmardi E, Barakovic S, Barakovic Husic J, Tomsone S, Krejcar O, Kuca K. Consequences of chronic diseases and other 
limitations associated with old age - a scoping review. BMC Public Health 2019; 19: 1431 [PMID: 31675997 DOI: 
10.1186/s12889-019-7762-5]

41 Jiang CH, Zhu F, Qin TT. Relationships between Chronic Diseases and Depression among Middle-aged and Elderly People in China: A 
Prospective Study from CHARLS. Curr Med Sci 2020; 40: 858-870 [PMID: 33123901 DOI: 10.1007/s11596-020-2270-5]

http://www.ncbi.nlm.nih.gov/pubmed/29772477
https://dx.doi.org/10.1016/j.jad.2018.04.102
http://www.ncbi.nlm.nih.gov/pubmed/24044502
https://dx.doi.org/10.1186/1471-2458-13-862
http://www.ncbi.nlm.nih.gov/pubmed/26770976
https://dx.doi.org/10.1155/2015/586251
http://www.ncbi.nlm.nih.gov/pubmed/29235659
https://dx.doi.org/10.1111/jgs.15129
http://www.ncbi.nlm.nih.gov/pubmed/34903730
https://dx.doi.org/10.1038/s41398-021-01759-z
http://www.ncbi.nlm.nih.gov/pubmed/27120696
https://dx.doi.org/10.1002/da.22512
http://www.ncbi.nlm.nih.gov/pubmed/22391518
https://dx.doi.org/10.1016/j.jad.2012.02.019
http://www.ncbi.nlm.nih.gov/pubmed/28012071
https://dx.doi.org/10.1007/s40618-016-0601-y
http://www.ncbi.nlm.nih.gov/pubmed/30724127
https://dx.doi.org/10.1152/physiol.00047.2018
http://www.ncbi.nlm.nih.gov/pubmed/24103843
https://dx.doi.org/10.1017/S1092852913000667
http://www.ncbi.nlm.nih.gov/pubmed/31386966
https://dx.doi.org/10.1016/j.jad.2019.07.060
http://www.ncbi.nlm.nih.gov/pubmed/26155007
https://dx.doi.org/10.1590/0104-1169.0383.2573
http://www.ncbi.nlm.nih.gov/pubmed/24152284
https://dx.doi.org/10.1111/pcn.12104
http://www.ncbi.nlm.nih.gov/pubmed/23243115
https://dx.doi.org/10.1093/ije/dys203
http://www.ncbi.nlm.nih.gov/pubmed/31364691
https://dx.doi.org/10.1093/aje/kwz170
http://www.ncbi.nlm.nih.gov/pubmed/33260754
https://dx.doi.org/10.3390/jcm9123871
http://www.ncbi.nlm.nih.gov/pubmed/24125553
https://dx.doi.org/10.1017/S1041610213001701
http://www.ncbi.nlm.nih.gov/pubmed/8037935
http://www.ncbi.nlm.nih.gov/pubmed/33648597
https://dx.doi.org/10.1186/s40842-021-00117-8
http://www.ncbi.nlm.nih.gov/pubmed/18773498
https://dx.doi.org/10.1002/gps.2129
http://www.ncbi.nlm.nih.gov/pubmed/30312193
https://dx.doi.org/10.1097/JCN.0000000000000520
http://www.ncbi.nlm.nih.gov/pubmed/28967647
https://dx.doi.org/10.13075/ijomeh.1896.01004
http://www.ncbi.nlm.nih.gov/pubmed/17826170
https://dx.doi.org/10.1016/S0140-6736(07)61415-9
http://www.ncbi.nlm.nih.gov/pubmed/19106378
https://dx.doi.org/10.2337/dc08-1358
http://www.ncbi.nlm.nih.gov/pubmed/31675997
https://dx.doi.org/10.1186/s12889-019-7762-5
http://www.ncbi.nlm.nih.gov/pubmed/33123901
https://dx.doi.org/10.1007/s11596-020-2270-5


WJP https://www.wjgnet.com 255 February 19, 2024 Volume 14 Issue 2

World Journal of 

PsychiatryW J P
Submit a Manuscript: https://www.f6publishing.com World J Psychiatry 2024 February 19; 14(2): 255-265

DOI: 10.5498/wjp.v14.i2.255 ISSN 2220-3206 (online)

ORIGINAL ARTICLE

Retrospective Study

Analysis of risk factors leading to anxiety and depression in patients 
with prostate cancer after castration and the construction of a risk 
prediction model

Rui-Xiao Li, Xue-Lian Li, Guo-Jun Wu, Yong-Hua Lei, Xiao-Shun Li, Bo Li, Jian-Xin Ni

Specialty type: Urology and 
nephrology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Pak H, Turkey; 
Sunanda T, United States

Received: November 3, 2023 
Peer-review started: November 3, 
2023 
First decision: November 16, 2023 
Revised: November 29, 2023 
Accepted: January 16, 2024 
Article in press: January 16, 2024 
Published online: February 19, 2024

Rui-Xiao Li, Guo-Jun Wu, Yong-Hua Lei, Xiao-Shun Li, Bo Li, Jian-Xin Ni, Urology Hospital, Xi'an 
People's Hospital (Xi'an Fourth Hospital), Xi'an 710199, Shaanxi Province, China

Xue-Lian Li, Department of Surgery, Xi'an Hospital of Traditional Chinese Medicine, Xi'an 
710199, Shaanxi Province, China

Corresponding author: Jian-Xin Ni, MM, Doctor, Urology Hospital, Xi'an People's Hospital 
(Xi'an Fourth Hospital), Intersection of Hangtian East Road and Hangtuo Road, Chang'an 
District, Xi'an 710199, Shaanxi Province, China. nijianxin@tom.com

Abstract
BACKGROUND 
Cancer patients often suffer from severe stress reactions psychologically, such as 
anxiety and depression. Prostate cancer (PC) is one of the common cancer types, 
with most patients diagnosed at advanced stages that cannot be treated by radical 
surgery and which are accompanied by complications such as bodily pain and 
bone metastasis. Therefore, attention should be given to the mental health status 
of PC patients as well as physical adverse events in the course of clinical treat-
ment.

AIM 
To analyze the risk factors leading to anxiety and depression in PC patients after 
castration and build a risk prediction model.

METHODS 
A retrospective analysis was performed on the data of 120 PC cases treated in 
Xi'an People's Hospital between January 2019 and January 2022. The patient 
cohort was divided into a training group (n = 84) and a validation group (n = 36) 
at a ratio of 7:3. The patients’ anxiety symptoms and depression levels were asse-
ssed 2 wk after surgery with the Self-Rating Anxiety Scale (SAS) and the Self-
rating Depression Scale (SDS), respectively. Logistic regression was used to 
analyze the risk factors affecting negative mood, and a risk prediction model was 
constructed.

RESULTS 
In the training group, 35 patients and 37 patients had an SAS score and an SDS 
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score greater than or equal to 50, respectively. Based on the scores, we further subclassified patients into two 
groups: a bad mood group (n = 35) and an emotional stability group (n = 49). Multivariate logistic regression 
analysis showed that marital status, castration scheme, and postoperative Visual Analogue Scale (VAS) score were 
independent risk factors affecting a patient's bad mood (P < 0.05). In the training and validation groups, patients 
with adverse emotions exhibited significantly higher risk scores than emotionally stable patients (P < 0.0001). The 
area under the curve (AUC) of the risk prediction model for predicting bad mood in the training group was 0.743, 
the specificity was 70.96%, and the sensitivity was 66.03%, while in the validation group, the AUC, specificity, and 
sensitivity were 0.755, 66.67%, and 76.19%, respectively. The Hosmer-Lemeshow test showed a χ2 of 4.2856, a P 
value of 0.830, and a C-index of 0.773 (0.692-0.854). The calibration curve revealed that the predicted curve was 
basically consistent with the actual curve, and the calibration curve showed that the prediction model had good 
discrimination and accuracy. Decision curve analysis showed that the model had a high net profit.

CONCLUSION 
In PC patients, marital status, castration scheme, and postoperative pain (VAS) score are important factors affecting 
postoperative anxiety and depression. The logistic regression model can be used to successfully predict the risk of 
adverse psychological emotions.

Key Words: Prostate cancer; Castration; Anxiety and depression; Risk factors; Risk prediction model

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Postoperative anxiety and depression are common and serious psychological problems in patients with prostate 
cancer, and marital status, castration scheme, and postoperative pain score have been identified as important factors leading 
to these psychological problems. Establishing a predictive model based on logistic regression can facilitate effective 
evaluation of patients’ psychological risk and provide guidance for individualized intervention measures. By paying 
attention to patients' mental health, health care professionals can improve the quality of life and prognosis of patients. 
However, further research is needed to validate these findings and continue to explore other possible influencing factors, 
with the objective of developing more precise intervention strategies and support measures to meet the mental health needs 
of prostate cancer patients.

Citation: Li RX, Li XL, Wu GJ, Lei YH, Li XS, Li B, Ni JX. Analysis of risk factors leading to anxiety and depression in patients with 
prostate cancer after castration and the construction of a risk prediction model. World J Psychiatry 2024; 14(2): 255-265
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/255.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.255

INTRODUCTION
Prostate cancer (PC) is a common malignancy affecting older men[1]. Worldwide, PC ranks second in the incidence of 
male malignancies and fifth in mortality[2]. In the United States, the incidence of PC has risen to the top of the list as the 
tumor that poses the greatest threat to men's health[3]. Although less prevalent than in Europe and America, PC shows 
an increasing incidence year by year in China and has become the main type of urinary system malignancy since 2008[4]. 
There are many therapeutic strategies for PC, including surgery, radiotherapy, and androgen deprivation therapy (ADT)
[5]. ADT is the major treatment for PC patients due to the atypical early symptoms of the disease that result in disease 
progression to a higher stage when diagnosed[2]. For ADT, castration can be performed either surgically by removing 
both testicles or medically by using drugs to block the production of male hormones in the testicles. Surgical castration is 
usually a simple procedure with few side effects, but for many men, it is a major decision concerning body image and 
gender identity[6]. Although medical castration can store male hormone production after treatment discontinuation, it 
may cause some side effects, such as flushing, decreased libido, and impotence[7]. Nevertheless, surgical castration may 
still be an effective treatment option for PC patients who are ineligible for drug treatment.

The stress that PC patients experience comes not only from the physical symptoms of the disease and the side effects of 
treatment but also from the psychological and social issues associated with stigma[8]. While methods such as surgery and 
endocrine therapy can improve survival in PC patients, they may have a serious negative impact on their physical and 
mental health[9]. The medical model is shifting from a single physiological level to a comprehensive psychological, social 
and physiological model that extends beyond physical symptoms; therefore, more attention is expected to be given to 
patients’ psychological conditions, such as anxiety and depression, when treating PC[10]. Malignant tumors, surgical 
trauma, and postoperative complications may bring enormous mental pressure to patients, resulting in important 
negative emotions such as anxiety, depression, and pessimism[11]. Therefore, in the process of treating PC, doctors and 
medical teams need to pay close attention to patients' mental health and provide timely psychological counseling and 
support to help patients cope with various challenges brought by the disease.
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Risk prediction models play a central role in many fields, including but not limited to medical care, finance, insurance, 
and industry[12]. Their major function is to support decision-making. For example, doctors can use models to evaluate 
patients' disease risk and develop personalized treatment and prevention plans accordingly. In this study, we built a risk 
prediction model to predict anxiety and depression in PC patients after surgical castration, providing a reference for 
clinical treatment and intervention.

MATERIALS AND METHODS
Sample information
After obtaining approval from the Xi'an People's Hospital Medical Ethics Committee, a retrospective analysis was 
conducted on the data of 148 PC patients who received treatment in Xi'an People's Hospital between January 2019 and 
January 2022.

Eligibility and exclusion criteria
The inclusion criteria are listed as follows: Age range: 30-75; confirmed diagnosis of PC by prostate puncture or 
postoperative pathology; clear mind, good cooperation, and ability to independently complete various questionnaires; 
intact clinical data.

The exclusion criteria were as follows: Serious dysfunction of vital organs such as the heart and lung; history of organic 
brain diseases or mental illness; concomitant other tumors; and life expectancy ≤ 6 months.

Sample screening and grouping
One hundred and twenty PC patients were selected after rigorous screening according to the patient eligibility and 
exclusion criteria mentioned above. They were assigned to a training group (n = 84) and a validation group (n = 36) at a 
ratio of 7:3. Furthermore, they were assessed by the Self-rating Anxiety and Depression Scale (SAS/SDS)[13] for anxiety 
symptoms and depression levels two weeks after surgery, with a score of more than 50 on both scales indicating the 
presence of anxiety and depression.

Clinical data collection
By reviewing patients' electronic medical records, we collected the following clinical data: Age, education level, marital 
status, employment, body mass index (BMI), smoking history, alcoholism history, hypertension, diabetes, castration 
scheme, monthly income, and postoperative pain level. In addition, SAS and SDS scores were collected after 2 wk of 
treatment.

Statistical analysis
The data collected were analyzed and processed by SPSS 26.0. Continuous variables conforming to a normal distribution 
are described as the mean ± SD and were analyzed by the two independent samples t test. Categorical variables, 
expressed as percentages (%), were tested by the χ2 test. Variables with a P value less than 0.05 in the univariate analysis 
were included in the multivariate logistic regression analysis, and the independent risk factors for anxiety and depression 
in PC patients were screened using the stepwise regression procedure. Using R software and the RMS package, a 
nomogram for the prediction of bad mood in PC patients was established; the operating characteristic (ROC) curves of 
the subjects were drawn, and the areas under the curve (AUCs) were calculated. The calibration curve and decision curve 
were plotted to verify the effectiveness of the model. Statistical significance was indicated by P values less than P < 0.05.

RESULTS
Evaluation of patients' bad mood
Patients’ anxiety and depression were evaluated by the SAS and SDS at 2 wk after treatment. The results showed that 35 
patients had SAS scores greater than or equal to 50 points, and 37 patients had SDS scores greater than or equal to 50 
points (Figure 1). By further comparing patients' baseline data between the training and validation sets, we found no 
statistical difference between the two groups (P > 0.05). Based on the scores, we further assigned the patients to a bad 
mood group (n = 35) and an emotional stability group (n = 49) for univariate analysis (Table 1).

Analysis of factors affecting patients' bad mood
Clinical data were evaluated after patients were grouped according to their scores. Statistical differences were present in 
marital status, castration scheme, monthly income, and postoperative Visual Analogue Scale (VAS) score between 
patients with bad mood and those with emotional stability (P < 0.05; Table 2), while no significant difference was 
identified in age, education level, employment, BMI, smoking history, alcoholism history, hypertension, or diabetes (P > 
0.05).

Multivariate analysis of patients' bad mood
According to the results, we assigned values to marital status, castration scheme, monthly income, and postoperative 



Li RX et al. Anxiety and depression in patients undergoing castration for PC

WJP https://www.wjgnet.com 258 February 19, 2024 Volume 14 Issue 2

Table 1 Comparison of the baseline data between the training group and the validation group

Factors Training group (n = 84) Validation group (n = 36) P value

Age

≥ 60 years old 34 14

< 60 years old 50 22

0.871

Education level

≥ High school 37 12

< High school 47 24

0.274

Marital status

Married 56 24

Divorced/unmarried 28 12

 
0.999

Employment

Employed 19 10

Retired 65 26

0.545

BMI

≥ 25 kg/m2 18 9

< 25 kg/m2 66 27

0.668

Smoking history

With 62 25

Without 22 11

0.624

History of alcoholism

With 13 8

Without 71 28

0.373

Hypertension

With 15 5

Without 69 31

0.593

Diabetes mellitus

With 18 10

Without 66 26

0.451

Castration scheme

Surgery 35 16

Medication 49 20

0.778

Monthly income

≥ 4500 RMB 33 15

< 4500 RMB 51 21

0.807

Postoperative VAS score

≥ 5 points 19 9

< 5 points 65 27

0.777

Unhealthy emotions

Bad mood group 35 15

Emotional stability group 49 21 0.999

BMI: Body mass index; VAS: Visual Analogue Scale.
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Table 2 Univariate analysis

Factors Bad mood group (n = 35) Emotional stability group (n = 49) P value

Age

≥ 60 years old 15 19

< 60 years old 20 30

 
0.645

Education level

≥ High school 18 19

< High school 17 30

 
0.249

Marital status

Married 28 28

Divorced/unmarried 7 21

 
0.034a

Employment

Employed 7 12

Retired 28 37

 
0.591

BMI

≥ 25 kg/m2 8 10

< 25 kg/m2 27 39

 
0.787

Smoking history

With 25 37

Without 10 12

 
0.675

History of alcoholism

With 4 9

Without 31 40

 
0.454

Hypertension

With 5 10

Without 30 39

 
0.556

Diabetes mellitus

With 6 12

Without 29 37

 
0.446

Castration scheme

Surgery 21 14

Medication 14 35

 
0.003b

Monthly income

≥ 4500 RMB 8 25

< 4500 RMB 27 24

 
0.010a

Postoperative VAS score

≥ 5 points 13 6

< 5 points 22 43

 
0.007a

aP < 0.05.
bP < 0.01.
BMI: Body mass index; VAS: Visual Analogue Scale.
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Figure 1 Assessment of patients' bad mood. A: Self-Rating Anxiety Scale scores of patients in training group; B: Self-Rating Depression Scale scores of 
patients in training group. SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.

VAS score (Table 3). Then, multivariate logistic regression was used to analyze the independent factors for patients' 
negative mood. Marital status, castration scheme, and postoperative VAS score were identified as independent risk 
factors for adverse mood (Table 4; P < 0.05).

Construction of a risk prediction model for the prediction of bad mood
Based on the β coefficient of logistic regression, we constructed a risk scoring formula: 1.284* marital status + 1.224* 
castration scheme + 1.792* postoperative VAS score. By calculating the risk score of each patient, we found that the risk 
score of patients in the bad mood group was significantly higher than that of patients in the emotional stability group (P < 
0.0001; Figure 2). Moreover, ROC curve analysis showed that the AUC of the risk prediction model for predicting 
patients' bad mood was 0.743, the specificity was 70.96%, and the sensitivity was 66.03%.

Validation of the risk prediction model
There were 15 patients in the validation group with adverse emotions. According to the risk scoring formula, we 
substituted the clinical data of the validation group into the formula for calculation and found that the risk score of 
patients with bad mood in the validation group was significantly higher than that of patients in the emotional stability 
group (P < 0.0001; Figure 3 and Table 5). Through ROC curve analysis, the AUC, specificity, and sensitivity of the risk 
prediction model for the prediction of adverse mood in the validation group were 0.755, 66.67%, and 76.19%, respectively.

Construction and validation of a nomogram for the prediction of bad mood in PC patients
The three independent risk factors were used to establish a nomogram for the prediction of bad mood in PC patients 
(Figure 4). The corresponding score was given to each indicator, depending on the specific condition, and the total score, 
and the scores were added together to obtain the total score. A vertical line from the total score to the probability axis of 
bad mood risk was the occurrence risk of bad mood. The Hosmer-Lemeshow test revealed a χ2 value of 4.2856, a P value 
of 0.830, and a C-index of 0.773 (0.692-0.854). The calibration curve showed basic consistency between the predicted and 
actual curves (Figure 4), indicating that the model had good discrimination and accuracy. The analysis of the decision 
curve revealed that the model had a high net benefit (Figure 4).

DISCUSSION
Cancer-related anxiety and depression are common clinical reactions to serious psychophysiological stress. The incidence 
of anxiety and depression varies among patients with different types of cancer[14]. This study found that the incidence 
rates of anxiety and depression in PC patients were 41.66% and 44.04%, respectively, which is basically consistent with 
foreign research[15,16]. Most PC patients in China have progressed to the middle and late stages upon diagnosis, which is 
unsuitable for radical surgery. Meanwhile, they are often complicated with physical pain and bone metastasis, which can 
impose heavy physical and mental burdens on them[17,18]. Therefore, during PC treatment, we should not only pay 
attention to physical adverse events but also attach sufficient importance to the occurrence of adverse psychological 
symptoms such as anxiety and depression to improve patient prognosis.
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Table 3 Assignment table

Factors Assignment

Marital status Married = 1; unmarried/divorced = 0

Castration scheme Surgery = 1; medication = 0

Monthly income ≥ 4500 RMB = 0; < 4500 RMB = 1

Postoperative VAS score ≥ 5 points = 1; < 5 points = 0

Bad mood Bad mood = 1; emotional stability = 0

VAS: Visual Analogue Scale.

Table 4 Logistic multivariate regression analysis

95%CI
Factors β Standard error χ2 P value OR

Lower bound Upper bound

Marital status 1.284 0.602 4.554 0.033a 3.611 1.110 11.742

Castration scheme 1.224 0.508 5.805 0.016a 3.401 1.256 9.203

Monthly income 0.614 0.561 1.200 0.273 1.848 0.616 5.547

Postoperative VAS score 1.792 0.646 7.701 0.006b 6.000 1.693 21.27

aP < 0.05.
bP < 0.01.
VAS: Visual Analogue Scale.

Table 5 Comparison of the risk scores

Groups Training group (n = 84) Groups Validation group (n = 36)

Bad mood group (n = 35) 2.43 ± 1.00 Bad mood group (n = 15) 2.56 ± 1.14

Emotional stability group (n = 49) 1.30 ± 1.09 Emotional stability group (n = 21) 1.34 ± 1.16

t value 4.813 t value 3.132

P value < 0.001c P value 0.004b

bP < 0.01.
cP < 0.001.

In this study, we analyzed the risk factors for postoperative anxiety and depression in PC patients undergoing surgical 
castration. Marital status, castration scheme, and postoperative VAS score were identified as important factors affecting 
postoperative anxiety and depression. In addition, research has found that widowed men have a higher risk of 
developing PC than those who are married or in a relationship. This may mean that social support in marriage or 
partnership may help to promote a healthy lifestyle and active attention to medical care, which in turn affects PC risk and 
prognosis. We believe that castration treatment of PC, especially surgical castration, can cause a sharp drop in male 
hormone levels in physiological terms, which is a possible cause of the above effects. The testicles are the organs that 
primarily produce male hormones such as testosterone, which play an important role in regulating mood and psycho-
logical state. After surgical castration, male patients may experience a physiological reaction of decreased testosterone 
levels, which will lead to emotional changes such as mood swings, anxiety, and depression. Such a physiological change 
may trigger physical and psychological discomfort, including mood swings, insomnia and fatigue, contributing to anxiety 
and depression. In addition, castration treatment may lead to sexual dysfunction, such as erectile dysfunction and 
decreased libido, all of which may adversely influence patients' self-esteem and self-confidence, triggering anxiety and 
depression. Furthermore, castration therapy can cause changes that affect a patient's body image, such as weight gain and 
breast hypertrophy, which may affect one's feelings of self-image and self-identity, leading to anxiety and depression. 
Somatic pain seriously affects the quality of daily life of PC patients, and the stress response triggered by pain may 
induce anxiety and depression. Moreover, patients undergoing surgical castration are affected by the operation, which 
increases the stress of the body.
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Figure 2 Construction of a risk prediction model for bad mood in patients in the training group. A: The risk score of patients with bad mood in the 
training group; B: The area under the curve of the risk score in predicting bad mood in patients with bad mood in the training group. dP < 0.0001.

Figure 3 Risk prediction model construction for bad mood in patients in the validation group. A: The risk score in patients with bad mood in the 
validation group; B: The area under the curve of risk score in predicting bad mood in patients with bad mood in the validation group. dP < 0.0001.

By collecting and analyzing relevant clinical features and predictive variables, regression models can be used to predict 
the probability or risk of a specific event. These events may include disease development, therapeutic response, complic-
ations, disease risk assessment, personalized medicine, screening and early intervention, and decision support. The 
logistic regression model is a regression model for establishing binary classification problems, which is suitable for 
continuous and discrete features due to the advantages of interpretability, probability prediction, simplicity, and 
efficiency. This model is widely used in various practical applications, helping to estimate the probability of binary 
outcome variables and providing an explanation of the degree of influence of features on target variables. Through the 
establishment of a logistic regression model, we found that the risk score constructed based on marital status, castration 
scheme, and postoperative VAS score successfully predicted the occurrence of bad mood in PC patients after castration 
treatment with an AUC of 0.743. In addition, through data validation, the AUC of the model for predicting bad mood in 
validation group patients was found to be 0.755, indicating the high generalization potential of the model. Based on the 
results of multivariate analysis, the nomograph integrates multiple clinically relevant variables into line segments with 
scales, visualizing and graphically presenting the influence of each variable on clinical outcomes, which makes it easy and 
intuitive to be applied in hospitals for calculating clinical outcome probabilities. At the end of the study, we drew a 
nomogram and found through the calibration curve that the predicted curve was basically consistent with the actual 
curve. Furthermore, the decision curve revealed a high net benefit of the model, suggesting good prediction efficiency; 
this implies that it will be helpful for medical staff in predicting the adverse emotion risk of PC patients individually and 
accurately.

Although this study identified the risk factors for the occurrence of bad mood in PC patients after castration treatment, 
there are still some limitations. First, since we did not collect the prognostic data of patients, more data are needed to 
support the analysis of the impact of bad mood on patients' long-term outcomes. Second, the sample size is small, and 
whether this will lead to bias in the data analysis needs further exploration. Finally, as this is a single-center study, more 
data are needed to verify the feasibility of the model for generalization in other centers. Therefore, we hope to cooperate 
in follow-up research and collect more data to validate our model.
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Figure 4 Construction and validation of the nomogram. A: A nomogram of bad mood in prostate cancer patients; B: Calibration curve of bad mood in 
prostate cancer patients; C: Decision curve of bad mood in prostate cancer patients. VAS: Visual Analogue Scale.

CONCLUSION
In patients with PC, marital status, castration scheme, and postoperative pain (VAS) score are important factors affecting 
postoperative anxiety and depression. A logistic regression model can be used to successfully predict the risk of adverse 
psychological emotions. Through an individualized risk assessment, health care professionals can intervene in advance to 
improve patients' mental health and outcomes. However, further validation and sample size extension are needed to 
deepen the understanding of the psychological problems of PC patients and to look for other possible influencing factors 
that may provide more precise intervention strategies and support measures.

ARTICLE HIGHLIGHTS
Research background
Cancer-related anxiety and depression are common severe psychological stress reactions in clinical practice, with their 
incidence rates varying among patients with different types of cancer. Prostate cancer (PC), a common type of cancer that 
is usually diagnosed in the advanced stages, makes radical surgery impossible. In addition, the disease is accompanied by 
complications such as physical pain and bone metastasis, which brings a heavy physical and mental burden to patients. 
Therefore, in the clinical treatment of PC, we should pay attention to not only the adverse reactions of the body, but also 
the occurrence of psychological symptoms such as anxiety and depression, so as to improve the prognosis of patients.
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Research motivation
The motivation for this study is to understand the factors that influence postoperative anxiety and depression in PC 
patients, based on which healthcare professionals can develop effective intervention and support strategies to meet the 
mental health needs of these patients.

Research objectives
The objective of this study is to analyze the risk factors affecting postoperative anxiety and depression in PC patients, and 
to explore the effects of marital status, castration scheme, and postoperative Visual Analogue Scale (VAS score) on 
anxiety and depression. In addition, the study aims to establish a prediction model using logistic regression analysis to 
evaluate the risk of adverse emotional outcomes of these patients.

Research methods
In this study, retrospective analysis was used to investigate the relationship between various clinical factors and 
postoperative anxiety and depression in PC patients. Data such as marital status, castration scheme, and postoperative 
VAS score were collected and analyzed. Using the logistic regression model, a risk scoring system was developed to 
predict the occurrence of adverse emotional outcomes.

Research results
Marital status, castration scheme, and postoperative VAS score were identified to be important factors affecting 
postoperative anxiety and depression in PC patients. The logistic regression model successfully predicted the risk of 
adverse emotional outcomes, with an area under the curve of 0.743. The model exhibited high generalization with a 
verified area under the curve of 0.755.

Research conclusions
The findings highlight the importance of psychological symptoms, especially anxiety and depression, in the clinical 
management of patients with PC. Marital status, castration scheme, and postoperative VAS score are identified as 
important predictors of adverse emotional outcomes. The logistic regression model shows good accuracy, which is 
helpful to individualize and improve the predictive ability of psychological risk in PC patients.

Research perspectives
Although this study successfully identified the risk factors and developed a risk prediction model, there are still some 
limitations. Further research is needed to explore the long-term outcomes of patients and the impact of adverse emotional 
outcomes on patient prognosis, and to validate the generalization of the model with more data. Future research collabor-
ations and data collection are important to further understand and apply this predictive model in PC.
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Abstract
BACKGROUND 
Sepsis is a serious infectious disease caused by various systemic inflammatory 
responses and is ultimately life-threatening. Patients usually experience depre-
ssion and anxiety, which affect their sleep quality and post-traumatic growth 
levels.

AIM 
To investigate the effects of sepsis, a one-hour bundle (H1B) management was 
combined with psychological intervention in patients with sepsis.

METHODS 
This retrospective analysis included 300 patients with sepsis who were admitted 
to Henan Provincial People’s Hospital between June 2022 and June 2023. Acc-
ording to different intervention methods, the participants were divided into a 
simple group (SG, n = 150) and combined group (CG, n = 150). H1B management 
was used in the SG and H1B management combined with psychological inter-
vention was used in the CG. The changes of negative emotion, sleep quality and 
post-traumatic growth and prognosis were compared between the two groups 
before (T0) and after (T1) intervention.

RESULTS 
After intervention (T1), the scores of the Hamilton Anxiety scale and Hamilton 
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Depression scale in the CG were significantly lower than those in the SG (P < 0.001). Sleep time, sleep quality, sleep 
efficiency, daytime dysfunction, sleep disturbance dimension score, and the total score in the CG were significantly 
lower than those in the SG (P < 0.001). The appreciation of life, mental changes, relationship with others, personal 
strength dimension score, and total score of the CG were significantly higher than those of the SG (P < 0.001). The 
scores for mental health, general health status, physiological function, emotional function, physical pain, social 
function, energy, and physiological function in the CG were significantly higher than those in the SG (P < 0.001). 
The mechanical ventilation time, intensive care unit stay time, and 28-d mortality of the CG were significantly 
lower than those of the SG (P < 0.05).

CONCLUSION 
H1B management combined with psychological intervention can effectively alleviate the negative emotions of 
patients with sepsis and increase their quality of sleep and life.

Key Words: Cluster management; Psychological intervention; Sepsis; Negative emotions; Sleep quality; Post-traumatic growth

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated changes in negative emotions, quality of life, and prognosis of patients with sepsis after 
one-hour bundle (H1B) management and psychological intervention. The results showed that the Hamilton Anxiety scale, 
Hamilton Depression scale, and Pittsburgh Sleep Quality Index scores of the patients were significantly lower after the 
intervention, and the Post Traumatic Growth Inventory scores were higher than those before the intervention. These results 
indicate that H1B management combined with psychological intervention can effectively improve negative emotions, sleep 
quality, post-traumatic growth levels, and quality of life in patients with sepsis.

Citation: Xia M, Dong GY, Zhu SC, Xing HM, Li LM. Sepsis one-hour bundle management combined with psychological 
intervention on negative emotion and sleep quality in patients with sepsis. World J Psychiatry 2024; 14(2): 266-275
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/266.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.266

INTRODUCTION
Sepsis is a clinical syndrome characterized by dysregulated systemic, metabolic, and pathological host responses to 
infection. Sepsis is associated with the release of a large number of inflammatory mediators, which exert their effects 
through the neuroendocrine-immune regulatory network and may lead to septic shock and organ failure in severe cases
[1]. At present, sepsis is the leading cause of death from critical illness worldwide[2]. It is conservatively estimated that 
approximately 31.5 million patients are affected by sepsis and its complications each year, resulting in approximately 5.3 
million deaths globally[3]. In China, a downward trend in the fatality rate of sepsis has been observed with technological 
advancements and improvements in the management of medical conditions; nonetheless, the reported incidence and 
fatality rate of sepsis are approximately 28% and 70%, respectively[4]. Therefore, the treatment and clinical management 
of patients with sepsis have become critical issues that urgently need addressing.

Currently, the clinical treatment of sepsis mainly focuses on infection control, early fluid resuscitation, and correction 
of the pathophysiological state. Previous studies[5] have shown that patients with sepsis are emotionally depressed and 
have a poor overall sleep status during treatment, which has a significant impact on their prognosis. In 2018, researchers 
at Brown University in the United States proposed a sepsis one-hour bundle (H1B) management for patients with sepsis, 
which included lactic acid level detection, blood cultures for broad-spectrum antibacterial drug use, administration of 
antibiotics, and fluid resuscitation within the first hour of treatment. Compared with conventional 3-h and 6-h mana-
gement intervention, H1B management may be more efficient[6]. More generally, cluster management is a new method 
that includes evidence-based treatments, personalized interventions, and nursing measures that target challenging 
diseases. Studies[7] have shown that cluster management interventions for patients with severe sepsis can improve 
patient compliance and prognosis. Other studies have shown that psychological interventions for patients with sepsis can 
alleviate anxiety and depression, effectively prevent the occurrence of post-traumatic stress disorder, and improve the 
long-term prognosis of patients. However, the effect of H1B management combined with psychological interventions on 
sepsis remains unclear. This study investigated changes in negative emotions, sleep quality, and prognosis of patients 
with sepsis following H1B management combined with psychological intervention.

https://www.wjgnet.com/2220-3206/full/v14/i2/266.htm
https://dx.doi.org/10.5498/wjp.v14.i2.266


Xia M et al. Studies of patients with sepsis

WJP https://www.wjgnet.com 268 February 19, 2024 Volume 14 Issue 2

MATERIALS AND METHODS
Clinical data
In a retrospective analysis, patients with sepsis admitted to Henan Provincial People’s Hospital between June 2022 and 
June 2023 were selected as study participants. After rigorous screening, 300 patients with sepsis were included in this 
study. Participants were classified into two groups according to the intervention methods used: a simple group (SG; n = 
150) and a combined group (CG; n = 150). Patients in the SG underwent H1B management only, whereas those in the CG 
underwent H1B management combined with psychological intervention.

The inclusion criteria were as follows: (1) Patients between 18 and 75 years old; (2) patients meeting the diagnostic 
criteria for sepsis[1,8]; (3) all patients were admitted to the intensive care unit (ICU); (4) the baseline data, clinical charac-
teristics and laboratory indices of all patients were complete; and (5) all participants indicated that they were willing and 
able to actively cooperate with the clinical nursing intervention. The following exclusion criteria applied: (1) Patients with 
cardiovascular disease, autoimmune disease, or malignant tumor; (2) pregnant or lactating women; (3) patients with 
abnormal liver, kidney, and other organ functions and mental abnormalities; and (4) patients who died, were brain-dead, 
or abandoned treatment within 24 h of admission.

The following diagnostic criteria for sepsis applied[1,8]: presence of organ dysfunction, quick Sequential Organ Failure 
Assessment (qSOFA) ≥ 2 score indicates sepsis; Sepsis 3.0 = infection + SOFA ≥ 2 score. The qSOFA score is based on the 
following items[9]: (1) Respiratory rate ≥ 22 times/min; (2) altered state of consciousness; (3) systolic blood pressure ≤ 100 
mmHg. One point is allocated for each item and a score ≥ 2 points is considered suspected sepsis.

Intervention method
H1B management: The H1B intervention team is composed of 1 deputy chief physician, 1 attending physician, 2 
physicians, and 8 nurses. The teams were divided into four groups that cooperated with each other in the nursing process 
of patients. All nurses underwent training in sepsis education, pharmacotherapy of sepsis, physiological function, role 
function, psychological intervention applied in this study, and identifying categories of patient behavior. Patient 
management involved the following: (1) Communication with the attending physician within 1 h after admission and 
blood gas analysis, blood cultures, administration of antibiotics, blood resuscitation, and vasoactive drug use within 1h of 
admission; (2) administration of anti-infection therapy, explaining to the patient the use of antibiotics and vasoactive 
drugs, with timely contact with the pharmacy to prepare a sufficient quantity of common antibiotics, including 
imipenem, piperacillin, vancomycin, cefoperazone, and sulbactam; and (3) mechanical ventilation in cases of hypoxia, 
tachycardia, hypotension, poor systemic perfusion, and pyrexia, with fluid resuscitation, and drugs such as milrinone to 
enhance cardiac function, vasopressors, subcutaneous pumping of insulin to lower blood sugar, and furosemide. A 
central venous catheter was placed for central venous pressure monitoring.

Psychological intervention: Psychological intervention is conducted after the patient's life is out of danger and involves 
several steps: (1) Obtaining the trust of the patient involves considering factors such as the patient’s cultural background, 
their personality, and psychological characteristics, using honest communication, and conveying a warm attitude to 
establish a good relationship with the patient; (2) the psychological intervention plan requires an analysis of the psycho-
logical problems of the patients and the formulation of an intervention tailored to the psychological characteristics of the 
patient. Effective psychological intervention should be provided to patients as early as possible; and (3) implementation 
of the plan requires good communication with patients, the provision of care, and demonstrating a warm demeanor to 
reduce the patient’s sense of loneliness. Through health education, sepsis knowledge promotion, and the distribution of 
informational leaflets, patients can develop an accurate understanding of sepsis. By explaining cases of successful 
treatment, patients can properly understand their disease and manage unnecessary worries and doubts. Prolonged 
hospitalization may prevent the patient from fulfilling their role in the family and society. Responsible nursing staff 
should enhance communication with patients, try to maintain the pre-admission healthy living habits of patients, meet 
their reasonable needs as much as possible, and help patients become familiar with the ward environment as soon as 
possible to reduce discomfort. This approach allows negative emotions to be effectively alleviated and enables patients to 
actively cooperate with clinical treatment, adopt an optimistic attitude towards completing rehabilitation goals at each 
stage, and achieve physical recovery.

Observational indicators
Baseline characteristics, including sex, age, body mass index (BMI), and type of sepsis, were compared between the two 
groups.

The emotional scores of the two groups were compared before (T0) and after (T1) the intervention. The Hamilton 
Anxiety scale (HAMA) and the Hamilton Depression scale (HAMD) were used to evaluate anxiety, depression, and mood
[10]. The HAMA score rates the severity of anxiety as follows: < 7 indicates no anxiety, ≥ 7 indicates possible anxiety, ≥ 14 
indicates certain anxiety, ≥ 21 indicates obvious anxiety, and > 29 indicates severe anxiety. The HAMD score rates the 
severity of depression as follows: < 7 indicates no depression, ≥ 7 indicates probable depression, ≥ 17 indicates certain 
depression, and > 24 indicates severe depression.

The sleep conditions at T0 and T1 were compared between the two groups. The Pittsburgh Sleep Quality Index (PSQI)
[11] was used to evaluate sleep quality. The PSQI includes seven dimensions: time to fall asleep, sleep time, sleep quality, 
sleep efficiency, hypnotic drugs, daytime dysfunction, and sleep disorders. A 0- to 3-point scale is used with higher scores 
indicating worse sleep quality.
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The post-traumatic growth levels at T0 and T1 were compared between the groups. Post Traumatic Growth Inventory 
(PTGI)[12] assesses levels of post-traumatic growth. PTGI evaluated the level of post-traumatic growth according to five 
dimensions: Appreciation of life, new possibilities, spiritual changes, relationships with others, and personal strength, 
with a total of 20 items. Each item is rated on a 0 to 5-point Likert scale, with 0 indicating that no such changes were 
experienced after trauma and 5 indicating considerable changes after trauma. The total score ranges from 0 to 100 with a 
higher score indicating more changes in post-traumatic growth.

The health survey status at T0 and T1 were compared between the groups. The MOS36-item short-form health survey 
(SF-36)[13] assesses quality of life according to eight aspects: mental health, general health status, physiological function, 
emotional function, physical pain, social function, energy, and physiological function. The final score of each aspect is 
calculated as follows: Final score = (actual score - lowest possible score for that aspect)/difference between lowest and 
highest possible scores for that aspect × 100%. The actual score is the sum of all the scores for a particular aspect and each 
dimension is scored on a scale from 0 to 100.

Comparison of prognosis between the groups. Differences in mechanical ventilation time, ICU stay time, and 28-d 
mortality between the two groups were compared.

Statistical analysis
Statistical analyses were performed using IBM SPSS statistics for Windows, version 26.0. The measurement data 
conforming to normal distribution are represented as mean ± SD, using a t test. Counting data are expressed as 
percentage of frequency (n%), by χ2 test. A P value < 0.05 was considered statistically significant.

RESULTS
Baseline data comparison
A flowchart of the analysis in this study is presented in Figure 1. Sex, age, disease duration, BMI, and infection type were 
compared between the two groups (P > 0.05; Table 1).

HAMA and HAMD scores
At T1, the HAMA and HAMD scores of the two groups were significantly lower than those at T0 (P < 0.05), and the 
scores of the CG group were lower than those of the SG group (P < 0.05; Figure 2).

PSQI scores
At T1, the time to fall asleep, sleep time, sleep quality, sleep efficiency, hypnotic drugs, daytime dysfunction, sleep 
disturbance dimension score, and total PSQI score in the two groups were lower than those at T0 (P < 0.05). Each 
dimension score was lower in the CG group than that in the SG group (P < 0.05; Table 2).

PTGI scores
At T1, the appreciation of life, new possibilities, spiritual changes, relationships with others, and personal power 
dimension scores of the PTGI in the two groups were higher than those at T0 (P < 0.05). Each dimension score was higher 
in the CG group than that in the SG group (P < 0.05) (Table 3).

SF-36 scores
In both groups, the SF-36 scores for mental health, general health status, physiological function, emotional function, 
physical pain, social function, energy, and physiological function were higher at T1 than those at T0 (P < 0.05). CG were 
higher than SG (P < 0.05) (Table 4).

Prognosis comparison
The mechanical ventilation time of the CG group was (6.08 ± 2.07) d, ICU hospitalization time was (8.25 ± 1.13) d, and the 
28-d mortality rate was 4.67%, which were significantly lower than those of the SG group [(7.96 ± 2.12) d, (10.15 ± 1.28) d, 
11.33%] (P < 0.05; Figure 3).

DISCUSSION
Sepsis is a serious infection, which can cause host response disorders and lead to organ dysfunction. Without timely and 
effective treatment, severe sepsis and septic shock can develop, which are associated with high mortality[14]. The sepsis 
inflammatory response generates many inflammatory mediators through a cascade effect, causing infiltration of human 
tissues and organs, resulting in functional failure and shock to multiple organs, or death[15]. Optimal intervention is 
crucial to prevent organ dysfunction and improve patient quality of life and prognosis. Studies have shown[16] that 
cluster management can promote prognosis and improve the quality of life of critically ill patients, and psychological 
intervention with cocoa can alleviate anxiety and depression in patients with sepsis, effectively preventing the occurrence 
of post-traumatic stress disorder, and improving the long-term prognosis of patients. Therefore, to understand the 
emotional state, sleep status, and post-traumatic growth level of patients with sepsis, we explored the effect of a 1-h 
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Table 1 Comparison of baseline data [n (%), (mean ± SD)]

Index CG (n = 150) SG (n = 150) χ2/t value P value

Sex 0.054 0.817

Male 81 (54.00) 79 (52.67)

Female 69 (46.00) 71 (47.33)

Age (yr) 58.27 ± 4.36 58.33 ± 4.51 -0.130 0.897

BMI (kg/m2) 25.33 ± 1.57 25.29 ± 1.47 0.172 0.864

Infection type 0.272 0.965

Abdominal infection 39 (26.00) 42 (28.00)

Respiratory tract infection 60 (40.00) 58 (38.67)

Bacteremia 32 (21.33) 33 (22.00)

Miscellaneous 19 (12.67) 17 (11.33)

CG: Combined group; SG: Simple group; BMI: Body mass index.

Table 2 Comparison of Pittsburgh Sleep Quality Index scores (mean ± SD)

CG (n = 150) SG (n = 150)
Dimensional

T0 T1 t value P value T0 T1 t value P value

Time to fall asleep 2.72 ± 0.47 1.19 ± 0.53c 0.058 < 0.001 2.72 ± 0.50 1.75 ± 0.56 15.722 < 0.001

Sleep time 2.65 ± 0.59 1.12 ± 0.38c 26.512 < 0.001 2.68 ± 0.47 1.83 ± 0.37 17.309 < 0.001

Sleep quality 1.97 ± 0.37 1.09 ± 0.33c 22.165 < 0.001 1.94 ± 0.31 1.70 ± 0.46 5.292 < 0.001

Sleep efficiency 2.38 ± 0.53 1.22 ± 0.50c 19.259 < 0.001 2.45 ± 0.51 1.78 ± 0.42 12.494 < 0.001

Hypnotic drugs 2.38 ± 0.48 1.34 ± 0.48c 18.717 < 0.001 2.38 ± 0.48 1.84 ± 0.37 10.836 < 0.001

Daytime dysfunction 2.17 ± 0.38 1.35 ± 0.48c 16.416 < 0.001 2.17 ± 0.38 1.66 ± 0.48 10.334 < 0.001

Dyssomnia 2.53 ± 0.50 1.23 ± 0.42c 24.126 < 0.001 2.52 ± 0.50 1.65 ± 0.48 15.332 < 0.001

Total score 16.80 ± 1.23 8.545 ± 1.18c 59.284 < 0.001 16.87 ± 1.22 12.22 ± 1.24 32.709 < 0.001

cP < 0.001 vs SG.
CG: Combined group; SG: Simple group; T0: Before intervention; T1: After intervention.

Table 3 Comparison of Post Traumatic Growth Inventory scores between the combined group and simple group (mean ± SD)

CG (n = 150) SG (n = 150)
Dimension

T0 T1 t value P value T0 T1 t value P value

Appreciation of life 15.33 ± 2.47 21.36 ± 3.28c -17.984 < 0.001 15.28 ± 2.53 17.55 ± 2.86 -7.272 < 0.001

New possibilities 8.54 ± 1.26 10.37 ± 1.75c -10.401 < 0.001 8.62 ± 1.18 9.13 ± 1.42 -3.409 < 0.001

Mental changes 4.76 ± 1.14 6.15 ± 1.28c -9.966 < 0.001 4.69 ± 1.16 5.12 ± 1.09 -3.282 < 0.001

Relations with others 16.27 ± 2.52 21.48 ± 3.35c -15.204 < 0.001 16.33 ± 2.48 18.67 ± 2.18 -8.680 < 0.001

Individual force 14.39 ± 2.25 17.65 ± 2.84c 1-0.991 < 0.001 14.41 ± 2.27 15.72 ± 2.53 -4.707 < 0.001

Total score 59.30 ± 4.51 77.01 ± 5.71c -29.802 0.001 59.34 ± 4.47 66.19 ± 4.72 -12.913 < 0.001

cP < 0.001 vs SG.
CG: Combined group; SG: Simple group; T0: Before intervention; T1: After intervention.
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Table 4 Comparison of MOS36-item short-form health survey scores (mean ± SD)

CG (n = 150) SG (n = 150)
Dimension

T0 T1 t value P value T0 T1 t value P value

Mental health 67.59 ± 6.73 81.13 ± 7.94c -15.932 < 0.001 68.15 ± 6.82 73.59 ± 7.24 -6.706 < 0.001

General health status 61.28 ± 6.35 85.21 ± 7.65c -29.446 < 0.001 61.57 ± 6.23 72.13 ± 7.08 -13.728 < 0.001

Physiological functions 59.37 ± 5.86 78.42 ± 7.53c -24.444 < 0.001 58.76 ± 5.94 64.53 ± 6.17 -8.247 < 0.001

Emotional function 53.45 ± 5.72 81.22 ± 7.52c -36.013 < 0.001 52.33 ± 5.68 74.28 ± 7.06 -29.664 < 0.001

Body pain 62.57 ± 6.18 82.54 ± 7.93c -24.334 < 0.001 62.49 ± 6.20 73.45 ± 7.18 -14.145 < 0.001

Social function 63.54 ± 6.20 85.70 ± 7.01c -28.986 < 0.001 62.87 ± 6.25 74.33 ± 6.95 -15.007 < 0.001

Energy 68.93 ± 6.84 84.51 ± 7.55c -18.725 < 0.001 68.79 ± 6.86 75.62 ± 7.34 -8.317 < 0.001

Physiologic function 80.82 ± 7.58 93.82 ± 3.69c -18.890 < 0.001 80.98 ± 7.68 86.15 ± 7.87 -5.753 < 0.001

cP < 0.001 vs SG.
CG: Combined group; SG: Simple group; T0: Before intervention; T1: After intervention.

Figure 1 Number of patients included, flow chart of analysis method. CG: Combined group; SG: Simple group.

cluster management combined with psychological intervention in patients with sepsis. Cluster management nursing is an 
emerging clinical nursing model using various evidence-based intervention methods to improve nursing outcomes. 
Compared with the traditional model, cluster management has the characteristics of scientific validity, feasibility, and 
high efficiency, which reduces the blindness of clinical nursing and makes it more easily accepted by patients[17,18]. In 
this study, the HAMA and HAMD scores of patients in the CG group were significantly lower than those of the patients 
in the SG group, suggesting that 1-h cluster management combined with psychological intervention can effectively 
alleviate the negative mood of patients with sepsis. In this study, detection of lactic acid level was completed sequentially 
through H1B management intervention; blood culture specimens were obtained; and antibiotics, fluid resuscitation, and 
vasopressor therapy were administered. H1B management intervention also promotes knowledge about health and 
sepsis among patients, thereby improving their disease awareness levels. Furthermore, patient medication management 
and anti-infection care should be optimized to eliminate concerns about the disease. Treatment and nursing care were 
combined with psychological intervention to help patients face their disease and cooperate with the intervention, and 
with counseling to relieve anxiety and depression[19].

Our study also found that at T1, the PSQI scores of the CG group were markedly lower than those of the SG group, 
suggesting that H1B management combined with psychological intervention can improve sleep quality in patients 
admitted to the ICU with sepsis. This finding may be explained by the fact that negative emotions and respiratory 
dysfunction are the main reasons affecting sleep quality[20]. The combination of cluster management and psychological 
intervention improves patient understanding of the disease, and anti-infective drugs are prepared in advance to provide 
timely and effective treatment[21]. Careful monitoring of the patient’s condition and timely and effective management of 
hypoxia, hypotension, and poor systemic perfusion should also be performed. In addition to the psychological inter-
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Figure 2 Comparison of Hamilton Anxiety scale and Hamilton Depression scale scores between the two groups. cP < 0.001. HAMA: Hamilton 
Anxiety scale; HAMD: Hamilton Depression scale; CG: Combined group; SG: Simple group; T0: Before intervention; T1: After intervention.

Figure 3 Prognosis. A: Duration of mechanical ventilation; B: Duration of intensive care unit hospitalization; C: 28-d fatality rate. aP < 0.05, cP < 0.001. CG: 
Combined group; SG: Simple group.

vention, explaining successful cases of treatment, strengthening patient confidence, optimizing communication with 
patients, creating a comfortable ward environment, keeping patients happy, and improving negative emotions are also 
paramount[22]. Furthermore, intervention to reduce oxygen consumption and relieve shortness of breath is also 
important to improve sleep quality. In this study, at T1, the PTGI scores of the CG were markedly higher than those of the 
SG, indicating that H1B management combined with psychological intervention can accelerate the post-traumatic growth 
of patients with sepsis. Research has shown[23] that anxiety and depression in patients with cancer are closely related to 
post-traumatic growth; that is, lower levels of anxiety and depression promote post-traumatic growth in patients. 
Therefore, the post-traumatic growth of patients with sepsis may be related to cluster management and psychological 
interventions to improve negative emotions. Post-traumatic growth is closely related to coping styles and social support. 
Psychological nursing intervention can regulate the negative emotions of patients and improve patient understanding of 
the disease, providing them with the knowledge and confidence to cope with and overcome the disease[24].

By analyzing the quality of life of patients based on their health status, our study also found that at T1, the scores of 
each dimension of the SF-36 scale in the CG group were higher than those in the SG group, indicating that H1B manage-
ment with psychological intervention can increase the quality of life of patients with sepsis. Quality of life involves 
mental, physiological, psychological, and social aspects and is one of the new criteria for evaluating the prognosis of 
critically ill patients[25,26]. In addition, negative emotions and post-traumatic growth also have a considerable influence 
on quality of life. Psychological interventions can adjust the negative emotions of patients, eliminate fear of the disease, 
increase adaptability to the disease, improve psychological resilience, and promote post-traumatic growth, thereby 
improving quality of life. Prognostic analysis of the two groups showed that the mechanical ventilation time, ICU stay 
time and 28-d mortality of the CG were significantly lower than those of the SG. This indicates that professional skills, 
professional knowledge, and the personnel ratio of medical staff also have an impact on patient prognosis[27]. H1B 
management combined with psychological nursing intervention for patients with sepsis reduced the length of hospital 
stay and mechanical ventilation time and effectively improved patient prognosis[28]. Some limitations of this study 
should be acknowledged. First, due to time and sample size limitations, all the selected participants were admitted to a 
single hospital. Further multicenter studies with a larger sample size should conducted to validate these results.
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CONCLUSION
In summary, H1B management combined with psychological nursing intervention can effectively alleviate negative 
emotions in patients with sepsis, increase sleep quality, and enhance post-traumatic growth and quality of life.

ARTICLE HIGHLIGHTS
Research background
Cluster management has been rapidly developing and increasingly recognized in the clinical care of critically ill patients. 
Psychological interventions have considerable impact on the mood, sleep, and quality of life of critically ill patients. 
Therefore, we analyzed the influence of one-hour bundle (H1B) management combined with psychological interventions 
in patients with sepsis.

Research motivation
Severe cases of sepsis are often accompanied by mood and sleep disorders. We postulate that H1B management 
combined with psychological interventions may have an important impact on patients with sepsis.

Research objectives
The purpose of this research was to discuss the effects of H1B management combined with psychological intervention on 
negative emotions, sleep quality, and post-traumatic growth in patients with sepsis and to provide a reference for clinical 
treatment.

Research methods
Patients were divided into a group undergoing H1B management only (simple group, SG) and a group undergoing H1B 
management combined with psychological intervention (combination group, CG). The clinical data were retrospectively 
analyzed to compare the influence of negative emotions, sleep quality, post-traumatic growth, and prognosis of patients 
in the two groups before (T0) and after (T1) intervention.

Research results
At T1, the Hamilton Anxiety scale and Hamilton Depression scale scores of the CG group were significantly lower than 
those of the SG group. The Pittsburgh Sleep Quality Index score of the CG group was significantly lower than that of the 
SG group. The Post Traumatic Growth Inventory score of the CG group was significantly higher than that of the SG 
group. The MOS36-item short-form health survey scores of the CG group were higher than those of the SG group. The 
mechanical ventilation time, intensive care unit stay time, and 28-d mortality of the CG group were lower than those of 
the SG group. These differences were significant (P < 0.05).

Research conclusions
H1B management combined with psychological nursing interventions can effectively alleviate the adverse emotions of 
patients with sepsis, increase quality of sleep, and enhance the level of post-traumatic growth and quality of life.

Research perspectives
Future research should further explore the impact of H1B management combined with psychological intervention on 
patients with sepsis from the perspective of negative emotions, sleep quality, post-traumatic growth, and prognosis. 
These findings may provide a reference for nursing management and treatment strategies for patients with sepsis.
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Abstract
BACKGROUND 
Major depression disorder (MDD) constitutes a significant mental health concern. 
Epidemiological surveys indicate that the lifetime prevalence of depression in 
adolescents is much higher than that in adults, with a corresponding increased 
risk of suicide. In studying brain dysfunction associated with MDD in adole-
scents, research on brain white matter (WM) is sparse. Some researchers even 
mistakenly regard the signals generated by the WM as noise points. In fact, 
studies have shown that WM exhibits similar blood oxygen level-dependent 
signal fluctuations. The alterations in WM signals and their relationship with 
disease severity in adolescents with MDD remain unclear.

AIM 
To explore potential abnormalities in WM functional signals in adolescents with 
MDD.

METHODS 
This study involved 48 adolescent patients with MDD and 31 healthy controls 
(HC). All participants were assessed using the Patient Health Questionnaire-9 
Scale and the mini international neuropsychiatric interview (MINI) suicide 
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inventory. In addition, a Siemens Skyra 3.0T magnetic resonance scanner was used to obtain the subjects' image 
data. The DPABI software was utilized to calculate the WM signal of the fractional amplitude of low frequency 
fluctuations (fALFF) and regional homogeneity, followed by a two-sample t-test between the MDD and HC 
groups. Independent component analysis (ICA) was also used to evaluate the WM functional signal. Pearson’s 
correlation was performed to assess the relationship between statistical test results and clinical scales.

RESULTS 
Compared to HC, individuals with MDD demonstrated a decrease in the fALFF of WM in the corpus callosum 
body, left posterior limb of the internal capsule, right superior corona radiata, and bilateral posterior corona radiata 
[P < 0.001, family-wise error (FWE) voxel correction]. The regional homogeneity of WM increased in the right 
posterior limb of internal capsule and left superior corona radiata, and decreased in the left superior longitudinal 
fasciculus (P < 0.001, FWE voxel correction). The ICA results of WM overlapped with those of regional homo-
geneity. The fALFF of WM signal in the left posterior limb of the internal capsule was negatively correlated with 
the MINI suicide scale (P = 0.026, r = -0.32), and the right posterior corona radiata was also negatively correlated 
with the MINI suicide scale (P = 0.047, r = -0.288).

CONCLUSION 
Adolescents with MDD involves changes in WM functional signals, and these differences in brain regions may 
increase the risk of suicide.

Key Words: White matter; Regional homogeneity; The fractional amplitude of low-frequency fluctuations; Independent 
component analysis; Adolescents; Major depression disorders

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This groundbreaking study investigates white matter (WM) functional signals in adolescents with major depressive 
disorder (MDD), an area often overlooked in research. Utilizing advanced imaging techniques, the study identifies specific 
abnormalities in WM signals, revealing decreased fractional amplitude of low frequency fluctuations in key regions and 
altered regional homogeneity and independent component analysis patterns. Notably, these changes correlate with suicidality 
scales, indicating a potential link between WM anomalies and severity of depression. The study pioneers a crucial shift in 
understanding MDD's neuropathogenesis, offering novel insights and support for future research and predictive measures.

Citation: Huang XL, Gao J, Wang YM, Zhu F, Qin J, Yao QN, Zhang XB, Sun HY. Neuropathological characteristics of abnormal 
white matter functional signaling in adolescents with major depression. World J Psychiatry 2024; 14(2): 276-286
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/276.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.276

INTRODUCTION
Major depressive disorder (MDD) is a widespread psychiatric condition across the globe, with an estimated lifetime 
prevalence rate of approximately 11% among adolescents[1,2]. It has been reported that over half of adolescent suicide 
victims had a depressive disorder[3]. MDD in adolescents is associated with an increased risk of suicide, and the disorder 
often persists into adulthood[4]. Therefore, the increasing incidence of depression among adolescents requires urgent 
attention[5]. The recognition and treatment of MDD in adolescence are crucial; however, our current grasp of the 
physiological and pathological underpinnings of the condition remains incomplete.

Functional magnetic resonance imaging (fMRI) is a non-invasive technique, and it can be used to indirectly measure 
neuronal activity via the blood oxygenation level-dependent (BOLD) signal[6]. In recent years, the development and 
progress of magnetic resonance imaging (MRI) technology have provided an opportunity to study the pathophysiology 
of MDD using various resting state fMRI (rs-fMRI) techniques. These techniques have been extensively utilized in the 
exploration of the physiological and pathological foundations of the brain in mental disorders. The changes in the resting 
state of gray matter (GM) found in most studies are often used as biomarkers for neuropsychiatric disorders[7-9], while 
white matter (WM) tends to be ignored[10,11], even though the volume of WM in the human brain accounts for approx-
imately 40%-45%[12].

To date, various approaches are used to analyze spontaneous BOLD signals, such as the amplitude of low frequency 
fluctuations (ALFF), the fractional ALFF (fALFF), regional homogeneity (ReHo), and independent component analysis 
(ICA)[13]. The fALFF[14] is a metric believed to capture spontaneous neural activity and has been demonstrated to 
correlate with regional brain glucose metabolism[15-17], which effectively mitigates physiological noise when compared 
to ALFF[14]. ReHo, a data-driven approach, implies that the time series of spatially adjacent voxels exhibit greater 
temporal similarity when the brain region is engaged in a specific condition[18]. ICA is also a data-driven method, it can 
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decompose fMRI data into spatially independent and functionally connected brain networks[19]. ReHo and ICA can 
acquire a greater amount of information than methods driven by models[18,20]. Using these data analysis methods, Liu et 
al[21] discovered the alterations in ReHo and ALFF in the precentral gyrus, postcentral gyrus, and paracentral gyrus in 
MDD[21]. In addition, a meta-analysis found a correlation between amygdala activity and depression[22]. These findings 
may indicate the pathological and physiological processes associated with MDD.

Recent studies have shown the presence of functional brain activity related to neuronal activity in the WM, including 
connectivity and interconnection functions[23,24]. In task related studies, activation of brain regions can be detected in 
the inner capsule and corpus callosum (CC)[25,26]. Additional studies showed that fMRI activity within particular WM 
pathways is remarkably consistent during the resting state, and indicated that these WM signals exhibit features remi-
niscent of hemodynamic (BOLD) alterations linked to neuronal activity[27,28]. Furthermore, a recent study employing 
ICA and hierarchical clustering revealed the presence of clusters of correlated activity within the WM[29]. These findings 
reveal that WM may play a crucial role in resting states. We hope to provide more information in order to understand the 
underlying pathological mechanisms of adolescent severe depression by revealing the fluctuation characteristics of WM 
functional signals.

Therefore, we decided to use the GM analysis method to explore changes in WM, using a combination of multiple 
features, including fALFF, ReHo, and ICA. These three analytical methods present a progressive relationship layer by 
layer, from individual, to local, and finally to component networks. The combination of multiple analytical methods is 
used to explore the functional differences of WM in adolescents with MDD. This method is expected to reveal the charac-
teristics and potential biological mechanisms of abnormal brain activity in adolescents with MDD during the resting state, 
filling the current incomplete understanding of the physiological and pathological basis of the disease. From this study, 
we may not only better understand the pathogenesis of MDD in adolescents, but also provide more targeted methods for 
future diagnosis and treatment, thereby more effectively addressing this global health problem.

MATERIALS AND METHODS
Participants
A total of 84 subjects, including 51 adolescents with MDD and 33 healthy controls (HC) matched by age, gender, 
education and right-handedness were initially recruited from Suzhou Guangji Hospital. Using the mini international 
neuropsychiatric interview (MINI), patients were diagnosed by two trained psychiatrists above the attending level who 
conducted a structured interview. The inclusion criteria were: (1) The patients had not received systematic medication 
treatment prior to the MRI scan; (2) Patient Health Questionnaire-9 (PHQ-9) scores ≥ 20; (3) Right-handed; (4) Met the 
criteria of the Diagnostic and Statistical Manual of Mental Disorders, 5th edition; and (5) Aged 11 to 18 years. The 
exclusion criteria were: (1) Contrain-dications to MRI; (2) Any other psychiatric disorders such as bipolar disorder and 
schizophrenia; (3) Individuals with organic brain diseases, as identified by imaging; and (4) 32-item Hypomania Checklist 
(HCL-32) scores < 14.

This study was approved by the Ethics Committee of Suzhou Guangji Hospital, and each subject signed a written 
informed consent form. For participants under age 18, at least one legal guardian signed an informed consent form on 
their behalf.

Clinical assessments
Two attending psychiatrists with specialized training assessed the clinical symptoms of the participants and performed a 
reliability assessment. The PHQ-9 is a reliable and valid screening tool for depression[30,31], derived from the depression 
section of the Patient Health Questionnaire developed by Spitzer et al[32]. All participants completed the MINI suicidality 
subscale (MINISS), a user-friendly and highly accurate tool for predicting suicide risk[33] and the HCL-32, a self-
assessment tool for hypomanic symptoms[34].

MRI acquisition
All participants’ image data were obtained on a 3.0T Siemens Skyra scanner at Suzhou Guangji Hospital, equipped with a 
head/neck 20 channel coil. The scanning parameters of rs-fMRI are as follows: Repetition time = 2000 ms, echo time = 30 
ms, slice thickness = 3.5 mm, 32 slices, slice gap = 0.875 mm, filed of view = 224 mm × 224 mm, flip angle = 90°, matrix 
size = 64 voxels × 64 voxels, acquisition time = 8.04 min. During the scan procedure, each subject was asked to lie flat in 
the machine, and close their eyes but not to fall asleep. While the subjects were being scanned, a sponge pad was placed 
on each person's head to prevent head movement and obtain clear images.

Data preprocessing
The MRI data of each subject were preprocessed by The Data Processing & Analysis for (Resting-state) Brain Imaging 
(DPABI)[35] and Statistical Parametric Map-ping (SPM12, http://www.fil.ion.ucl.ac.uk/spm) toolkit in MATLAB 2016b. 
This was based on the following steps: (1) Conversion data format from DICOM to NIFTI; (2) the first 10 time points were 
removed in order to stabilize the data; (3) slice timing and realignment of head motion correction (any participant whose 
head motion exceeded 2.0 mm or rotation exceeded 2.0° was excluded); (4) the T1 images were registered to functional 
images and segmentation into WM and GM and cerebrospinal fluid using the New Segment algorithm; (5) apply white 
mask to functional images; (6) normalize the functional image space to a standard space (Montreal Neurological Institute) 
using DARTEL, and resampled to a voxel size of 3 mm × 3 mm × 3 mm; and (7) extraction of individual-level WM 4D 
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images[36]. Five participants were excluded due to head motion > 2 mm or 2°. Finally, 48 MDD and 31 HC were included 
for further analysis in the current study.

fALFF and ReHo of WM calculation
Using a fast Fourier transform at each voxel, we computed the power of the BOLD signal of WM within the low-
frequency range of 0.01–0.10 Hz and subsequently divided it by the entire frequency range to calculate the fALFF of WM
[14].

The calculation of ReHo of WM values was performed as follows: Firstly, a low-pass filter (0.01–0.1 Hz) was used to 
mitigate the effects of high-frequency noise and low-frequency drift. Then, Kendall's Coefficient of Concordance[18], also 
known as the ReHo value, was utilized to assess the similarity between an individual voxel and its neighboring 27 voxels. 
Subsequently, in order to minimize individual variance, the ReHo value for each voxel was normalized by dividing it by 
the global mean ReHo value.

Extraction of WM-fMRI signals via ICA
On the basis of the aforementioned WM signal preprocessing, the preprocessed imaging data in each group was used to 
perform group ICA analysis using the fMRI toolbox (GIFT, version 3.0C, http://mialab.mrn.org/software/gift)[37]. 
Firstly, the pre-processed data's dimensionality was reduced, which was followed by application of the Infomax 
algorithm for spatial ICA on this data. In addition, component stability was attained by running 100 iterations in a 
software package called ICASSO[38]. A total of 6 components were estimated. Finally, we selected an interesting 
independent component that was related to the alteration of WM in MDD for further evaluation.

Statistical analysis
Differences in demographics between the two participant groups were assessed using SPSS version 29.0, sex differences 
were assessed using the chi-squared test, while other parameters were compared between the two groups using a two-
sample t-test.

Voxel-based comparisons of fALFF and ReHo of WM maps between the patient and control groups were performed 
using the two-sample t-test in DPABI software with age, sex, education, head-motion included as covariates, and with a 
threshold setting at P < 0.001, FWE voxel correction for multiple comparisons. Additionally, sex, age, education, and head 
motion were controlled for during the analysis of ICA maps. The selected component of interest was then compared 
between the patient and control groups (FWE voxel correction for multiple comparisons).

Correlational analyses were performed to investigate the association between fALFF, ReHo values of MW in regions 
exhibiting group differences and clinical variables, including the PHQ-9 and the MINI Suicide Inventory.

RESULTS
Demographic and clinical variables
The demographic and clinical characteristics of the adolescents with MDD and HC are summarized in Table 1. There 
were no significant differences in sex, age, education and head-motion between the two groups.

fALFF and ReHo of WM alterations in adolescents with MDD
WM brain regions that exhibited disparities between the groups in the fALFF and ReHo analyses were identified and 
reported using the JHU-ICBM WM label atlas (provided by Wakana et al[39] and Hua et al[40] from the Laboratory of 
Brain Anatomical MRI at Johns Hopkins University)[39,40]. With regard to the fALFF calculation, patients with MDD 
showed decreased fALFF in the left posterior limb of the internal capsule (PLIC), posterior corona radiata (PCR), right 
PCR, superior corona radiata (SCR), and CC body (P < 0.001, FWE voxel correction for multiple comparisons). With 
regard to the ReHo computation, MDD patients displayed decreased ReHo values in the left superior longitudinal 
fasciculus (SLF), and higher ReHo values in the right PLIC and the left SCR (P < 0.001, FWE voxel correction for multiple 
comparisons). These results are presented in Table 2 and Figure 1.

Spatial ICA of rs-fMRI signals of the WM
We investigated the spatiotemporal patterns in rs-WM-fMRI data using ICA. Six spatially independent components were 
estimated and extracted from the time series of all WM voxels. Subsequent analyses of the 6 components showed 
decreased connectivity of the left SLF and higher connectivity of the right PLIC in MDD patients relative to HC (P < 0.001, 
FWE voxel correction for multiple comparisons; Table 2 and Figure 1).

Correlation analysis
The fALFF and ReHo values were extracted from WM regions that displayed significant differences between adolescents 
with MDD and the HC group, and correlation analyses between these region’s values and clinical characteristics were 
conducted. We found there is no correlation between significant differential brain regions and PHQ-9 scales. A negative 
correlation between the fALFF values in the left PLIC and the MINI suicide scale (P = 0.026, r = -0.320; Figure 2A), as well 
as between the right PCR and the MINI suicide scale (P = 0.047, r = -0.288; Figure 2B).

http://mialab.mrn.org/software/gift
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Table 1 Demographic and clinical characteristics of the included subjects

MDD (n = 48) HC (n = 31) χ²/t P value

Sex (male/female) 8/40 6/25 0.093 0.771

Age (yr) 14.15 (1.79) 14.71 (2.00) -1.306 0.195

Education (yr) 8.44 (1.73) 8.87 (1.77) -1.081 0.283

Head-motion 0.08 (0.04) 0.07 (0.03) 0.234 0.815

PHQ-9 scores 23.02 (2.39) - - -

HCL-32 scores 6.94 (2.77) - - -

MINISS scores 22.44 (9.61) - - -

PHQ-9: Patient Health Questionnaire-9; HCL-32: The 32-item Hypomania Checklist; MINISS: The mini international neuropsychiatric interview suicidality 
subscale; MDD: Major depression disorders; HC: Healthy controls.

Table 2 Brain regions with significant differences in fractional amplitude of low frequency fluctuations, regional homogeneity and 
independent component analysis between adolescents with major depression disorders and healthy controls

Indices Anatomical region MNI coordinates, x, y, z Peak intensity Cluster size

Posterior limb of the internal capsule 
L

21, -18, 3 -6.12 27

Posterior corona radiata R -24, -39, 33 -5.57 36

Body of the corpus callosum 12, 15, 30 -5.75 62

Superior corona radiata R -18, -21, 51 -5.44 71

fALFF of WM

Posterior corona radiata L 24, -36, 39 -6.39 106

Posterior limb of the internal capsule 
R

27, 0, 18 5.40 60

Superior corona radiata L -27, 3, 39 4.55 23

Superior longitudinal fasciculus L -30, -39, 42 -5.33 18

ReHo of WM

Superior longitudinal fasciculus L -24, -24, 48 -4.76 14

Posterior limb of the internal capsule 
R

27, -15, 12 4.30 26ICA of WM

Superior longitudinal fasciculus L -24, -24, 45 -5.80 25

The significance threshold was set at P < 0.001, FWE voxel correction for multiple comparisons. fALFF: Fractional amplitude of low frequency fluctuations; 
WM: White matter; ReHo: Regional homogeneity; ICA: Independent component analysis; L: Left; R: Right; MNI: Montreal neurological institute.

DISCUSSION
In this study, we demonstrated functional changes of WM by employing several distinct rs-fMRI techniques (ReHo, 
fALFF, and ICA), for the first time, on datasets from healthy subjects, and MDD patients. We found that adolescent 
patients with MDD showed significant differences in the CC body, left SLF, bilateral PLIC, PCR and SCR compared with 
the HC group. We also investigated the relationship between functional changes in regions of WM and the clinical 
features in patients with MDD. These results indicated that resting state functional metrics of WM can be valuable in 
investigating the pathophysiologic basis of MDD.

In the fALFF results, significant differences in MDD patients were mainly observed in the CC, PLIC, and corona 
radiata, when compared with the HC group. The CC is a dense bundle of nerve fibers that plays a crucial role in 
connecting different regions of the neocortex. It facilitates neural circuits involved in cognitive and emotional processing
[41,42]. In addition, the CC body contains fibers connecting the cingulate cortex, insular cortex, and temporal cortex[43], 
these areas are often associated with depression[44-46]. A lower fALFF value indicates a decrease in WM integrity of the 
CC, which may hinder the interaction between the cerebral hemispheres and cause emotional processing disorders in 
depression. It is worth noting that in this study, we found that adolescent patients with severe depression experienced 
abnormal activation of brain regions in the posterior limbs of the inner capsule using various analytical methods. This 
may be because the core symptom of MDD is low mood, and the PLIC participates in the formation of a neural network 
by connecting structures such as the cerebral cortex and hypothalamus. Its subcortical area belongs to the frontal striatal 
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Figure 1 White matter regions with significant differences in fractional amplitude of low frequency fluctuations, regional homogeneity 
and independent component analysis in adolescents with major depression disorders compared to healthy controls. Maps a threshold at P < 
0.001, FWE voxel correction. fALFF: Fractional amplitude of low frequency fluctuations; WM: White matter; ReHo: Regional homogeneity; ICA: Independent 
component analysis; L: Left; R: Right; MDD: Major depression disorders.

Figure 2 Correlations between clinical psychiatric symptoms and white matter regions with significant differences in the major 
depression disorders and healthy controls groups. A: It is a significant brain region left posterior limb of internal capsule in fractional amplitude of low 
frequency fluctuations (fALFF) of white matter (WM); B: It is a significant brain region right posterior corona radiata in fALFF of WM. MINISS: The mini international 
neuropsychiatric interview suicidality subscale.
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circuit[47], and these two circuits play a crucial role in emotional, cognitive, and motor functions[48]. Interestingly, in this 
study, MDD patients showed significantly lower fALFF values in the PLIC. In addition, Sisti et al[49] also found that 
cognitive decline was not only related to local brain lesions, but may also be related to the destruction of WM fibers and 
impaired connectivity in these brain regions[49]. Therefore, this discovery may explain the cognitive style of adolescent 
patients with depression. The corona radiata is composed of ascending and descending fibers that transmit information to 
the cerebral cortex and functionally involve emotions and executive processing[50,51]. Furthermore, in the correlation 
analysis, there was a negative correlation between the fALFF values of the PLIC and the PCR and the suicide scale. Some 
studies have found that impaired executive function may be a risk factor for suicide[52]. This may indicate that as brain 
dysfunction increases, the risk of suicide also increases.

The upper longitudinal bundle is considered the largest associative fiber bundle system in the brain[53], connecting the 
frontal and parietal lobes[54]. It is considered a higher-order multi-sensory associative system and is often reported to be 
related to executive function and emotions[55]. Previous studies have shown that the degree of damage to the SLF in 
patients with anxiety related depression may be more severe than in patients with non-anxiety related depression, which 
may lead to cognitive and emotional impairment[56]. This is consistent with the findings of this study in relation to WM 
ReHo. In a study of mild cognitive impairment (MCI), the left upper corona showed a lower fractional anisotropy value, 
suggesting that changes in WM in this brain area may be a potential biomarker of MCI[57]. Therefore, an abnormality of 
the SLF may indicate that patients with depression have more severe depression.

In this study, the ICA method was used to calculate the differences in the brain network of the components of interest. 
The brain regions overlapped with ReHo, and the direction of changes in the signal values of the brain regions was 
consistent. This may be because ReHo measures the local connectivity of spontaneous fMRI signals[18,58], and ICA 
studies measure inter-regional connectivity. These two methods are complementary to each other in a sense, which is 
why there is an abnormal overlap of activated brain regions. MDD patients also showed an increase in ReHo values in the 
left WM and a decrease in fALFF values on the right side in bilateral corona radiata lesions in this study, which may be 
due to the non-flow coupling metabolism of fALFF and ReHo.

Correlation analysis showed that significant correlations were observed between fALFF values, ReHo values, and 
clinical features in several WM regions. The left PLIC and the right PCR were negatively correlated with suicide. Research 
found that the bilateral PCR was associated with cognitive impairment in several different diseases[59-61]. There are 
many studies on the relationship between cognitive impairment and suicidal behavior[62,63]. In the study of suicidal 
ideation in schizophrenia, it is mentioned that the PCR may be associated with biological processes leading to depression 
and increased suicidal ideation[64]. This is consistent with the correlation between the PCR and the MINISS found in our 
study. In addition, studies have shown that impaired executive function may be a risk factor for suicide[52]. Therefore, 
we speculate that the abnormal activity of the right PCR and the left posterior limb brain area of the inner capsule may be 
potential biomarkers that trigger suicidal ideation in patients. There are multiple neural circuits within the inner capsule, 
and the corona radiata and fiber bundles within the capsule project from the cortex to the thalamus and pons nuclei[65]. 
The thalamus plays an important role in emotional regulation[66], and changes in the inner capsule may interfere with 
the connection between the thalamus and cortex, leading to abnormal emotional regulation and increasing the occurrence 
of manic symptoms.

There are some limitations in this study. Firstly, this was a cross-sectional study that failed to reveal the dynamic 
changes in WM functional signals over time in adolescents with severe depression. Further longitudinal research will 
help us understand the principles of this disease. Secondly, the sample size in this study was relatively small, and further 
research and verification are needed in a larger sample size. In addition, studies have also indicated that the relationship 
between BOLD signals observed in WM and neuronal related activities is still unclear[67]. We require more evidence in 
future work to demonstrate the importance of BOLD signals observed in WM.

CONCLUSION
Our research findings suggest that changes in WM functional signals may provide new insights into the neuro-
physiological mechanisms of severe depression in adolescents, and that changes in WM functional signals may serve as 
biomarkers for predicting future trends in suicide in this disease.

ARTICLE HIGHLIGHTS
Research background
White matter (WM) is composed of various functional nerve fibers and plays an indispensable role in the central nervous 
system. However, the WM signal changes and their correlation with major depression disorder (MDD) in adolescents are 
still unclear.

Research motivation
An increasing number of studies have confirmed the functional organization of WM by the resting state functional 
magnetic imaging (rs-fMRI), indicating its feasibility of studying WM function in adolescents with MDD.



Huang XL et al. Study on WM functional in MDD

WJP https://www.wjgnet.com 283 February 19, 2024 Volume 14 Issue 2

Research objectives
The purpose of this study is to explore the functional changes in the WM of adolescents with MDD.

Research methods
We collected rs-fMRI data and clinical scale information from the adolescent group with MDD and the healthy control 
group, and analyzed the correlation between WM function signals and clinical scales in the two groups.

Research results
We found significant changes in the functional signals of WM in adolescents with MDD, using the fractional amplitude of 
low frequency fluctuations, regional homogeneity, and independent component analysis. There are two brain regions, the 
left posterior limb of the inner capsule and the right posterior corona radiata, which are negatively correlated with the 
mini international neuropsychiatric interview suicide scales.

Research conclusions
The discovery of changes in WM functional signals in adolescents with MDD is of great significance for understanding 
the neuropathogenesis of depression.

Research perspectives
Our research findings may serve as biomarkers for predicting the risk of MDD and suicide in adolescents.
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Abstract
BACKGROUND 
Cancer patients frequently experience psychological problems related to reactions 
to cancer diagnosis, cancer type and stage, treatment effects, recurrence, fear of 
end-of-life, survivorship, and financial burden. Depression and anxiety are both 
psychological and physiological disturbances among cancer patients.

AIM 
To assess the prevalence of depression and anxiety among cancer patients att-
ending a tertiary care cancer hospital.

METHODS 
A cross-sectional study was conducted at Bhaktapur Cancer Hospital in 
Kathmandu Valley among 220 cancer patients aged from 18 years to 70 years. 
Ethical approval was taken from the Institutional Review Committee of CiST 
College. Convenient sampling was used to interview patients with the standar-
dized Patient-Health Questionnaire (PHQ-9) for Depression and Hospital Anxiety 
and Depression sub-scale (HADS-A) for anxiety. Epi-Data was used for data entry 
and transferred to SPSS Version 25 for analysis.

RESULTS 
The study revealed that of 220 patients, most of the respondents belonged to the 
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age group 51-60 years. More than half 131 (59.6%) of the respondents were female, most of them had depression, 
and one-third had anxiety. Among the respondents, 124 (56.4%) had mild depression, 70 (31.8%) had moderate 
depression, and 3 (1.3%) had severe depression; 79 (35.9%) had mild anxiety, 64 (29.1%) had moderate anxiety, and 
4 (1.8%) had severe anxiety.

CONCLUSION 
Most respondents were depressed and one-third had anxiety. More than half and nearly one-third had mild and 
moderate depression, respectively, and nearly one-third had mild and moderate anxiety, which is higher than 
other studies.

Key Words: Anxiety; Cancer patients; Depression; Nepal; Prevalence

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A cancer diagnosis sparks fear, and those with this condition commonly exhibit greater psychological and 
emotional stress levels than the general population. Most cancer patients may face psychological problems due to the 
unavailability of appropriate services in middle and low-income countries like Nepal. We conducted a cross-sectional study 
among 220 cancer patients to assess the prevalence of depression and anxiety through standard tools. This study found a 
high prevalence of depression and some anxiety among the patients and suggested that physicians organize counseling 
services and cancer therapy in hospitals.

Citation: Kaphle M, Bajracharya D, Regmi N, Aryal D, Karki R. Depression and anxiety among cancer patients visiting a tertiary care 
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INTRODUCTION
Cancer is a feared diagnosis, and cancer patients demonstrate a higher tendency for psychological and emotional stress 
compared to the general population[1]. Cancer patients are more likely to experience adverse mental health outcomes 
such as depression and anxiety, both psychological and physiological disturbances characterized by a set of physical, 
emotional, and behavioral elements[2,3]. Depression is a common mental disorder. Globally, it is estimated that 5% of 
adults suffer from the disorder. It is characterized by persistent sadness and a lack of interest or pleasure in previously 
rewarding or enjoyable activities[4]. Patients who are depressed have been shown to have worse treatment compliance 
rates. Patients with anxiety symptoms are more likely to be readmitted, whereas patients with mental distress and 
depressive symptoms have been linked to extended hospital stays. Additionally, survival seems to be impacted since 
cancer patients with mental health disorders have higher mortality rates[5]. The primary cancer site also affects the 
prevalence of depression, with pancreatic and lung cancers having the highest rates and invasive skin cancer having the 
lowest. Age also affects prevalence. While several cancers in adults were found to be inversely correlated with age and 
depression, data suggests that children and adolescents with cancer are less depressed than healthy controls. Another 
important consideration is sex. Researchers discovered that female cancer patients were two to three times as likely than 
male patients to experience depression[6]. Patients with cancer are more likely than the general population to have 
psychological discomfort at any point after diagnosis, including long after finishing treatment. Psychological discomfort 
is linked to reduced life satisfaction and a reduction in daily activities, as well as lower treatment compliance and efficacy, 
increased mortality, and a higher risk of suicidal thoughts. As a result, treating the symptoms of anxiety and sadness can 
help these people live better in the 1st year after being diagnosed with cancer. Anxiety and despair may also be exacer-
bated by the outward signs of some tumors[7].

Cancer is far more than a physical illness. The psychosocial impact of cancer and cancer treatment, because it is 
multifaceted and potentially long-lasting, often extends into the disease-free survival period. The nature and intensity of 
this impact varies widely, depending on tumor sites, disease staging, nature of the treatment, patient's life circumstances, 
personal resources, and resilience[8]. According to Literature, Germany had a lifetime prevalence of anxiety disorders of 
30.5% (95%CI: 28.0-33.0) based on 2 studies and a pooled adjusted 4-wk prevalence of 13.5% (95%CI: 7.1-24.3) based on 10 
studies[9,10]. It is estimated that cancer patients experience depression at a rate that is up to three times higher than that 
of the general population. While palliative care wards have reported depression rates as high as 49.0%, studies utilizing 
the Diagnostic and Statistical Manual of Mental Disorders criteria for major depressive disorder have found prevalence 
rates ranging from 2.0%-43.5%[1]. The prevalence of depression and anxiety was found to be higher in Nepal for breast 
cancer patients and may trigger other psychological morbidities[11]. High levels of signs and symptoms can persist for a 
long time in some patients, interfering with their daily activities and bringing on perceived threats such as disruption of 
family and life plans, a decline in quality of life, recurrence or progression of disease, and even death[12]. More attention 
has recently been given to the cancer population's rapidly rising prevalence of psychological issues. Cancer diagnosis and 
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treatment can be an extremely stressful situation during and after the therapy. Despite the increasing evidence that cancer 
patients are more likely to experience psychological distress, research has shown that in 40%–90% of cases, medical 
professionals fail to recognize cancer patients who are depressed and anxious, which results in inadequate treatment[13]. 
Depression in cancer patients should be identified since it may lower survival rates and indicate early death. When 
anxiety and depression are present, treatment for depression and cancer might become more difficult and treatment 
compliance issues can make matters worse. The aim of this study is to assess the prevalence of depression and anxiety 
among cancer patients attending Bhaktapur Cancer Hospital in Nepal.

MATERIALS AND METHODS
Design and study duration
A cross-sectional and descriptive study was conducted among cancer patients attending Bhaktapur Cancer Hospital, 
Nepal. The total study duration was from April to September 2022.

Data source and sampling method
Cancer patients 18 years or older who gave consent to participate in the study and were undergoing chemotherapy 
treatment and follow-up during the study period were included in the study. However, patients who were critically ill at 
the time of the interview and those with a history of diagnosed mental disorders were excluded from the study. 
Convenient sampling methods were used for data collection. The Patient-Health Questionnaire (PHQ-9) was used to 
assess for depression and the Hospital Anxiety and Depression Sub-Scale (HADS-A) was used to assess for anxiety 
during interviews.

The sample size for this study was calculated using a single population proportion formula, with the proportion of 
cancer patients with depression (24%)[14], 95% confidence interval, 6% margin of error, and adding a 10% non-response 
rate by using the following formula:

n = Z2 pq/e2.
n = 1.962 × 0.24 × (1-0.24)/0.062 = 195.5.
Where n = sample size; Z = 1.96 at 95%CI; P = prevalence of depression 24% taken from previous study[14].
The sample size needed for this study was 196 participants. By adding 10% non-response, the sample size was 

increased to 215 participants. A sample of 220 participants were used for the analysis.

Tools and techniques
Data was collected from July 1, 2022 to July 15, 2022 by in-person interviews. Two standardized questionnaires were used 
for data collection. We used the Nepali version of the Patient Health Questionnaire (PHQ-9) for depression[15] and the 
Hospital Anxiety and Depression Scale (HADS-A) for anxiety[16].

The HADS-A consists of 14 items. Seven of the items indicate anxiety and those seven items were used to measure 
anxiety. PHQ-9 consists of nine ordinal scale questions ranging from ‘0’ for ‘Not at all’ to ‘3’ for ‘Nearly every day’. Seven 
anxiety ordinal questions also consist of ordinal scale questions ranging from ‘0’ for ‘Not at all’ and 3 for ‘Most of the 
time’. Scores from both scales were summed separately. To assess depression, scores were categorized as no depression 
(0-4), mild depression (5-9), moderate depression (10-19), and severe depression (≥ 20)[17] on the PHQ-9. To assess 
anxiety, scores were categorized as no anxiety (0-7), mild anxiety (8-10), moderate anxiety (11-15), and severe anxiety (16-
21) on the HADS-A scale[18,19].

Statistical analysis
Data were entered into Epi-Data v.3.1 and exported to SPSS Version 25 for analysis. Variables were recoded and 
transformed before the final analysis. Descriptive statistics such as mean, standard deviation, frequency, and percentage 
were calculated to present the sociodemographic characteristics of study participants. The prevalence of anxiety and 
depression symptoms were calculated by summing the PHQ-9 and HADS-A scores and categorizing them.

Ethical approval
Permission was obtained from the hospital and ethical clearance was obtained from the Institutional Review Committee 
of CiST College (Ref. No.152/077/078) before the study. Written consent was taken from the patients before interviewing 
them. The names of the participants were not used in any documents, instead, identification codes were used. 
Voluntarism and the freedom to withdraw from the study at any time were maintained.

RESULTS
Sociodemographic characteristics and level of depression and anxiety
Among 220 cancer patients attending Bhaktapur Hospital, 131 (59.5%) were female. The mean age of the patient was 50.38 
(± 12.63) years with a minimum of 18 and a maximum of 79 years. Most of the patients 161 (73.2%) were married and had 
more than secondary-level education 137 (62.3%; Table 1). Most of the patients were involved in business 72 (32.7%), 
followed by being a homemaker 62 (28.2%), and service industry 41 (18.6%). It is noteworthy that 77 (43.8%) of the 
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Table 1 Sociodemographic characteristic and level of depression and anxiety, n (%)

Characteristic Attributes Not depressed Depression Total Not anxious Anxious

18-59 34 (20.2) 134 (79.8) 168 (76.4) 57 (33.9) 111 (66.1)Age

60-80 10 (19.2) 42 (80.8) 52 (23.6) 16 (30.8) 36 (69.2)

Male 17 (19.1) 72 (80.9) 89 (40.5) 35 (39.3) 54 (60.7)Sex

Female 27 (20.6) 104 (79.4) 131 (59.5) 38 (29.0) 93 (71.0)

Married 37 (23.0) 124 (77.0) 161 (73.2) 58 (36.0) 103 (64.0)Marital status

Single 7 (11.9) 52 (88.1) 59 (26.8) 15 (25.4) 44 (74.6)

Up to secondary level 19 (22.9) 64 (77.1) 83 (37.7) 26 (31.3) 57 (68.7)Education

More than secondary level 25 (18.2) 112 (81.8) 137 (62.3) 47 (34.3) 90 (65.7)

First stage 2 (4.5) 14 (8.0) 16 (7.3) 7 (9.6) 9 (6.1)

Second stage 22 (50.0) 58 (33.0) 80 (36.4) 27 (37.0) 53 (36.1)

Third stage 17 (38.6) 77 (43.8) 94 (42.7) 30 (41.1) 64 (43.5)

Stage of cancer

Fourth stage 3 (6.8) 27 (15.3) 30 (13.6) 9 (12.3) 21 (14.3)

depressed patients were diagnosed with third-stage cancer, followed by 58 (33.0%) with second-stage cancer. Among 
those suffering from third-stage cancer, 64 (43.5%) patients were identified as anxious (Table 1).

Of the patients, 124 (56.4%) respondents were identified as mildly depressed, 70 (31.8%) as moderately depressed, and 
3 (1.4%) as severely depressed. Meanwhile, 23 (10.5%) respondents were categorized as having no depression. 
Additionally, 73 (33.2%) respondents exhibited no anxiety, while 79 (35.9%) showed mild anxiety. Among the patients, 64 
(29.1%) had moderate anxiety, and only 4 (1.8%) were found to have severe anxiety (Table 2).

Most of the patients have breast cancer 50 (22.7%) followed by lung cancer 25 (11.4%), stomach cancer 22 (10.0%), 
ovarian cancer 18 (8.2%), gall bladder cancer 15(6.8%), and other different types of cancer as shown in Figure 1A.

Most of the respondents were treated for third-stage cancer 94 (42.7%), followed by second-stage cancer 80 (36.4%), and 
fourth-stage cancer 30 (13.6%) as presented in Figure 1B.

DISCUSSION
The study findings revealed that 56.4% of the respondents were found to be mildly depressed, 31.8% were moderately 
depressed, and only 1.4% as severely depressed, while 10.5% of the respondents were found to be not depressed. These 
findings are similar to a study conducted in Germany where 49.8% were not depressed, 35.1% were mildly depressed, 
11.3% were moderately depressed, and 3.7% developed severe depression[20].

Similarly, 33.2% of the respondents were found to be not anxious, 35.9% had mild anxiety, 29.1% had moderate 
anxiety, and only 1.8% had severe anxiety. This finding is similar to the study conducted in Iran where 54.0% of patients 
had no clinical symptoms of anxiety, 29.3% had mild anxiety, and 16.7% with moderate anxiety, respectively[21].

Anxiety and depression are common complications of cancer that are often neglected. Cancer is a feared diagnosis, and 
cancer patients demonstrate a higher tendency for psychological and emotional stress compared to the general po-
pulation[22]. In a sample of 220 participants, 80.0% exceeded clinical cut-off scores on standardized depression. This 
finding is similar to a study conducted through the National Cancer Institute, where 46.7% of the study exceeded the 
clinical cut-off score on the PHQ-9 standardized measure[23]. In this study, the prevalence of depression was remarkably 
higher. In the sample of the study, the depression status of the patients was measured for a short time. In addition, most 
of the cancer patients were in their second and third stages (36.4% and 42.7%), which may be one of the reasons for the 
higher prevalence of depression. Advanced stages of cancer might lead to increased psychological distress due to factors 
like increased symptom burden, more aggressive treatments, or decreased prognosis.

The study findings also revealed that a higher proportion of anxiety was observed in females. Of the 220 respondents, 
71.0% were female. This finding is similar to the study conducted by Imtiaz Ahmad Dogar (2009) in Pakistan which 
concluded that 70% of the female population met the criteria for major depression, anxiety disorder, or both[24]. 
Similarly, young women diagnosed with any type of advanced cancer are particularly vulnerable to distress disorders as 
they see their expected life roles and responsibilities changed, generally with respect to their family and work 
environment[25]. However, a higher proportion of depression was seen in males (80.9%) which is similar to a study 
conducted in India where a higher proportion of depression was observed in men compared to women[26].

The study findings also showed that anxiety and depression levels were found to be higher in the 45 years and older 
age group, which is similar to a study in Ethiopian patients with cancer. The finding of this study showed that older age 
groups were more prone to depression. Older patients experience longer disease duration, a higher risk of cancer 
metastases, and more disabilities, all of which contribute to depression[2]. Another reason could be that older patients 
have difficulty seeking assistance and communicating with others. Furthermore, worrying about excessive treatment 
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Table 2 Distribution of respondents according to depression and anxiety level, n (%)

Level Normal Mild Moderate Severe

Depression 23 (10.5) 124 (56.4) 70 (31.8) 3 (1.4)

Anxiety 73 (33.2) 79 (35.9) 64 (29.1) 4 (1.8)

Figure 1 Different cancer among patients. A: Type of cancer among patients; B: Stage of cancer in patients.

costs and family financial difficulties may be causes of psychological distress.
The study findings revealed that a higher proportion of depression and anxiety was observed in illiterate patients. This 

finding is supported by a study from Nepal where the education category was most affected. For illiterate respondents 
with lower levels of education, challenges increase as it becomes difficult for them to get enough information or 
understand the disease processes and its management, which results in cognitive and emotional difficulty in 
understanding complex information and decision-making[27]. Similar findings were seen in a study conducted by the 
Department of Psychology among Ethiopian cancer patients, where illiterate patients were more anxious and depressed 
than literate ones[28]. Likewise, the finding is similar to the study conducted by Khalil et al[26] in 2016 which showed that 
out of 143 (47.7%) uneducated patients, 85 (59.4%) were depressed and the educational category was most affected[29].

The interesting finding in this research is about marital status, where depression (88.1%) and anxiety (74.6%) were 
present in higher proportions compared to single patients. It was found that single patients faced more depression than 
married patients. This study’s findings matched with previous research conducted by Lavdaniti et al[30] in 2012 which 
found that unmarried and divorced individuals showed higher levels of depression compared to married persons. A 
possible explanation for this is that divorced/single patients did not have moral support from their family members 
compared to married patients. Similar to another study, Pasquini and Biondi[31] mentioned in 2007 that social support 
also played an important role in alleviating depression among cancer patients, and family counselling should be 
implemented to educate the family members.

In this study, the prevalence of depression (80.4%) and anxiety (66.9%) was seen more in unemployed respondents. 
This finding is supported by previous studies where unemployed patients with cancer are more likely to be affected by 
depression. Hence, unemployment in combination with cancer exerts overwhelming physical and psychological strain, 
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such as depression and anxiety in an individual[2]. Employment was found to have a significant impact on depression in 
those suffering from cancer. Similarly, Rwandan patients showed a higher prevalence of anxiety (52.1%) and depression 
(67.1%)[22].

The prevalence of psychiatric disorders mostly varies at different stages of cancer. Despite the fact that adjustment 
disorders with depressed or anxious moods are more frequent at the early stage of the disease, severe psychiatric 
complications are more common in the late stages of cancer[32]. The study also shows that most of the patients had 
second or third-stage cancer (36.4% and 42.7%) in our study, which may be one of the reasons for the higher prevalence of 
depression, which is similar to a study conducted by Hong and Tian[33] which shows that 34.5% had third-stage cancer. 
The most common cancer found was breast cancer (22.7%). This is consistent with other studies finding breast cancer to 
be the most common cancer in Sudan[34]. The prevalence of depression and anxiety in breast cancer patients was found 
to be 54.5% and 46.8%, respectively[35].

Limitation
Despite recent advancements in cancer treatment, Nepal is still struggling to improve and manage conventional 
modalities for cancer treatment because of many socioeconomic and political conditions. This scenario makes people 
believe cancer treatment is a dead-end which leads to higher levels of anxiety and depression among cancer patients. A 
major number of cancer patients die due to a lack of treatment facilities in Nepal. The limitation of the study was that the 
study was conducted in only one tertiary hospital.

CONCLUSION
The burden of depression and anxiety among cancer patients in this study was relatively higher. Since depression and 
anxiety disorders are common psychiatric disorders among oncology patients and can have a significant impact on the 
functioning of patients, it is important to screen them regularly and to provide necessary clinical interventions, treatment, 
and support. This is even more important in oncology patients in developing countries with limited resources. Priority 
should be given to screening and counseling cancer patients for anxiety and depression to help them cope with cancer as 
a disease and its impact on their mental health. The authors are encouraged to provide opportunities for potential 
avenues of future research within this field.

ARTICLE HIGHLIGHTS
Research background
Depression in cancer patients should be identified since it may lower survival rates and indicate early death. When 
anxiety and depression are present, treatment for depression and cancer might become more difficult and treatment 
compliance issues can make matters worse.

Research motivation
Cancer patients are more likely to experience psychological distress, and medical professionals fail to recognize cancer 
patients who are depressed and anxious, which results in inadequate treatment.

Research objectives
To assess the prevalence of depression and anxiety among cancer patients in a tertiary cancer center.

Research methods
A cross-sectional study was conducted among 220 cancer patients by convenience sampling of patients attending a 
tertiary cancer hospital. We used a face-to-face interview technique to collect the data by using the standard tool Patient 
Health Questionnaire (PHQ-9) for depression and the Hospital Anxiety and Depression sub-scale for anxiety. Simple 
descriptive analysis was performed by categorizing the depression and anxiety according to the score.

Research results
Most of the cancer patients had depression and one-third had anxiety. Among the respondents, 124 (56.4%) had mild 
depression, 70 (31.8%) had moderate depression, and 3 (1.3%) had severe depression; 79 (35.9%) had mild anxiety, 64 
(29.1%) had moderate anxiety, and 4 (1.8%) had severe anxiety. It is noteworthy that 77 (43.8%) of the depressed patients 
were diagnosed with third-stage, followed by 58 (33.0%) with second-stage cancer, and 64 (43.5%) anxious patients with 
third-stage cancer.

Research conclusions
Most of the cancer patients had depression and about one-third had anxiety which was high in third-stage cancer.



Kaphle M et al. The psychological state of cancer patients

WJP https://www.wjgnet.com 293 February 19, 2024 Volume 14 Issue 2

Research perspectives
The prevalence of depression and anxiety was higher than in other studies. Our findings highlighted the necessity of 
counseling services parallel to cancer therapy.
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Abstract
BACKGROUND 
Most studies have defined economic well-being as socioeconomic status, with 
little attention given to whether other indicators influence self-esteem. Little is 
known about racial/ethnic disparities in the relationship between economic well-
being and self-esteem during adulthood.

AIM 
To explore the impact of economic well-being on self-esteem in adulthood and 
differences in the association across race/ethnicity.

METHODS 
The current study used data from the National Longitudinal Survey of Youth 
1979. The final sample consisted of 2267 African Americans, 1425 Hispanics, and 
3678 non-Hispanic Whites. Ordinary linear regression analyses and logistic 
regression analyses were conducted.

RESULTS 
African Americans and Hispanics were more likely to be in poverty in compa-
rison with non-Hispanic Whites. More African Americans were unemployed than 
Whites. Those who received fringe benefits, were more satisfied with jobs, and 
were employed were more likely to have higher levels of self-esteem. Poverty was 
negatively associated with self-esteem. Interaction effects were found between 
African Americans and job satisfaction predicting self-esteem.

CONCLUSION 
The role of employers is important in cultivating employees’ self-esteem. Satis-
factory outcomes or feelings of happiness from the workplace may be more 
important to non-Hispanic Whites compared to African Americans and Hispanics.

Key Words: Economic well-being; Self-esteem; Racial/Ethnic disparities; Adulthood
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Core Tip: Little is known about racial/ethnic disparities in the relationship between economic well-being and self-esteem 
during adulthood. Findings from this study expand on prior research in several ways: Focusing on adults’ self-esteem rather 
than adolescents, looking at racial/ethnic disparities in self-esteem among adults, better understanding of economic well-
being by including factors that have not been addressed in previous studies, and examining racial/ethnic disparities in the 
relationship between economic well-being and self-esteem.
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INTRODUCTION
Self-esteem is an important factor for achievement in the workplace[1,2]. Specifically, individuals with higher self-esteem 
were more likely to have characteristics that directly contribute to successful performance in the labor market[2-4]. Levels 
of self-esteem were documented as changing over the life course[5], with the highest levels of self-esteem reported just 
before entering into older adulthood, followed by a rapid decrease in later years[1,6]. The reasons for these changes can 
be attributed partially to the level of economic well-being[7]. For instance, individuals with low socioeconomic status 
(SES) backgrounds reported lower levels of self-esteem during childhood[8]. However, little attention has been given to 
examining whether other aspects of economic well-being, aside from SES, may impact self-esteem during adulthood. 
Furthermore, little is known about how aspects of economic well-being beyond standard measures of SES (e.g., poverty 
and employment), such as job satisfaction and fringe benefits, influence self-esteem; the majority of this work has focused 
primarily on the influence of economic well-being on self-esteem in adolescence or childhood rather than adulthood[3,5].

Racial/ethnic disparities in the association between economic well-being and self-esteem also exist. Research has 
shown that African Americans are more likely to have greater self-esteem than Whites and Hispanics[9], while Hispanics 
were less likely to have higher levels of self-esteem in comparison with Whites[10]. In terms of economic well-being, 
African Americans were less likely to be employed[11] and more likely to be exposed to disadvantages in income and 
assets[12]. For instance, rates of unemployment among African Americans were approximately twice those of Whites[13]. 
Given differences in levels of self-esteem and economic well-being across racial/ethnic groups, it is necessary to identify 
how race/ethnicity may moderate the relationship between economic well-being and self-esteem. Thus, the present study 
explores whether other aspects of economic well-being, aside from SES, influence self-esteem among adults and invest-
igates whether any racial/ethnic disparities exist in this relationship.

Self-esteem
Self-esteem refers to values and beliefs about oneself, as well as individual self-assessment[5,14]. Levels of self-esteem 
have a direct association with physical and mental health outcomes. For instance, individuals with low levels of self-
esteem were more likely to experience poor physical and mental health[2-4,15].

When it comes to factors that affect self-esteem, race/ethnicity has been shown to have a greater effect than other 
demographic characteristics[5], making race/ethnicity an important factor in understanding racial/ethnic differences in 
self-esteem[16]. For example, Hispanics showed lower levels of self-esteem in comparison with non-Hispanic Whites[10,
17]. Conversely, African Americans in the United States reported higher self-esteem when compared to non-Hispanic 
Whites[5,18]. While the gap between these different levels of self-esteem across racial/ethnic groups is not large in 
childhood, it increases, based on racial/ethnic disparities, with age[10].

Individuals with higher self-esteem tend to be proud of themselves regardless of their performance feedback and tend 
not to be ashamed of poor performance[18]. As such, they are more likely to adapt to a workplace even if they make 
mistakes while working, leading them to have better resilience and productivity. On the other hand, people with low self-
esteem were likely to suffer from work-related problems[2]. In other words, higher self-esteem in adulthood is critical to 
adjust workplace and produce better performance and productivity in society. Given that previous research has mainly 
addressed self-esteem before adulthood, the current study expands on the range of age in its investigation on self-esteem 
by focusing on adults.

Economic well-being and self-esteem
Economic well-being is a broad concept and can roughly be defined as economic hardship; difficulties, or challenges, such 
as trouble paying bills, dissatisfaction with individual economic resources; and an inability to meet basic household needs 
such as clothing, food, housing, and health services[19]. Economic strains greatly increase levels of stress and can pose 
threats to daily life and basic needs[20]. Individuals who have unsatisfied needs regarding their economic resources are 
more likely to suffer from stresses due to their poor economic well-being, leading them to feel a sense of uncertainty and 
unhappiness. Thus, individuals with poor economic well-being often experience difficulties in developing higher self-
esteem due to feelings of hopelessness or desperation.

https://www.wjgnet.com/2220-3206/full/v14/i2/296.htm
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Racial/ethnic disparities have a close relationship with socioeconomic inequalities[21]. Hispanics are exposed to higher 
risks of chronic financial hardship due to accumulated limitations in education, employment, and access to resources[22]. 
Hispanics also experienced higher rates of poverty than non-Hispanic Whites[23]. African Americans tended to have 
lower levels of economic well-being due to racial discrimination compared to non-Hispanic Whites[24] and other factors 
which can lead to fewer opportunities for employment[11]. Conversely, non-Hispanic White men and women were less 
likely to live in poverty in comparison with African American, Hispanic, and Asian men and women[25].

As a result of economic disparities, racial/ethnic minorities with low levels of economic well-being may be more at risk 
for low self-esteem[7] due to limited resources, higher rates of unemployment, and lower economic status in comparison 
with non-Hispanic Whites. Thus, it is necessary to examine racial/ethnic disparities in economic well-being and whether 
these disparities negatively influence self-esteem.

Given that previous research regarding economic well-being has mainly addressed income-related factors such as 
poverty and employment, which are considered objective factors[26], it is necessary to shift the perspective from objective 
economic well-being to subjective economic well-being because well-being should be measured by self-evaluation of 
one’s economic status. Subjective well-being refers to a broad concept of life satisfaction[27], with subjective factors 
influencing quality of life and mental health[28]. Therefore, the current study seeks to expand the concept of economic 
well-being to include objective factors such as employment status, poverty level, and presence of work-related fringe 
benefits (such as employment-based benefits including health insurance, life insurance, and paid vacation), as well as the 
subjective factor of job satisfaction.

In terms of objective factors, unemployment has been linked to a sense of helplessness and mental illnesses, both of 
which discourage individuals from engaging in productive activities[29]. Research has shown that joblessness is 
associated with decreased personal efficacy and lower levels of self-esteem[30]. Furthermore, individuals who are 
unemployed for extended periods of time are at an even greater risk for low self-esteem[31]. Unemployment can lead to a 
sense of losing control of one’s life due to concerns about potential unemployment and the uncertainty of one’s living and 
financial situation[32]. In addition to unemployment, as poverty has an impact on lives across the life course[33], people 
who had often been exposed to poverty showed a higher prevalence of depression or suffer from poorer mental health
[34]. As a result of mental health problems, individuals in poverty may be more likely to have poor self-esteem.

Given workers’ well-being has become critical in achieving economic development and improving individuals’ 
satisfaction with their lives[35], fringe benefits enhancing individuals’ satisfaction with their jobs should be considered in 
relation to their well-being. In the workplace, individuals with better financial planning may be more likely to have 
higher levels of self-esteem. For example, individuals with a retirement plan as part of their fringe benefits were likely to 
develop greater self-esteem due to financial assistance in later life[36]. While previous research has mainly addressed the 
effects of unemployment or poverty as predictors of self-esteem, less is known about the relationship between subjective 
factors of economic well-being and self-esteem in adulthood.

As a subjective factor, levels of job satisfaction can also influence self-esteem. Psychological stressors from the 
workplace arise from a lack of support from supervisors, job strain, or job insecurity[37]. As some of these stressors are 
attributed to individuals’ differing perceptions of their jobs, levels of job satisfaction may either positively or negatively 
influence their mental health. Research has identified relationships between mental health and job satisfaction[38,39]. For 
example, employees who consider themselves unemployed are more likely to have poor physical and mental health[40], 
while those who are employed and suffer less from work-related stresses may be satisfied with their work situation. In 
addition, job strains, which result from subjective perceptions of one’s workload and workplace support, can also impact 
psychiatric morbidity negatively[41].

Racial and ethnic disparities
African Americans may be more likely to have lower self-esteem in comparison with Whites. This disparity can be 
explained by the influence of negative perceptions of minority groups by the majority culture. In other words, because 
African Americans in the United States are stigmatized as a minority group, they tend to have poor self-esteem compared 
with Whites[42]. Furthermore, racial majority, referring to non-Hispanic Whites, are less likely to report poor self-esteem 
than minority groups[18]. When African Americans compare their poor resources and lower SES to their non-Hispanic 
White counterparts, this can lead to a negative self-perception as disadvantaged and inferior in comparison to Whites[5]. 
However, racial/ethnic disparities in self-esteem have not been consistent[9]. Little empirical evidence exists to support 
the inconsistent findings during adulthood. Therefore, further exploration is needed to determine whether risk factors 
that lead to low self-esteem differ across racial/ethnic groups.

The current study
Given that different levels of self-esteem across individuals and racial/ethnic groups may lead to disparities in quality of 
life, exploring which factors contribute to unequal levels of self-esteem should be investigated. The research questions in 
this study are as follows: (1) Are there racial/ethnic disparities in economic well-being after controlling for individual 
characteristics? (2) How does economic well-being influence self-esteem? and (3) Does this association differ across race/
ethnicity? We hypothesize that: (1) There are racial/ethnic disparities in poverty, employment, fringe benefits, and job 
satisfaction; (2) Economic well-being (employment, poverty, fringe benefits, and job satisfaction) influences self-esteem; 
and (3) Race/ethnicity moderates the relationship between economic well-being and self-esteem. Findings from this 
study expand on prior research in several ways: Focusing on adults’ self-esteem rather than adolescents, looking at 
racial/ethnic disparities in self-esteem among adults, better understanding of economic well-being by including factors 
that have not been addressed in previous studies, and examining racial/ethnic disparities in the relationship between 
economic well-being and self-esteem.
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MATERIALS AND METHODS
Target sample
The primary data source for the proposed study is the National Longitudinal Survey of Youth 1979 (NLSY79), which was 
conducted by the United States Department of Labor. The NLSY79 is a nationwide representative data set of 12686 
participants living in the United States whose ages ranged from 14 to 22 years back in 1979, when the survey was first 
conducted. The NLSY79 participants have been re-interviewed annually from 1979 through 1994 and biennially since 
then. The initial response rate was approximately 90% with retention rates over 90% in the first 16 waves, and the rates in 
subsequent waves were over 80%. The NLSY79 measured self-esteem in 1980, 1987, and 2006. The current study uses data 
from the NLSY79 for the year 2006, which is the latest wave of the NLSY79 available, to access findings related to self-
esteem in order to explore the effect of economic well-being on self-esteem. The final sample from the 2006 wave consists 
of 2267 African Americans, 1425 Hispanics, and 3678 non-Hispanic Whites, and those who were not interviewed (non-
interview) or refused to be interviewed were excluded from the study. Of the 7370 participants, males made up 48.7% 
(3589) while females accounted for 51.3% (3781).

Measures
Self-esteem: The Rosenberg Self-Esteem Scale was used to measure respondents’ self-esteem. The scale illustrates a level 
of approval or disapproval toward oneself[43]. The Rosenberg Self-Esteem Scale consists of 10 items with a four-point 
Likert-type scale ranging from 0 (strongly disagree) to 3 (strongly agree). Five items were reversed prior to using the scale 
for analysis. All items were summed with higher scores indicating higher self-esteem (range 5-30; mean ± SD = 23.48 ± 
4.45).

Poverty: Poverty indicates whether individuals’ total family income was above or below the poverty level. The poverty 
variable was classified into two groups: Those who were above the poverty level (coded = 0) and those who were below 
the poverty level (coded = 1).

Job satisfaction: Respondents were queried about their levels of job satisfaction regarding up to five jobs. Respondents 
were asked how they felt about current/recent jobs with a four-point scale ranging from 1 (very like) to 4 (very dislike). 
All items concerning jobs were reverse-scored prior to conducting the analysis, with a higher score indicating higher 
satisfaction with their jobs. Total job satisfaction scores were computed by calculating the mean of individual items (range 
1-4; mean ± SD = 3.36 ± 0.65).

Employment: Respondents reported their employment status by answering one of the following conditions: Employed, 
unemployed, out of labor force, or in active forces. The respondents were classified into two groups: Those who were 
employed (coded = 1) and those who were not (coded = 0).

Fringe benefits
Respondents answered yes/no about whether they received any of nine fringe benefits from up to five of their jobs: 
Hospital and life insurance, paid vacation and sick days, dental benefits, maternity/paternity leave, retirement plans, 
profit sharing, training, childcare, and flexible work schedule hours. The respondents answered either yes (coded = 1) if 
they had ever received the benefits or no (coded = 0) if they had not. Total fringe benefits were computed by adding all 
answers (range 0-35; mean ± SD = 6.18 ± 3.76).

Baseline variables
Demographics variables were included as covariates in this study as follows: Age, gender, education, urban/rural 
residence, and marital status.

Analysis strategies
Ordinary linear regression analyses and logistic regression analyses were conducted to examine whether there are racial/
ethnic disparities in economic well-being after controlling for individual characteristics. Ordinary linear regression 
analyses tested whether economic well-being influences self-esteem and if this association differs across race/ethnicity.

RESULTS
Table 1 indicates racial/ethnic differences in variables used in the current study. Hispanics reported lower levels of self-
esteem than African Americans and non-Hispanic Whites. With respect to economic well-being, African Americans were 
more likely to receive fringe benefits than Hispanics. On the other hand, Hispanics indicated higher job satisfaction 
compared with African Americans and non-Hispanic Whites. Both African Americans and Hispanics were vulnerable to 
low levels of income: They were more likely to be in poverty and unemployed and received less education than non-
Hispanic Whites. In addition, both African Americans and Hispanics were less likely to be currently married in 
comparison with non-Hispanic Whites.

Findings for research question 1: Are there racial/ethnic disparities in economic well-being after controlling for 
individual characteristics?
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Table 1 Sample characteristics by race/ethnicity (mean ± SD)

Variables African American (n = 2267), 
% 

Hispanic (n = 1425), 
%

Non-Hispanic White (n = 
3678), %

Total (n = 
7370)

P 
value

Self-esteem 23.66 (4.48) 22.91 (4.48) 23.59 (4.41) 23.48 (4.45)
a,c

Economic well-being

Fringe benefits 6.40 (4.06) 5.95 (3.82) 6.12 (3.55) 6.18 (3.76) a

Job satisfaction 3.32 (0.67) 3.41 (0.63) 3.36 (0.65) 3.36 (0.65)
a,c

Poverty 24.1 17.1 7.7 14.5 a,b,c 

Employment 74.7 78.0 83.4 79.7 a,b,c 

Demographics

Age (yr) 44.57 (2.22) 44.50 (2.25) 44.58 (2.27) 44.56 (2.25)

Gender (male) 49.0 49.5 48.2 48.7

Education (non-higher 
education)

73.1 74.6 56.8 65.2
b,c

Urban resident 85.7 89.1 67.6 77.3
a,b,c

Marital status (marriage) 35.5 54.3 67.4 55.1
a,b,c

aSignificant difference between African American and Hispanic at 0.05.
bSignificant difference between African American and non-Hispanic White at 0.05.
cSignificant difference between Hispanic and non-Hispanic White at 0.05.

As shown in Model 1 of Table 2, African Americans were more likely to receive fringe benefits than non-Hispanic 
Whites (β = 0.33, t = 2.70, P < 0.01). There were no significant disparities between Hispanics and non-Hispanic Whites. 
Model 2 of Table 2 indicated that the racial/ethnic disparities in fringe benefits between African Americans and non-
Hispanic Whites remained significant (β = 0.52, t = 0.06, P < 0.001) after controlling for demographics. Individuals with 
higher education (β = -1.12, t = -10.09, P < 0.001, living in urban areas (β = 0.52, t = 3.97, P < 0.001), and who were married 
(β = 0.42, t = 3.81, P < 0.001) were more likely to receive the fringe benefits. On the other hand, Hispanics had higher 
levels of job satisfaction in comparison with non-Hispanic Whites (β = 0.05, t = 2.27, P < 0.05). When demographic 
variables were entered into the model, Hispanics remained significant, indicating greater job satisfaction compared with 
non-Hispanic Whites (β = 0.07, t = 2.98, P < 0.01). Respondents who had higher education and were married were more 
satisfied with their jobs (β = -0.06, t = -3.15, P < 0.01; β = 0.09, t = 4.65, P < 0.001).

Table 3 indicates racial/ethnic disparities in poverty and employment. Both African Americans [β = 1.40, Wald = 
242.12, odds ratio (OR) = 4.05, P < 0.001] and Hispanics (β = 0.84, Wald = 57.94, OR = 2.30, P < 0.001) were more likely to 
be in poverty in comparison with non-Hispanic Whites (Model 1). The significant differences remained after controlling 
for demographics (Model 2). More African Americans (β = -0.56, Wald = 60.81, OR = 0.57, P < 0.001) and Hispanics (β = -
0.30, Wald = 11.73, OR = 0.74, P < 0.01) were unemployed than non-Hispanic Whites (Model 1). As demographics were 
entered into the model, these disparities remained significant between African Americans and non-Hispanic Whites (β = -
0.27, Wald = 11.38, OR = 0.77, P < 0.01) while there was no significant association between Hispanics and non-Hispanic 
Whites. Females were more likely to be in a low-income family (β = -0.53, Wald = 39.12, OR = 0.59, P < 0.001) and be 
unemployed compared to males (β = 0.53, Wald= 62.83, OR = 1.70, P < 0.001). In addition, individuals with low levels of 
education were significantly associated with poverty (β = 1.34, Wald = 126.70, OR = 3.82, P < 0.001) and unemployment (β 
= -0.76, Wald = 92.81, OR = 0.47, P < 0.001). Lastly, married individuals were less likely to end up in poverty (β = -2.01, 
Wald = 348.81, OR = 0.13, P < 0.001) or be unemployed (β = 0.58, Wald = 70.44, OR = 1.79, P < 0.001).

Findings for research question 2: How does economic well-being influence self-esteem and does this association differ 
across race/ethnicity?

As shown in the Table 4, there were significant racial/ethnic differences in self-esteem. Model 1 indicated that African 
Americans were more likely to have greater levels of self-esteem compared with non-Hispanic Whites (β = 0.26, t =1.85, P 
< 0.1). Model 2 showed that the racial/ethnic disparities between African Americans’ and non-Hispanic Whites’ self-
esteem remained significant (β = 0.67, t = 4.53, P < 0.001) after controlling for demographics. Model 3 indicated that 
African Americans’ elevated levels of self-esteem significantly persisted even after controlling for economic well-being (β 
= 0.70, t = 4.72, P < 0.001). Males were more likely to have greater self-esteem (β = 0.27, t = 2.21, P < 0.05). Having less 
education (β = -1.21, t = -9.34, P < 0.001) was negatively associated with self-esteem, while being married (β = 0.45, t = 
3.42, P < 0.01) was positively associated with self-esteem.

With respect to economic well-being, those who received fringe benefits (β = 0.07, t = 3.90, P < 0.001) were more 
satisfied with their jobs (β = 0.77, t = 8.28, P < 0.001), and those who were employed (β = 0.56, t = 2.46, P < 0.05) were more 
likely to have higher levels of self-esteem. Poverty was negatively associated with self-esteem (β = -1.25, t = -5.23, P < 
0.001). Interaction effects were found between African Americans and fringe benefits predicting self-esteem (β = 0.13, t = 
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Table 2 Regression results of unstandardized coefficients (standard error) and (standardized coefficients) predicting economic well-
being

Economic well-being
Variables

Fringe benefits Job satisfaction

Model 1 Model 2 Model 1 Model 2

(Constant) 6.12 (0.07) 6.06 (1.05) 3.35 (0.01) 3.24 (0.18)

Ethnicity

African American 0.33 0.52 -0.03 0.00

(0.12) (0.13) (0.02) (0.02)

[0.04]b [0.06]c [-0.02] [0.00]

Hispanic -0.06 0.08 0.05 0.07

(0.14) (0.15) (0.02) (0.03)

[-0.01] [0.01] [0.03]a [0.04]b

Ages 0.00 0.00

(0.02) (0.00)

[0.00] [0.01]

Gender (male) -0.02 -0.02

(0.11) (0.02)

[-0.00] [-0.02]

Education (non-higher education) -1.12 -0.06

(0.11) (0.02)

[-0.15]c [-0.04]b

Residence (urban) 0.52 0.01

(0.13) (0.02)

[0.06]c [0.01]

Marital status (marriage) 0.42 0.09

(0.11) (0.02)

[0.06]c [0.07]c

aP < 0.05.
bP < 0.01.
cP < 0.001.

1.78, P < 0.10) and African Americans and job satisfaction predicting self-esteem (β = -0.81, t = -3.86, P < 0.001). As shown 
in Figure 1, self-esteem among African Americans was less influenced by job satisfaction than it was among non-Hispanic 
Whites and Hispanics. The gap between those who were less satisfied with jobs and those who more satisfied with jobs 
among African Americans (0.56) was smaller than that among non-Hispanic Whites (1.43) and Hispanics (1.36).

DISCUSSION
The findings of this study suggest evidence of important racial/ethnic disparities both in economic well-being and self-
esteem for adults. In terms of economic well-being, African Americans were more likely to be in poverty and be 
unemployed in comparison with non-Hispanic Whites and received significantly greater fringe benefits than their 
counterparts. Hispanics were at greater risk of unemployment compared with non-Hispanic Whites; however, they were 
more satisfied with their jobs than non-Hispanic Whites. Also, African Americans reported higher self-esteem compared 
with non-Hispanic Whites. With regard to the relationship between economic well-being and mental health, those who 
received fringe benefits were more satisfied with jobs, and those who were employed reported higher levels of self-
esteem. Furthermore, poverty was negatively associated with self-esteem. Interaction effects were found: African 
American ethnicity moderates the relationship between fringe benefits and self-esteem, as well as the relationship 
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Table 3 Logistic regression coefficients (Wald) [odds ratio] of predicting economic well-being

Economic well-being

Poverty EmploymentVariables

Model 1 Model 2
95%CI

Model 1 Model 2
95%CI

(Constant) -2.56 (0.07) -3.10 (0.85) Lower Upper -3.45 (2.35) 1.96 (0.66) Lower Upper

Ethnicity

African American 1.40 0.83 1.89 2.80 -0.56 -0.27 0.66 0.89

(242.12) (69.73) (60.81) (11.48)

[4.05]c [2.30]c [0.57]c [0.77]b

Hispanic 0.84 0.54 1.36 2.18 -0.30 -0.90 0.76 1.09

(57.94) (20.22) (11.73) (1.03)

[2.30]c [1.72]c [0.74]b [0.91]

Ages 0.02 0.99 1.06 -0.01 0.96 1.02

(1.49) (0.37)

[1.02] [0.99]

Gender (male) -0.53 0.50 0.70 0.53 1.19 1.94

(39.12) (62.83)

[0.59]c [1.70]c

Education (non-higher education) 1.34 3.02 4.82 -0.76 0.40 0.55

(126.70) (92.81)

[3.82]c [0.47]c

Residence (urban) -0.35 0.57 0.87 -0.02 0.83 1.15

(10.62) (0.07)

[0.71]b [0.98]

Marital status (marriage) -2.01 0.11 0.17 0.58 1.56 2.05

(348.81) (70.44)

[0.13]c [1.79]c

aP < 0.05.
bP < 0.01.
cP < 0.001.
CI: Confidence intervals.

between job satisfaction and self-esteem.
In terms of income-related factors, findings among African Americans and Hispanics are consistent with previous 

research indicating lower levels of economic well-being across racial/ethnic minority populations[23,24], with results 
showing higher rates of unemployment and poverty in these groups. However, although they are less likely to be 
employed compared to non-Hispanic Whites, the findings from this study provide evidence that African Americans are 
more protected by fringe benefits compared to non-Hispanic Whites once they are employed.

While there are no studies that focus specifically on racial/ethnic disparities using a comprehensive measure of fringe 
benefits, previous work has shown that minorities are less likely to have employer-sponsored health plans[44], a form of 
fringe benefits. In addition, African Americans and Hispanics are less likely than non-Hispanic Whites to have health 
insurance, and uninsured minorities tend not to buy private insurance compared with uninsured non-Hispanic Whites. 
Our study adds to this literature by showing that, with a more comprehensive measure of fringe benefits, African 
Americans report higher fringe benefits than non-Hispanic Whites. As African Americans are more likely to have lower 
SES compared with non-Hispanic Whites, they may actively seek out jobs that provide employer-based benefits in order 
to supplement a lack of access to health insurance. These efforts may be related to the findings that they received more 
fringe benefits than non-Hispanic Whites, who may seek fringe benefits less often due to higher income. In other words, 
fringe benefits may play a role as an alternative to social insurance or social safety nets by covering some parts of social 
benefits.
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Table 4 Regression results of unstandardized coefficients, (standard error), and [standardized coefficients] predicting self-esteem

Self-esteem
Variables

Model 1 Model 2 Model 3 Model 4

(Constant) 23.78 (0.09) 24.54 (1.23) 21.37 (1.26) 20.16 (1.30)

Ethnicity

African American 0.27 0.67 0.70 3.02

(0.14) (0.15) (0.15) (0.74)

[0.03]a [0.07]d [0.08]d [0.33]d

Hispanic -0.35 -0.05 -0.10 1.70

(0.17) (0.17) (0.17) (0.92)

[-0.03]b [-0.01] [-0.01] [0.16]a

Ages -0.02 -0.02 -0.02

(0.03) (0.03) (0.03)

[-0.01] [-0.01] [-0.01]

Gender (male) 0.26 0.27 0.29

(0.12) (0.12) (0.12)

[0.03]b [0.03]b [0.04]b

Education (non-higher education) -1.43 -1.21 -1.19

(0.13) (0.13) (0.13)

[-0.16]d [-0.14]d [-0.14]d

Residence (urban) 0.10 0.05 0.02

(0.15) (0.15) (0.15)

[0.01] [0.00] [0.00]

Marital status (marriage) 0.72 0.45 0.42

(0.13) (0.13) (0.14)

[0.08]d [0.05]c [0.05]c

Economic well-being

Fringe benefits 0.07 0.07

(0.02) (0.02)

[0.06]d [0.06]d

Job satisfaction 0.77 1.10

(0.09) (0.13)

[0.12]d [0.17]d

Poverty -1.25 -1.23

(0.24) (0.24)

[-0.08]d [-0.08]d

Employment 0.56 0.57

(0.23) (0.23)

[0.04]b [0.04]b

Fringe benefits X, African American 0.13

(0.07)

[0.05]a

Fringe benefits X, Hispanic -0.14
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(0.09)

[-0.05]

Job satisfaction X, African American -0.81

(0.21)

[-0.30]d

Job satisfaction X, Hispanic -0.40

(0.26)

[-0.13]

aP < 0.10.
bP < 0.05.
cP < 0.01.
dP < 0.001.

Figure 1 Effects of job satisfaction and race/ethnicity on self-esteem.

Hispanics may be likely to commit to their workplace compared to their counterparts due to greater levels of job 
satisfaction. Furthermore, as minorities with greater job satisfaction may be more productive in the workplace, their work 
may result in greater performance and contribute to a more productive society. In other words, impacts of employment 
may be much more extensive in Hispanics. As such, increasing levels of job satisfaction is important to improve the 
quality of minorities’ lives while also building a productive workplace.

In terms of self-esteem, consistent with prior studies that African Americans reported greater levels of self-esteem[5,
10], this study also shows African Americans reporting higher self-esteem. This result provides further evidence that 
racial/ethnic differences in self-esteem have continued from adolescence to adulthood. Previous research has mainly 
addressed self-esteem among adolescents rather than adults[2,3,5]. However, given that adulthood is another stage of life 
entering into new environments and tasks, self-esteem is still important in understanding adulthood as self-esteem 
influences individuals’ success or performance[2]. In particular, as most individuals are employed when they become 
adults, it is necessary to examine how economic factors influence their self-esteem. On the other hand, this study 
demonstrates the associations between economic factors and self-esteem among adults. Consistent with previous studies
[30,31], findings indicate that unemployed individuals and those in poverty are more likely to have poor self-esteem. In 
addition, those who received more fringe benefits and are more satisfied with their jobs are more likely to develop greater 
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levels of self-esteem. Given that little is known about the relationship between economic well-being, which is affected by 
factors such as job satisfaction and fringe benefits, and self-esteem, findings of the current study shed light on the 
importance of examining economic factors other than just poverty or employment, which were the primary focus of 
earlier research. In particular, because we found that individuals with higher job satisfaction and greater support from 
their workplace have better self-esteem, and workers with greater self-esteem are more likely to perform better work, 
employers should be encouraged to create a positive environment in the workplace and expand the benefits they offer to 
employees.

CONCLUSION
Findings from this study reveal that African Americans moderate the relationships between job satisfaction and self-
esteem. Job satisfaction among African Americans had less of an effect on increasing self-esteem, whereas job satisfaction 
had a great impact on increasing levels of self-esteem among non-Hispanic Whites. Generally, greater numbers of non-
Hispanic Whites already meet their basic needs through sufficient income than African Americans, and, as such, they do 
not need to receive benefits to maintain their daily lives because their physiological needs are more satisfied than those of 
African Americans. Consequently, satisfactory outcomes or feelings of happiness from the workplace may be more 
important to them, while African Americans may seek out tangible benefits rather than personal satisfaction with their 
jobs. For these reasons, fringe benefits have a greater effect on the self-esteem of African Americans, while job satisfaction 
has a greater effect on the self-esteem of non-Hispanic Whites. These findings offer further evidence that employment-
based benefits are critical to increase levels of self-esteem for African Americans who have entered into labor markets and 
job satisfaction is more important for non-Hispanic Whites’ self-esteem in adulthood.

Although the current study provides important information on the relationships between economic well-being and 
self-esteem in the context of race/ethnicity, the findings from this study should be interpreted in the context of 
limitations. The proposed study was conducted by ordinary linear regression and logistic regression even though the 
NLSY79 measured self-esteem throughout three separate waves for a longitudinal study: 1980, 1987, and 2006. Given that 
few respondents might be employed in the labor market before their early 20s, it is not reasonable to consider economic 
well-being factors in 1980 and 1987. However, given that it is limited to capturing the complexity of the relationship 
between economic well-being and self-esteem, further study should use longitudinal data set to identify the cumulative 
effects of economic well-being on self-esteem during adulthood as well as to examine the causal relationships. While the 
current study includes new factors of economic well-being, such as job satisfaction and fringe benefits, it is necessary to 
include additional factors, such as welfare benefits, in order to explore different effects of employment-based benefits and 
government support. Furthermore, the current study indicated that other socio-demographics were related to self-esteem. 
Although the main focus of this study identified racial and ethnic disparities in the association between economic well-
being and self-esteem, we suggest that future studies may show a benefit from a deeper exploration of how other factors 
interact with economic well-being and self-esteem.

ARTICLE HIGHLIGHTS
Research background
Little attention has been given to examining whether other aspects of economic well-being may impact self-esteem during 
adulthood. Given differences in levels of self-esteem and economic well-being across racial/ethnic groups, it is necessary 
to identify how race/ethnicity may moderate the relationship between economic well-being and self-esteem.

Research motivation
Little is known about how aspects of economic well-being beyond standard measures of socioeconomic status (e.g., 
poverty and employment), such as job satisfaction and fringe benefits, influence self-esteem; the majority of this work has 
focused primarily on the influence of economic well-being on self-esteem in adolescence or childhood rather than 
adulthood.

Research objectives
This study aims to explore the relationships between economic well-being (employment, poverty, fringe benefits, and job 
satisfaction) and self-esteem, and investigate the moderating effects of race/ethnicity on the association between 
economic well-being and self-esteem.

Research methods
Using secondary data, ordinary linear regression analyses and logistic regression analyses were conducted.

Research results
African Americans and Hispanics were more likely to be in poverty in comparison with non-Hispanic Whites. More 
African Americans were unemployed than Whites. Those who received fringe benefits, were more satisfied with jobs, and 
those who were employed were more likely to have higher levels of self-esteem. Poverty was negatively associated with 
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self-esteem. Interaction effects were found between African Americans and job satisfaction predicting self-esteem.

Research conclusions
Satisfactory outcomes or feelings of happiness from the workplace may be more important to Non-Hispanic Whites, 
while African Americans may seek out tangible benefits rather than personal satisfaction with their jobs. Employment-
based benefits are critical to increase levels of self-esteem for African Americans who have entered into labor markets and 
job satisfaction is more important for non-Hispanic Whites’ self-esteem in adulthood.

Research perspectives
We suggest that future studies may show a benefit from a deeper exploration of how other factors interact with economic 
well-being and self-esteem, and that the use of a longitudinal data set could identify the cumulative effects of economic 
well-being on self-esteem during adulthood as well as the causal relationships.
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Abstract
BACKGROUND 
Chronic kidney disease (CKD) patients have been found to be at risk of con-
current cognitive dysfunction in previous studies, which has now become an 
important public health issue of widespread concern.

AIM 
To investigate the risk factors for concurrent cognitive dysfunction in patients 
with CKD.

METHODS 
This is a prospective cohort study conducted among patients with CKD between 
October 2021 and March 2023. A questionnaire was formulated by literature 
review and expert consultation and included questions about age, sex, education 
level, per capita monthly household income, marital status, living condition, 
payment method, and hypertension.

RESULTS 
Logistic regression analysis showed that patients aged 60-79 years [odds ratio 
(OR) = 1.561, P = 0.015] and ≥ 80 years (OR = 1.760, P = 0.013), participants with 
middle to high school education (OR = 0.820, P = 0.027), divorced or widowed 
individuals (OR = 1.37, P = 0.032), self-funded patients (OR = 2.368, P = 0.008), 
and patients with hypertension (OR = 2.011, P = 0.041) had a higher risk of 
cognitive impairment. The risk of cognitive impairment was lower for those with 
a college degree (OR = 0.435, P = 0.034) and married individuals.

CONCLUSION 
The risk factors affecting cognitive dysfunction are age, 60-79 years and ≥ 80 
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years; education, primary school education or less; marital status, divorced or widowed; payment method, self-
funded; hypertension; and CKD.

Key Words: Cognitive impairment; Cognitive dysfunction; Chronic kidney disease

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The prevalence of cognitive impairment in patients with chronic kidney disease (CKD) ranges from 10% to 40% 
depending on the method of cognitive impairment assessment and CKD stage. The risk factors affecting cognitive 
dysfunction were age, 60-79 years and ≥ 80 years; education, primary school education or less; marital status, divorced or 
widowed; payment method, self-funded; hypertension; and CKD.

Citation: Wang XH, He Y, Zhou H, Xiao T, Du R, Zhang X. Risk factors for cognitive impairment in patients with chronic kidney 
disease. World J Psychiatry 2024; 14(2): 308-314
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/308.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.308

INTRODUCTION
Chronic kidney disease (CKD) is defined as chronic impairment of renal structure and function resulting from a variety of 
factors that have altered the structure and function of the kidneys for more than 3 mo. It is clinically manifested by an 
abnormal glomerular filtration rate (GFR) caused by abnormal case injury, abnormal blood or urine composition, or 
unexplained reduction in GFR (< 60 mL/min/1.73 m2) for more than 3 mo[1,2]. CKD has a large number of clinical 
causative factors, which are mainly divided into two categories: Primary and secondary. Secondary CKD commonly 
includes glomerulonephritis, tubular injury, hypertensive renal arteriosclerosis, chronic pyelonephritis, and so on, which 
can be divided into five stages according to GFR[3,4]. The clinical manifestations of CKD differ at different stages. Prior to 
CKD stage 3, the patient’s clinical symptoms are not significant or are accompanied only by mild discomfort, such as 
fatigue, lumbar acid, or increased nocturnal urination. After CKD3, the clinical symptoms become more obvious, and 
renal function declines further, accompanied by hypertension, heart failure, hyperkalaemia, acid-base balance disorders, 
gastrointestinal disturbances, and impaired consciousness, etc. Some patients may develop anorexia, metabolic acidosis, 
or mild anaemia. And clinical studies have found that CKD stage 3 can be life-threatening in severe cases[5,6].

Cognitive impairment affects multiple cognitive domains, including orientation, attention, memory, calculation, 
analysis, comprehensive understanding, judgment, structural ability, and executive ability[7,8]. If a disorder occurs in one 
of the cognitive domains, it is named after the cognitive domain, such as memory, computing, or orientation disorders. If 
a disorder occurs in multiple cognitive domains, it is called an impairment. Cognitive impairment can range from mild to 
severe; severe impairment that impairs daily living and independence is typically referred to as dementia[9,10].

Previous studies have found a 10%-40% prevalence of concomitant cognitive dysfunction in patients with CKD by 
scoring cognitive function in patients with different CKD stages[11]. Studies have shown that cognitive impairment in 
CKD patients may be caused by different dialysis methods, GFRs, and other factors[12,13]. This study aimed to explore 
the risk factors for cognitive impairment in patients with CKD.

MATERIALS AND METHODS
Research contents
This is a prospective cohort study conducted among patients with CKD between October 2021 and March 2023. A 
questionnaire was formulated using literature review and expert consultation. The integrity of all returned questionnaires 
was checked before input and invalid questionnaires with logical contradictions or too many missing items were 
eliminated. Two hundred patients completed the questionnaire. The questionnaire included questions about age, sex, 
educational level, per capita monthly household income, marital status, living conditions, payment method, and 
hypertension.

Patient selection
The inclusion criteria were age > 18 years and willingness to cooperate with the investigation of dialysis for more than 3 
mo. During the study period, patients were on good dialysis. No complications of heart failure, serious infections, 
malignancies, or other diseases, and no depression, other mental disorders, or long history of substance abuse, alcohol 
abuse, dementia, Parkinson’s disease, or other neurodegenerative diseases were noted. During the external monitoring of 
peritoneal dialysis, patients did not take nervous system drugs or nutrition. All participants signed informed consent 
forms. The study was approved by the Medical Ethics Committee of our hospital. Patients who did not wish to continue 
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treatment at the hospital were excluded.

Materials
The Montreal Cognitive Assessment Scale is an effective and rapid screening tool for mild cognitive impairment. It 
targets seven cognitive domains including visuospatial and executive function, naming, attention, language, abstraction, 
delayed recall, and orientation[14,15]. It consists of 12 questions and 30 items. Each correct answer is worth 1 point, and 
an incorrect or skipped answer is worth 0 points. It takes approximately 10 min to complete the test. The total score on 
this scale is 30. A score of 26 points or more indicates normal cognitive function. A higher score indicates better cognitive 
function, and an additional point was added to the test results to correct for literacy bias.

Statistical analysis
All data were processed and analysed using R studio (4.1.0). Quantitative data are expressed as the mean ± SD. The risk 
factors for cognitive impairment were analysed using binary logistic regression. P > 0.05 was considered statistically 
significant.

RESULTS
Based on the inclusion and exclusion criteria, 200 patients with CKD who underwent peritoneal dialysis in our hospital 
were included in the study.

Univariate analysis of CKD and cognitive dysfunction in patients undergoing peritoneal dialysis
Eighty-five (42.5%) out of 200 patients had cognitive impairment. Eighty-six patients who had CKD and were undergoing 
peritoneal dialysis were 60-79 years old. Among them, 40.70% had cognitive impairment. There were no statistically 
significant differences in the incidence of cognitive dysfunction among patients according to their marital status, 
residence status, payment methods, and hypertension (P < 0.05). Table 1 presents the detailed results.

Cognitive dysfunction in patients with CKD undergoing peritoneal dialysis: Multivariate logistic regression analysis
Cognitive impairment in patients with CKD undergoing peritoneal dialysis was used as the dependent variable, and age, 
education level, per capita monthly family income, marital status, residence status, payment method, and hypertension 
were used as the independent variables. Logistic regression analysis showed that patients with CKD undergoing 
peritoneal dialysis aged 60-79 years [odds ratio (OR) = 1.561, P = 0.015] and ≥ 80 years (OR = 1.760, P = 0.013) had a 
higher risk of cognitive impairment. Participants with middle and high school education (OR = 0.820, P = 0.027) had a 
higher risk as well. The risk of cognitive impairment was lower for those with a college degree or above (OR = 0.435, P = 
0.034) than for those with primary school education or less. The risk of cognitive impairment was lower in married than 
in unmarried individuals (OR = 0.817, P = 0.046). The risk of cognitive impairment was higher in divorced and widowed 
individuals than in unmarried individuals (OR = 1.37, P = 0.032). Self-funded patients had a higher risk as well (OR = 
2.368 P = 0.008). Patients with hypertension had a higher risk of cognitive impairment (OR = 2.011, P = 0.041). Table 2 
presents the detailed results.

DISCUSSION
This study found that 42.50% of patients with CKD undergoing peritoneal dialysis had cognitive impairment, which was 
higher than the results of a previous study[16]. This may be due to the decrease in the incidence of cognitive impairment 
in 26.00% of participants who were < 60 years old. Patients with normal cognitive function can better fulfill doctors’ 
orders. During peritoneal dialysis, patients can be asked about their medication status and feelings, which is conducive to 
its safety. Patients with cognitive impairments may be confused about their medication status. Caregivers must confirm 
that patients have a reasonable understanding of the treatment, which seriously affects their quality of life.

This study suggests that the age of incidence for cognitive impairment in patients with chronic renal disease and 
undergoing peritoneal dialysis was 60-79 years (OR = 1.561, P = 0.015). Patients aged ≥ 80 years (OR = 1.760, P = 0.013) 
had a higher risk of developing cognitive impairment than patients aged < 60 years. The incidence of cognitive impa-
irment increased with age. Studies have shown that the prevalence of cognitive impairment increases by a factor of one 
per five years of age[17,18]. The effectiveness of dopamine neurotransmission is reduced and the number of circulating 
endothelial progenitor cells decreases, which affects patients’ cognitive function[19,20].

The results of this study showed that educational level is one of the factors affecting cognitive dysfunction in patients 
with CKD undergoing peritoneal dialysis. The risk of cognitive impairment was lower in those with primary school 
education or less, which is consistent with the results of previous studies indicating that the level of education has a 
positive effect on cognitive function[21].

The risk of cognitive impairment in married patients was lower than that in unmarried patients (OR = 0.817, P = 0.046), 
while the risk of cognitive impairment in divorced or widowed patients was higher than that in unmarried patients (OR = 
1.137, P = 0.032), possibly because married patients receive better care and social support during peritoneal dialysis and 
studies have shown that social support is positively correlated with cognitive function[22].
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Table 1 Univariate analysis of cognitive dysfunction in chronic kidney disease patients undergoing peritoneal dialysis

Number Patients with cognitive impairment χ2 value P value

< 60 50 13 (26.00%)

60-79 86 35 (40.70%)

Age (yr)

≥ 80 64 37 (57.81%)

11.825 0.03

Female 97 46 (47.42%)Sex

Male 103 39 (37.86%)

1.868 0.172

Primary school or less 60 36 (60.00%)

Junior and senior high schools 98 39 (39.80%)

Education level

Junior college or above 42 10 (23.81%)

13.816 0.001

Less than 3000 yuan 37 23 (62.16%)

3000-6000 yuan 96 43 (44.79%)

Per capita monthly household income

> 6000 yuan 67 19 (28.36%)

11.543 0.003

Unmarried 27 11 (40.74%)

Married 132 43 (32.58%)

Marital status

Divorced or widowed 41 31 (75.61%)

23.747 < 0.001

Living alone 57 33 (57.89%)

Living with children 42 18 (42.86%)

Living condition

Conjugal residence 101 34 (33.66%)

8.757 0.013

Insurance 143 36 (25.17%)Payment method

Self-funded 57 49 (85.96%)

61.63 < 0.001

Yes 68 37 (45.41%)Hypertension

No 132 48 (36.36%)

5.982 0.014

Table 2 Multivariate regression analysis of cognitive dysfunction in patient with chronic kidney disease undergoing peritoneal dialysis 
by logistic

Reference group Comparative group Regression 
coefficient

Standard 
error

Wald χ2 
value

P 
value OR 95%CI

< 60 60-79 1.185 0.821 4.741 0.015 1.561 1.518-
4.182

Age

≥ 80 1.235 0.764 4.886 0.013 1.76 1.218-
2.881

Primary school or 
below

Junior and senior high 
schools

0.735 0.855 4.842 0.027 0.82 0.218-
0.881

Educational 
level

Junior college or above 0.403 0.236 5.636 0.034 0.435 0.273-
0.764

Married 0.845 0.214 1.241 0.046 0.817 0.423-
0.985

Unmarried

Divorced or widowed 1.134 0.138 4.312 0.032 1.137 1.001-
6.013

Self-funded 1.185 0.31 8.864 0.008 2.368 1.608-
4.486

Marital status

Payment method

Insurance 1.621 0.288 27.572 0.001 2.011 1.211-
5.432

OR: Odds ratio; CI: Confidence interval.
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The high burden of cognitive impairment in hemodialysis and CKD patients has only recently been recognized. Recent 
studies have described a strong grading relationship between GFR and cognitive function in patients with CKD[23-25]. 
Elias et al[26] believed that the mechanism of association between CKD and cognition may be similar to that of hyper-
tension or diabetes. We believe that there is a need for more research, including multiple cognitive tests, measures of 
everyday cognitive ability related to patients’ understanding of the disease and treatment, and more research on epi-
demic and episodic dementia outcomes.

This study also found that hypertensive patients had a higher risk of cognitive dysfunction (OR = 2.011, P = 0.041). 
Peritoneal dialysis patients may experience vasculopathy during treatment, and hypertensive patients may experience 
altered cerebral blood flow and cerebrovascular changes, and ischemia and hypoxia may damage brain cells, leading to 
cognitive dysfunction[27].

CONCLUSION
By analyzing 200 patients with CKD undergoing peritoneal dialysis, we found that the risk factors affecting cognitive 
dysfunction include age, 60-79 years and ≥ 80 years; education, primary school education or less; marital status, divorced 
or widowed; payment method, self-funded; hypertension; and CKD. Medical staff should assess the cognitive function of 
patients at the right time and pay regular attention to changes in the patients’ cognitive function.

ARTICLE HIGHLIGHTS
Research background
Chronic kidney disease (CKD) patients have been found to be at risk of concurrent cognitive dysfunction in previous 
studies, which has now become an important public health issue of widespread concern.

Research motivation
Studies have shown that cognitive impairment in CKD patients may be caused by different dialysis methods and 
glomerular filtration rates.

Research objectives
This object of this study is to explore the risk factors for cognitive impairment in patients with CKD.

Research methods
We conducted the prospective cohort study between October 2021 and March 2023 in renal internal medicine. A 
questionnaire was formulated by the method of literature and expert consultation. The questionnaire included questions 
about age, sex, education level, per capita monthly household income, marital status, living condition, payment method, 
and hypertension.

Research results
Two hundred patients with CKD undergoing peritoneal dialysis at the hospital were included in this study. Logistic 
regression analysis showed that patients with CKD undergoing peritoneal dialysis aged 60-79 years [odds ratio (OR) = 
1.561, P = 0.015] and ≥ 80 years (OR = 1.760, P = 0.013) had a higher risk of cognitive impairment. Participants with 
middle and high school education (OR = 0.820, P = 0.027) had a higher risk of cognitive impairment. However, the risk of 
cognitive impairment was lower for those with a college degree or more (OR = 0.435, P = 0.034) than for those with 
primary school education or less. The risk of cognitive impairment was lower in married than in unmarried individuals 
(OR = 0.817, P = 0.046). The risk of cognitive impairment was higher in divorced and widowed individuals than in 
unmarried individuals (OR = 1.37, P = 0.032). Self-funded patients a higher risk of cognitive impairment (OR = 2.368 P = 
0.008). Individuals with hypertension had a higher risk of cognitive impairment (OR = 2.011, P = 0.041).

Research conclusions
The risk factors affecting cognitive dysfunction include age, 60-79 years and ≥ 80 years; education, primary school 
education or less; marital status, divorced or widowed; payment method, self-funded; hypertension; and CKD, which 
gradually decreases with continuous peritoneal dialysis.

Research perspectives
Medical staff should assess the cognitive function of patients at the right time and pay regular attention to changes in the 
patients’ cognitive function.
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Abstract
BACKGROUND 
Sleep deprivation is a prevalent issue that impacts cognitive function. Although 
numerous neuroimaging studies have explored the neural correlates of sleep loss, 
inconsistencies persist in the reported results, necessitating an investigation into 
the consistent brain functional changes resulting from sleep loss.

AIM 
To establish the consistency of brain functional alterations associated with sleep 
deprivation through systematic searches of neuroimaging databases. Two meta-
analytic methods, signed differential mapping (SDM) and activation likelihood 
estimation (ALE), were employed to analyze functional magnetic resonance 
imaging (fMRI) data.

METHODS 
A systematic search performed according to PRISMA guidelines was conducted 
across multiple databases through July 29, 2023. Studies that met specific inclu-
sion criteria, focused on healthy subjects with acute sleep deprivation and 
reported whole-brain functional data in English were considered. A total of 21 
studies were selected for SDM and ALE meta-analyses.
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RESULTS 
Twenty-one studies, including 23 experiments and 498 subjects, were included. Compared to pre-sleep 
deprivation, post-sleep deprivation brain function was associated with increased gray matter in the right corpus 
callosum and decreased activity in the left medial frontal gyrus and left inferior parietal lobule. SDM revealed 
increased brain functional activity in the left striatum and right central posterior gyrus and decreased activity in 
the right cerebellar gyrus, left middle frontal gyrus, corpus callosum, and right cuneus.

CONCLUSION 
This meta-analysis consistently identified brain regions affected by sleep deprivation, notably the left medial 
frontal gyrus and corpus callosum, shedding light on the neuropathology of sleep deprivation and offering insights 
into its neurological impact.

Key Words: Sleep deprivation; Resting-state-functional magnetic resonance imaging; Activation likelihood estimation-meta; 
Signed differential mapping-meta

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This meta-analysis revealed consistent brain functional changes resulting from sleep deprivation, revealing notable 
alterations in the left medial frontal gyrus and corpus callosum. These findings offer crucial insights into the neurological 
impact of sleep loss and highlight specific brain regions affected by sleep deprivation, which may aid in understanding its 
neuropathological implications.
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INTRODUCTION
Sleep deprivation refers to insufficient or severe lack of sleep caused by various factors. With the acceleration of the pace 
of societal life and the escalation of individual pressures, sleep deprivation has evolved into a widespread public health 
concern[1]. The significance of high-quality sleep for maintaining one’s well-being cannot be overlooked. Reports indicate 
that approximately one-third or more of adults in the Americas, Europe, and Asia consistently fall short of the 7 h of 
nightly sleep recommended by public health authorities[2-5]. Furthermore, the ceaseless 24-h nature of modern society 
readily disrupts the human body’s circadian rhythms. Both insufficient sleep and disturbances in the sleep-wake cycle 
exert substantial stress on physical health, including an increased risk of obesity[6,7]. Research has revealed that the risk 
of obesity increases by 38% when comparing individuals with a short sleep duration (typically defined as less than 5 h or 
6 h per day) to those with a normal sleep pattern[8]. Additionally, adverse metabolic health outcomes, such as type 2 
diabetes, cardiovascular disease, hypertension, and lipid abnormalities, are frequently associated with sleep deprivation 
and/or circadian rhythm disruptions[9,10]. Prolonged sleep deprivation has been unequivocally linked to diminished 
cognitive abilities, altered emotional states, and the onset of inflammation and hormonal imbalances[11,12]. However, our 
current understanding of how sleep deprivation precipitates changes in brain function is incomplete.

Neuroimaging analysis methods offer potent tools for investigating the neurobiological mechanisms of neuropsy-
chiatric disorders. However, despite the promising prospects of neuroimaging, recent research reports have cast doubts 
upon the reliability of studies in this domain, raising concerns regarding issues such as small sample sizes, clinical hetero-
geneity, and the correction of multiple comparisons. These collective concerns have contributed to an increase in false-
positive rates[13]. Notwithstanding these limitations, neuroimaging techniques continue to provide valuable insights into 
the effects of sleep deprivation on the brain. It is essential to employ neuroimaging to detect and elucidate neurobiolo-
gical alterations in specific regions associated with sleep deprivation. Meta-analytic approaches surmount the challenges 
of methodological diversity and outcome heterogeneity, aiding in the identification of trustworthy, practically significant 
research findings. In pursuit of comprehensive and persuasive outcomes, this study simultaneously employed both 
signed differential mapping (SDM) and activation likelihood estimation (ALE) meta-analytic methods.

While ALE-meta analysis has been conducted previously to investigate sleep deprivation, this study not only 
incorporated resting-state data but also task-related and positron emission tomography (PET) data[14]. The question of 
whether the integration of results varies due to the inclusion of different data types, such as functional connectivity (FC), 
independent component analysis (ICA), and cerebral perfusion data, as well as whether different analytical methods 
impact the distribution of neurobiological biomarkers in sleep-deprived patients warrants further exploration. For 
example, some scholars argue that FC and ICA methods primarily involve examining functional correlations between 
seed points and the surrounding brain regions; however, these correlations may not align with the spontaneous neural 

https://www.wjgnet.com/2220-3206/full/v14/i2/315.htm
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brain function activity reflected by regional homogeneity (ReHo), amplitude of low-frequency fluctuation (ALFF), 
fraction ALFF (fALFF), or dynamic ALFF (dALFF) unless the emphasis is placed on studies of analogous networks[15]. 
Furthermore, cerebral perfusion delineates the metabolic status and neural activity of corresponding brain regions by 
measuring local cerebral blood flow but may not comprehensively encapsulate the spontaneous functional activity of 
neurons in the brain[16]. Despite notable success in transdiagnostic meta-analyses, the absence of crucial single-diagnosis 
findings underscores the ongoing importance of disease-specific methods as a critical research area.

Through functional neuroimaging SDM and ALE meta-analyses, we endeavored to elucidate the primary cerebral 
regions underlying alterations in brain function within the context of sleep deprivation. Our fundamental hypothesis 
posits that post-sleep deprivation imaging will reveal distinct cerebral functional patterns compared to pre-sleep 
deprivation imaging, potentially revealing the neurotraumatic mechanisms associated with sleep deprivation. This 
investigation exclusively encompasses studies concerning the reactivity of localized brain functional activities to compre-
hensively explore the localized activity patterns within sleep-deprived brain regions. With this approach, we aspire to 
delve deeper into the repercussions of sleep deprivation on the brain, furnishing novel insights into the neurobiological 
changes intertwined with its effects.

MATERIALS AND METHODS
Literature search
Study selection was conducted in accordance with the PRISMA guidelines[17]. This review was registered with 
PROSPERO (ID: CRD42023451942). A systematic search was conducted for relevant studies in the PubMed, Web of 
Science, Google Scholar, Embase, and CNKI databases up to July 29, 2023. The following keywords were used to identify 
candidate resting-state functional magnetic resonance imaging (rs-fMRI) studies: (“sleep deprivation” OR “sleep loss” OR 
“sleep restriction”) AND (“amplitude of low-frequency fluctuation” OR “ALFF” OR “fALFF” OR “regional homo-
geneity” OR “ReHo”) AND (“magnetic resonance” OR “MRI” OR “functional MRI” OR “fMRI” OR “neuroimaging”). 
Manual searches in the bibliographies of the retrieved studies and suitable reviews were also conducted.

Studies were considered eligible if they met the following criteria: (1) Original studies investigating the neural 
correlates of sleep deprivation in healthy subjects without any psychiatric or medical conditions; (2) studies that used a 
before-after sleep deprivation protocol or compared two groups of subjects with and without sleep deprivation; (3) 
studies focused on acute sleep deprivation (between 22 h and 48 h at once); (4) studies that reported whole-brain results 
in the stereotactic space [Montreal Neurological Institute (MNI)] or Talairach coordinates for ALFF, fALFF, dALFF, 
PerAF, and ReHo; and (5) studies published in English with peer review. Our exclusion criteria were as follows: (1) 
Editorial letters, case reports, systematic reviews, meta-analyses, or methodological studies; (2) intervention studies; (3) 
studies with fewer than seven subjects; and (4) studies that did not perform whole-brain analysis. For a study containing 
multiple independent patient samples, group coordinates were treated as separate datasets. The corresponding authors 
were asked via email for any additional data not included in the original publications. Two researchers (Zhang Q and 
Hou YZ) independently evaluated the studies, and the inclusion and exclusion criteria were evaluated by consensus 
(Table 1).

The included studies were primarily assessed for greater activation in sleep deprivation conditions than in non-sleep 
deprivation conditions (SD > NS) or for lower activation in sleep deprivation conditions than in non-sleep-deprivation 
conditions (SD < NS). We identified several studies with the same or overlapping samples. ALE meta-analysis was 
utilized to integrate reported coordinates from different experiments. If publications used the same or an overlapping 
group of subjects and reported several experiments, those data were combined. Accordingly, we merged experiments 
from various publications.

Quality assessment
The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS), a well-established tool for 
retrospective studies. The NOS comprises three levels with a total of eight items: (1) Four items for subject selection; (2) 
one item for comparability between groups; and (3) three items for outcome measurement. The total possible score is 9 
points. Studies with a score ≥ 5 were eligible for data analysis. Each study was reviewed and rated by two authors (Zhang 
Q and Hou YZ) independently. If rating disagreements arose, the papers were discussed by the authors’ group to 
determine a consensus score.

ALE
ALE is a quantitative voxel-based meta-analysis method used in neuroimaging studies to estimate consistent changes in 
gray matter or functional images across multiple studies reporting peak activation coordinates of statistical significance. 
ALE models each alteration focus as the center of a spherical Gaussian probability distribution. This approach is em-
ployed to create spatial probability maps that highlight consistent brain region involvement in specific tasks or 
conditions. We set the parameters as cluster-level FWE P < 0.05, threshold permutations 1000, and P < 0.001, resulting in 
the generation of the ALE-image threshold map. Finally, the ALE analysis results were visualized using Mango software 
(http://rii.uthscsa.edu/mango/). Furthermore, to assess the stability (sensitivity) of the ALE meta-analysis results, this 
study employed the jackknife sensitivity analysis method. Specifically, the ALE meta-analysis was repeated 21 times, 
with each iteration excluding one of the 21 selected articles (in a nonrepetitive manner) before conducting the meta-
analysis.

http://rii.uthscsa.edu/mango/
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Table 1 Characteristics of the included studies

rs-fMRI 
scan

Field 
strengthRef. Sample 

size
Age (mean 
± SD)

Before After
Method Differential brain 

region Coordinate Sample 
size Quality

Dai et al[19], 
2012

16 21.00 SW SD 14 h 3.0 T ReHo 7 MNI 4/1/1

Dai et al[20], 
2012

15 22.00 ± 1.40 SW SD 24 h 3.0 T ReHo 8 MNI 4/1/1

Gao et al[21], 
2015

16 22.10 ± 0.80 SW SD 3.0 T ALFF 9 MNI 4/1/1

Dai et al[22], 
2015

12 24.83 ± 2.88 SW SD 72 h 3.0 T ALFF 1 MNI 4/1/1

Wang et al[23], 
2016

16 24.51 ± 2.75 SW SD 3.0 T ALFF 5 MNI 4/1/1

Li et al[24], 2017 16 20.94 ± 1.73 SW SD 24 h 3.0 T ReHo 15 MNI 4/1/1

Li et al[25], 2017 28 23.94 ± 1.73 SW SD 24 h 3.0 T ReHo 13 MNI 4/1/1

Zhou et al[26], 
2017

16 16.10 ± 0.90 SW SD 24 h 3.0 T ALFF 5 MNI 4/1/1

Robinson et al
[27], 2018

18 14.40 ± 1.94 SW SD 7.0 T ReHo 10 MNI 4/1/1

Chen et al[28], 
2018

22 26.901 ± 6.05 SW SD 3.0 T ALFF 7 MNI 4/1/1

Feng et al[29,30], 
2018

35 21.89 ± 1.97 SW SD 24 h 3.0 T zALFF & zReHo & 
fALFF1

2 & 2 & 3 MNI 4/1/1

Guo et al[31], 
2019

17 23.00 ± 1.37 SW SD - ALFF 19 MNI 4/1/1

Nechifor et al
[32], 2020

7 31.4 0 ± 5.70 SW SD 36 h 3.0 T fALFF 4 MNI 4/1/1

Qiu et al[33], 
2021

13 28.32 ± 3.71 Control SD 3.0 T ReHo 8 MNI 4/1/1

Xu et al[34], 2021 54 22.46 ± 1.81 Control SD 3.0 T fALFF 13 MNI 4/1/1

Zeng et al[35], 
2020

20 22.25 ± 1.12 SW SD 3.0 T perAF 5 MNI 4/1/1

Cai et al[36], 
2021

42 21.57 ± 2.25 SW SD 24 h 3.0 T ALFF 7 MNI 4/1/1

Nechifor et al
[37], 2022

7 34.40 ± 5.70 SW SD 36 h 3.0 T ReHo 1 MNI 4/1/1

Xin et al[38], 
2022

54 22.46 ± 1.81 SW SD 3.0 T PerAF 5 MNI 4/1/1

Yan et al[39], 
2023

20 20.00 ± 0.80 SW SD 3.0 T dALFF 30 MNI 4/1/1

Chen et al[40], 
2023

19 21.79 ± 2.37 SW SD 3.0 T ReHo 1 MNI 4/1/1

1The study of Feng et al[29,30] explored the same dataset using distinct methodologies.
ReHo: Regional homogeneity; ALFF: Amplitude of low-frequency fluctuation; fALFF: Fractional amplitude of low-frequency fluctuation; MNI: Montreal 
Neurological Institute; SW: Sleep-wake; SD: Sleep deprivation.

SDM
In this study, an SDM meta-analysis was conducted using AES-SDM v5.141 software (http://www.sdmproject.com) to 
identify significantly positive and negative activation peak coordinates at the whole-brain level related to sleep 
deprivation. Default parameters were utilized, including a full width at half maximum (FWHM) of 20 mm, an 
uncorrected voxel threshold of P < 0.005, a peak height SDM-Z > 1, and a minimum cluster extent of ≥ 10 voxels. The 
resulting images were visualized on the standardized anatomical template in MNI space. Furthermore, to assess the 
stability (sensitivity) of the SDM meta-analysis results, this study employed the jackknife sensitivity analysis method, also 
known as “leave one out” analysis[18]. This method is commonly used for hypothesis testing, confidence interval 

http://www.sdmproject.com
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Figure 1 Flow chart of the study selection strategy. VBM: Voxel-based morphometry.

calculations, and assessment of the stability of results in SDM meta-analyses. Specifically, AES-SDM was used to repeat 
the meta-analysis 21 times, with each iteration excluding one of the 21 selected articles (in a nonrepetitive manner) before 
conducting the meta-analysis.

RESULTS
General information of the included studies
The search strategy generated 171 related articles, and a total of 21 articles[19-40] were included in this meta-analysis 
(Figure 1). One of the studies (Pan)[29] used more than one analytical method to study sleep deprivation, and the 
different methods were considered three separate studies and were compared based on their individual quantities. 
Consequently, the effective number of “actual” experiments included in the study increased to a total of 23. Of the 171 
retrieved papers in this meta-analysis, 21 studies, including 23 experiments and 498 subjects, were eligible for inclusion 
(Figure 1 and Table 1). These 21 studies included 8 ReHo, 8 ALFF, 3 fALFF, 2 perAF, 1 zReHo, 1 dALFF, and 1 zALFF.

Changes in brain function during sleep deprivation
The ALE results indicated that there was an increase in gray matter in the right corpus callosum and a decrease in the left 
medial frontal gyrus and the left inferior parietal lobule in the sleep-deprived state compared to the pre-sleep deprivation 
state (Figure 2 and Table 2). The SDM results indicated heightened brain functional activity in the left striatum and right 
posterior cingulate cortex, along with decreased activity in the right cerebellar hemisphere, left medial frontal gyrus, 
corpus callosum, and right cuneus, compared to those in the pre-sleep deprivation condition (Figure 3 and Table 3). Both 
neuroimaging meta-analytical methods revealed an overlapping increase in brain functional activity in the left medial 
frontal gyrus following sleep deprivation. However, the right corpus callosum and right cuneus exhibited elevated 
activity in the ALE results but reduced activity in the SDM results.
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Table 2 Applying the activation likelihood estimation method to study changes in brain function activity after sleep deprivation

Peak MNI coordinate
Research methods Anatomical label BA

X Y Z
ALE value Volume (mm3)

ReHo and ALFF/fALFF decrease

Left middle frontal gyrus, BA 6 -34 20 42 0.01572180 1208

Left inferior parietal lobule, BA 40 -48 -58 40 0.02166488 992

ReHo and ALFF/fALFF increase

Subcallosal gyrus, BA 34 26 4 -16 0.015194423 680

ALFF decrease

Left inferior parietal lobule, BA 40 -48 -58 40 0.021612160 438

Left supramarginal gyrus, BA 40 -56 -50 40 0.008252133 263

Left middle frontal gyrus, BA 6 -34 20 42 0.015355002 744

ALFF increase

Right cuneus, BA 18 8 -88 20 0.014324005 704

ReHo decrease

Left posterior cingulate, BA 30 -9 -54 15 0.015816410 640

Right cuneus, BA 7 9 -72 36 0.009564294 448

BA: Brodmann area; MNI: Montreal Neurological Institute; ALE: Activation likelihood estimation.

Table 3 Changes in brain function activity after sleep deprivation using the signed differential mapping method

Peak MNI coordinate
SDM Anatomical label BA

X Y Z
SDM-Z P value Voxels

Increase

Corpus callosum 58 -20 2 2.573 0.005037844 227

Left striatum -28 -4 -2 2.087 0.018434286 19

Right postcentral gyrus, BA 3 22 -38 64 2.118 0.017078340 11

Decrease

Right cerebellum, crus 1 44 -58 -38 -2.878 0.002000034 548

Left middle frontal gyrus, BA 9 -38 18 48 -2.508 0.006063104 75

Right cuneus cortex, BA 19 16 -76 40 -2.141 0.016148150 17

BA: Brodmann area; MNI: Montreal Neurological Institute; ALE: Activation likelihood estimation.

Subgroup analysis
Conducting a subgroup analysis utilizing the ALE method on data analysis approaches such as ALFF and ReHo revealed 
the following: in the ALFF analysis, when compared to the pre-sleep deprivation state, post-sleep deprivation brain 
functional activity increased in the right cuneus and decreased in the left inferior parietal lobule, left superior frontal 
gyrus, left medial frontal gyrus, and right pallidum (Figure 2 and Table 2). In the ReHo analysis, in contrast to the pre-
sleep deprivation condition, sleep deprivation led to a decrease in brain functional activity in the left cingulate gyrus and 
right cuneus, with no regions exhibiting increased activity.

When employing the SDM method for subgroup analysis of the ALFF and ReHo data analysis approaches, no regions 
demonstrating either increased or decreased activity were discerned. This outcome may be attributed to the inclusion of 
too few studies when conducting meta-analyses of individual analytical techniques. Consequently, the central 
coordinates (location information of active brain regions) extracted from the included literature might be overly dispersed 
or insufficient in quantity to meet the threshold criteria, thus remaining undetectable.
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Figure 2 Abnormal regions identified in an activation likelihood estimation meta-analysis of neuroimaging studies in individuals with 
sleep deprivation. ReHo: Regional homogeneity; ALFF: Amplitude of low-frequency fluctuation; fALFF: Fraction amplitude of low-frequency fluctuation; dALFF: 
Dynamic amplitude of low-frequency fluctuation.

Sensitivity analysis results
The sensitivity analysis results for the ALE study showed that the left middle frontal gyrus was consistently identified in 
17 out of 21 analyses. The left inferior parietal lobule and right subcallosal gyrus were consistently identified in 18 out of 
21 analyses (Table 4).

The sensitivity analysis results for the SDM study showed that the right cerebellum crus Ⅰ was consistently identified in 
16 out of 21 analyses. The right cuneus cortex and right postcentral gyrus were consistently identified in 17 out of 21 
analyses. The left middle frontal gyrus, left striatum, and corpus callosum were consistently identified in 19 out of 21 
analyses. The corpus callosum itself was identified in 18 out of 21 analyses (Table 5).

DISCUSSION
This groundbreaking neuroimaging meta-analysis combined two different meta-analysis methods to explore changes in 
brain function during sleep deprivation. By integrating these two approaches, we revealed that sleep deprivation induces 
widespread changes in brain functionality across multiple regions, including the frontal lobe, parietal lobe, sensorimotor 
areas, temporal lobe, occipital lobe, corpus callosum, striatum, and screenlike nucleus, with the majority of these regions 
exhibiting downregulation associated with cognitive functions, sensations, motor functions, and pain perception. These 
findings underscore the critical importance of holistic brain analysis for obtaining a more profound understanding of the 
neuroactivity alterations underpinning sleep deprivation, with the potential to comprehensively elucidate its impact on 
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Table 4 Activation likelihood estimation sensitivity analysis results

Decreased Increased
Discarded article

Left middle frontal gyrus Left inferior parietal lobule Right subcallosal gyrus

Yan et al[39], 2023 N Y N

Chen et al[40], 2023 Y Y Y

Nechifor et al[37], 2022 Y Y Y

Zeng et al[35], 2020 Y Y Y

Li et al[25], 2017 Y Y Y

Nechifor et al[32], 2020 Y Y Y

Guo et al[31], 2019 N N Y

Robinson et al[27], 2018 N N N

Chen et al[28], 2018 N N N

Wang et al[23], 2016 Y Y Y

Gao et al[21], 2015 Y Y Y

Dai et al[22], 2015 Y Y Y

Dai et al[19], 2012 Y Y Y

Dai et al[20], 2012 Y Y Y

Xin et al[38], 2022 Y Y Y

Zhou et al[26], 2017 Y Y Y

Qiu et al[33] 2021 Y Y Y

Xu et al[34] 2021 Y Y Y

Li et al[24], 2017 Y Y Y

Li et al[25], 2017 Y Y Y

Feng et al[29,30], 2018 Y Y Y

Y: Yes; N: No.

brain function. Moreover, both the AES-SDM and ALE methods identified overlapping brain regions, specifically the left 
middle frontal gyrus and corpus callosum. This provides further evidence that the left medial frontal gyrus and corpus 
callosum may serve as the neuropathological basis for the brain damage induced by sleep deprivation. The neuropsy-
chiatric damage associated with sleep deprivation may be related to widespread abnormal resting-state brain activity 
involving the cerebral cortex and subcortical structures. These research findings significantly contribute to broadening 
our understanding of the neuropathological mechanisms associated with sleep deprivation, helping to elucidate how to 
treat and prevent related disorders.

The role of the medial frontal gyrus and corpus callosum in sleep deprivation. Adequate sleep forms the bedrock of 
memory formation, with quality slumber preparing the brain for the establishment of new memories[41]. Despite 
ongoing debates surrounding the physiological functions of sleep, it is widely acknowledged that sleep is beneficial for 
neuronal plasticity, which in turn supports brain function and cognition. Correspondingly, research has suggested that 
sleep deprivation can lead to impaired learning and memory[42], manifesting as memory decline, memory loss, and 
memory misconstruction, among other issues. As people continue to curtail their sleep duration, the impact of memory 
deterioration on daily life becomes increasingly pronounced. In a clinical study involving 96 participants, Santisteban et al
[43] reported that prolonged exposure to mild sleep deprivation negatively affects working memory. In a clinical 
experiment with 36 subjects, Hennecke et al[44] confirmed that sleep deficits impair spatial working memory. Animal 
research conducted by Scullin et al[45] and colleagues affirmed that rapid eye movement sleep deprivation and con-
tinuous sleep deprivation for 72 h both detrimentally affect memory capabilities.

The frontal lobe is intricately linked to various aspects of brain function, including cognition, sleep, working memory, 
short-term memory, sustained attention, planning, and behavioral control[46-50]. Previous research has employed 
neuroimaging studies to assess the corresponding brain responses and their relationship with behavioral changes in 
various environments[51]. Sleep deprivation can impair brain function and FC in various regions. Studies have indicated 
that after sleep deprivation, ReHo is greater in the left medial frontal gyrus, right precentral gyrus, right temporal gyrus, 
and bilateral posterior central gyrus[20]. One study revealed that sleep deprivation leads to reduced FC between the right 
prefrontal cortex and the right medial frontal gyrus[52]. Another study revealed that after 36 h of complete sleep 
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Table 5 Signed differential mapping sensitivity analysis results

Decreased Increased
Discarded 
article Right cerebellum, 

crus
Left middle 
frontal gyrus

Corpus 
callosum

Right cuneus 
cortex

Right postcentral 
gyrus

Left 
striatum

Corpus 
callosum

Yan et al[39], 2023 Y Y Y Y N Y Y

Chen et al[40], 
2023

N Y Y Y Y Y Y

Nechifor et al[37], 
2022

Y Y Y Y Y Y N

Zeng et al[35], 
2020

Y Y Y Y Y Y Y

Li et al[25], 2017 Y Y Y N Y Y Y

Nechifor et al[32], 
2020

N Y Y Y N N Y

Guo et al[31], 2019 Y Y Y Y Y Y N

Robinson et al
[27], 2018

Y Y Y Y Y Y Y

Chen et al[28], 
2018

Y N Y Y Y Y Y

Wang et al[23], 
2016

Y Y Y Y Y Y Y

Gao et al[21], 2015 Y Y N Y Y N Y

Dai et al[22], 2015 N N Y Y N Y Y

Dai et al[19], 2012 Y Y Y Y Y Y Y

Dai et al[20], 2012 Y Y Y Y Y Y Y

Xin et al[38], 2022 Y Y Y Y Y Y Y

Zhou et al[26], 
2017

N Y N Y Y Y Y

Qiu et al[33] 2021 Y Y Y Y Y Y Y

Xu et al[34] 2021 Y Y Y N Y Y Y

Li et al[24], 2017 N Y Y N Y Y N

Li et al[25], 2017 Y Y N Y N Y Y

Feng et al[29,30], 
2018

Y Y Y N Y Y Y

Y: Yes; N: No.

deprivation, with increasing working memory load, there was a decrease in FC between the left hippocampus and the left 
frontal pole, right superior frontal gyrus, and bilateral anterior cingulate cortex[53]. These findings suggest that sleep 
deprivation negatively affects brain function and FC in the medial frontal gyrus, leading to impairments in cognitive 
functions such as attention and working memory. In addition to the frontal lobe, studies using rs-fMRI have shown 
reduced ALFF in the precuneus[28]. Li et al[52] demonstrated that participants experiencing sleep deprivation exhibited 
decreased alertness and attention, and further investigation revealed reduced FC between the right precuneus and the 
right medial frontal gyrus after sleep deprivation. However, this finding contrasts with that of a study by Li et al[54], 
which revealed enhanced effective connectivity from the left medial frontal gyrus to the left superior parietal lobule after 
sleep deprivation. Furthermore, this functional neuroimaging evidence is further supported by a study involving 
structural imaging and brain metabolism. Sun et al[55] used FreeSurfer software to calculate gray matter volume (GMV) 
and cortical thickness (CT) using volume and surface measurements and found that 24 h after acute sleep deprivation, 
there was a significant increase in gray matter density in the right frontal pole, right middle frontal gyrus, and right 
superior frontal gyrus, while the GMV and CT of the right temporal pole significantly decreased. A PET study also re-
vealed a significant decrease in glucose metabolism in particular regions, including the frontal cortex, parietal cortex, and 
thalamus, following sleep deprivation, which correlated significantly with cognitive performance[56]. In summary, 
considering the impaired cognitive functions such as attention and working memory in the frontal lobe following sleep 
deprivation, the reduced activity in the middle frontal gyrus after sleep deprivation observed in this study may reflect a 



Zhang Q et al. Sleep deprivation: Neural impact meta-analysis

WJP https://www.wjgnet.com 324 February 19, 2024 Volume 14 Issue 2

Figure 3 Abnormal regions identified in a signed differential mapping meta-analysis of neuroimaging studies of individuals with sleep 
deprivation.

compensatory response to reduced attention during sleep deprivation[36].
The corpus callosum, comprising a collection of neural fibers within the brain, serves as a pivotal conduit facilitating 

information transmission and coordination between the left and right cerebral hemispheres, with alterations in its 
functionality potentially giving rise to impairments in interhemispheric information exchange and coordination[57]. One 
study indicated a link between sleep deprivation and functional impairments in the brain cortex, which could be 
associated with abnormalities in the development of the corpus callosum and visual radiation[58]. Zhu et al[59] reported 
that impaired interhemispheric connections may be a reason for sustained attention deficits following sleep deprivation, 
offering comprehensive insights into how sleep deprivation modulates interhemispheric connectivity and providing new 
evidence for the increased relevance of neuroimaging in sleepiness after sleep deprivation. Vargas et al[60] reported that 
young people with symptoms of insomnia are particularly susceptible to sleep deprivation, which can reduce their 
natural tendency to focus on positive information in the environment due to acute sleep deprivation. In addition to 
impairing interhemispheric information exchange and coordination, sleep deprivation may also lead to emotional 
instability and other issues. For instance, Taraku et al[61] discovered that individuals with depression exhibit decreased 
fractional anisotropy (FA) values in multiple white matter tracts, including the corpus callosum and corona radiata, after 
complete sleep deprivation. Furthermore, changes in FA values within the right superior corona radiata were signi-
ficantly associated with improvements in rumination after complete sleep deprivation[61]. Li et al[62] also found weaker 
FC between the left corpus callosum/posterior cingulate gyrus and anterior cingulate cortex in patients with comorbid 
primary insomnia and depression. Additionally, Bellesi et al[63] evaluated the ultrastructure of myelin sheaths in two 
brain regions (the corpus callosum and olfactory lateral bundle) in mice exposed to different durations of sleep 
deprivation, ranging from several hours to approximately 5 d of chronic sleep restriction. Chronic sleep deprivation led to 
an increase in the ratio of the axon diameter to the myelinated fiber outer diameter, which was mediated by a reduction 
in myelin sheath thickness in the corpus callosum and olfactory lateral bundle[63]. Therefore, sleep deprivation can have 
a significant impact on the structure and function of the corpus callosum, resulting in decreased motor coordination and 
increased emotional fluctuations, among other issues. Notably, individual responses to sleep deprivation may vary, and 
many studies on this topic have been conducted using animal models or small sample populations. These studies may 
not fully represent the diversity of human responses to sleep deprivation.

Further research is needed to determine the precise link between sleep deprivation and brain function and structure. 
This approach will provide a more comprehensive understanding of the neurobiological mechanisms underlying sleep 
deprivation and pave the way for the development of more effective strategies to mitigate its adverse consequences.

Reasons for discrepancies with previous meta-analyses
By combining two methods (ALE and SDM) and refining the inclusion criteria (only including literature reflecting 
changes in spontaneous brain activity), this meta-analysis identified the left medial frontal gyrus, right cuneus, and 
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corpus callosum as brain regions affected by sleep deprivation. However, in an ALE meta-analysis, Javaheripour et al[14] 
reported reduced activity in the right superior frontal gyrus and superior parietal lobule. Our study did not yield the 
same results, which could be due to several reasons. First, their study included not only ReHo, ALFF, FC, and ICA but 
also t-fMRI, VBM, and PET-related data. The differences in experimental design, data preprocessing, and statistical 
methods used for t-fMRI, PET, and VBM compared to those used for rs-fMRI (ReHo, ALFF, FC, and ICA) might have led 
to the absence of brain regions showing abnormal activity. Second, different meta-analysis software may have been used. 
Third, our study included differences in sex, age, educational level, disease severity, and disease duration, which might 
have contributed to the differences in the results. Finally, the central coordinates (location information of active brain 
regions) extracted in our study were dispersed or insufficient in quantity to meet the threshold, potentially resulting in a 
lack of significant findings. This meta-analysis shares similarities with the research of Javaheripour et al[14] but also 
presents differences, enriching our understanding of the mechanisms underlying impaired brain function before and after 
sleep deprivation.

Limitations
Several limitations should be noted in this meta-analysis. First, the number of included studies was relatively small. 
Second, while ALE and SDM effectively control false-positive results, avoiding false negatives is a challenge[18]. Finally, 
it was not possible to completely eliminate heterogeneity among the included studies, such as variations in the 
demographic characteristics of patients and different imaging modalities representing aspects of resting-state 
abnormalities. For example, ALFF and ReHo are related to the strength and temporal synchronization of spontaneous 
neuronal activity, respectively, in various regions of the whole brain[64,65]. Despite these differences, multiple analytical 
methods can complement each other and provide more comprehensive information. Different analysis modalities can 
also detect similar patterns of resting-state abnormalities. For instance, in most of the included studies, regardless of the 
imaging approach, reduced activity in the occipital lobe during the resting state was consistently observed.

CONCLUSION
In summary, this meta-analysis discerned notable and consistent alterations in brain function consequent to sleep 
deprivation, notably within the left middle frontal gyrus and corpus callosum. These discoveries hold the potential to 
provide fresh perspectives regarding the neuropathological underpinnings of sleep deprivation. Future investigations 
must further explore the potential applications of these brain regions, characterized by modified functionality, in the 
diagnosis and ongoing assessment of sleep deprivation.

ARTICLE HIGHLIGHTS
Research background
Sleep deprivation, a widespread public health concern, is characterized by inadequate or severely reduced sleep. With 
societal acceleration and increased individual pressures, the prevalence of sleep deprivation has risen, impacting 
cognitive function and overall well-being. Despite extensive research on its health implications, a comprehensive 
understanding of how sleep deprivation affects brain function remains incomplete.

Research motivation
Quality sleep is essential for well-being, yet a significant proportion of the global population consistently falls short of 
recommended sleep durations. Sleep deprivation is associated with various health risks, including obesity, metabolic 
disorders, and cognitive decline. Understanding the consistent neurobiological alterations resulting from sleep loss is 
crucial for devising effective preventive and therapeutic strategies.

Research objectives
To address the inconsistencies in existing neuroimaging studies on sleep deprivation by identifying and elucidating the 
brain functional changes associated with acute sleep loss. Through the integration of signed differential mapping (SDM) 
and activation likelihood estimation (ALE) meta-analytic methods, the study aims to provide a comprehensive 
understanding of the neuropathological impact of sleep deprivation.

Research methods
A systematic search following PRISMA guidelines was conducted across multiple databases to identify 21 eligible studies 
focusing on acute sleep deprivation in healthy subjects. The studies, written in English, reported whole-brain functional 
data and met specific inclusion criteria. SDM and ALE meta-analyses were employed on functional magnetic resonance 
imaging (fMRI) data to analyze brain functional changes consistently associated with sleep deprivation.

Research results
The meta-analysis, encompassing 21 studies with 23 experiments and 498 subjects, identified consistent brain functional 
alterations post-sleep deprivation. Notable changes included increased gray matter in the right corpus callosum and 
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decreased activity in the left medial frontal gyrus and left inferior parietal lobule. SDM revealed additional alterations in 
brain functional activity, providing a comprehensive view of the impact of sleep deprivation on neural processes.

Research conclusions
This study consistently identified brain regions affected by sleep deprivation, emphasizing the left medial frontal gyrus 
and corpus callosum as key areas influenced by acute sleep loss. The findings contribute valuable insights into the 
neuropathology of sleep deprivation, offering a foundation for further research and potential interventions aimed at 
mitigating its adverse effects on brain function.

Research perspectives
Future research should explore the clinical implications of the identified brain regions and their functional changes in the 
context of sleep deprivation. Additionally, investigations into individual variability in response to sleep loss and the 
potential longitudinal effects on brain function will further enhance our understanding of the complex interplay between 
sleep, cognition, and neurological health.
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Abstract
As one of the most famous large language models, ChatGPT has great potential 
for application in physical education. It can provide personalized exercise plans, a 
variety of exercise options, and interactive support. The integration of ChatGPT 
into the teaching process can promote college students’ participation in physical 
activities and improve their mental health while expanding the traditional 
teaching environment and promoting the reform of traditional teaching methods. 
However, the application of ChatGPT faces challenges and obstacles in physical 
education. To make full use of ChatGPT in physical education, it can be combined 
with wearable devices and sports equipment to enhance the efficiency of 
interactions with users. Relevant policies are urgently needed to avoid the 
improper use of users’ data.
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Core Tip: ChatGPT has great potential for application in physical education. This article 
argues that the integration of ChatGPT into college physical education has great benefits 
for both students and teachers. To make full use of ChatGPT in the future, interactions 
with users should be further enhanced, and relevant policies should be released to 
prompt the proper use of ChatGPT.

Citation: Zhang YF, Liu XQ. Using ChatGPT to promote college students’ participation in 
physical activities and its effect on mental health. World J Psychiatry 2024; 14(2): 330-333
URL: https://www.wjgnet.com/2220-3206/full/v14/i2/330.htm
DOI: https://dx.doi.org/10.5498/wjp.v14.i2.330

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v14.i2.330
mailto:xinqiaoliu@pku.edu.cn
mailto:xinqiaoliu@pku.edu.cn
https://www.wjgnet.com/2220-3206/full/v14/i2/330.htm
https://dx.doi.org/10.5498/wjp.v14.i2.330


Zhang YF et al. ChatGPT in physical education

WJP https://www.wjgnet.com 331 February 19, 2024 Volume 14 Issue 2

TO THE EDITOR
We reviewed the article titled “Effect of exercise prescription teaching on exercise quality and mental health status of 
college students”, published in Volume 13, Issue 5 of the World Journal of Psychiatry[1]. By randomly assigning students to 
an experimental group of exercise prescription teaching and a control group of routine teaching, this study examined the 
effects of exercise prescription teaching on students’ exercise quality, cardiopulmonary function, and psychological 
status. The authors observed that exercise prescription teaching can formulate teaching content for students and 
effectively improve their physical quality. Interestingly, personalized exercise teaching for students can also benefit their 
mental health[1]. With the deep integration of artificial intelligence (AI) and education, we believe that ChatGPT has great 
potential for application in physical education.

We strongly agree with the conclusion of this study that college students’ poor physical fitness, poor living habits, and 
mental health problems urgently require attention[2,3]. Traditional physical education mainly focuses on competitive 
sports and tends to ignore college students’ subjectivity[4]. In contrast, exercise prescription teaching involves teaching 
content based on college students’ physical qualities and health status[1,5]. First, the intensity of physical exercise is 
designed based on college students’ physical qualities; that is, targeted teaching content can effectively improve college 
students’ enthusiasm for participating in physical activities, decrease the probability of injury due to excessive intensity 
of exercise, and play a role in preventing chronic diseases[6,7]. Second, exercise prescriptions have been widely used to 
treat mental diseases[8-10], and the effect of exercise prescription teaching on students’ mental health has attracted 
attention. Some studies note that participating in physical exercise has a significant positive impact on relieving 
depression and anxiety[11,12]. Furthermore, different physical activities have an impact on different aspects of physical 
and mental health[13,14].

In exercise prescription teaching, since students’ feedback on their physical state and the effects of exercise are not 
always timely, teachers’ adjustments of exercise plans may lag behind students’ feedback. With the integration of artificial 
intelligence and education, AI-facilitated physical education has become a widely discussed topic in research and has 
brought new opportunities for physical teaching reform[15-17]. ChatGPT is currently one of the most popular large 
language models. It is worth further exploring the application prospects of ChatGPT or generative AI (represented in this 
paper by ChatGPT) in teaching[18]. First, ChatGPT can produce personalized plans based on college students’ basic 
information[19]. By dialoging with students, ChatGPT collects specific information about them, including their physical 
fitness, health status, daily exercise, and exercise goals, and develops personalized exercise plans. In addition, as Khan et 
al[20] noted, when students’ physical fitness and health status change, ChatGPT can receive timely feedback from 
students and modify their exercise plans. Second, as a conversational artificial intelligence model, ChatGPT can provide 
timely and interactive support[21]. Zheng et al[22] suggested that continuous support from ChatGPT could help users 
stay motivated and self-manage, and some empirical studies have reported that chatbot-assisted interventions can 
increase college students’ interest in participating in physical activities and improve their health[18,23,24]. ChatGPT can 
also use dialog to encourage college students to participate in physical activities and increase their enthusiasm. Moreover, 
since ChatGPT is not limited by time or space, college students can have conversations with ChatGPT on their mobile 
phones at any time, and ChatGPT can track students’ exercise after PE class and adjust their exercise plans according to 
students’ feedback. Third, ChatGPT can provide a variety of exercise options that benefit college students’ mental health. 
Proper physical exercise is a critical way to alleviate psychological problems[25]. ChatGPT can suggest different physical 
activities according to different psychological problems. Fourth, the integration of ChatGPT into the teaching process has 
many benefits for teachers as well because it not only expands the traditional teaching environment but also promotes the 
reform of traditional teaching methods[26,27].

Although ChatGPT has excellent application prospects in physical education, it faces some challenges and obstacles in 
the teaching process. First, the reliability of the exercise plans developed by ChatGPT should be verified. The official 
website of OpenAI emphasizes that ChatGPT may yield incorrect or meaningless answers due to the limitations of 
machine training and other reasons, which may mislead students. If ChatGPT’s recommendations are harmful to 
students’ health, it is unclear who is responsible for the consequences[28]. Second, ChatGPT may lead to adverse effects 
on students’ development. Overreliance on ChatGPT hinders the development of students’ critical thinking and creativity
[29]. In addition, the use of ChatGPT in education presents higher requirements for students’ self-control, and it remains 
unclear whether ChatGPT will exacerbate educational inequity. Third, students’ excessive reliance on ChatGPT will pose 
a challenge to traditional teaching and teacher-student relationships[30].

ChatGPT has been iterated to GPT-4. Some studies have applied it in clinical practice[31,32], and its impact on the field 
of education has attracted increasing attention[20,21,33]. To promote the application of ChatGPT in educational practice, 
we present the following suggestions for its future development. First, to better integrate ChatGPT into reality, it can be 
combined with wearable devices and sports equipment to monitor students’ physical status in real time and improve 
interaction efficiency. Second, the ethical and data protection issues that may be caused by ChatGPT have been widely 
discussed[34,35]. Therefore, it is urgent to develop relevant policies to restrict ChatGPT. Affiliated companies should pay 
attention to users’ privacy issues to avoid the improper use of users’ data.

As the latest product of the era of artificial intelligence, ChatGPT has great potential for application in college physical 
education. However, despite its ability to revolutionize education, ChatGPT also poses great challenges for schools, the 
government, and society. In the future, educators should further explore how ChatGPT can be integrated into education 
while promoting student development.
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