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Abstract

The severity of the current global mental health situation and the importance of
maintaining psychological well-being call for more powerful, convenient, and
efficient solutions for addressing psychological issues and relieving mental stress.
Physical activity not only effectively improves physical fitness and reduces
negative emotions such as anxiety and depression but also increases the impro-
vement of psychological health and sense of well-being. At the same time,
physical activity interventions for mental health have unique advantages,
including reducing the side effects of psychological interventions and increasing
necessity, convenience, and cost-effectiveness, as well as flexible adaptability
across multiple methods, groups, and age ranges, providing stronger support for
relieving psychological stress and addressing psychological issues. Although
physical activity is an important intervention measure in relieving psychological
stress, its value and role in mental health care seem to have not yet received
sufficient attention, and its potential remains to be further revealed. Given the
significant advantages and effectiveness of physical activity in mental health
intervention practices, it is necessary to stimulate its potential in relieving psycho-
logical stress through various means in future studies to better safeguard the
public’s physical and mental health. Developing guidelines for physical activity
for improved mental health, enhancing organic integration with other inter-
vention measures, and providing necessary respect, encouragement, and support
are important directions to consider.

Key Words: Physical activity; Psychological distress; Mental health; Artificial intelligence;
Guidance
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Core Tip: As a nonstigmatized, highly effective, convenient, and cost-effective nonpharmacological intervention for mental
health, physical activity holds enormous potential in relieving psychological stress and improving overall well-being. To
further reveal the potential of physical activity and benefit a larger population with mental health issues, it is necessary to
provide scientific guidelines for physical activity and enhance its adaptability and practicality based on respect for patient
preferences.
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INTRODUCTION

In recent years, there has been a proliferation of research on mental health, with an increasing number of scholars
emphasizing the important value of mental health. People are increasingly recognizing the significant role of mental
health in maintaining global well-being. For example, recent research by Luo et al[1] focused on the mental health of
stroke patients, and they suggested that physical exercise may play a role in the efficacy of treatment and rehabilitation
strategies for patients. Mental health is defined as a favorable or normal state of an individual in various psychological
aspects and activities. Being in a healthy mental state can help individuals recognize their capabilities, cope with normal
life stress, work productively, and contribute to their communities[2]. However, as a driving force for individual growth
and development, mental health faces certain real constraints and challenges[3-5]. One in every eight people in the world
has a mental disorder, causing 1 in 5 years lived with disability due to mental health conditions, and depression and
anxiety disorders result in global economic losses of $1 trillion each year[6,7]. The continuous deterioration of global
mental health and the ongoing loss of collective mental wealth not only present real challenges to achieving the goals of
global mental well-being but also result in tragedy for humanity and the economy[8]. On the one hand, the emergence of
mental health conditions often accompanies the violation of human rights, discrimination, and stigma, disturbing the
normal order of individuals’ lives and significantly affecting various aspects of daily life, including academic or work
performance and intimate relationships[9]. On the other hand, mental health conditions are often associated with poor
physical and mental health, problematic substance use, and risks such as suicide and death. The population with severe
mental illness not only experiences both physical and mental harm while fighting the disease but also bears heavy
financial burdens and may even die 20 years earlier due to preventable physical conditions[10].

The widespread transmission of coronavirus disease 2019 (COVID-19) worldwide has further threatened the global
mental health situation[11], leading to a range of mental issues, including panic, anxiety, depression, posttraumatic stress
disorder, and suspiciousness[12]. A cross-sectional study from Germany showed that the pandemic caused severe
psychological burdens for the German population, with prevalence rates of generalized anxiety, depression, psycho-
logical distress, and COVID-19-related fears of 44.9%, 14.3%, 65.2%, and 59.0%, respectively, with women and young
people showing higher mental burdens[13]. Pregnant and postpartum women were also affected by COVID-19-related
stress, with 36.4%, 22.7%, and 10.3% of 1123 perinatal women from the United States of America respondents reporting
clinically significant levels of depression, generalized anxiety, and posttraumatic stress disorder during the pandemic
[14]. Despite the significant efforts made by various sectors to address mental health crises in recent decades, mental
health remains a pressing global public health priority[15-17]. The severity of the current global mental health situation
and the importance of maintaining psychological well-being call for more powerful, convenient, and efficient solutions
for addressing psychological issues and relieving mental stress. Intervention measures, including education/school-based
interventions[18], workplace interventions[19], community /family interventions[20], medication interventions[21], policy
interventions[22], and digital interventions[23-25], are widely used in mental health practice. As an important inter-
vention measure in the process of addressing psychological issues, exercise can effectively enhance cognitive function,
reduce anxiety, depression, and negative emotions, and improve psychological health and sense of well-being, but its
value and role in mental health care seem to have not been fully emphasized[26], and its potential remains to be further
explored.

PHYSICAL ACTIVITY AS AN IMPORTANT MEANS OF STRESS RELIEF

As the saying goes, “life is in motion”. Physical exercise is often associated with positive mental health effects, including
the reduction of psychological burdens and improvement of mental health conditions[27,28]. Endorphins and
mitochondria are important physiological mechanisms in the process of altering mental states. Endorphins, as
endogenous opioid peptides secreted by the pituitary gland, can produce analgesic and pleasurable effects by binding to
opioid receptors, helping the body endure pain during prolonged periods of pain and stress[29] and serving as a natural
analgesic. Moderate exercise can promote the secretion of endorphins, thereby regulating an individual’s emotional state
through pain relief, increasing the sense of happiness, and enhancing the sense of achievement, which exerts a positive
impact on mental health. Mitochondrial dysfunction is associated with a variety of mental illnesses, including major
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depressive disorder, generalized anxiety disorder, posttraumatic stress disorder, and bipolar disorder[30]. As a potent
mediator of the relationship between exercise and a reduced risk of weakness and mental illness, mitochondria’s role in
mental health has drawn extensive attention from researchers[31]. Moderate exercise can aid in promoting mitochondrial
biogenesis, thereby enhancing physical function and improving mental health conditions, and is becoming a key factor in
addressing psychological stress and mental health problems.

Physical activity (PA) has distinct advantages in mental health interventions, providing stronger support for relieving
psychological stress and addressing psychological issues (Figure 1). First, physical activity reduces the side effects of
psychological interventions. Drug therapy, as a traditional mental health intervention, has the potential to identify
psychological problems, improve adverse psychological symptoms, and relieve psychological stress in a short period,
receiving widespread attention and being applied in mental health practices[32,33]. However, while drug therapy brings
benefits in relieving psychological stress, it also leads to certain adverse reactions[34], including increased risks of drug
dependence and abuse, the potential for suicidal behavior, and side effects such as dry mouth, insomnia, nausea,
vomiting, weight gain, increased heart rate, and gastrointestinal discomfort. If these issues occur, drug therapy not only
fails to achieve the original intention of addressing psychological problems but may even have a detrimental effect,
causing secondary harm to individuals affected by psychological issues. PA, as a nonpharmacological psychological
intervention measure, has the advantage of not causing adverse reactions[31]. Proper, scientific, and regular physical
exercise can help to reduce the side effects of psychological interventions, assisting in the relief of psychological stress and
the improvement of overall well-being.

Furthermore, there is a high level of necessity, convenience, and cost-effectiveness. On the one hand, a significant
portion of premature deaths due to physical health conditions in people with mental illness is preventable[35]. Targeted
early intervention through physical activity plays a particularly important role in mental health practice. Scientific and
reasonable early physical intervention can not only effectively relieve the psychological stress of patients and improve
their mental state but also reduce their likelihood of premature death, to some extent, achieving the goal of extending the
lifespan of patients. On the other hand, compared to traditional mental health intervention measures that require
facilities, venues, funding, personnel, and environmental factors, physical activity can address the limitations of the
external environment and material conditions. Whether by playing soccer, basketball, or walking, and whether physical
activity is performed in the office, at home, or on a sports field, the public can choose the most appropriate form of
physical activity based on their current physical and mental conditions, material conditions, physical activity foundation,
and interests, and engage in physical exercise anytime, anywhere, and according to their preferences. At the same time,
the relatively low cost of physical activity[36] also significantly reduces the economic burden on the public, providing a
practical, accessible, and easily manageable method for relieving psychological stress, particularly for disadvantaged or
economically challenged groups.

Finally, there is flexible adaptability across multiple methods, multiple groups, and multiple age ranges. In the relief of
psychological stress, physical activity not only demonstrates a high level of necessity, convenience, and cost-effectiveness,
reducing the side effects of psychological interventions but also exhibiting strong adaptability in the comprehensive
integration of multiple methods in mental health interventions. Exercise prescriptions can be used not only in-
dependently but also organically by being integrated with various intervention methods, including school-based
interventions, workplace interventions, community interventions, medication interventions, and digital interventions,
becoming a valuable supplementary resource in the process of relieving psychological stress and enhancing the compre-
hensiveness of mental health interventions. For example, physical activity can embrace new electronic information
technology combined with the latest digital intervention methods to provide web-based exercise intervention pre-
scriptions for patients with depression or anxiety[37]. Additionally, the combined use of physical exercise and antide-
pressant medication is considered a feasible adjunctive treatment method[38]. Furthermore, physical activity also
demonstrates significant advantages in adaptation to patient groups and age ranges. Whether patients are children,
adolescents, elderly individuals[39,40], students, health care professionals, or freelancers, all can benefit from physical
activity and achieve effective improvement in their mental state through proper and scientifically guided exercises.

CONCLUSION

PA, as an important means of relieving psychological stress and improving mental well-being, has been widely acknow-
ledged for its efficacy in research. A meta-analysis indicated that exercise, as a destigmatized intervention, has a positive
impact on mental health symptoms, alleviating depression symptoms in children, adults, and older adults and serving as
a beneficial complement to medication and psychological interventions[41]. Another meta-analysis suggested that
individuals with higher levels of physical activity had a lower risk of depression than those with lower physical activity
levels, and higher levels of physical exercise also had a protective effect against the development of future depression
[42]. Additionally, physical activity can effectively reduce the risk of anxiety disorders. Compared to individuals with low
levels of self-reported PA, those who report high levels of self-reported PA have a lower likelihood of developing anxiety
disorders, and higher PA levels can also prevent the onset of agoraphobia and posttraumatic stress disorder[43].
Engaging in moderate to vigorous exercise for approximately 90 min per week can significantly alleviate mental
symptoms[44]. In the grand scheme of things, some exercise is better than no exercise[45]. Given the distinct advantages
and effectiveness of physical activity in mental health intervention practices, we need to take more robust measures in the
future to stimulate its potential in relieving psychological stress, thereby better safeguarding the physical and mental
well-being of the public.
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Figure 1 Benefits of physical activity in mental health interventions.

First, physical activity guidelines should be established for mental health, providing a framework for overall health
and well-being improvement[46]. To fully unleash the potential of physical activity in relieving psychological stress, it is
imperative to clearly define the key elements and considerations in the implementation process of physical activity or
exercise prescriptions. Stakeholders should work together to develop or update physical activity guidelines based on the
latest developments in psychological research and mental health practice, providing scientific, reasonable, and compre-
hensive explanations and guidance on various aspects of physical activity as an exercise prescription, including types,
intensity, frequency, procedures, and considerations. Additionally, the characteristics and needs of different populations
should receive careful attention and be clearly described in the guidelines. Specifically, the preferences and suitable types
of physical activity may differ for children, adolescents, adults, and elderly individuals. Therefore, the guidelines should
present specific recommendations on the types, intensity, and focus of physical activity based on the physical capabilities,
medical history, and health conditions of different age groups. The specific needs of special groups such as pregnant
women and people with disabilities should be fully addressed, for instance, by providing targeted recommendations for
the types and intensity of exercise suitable for pregnant women at different stages of pregnancy.

Furthermore, physical activity should be organically integrated with other mental health interventions to further
enhance the comprehensiveness and effectiveness of relieving psychological stress. The development of times and
advancements in technology provide the potential for further stimulation of the medical benefits of physical activity. On
the one hand, the further integration of physical activity with traditional medication and clinical treatment should be
promoted and physical activity should be used as a supplemental treatment for patients with serious mental health issues
who require medication, achieving improvements in both the physical and mental conditions of patients. On the other
hand, internet-based physical activity intervention programs should be provided. The continuous emergence of electronic
information technology and the global COVID-19 pandemic have made digitally based exercise interventions via the
internet the latest trend in relieving psychological stress. Research indicates that internet-based exercise interventions
have a relieving effect on depression and anxiety in patients with neurological disorders[47]. In the future, there should
be further promotion of the deep integration of physical activity and emerging information technology to provide
support for the relief of psychological stress. Specifically, internet-based applications or mini-programs for mental health-
related physical activity could be further developed. Additionally, artificial intelligence models such as ChatGPT can
serve as important tools to provide real-time physical health monitoring and guidance for physical activity during the
process of addressing psychological issues.

Finally, the necessary respect, motivation, and support should be provided. Groups experiencing psychological issues
or significant psychological stress often have fragile mental states and delicate psychological conditions. Therefore, in the
process of prescribing exercise, it is essential to fully respect the personal wishes of the patients. For patients who are
willing, motivated, and physically healthy enough to engage in exercise, appropriate physical exercise can be
recommended[48]. For patients who lack the intention to exercise, we should fully respect their thoughts and provide
alternative treatment options that are more suited to their needs. Additionally, during the implementation of the exercise
prescription, it is important to select exercise activities that the patients are interested in, skilled at, have confidence in,
and have the ability to perform well and to provide necessary encouragement when patients reach their interim physical
activity goals. This helps patients experience enjoyment and a sense of accomplishment from physical activity, thereby
enhancing the effectiveness and sustainability of exercise interventions. At the same time, government and other
authorities, as well as professional organizations, should effectively strengthen the construction of physical activity

Boienidenge  VVIP | https://www.wjgnet.com 4 January 19,2024 | Volume14 | Issuel |



Liu XQ et al. Unlocking the power of physical activity

support groups, exercise facilities, and sports venues such as basketball courts and soccer fields. This ensures that
individuals facing psychological issues receive comprehensive support for physical activity and enjoy a harmonious
environment for exercise.
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Abstract

Breast cancer (BC)is the most common malignant tumor in women, and the
treatment process not only results in physical pain but also significant psycho-
logical distress in patients. Psychological intervention (PI) has been recognized as
an important approach in treating postoperative psychological disorders in BC
patients. It has been proven that PI has a significant therapeutic effect on post-
operative psychological disorders, improving patients' negative emotions,
enhancing their psychological resilience, and effectively enhancing their quality of
life and treatment compliance.

Key Words: Breast cancer; Psychological intervention; Negative emotions; Psychological
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Core Tip: Breast cancer (BC) has become the leading cancer worldwide. Psychological
intervention has been proven to have significant therapeutic effects on postoperative
psychological disorders in BC patients. It can improve patients' negative emotions,
enhance their psychological resilience, effectively enhance their quality of life, and
improve treatment compliance.
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INTRODUCTION

Breast cancer (BC) is the most common cancer in women worldwide[1]. According to the Global Cancer Data 2020 report
published by the International Agency for Research on Cancer[2], BC has surpassed lung cancer as the leading cancer. In
2020, there were approximately 2.3 million new cases of BC globally, accounting for 11.7% of all cancer cases[3-4]. The
occurrence and metastasis of BC are associated with various factors[5-6]. The high incidence rate of BC is a global
concern, and the alarming increase in the number of BC patients suggests that healthcare professionals need to pay
attention to patients from multiple perspectives[7]. Due to the psychological challenges such as anxiety, pain, depression,
low self-esteem, heightened sensitivity, and post-traumatic stress disorder among cancer patients, as well as the immense
psychological and economic pressures faced by their families[8], psychological intervention (PI) becomes an important
treatment method in clinical practice. PI has been proven to have significant therapeutic benefits for postoperative
psychological disorders in BC patients, improving their quality of life and treatment compliance. This study aims to
investigate the impact of PI on negative emotions and psychological resilience in BC patients after radical mastectomy,
providing a reference for subsequent clinical psychological treatments.

NEGATIVE EMOTIONS AND BREAST CANCER

Negative emotions can lead to an increased incidence of BC, and the development and prognosis of BC are also closely
related to emotions[6-8] (Figure 1). Negative emotions refer to the adverse feelings that arise psychologically from
undesirable events in life. Regarding the association between emotions and malignant tumors, the ancient Greek
physician Galen mentioned centuries ago that women who were long-term depressed and anxious were more likely to
develop BC than women who were lively and cheerful. Multiple studies have shown that negative emotions are closely
associated with the occurrence of cancer[9-10]. In a study by He et al[11] which included 200 BC patients, it was found
that patients' negative emotions, such as depression and anxiety, were significantly reduced after emotional management,
and the recovery of BC patients was good. Many studies have also found that negative emotions greatly affect the
incidence of BC[12-15]. In a study by Xu et al[12] a total of 9343 studies were screened, aiming to explore the connection
between negative emotions and the incidence of BC, as well as possible risk factors. The researchers analyzed 129621
female patients with negative emotions, of whom 2080 women were diagnosed with BC. They were followed up for 4-24
years, and the results showed that negative emotions were significantly related to BC (P < 0.0001, relative risk = 1.59,
95%ClI: 1.15-2.19).

Radical mastectomy remains an important surgical method for treating BC in clinical practice and is widely performed
in China. This surgical treatment results in various psychological and physical changes in patients. Due to removal of the
breast, patients experience significant changes in their self-image and become highly sensitive to subtle changes in
themselves. As a result, they often visit the hospital for multiple follow-up examinations of their physical condition[16-
17]. In a study conducted by Thakur et al[18], it was found that successfully treated BC patients often adopt a defensive
mentality and refuse further examinations and treatments. They also exhibit significant suspicion and show more
resistance to terms such as "breast" and "cancer" compared to the general population. Another study by Hernandez-
Blanquisett et al[19] revealed that patients who underwent radical mastectomy believed that their romantic or marital
relationships were affected, suggesting that the absence of the breast directly influences patients' lives and has a certain
impact on their physical and mental well-being. Female sexual dysfunction refers to a category of diseases in which
women experience disorders in one or more stages of the sexual response cycle, affecting the normal conduct of sexual
activity. It includes symptoms such as vaginal dryness and decreased sexual desire[20-21]. Haris et al[22] discovered in
their survey analysis that the frequency of sexual activity reduced after surgery in the BC patients, and some patients
even reported a lack of sexual activity. This can lead to a strong sense of inferiority in patients, as they believe they have
lost their feminine charm. It also results in an increased psychological burden and lower marital satisfaction.
Furthermore, patients may experience varying degrees of anxiety or depression due to the side effects of chemotherapy or
radiotherapy after surgery. Clinical studies have found that family conditions during the treatment process play a
decisive role in influencing the patients' emotions, including the support from family members and financial support.
When patients experience psychological stress and negative emotions, their anxiety and depression scores increase. In
severe cases, they may develop suicidal tendencies. Relevant research data indicate that BC patients undergoing radical
mastectomy are more likely to develop anxiety and depression compared to general cancer patients[22-25].
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Figure 1 Negative emotions related to breast cancer.

PSYCHOLOGICAL RESILIENCE AND BREAST CANCER

BC is a common malignancy that imposes significant stress on patients during the diagnosis and treatment process.
Patients with higher psychological resilience are better able to cope with stress, actively participate in treatment, and
achieve better treatment outcomes. Simultaneously, these patients experience faster postoperative recovery, and have
lower rates of tumor recurrence and mortality. Psychological resilience refers to the psychological and behavioral
response of the body to external environments and various stimuli. It is a dynamic state with a certain level of flexibility
that changes with the environment and allows for dynamic regulation and adaptation. Individuals with higher psycho-
logical resilience recover faster after experiencing stressful events[26-27]. The level of psychological resilience in BC
patients is influenced by factors such as gender, age, education level, and disease severity. Studies have shown that males
tend to have higher levels of psychological resilience compared to females, and that psychological resilience is positively
correlated with age. Additionally, patients with higher levels of education generally exhibit better psychological
resilience. The stage and prognosis of BC also have an impact on the psychological resilience of patients. Psychological
resilience is gaining increasing attention as a research area within positive psychology. Theoretical frameworks for
psychological resilience intervention include cognitive-behavioral theory, mindfulness theory, and the adolescent
resilience model[27]. Currently, the primary tools for measuring psychological resilience are the Connor-Davidson
Resilience Scale (CD-RISC) and the Resilience Scale for Adults[28]. Several clinical studies have demonstrated that
targeted intervention measures can effectively reduce negative emotions, enhance psychological resilience, and promote
recovery and growth in postoperative BC patients. In Liu et al[29], it was found that incentive-based interventions can
better implement the concept of humanistic care and achieve targeted and diversified approaches. By educating and
guiding family members to actively participate in the postoperative care of patients, they can provide maximum family
care and support, drawing strength from love and positively motivating patients to inspire their confidence in treatment
and recovery. Through sincere communication, showing care, and other methods, patients can experience respectful,
understanding, and unique clinical care, which fills them with strength, effectively guides and eliminates pessimistic
emotions, and maintains an optimistic mindset, leading to improved psychological resilience. Zhang et al[30] utilized the
CD-RISC to assess the psychological resilience of patients and found that psychological resilience is an important
indicator of subjective initiative and emotion regulation. Intervention measures can alleviate the fear of disease
progression in BC patients after radical surgery, improve psychological resilience, and reduce the occurrence of complic-
ations.

PSYCHOLOGICAL INTERVENTION

With the development of the bio-psycho-social medical model, PIs and social support have become highly valued aspects
of cancer treatment[31]. There is a close relationship between psychological status, immune function, and the occurrence
and progression of tumors[32]. Studying the relationship between PI, psychological stress, immune function, and tumor
progression is of great significance for the clinical treatment of BC. PI refers to the systematic and planned influence on
the psychological activities or issues of a specific target guided by psychological theories, in order to promote desired
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changes in the target[33]. PI is now widely applied in various clinical departments and primarily involves three aspects:
cognitive reconstruction, psychological regulation, and physical behavioral training. Specific intervention measures
include cognitive-behavioral therapy (CBT), music therapy, group interventions, yoga exercises, and comprehensive
intervention methods, among others[34-35]. Traditional PI focuses on alleviating or reducing patients' negative emotions,
while neglecting the stimulation and cultivation of various positive qualities and strengths. Positive psychology
emphasizes problem-solving with an optimistic attitude, helping individuals unleash their potential, and enabling them
to better cope with illness and life challenges[36-37]. Patients who have undergone radical surgery for BC can experience
positive emotional changes through emotional and psychological adaptation. Psychological therapies and supportive
methods have been proven effective in managing psychological disorders in BC patients. Every BC patient should receive
psychological support throughout their entire treatment period to improve their quality of life and treatment adherence
(Table 1)[1,38-40].

CBT is a PI that focuses on the interaction between cognition, emotion, and behavior to change dysfunctional behaviors
and thought patterns. It aims to correct patients' misconceptions, establish correct cognitive models, and improve their
quality of life. Traditionally, CBT has been used for mental health disorders such as depression and anxiety, but its
application in nursing is gaining increasing attention. In fact, it has been proven to be the most successful PI in improving
cancer-related issues, with data suggesting that it may enhance the overall quality of life in cancer survivors[41-44]. In a
study by Park et al[31], 74 BC patients were randomly divided into an intervention group and a control group for an 8-wk
CBT intervention. The control group received standard treatment, while the intervention group received CBT in addition
to standard treatment. The results showed significant improvements (P < 0.05) in cognitive function, quality of life, and
mental state in the intervention group compared to the control group. CBT has been shown to improve patients' health
conditions, including psychological, physical, and mental domains, and these positive effects can be sustained for up to 4
wk. Following a PubMed search, Vance et al[45] identified 21 intervention studies on cognitive deficits and found that
CBT can effectively improve cognitive deficits and enhance patients' cognitive abilities. CBT holds promise as an
adjunctive therapy in medical treatments to achieve clinical therapeutic goals.

Mindfulness-based therapy (MBT), on the other hand, is a PI that combines meditation, relaxation, controlled
breathing, physical stretching, and social interaction. Its core aim is to alleviate stress through mindfulness and help
individuals better cope with illnesses[46-47]. This therapy typically involves 6-8 wk of mindfulness training, including
practices such as mindfulness breathing, mindfulness meditation, mindfulness yoga, breathing exercises, and mindful
walking[48]. Studies by Duval et al[49] and Shao et al[50] have demonstrated the effectiveness of MBT in improving
patients' cognitive abilities and reducing cancer-related concerns. Zheng et al[51] conducted a systematic search across
multiple databases to study the application and effects of mindfulness-based stress reduction (MBSR) therapy in BC
patients. The results indicated that MBSR therapy can improve anxiety, depression, fatigue, and stress to varying degrees,
with significant short-term effects. However, studies also pointed out that the long-term effects of this therapy are
uncertain, and further research with high-quality and large sample sizes is needed for validation. In a study by Luo et al
[52], the effects of group mindfulness-based cognitive therapy on psychological resilience and self-efficacy in BC patients
during chemotherapy were explored. They recruited 120 BC patients undergoing chemotherapy and randomly divided
them into a study group and a control group. The control group received routine treatment and care, while the study
group received group mindfulness-based cognitive therapy for a total of 4 wk. The researchers assessed psychological
resilience and general self-efficacy using questionnaires. The results showed that patients in the study group exhibited
better psychological resilience and self-efficacy compared to those in the control group after the intervention. This
confirms that mindfulness training can enhance disease outcomes, promote positive emotions, and effectively improve
quality of life in BC patients. Schellekens et al[53] conducted a study involving 271 BC survivors and randomly assigned
them to a mindfulness-based cancer recovery (MBCR) group, a supportive expressive therapy (SET) group, or a waitlist
control group. The MBCR group received mindfulness yoga and meditation practices, as well as guided group dis-
cussions on mindfulness, for 8 wk. The results showed that both MBCR and SET improved patients' emotional distress
and stress symptoms, with MBCR demonstrating a more significant improvement (P < 0.01).

CONCLUSION

Currently, as the incidence of cancer continues to rise, PI measures are gradually being developed. This review article
focuses on PI for BC patients, exploring the relationship between negative emotions and psychological resilience and BC.
The results show that negative emotions are closely associated with BC. BC patients with better psychological resilience
can increase their survival rate after surgery and maintain a good psychological state. However, at present, psychological
research related to BC is scarce. Studies on negative emotions and psychological resilience of BC patients after radical
mastectomy are mainly cross-sectional, and in-depth longitudinal research is lacking. In clinical trials, due to budget and
personnel constraints, the trial period and follow-up duration are short, and the changes in patients' negative emotions
and psychological resilience are thus not fully investigated. It is suggested that future research on the negative emotions
and psychological resilience of BC patients should establish a corresponding PI framework, explore the changes in
negative emotions and psychological resilience of BC patients at different stages, and adopt effective intervention
methods. This will provide specific theoretical and practical methods for PIs at different stages of BC.
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Table 1 Specific psychological intervention measures for postoperative breast cancer patients

Item Psychological intervention measures

Cognitive Provide disease handbooks to patients based on their specific conditions, including information on preventive measures, surgical
Behavioral procedures, dietary guidance, chemotherapy-related knowledge, psychological support, and other relevant topics. Ensure that key content
Therapy is accompanied by detailed illustrations to enhance understanding. Engage in detailed conversations with patients to better understand

their cultural background and level of comprehension. Based on this understanding, recommend books that align with their interests and
preferences. Offer training in coping strategies tailored to each patient's condition. Select appropriate methods for venting emotions based
on the patient's situation. Teach techniques for expressing and communicating feelings effectively. Encourage patients to confide in
someone they trust about their innermost worries. Suggest activities such as watching movies they enjoy, writing journals, and
maintaining contact with family or friends through WeChat, phone calls, text messages, efc. These activities can help patients cope with
their emotions and maintain social connections during their journey

Mindfulness  Teach techniques for body scanning and guide patients to practice experiencing the interaction between their mind and body through

Therapy body scanning exercises. This involves mindfully observing and being aware of one's physical sensations and discomfort without rejecting
them, allowing oneself to slowly feel and become familiar with the discomfort. Provide mindfulness practices for dealing with thoughts.
Teach patients to accept their thoughts with an open attitude, simply being aware of their thoughts without judgment or rejection.
Introduce the A-B-C theory of cognition, helping patients identify the thoughts and beliefs that underlie their emotions. Make them aware
that it is their cognition that influences their emotional reactions, rather than the events themselves. Teach patients to be mindful of their
thoughts and beliefs, and guide them in making appropriate adjustments. Share personal experiences of applying mindfulness in daily life
and cognitive-behavioral therapy. Discuss the benefits gained from participating in group therapy sessions

Music Starting from admission and the first day after surgery, it is recommended that patients listen to their favorite music for 30 min each
Therapy morning before 8:00 and again before bedtime at night

Aerobic The aerobic exercise program should take into consideration the patient's individual conditions and preferences to develop a reasonable
Exercise and scientific rehabilitation plan. The main exercise methods should include walking, jogging, cycling, stair climbing, and yoga.

Additionally, dance exercises can be incorporated based on simple limb functional exercises. The exercise duration should be controlled at
30 min, with three aerobic exercise sessions per week. Limb exercises should be gradually introduced by nursing staff based on the
patient's postoperative wound recovery conditions, with aerobic exercises generally conducted after limb exercises. The exercise content
should be shared through WeChat group chats and health education manuals to ensure correct and professional aerobic exercise rehabil-
itation. To evaluate the effectiveness of the exercise program, detailed records of the aerobic exercises performed by the patient should be
maintained. Face-to-face communication should be conducted to understand the patient's subjective feelings and address any nursing
issues they may have. Patients and their families should be encouraged to self-evaluate during aerobic exercises and provide timely
feedback on any problems encountered. Active cooperation during the intervention period is essential to improve exercise compliance.
Due to individual differences among patients, different types of aerobic exercise programs should be developed based on their specific
conditions. It is important to follow the principle of gradual progression when arranging exercise plans
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Abstract

BACKGROUND

Numerous observational studies have documented a correlation between inflam-
matory bowel disease (IBD) and an increased risk of dementia. However, the
causality of their associations remains elusive.

AIM
To assess the causal relationship between IBD and the occurrence of all-cause
dementia using the two-sample Mendelian randomization (MR) method.

METHODS

Genetic variants extracted from the large genome-wide association study (GWAS)
for IBD (the International IBD Genetics Consortium, n = 34652) were used to
identify the causal link between IBD and dementia (FinnGen, n = 306102). The
results of the study were validated via another IBD GWAS (United Kingdom
Biobank, n = 463372). Moreover, MR egger intercept, MR pleiotropy residual sum
and outlier, and Cochran's Q test were employed to evaluate pleiotropy and
heterogeneity. Finally, multiple MR methods were performed to estimate the
effects of genetically predicted IBD on dementia, with the inverse variance wei-
ghted approach adopted as the primary analysis.

RESULTS

The results of the pleiotropy and heterogeneity tests revealed an absence of
significant pleiotropic effects or heterogeneity across all genetic variants in
outcome GWAS. No evidence of a causal effect between IBD and the risk of
dementia was identified in the inverse variance weighted [odds ratio (OR) = 0.980,
95%CI : 0.942-1.020, P value = 0.325], weighted median (OR = 0.964, 95%CI : 0.914-
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1.017, P value = 0.180), and MR-Egger (OR = 0.963, 95%CI : 0.867-1.070, P value = 0.492) approaches. Consistent
results were observed in validation analyses. Reverse MR analysis also showed no effect of dementia on the
development of IBD. Furthermore, MR analysis suggested that IBD and its subtypes did not causally affect all-
cause dementia and its four subtypes, including dementia in Alzheimer's disease, vascular dementia, dementia in
other diseases classified elsewhere, and unspecified dementia.

CONCLUSION

Taken together, our MR study signaled that IBD and its subentities were not genetically associated with all-cause
dementia or its subtypes. Further large prospective studies are warranted to elucidate the impact of intestinal
inflammation on the development of dementia.

Key Words: Inflammatory bowel disease; All-cause dementia; Mendelian randomization; Causal effect; Risk factor

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

Core Tip: Dementia is a major disease burden for public health and healthcare systems worldwide. This study used two-
sample Mendelian randomization (MR) to assess the causal relationship between inflammatory bowel disease (IBD) and all-
cause dementia. Multiple MR methods have failed to find that IBD increases the risk of developing all-cause dementia and
its four subtypes. The present study suggests that genetically predicted IBD is not associated with risk of all-cause dementia
and that dementia prevention interventions for patients with IBD can be similar to those for the healthy population.

Citation: Liao OL, Xie SY, Ye J, Du Q, Lou GC. Association between inflammatory bowel disease and all-cause dementia: A two-
sample Mendelian randomization study. World J Psychiatry 2024; 14(1): 15-25

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/15.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.il.15

INTRODUCTION

Dementia is a syndrome arising from brain disorders, usually of a chronic or progressive nature, characterized by
acquired behavioral and cognitive deficits, including domains such as memory, communication and language abilities,
concentration and attention span, reasoning and judgment, and visual perception[1]. It is a global health concern and has
emerged as a pandemic in the aging population. Over 1315 million people are predicted to be affected by the mid-21
century[2]. Mounting evidence suggests that intestinal homeostasis is involved in psychiatric and neurologic disorders
through the bidirectional microbiome-gut-brain axis. Besides conventional brain-gut disorders (e.g., functional
gastrointestinal disorders), recent studies point toward a potential role of the interaction between the gut and central
nervous system in depression, anxiety, Parkinson's disease, autism spectrum disorders, and other related disorders[3].

Inflammatory bowel disease (IBD), comprising ulcerative colitis (UC) and Crohn's disease (CD), refers to a chronic
intestinal disorder featured by a relapsing and remitting course. Its cause remains to be elucidated, but its pathogenesis
may involve environmental factors triggering an aberrant immune response between the gut microbiota and the
intestinal immune system in genetically susceptible hosts, thereby eliciting intestinal mucosal inflammation[4]. The
genome-wide association study (GWAS) identified gene loci associated with IBD susceptibility, influencing not only gut
microbial recognition and clearance but also the maintenance of intestinal immune homeostasis[5].

Several studies have reported that IBD patients are at increased risk of neurodegenerative diseases such as Parkinson's
disease, multiple sclerosis, and dementia[6-8]. A Taiwanese population-based cohort study determined a significantly
increased risk of developing dementia among IBD patients, whereas a Danish study concluded that IBD patients had a
marginally increased risk of all-cause dementia[9,10]. Contrastingly, a longitudinal cohort study found no association
between IBD and dementia[8]. To date, the causal relationship between IBD and dementia remains underexplored.
Furthermore, the aforementioned observational studies might be susceptible to various measurement errors, underlying
biases, and confounding factors, which could have compromised the results or even reverse causality.

Mendelian randomization (MR) is conceptually similar to randomized controlled trials (RCTs), using genetic variants
as instrumental variables (IVs) to infer causality between an exposure and an outcome based on the principle of random
assortment of alleles during gamete formation and conception[11,12]. The former utilizes genetic data, such as single
nucleotide polymorphisms (SNPs) associated with an exposure (in this study, IBD), as IVs to examine the causal effect of
the exposure on the target outcome (in this study, dementia)[13]. The intrinsic nature of the random assortment of genetic
variants at conception dictates that their effects on outcomes remain unaffected by postnatal environmental, behavioral,
and economic confounders. Besides, they are not susceptible to reverse causality bias[14]. Given that these confounding
factors are inherently balanced across subgroups at conception, MR closely mimics the randomization process in RCTs.

A large number of MR studies have been undertaken to investigate the causal effect of IBD on neurodegenerative
diseases, encompassing Alzheimer's disease (AD), Parkinson's disease, and amyotrophic lateral sclerosis[15-17]. While Li
and Wen[15] did not identify a correlation between IBD and AD, Guo et al[17] found that IBD exerted a genetically
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protective effect against AD. There are currently no MR studies or RCTs focusing on the effect of IBD on the risk of
dementia subtypes other than AD. Based on the publicly available GWAS data from a large population, a two-sample MR
analysis was adopted to identify the effect of IBD on all-cause dementia and its subtypes, which holds clinical implic-
ations for the formulation of interventions to delay cognitive decline and mitigate the burden of dementia in the IBD
population. Our results may provide novel insights into the bidirectional interactions in the gut-brain axis.

MATERIALS AND METHODS
Study design

A two-sample MR method was conducted to evaluate the causal relationship between IBD and all-cause dementia. MR
follows three key assumptions (Figure 1): (1) The IVs are strongly associated with the exposure (IBD); (2) the IVs are
unrelated to confounder factors linked to the selected exposure and outcome, and (3) the IVs exclusively influence the
outcome (dementia and its six subtypes) via IBD. Considering that this study used publicly available datasets from
participant studies conducted in compliance with ethical standards, the requirement for ethical approval was waived.

IBD GWAS and genetic instrumental variants

The GWAS summary data for IBD were extracted from the International IBD Genetics Consortium (IIBDGC)[18] that is
composed of 15 cohorts of European ancestry (enrolled cohorts are listed in Supplementary Table 1) and contained data
on IBD as a whole (12882 cases; 21770 controls) and also on CD (5956 cases; 14927 controls) and UC (6968 cases; 20464
controls). All cases were confirmed using standard clinical, endoscopic, and histopathological criteria. The validation
analysis incorporated summary statistics acquired from a United Kingdom Biobank GWAS involving European
participants (7045 self-reported cases and 456327 controls) wherein IBD cases were identified using the International
Classification of Diseases 10" Revision (ICD-10) codes F50 and F51[19]. Information about the GWAS of exposure is
summarized in Table 1.

Independent genetic IVs were extracted from the respective exposure based on several criteria. To begin, SNPs strongly
associated with the exposure were selected (P-value < 5 x 10%). Following this, to ensure the inclusion of IVs without
linkage disequilibrium (LD), the clumping procedure (R* < 0.001, window size = 10000 kb) was executed utilizing
European samples to calculate the LD. Thirdly, SNPs associated with other potential risk factors at genome-wide
significance, which may act as confounders and interfere with the effect of IBD (including UC and CD) on dementia, were
excluded using PhenoScanner (http://www.phenoscanner.medschl.cam.ac.uk/). Known risk factors for dementia
include diabetes, hypertension, atrial fibrillation or flutter, obesity, chronic obstructive pulmonary disease,
cerebrovascular disease, smoking, and hypothyroidism[8-10]. SNPs associated with dementia due to other diseases
identified by the ICD-10 code F02 were also excluded in this analysis. The strength of the relationship between IVs and
exposure was estimated using the F statistic (F statistics < 10 indicating a weak IV bias)[20]. For each IV, the F statistic
was calculated using the following formula: F= [R? x (N-2)/(1 -R?), where N denotes the sample size, R? represents the
variance of exposure explained by the IVs (R?> = 2 x beta? x eaf x (1-eaf)/[2 x beta® x eaf x (1-eaf) + 2 X se x N x eaf x (1-
eaf)], eaf stands for the effect allele frequency, se represents standard error, and beta is the estimated effect of the SNP)
[21-23].

Extraction of IVs from dementia GWAS

All-cause dementia was defined as ICD-10 codes FOO (dementia in AD), FO1 [vascular dementia [VaD)], FO2 (dementia in
other diseases classified elsewhere) and FO3 (unspecified dementia)[24]. The GWAS summary statistics for dementia were
utilized as a whole and its subtypes from the FinnGen study[25]. The sample of all-cause dementia consisted of 11602
cases (ICD-10 FO0-F03, ICD-9 290 | 3310 | 4378 A, ICD-8 290) and 294500 controls; the sample of dementia in AD consisted
of 3540 cases (ICD-10 F00, ICD-8 29010) and 294500 controls; the sample of VaD consisted of 1602 cases (ICD-10 F01, ICD-
9 4378) and 297552 controls; the sample of dementia in other diseases classified elsewhere consisted of 882 cases (ICD-10
F02) and 294500 controls; and the sample of unspecified dementia consisted of 2729 cases (ICD-10 F03, ICD 290 | 2941,
ICD-8 2900 | 29019) and 294500 controls. Details on the outcome of GWAS are listed in Table 1.

IVs were sequentially extracted from the outcome GWASs as described above, while outcome-related SNPs were
eliminated. Subsequently, ambiguous SNPs with incompatible alleles (e.g., A/G vs. A/C) and palindromic SNPs (e.g., A/
T or G/C) were excluded when harmonizing exposure and outcome datasets[26]. SNPs absent in the outcome data were
substituted by proxy SNPs obtained from the online platform LDlink (https://Ldlink.nih.gov/) based on high LD from
European data. Proxies were required to have a minimum R? value of 0.8, and palindromic SNP strands were aligned
using a minor allele frequency of up to 0.3[27]. The summary characteristics of all genetic IVs are illustrated in
Supplementary Tables 2-4. The correlations between IBD (including UC and CD) genetic IVs and the GWAS datasets for
dementia and its subtypes are displayed in Supplementary Tables 5-7. Additionally, a comprehensive summary of IVs
associated with the validation analysis is presented in Supplementary Tables 8 and 9.

Pleiotropy and heterogeneity assessments

MR egger intercept and MR pleiotropy residual sum and outlier (MR-PRESSO) tests are typically used to assess
horizontal pleiotropy[28]. If the selected IVs are not pleiotropic, the MR Egger intercept term tends to approach zero with
an increase in sample size[29]. MR-PRESSO can correct horizontal pleiotropy by eliminating underlying outliers prior to
each MR analysis[28]. The harmonized SNPs underwent the MR-PRESSO test (NbDistribution=10000). A P >0.05 in the
MR-PRESSO global test indicates no significant pleiotropy of all IBD-associated IVs in the dementia GWAS dataset. In the
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Table 1 Details of the genome-wide association studies included in the Mendelian randomization

Phenotype Consortium Year Ncase Ncontrol Population
IBD IIBDGC 2015 12882 21770 European
ucC IIBDGC 2015 6968 20464 European
CD IIBDGC 2015 5956 14927 European
IBD (val) United Kingdom Biobank 2021 7045 449282 United Kingdom
All-cause dementia FinnGen 2022 11602 294500 Finnish
Dementia in AD FinnGen 2022 3540 294500 Finnish
VaD FinnGen 2022 1602 297552 Finnish
Dementia in other diseases classified FinnGen 2022 882 294500 Finnish
elsewhere

Unspecified dementia FinnGen 2022 2729 294500 Finnish

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s disease; AD: Alzheimer’s disease; VaD: Vascular dementia; IIBDGC: International
Inflammatory Bowel Disease Genetics Consortium.

Assumption 2
R N X _________ » Confounders
|
|
|
|
. ! I
Assumption 1
Instrumental Variants Exposure (IBD) > Outcome (dementia)
1 A
1 1
: Assumption 3 X :
G . S 1

Assumption 1: The instrumental variants are strongly associated with exposure;
Assumption 2: The instrumental variants are not associated with confounders;

Assumption 3: The instrumental variants influence the outcome only through the exposure.
DOI: 10.5498/wjp.v14.i1.15 Copyright ©The Author(s) 2024.

Figure 1 Diagram of the two-sample Mendelian randomization study for the associations of inflammatory bowel disease with dementia.
IBD: Inflammatory bowel disease.

MR-PRESSO outlier test, outliers with a P-value less than 0.05 should be removed. The Cochran's Q statistic was
employed to evaluate heterogeneity, which is extensively employed in MR Egger and inverse variance weighted (IVW)
analyses[30,31]. A P > 0.05 indicates the absence of significant heterogeneity. The summarized results of the pleiotropy
and heterogeneity tests are shown in Supplementary Table 10.

MR analysis
Three different MR methods (IVW, weighted median, and MR Egger) were performed to estimate the effect of the
exposure on outcome susceptibility. IVW was selected as the primary method, with the remaining MR methods assessing
the sensitivity of our findings with robust estimates. IVW represents the weighted average of Wald ratio estimates of the
causal impact for each variant and provides the most accurate estimate when all IVs are valid[32]. The weighted median
yields consistent estimates even if up to 50% of selected SNPs are not valid[28,29]. MR Egger accounts for pleiotropy
among all IVs but requires that the associations between genetic variants and exposure remain independent of the effects
of genetic variants on the outcome[33]. Additionally, a "leave one out" analysis was carried out to systematically exclude
each SNP individually to examine the influence of SNPs on the MR estimate[34].

All analyses in this MR study were performed using the Package "TwoSampleMR version 0.5.6" in R version 4.2.2. The
significance threshold was set at P < 0.05/X/Y = 0.05/3/5 = 0.003, corrected by the Bonferroni method (X: the number of
exposures, Y: the number of outcomes). An overview of our study's process is presented in Figure 2.

Reverse MR analysis

Genetic Vs were selected from the dementia GWAS summary data based on several criteria: (1) P-value (genome-wide
significance threshold <5 x 10%); (2) an LD R? of < 0.001, and < 10000 kb from the index variant; and (3) no effects on
potential risk factors, including inflammation, immune response, and gut microbiota. Then, IVs were extracted from the
IBD GWAS. The IBD GWAS and dementia GWAS were sourced from the IIBDGC and FinnGen, respectively (Table 1).
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‘ Selection of IVs from exposure GWAS ‘

—>| Delete risk factors-related SNPs |

‘ Retrieve each IV from outcome GWAS ‘

>| Delete outcome-related SNPs ‘

Proxy SNPs (R? > 0.8, MAF >0.3) | R

‘ Harmonize exposure and outcome datasets ‘

——| Delete ambiguous or/and palindromic SNPs ‘

Pleiotropy test
MR egger intercept test
MR-PRESSO global test

——{ Remove outliers SNPs

Heterogeneity test
Cochran’s Qtest

Inverse variance weighted ‘ ‘ Weighted median ‘ ‘ MR egger

‘ MR estimates ‘

l

Scatter plots ‘ ‘ Forest plots ‘
DOI: 10.5498/wjp.v14.i1.15 Copyright ©The Author(s) 2024.

“Leave one out” analysis

Figure 2 Flow chart of this Mendelian randomization study. MR: Mendelian randomization; SNPs: Single nucleotide polymorphisms; GWAS: Genome-
wide association study; IV: Instrumental variables.

The summary characteristics of dementia IVs and their association with IBD GWAS are depicted in Supplemen-
tary Table 11 and 12.

The MR Egger intercept and PRESSO methods were applied to determine the pleiotropy of dementia-associated IVs in
IBD GWAS, whilst MR Egger and IVW in Cochran's Q statistic were employed to determine the heterogeneity of
dementia-associated IVs in IBD GWAS (Supplementary Table 10). The methods of reverse MR analysis were consistent
with those described above.

RESULTS

Genetic instrumental variants
In the primary analysis investigating the causal impact of IBD on dementia, 65 SNPs were screened as potential genetic
IVs, of which 19 SNPs related to other potential risk factors were excluded, nine SNPs could not be extracted from the
outcome GWASs, and five SNPs were ambiguous or/and palindromic (Supplementary Table 2). In the analysis
concerning the impact of UC on dementia, 39 SNPs were screened as potential genetic IVs, of which 13 SNPs related to
other potential risk factors were excluded, four SNPs could not be extracted from the outcome GWASs, and three SNPs
were ambiguous or/and palindromic (Supplementary Table 3). In the analysis of the impact of CD on dementia, 53 SNPs
were initially identified as potential genetic IVs, among which 19 SNPs related to other potential risk factors were
excluded, two SNPs could not be extracted from the outcome GWASs, and five SNPs were ambiguous or/and
palindromic (Supplementary Table 4). Besides, 19 SNPs were identified as IVs in the validation analyses (Supplementary
8). The selected IVs could explain 6.75%, 4.36%, and 9.06% variance of IBD, UC, and CD, respectively. Additionally, the
accounted variance by IVs was 0.19% in the validation analyses. The F-statistic of all selected IVs was > 10, demonstrating
a marginal possibility of a weak instrument bias (Supplementary Table 2-4 and 8).

MR egger intercept and MR-PRESSO global tests both exposed the absence of significant pleiotropy (Supple-
mentary Table 10). Furthermore, no statistical heterogeneity was detected in the MR egger and IVW in Cochran's Q tests
(Supplementary Table 10). Thus, all selected genetic SNPs were regarded as effective IVs in this MR study.
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Causal effects of IBD on the risk of all-cause dementia

In the primary analysis, the IVW method determined that IBD was not causally related to all-cause dementia [odds ratio
(OR) =0.980, 95%CI : 0.942-1.020, P value = 0.325] (Figure 3). Subsequently, the causal relationship between IBD and the
four subtypes of dementia was examined. Subgroup analyses did not support a significant association between IBD and
dementia in AD (OR = 0.957, 95%CI : 0.899-1.018, P value = 0.165), VaD (OR = 0.944, 95%ClI : 0.866-1.030, P value = 0.195),
dementia in other diseases classified elsewhere (OR = 1.089, 95%CI : 0.952-1.246, P value = 0.214), and unspecified
dementia (OR = 1.011, 95%CI : 0.936-1.092, P value = 0.776) (Figure 3). Similarly, the weighted median and MR Egger
methods provided no evidence of a genetic causal relationship between IBD and all-cause dementia and its subtypes
(Supplementary Table 13). As anticipated, these results were corroborated by the validation sample (Figure 4;
Supplementary Table 13). The scatter plots and forest plots of the single SNP effect and combined effects are displayed in
Supplementary Figure 1-4. The "leave one out" sensitivity analysis indicated that no individual SNP influenced the MR
estimates (Supplementary Figures 5 and 6).

Furthermore, the causal effects of UC and CD on all-cause dementia and its four subtypes were assessed in a similar
approach. The IVW method revealed that UC and CD were not causally related to all-cause dementia and its four
subtypes, including dementia in AD, VaD, dementia in other diseases classified elsewhere, and unspecified dementia
(Figure 3). The results of the weighted median and MR Egger are presented in Supplementary Table 13. All scatter plots,
forest plots, and "leave one out" analysis plots for MR analyses of UC and CD on dementia are shown in Supple-
mentary Figures 7-12.

Causal effect of dementia on IBD

To explore reverse causality, 12 SNPs were selected from dementia GWAS summary statistics as potential IVs, of which
three SNPs associated with potential risk factors were excluded, whilst another SNP was excluded due to palindrome
after harmonization of dementia GWAS and IBD GWAS (Supplementary Tables 11 and 12). The intercept term from the
MR Egger regression and MR-PRESSO global test demonstrated no significant pleiotropy among the eight independent
dementia-associated IVs in IBD GWAS. Importantly, Cochran's Q test did not identify significant heterogeneity among
the effects of dementia-associated SNPs on IBD (Supplementary Table 10). Therefore, all eight dementia-associated SNPs
could be regarded as valid genetic IVs for the ensuing MR analysis. In the reverse MR analysis, the results of IVW,
weighted median, and MR Egger uncovered no genetically causal effect of dementia on IBD (Supplementary Table 14).
The scatter plot, forest plot, and "leave one out" analysis plot for reverse MR analysis are shown in Supplemen-
tary Figure 13.

DISCUSSION

Herein, a two-sample MR approach was employed to comprehensively evaluate the causal relationship between
genetically predicted IBD (including UC and CD) and the risk of all-cause dementia and its subtypes, namely, AD, VaD,
dementia in other diseases classified elsewhere and unspecified dementia. The results of several methods of MR analyses
did not indicate that IBD played a genetic role in the development of dementia (Supplementary Table 13). The findings
were further confirmed by conducting a validation analysis in another summary statistics of IBD GWAS (Supple-
mentary Table 13). Likewise, the reverse MR analysis did not support a causal role of all-cause dementia in the risk of IBD
(Supplementary Table 14).

IBD is etiologically related to gut microbiota dysbiosis, which induces proinflammatory activity in the gut that is
transmitted to the nervous system via the microbiome-gut-brain axis, eventually resulting in neuroinflammation[35,36].
Recently, compelling evidence from population-based observational studies has insinuated an association between IBD
and an increased risk of dementia. For instance, a longitudinal cohort study including 1742 patients with IBD and 17420
controls from the Taiwanese population demonstrated an increased risk of all-cause dementia following the diagnosis of
IBD [hazard ratio (HR) = 2.54, 95%CI : 1.91-3.37], especially at younger ages, compared to controls[9]. Two other
retrospective cohort studies from Germany and Denmark reported significant but less pronounced effects of IBD on the
risk of dementia[10,37]. A recent systematic review and meta-analysis based on six studies including 2334472 subjects
suggested an increased risk for developing dementia in IBD patients (HR = 1.27, 95%CI : 1.10-1.47)[38]. Notably, this
result was in line with the findings of other systematic reviews and meta-analyses[39,40]. Furthermore, a large case-
control study established systemic inflammation as a potential risk factor for AD, while the latest meta-analysis
concluded that chronic elevation in the level of the inflammatory biomarker C-reactive protein was directly correlated
with the lifetime risk of developing dementia[41,42]. Interestingly, drugs for the treatment of IBD, such as tumor necrosis
factor blocking agents, might be associated with a lower risk of developing AD[41,43]. In a mouse model of IBD induced
by sodium dextran sulfate, Kaneko et al[44] observed that neutrophils infiltrated the brain parenchyma of AD mice and
accelerated amyloid plaque accumulation during acute colitis. Meanwhile, He et al[45] found that intestinal inflammation
disrupted glymphatic clearance and triggered neuroinflammation, resulting in increased amyloid-p deposition and,
ultimately, cognitive impairment.

However, the results of observational studies are largely inconsistent. A longitudinal cohort study of 497775
participants recruited from 2006 to 2010 in the UK Biobank highlighted an HR of 1.14 for incident dementia among IBD
patients, but the differences were not significant (95%CI : 0.94-1.39, P value = 0.182). Besides, there was no statistically
significant difference in the anatomical and tissue-specific volumes of their brains on magnetic resonance images[8].
Furthermore, a recent meta-analysis including seven observational studies (six cohort studies and one case-control study)
and 20174 cases did not identify a significant association between UC [relative risks (RR) = 1.16, 95%CI : 0.96-1.41) or CD
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Figure 3 The inverse variance weighted estimates of inflammatory bowel disease on dementia. The exposure is inflammatory bowel disease and
subentities including ulcerative colitis and Crohn's disease, and the outcome is all-cause dementia and its subtypes including dementia in Alzheimer’s disease,
vascular dementia, dementia in other diseases classified elsewhere, and unspecified dementia. The inverse variance weighted estimates, presented as odds ratios
(OR) and 95% confidence intervals, are the summed ORs calculated from the individual instrumental variables. IBD: Inflammatory bowel disease; AD: Alzheimer's
disease; VaD: Vascular dementia; UC: Comprising ulcerative colitis; CD: Crohn's disease.

Exposure Outcome OR (95%CI) P value
All-cause dementia 0.945 (0.891-1.002) —_—— 0.325
Dementia in AD 0.937 (0.847-1.035) .—.—-—- 0.165

IBD (Val) vaD 0.932 (0.809-1.074) —-—— 0.195

Dementia in other diseases
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Unspecified dementia 0.970 (0.847-1.110) _ 0.776
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Figure 4 The inverse variance weighted estimates of inflammatory bowel disease (validation) on dementia. The exposure is inflammatory bowel
disease (validation), and the outcome is all-cause dementia and its four subtypes. The inverse variance weighted estimates, presented as odds ratios (OR) and 95%
confidence intervals, are the summed ORs calculated from the individual instrumental variables. IBD: Inflammatory bowel disease; AD: Alzheimer's disease; VaD:
Vascular dementia.

(RR =1.17, 95%CI : 0.84-1.62] and the risk of AD[43]. Another meta-analysis encompassing nine studies, including seven
cohort studies, one cross-sectional study, and one case-control study, described that a previous diagnosis of IBD did not
influence the risk of subsequent all-cause dementia (RR = 1.32, 95%CI : 0.98-1.77) and AD (RR = 1.62, 95%CI : 0.96-2.76)
[46]. Of note, subgroup analysis based on the study of the above meta-analysis implied that IBD increased the risk of all-
cause dementia but not AD in the cohort study, UC increased the risk of subsequent all-cause dementia and AD, and CD
only increased the risk of all-cause dementia[46]. So far, the causal relationship between IBD and dementia has not been
established.

In the present MR study, no causal relationship was discovered between genetically predicted IBD and subentities and
all-cause dementia and its four subtypes, which contradicts the results of the above-mentioned studies implicating an
association between IBD and dementia (Supplementary Table 13). What's more, our finding is not in agreement with that
of Guo et al[17]. It is worthwhile emphasizing that their MR study had some limitations, including sample selection bias
in the selected AD dataset that included older clinically diagnosed patients but excluded patients with shortened life
expectancy due to IBD-related comorbidities, thus reducing or even reversing the MR estimated effect. In addition, Guo et
al[17] used univariable MR to estimate the causal roles of UC and CD in AD, which might have led to horizontal
pleiotropy due to IV overlapping. Excitingly, a recent study published in Neurology with a large sample size carried out
an observational analysis combined with MR analysis corroborated our findings. The observational analysis using data
from the United Kingdom Clinical Practice Research Datalink described that the overall incidence of AD was higher in
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patients with IBD (HR = 1.17, 95%CI : 1.15-1.19, P value = 2.1 x 10*). Nonetheless, their MR analysis yielded no
association between IBD and AD, suggesting that confounding factors may compromised the observed association[47].
Observational studies are susceptible to inherent methodological shortcomings, such as bias and confounding variables.
For instance, the recruitment of the majority of participants from Medicare databases or inpatient registries could have
increased the risk of selection bias. Surveillance bias also may increase the likelihood of a positive correlation. The gut
microbiota, obesity, and other factors have been established as risk factors for both IBD and dementia in previous studies
[5,48-50]. On the other side, the use of medications such as proton pump inhibitors and tumor necrosis factor blocking
agents might interfere with the results when assessing the association between IBD and dementia[51,52]. At the same
time, shared genetic components, such as PPARG and NOS2, could also increase genetic susceptibility to both diseases
[53]. Furthermore, meta-analyses typically exhibit statistical heterogeneity arising from differences in study populations,
study designs, and inclusion criteria. Finally, two large-scale GWAS comprehensively evaluated the genetic overlap
between cognitive traits or AD and gastrointestinal disorders, with neither detecting significant genetic overlap and
correlation with IBD[54,55].

A major strength of our study is that the causal effects between IBD and the risk of all-cause dementia and its six
subtypes were assessed by utilizing a two-sample MR design, which mitigates limitations inherent noted in observational
studies, including measurement error, residual confounding, and reverse causation bias. This MR study incorporated
independent and robust genetic variants as IVs, not only to limit the effect of LD and weak instrument bias but also to
circumvent the time-consuming and labor-intensive challenges generally encountered in observational studies
(Supplementary Tables 2-9). Furthermore, our methodology utilized an iterative approach that is conservative and
resilient against the influence of outliers (Supplementary Table 10). A series of pleiotropy and heterogeneity tests were
also conducted to ensure the consistency of causal estimates and to confirm the robustness of the present findings
(Supplementary Table 10). Finally, our findings were validated through a second, largely independent GWAS that
yielded concordant results (Supplementary Table 13). Nevertheless, our study has several limitations. Despite the
strength of all selected IVs, they collectively accounted for only 6.75% of the variance in the IBD sample (Supple-
mentary Table 2). In addition, the datasets used in this study were based on subjects of European ancestry (Table 1),
thereby restricting the generalizability of our observations to other ethnicities.

CONCLUSION

Herein, no association was identified between the risk of all-cause dementia and genetically predicted IBD. While there is
no clear genetic evidence to support IBD as a risk factor for dementia, the possibility of a potential association between
the two diseases cannot be ruled out. Further research is necessitated to identify factors that exert a causal effect on the
development of dementia.

ARTICLE HIGHLIGHTS

Research background
Evidence from observational studies has not been able to establish a causal link between inflammatory bowel disease
(IBD) and dementia.

Research motivation
Gut homeostasis is implicated in many psychiatric and neurological disorders through the bidirectional microbiome-gut-
brain axis.

Research objectives
The aim was to find out whether IBD was causally related to all-cause dementia.

Research methods

Based on the publicly available genome-wide association study data from large population, multiple methods of
Mendelian randomization (MR) were performed to estimate the effects of genetically predicted IBD on dementia, and
inverse variance weighted was considered as the primary analysis. MR egger intercept, MR pleiotropy residual sum and
outlier, and Cochran's Q test were used to test pleiotropy and heterogeneity.

Research results

No evidence for a causal effect of IBD on dementia risk was found in three MR methods of MR, which was consistent
with validation analyses. Furthermore, MR analysis suggested that IBD and subentities did not causally affect all-cause
dementia and its four subtypes.

Research conclusions
Our MR study found no association between the risk of all-cause dementia and genetically predicted IBD.
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Research perspectives
Genetically predicted IBD is not associated with all-cause dementia risk, and dementia prevention interventions for
patients with IBD can be similar to those in healthy populations.
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Abstract

BACKGROUND

With the continuous growth of the modern elderly population, the risk of fracture
increases. Hip fracture is a common type of fracture in older people. Total hip
arthroplasty (THA) has significant advantages in relieving chronic pain and
promoting the recovery of hip joint function.

AIM

To investigate the effect of ulinastatin combined with dexmedetomidine (Dex) on
the incidences of postoperative cognitive dysfunction (POCD) and emergence
agitation in elderly patients who underwent THA.

METHODS

A total of 397 patients who underwent THA from February 2019 to August 2022.
We conducted a three-year retrospective cohort study in Shaanxi Provincial
People’s Hospital. Comprehensive demographic data were obtained from the
electronic medical record system. We collected preoperative, intraoperative, and
postoperative data. One hundred twenty-nine patients who were administered
Dex during the operation were included in the Dex group. One hundred fifty
patients who were intravenously injected with ulinastatin 15 min before anes-
thesia induction were included in the ulinastatin group. One hundred eighteen
patients who were administered ulinastatin combined with Dex during the
operation were included in the Dex + ulinastatin group. The patients” periop-
erative conditions, hemodynamic indexes, postoperative Mini-Mental State
Examination (MMSE) scores, Ramsay score, incidence of POCD, and serum
inflammatory cytokines were evaluated.

RESULTS
There was a significant difference in the 24 h visual analogue scale score among
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the three groups, and the score in the Dex + ulinastatin group was the lowest (P < 0.05). Compared with the Dex
and ulinastatin group, the MMSE scores of the Dex + ulinastatin group were significantly increased at 1 and 7 d
after the operation (all P < 0.05). Compared with those in the Dex and ulinastatin groups, incidence of POCD, levels
of serum inflammatory cytokines in the Dex + ulinastatin group were significantly decreased at 1 and 7 d after the
operation (all P < 0.05). The observer’s assessment of the alertness/sedation score and Ramsay score of the Dex +
ulinastatin group were significantly different from those of the Dex and ulinastatin groups on the first day after the
operation (all P < 0.05).

CONCLUSION
Ulinastatin combined with Dex can prevent the occurrence of POCD and emergence agitation in elderly patients
undergoing THA.

Key Words: Ulinastatin, Dexmedetomidine; Postoperative cognitive dysfunction; Inflammatory cytokines; Total hip
arthroplasty

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

Core Tip: In this study, we found a significant difference in the score of 24 h visual analogue scale among the three groups,
and the score in the dexmedetomidine (Dex)+ ulinastatin group was the lowest. Compared with the Dex and ulinastatin
group, the Mini-Mental State Examination scores of the Dex + ulinastatin group were significantly increased at 1 and 7 d
after the operation. Compared with the Dex and ulinastatin group, the incidence of postoperative cognitive dysfunction
(POCD), the levels of serum inflammatory cytokines of the Dex + ulinastatin group were significantly decreased at 1 and 7 d
after the operation. The observer’s assessment of the alertness/sedation score and Ramsay score of the Dex + ulinastatin
group were significantly different from those of the Dex and ulinastatin groups on the first day after the operation. We
observed that ulinastatin combined with dexmedetomidine can prevent the occurrence of POCD and the emergence of
agitation in elderly patients undergoing total hip arthroplasty.

Citation: Huo QF, Zhu LJ, Guo JW, Jiang YA, Zhao J. Effects of ulinastatin combined with dexmedetomidine on cognitive
dysfunction and emergence agitation in elderly patients who underwent total hip arthroplasty. World J Psychiatry 2024; 14(1): 26-35
URL: https://www.wjgnet.com/2220-3206/full/v14/i1/26.htm

DOI: https://dx.doi.org/10.5498/wijp.v14.i1.26

INTRODUCTION

Older adults are prone to fall because of their slow response and unstable gait. With the continuous growth of the elderly
population, the risk of fracture has increased. Hip fracture is a common type of fracture in older people[1]. Traditional
conservative treatment is prone to delay healing and cause muscle atrophy, joint stiffness, and other problems, seriously
affecting the quality of life of elderly patients[2]. With the improvement of modern surgical technology, an increasing
number of elderly patients with fractures choose surgical treatment[3]. Total hip arthroplasty (THA) has significant
advantages in relieving chronic pain and promoting the recovery of hip joint function[4]. However, most elderly patients
have chronic diseases, and their tolerance to surgery is poor, so they are prone to various complications in the periop-
erative period, such as postoperative delirium, cognitive dysfunction, and pressure sores[5]. The occurrence of post-
operative complications is closely related to the physical stress response, so corresponding intervention measures should
be taken perioperatively to reduce postoperative stress reactions and the occurrence of complications in elderly patients.

Dexmedetomidine (Dex) is a specific 02 adrenoceptor agonist that is effective for surgical analgesia and sedation[6].
Dex can effectively relief postoperative pain and reduce the stress reaction in elderly patients undergoing medullary joint
replacement[7]. Emerging evidence suggests that intraoperative application of Dex can reduce the risk of postoperative
delirium and cognitive dysfunction[8]. Remarkably, it has been shown recently that Dex can protect the nervous system
by reducing surgical stress and inflammatory responses[9]. Ulinastatin is a trypsin inhibitor that can effectively inhibit the
decomposition of many enzymes and the release of inflammatory factors[10]. As reported previously, ulinastatin reduced
neuronal apoptosis by inhibiting inflammatory factors such as interleukin (IL)-6 and C-reactive protein (CRP), thus
relieving postoperative cognitive impairment and reducing the incidence of postoperative cognitive dysfunction (POCD)
[11]. However, it is unclear whether the combination of ulinastatin and Dex can further reduce the incidence of POCD in
elderly patients undergoing THA. Therefore, the aim of the current study is to evaluate the effect of ulinastatin combined
with Dex on the incidences of POCD and emergence agitation. We also investigated the observer’s assessment of
alertness/sedation (OAA/S) scale scores of the elderly patients undergoing THA.
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MATERIALS AND METHODS

Study design and patients

We conducted a three-year (February 2019 to August 2022) retrospective cohort study in Shaanxi Provincial People’s
Hospital. Comprehensive demographic data were obtained from the electronic medical record system. The Ethics
Committee of the Shaanxi Provincial People’s Hospital permitted this study, which was carried out according to the
Declaration of Helsinki. We retrospectively reviewed the medical records of patients who underwent unilateral THA.

The inclusion criteria in this retrospective study were as follows: (1) Patients undergoing THA under general
anesthesia in our hospital; (2) Patients aged 65 to 80 years old; (3) Patients with an American Society of Anesthesiologists
(ASA) class I-1II; and (4) Patients with a body mass index (BMI) 18-25kg/m?* We excluded: (1) Patients with delirium or
those diagnosed with dementia, depression, schizophrenia or epilepsy, Parkinson’s disease, hypertension, coronary heart
disease, diabetes, severe liver and kidney dysfunction, or hearing impairment in the past; and (2) Patients with severe
hepatorenal dysfunction, severe malnutrition, blood coagulation disorders, and immune system diseases.

Data collection

Preoperative information of qualified patients, including sex, age, BMI, ASA classification, mental disease, and cognitive
damage, was obtained from the medical records. Intraoperative statistics were collected from anesthesia records,
including anesthesia and surgery method, operation time, intraoperative data, blood loss volume, urine volume, and Dex
and ulinastatin dosage. Record the heart rate (HR) and mean arterial pressure (MAP) of three groups of patients before
anesthesia, 10 min of anesthesia, and 60 min of anesthesia. Postoperative data, including visual analogue scale (VAS)
scores[12] at 24 h after the operation, Ramsay scores, Mini-Mental State Examination (MMSE) scores, OAA/S scale scores,
serum CRP and IL-6, were collected. The Ramsay score is 1-6 points, with 1 point indicating restlessness; 2 points: Clear
and able to follow commands; 3 points: Sleepy, able to follow instructions; 4 points: Shallow sleep state, able to awaken; 5
points: Call response is slow; 6 points: Deep sleep state, no response; the higher the score, the better the sedative effect.
The MMSE score[13] included 10 points for orientation, 9 points for language and spatial structure, 5 points for attention
and calculation, 3 points for recognition memory, and 3 points for memory, for a total of 30 points. Those with a score 2
points lower than those before anesthesia were considered to have cognitive impairment. The VAS score was evaluated
by a visual analog scale, with a total score of 10. The higher the score, the more severe the pain. The OAA/S sedation
score[14] is divided into five levels: Level 1: The patient is unconscious and does not respond to gentle tapping on the
body but responds to noxious stimuli. Level 2: The patient’s level of consciousness is vague but consciousness is not
wholly lost, and there is no response when the name is called loudly; Level 3: The level of consciousness is vague but
consciousness is not wholly lost, and there is a response to tapping the body; Level 4: The patient’s level of consciousness
is vague, and there is a response when calling the name; Level 5: The patient is conscious and can respond to the
questions asked by the nursing staff.

Outcome measures and statistical analysis

By examining the patients’ electronic medical records, 576 elderly patients who underwent THA in our hospital from
February 2019 to August 2022 were selected. Among them, 129 patients who were administered Dex 0.3 pg/kg/h during
the operation were included in the Dex group. One hundred fifty patients who were intravenously injected with 5000 U/
kg ulinastatin 15 min before anesthesia were included in the ulinastatin group. During the operation, one hundred
eighteen patients who were administered 5000 U/kg ulinastatin (15 min before anesthesia) combined with Dex 0.3 pg/
kg/h were included in the Dex + ulinastatin group. Data were evaluated by SPSS 22.0 (IBM Corporation). The categorical
data are indicated as n (%), and continuous variables are indicated as the mean + SD. Continuous variables were
compared with one-way ANOVA or the Mann-Whitney U test. Categorical variables were compared with Fisher’s exact
test. P < 0.05 was considered statistically significant.

RESULTS

Patient inclusion process

The original investigation of our hospital’s electronic medical system showed that 576 patients underwent THA from
February 2019 to August 2022. Fifty-eight patients who were either under age 65 years or over 80 years were disqualified.
After excluding 63 patients complicated with severe chronic physical diseases and 58 patients with incomplete data, 397
patients were eligible for this study. A flowchart describing the selection of patients included in this retrospective study is
shown in Figure 1.

Patient characteristics

The Dex cohort (129 cases) consisted of patients who received Dex during the operation. The ulinastatin cohort (150 cases)
consisted of patients who received ulinastatin 15 min before anesthesia. In the Dex + ulinastatin group, 118 patients
received Dex (during the operation) combined with ulinastatin (15 min before anesthesia). The descriptive statistics
between the three cohorts were not statistically significant (all P > 0.05, Table 1).

Comparison of perioperative conditions
Table 2 shows no significant difference in operation duration, intraoperative blood loss volume, operation time,
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Table 1 Descriptive statistics of the demographics of patients.

Dex group (n=129)  Ulinastatin group (n=150)  Dex + ulinastatin group (n1=118)  Fix* P value

Sex, n 1.240 0.092
Male 62 74 59

Female 67 76 65

Age (yr), mean + SD 71.72 £2.45 71.23 £4.91 72.25 +2.65 1.217 0.301
Weight (kg), mean + SD 59.12+6.90 61.21+£7.13 59.23 +6.18 0.680 0.509
BMI, mean * SD 24.80 + 4.69 24.72 +5.04 24.90 +4.82 1.207 0.304
Intraoperative hypotension, n 8 7 9 2.447  0.099
Marital status, n 0.669 0.095
Single 10 7 6

Married 119 143 112

ASA classification (level III) 5 6 4 0.519 0.082

BMI: Body mass index; ASA classification: American Society of Anesthesiologists classification; Dex: Dexmedetomidine.

Table 2 Comparison of perioperative conditions among the three groups

Dex group (n=129) Ulinastatin group (n =150) Dex + ulinastatin group (n=118) Fvalue P value

Intraoperative blood loss (mL) 33.12+£3.75 34.27 £3.81 32.73 £3.85 2.297 0.107
Operation duration (min) 206.45 + 36.32 201.65 + 40.03 199.85 + 40.38 0.690 0.082
Preoperative MMSE score 28.70 £ 0.82 28.84 £0.92 28.52 +£0.84 0.379 0.686
VAS score 24 h after the operation ~ 3.25+ 0.37 3.30+0.52 3.13£0.25 3.878 0.024
Time of anesthesia (min) 217.18 £42.79 220.51 +38.94 223.35 + 41.67 1.550 0.980
Infusion volume (mL) 1558.72 +170.56 1489.54 +187.46 1580.67 +191.88 0.673 0.058
Urine volume (mL) 174.87 +42.57 165.38 £ 56.16 168.48 +58.16 1.097 0.779

Dex: Dexmedetomidine; MMSE: Mini-Mental State Examination.

preoperative MMSE scores, infusion volume, total blood loss volume, or urine volume among the three groups (all P >
0.05). There were significant differences in VAS scores at 24 h after the operation among the three groups, and the score in
the Dex + ulinastatin group was the lowest (P < 0.05).

Comparison of MMSE scores
Compared with those of the Dex and ulinastatin groups, the MMSE scores of the Dex + ulinastatin group were
significantly increased at 1 and 7 d after the operation (all P < 0.05, Table 3 and Figure 2A).

Comparison of the incidence of POCD
Compared with that in the Dex and ulinastatin groups, the incidence of POCD in the Dex + ulinastatin group
significantly decreased at 1 and 7 d after the operation (all P < 0.05, Table 4 and Figure 2B).

Comparison of serum inflammatory cytokines
Compared with those in the Dex and ulinastatin groups, the levels of serum inflammatory cytokines (CRP and IL-6) in
the Dex + ulinastatin group were significantly decreased at 1 and 7 d after the operation (all P < 0.05, Figure 3).

Comparison of OAA/S sedation score and Ramsay score on the first day after the operation
As shown in Table 5, OAA/S sedation score and Ramsay score of the Dex + ulinastatin group were significantly different

from those of the Dex and ulinastatin groups on the first day after the operation (all P < 0.05).

Comparison of hemodynamic indexes among the three groups
Compared with those of the Dex and ulinastatin groups, HR and MAP of the Dex + ulinastatin group significantly
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Table 3 Comparison of Mini-Mental State Examination scores among the three groups

Dex group (n = 129) Ulinastatin group (n = 150) Dex + ulinastatin group (n = 118)
Preoperative MMSE score 28.70 +0.82 28.84 +£0.92 28.52 +0.84
One day after the operation 21.87 +6.35" 20.72 +5.45" 23.70 +£2.46
Seven days after the operation 26.29 +2.86" 25.16 +3.90" 27.60 £1.76

2P < 0.05, dexmedetomidine + ulinastatin vs dexmedetomidine.
5P < 0.01, dexmedetomidine + ulinastatin vs ulinastatin.
MMSE: Mini-Mental State Examination; Dex: Dexmedetomidine.

Table 4 Comparison of the incidence of postoperative cognitive dysfunction among the three groups

Dex group (n = 129) Ulinastatin group (n = 150) Dex + ulinastatin group (n = 118)
One day after the operation 19 (14.73%)" 28 (18.67%)" 6 (5.08%)
Seven days after the operation 12 (9.30%)" 18 (12.00%)" 2 (1.69%)

4P < 0.05, dexmedetomidine + ulinastatin vs dexmedetomidine.
bp < 0.01, dexmedetomidine + ulinastatin vs ulinastatin.

Dex: Dexmedetomidine.

Table 5 Comparison of observer’s assessment of the alertness/sedation scores and Ramsay score on the first day after the operation

among the three groups

Dex group (n=129)  Ulinastatin group (n=150) Dex + ulinastatin group (n=118) F value P value

OAA/S sedation score 3.60 £ 0.61 3.51 £ 0.60 2.21 £0.40 9.501 <0.001

Ramsay score 1.98 £0.23 2.02 £0.33 3.21 £1.02 15.698 <0.001

Dex: Dexmedetomidine; OAA/S: Observer’s assessment of the alertness/sedation.

576 patients undergoing total hip arthroplasty

58 cases (< 18 yr or > 80 yr) were excluded

Excluded:

518 cases 58 cases with incomplete data
63 patients complicated with severe
chronic physical diseases

397 cases entered the retrospective analysis

129 cases received Dex during 150 cases received ulinastatin 15 min 118 cases received Dex (during operation)
operation (Dex cohort ) before anesthesia (Ulinastatin cohort) combined with ulinastatin (15 min before
anesthesia) (Dex+Ulinastatin cohort)

DOI: 10.5498/wjp.v14.i1.26 Copyright ©The Author(s) 2024.

Figure 1 Flow diagram describing the selection of patients involved in this retrospective study. Dex: Dexmedetomidine.
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Figure 2 Comparison of Mini-Mental State Examination scores and the incidence of postoperative cognitive dysfunction among the three
groups. A: Mini-Mental State Examination scores; B: The incidence of postoperative cognitive dysfunction. 2P < 0.05, dexmedetomidine + ulinastatin vs
dexmedetomidine. °P < 0.01, dexmedetomidine + ulinastatin vs ulinastatin. MMSE: Mini-Mental State Examination; POCD: Postoperative cognitive dysfunction; Dex:
Dexmedetomidine.
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Figure 3 Comparison of serum inflammatory cytokines among the three groups. A: Serum C-reactive protein; B: Serum interleukin-6. 2P < 0.05,
dexmedetomidine + ulinastatin vs dexmedetomidine. °P < 0.01, dexmedetomidine + ulinastatin vs ulinastatin. Dex: Dexmedetomidine; CRP: C-reactive protein; IL-6:
Interleukin-6.

reduced on the 10 minutes of anesthesia and 60 min of anesthesia (all P < 0.05, Table 6).

DISCUSSION

THA is a standard approach for the surgical treatment of hip paralysis that mainly involves replacement of the damaged
hip joint with an artificial hip[15]. The efficacy and safety of THA have improved in recent years. However, patients still
have a particular risk of postoperative complications, mainly due to various stress reactions caused by bleeding intraop-
eratively, performing the operation, and making the surgical incision[16]. Postoperative pain is a common complication
after hip arthroplasty, and pain can cause symptoms such as increased HR and high blood pressure[17]. Effective
analgesic measures should be taken to prevent various complications caused by postoperative stress reactions[18].

Dex is an o2 receptor agonist with a high affinity for a2 receptors and is often used in sedation therapy in the intensive
care unit and surgery. The drug’s half-life is 6 min after intravenous injection, excreted in urine after extensive
metabolism, and the clearance half-life is two hours[19]. Because the drug is injected through the kidney, patients with
impaired renal function may have more adverse reactions[20]. Therefore, patients with hepatic and renal dysfunction
were excluded from this study. Ulinastatin is isolated in and excreted through human urine, and widely used because of
its broad spectrum of enzyme inhibition[21]. Previous studies have shown that ulinastatin can inhibit the organic inflam-
matory response and improve learning and memory dysfunction by reducing the apoptosis of nerve cells, which is
beneficial in reducing the incidence of postoperative cognitive impairment in elderly patients[22]. Combining two drugs
with the same effect has a synergistic effect. However, the effect of the combination of Dex and ulinastatin on elderly
patients undergoing THA remains unknown. Therefore, this retrospective cohort study investigated the effect of Dex
combined with ulinastatin on the incidences of POCD and emergence agitation in elderly patients who underwent THA.

As reported previously, ulinastatin has an excellent anti-inflammatory response, reduces the level of inflammatory
mediators, relieves postoperative pain, and reduces the postoperative stress response. The clearance rate of the drug in
elderly patients is slower than that in young patients, and because the kidney does not metabolize the drug, it can be used
even if it the patient has impaired renal function[23]. In this study, we observed that the combination of ulinastatin and
Dex could effectively reduce the stress response and improve the quality of life of patients after the operation. The VAS
scores of the Dex + ulinastatin group were lower than those of the ulinastatin or Dex group at 24 h after the operation,
indicating that the analgesic scheme of ulinastatin combined with Dex could effectively relieve postoperative pain
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Table 6 Comparison of hemodynamic indexes among the three groups

Item Dex group (n=129)  Ulinastatin group (n = 150) Dex + ulinastatin group (n = 118) Fvalue Pvalue
HR (times/min) ~ TO 78.02%3.28 78.66 + 3.49 78.51 +3.64 1.140 0.323

T1 84.32+547 85.74 £5.48 81.07 +5.55 7.084 0.001

T2 85.16+5.39 86.63 £5.73 80.39 +5.85 18.882 <0.001
MAP (mmHg) TO 91.72+8.74 92.04 +8.38 91.69 +8.77 0.033 0.965

T1 96.31+7.05 97.72+7.37 9211 +6.38 7.417 0.001

T2 95.87+7.85 96.48 +7.69 91.05 +7.94 8.289 <0.001

Dex: Dexmedetomidine; HR: Heart rate; MAP: Mean arterial pressure; TO: Before anesthesia; T1: 10 min of anesthesia; T2: 60 min of anesthesia.

symptoms in elderly patients who underwent total joint replacement. The Ramsay score and OAA/S sedation score
mainly reflects the sedation of patients after the operation[24]. In this study, OAA/S sedation score and Ramsay score of
the Dex + ulinastatin group were significantly different from those of the Dex and ulinastatin groups on the first day after
the operation, meanwhile, compared with those of the Dex and ulinastatin groups, HR and MAP of the Dex + ulinastatin
group significantly reduced on the 10 min of anesthesia and 60 min of anesthesia, indicating that preemptive analgesia
with ulinastatin combined with Dex could effectively reduce the postoperative stress response and improve the sedation
effect.

Previous studies have shown that systemic inflammatory response syndrome caused by surgical trauma, postoperative
pain, body stress, and the release of different types of cytokines play an essential role in the development of perioperative
neurocognitive impairment[25]. The body’s immune system can be activated by surgical trauma, leading to a robust
inflammatory response[26]. Therefore, the levels of inflammatory factors in surgical patients” central nervous system and
peripheral tissues increase. At the same time, surgery can lead to enhanced production of proinflammatory cytokines,
such as plasma IL-6 and IL-1p, and the degree of increase is related to the decline in cognitive function[27]. Changes in
cerebral oxygenation during THA may cause different degrees of nerve injury and induce POCD[28]. Therefore, how to
reduce the incidence of POCD in elderly patients undergoing THA and improve their quality of life in their later years is
particularly important. Our results found that compared with those of the Dex and ulinastatin groups, the MMSE scores
of the Dex + ulinastatin group were significantly increased at 1 and 7 d after the operation, suggesting that preinjection of
Dex and ulinastatin might play a significant role in preventing POCD and that the combined infusion is more helpful in
preventing the occurrence of early POCD. A prophylactic combination of Dex and ulinastatin during knee arthroplasty in
older adults is beneficial in reducing the incidence of POCD. The possible mechanism is that Dex inhibits excessive stress
responses, such as inhibiting the concentration of plasma cortisol and reducing the damage of catecholamines to brain
nerves. At the same time, ulinastatin protects the brain by inhibiting the release of proinflammatory cytokines (IL-6 and
CRP).

This study also has some limitations. At present, multiscale combined evaluation is recommended for the diagnosis of
POCD. This study used the MMSE scale to evaluate cognitive function, and some postoperative patients with cognitive
impairment may not have been identified. Therefore, whether there are other mechanisms by which Dex combined with
ulinastatin reduces the incidence of POCD in elderly patients undergoing THA should be further studied.

CONCLUSION

In summary, ulinastatin combined with Dex can reduce the incidence of POCD in elderly patients undergoing THA, and
the mechanism may be related to the reduction in plasma levels of CRP and IL-6. In addition, we also observed that
applying ulinastatin combined with Dex can reduce postoperative pain and improve the postoperative stress response in
elderly patients undergoing THA.

ARTICLE HIGHLIGHTS

Research background

Most elderly patients are prone to various complications in the perioperative period, such as postoperative delirium and
cognitive dysfunction. Cognitive dysfunction seriously affects the postoperative rehabilitation of patients, prolongs
hospital stay, increases the incidence of postoperative complications and mortality, in addition to a serious decline in
personal quality of life, but also increases the burden of the family and society. Many researchers believe that advanced
age and “major surgery” are important risk factors for cognitive dysfunction in patients undergoing non-cardiac surgery.
Therefore, cognitive dysfunction is an important issue in the medical field at present, and the study of the occurrence
factors, pathogenesis, effective prevention, and treatment of cognitive dysfunction is an important topic in the field of
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anesthesiology.

Research motivation

It is unclear whether the combination of ulinastatin and dexmedetomidine (Dex) can further reduce the incidence of
postoperative cognitive dysfunction (POCD) in elderly patients undergoing total hip arthroplasty (THA). Therefore, the
current study aims to evaluate the effect of ulinastatin combined with Dex on POCD and emergence agitation. Therefore,
solving these problems could effectively improve the postoperative stress response and improve the sedation effect for
elderly patients undergoing THA. This is the first study to explore the effect of ulinastatin combined with Dex on POCD
and emergence agitation in elderly patients undergoing THA.

Research objectives

In view of the high incidence of POCD in elderly orthopedic patients, this study will compare the effects of different
anesthetic methods on the early cognitive function of elderly patients after THA, and explore the related factors, to
provide some guidance for the anesthetic mode and anesthetic management of clinical orthopedic surgery in the future.
The purpose of this study is to provide clinical basis for the selection of anesthesia in elderly patients undergoing hip
arthroplasty.

Research methods

In this study, we collected the postoperative data, including visual analogue scale (VAS) scores at 24 h after operation,
postoperative stress response indicators [Mini-Mental State Examination (MMSE) scores, hemodynamic indexes,
observer’s assessment of alertness/sedation (OAA/S) scale and Ramsay score], inflammatory cytokines [C-reactive
protein (CRP) and interleukin (IL)-6]. A total of 129 patients administrated with Dex 0.3 pg/kg/h during the operation
were included in the Dex group. One hundred fifty patients who were intravenously injected 5000 U/kg of ulinastatin 15
min before anesthesia were included in the ulinastatin group. One hundred eighteen patients who were administrated
with 5000 U/kg of ulinastatin (15 min before anesthesia) combined with Dex 0.3 pg/kg/h during the operation were
included in the Dex + ulinastatin group.

Research results

The findings of this study demonstrated that ulinastatin combined with Dex could reduce the incidence of POCD in
elderly patients undergoing THA, and the mechanism might be associated with the lessening of plasma levels of CRP and
IL-6. Moreover, the combination of ulinastatin and Dex can reduce postoperative pain and postoperative stress response
in elderly patients undergoing THA. Our results validated that the combination therapy can effectively improve the
cognitive function of nervous system after operation and improved the quality of life for patients.

Research conclusions

This is the first study explored the efficacy of ulinastatin combined with Dex on POCD and emergence agitation in elderly
patients undergoing THA. We collected the postoperative data, including VAS scores at 24 h after operation,
postoperative stress response indicators (MMSE scores, hemodynamic indexes, OAA/S scale, CRP, and IL-6). The results
of this study not only demonstrate that combination therapy can reduce postoperative cognitive impairment, but also
find that the mechanism may be related to the reduction of plasma levels of CRP and IL-6.

Research perspectives
In future research, we will focus on the specific mechanisms related to the combined therapy through in vitro and in vivo
experiments.
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Abstract

BACKGROUND

Gender consciousness directly affects the development of gender identity, which
is a continuous and lifelong process. Meanwhile, hospitalization is a part of many
children's lives and has an impact on their gender development.

AIM

To investigate the current situation of gender identity in lower primary school
children by conducting a survey of 202 hospitalized children in the lower grades
and to provide a theoretical basis and foundation for the cultivation of gender
identity and medical treatment of children based on the results. This study aims to
inspire clinical medical staff to scientifically and reasonably arrange hospital
wards for lower primary school children and pay attention to gender protection
during the medical treatment process and to help children shape a unified and
clear gender identity, which will enable them to better integrate into society and
promote their personality development.

METHODS
The gender consciousness scale for elementary and middle school students was
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used for the survey.

RESULTS

Gender identity was already present in lower primary school children. The children's gender roles and gender
equality consciousness were strong, exceeding the critical value, but their gender characteristics, gender identity,
and gender ideal consciousness were weak. Children aged 6 had the weakest gender identity, and girls had
significantly stronger gender identity than boys.

CONCLUSION

Gender identity is already present in lower primary school children, providing a basis and inspiration for the
cultivation of gender identity and medical treatment of lower primary school children. Clinical medical staff
should be aware of and understand these results and should scientifically and reasonably arrange hospital wards
for lower primary school children.

Key Words: School-age children; Gender consciousness; Gender identity; Hospitalization; Gender weakening

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

Gender consciousness is one of the important aspects of self-awareness, which refers to the perception and understanding
as a member of a certain gender of the group's situation in the social system and structural domain and the identification,
evaluation, and inclination to act based on this information[1,2]. Gender consciousness directly affects the development of
gender identity, which is a continuous and lifelong process. Researchers believe that biological factors guide and restrict
the development of males and females, and social factors also play an important role in the process of individuals’
formation of gender roles[3]. Physiological and social factors interact to determine individuals' gender consciousness and
role identity[4]. Currently, research on gender consciousness in China mainly focuses on adult women, with less attention
given to children and even less to hospitalized children[5]. Hospitalization is a part of many children's lives and has an
impact on their gender development. In clinical practice, the random allocation of hospital rooms for children and the
lack of privacy curtains during examinations overlook the important influence of individual gender factors on children,
although these factors have an undeniable impact on children’s identity formation. This study aims to investigate the
gender consciousness of hospitalized elementary school children and their current development status from a social
gender perspective. Based on this, this study proposes scientific and reasonable recommendations and strategies for
hospitalization and provides timely interventions and guidance to help children shape a unified and clear gender
orientation. This will enable children to better integrate into society and promote the development of their personality
and sound gender consciousness.

Problem statement

Despite enormous changes in social development, the stereotypical understanding of gender that has been ingrained in
people's minds still affects and dominates individuals' related cognition and behavior. For example, in home decoration,
boys' rooms are often blue or green, while girls' rooms are pink or orange[6]. However, when children are hospitalized,
health care workers weaken their gender identity by placing boys and girls in the same ward. This gender-neutral
arrangement can weaken a child's consciousness of his or her own gender, create confusion in the child’s psychological
and gender identity, and lead to a nondifferentiated understanding of the same sex and the opposite sex. Especially in the
early years of schooling, children have not yet mastered complex classification skills, and gender-neutral arrangements
that weaken gender identity increase their gender-biased thinking, hindering their exploration of all potential and
comprehensive development and affecting their physical and mental health. Erikson's theory of personality development
considers the influence of biology on individual development and incorporates the impact of culture and society. Erikson
suggests that individuals' growth process is influenced by physiological, psychological, and social events, and interaction
with the surrounding environment plays a dominant role in personality development[2]. Currently, hospitals do not give
sufficient attention to gender consciousness, such as bed arrangements and privacy protection. Although these
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phenomena are often overlooked, they create direct or potential obstacles to individuals' personal development, such as
patients’ personality development and gender identity. Especially for younger children who have not yet mastered
complex classification skills, such arrangements weaken their gender identity and increase gender-biased thinking, which
has a significant impact on their psychological and behavioral development and hinders their development of a healthy
gender identity.

MATERIALS AND METHODS

Objects

This study was approved by the Hospital Ethics Committee. The inclusion criteria were as follows: (1) Age: 6 <Y < 10;
and (2) hospitalization for at least 2 d. The exclusion criteria were as follows: (1) Single room admission; (2) patients with
mental disorders who could not communicate; (3) patients with unstable vital signs; and (4) patients with significant
organ dysfunction. From August to September 2022, a convenience sampling method was used to select eligible children
from a pediatric hospital in Zhejiang Province as the study subjects.

Methods

Survey tools: General information survey tool: Based on a literature review, the researcher designed a general
information survey form for the children, including gender, age, grade, whether they were only children, family
structure, personality, and current home address.

Gender consciousness scale: Referring to the gender consciousness scale for elementary and middle school students in
the research conducted by Huang Fengjuan in Taiwan, this scale includes five dimensions: Gender identity, gender
ideals, gender traits, gender roles, and gender equality. A total of 36 items are rated on a 5-point Likert scale, with 1 to 5
representing strongly agree, agree, neutral, disagree, and strongly disagree, respectively. The gender identity dimension
includes Items 1, 6, 11, 16, 21, 23, and 28; the gender ideals dimension includes items 2, 7, 12, 17, 24, 29, and 33; the gender
traits dimension includes items 3, 8, 13, 18, 25, 30, and 34; the gender roles dimension includes items 4, 9, 14, 19, 22, 26, 31,
and 35; and the gender equality dimension includes items 5, 10, 15, 20, 27, 32, and 36. The scores of the 36 items are
summed and divided by 36 to obtain the overall average score of the participant’s gender consciousness, which
represents the overall level of gender consciousness. The score of each dimension is calculated by adding the scores of
each item in that dimension and dividing.

Data collection methods

Based on the principle of voluntariness, we obtained the consent and cooperation of medical parents and strictly selected
research subjects according to the inclusion and exclusion criteria. The researchers explained the purpose, significance,
and questionnaire content of the survey to the research subjects in a unified manner. After obtaining consent, the research
subjects completed an online electronic questionnaire. After completing the information, the questionnaires were checked
one by one on the spot and collected. A total of 202 questionnaires were distributed in this survey and 202 valid question-
naires were collected, with an effective recovery rate of 100%.

Statistical methods

The original data were input into Excel and imported into SPSS 20.0 software for data analysis. The analysis methods
included descriptive statistics, independent sample f tests, analysis of variance, and multiple comparisons. A significance
level of P < 0.05 was accepted to denote significance.

RESULTS

General analysis of the children

This study investigated the gender consciousness status of 202 hospitalized children in the early grades of primary school
and conducted statistical analysis on the scores of various dimensions of gender consciousness. The specific information
of the basic sociodemographic characteristics of the 202 hospitalized children is detailed in Table 1. There were 95 girls
and 107 boys. In terms of age, there were 15 children aged 6 years (6.0 years to 6 years and 11 mo), accounting for 7.4% of
the total sample; 65 children aged 7 years (7.0 years to 7 years and 11 mo), accounting for 32.2% of the total sample; 100
children aged 8 years (8.0 years to 8 years and 11 mo), accounting for 49.5% of the total sample; and 22 children aged 9
years (9.0 years to 9 years and 11 mo), accounting for 10.9% of the total sample. From the perspective of grade distri-
bution, the number of students in the first to third grades was roughly the same, with the second grade having the most
students, accounting for 86.1% of the total number. With regard to whether the participants were only children, non-only
children accounted for 56.9%. With regard to the children's family structure, children who were mainly cared for by
parents accounted for the majority (57.9%), which is related to the current family structure still being dominated by
nuclear families. With regard to the children's personality type, extraverted personality types accounted for the majority
(57.4%). With regard to the children’s current residential address, 194 children (96%) lived in urban areas, which is related
to the location of the study, a first-tier coastal city in the eastern region.
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Table 1 Basic demographic and social characteristics of school-aged children in lower grades (mean * SD), n (%)

Social demographic characteristics Total Male Female Fly? P value
Age 0.993 0.803
6<Y<7 15 (7.4) 9 (4.5) 6 (3.0)

75Y<8 65 (32.2) 32 (15.8) 33 (16.3)

8<Y<9 100 (49.5) 53 (26.2) 47 (23.3)

9<Y<10 22 (10.9) 13 (6.4) 9 (4.5)

Grade 0.830 0.660
First grade 25 (12.4) 15 (7.4) 10 (5.0)

Second grade 174 (86.1) 90 (44.5) 84 (41.6)

Third grade 3 (1.5) 2(1.0) 1(0.5)

Only child 0.352 0.553
Yes 87 (43.1) 44 (21.8) 43 (21.3)

No 115 (56.9) 63 (31.2) 52 (25.7)

Family structure 0.079 0.962
Nuclear family 182 (90.1) 97 (48.0) 85 (42.0)

Large family 4(2.0) 2 (1.0) 2 (1.0)

Single parent family 16 (7.9) 8 (2.5) 8 (2.5)

Character 2917 0.233
Introversion 55 (27.2) 25 (12.4) 30 (14.9)

Extroversion 116 (57.4) 62 (30.7) 54 (26.7)

Other 31 (15.3) 20 (9.9) 11 (5.4)

Current home address 3.820 0.148
City 194 (96.0) 105 (52.0) 89 (44.1)

Countryside 5(2.5) 2 (1.0 3 (1.5)

Town 3 (1.5) 0 (0.0 3 (1.5)

Gender consciousness scores of primary school children in the early grades

As shown in Table 2, the overall average score of gender consciousness of primary school children in the early grades was
2.80, slightly lower than the critical value of 3, indicating that the gender consciousness of primary school children in the
early grades was at a medium to low level. The scores for gender roles and gender equality were 3.03 and 3.32,
respectively, which were higher than the medium critical value, indicating that the gender role and gender equality
consciousness of primary school children in the early grades were relatively strong. The average scores for gender
identity, gender ideals, and gender traits were slightly lower than the critical value, indicating that the level of gender
consciousness of primary school children in the early grades in these three dimensions was at a medium to low level.

Gender consciousness of primary school children in the early grades of different genders and ages

Table 3 of this study shows the independent-sample t tests on the gender consciousness scores of primary school children

in the early grades from a gender perspective. The results show that there were significant differences between male and

female children in the five dimensions of gender identity, gender ideals, gender traits, gender roles, and gender equality (
=-4.250, t =-3.207, t = -3.487, t = -2.695, t = -3.120, P < 0.05), indicating that female children had significantly stronger

gender consciousness in the five dimensions. This result is consistent with the widely held belief that girls mature earlier

than boys[7].

Based on Erikson's theory of personality development, most researchers have focused on adolescents, and there is a
lack of systematic research on the expression and education of gender consciousness in children of different ages[5]. The
primary school stage is a crucial period for shaping and developing children's gender consciousness and laying the
foundation of their personality development[9]. During this period, the shaping and development of children's gender
consciousness greatly affect their personality traits as adolescents as well as their self-consciousness of gender-related
issues[10]. According to Table 4, there was no significant difference in the overall score of gender consciousness among
children in the four age groups (P = 0.066, P > 0.05). However, there were slight differences in the scores on various
dimensions. After multiple post hoc comparisons, it was found that the scores of children with leukemia aged 6 (6 <Y <
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Table 2 Gender consciousness scores of school-aged children in lower grades

Table of latitudes and total quantities Number Minimum value Maximum value Mean SD

Gender identity 202 1.00 4.86 2.71 0.77
Gender ideals 202 1.00 4.00 2.45 0.59
Gender traits 202 1.00 443 2.50 0.66
Gender roles 202 1.38 4.63 3.03 0.67
Gender equality 202 1.86 471 3.32 0.56
Gender consciousness 202 1.64 415 2.80 0.55

Table 3 Gender consciousness scores of school-aged and lower grade children of different genders

Gender Number of cases Gender consciousness Gender identity Gender ideals Gender traits Gender roles Gender equality

Male 107 2.66 + 0.61 2.51£0.70 2.32+0.53 2.34 £ 0.62 291+ 0.66 3.20+0.53
Female 95 2.96 +0.66 2.95+0.78 2.59 +0.62 2.66 £ 0.67 3.16 £ 0.66 3.44 +0.56
t 3.357 4.225 3.336 3.525 2.687 3.128
P value 0.000 0.000 0.002 0.001 0.008 0.002
95%CI 0.124-0.476 0.234-0.645 0.110-0.429 0.141-0.499 0.067-0.433 0.089-0.391

Table 4 Gender consciousness scores of school-aged children of different ages

Age Number of cases Gender consciousness Gender identity Gender ideals Gender traits Gender roles Gender equality
6<Y<7 15 2.52+0.54 2.26+0.75 2.23+0.67 2.27 £0.57 2,59 £0.67 3.27 £0.52
7<Y<8 65 2.86 £0.56 2.81+0.79° 2.45£0.62 2.51+0.70 3.10£ 0.70° 3.41+0.58
8<Y<9 100 2.84 £0.54 2.76 £0.75° 249+0.58 2.56 £ 0.65 3.07 £ 0.66" 3.32£0.54
9<Y<10 22 2.63 +0.48 252+0.72 238+ 0.47 230 £0.65 2,90+ 0.51 3.06 055

F value 2.434 2.753 0.990 1.576 2.839 2155

P value 0.066 0.044 0399 0.196 0.039 0.095
P<0.050s6<Y<7.

7) for gender identity and gender roles were significantly lower than those of children aged 7and 8 (7<Y <8and 8 <Y <
9). Specifically, in terms of gender identity, the score difference between 6-year-old (6 <Y < 7) and 7-year-old (7 <Y < 8)
children was P = 0.016, 95%CI: 0.104 to 0.996, while the score difference between 6-year-old (6 <Y <7) and 8-year-old (8 <
Y <9) children was P = 0.012, 95%CI: 0.114 to 0.906. In terms of gender roles, the score difference between 6-year-old (6 <
Y <7) and 7-year-old (7 <Y < 8) children was P = 0.012, 95%CI: 0.114 to 0.906, while the score difference between 6-year-
old (6 =Y <7) and 8-year-old (8 £ Y < 9) children was P = 0.010, 95%CI: P = 0.012, 95%CI: 0.114 to 0.906. There was no
significant difference in the scores on the five dimensions among children aged 7 to 9, indicating that younger children's
understanding of their gender is limited to the physiological level and that overall, their gender consciousness is
relatively vague. The overall performance of gender consciousness development shows that the scores of children aged 6
(6 £Y<7) were significantly lower than the scores of childrenaged 7 (7<Y <8)and 8 (8 <Y <9).

DISCUSSION

The formation of gender identity undergoes a long process of development and has a long-lasting and profound impact
on the individual[11]. Conflict between an individual's biological and social identities can lead to gender dysphoria,
causing severe psychological distress and various feelings of confusion that can affect the individual's social functioning
and mental health. Therefore, during this period, individuals need to determine the roles they want to assume and unify
their self-perception and how they are perceived by others. The formation of gender identity and personal identification
in young children in the early grades of primary school has an important impact on their personality development.
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Respect the development of the patient's gender identity and provide reasonable hospitalization and medical care

The formation of gender consciousness undergoes a long developmental process and has a lasting impact on individuals.
If an individual's physiological identity conflicts with his or her social identity, it can lead to gender confusion and
"gender anxiety", causing severe psychological discomfort and various forms of confusion that can affect social function
and psychological health. Therefore, during this period, individuals need to determine the roles they want to take on and
unify their own and others’ perceptions of themselves. The formation of gender identity in the personal identification of
young patients in the early school years plays an important role in personality development.

Physiological and social factors interact to determine an individual's gender consciousness and gender identity.
Although the overall score of gender consciousness did not differ significantly among the four groups of patients of
different ages, the results showed that the gender consciousness of young patients in the early school years was at a
lower-medium level. This is determined by the psychological and physiological development characteristics of the
patients and is also the result of the combined influence of family and education. Young patients in their early school
years have only a basic understanding of their gender identity, which mainly remains at the physiological level. Overall,
their gender consciousness is relatively vague, especially for 6-year-old patients. Therefore, medical staff should respect
the physiological and psychological development characteristics of young patients in their early school years and
formulate specific, reasonable procedures and content that are conducive to gender education and sexual psychological
health during hospitalization and medical care to implement gender-specific differences in hospitalization and medical
care in a targeted manner[12]. On the one hand, we should respect the development of patients' gender identity and
provide appropriate guidance to help young patients in their early school years form a healthy and reasonable gender
identity. On the other hand, we should combine the requirements of national diagnosis related groups to promote the
rational and efficient use of medical social insurance.

Cultivating health care workers' gender concepts and emphasizing gender guidance for pediatric patients

Hospitals are important places for gender consciousness education and subtle influence. Appropriate and reasonable
gender role behavior and gender consciousness demonstrated by health care workers provide pediatric patients with role
models to imitate and an environment that influences them. Medical treatment and hospitalization have an incomparable
advantage in gender education activities, and conducting scientific gender education activities during hospitalization is
beneficial to the cultivation of children's gender roles and lays a good foundation for adolescent sex education. In this
study, we found that the consciousness of gender traits in pediatric patients is relatively weak, which provides a
challenge and an opportunity for health care workers. On the one hand, based on traditional gender concepts, we should
recognize the differences between males and females and cultivate consciousness of gender differences in pediatric
patients. On the other hand, we should overcome traditional and stereotypical gender education methods in families,
such as favoring boys over girls, which have negative effects on pediatric patients. Health care workers have an
obligation to treat pediatric patients differently based on gender when assigning hospital rooms, emphasizing gender role
guidance, helping them establish correct gender consciousness, and distinguishing between same-sex and opposite-sex
patients. This can help them understand that certain activities are only for the same sex, while others are only for the
opposite sex. This can promote the combination and complementarity of gender consciousness education in medical
treatment and family education and help pediatric patients establish correct gender concepts for healthy and harmonious
development.

Encourage reasonable opposite-sex interactions through gender-based hospitalization and guidance for pediatric

patients

This study found that pediatric patients of different ages had a strong sense of gender equality. This is related to the
current social and family environment, where there is an increasing trend toward gender equality in both career
development and family roles[13]. Gender equality consciousness is conducive to mutual respect among opposite-sex
patients. Arranging different hospital rooms for patients based on their gender is not an acceptance of traditional harmful
gender stereotypes that hold a cognitive bias of "male superiority and female inferiority". Rather, it is a concrete
manifestation of respect for each other's physiological differences and the promotion of gender equality consciousness.
Therefore, in clinical practice, we should guide pediatric patients to have a correct understanding of the meaning of
gender equality, teach them how to interact with the opposite sex, and increase their ability to cooperate and com-
municate with their peers.

CONCLUSION

In summary, our study found that lower grade school-age children have a low level of gender consciousness. Gender
consciousness issues require more attention during children’s hospitalization. In clinical practice, we should take
measures to help children understand and establish correct gender concepts. At the same time, through the cultivation of
gender consciousness among medical personnel and positive and indiscriminate treatment measures, we should ensure
the right of children to seek medical treatment and ensure that male and female children receive equal medical resources
to achieve gender equality in medical treatment. Overall, promoting gender equality in the health care sector is crucial for
the healthy and harmonious development of all children.
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ARTICLE HIGHLIGHTS

Research background

Hospitalization is a part of many children's lives and has an impact on their gender development. In clinical practice, the
random allocation of hospital rooms for children and the lack of privacy curtains during examinations overlook the
important influence of individual gender factors on children, although these factors have an undeniable impact on
children’s identity formation.

Research motivation
Currently, research on gender consciousness in China mainly focuses on adult women, with less attention given to
children and even less to hospitalized children.

Research objectives
To investigate the current situation of gender identity in lower primary school children by conducting a survey.

Research methods

Based on a literature review, the researcher designed a general information survey form for the children, including
gender, age, grade, whether they were only children, family structure, personality, and current home address. The gender
consciousness scale for elementary and middle school students was used for the survey.

Research results
Lower grade school-age children have a low level of gender consciousness. Children aged 6 had the weakest gender
identity, and girls had significantly stronger gender identity than boys.

Research conclusions
Gender consciousness issues require more attention during children’s hospitalization.

Research perspectives
This study proposes scientific and reasonable recommendations and strategies for hospitalization and provides timely
interventions and guidance to help children shape a unified and clear gender orientation.
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Abstract

BACKGROUND

Nutritional support for patients hospitalized in the intensive care unit (ICU) is an
important part of clinical treatment and care, but there are significant imple-
mentation difficulties.

AIM
To introduce a modified nutritional support management system for ICU patients
based on closed-loop information management and psychological counseling.

METHODS

The division of functions, personnel training, system construction, development
of an intelligent decision-making software system, quality control, and improve-
ment of the whole process were carried out to systematically manage nutritional
support for ICU patients.
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RESULTS

Following the implementation of the whole process management system, the scores of ICU medical staff’s
knowledge, attitudes/beliefs, and practices regarding nutritional support were comprehensively enhanced. The
proportion of hospital bed-days of total enteral nutrition (EN) in ICU patients increased from 5.58% to 11.46%, and
the proportion of EN plus parenteral nutrition increased from 42.71% to 47.07%. The rate of EN initiation within 48
h of ICU admission increased from 37.50% to 48.28%, and the EN compliance rate within 72 h elevated from 20.59%
to 31.72%. After the implementation of the project, the Self-rating Anxiety Scale score decreased from 61.07 + 9.91
points to 52.03 + 9.02 points, the Self-rating Depression Scale score reduced from 62.47 + 10.50 points to 56.34 + 9.83
points, and the ICU stay decreased from 5.76 +2.77 d to 5.10 + 2.12 d.

CONCLUSION
The nutritional support management system based on closed-loop information management and psychological
counseling achieved remarkable results in clinical applications in ICU patients.

Key Words: Closed-loop information; Psychological counseling; Intensive care unit patients; Nutritional support; Management
system

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

Core Tip: Nutritional support for patients hospitalized in the intensive care unit is an indispensable part of clinical treatment
and care, but there are problems in achieving nutritional support goals. This study has launched a nutrition support
management system based on closed-loop information management and psychological counseling to try to address this issue
and has made some progress.

Citation: Zhang YY, Wang CY, Guo DX, Gao HN, Jin XS, Wu YL, Chen LH, Feng ZX. Improvement of the nutritional support
management system for patients in intensive care units. World J Psychiatry 2024; 14(1): 44-52

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/44.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.i1.44

INTRODUCTION

Nutritional support for critically ill patients has become an indispensable part of clinical treatment, especially for
intensive care patients[1]. However, in clinical practice, it is difficult to achieve the goal of nutritional support for patients
hospitalized in intensive care units (ICUs), mainly due to the poor standardization and compliance of nutritional support
for medical staff[2,3]. Domestic and foreign studies have shown that the establishment and implementation of a
standardized nutrition management system can improve the rate of achieving nutrition goals for inpatients and reduce
the incidence of nutrition-related complications[4-7]. In addition, providing psychological support to ICU patients is
conducive to reducing their mental anxiety and negative emotions induced by continuous treatment and pain, and helps
to improve their treatment compliance and quality of life. Based on further modifications to the nutritional support
management system, standardized training of medical staff, and great attention given to psychological counseling
intervention measures, our hospital used information technology to form a closed loop of the information required and
data obtained during the nutritional support of ICU patients. In this way, the diagnosis and treatment procedures,
nutrient solution configuration and transmission, nutrition-related physiological indicator acquisition, whole-process
quality index monitoring of medical staff related to clinical nutritional support can be integrated and supplemented by
psychological intervention to build a nutritional support management system for ICU patients based on closed-loop
information and psychological counseling. The improvement process and effects are reported below. In addition, this
study aims to improve the medical experience of ICU patients by constructing a nutritional support management system
based on closed-loop information and psychological counseling combined with psychological interventions.

MATERIALS AND METHODS

General information

A retrospective cohort study design was adopted. The inclusion criteria of the subjects are as follows: (1) Length of ICU
stay 2 3 d; (2) No enteral or parenteral nutrition (PN) contraindications, and (3) Age > 16. The following are exclusion
criteria: Patients with a ventilator-dependent ICU stay > 14 d due to a specific etiology, as well as unconscious or
uncooperative patients. Patients admitted to ICUs between July and August 2021 were classified as the control group,
and those admitted between March 2022 and April 2022 were classified as the improvement group. All enrolled patients
met the inclusion criteria described above.
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The SoJump online survey platform was used to investigate the knowledge, attitudes/beliefs, and practices regarding
nutritional support among all medical staff in the Department of Critical Care Medicine before and after project
implementation. In the survey, there were 10 questions on nutrition knowledge, with 10 points for each correct answer
and 0 for a wrong answer and a score range of 0-100; the score was proportional to nutrition knowledge. In terms of
nutritional attitudes/beliefs, 10 questions were answered on a 5-point Likert scale as follows: 1 = completely disagree, 2 =
somewhat disagree, 3 = not sure, 4 = somewhat agree, and 5 = completely agree; the total score ranged from 10 to 50, with
higher scores suggesting more active and positive nutritional beliefs and attitudes. The nutritional practice subscale
consisted of 10 questions answered on a 5-point Likert scale, with 1, 2, 3, 4, and 5 points indicating never, rarely,
sometimes, often, and always, respectively; on a 10-50-point scale, a higher score represented more active nutritional
support practices. There were 4 questions in the psychological knowledge questionnaire answered on a 4-point Likert
scale (0 = I do not know, 1 =1 have heard of it, 2 = I know it generally, 3 = I know it fairly well, 4 = I know it very well),
with the total score ranging from 0 to 16; better psychological knowledge was indicated by a higher score. The psycho-
logical nursing attitudes/beliefs subscale consisted of 11 questions that were scored using a 4-point Likert-scale, with 0, 1,
2, 3, and 4 indicating strongly disagree, disagree, somewhat agree, agree, and completely agree, respectively; on a 44-
point scale, higher scores were associated with more active and positive psychological nursing attitudes and beliefs. A
total of three questions were asked about psychological nursing practices, using a 4-point Likert scale with scores of 0, 1,
2, 3, and 4 indicating none, seldom, sometimes, frequently, and persistently, respectively; the total score ranged from 0 to
12 points, and higher scores suggested more active psychological nursing practices. This questionnaire was conducted
anonymously using Sojump. All medical staff in the Department of Critical Care Medicine were instructed to complete
the questionnaire following the instructions and submit it on their personal mobile phones.

Methods

Team establishment: Standardized and effective management of the whole nutritional support for critically ill patients
requires overall resource allocation and relies on the hospital’s various functional departments as the operational link.
Therefore, this project team was an interdisciplinary team represented by clinical medicine, nursing, pharmacy, nutrition
and information technology (including 1 chief physician, 1 attending physician, 1 chief nurse, 1 deputy chief nurse, 3
nurses, 1 intermediate nutritionist, 1 pharmacist in charge, and 1 senior medical information software engineer). Among
them, the clinical medical staff were mainly responsible for project process sorting, process re-engineering, project
implementation and effect inspection; the clinical functional departments were primarily responsible for evidence
retrieval and quality control during the system process transformation; and the information department was responsible
for the implementation of the software system.

Personnel training: Given that the participants of the whole nutritional support process for ICU patients were mainly
medical staff in the Department of Critical Care Medicine, the knowledge, attitudes/beliefs, and practices of medical care
personnel regarding nutritional support directly affected the nutritional support for ICU patients[8]. In addition, psycho-
logical support diagnosis and treatment activities can also affect the treatment compliance of ICU patients to a certain
extent. Therefore, the project team organized experienced professionals in the hospital and invited well-known experts in
the industry to train all ICU medical staff in the Department of Critical Care Medicine on nutritional support and
diagnosis activities in the form of special lectures, academic meetings and workshops, spanning two months with a total
of 17 class hours, covering the key points, difficulties and new progress of nutritional support for critically ill patients.
The medical staff were assessed after the training. Long-term regular standardized nutrition training courses were
developed.

System improvement: All nutritional support procedures, such as nutrition screening, evaluation, planning, prescription,
prescription review, implementation, and monitoring, were defined; the management key points and responsibilities of
various departments, such as the ICU, medicine, nutrition, and information technology, were detailed; and the key points
of inspection during the implementation and the indicators in the quality management process were monitored. The team
members summarized the nutrition-related work systems and processes at the hospital and department levels, conducted
detailed discussions, consulted a large number of references, and learned from the existing systems of benchmarking
hospitals to form norms and standards through intragroup discussions. Experts were then invited to review and further
modify the system before it was submitted to the Quality Management Section for review and the Dean’s Office for
approval. Finally, an in-hospital management system applicable to the actual situation of nutritional support diagnosis
and treatment in our hospital was formed, which was used and promoted in clinical practice. In addition, the medical,
nursing and nutrition departments conducted regular clinical inspections to track the effects and provide feedback.

System research and development and application: The core component of the nutritional support management system
construction was the establishment of a standardized, intelligent and efficient information system to provide decision
support functions for nutritional support, thus facilitating high-quality and more comprehensive development of
nutritional support diagnosis and treatment. Through participating in the nutrition management courses, referring to and
learning the major advanced nutrition measurement systems, and taking into account the current situation of nutrition
management of ICU patients in our hospital, the group members designed a framework of nutrition monitoring system
for critically ill patients that met the national conditions and clinical applications of the hospital after several rounds of
expert discussions and checked the system design through a professional novelty-checking institution to determine its
innovativeness. With the support of the hospital, the system was developed after obtaining a docking permission with the
hospital’s clinical application system related to nutrition management.
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To ensure the consistency, timeliness, and accuracy of the data applied in the process of nutrition diagnosis and
treatment to enable in-depth and effective use of the data and reduce the workload of medical staff and dietitians in
clinical departments, the design adopted database access, FTP file acquisition and Web service for data exchange and
application integration. The nutrition management system was expected to work in tandem with the databases of the
clinical information system, with the nutritional support as the main line of the whole-process business management,
focusing on the work required for nutritional diagnosis and treatment of patients after admission.

The major procedures were as follows: (1) Nutritional screening after patient admission and transfer to another
department: For nutritional risk-positive patients, the system automatically carried out risk warnings with special
characters and colors on the evaluation page, nursing bedside card, patient homepage, doctor’s preview page, pharmacy
preview page, and nutrition department system; (2) The system automatically prompted the doctor when a nutrition
consultation was needed; (3) The system calculated the nutritional requirements of patients and notified clinicians and
nurses automatically; (4) When the clinician performed a prescription operation, the system calculated the liquid and
energy of the prescription synchronously; (5) The system supported the pharmacy department in conducting intelligent
prescription reviews, with the results automatically fed back to the doctor; (6) During nursing, the patient’s homepage in
the nursing system allowed for visual monitoring of the proportion of energy infusion components and the display of the
corresponding relationship between energy and liquid on the day of implementation; (7) The daily target energy
compliance rate was displayed by way of a line chart on the homepage of nursing medical records; (8) On the patient 360-
degree holographic display of the doctor’s medical record, the system visually displayed all relevant holographic data of
the patient’s nutritional support over time; (9) On the homepage of nursing cases and patients, the note and follow
functions of nutrition indices could be customized, and the changing trend of the index could be obtained by clicking; (10)
All nutrition-related indicators could be retrieved with one click in the test system, which was convenient for clinicians
and nurses to extract nutrition evaluation data in clusters; (11) Nutritionists could collect information across the hospital
on nutritionally at risk patients, and proactively review the status of nutritional support for patients to inform doctors
whether nutrition-related medical orders were the most appropriate scheme; (12) The system could intelligently prompt a
7-d nutrition review; and (13) The system automatically summarized the quality control data of nutritional support and
ultimately formed a closed loop of nutritional support management.

After the completion of system development, the information department technicians trained the members of the
project team and the key personnel of the Department of Critical Care Medicine, focusing on explaining the system’s
operating methods and precautions. The system was trialed on a small scale in ICUs. During the application, patients’
energy and nutrient proportions were counted by using both the system intelligent calculation method and the manual
calculation method for comparative analysis, so as to find problems and correct them. After the system was stabilized, all
members of the ICU, pharmacy, and nutrition departments were given one week of on-site training to explain the
standardized operation of the system in detail. The system was gradually applied in clinical practice. During imple-
mentation, IT technicians were on standby 24 h a day to provide technical support and solve difficult problems.

Psychological counseling: The medical staff provided timely and effective negative emotion counseling for patients.
Although ICU inpatients have passed the high-risk period of illness, the pain and fear of death caused by the disease
during the high-risk period can negatively affect their emotions. Therefore, the medical staff specifically told the patients
that the disease had passed the critical stage and would not cause their death and gave timely medication and physical
relief when there was heart pain. In addition, the nursing staff kept a close eye on the patients’ negative emotions caused
by other potential reasons and provided appropriate psychological counseling. Furthermore, the causes of the disease,
treatment, surgery, nursing methods, and postoperative prevention and treatment methods were detailed to the patients,
and targeted prognostic analysis was carried out according to their specific conditions so that they could rebuild
confidence in the future and feel the care and love of medical staff, thus establishing a sense of trust and improving
compliance. Moreover, the hospital provided patients with a good ward environment that was clean, tidy, and well
ventilated with suitable temperature and humidity so that they could maintain psychological and physical comfort
during residential nursing. Appropriate music and relaxing TV and movie programs were also played for patients to
distract them. If necessary, painkillers or antianxiety drugs and antidepressants were given.

Effect analysis

Evaluation indicators: (1) The proportions of hospital bed-days of patients receiving different nutritional support
methods, such as total PN, PN + enteral nutrition (EN), and total EN, were calculated; (2) The scores of ICU nurses’
knowledge, attitudes/beliefs, and practices regarding nutritional support were assessed; (3) The survey scores of ICU
nurses’ knowledge, attitudes/beliefs, and practices regarding psychological support were analyzed; (4) The rate of EN
initiation within 48 h of admission to the ICU (number of patients initiating EN within 48 h during the same period/
number of ICU patients included in the survey during the statistical period) was counted; (5) The EN compliance rate
within 72 h of ICU admission (the number of patients who achieved the EN standards within 72 h during the same
period/the number of ICU patients included in the survey during the statistical period) was counted; (6) Patients” anxiety
and depression before and after project implementation were assessed by the Self-rating Anxiety Scale (SAS) and Self-
rating Depression Scale (SDS), respectively, and (7) The length of ICU stay was recorded. Notes: (1) The day of admission
to the ICU was recorded as day 0; (2) The standard for achieving EN standards for patients within 72 h of ICU admission
was the total energy intake of EN consumed by patients on the third day of ICU admission > 20 kcal/kg.

Statistical methods

Relevant data were imported into SPSS 19.0 for statistical analysis. The scores of medical staff’s knowledge, attitudes/
beliefs, and practices regarding nutritional support were analyzed by one-way analysis of variance (ANOVA). After
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Table 1 Comparison of general data between the two groups

Proportion of males  Proportion of females APACHE Il score NRS 2002 score
Groups . . Age (yr) : :

(%) (%) (points) (points)
Improvement group (1 = 64.14 35.86 63.68 + 26.02+10.23 457+1.21
145) 13.71
Control group (n = 136) 64.71 35.29 64.99 + 25.85+10.71 457 £1.30

13.45

P value >0.1 >0.1 >0.1 >0.1 >0.1

APACHE: Acute Physiology and Chronic Health Evaluation; NRS: Numeric Rating Scale.

Table 2 Comparative analysis of knowledge, attitudes/beliefs, and practices regarding nutritional support among medical staff in the

Department of Critical Care Medicine before and after project implementation

Groups Number of cases (n) Knowledge Attitudes/beliefs Practices
Before project implementation 88.00 54.09 £19.45 45.37 £5.25 39.27 £7.60
After project implementation 83.00 94.57 £7.86 47.23 £4.07 44.45+5.77
P value <0.01 <0.05 <0.01

testing for normality, the measurement data (represented by mean * SD) were analyzed by the independent sample ¢ test.
The count data, described as frequencies (rates), were analyzed by the y? test. In all tests, a significance level of 5% (P <
0.05) was adopted.

RESULTS

One hundred and forty-five cases were enrolled in the improvement group with a valid hospital stay of 733 d. The control
group included 136 cases with 789 d of effective hospitalization. No significant difference was identified between the two
groups in age, sex, Acute Physiology and Chronic Health Evaluation II score, or Numeric Rating Scale 2002 score on the
day of ICU admission (P > 0.1), as shown in Table 1.

Knowledge, attitudes/beliefs, and practices regarding nutritional and psychological support were investigated among
medical staff in the Department of Critical Care Medicine. Ninety questionnaires were distributed before and after project
implementation, with 88 and 83 valid questionnaires recovered, respectively. Through comparison before and after
project implementation, the knowledge, attitudes/beliefs, and practices scores regarding nutritional support treatment in
the critical medicine department improved significantly. The survey also revealed significantly enhanced psychological
support of the medical staff in the Department of Critical Care Medicine in terms of knowledge, attitudes/beliefs, and
practices (see Tables 2 and 3 for details).

The proportions of hospital bed-days of total PN support, total EN support and EN + PN support in ICU patients were
statistically analyzed. After project implementation, the proportions of hospital bed-days of total EN support and EN +
PN support in ICU patients increased significantly (P < 0.05), while total PN support did not alter markedly (P > 0.05)

Table 4).

( The }%N initiation rate among ICU patients within 48 h of admission increased from 37.50% to 48.28%; the EN
compliance rate within 72 h of ICU admission elevated from 20.59% to 31.72%; the differences were statistically
significant, as shown in Table 5. After improvement, a lower SAS score (52.03 + 9.02 vs 61.07 £ 9.91) and a lower SDS score
(56.34 + 9.83 vs 62.47 = 10.50) were observed in the improvement group compared with the control group (P < 0.01;
Table 6). After project implementation, the total length of ICU stay of patients in the improvement group was 5.10 £ 2.12
d, lower than the 5.76 + 2.77 d in the control group (P < 0.01), as shown in Table 7.

DISCUSSION

Patients hospitalized in ICUs are critically ill with symptoms such as high energy metabolism, increased calorie demands,
and negative nitrogen balance. Their emotions are also easily affected by illness and bodily function, resulting in negative
emotions such as anxiety and depression that adversely affect treatment effectiveness. Previous studies have confirmed
that early, reasonable, and standardized nutritional support can reduce patient mortality, shorten the length of ICU stay,
and reduce medical expenses[9,10]. However, for various reasons, many studies still show a high incidence of
malnutrition among critically ill patients during hospitalization, and there are nonstandard diagnostic and treatment
practices for EN and PN support[11]. The purpose of this project is to improve the compliance of medical staff in carrying
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Table 3 Comparative analysis of knowledge, attitudes/beliefs, and practices regarding psychological support among medical staff in

the Department of Critical Care Medicine before and after project implementation

Groups Number of cases (n) Knowledge Attitudes/beliefs Practices
Before project implementation 88.00 9.50 £3.22 2949 £4.74 8.17£1.51
After project implementation 83.00 13.05 £2.27 3717 £4.71 9.76 £1.58
P value <0.01 <0.01 <0.01

Table 4 Comparison of each nutritional support mode as a percentage of total effective hospital stay between the two groups

Groups Total parenteral nutrition Parenteral nutrition + enteral nutrition Total enteral nutrition
Improvement group (1 = 733) 261 (35.61%) 345 (47.07%) 84 (11.46%)

Control group (1 = 789) 293 (37.14%) 337 (42.71%) 44 (5.58%)

Pvalue >0.05 <0.05 <0.01

Table 5 Comparison of the enteral nutrition initiation rate within 48 h and compliance rate within 72 h after admission to the intensive

care unit between the two groups

Enteral nutrition initiation rate within 48 h after ICU  Enteral nutrition compliance rate within 72 h after ICU

Groups admission admission
Improvement group (1 = 48.28% (66) 31.72% (n = 46)
145)

Control group (n = 136) 37.50% (47) 20.59% (n = 28)
P value <0.05 <0.05

ICU: Intensive care unit.

Table 6 Comparison of Self-rating Anxiety Scale and Self-rating Depression Scale scores between the two groups

Indicators Improvement group (n = 145) Control group (n = 136) tvalue P value
SAS (points, mean + SD) 52.03 +9.02 61.07 +9.91 8.004 <0.01
SDS (points, mean + SD) 56.34 +9.83 62.47 £10.50 5.055 <0.01

SAS: Self-rating Anxiety Scale; SDS: Self-rating Depression Scale.

Table 7 Comparison of intensive care unit length of stay between the two groups of patients

Indicators Improvement group (n = 145) Control group (n = 136) tvalue P value

Length of ICU stay 510212 5.76 £2.77 2.28 <0.05

ICU: Intensive care unit.

out nutritional support diagnosis and treatment according to the norms and to standardize nutritional support diagnosis
and treatment practices. Moreover, nutritional support and psychological counseling were combined to validate the
clinical application advantages of this system in ICU patients. After the implementation of the project, the knowledge,
attitudes/beliefs, and practices of ICU medical staff regarding nutritional and psychological support were greatly
improved. In addition, the improvement group focused more on the early development of EN in terms of nutritional and
psychological support, using a more diverse and rationalized nutritional support structure. Therefore, the patients’
nutritional compliance rate was also significantly improved, their SAS and SDS scores were significantly reduced, and
their stay in the ICU was significantly shortened. The construction and implementation of a nutritional support
management system based on closed-loop information and psychological counseling has further optimized the diagnosis
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and treatment process of nutritional support, improved the nutritional compliance rate of patients, and relieved their
psychological negative emotions, which is of great importance in improving patient outcomes.

The construction of a nutritional support management system follows the medical development context of the
strengthening of clinical nutritional support diagnosis and treatment, with the key cornerstone being the closed-loop
information nutritional support intelligent management system, which is in line with the hospital’s information
development strategy. The software system covers the whole management of nutritional diagnosis and treatment
practices, including nutritional risk screening, assessment, prescription, implementation, effect monitoring, and quality
control. A large number of applications, such as dynamic data trends and 360-degree holographic display, are used,
which highlights the awareness of dynamic monitoring in the implementation process of nutritional support, avoids the
shortcomings of “fan out from a point to an area” in most target management models, and improves the clarity of
medical staff’s understanding of patients’ nutritional support dynamic information, thus improving work efficiency and
increasing work initiative. At the same time, most of the data in the system are displayed in visual charts, transforming
complex dynamic monitoring data into visual images to provide medical staff with the most intuitive visual reflection,
which is conducive to the assessment of the nutritional status of critically ill patients and facilitates timely adjustment of
nutritional management programs to ensure that patients receive timely and effective nutritional support[12]. Dynamic
displays and visual early warnings reflect more scientific, refined and humanized management, which is crucial to
improve the safety and standardization of patient nutrition implementation.

CONCLUSION

The ICU patient nutritional support management system based on closed-loop information and psychological counseling
uses informatization, modernization and process management methods to focus on solving the difficulties of clinical
nutritional support management, providing medical staff with more accurate decision-making support based on person-
alized dynamic assessment of patients, and ensuring multidimensional protection of patient physical and mental health.
However, after implementation, it was found that there is still room for further improvement in EN initiation for patients
within 48 h of ICU admission, EN compliance within 72 h of admission, and alleviation of negative emotions, which
warrants continuous modifications during future promotion of the homogenization and management of nutritional
support for patients in the whole hospital.

ARTICLE HIGHLIGHTS

Research background
Due to the poor standardization and compliance of nutritional support for patients by medical staff, it is difficult to
achieve the goal of nutritional support for intensive care unit (ICU) inpatients.

Research motivation

This study intends to optimize the clinical nutritional support of ICU patients by constructing a nutrition support
management system based on closed-loop information and psychological counseling combined with psychological
interventions.

Research objectives
To explore the value of the nutritional support management system based on closed-loop information management and
psychological counseling in the clinical application of ICU patients.

Research methods

Through the division of functions, personnel training, system construction, development of an intelligent decision-
making software system, quality control, and improvement of the whole process, the nutritional and psychological
support of ICU patients are systematically managed. In addition, the valid number of hospital stays of patients with
different nutritional support methods after the implementation of systematic management, the scores of ICU nurses’
knowledge, attitudes/beliefs and practices of nutritional or psychological support, and the rate of total enteral nutrition
(EN) initiated within 48 h or 72 h after admission to the ICU were counted. Moreover, the anxiety and depression of
patients before and after the implementation of the project and the length of stay in the ICU were recorded.

Research results

After the implementation of the whole-process management system, the scores of nutritional or psychological support
knowledge, attitudes/beliefs and practices of ICU medical staff were significantly enhanced, and the proportions of
hospital bed-days of total EN and EN plus parenteral nutrition (PN) of ICU patients were significantly increased. The EN
initiation rate also increased significantly within 48 h or 72 h after admission to the ICU. Moreover, markedly reduced
Self-rating Anxiety Scale, Self-rating Depression Scale scores and ICU stays were observed in ICU patients after the
implementation of the project.
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Research conclusions

The nutritional support management system based on closed-loop information management and psychological
counseling plus psychological interventions has significant advantages in the clinical application of ICU patients. It can
not only improve the awareness and executive abilities of ICU medical staff, but also significantly increase the application
of EN support and EN plus PN support for CU patients. Moreover, it is effective in relieving patients’ negative emotions
and shortening the length of ICU stay.

Research perspectives

The nutrition support management system for ICU patients based on closed-loop information and psychological
counseling combined with psychological interventions can not only improve the clinical practice of medical staff, but also
optimize the medical management of ICU patients. However, there is still room for improvement in aspects such as EN
initiation within 48 h of admission to the ICU, EN compliance within 72 h of admission, and negative emotional relief,
warranting continuous improvement.
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Abstract

BACKGROUND

Patients with chronic heart failure (CHF) have a progressive disease that is
associated with poor quality of life and high mortality. Many patients experience
anxiety and depression (A&D) symptoms, which can further accelerate disease
progression. We hypothesized that indicators of myocardial function and inflam-
matory stress may reflect the severity of A&D symptoms in patients with CHF.
Changes in these biomarkers could potentially predict whether A&D symptoms
will deteriorate further in these individuals.

AIM
To measure changes in cardiac and inflammatory markers in patients with CHF to
determine A&D severity and predict outcomes.

METHODS

We retrospectively analyzed 233 patients with CHF treated at the Jingzhou
Hospital, Yangtze University between 2018-2022 and grouped them according to
Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS) scores. We
compared clinical data in the no-A&D, mild-A&D, moderate-A&D, and severe-
A&D groups, the SAS and SDS scores with the New York Heart Association
(NYHA) functional classification, and cardiac markers and inflammatory factors
between the no/mild-A&D and moderate/severe-A&D groups. Regression
analysis was performed on the markers with P < 0.05 to determine their ability to
predict A&D severity in patients and the area under the receiver operating charac-
teristic curve (AUROC) was used to evaluate their accuracy.

RESULTS
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In the inter-group comparison, the following variables had an effect on A&D severity in patients with CHF: NYHA
class, left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter, N-terminal pro-brain
natriuretic peptide (NT-proBNP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (P < 0.05). Other variables
did not differ significantly between the A&D groups (P > 0.05). In addition, we found that higher NYHA classes
were associated with higher the SAS and SDS scores (P < 0.05). Regression analysis showed that LVEF, NT-
proBNP, and IL-6 were independent risk factors for A&D severity (P < 0.05). Among them, NT-proBNP had the
best predictive ability as a single indicator (AUROC = 0.781). Furthermore, the combination of these three
indicators exhibited a good predictive effect toward discriminating the extent of A&D severity among patients
(AUROC = 0.875).

CONCLUSION
Cardiac and inflammatory biomarkers, such as LVEF, NT-proBNP, and IL-6, are correlated with A&D severity in
patients with CHF and have predictive value.

Key Words: Chronic heart failure; Anxiety; Depression; Cardiac markers; Inflammatory factors; Prediction

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

Core Tip: We investigated patients with chronic heart failure (CHF) with varying degrees of anxiety and depression (A&D)
symptoms and assessed changes in myocardial markers and inflammatory factors to determine their associations with A&D
severity. We used independent risk factors as predictive indicators and assessed their discriminative accuracy in predicting
A&D severity using the area under the receiver operating characteristic curve. We demonstrated that A&D symptoms can
affect the progression of CHF and lead to worse outcomes for patients.

Citation: Zhang L, Wang Q, Cui HS, Luo YY. Assessing myocardial indices and inflammatory factors to determine anxiety and
depression severity in patients with chronic heart failure. World J Psychiatry 2024; 14(1): 53-62

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/53.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.i1.53

INTRODUCTION

Chronic heart failure (CHF), or congestive heart failure, is a progressive disease that commonly manifests as fatigue,
reduced physical fitness, shortness of breath, persistent coughing, and arrhythmia. Typically, the New York Heart
Association (NYHA) classification is used to evaluate patients according to the severity of their symptoms, alongside
cardiovascular functional capacity and blood test results[1]. Currently, treatment aims to ease the impact of these
symptoms on daily life activities of patients and improve the quality of life. However, studies have shown that > 50% of
patients with CHF develop anxiety and depression (A&D) symptoms[2,3], which has been associated with unfavorable
outcomes, such as increased CHF-related hospitalization and mortality rates. However, distinguishing whether certain
symptoms are related to A&D or are symptoms of CHF remains a challenge. Therefore, if the A&D status of patients with
CHEF can be accurately diagnosed and treated, the overall condition and life expectancy of patients is expected to improve
[4,5].

In China, the incidence of CHF is on the rise, especially left ventricular dysfunction[6]. Although there has been
extensive research on the general demographic characteristics and A&D data of CHF patients, studies on myocardial
markers and inflammation factor levels are still limited. Research by Wang et al[7] showed that in the CHF population,
white blood cell interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a) are higher than those in the healthy population;
Yasuhara et al[8] reported that these inflammation factor levels are positively correlated with B-type natriuretic peptide
levels; Liu et al[9] showed in subsequent studies that systemic inflammation indicators, such as hypersensitive C-reactive
protein (hs-CRP), are supplementary indicators for CHF diagnosis. Therefore, these inflammation factors can well reflect
the physiological state of CHF patients. Furthermore, immune abnormalities of inflammatory mediators such as IL-6,
TNF-a, efc., may be related to the pathophysiology of depression, and are also potential markers for the classification of
A&D states[10,11]. Therefore, these inflammation factors can reflect the physiological state of CHF patients, and also have
the potential to classify A&D states in CHF.

Currently, the assessment of A&D relies on subjective patient-reported measures; hence, differential levels of
myocardial markers and inflammatory factors could serve as objective measure to assist clinicians in assessing and
classifying A&D severity. This measure could facilitate a more precise distinction between CHF patients with different
degrees of A&D, enable physicians to better manage and rationally allocate medical resources, and provide the potential
for personalized treatment.

Therefore, this retrospective study aimed to explore the differences in myocardial markers, inflammatory factors, and
A&D severity in patients of CHF and potentially reveal an association that can used as a reference for clinical assessment
of A&D status in patients with CHF in the future.
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MATERIALS AND METHODS

Patient characteristics

This retrospective study obtained data from patients with CHF treated at Jingzhou Hospital, Yangtze University, from
January 2018 to December 2022. The inclusion criteria were as follows: (1) A confirmed diagnosis of CHF and relevant
medical records; (2) Records of A&D symptoms; (3) Patients aged > 18 years; and (4) Information on inflammatory factors
and myocardial markers. The exclusion criteria were as follows: (1) Severe cardiovascular disease, such as myocardial
infarction or heart valve disease; (2) Severe comorbid systemic diseases, such as cancer or renal failure; (3) History of
severe psychological disorders that affect cognition and mood, such as schizophrenia and bipolar disorder; (4) Recent
treatments that impact inflammatory and myocardial markers, such as corticosteroid therapy; and (5) History of alcohol
or substance abuse. All diagnoses were based on the left ventricular ejection fraction (LVEF) < 50% and N-terminal pro-
Brain natriuretic peptide (NT-proBNP) > 125 ng/L one week after hospitalization. The Self-Rating Anxiety Scale (SAS)
and Self-Rating Depression Scale (SDS) scales were used to assess A&D, respectively[4,5]. Overall, 233 eligible patients
were included in this study. The study was approved by the Institutional Review Board of Jingzhou Hospital, Yangtze
University (2023-053-01).

Group comparisons

The patients were first grouped according to the degree of A&D indicated by the SAS and SDS scores as follows: No-
A&D (SAS < 50 and SDS < 53; n = 65); mild-A&D (SAS 50-59 and SDS 53-62, n = 42); moderate-A&D (SAS 60-69 and SDS
63-72, n = 93); and severe-A&D (SAS > 69 and SDS > 72, n = 33). If the two scores did not meet any of the group
requirements simultaneously, the highest SAS or SDS score was used as the grouping criterion.

The demographic and clinical data of the patients in each group were compared to identify indicators of statistically
significant differences in A&D. Then, the patients were divided into groups based on the NYHA classification (I, II, III,
and IV) and the SAS and SDS scores were compared among the groups[1]. Finally, we determined the effect of A&D on
the daily lives of patients based on SAS and SDS scores, with the no/mild-A&D (N/M) group considered not affected
and the moderate/severe-A&D (M/S) group considered affected and required targeted intervention[12,13]. Hence, the
patients from groups A and B and the patients from groups C and D were combined into the N/M and M/S groups,
respectively. We compared the significant indicators between the two groups using regression analysis and evaluated
their predictive value using the area under the receiver operating characteristic (AUROC) curve.

Observed indicators

The data included in the analysis were as follows: Sex, age, disease course, NYHA classification, myocardial indicators
such as LVEF, left ventricular end-diastolic dimension (LVEDd), NT-proBNP, and soluble growth stimulation expressed
gene 2 protein, and inflammatory factors such as IL-6, TNF-a, hs-CRP, and high sensitivity cardiac troponin.

Statistical analysis

All statistical analyses were conducted using SPSS software for Windows (version 26.0; IBM Corp., Armonk, NY, United
States). Quantitative data are expressed as the mean + SD, while qualitative data are expressed as the number of cases (1)
and proportions (%). For inter-group comparisons, t-tests, analysis of variance (ANOVA), or non-parametric tests were
used depending on whether the quantitative data followed normal distribution and homogeneity of variances. y? tests
were used for inter-group comparisons of qualitative data. Logistic regression was used for multivariate analysis to
calculate the odds ratios (OR) and 95% confidence intervals (CI). P values < 0.05 were considered statistically significant.

RESULTS

Clinical characteristics

In the inter-group analysis, differences in LVEDd (P < 0.05) and in NYHA class, LVEF, NT-proBNP, IL-6, and TNF-a (P <
0.001) were observed between the no-A&D and severe-A&D groups. No other variables exhibited differences between the
two groups (P > 0.05) (Table 1). Since LVEF, NT-proBNP, IL-6, and TNF-a were quantitative variables with large inter-
group differences, post hoc multiple comparisons were performed (Figure 1).

The LVEF and IL-6 levels in the no-A&D group were clearly different than those of the mild-A&D, moderate-A&D,
and severe-A&D groups (P < 0.01), which all had similar levels (P > 0.05) (Figure 1A and D). LVEDd exhibited differences
in the no-A&D and moderate-A&D/severe-A&D group comparisons (P < 0.05). However, when the moderate-A&D
group was compared with the other groups, the differences were not significant (P > 0.05) (Figure 1B). The NT-proBNP
levels showed no significant differences between no-A&D and mild-A&D groups or between the moderate and severe-
A&D groups (P > 0.05). However, differences in NT-proBNP levels were observed and highlighted when the no-A&D
and mild-A&D groups were compared with the moderate-A&D and severe-A&D groups (P < 0.001) (Figure 1C).
Furthermore, significant differences in TNF-a levels were found between the no-A&D/mild-A&D and moderate-A&D/
severe A&D groups (P < 0.05), the no-A&D and mild-A&D groups (P < 0.05) but not between the moderate-A&D and
severe-A&D groups (P > 0.05) (Figure 1E).

The effect of NYHA on SAS and SDS scores
We found that the SAS and SDS scores of patients with CHF increased as the NYHA class improved (P < 0.05) (Table 2).
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Table 1 Comparison of general patient data between the different anxiety and depression groups

Observation indices No-A&D (n = 65) Mild-A&D (n=42)  Moderate-A&D (n=93) Severe-A&D (n=33) P value
Sex 0.686
Male 27 (41.54) 20 (47.61) 47 (50.54) 17 (51.52)

Female 38 (58.46) 22 (52.39) 46 (49.46) 16 (48.48)

Age (yr, mean + SD) 63.20 £14.75 64.93 £12.81 66.08 £10.99 66.67 £12.78 0.476
Course of disease (month, 68.00 £17.74 66.36 % 20.49 68.53 +15.97 68.97 + 20.40 0.948
mean * SD)

NYHA, 1 (%) <0.001
I 16 (24.62) 6 (14.29) 3(3.23) 4(12.12)

I 27 (41.54) 8 (19.05) 26 (27.96) 8 (24.24)

111 21 (32.31) 24 (57.14) 54 (58.06) 17 (51.52)

v 1 (1.53) 4(9.52) 10 (10.75) 4(12.12)

LVEF (%, mean + SD) 38.72£3.32 37.08 +3.03 36.24 % 2.59 36.32+3.16 <0.001
LVEDd (mm, mean + SD) 59.86 £5.22 61.38 £4.99 61.85£4.95 62.36 £4.52 0.047
NT-proBNP (ng/L, mean +SD) 1830.32 + 421.64 1913.90 + 447.93 2364.98 + 490.56 2482.70 + 541.86 <0.001
ST2 (pg/L, mean * SD) 51.26 £10.25 53.76 £ 9.92 52,97 +8.74 53.61 £ 8.07 0.382
IL-6 (ng/L, mean * SD) 15.13 £ 2.98 17.66 + 4.33 18.85 + 3.84 19.38 £5.17 <0.001
TNEF-0 (ng/L, mean + SD) 28.89 £ 5.85 31.72+7.08 34.68+5.84 353251 <0.001
hs-CRP (ng/L, mean + SD) 12.27 +2.67 1249 +2.71 13.03 +2.45 13.22 £2.54 0.185
hs-cTn (ng/L, mean + SD) 2294 +7.83 24.53 7.9 24.45+6.22 24.40 £ 6.67 0.293

NYHA: New York Heart Association; A&D: Anxiety and depression; LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic
dimension; NT-proBNP: N-terminal pro-brain natriuretic peptide; ST2: Growth stimulation expressed gene 2; IL-6: Interleukin-6; TNF-a: Tumor necrosis

factor-alpha; hs-CRP: Hypersensitive C-reactive protein; hs-cTn: High sensitivity cardiac troponin.

Table 2 Comparison of Self-Rating Anxiety Scale and Self-Rating Depression Scale scores among different New York Heart Association

classes

Observation indices 1 (n=29) Il (n=69) Il (n=116) IV (n=19) Pvalue
SAS (mean + SD) 51.17 +16.54 53.84 +17.87 59.82 +15.51 65.58 +16.76 0.003
SDS (mean + SD) 53.52 +16.85 56.72 +17.60 62.46 +14.75 68.89 +12.40 0.001

SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.

Patients with NYHA class III and IV CHF had higher SAS and SDS scores than those with NYHA class I and II (P < 0.05)
(Figure 2).

Prediction of early intervention

When comparing the myocardial and inflammatory level indicators, we found that the effects of LVEF, LVEDd, NT-
proBNP, IL-6, TNF-a, and hs-CRP were larger than other observed indicators between the N/M and M/S groups (P <
0.05). Further details are presented in Table 3. The regression analysis identified LVEF, NT-proBNP, and IL-6 as
independent predictors of CHF (P < 0.05), with IL-6 having the strongest predictive value (OR = 1.271, 95%CI: 1.095-
1.476), followed by NT-proBNP (OR = 1.004, 95%CI: 1.003-1.006). We also found that LVEF was a protective factor against
A&D as it increased (OR = 0.350, 95%CI: 0.226-0.541). The other variables were not deemed statistically significant in the
regression analysis. Further details are presented in Table 4. The AUROC curve of the three independent factors showed
that NT-proBNP had the best predictive effect, with an AUROC of 0.781 (0.724-0.839), whereas the predictive effects of
LVEF and IL-6 were moderate and similar, with AUROCs of 0.661 (0.591-0.732) and 0.691 (0.624-0.758), respectively. The
overall combined predictive value of the three indicators was relatively good, with an AUROC of 0.875 (0.820-0.929).
Further details are shown in Figure 3.
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Table 3 Inter-group comparison of the observed indicators of anxiety and depressive severity in patients, divided based on the

requirement for early intervention

No/mild-A&D (N/M) (n = Moderate/severe-A&D (N/S) (n =

Observation indices 107) 126) Vi)'e P value
LVEF (%, mean * SD) 38.08 £3.30 36.26 £2.72 4.536 <0.001
LVEDd (mm, mean # SD) 60.46 £5.16 61.98 £4.83 2.778 0.005
NT-proBNP (ng/L, mean +SD)  1863.13 +432.00 2395.81 + 505.30 8.656 <0.001
ST2 (pg/L, mean + SD) 52.24 £10.15 53.14 £+ 8.54 0.908 0.364
IL-6 (ng/L, mean # SD) 16.12+3.76 18.99 +4.21 5.024 <0.001
TNF-a (ng/L, mean + SD) 30.00 £ 6.48 34.84 £5.64 6.105 <0.001
hs-CRP (ng/L, mean + SD) 12.36 +2.67 13.08 +2.46 2144 0.033
hs-cTn (ng/L, mean * SD) 23.56 £7.89 2444 1+ 6.31 1.301 0.193

A&D: Anxiety and depression; LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimension; NT-proBNP: N-terminal pro-
brain natriuretic peptide; ST2: Growth stimulation expressed gene 2; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-alpha; hs-CRP: Hypersensitive C-
reactive protein; hs-cTn; High sensitivity cardiac troponin; N/M: No/mild.

Table 4 Regression analysis of the myocardial and inflammatory level indicators between the no/mild and moderate/severe groups

Observation indices B OR P value 95%Cl

LVEF -1.050 0.350 <0.001 0.226-0.541
LVEDd -0.182 0.834 0.095 0.673-1.032
NT-proBNP 0.004 1.004 <0.001 1.003-1.006
IL-6 0.240 1.271 0.002 1.095-1.476
TNF-o -0.002 0.957 0.998 0.928-1.073
hs-CRP -0.430 0.651 0.060 0.416-1.019

LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimension; NT-proBNP: N-terminal pro-brain natriuretic peptide; IL-6:
Interleukin-6; TNF-a: Tumor necrosis factor-alpha; hs-CRP: Hypersensitive C-reactive protein; OR: Odds ratio; CI: Confidence interval.

DISCUSSION

Heart failure remains a global public health burden. Since mental health affects the incidence and outcomes of various
health conditions[14], the psychological status of patients with CHF warrants attention, in addition to investigating
diagnostic and treatment methods.

In this study, when comparing the no-A&D to severe-A&D groups, we observed an increase in LVEDd, NT-proBNP,
IL-6 and TNF-a levels as the degree of A&D increased, whereas LVEF levels decreased. This finding indicates that
patients with CHF may experience increased A&D symptoms as a result of abnormal myocardial parameters and inflam-
matory stress, resulting in worse outcomes. Physiologically, A&D symptoms manifest as part of the body’s response to
chronic stress exposure, which causes a maladaptive stress response in which the sympathetic nervous system and
hypothalamic-pituitary-adrenal axis are activated. This increases the heart rate, output, and load[15,16] and, over time,
the blood flow through the coronary arteries decreases, ultimately leading to myocardial ischemia[17]. While CHF is
accompanied by some extent of myocardial dysfunction, the stress response aggravates this by causing further
myocardial cell injury, impairing myocardial contractile function, and leading to a reduction in LEVF and an increase in
LVEDd. When under significant load, myocardial cells secrete NT-proBNP, which functions as a natriuretic, diuretic, and
vasodilator, to reduce pressure and restore homeostasis[18]. NT-proBNP levels increase with the degree of A&D
symptoms and changes in LVEF and NT-proBNP levels indicate that A&D further aggravates myocardial dysfunction in
patients with CHF. Research has shown that higher serum levels of inflammatory factors can lead to weakening of the
strength and mass of the myocardium, a specialized type of tissue in the human body[19]. Therefore, patients with CHF
are vulnerable to high levels of inflammation. Additionally, A&D can lead to endocrine and immune system imbalances
that promote inflammatory responses in the body[20]. In the current study, IL-6 and TNF-a expression levels gradually
increased as the extent of A&D increased, which is consistent with Lamers et al[10].

Our results suggest an association between myocardial indicators, inflammatory factor levels, and the degree of A&D.
Therefore, when treating patients with both CHF and A&D symptoms, physicians should be aware of the increased risk
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Figure 1 Post hoc multiple comparisons of significant influencing factors in patients with different levels of anxiety and depression. A:
Post hoc multiple comparisons of the left ventricular ejection fraction; B: Post hoc multiple comparisons of the left ventricular end-diastolic dimensions; C: Post hoc
multiple comparisons of N-terminal pro-brain natriuretic peptide; D: Post hoc multiple comparisons of interleukin-6; E: Post hoc multiple comparisons of tumor
necrosis factor-alpha (TNF-a). 2P < 0.05, °P < 0.01, °P < 0.001. A&D: Anxiety and depression; No-A&D: No anxiety and depression symptoms; Mild-A&D: Mild anxiety
and depression symptoms; Moderate-A&D: Moderate anxiety and depression symptoms; Severe-A&D: Severe anxiety and depression symptoms; LVEF: Left
ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimensions; NT-proBNP: N-terminal pro-brain natriuretic peptide; TNF-o:: Tumor necrosis factor-
alpha; IL-6: Interleukin-6.

of myocardial ischemia and inflammation and prepare the appropriate prophylactic interventions, such as administering
calcium overload inhibitors and anti-inflammatory drugs. Zhao et al[21] found that the administration of active oxygen
nanomaterials effectively improved drug treatment and reduced side effects. The side effects of any pharmacological
intervention for CHF and A&D should be considered to avoid worsening the prognosis of patients. Recent studies have
indicated that cognitive behavioral therapy and collaborative care have positive effects on alleviating A&D[22,23], and
present a safer way to avoid psychotropic drug-induced secondary myocardial damage.

The NYHA classification assesses the self-reported functional status of patients with CHF and indirectly reflects
cardiac function. In the present study, the mean SAS and SDS scores consistently increased with each NYHA class, which
is consistent with a previous study[24] exploring depression in patients with coronary heart disease. This finding was
unsurprising because the NYHA classification closely reflects the patient’s quality of life and the higher the NYHA class,
the more restrictions the patient experiences in daily life and mobility, such as inability to work, participate in their
hobbies, and socialize, all of which induce A&D[25]. Moreover, A&D can lead to reduced compliance with treatment
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Figure 2 Post hoc multiple comparisons of Self-Rating Anxiety Scale and Self-Rating Depression Scale scores among different New York
Heart Association classes. 2P < 0.05, °P < 0.01. SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.
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Figure 3 Dichotomous evaluation of left ventricular ejection fraction, N-terminal pro-brain natriuretic peptide, and interleukin-6 by region
under receiver operating characteristics. LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide; IL-6: Interleukin-6;
AUROC: Area under the receiver operating characteristic curve.

regimens, which further impacts quality of life, resulting in more individuals progressing to higher NYHA classes,
increased hospitalization, and mortality. Hence, medical health providers must consider psychological status in the
treatment and management of patients with CHF, in addition to physical symptoms and cardiac function. Providing
psychological support, educating patients on disease management, and encouraging them to engage in suitable physical
activities and socialization are important measures to improve health outcomes of patients with A&D.

In patients where daily activities have not yet been affected by A&E, we do not recommend targeted interventions such
as personalized psychological counselling and cognitive behavioral therapy[13,26]. In this study, we observed different
SAS and SDS scores in the N/M and M/S groups. Regression analysis revealed that the combination of LEVF, NT-
proBNP, and IL-6 had good predictive and discriminative value between the N/M and M/S groups. These factors
comprehensively reflect cardiac function, heart load, and inflammatory state; therefore, compared with single-index
predictions, they can more accurately determine A&D severity in patients with CHF. Severe A&D is a complex
multifactorial disorder that is influenced by genetic, biological, psychological, and environmental factors. Existing studies
have shown the predictive value of conventional biochemical indices, such as leukocytes in the hematopoietic system and
uric acid in inflammatory mediators, in discriminating bipolar disorder and depression in the general population, with
females exhibiting better predictive effects than males (AUROC = 0.793)[27]. Similarly, in the present study, we
constructed a model using myocardial indices and inflammatory factors to predict A&D severity in patients with CHF
and demonstrated a relatively good prediction effect (AUROC = 0.875). Perhaps, this was attributable to the targeted
groupings used in the analysis.
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Overall, the combination of biochemical indicators of A&D severity provides an objective reference for the classi-
fication of patients, which is essential for accurate diagnosis. Specialized prediction models for comorbidities, such as
patients with both A&D and CHEF, are also warranted.

In this study, we found a preliminary association between A&D levels, myocardial indicators, and inflammation in
patients with CHF and identified potential indicators and models for classifying A&D on a physiological basis. However,
this single-center retrospective study had some limitations in terms of the sample size and reliance on standardized self-
reported questionnaires. Future longitudinal studies with larger sample sizes are warranted to validate the association
between myocardial indicators, inflammation levels, and A&D.

CONCLUSION

Cardiac parameters (NT-proBNP and LVEF) and levels of inflammatory factors (IL-6 and TNF-o) significantly vary with
the degree of A&D. IL-6, NT-proBNP, and LVEF are independent factors that can distinguish between moderate and
severe A&D from no A&D or mild A&D. When combined, they have a high discriminative ability towards A&D.

ARTICLE HIGHLIGHTS

Research background

Anxiety and depression (A&D) are common in patients with chronic heart failure (CHF). While extensive research on the
general demographic characteristics and A&D data in patients with CHF has been conducted, research on myocardial
markers and inflammatory factor levels remains limited. Uncovering the relationship between myocardial markers,
inflammatory factor levels, and the degree of A&D in patients with CHF can further supplement and assist in evaluating
and classifying A&D severity in patients.

Research motivation

The differential levels of myocardial markers and inflammatory factors depending on A&D severity in patients with CHF
could serve as objective evidence to assist clinicians in assessing and classifying the extent of A&D. This could correct for
the subjectivity of the general assessment scales, facilitating a more precise distinction between CHF patients with
different degrees of A&D, enabling physicians to better manage and rationally allocate medical resources, and providing
the potential for personalized treatment.

Research objectives

We classified patients with CHF with varying degrees of A&D based on myocardial markers and inflammatory factor
levels and showed that some factors had good discriminative ability, providing the possibility of establishing and
assisting in the evaluation of A&D severity in patients with CHF based on biochemical markers.

Research methods
We further explored the inter-group differences in myocardial and inflammatory indicators and showed their ability to

predict A&D severity in patients with CHF using regression and the area under the receiver operating characteristic
curve (AUROC) analyses.

Research results

Left ventricular ejection fraction, N-terminal pro-brain natriuretic peptide, and interleukin-6 were used in combination to
predict and classify 233 patients with CHF in this study into no/mild- and moderate/severe-A&D and achieved good
results (AUROC = 0.875, 95% confidence interval: 0.820-0.929).

Research conclusions
Based on our retrospective analysis, we propose that the combination of myocardial and inflammatory factor levels could
assist in assessing and classifying the severity of A&D in patients with CHF.

Research perspectives

We plan to further combine other biochemical markers, such as hormone levels, with these classification-effective factors
and apply targeted interventions to observe patient outcomes and evaluate changes in A&D severity among patients.
This will help to validate our preliminary findings and investigate the potential roles of these biochemical markers in
guiding CHF management.
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Abstract

BACKGROUND
Postpartum quality of life (QoL) in women with heart disease has been neglected.

AIM
To improve clinical communication and treatment, we integrated medical data
and subjective characteristics to study postpartum QoL concerns.

METHODS

The study assessed QoL 6 wk after birth using the 12-Item Short-Form Health
Survey. The Edinburgh Postnatal Depression Scale, Cardiac Anxiety Question-
naire, European Heart Failure Self-Care Behavior Scale, and a self-designed
questionnaire based on earlier research were also used to assess patient character-
istics. Patient data were collected. Prediction models were created using multiple
linear regression.

RESULTS

This retrospective study examined postpartum QoL in 105 cardiac patients.
Postpartum QoL scores were lower (90.69 + 13.82) than those of women without
heart disease, with physical component scores (41.09 £ 9.91) lower than mental
component scores (49.60 + 14.87). Postpartum depression (33.3%), moderate
anxiety (37.14%), pregnancy concerns (57.14%), offspring heart problems (57.14%),
and life expectancy worries (48.6%) were all prevalent. No previous cardiac
surgery, multiparity, higher sadness and cardiac anxiety, and fear of unfavorable
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pregnancy outcomes were strongly related to lower QoL (R? = 0.525).

CONCLUSION

Postpartum QoL is linked to physical and mental health in women with heart disease. Our study emphasizes the
need for healthcare workers to recognize the unique characteristics of these women while developing and
implementing comprehensive management approaches during their maternity care.

Key Words: Heart disease; Pregnancy; Postpartum; Quality of life; Mental health

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

Core Tip: This study illuminates the intimate connection between quality of life (QoL) and physical and psychological well-
being in postpartum women with cardiac conditions. Results showed lower postpartum QoL scores, including higher
depression and cardiac anxiety, and worry about adverse pregnancy outcomes. Thus, healthcare providers must recognize
their unique features when developing and implementing comprehensive obstetric care plans for these women.
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INTRODUCTION

Heart disease during pregnancy includes pre-existing or newly diagnosed congenital heart disease, pulmonary
hypertension, aortic disease, valvular heart disease, coronary artery disease, cardiomyopathy, heart failure, and
arrhythmias[1]. It complicates 1%-4% of pregnancies and accounts for 15% of maternal deaths[2]. Due to the rise in the
proportion of high-risk individuals in the modified World Health Organization (WHO) pregnancy risk classification,
cardiovascular disease has become the leading cause of maternal mortality worldwide[2].

Women with heart disease experience pregnancies with a 1% mortality rate, which is 100 times higher than those
without heart disease[3]. Dramatic hemodynamic changes during pregnancy-increased blood volume and cardiac output,
contractions and pain during delivery, and postpartum inferior vena cava reflux[4] increase the heart burden and worsen
heart failure symptoms. Strict multidisciplinary team management (MDT) is needed, resulting in increased obstetric
examinations and hospitalizations throughout pregnancy for 25% of affected women[3]. Compared to women without
heart disease, women with heart disease are more likely to experience pregnancy comorbidities, cesarean section rates,
unfavorable pregnancy outcome, neonatal preterm delivery and complications, and shorter gestational periods(2,3,5].

In addition, these women suffer notable psychological stress. Following a diagnosis, they desire to parent[6-11] but lack
autonomy and control over pregnancy decisions[7,12]. When experiencing cardiac symptoms during and after
pregnancy, they feel helpless, isolated, frightened, and vulnerable[7,10,11,13-15], wondering about their safety and their
children’s health and care[6-8,10-12,16]. With complex diagnoses, people struggle to comprehend their illness fully and
precisely|[6,8,9,16], rely heavily on medical institutions and personnel[6,11,16], and demand more social support[7,11,16,
17]. They suffer physical and psychological deterioration due to prognostic uncertainty and the complexity of pregnancy,
delivery, and postpartum rehabilitation. Long-term effects include poorer quality of life (QoL), impaired postpartum
recovery, heart disease self-management challenges, compromised mother-infant relationships, increased illness burden,
and family and social issues[15,16]. Guidelines emphasize the importance of MDT management and continuous close care
during and after pregnancy for women with heart disease[1,18]. This approach ensures safe pregnancies and seamless
transitions, requiring strong cooperation with patients and their families[19]. These women need good medical care
throughout pregnancy, delivery, and postpartum recovery[7,16,17].

Compared to their healthy peers, women with heart disease during and after pregnancy had a reduced QoL[20-22], as
well as physical discomfort and mental health problems[14,15,20-23]. These issues result in decreased adherence and bad
healthcare practices[10,21,23]. Existing research focuses on the clinical and physiological outcomes of these pregnancies
[21,24]. However, it lacks comprehensive subjective and objective data on patients’ health lists, heart disease, and
emotional-psychological effects on postpartum QoL[21,24]. Moreover, there are inadequate assessments of the factors
influencing postpartum QoL. Due to the unique characteristics of these women, web-based patient data are often
collected long after delivery, which may not accurately reflect the crucial short-term postpartum transition period. In
addition, the healthcare system continues to fall short of meeting the needs of women experiencing high-risk pregnancies
[13].

This study examined the postpartum QoL of women with heart disease about their demographic, clinical and
pregnancy features and self-reported mental health status. Furthermore, the study aimed to explore the factors
influencing healthcare professionals’” (HCPs) knowledge of physical and mental health in women with high-risk
pregnancies. This information seeks to improve two-way communication and provide a reference for patient-centered
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continuous MDT management during and after pregnancy.

MATERIALS AND METHODS
Study protocol

Patients from the Maternal Cardiology Consultation Center of The General Hospital of Northern Theater were chosen for
this cross-sectional retrospective study. Between March 2021 and March 2023, these patients received MDT consultations
and successfully gave birth. Six weeks postpartum, participants completed an electronic version of the questionnaire, and
study staff was quickly accessible for consultation in case of data loss.

Participants

Inclusion criteria: (1) Pregnant women diagnosed with heart disease according to the 2018 European Society of
Cardiology Guidelines[1]; (2) delivered one or more infants after 20 wk of gestation with a minimum birth weight of 400
g; (3) = 18 years of age; and (4) adequate physical, cognitive and linguistic abilities to complete the self-report
questionnaire. Exclusion criteria: (1) Prior history of mental illness or current use of psychotropic drugs; (2) multiple
pregnancies; and (3) primary diagnosis involving immunological, renal, or respiratory disorders other than heart disease.

Measurement

We obtained demographic, clinical and pregnancy variables from the hospital information system. In addition,
participants completed the Chinese versions of the Edinburgh Postnatal Depression Scale (EPDS), Cardiac Anxiety
Questionnaire (CAQ), European Heart Failure Self-Care Behavior Scale (EHFScBS), and 12-Item Short-Form Health
Survey (SF-12) at 6 wk postpartum. We also developed a questionnaire consisting of seven items on patient compliance,
understanding of their condition, and worries linked to heart disease based on data from prior studies[20-22].

Postpartum depression

Postpartum depression is a major depressive episode within 6 wk of delivery[25]. EPDS is a well-known and author-
itative screening instrument for postpartum depression, renowned for its simplicity and validity in worldwide settings
[26]. Higher scores imply more severe depressive symptoms[27]. The Chinese version of the EPDS recommends a score of
10 as indicative of depressive symptoms[28]. In our study, a more alert threshold of 13 implied potential postpartum
depression (sensitivity range from 0.67 to 1.0 and specificity > 0.87)[27,29]. The measure showed high internal consistency
with a Cronbach’s a of 0.845.

Heart-focused anxiety

Heart-focused anxiety (HFA) is distinguished from general anxiety by the fear of heart-related sensations, avoidance of
symptom-caused activities, and obsession with heart-related symptoms[30]. The CAQ, the most widely used scale for
assessing HFA in clinical settings, has shown solid psychometric features across multiple nations and groups, including
those with and without heart disease[31]. The CAQ consists of 18 items corresponding to the definition of HFA and three
subscales (fear, avoidance, and heart-focused attention), each assessed on a 5-point Likert scale (ranging from 0 to 4). The
total and subscale scores are averaged, with higher scores indicating a more severe HFA. Currently, there are no
established clinical cutoff scores for this metric[30]. This study displayed strong internal consistency (Cronbach’s a =
0.909).

Medical behavior adherence

Self-management comprises the decisions and strategies individuals use to maintain life, promote healthy functioning,
and enhance well-being, and it has a significant role in enhancing the prognosis of heart failure patients[32]. The
EHFScBS measures heart failure-related self-care behaviors recommended by American Heart Association guidelines for
secondary prevention, including medication adherence, dietary management, exercise, symptom monitoring, and aid-
seeking[32]. There are 12 items, and each scored on a 5-point Likert scale ranging from 1 to 5[32]. Higher scores denote
poorer self-care[32]. The instrument exhibits solid internal consistency, as evidenced by a Cronbach’s a of 0.880.

QoL

QoL assesses physical, mental and social well-being and can help diagnose diseases and improve patient-clinician
communication[33]. QoL is commonly measured using the SF-36 Health Survey[34]. The abridged SF-12, which has
strong reliability and validity, was used in this investigation[35]. The SF-12 has two subscales, Physical Component
Summary (PCS) and Mental Component Summary (MCS), with each total score ranging from 0 to 100, and 12 items with
minimal information loss compared to the SF-36[36]. These subscales include eight dimensions of general health, physical
functioning, role-physical, bodily pain, vitality, social functioning, role-emotional and mental health. Higher total scores
imply better functioning in this rating[36]. Chinese people had mean SF-12 PCS and MCS scores of 50.2 and 48.4,
respectively[37]. Cronbach’s o was 0.808, indicating excellent internal consistency.

Statistical methods
Our study needed at least 63 women[38]. Appendix A provides sample size calculations. Categorical data were expressed
as percentages and continuous numerical variables were expressed as ranges, means + SDs, and median + interquartile
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ranges. Correlations between continuous numerical variables (e.g., gestational age, gestational weeks, newborn weight,
EPDS, CAQ and EHFScBS) and SF-12 were determined using Pearson or Spearman coefficients.

Other potential physical and psychological factors were identified using univariate analysis utilizing the independent ¢
test and ANOVA, followed by least significant difference post hoc testing. To include as many potential risk factors as
possible in the linear regression model, we performed a multivariate analysis of variance with a P threshold of 0.10.
Variables were manually screened based on their P values, and residual analyses were used to assess independence,
normality, and homoscedasticity.

The Durbin-Watson (D-W) test was applied to further examine independence, while the variance inflation factor (VIF)
and tolerance statistics were used to assess collinearity. All occurring P values and tests were conducted on a two-sided
basis. P < 0.05 indicated statistical significance. SPSS Statistics 27.0 (SPSS Inc., Chicago, IL, United States) was utilized.

RESULTS

Participants

We sent out electronic questionnaires to 162 women who met the criteria and received 130 responses (participation rate of
80.25%); of which, 15 were excluded due to a lack of clarification regarding the diagnosis of heart disease during the
postpartum review. Finally, 105 postnatal individuals with various heart diseases were included (Appendix B).

Objective medical characteristics and postpartum QoL

Most women with heart disease were aged 25-34 years. These women typically had a high level of education and income
(> 80000 RMB), and they either did not work or worked less during pregnancy (Table 1). We examined the association
between the demographic characteristics of women with heart disease and their QoL following childbirth. None of these
factors were found to impact postpartum QoL in our patient population.

The findings of clinical features are reported in Table 2. Most patients were of average weight and were newly
diagnosed with structural heart disease. The postpartum QoL of patients who underwent heart surgery was superior (P =
0.007). We classified patients using the New York Heart Association (NYHA) and modified WHO pregnancy risk classi-
fications. Patients with worse heart function had lower postpartum QoL scores (P < 0.001). Those with modified WHO
pregnancy risk severity grades II or III had significantly poorer postpartum QoL than those with severity grades I or III (P
=0.003, P = 0.016, respectively). Other clinical considerations had no bearing on postpartum QoL.

Table 3 displays the features of these pregnancies. Most women were primipara without complications. We observed
high rates of cesarean delivery (89.52%), short gestational weeks, and low newborn weight. Postpartum QoL was lower
for multiparous than primiparous women (P = 0.026) and correlated positively with gestational weeks (P = 0.040). After
birth, 35.24% of neonates required hospitalization, and their mothers” postpartum QoL was poorer (P = 0.037). Other
pregnancy factors were unrelated to postpartum QoL.

Emotional and psychological characteristics, compliance, and postpartum QoL

Table 4 presents the key results for the EPDS, CAQ, EHFScBS and SF-12, revealing that 33.33% (score > 13) of the women
screened positive for postpartum depression, which is considerably higher than the rate of positive perinatal screening
(50.47% vs 40%, score = 10)[39]. The sample EPDS mean score was 10.08 + 5.08, above the usual degree of postpartum
depression in Chinese women (7.09 + 4.41)[40].

A total of 37.14% of patients demonstrated at least moderate cardiac anxiety, with the highest heart-focused attention
score (2.40 £ 1.34), followed by avoidance (1.59 + 0.82) and fear (1.52 + 0.73). The postnatal PCS score (41.09 + 9.91) was
significantly lower than the standard population level (50.2)[37], and the MCS score (49.60 + 14.87) on the SF-12. The
Pearson correlation coefficients among the EPDS, CAQ, EHFScBS and SF-12 were significant (-0.568, P < 0.001; -0.461, P <
0.001; and -0.215, P < 0.028, respectively).

The majority (61.90%) of patients had their recovery and cardiac status assessed in the hospital following delivery
(Table 5). Over half (55.56%) of the patients who skipped medical appointments claimed family and childcare
commitments. Some patients (39.05%) were advised against having children, and most (79.05%) acknowledged the
complexity of heart disease diagnosis during pregnancy. A substantial proportion of patients with heart disease were
concerned about unfavorable pregnancy outcomes (57.14%) and the risk of their children developing heart issues
(57.14%), followed by concerns about how heart disease might affect their future life expectancy (48.57%). Those with
poorer postpartum QoL (P < 0.05) voiced these concerns.

Determinants of postpartum QoL

We used P > 0.1 as the criterion for exclusion. Gestational age, prior cardiac surgery, heart disease type, modified WHO
pregnancy risk classification, NYHA classification, primiparity status, gestational comorbidities, planned pregnancy,
gestational weeks, neonatal weight and hospitalization, EPDS score, CAQ score, and EHFScBS score were selected for the
model. Worries about fetus heart health, future life expectancy, and adverse pregnancy outcomes were also considered.
After manual exclusion, the result of the linear regression model is given in Table 6. It highlights that prepregnancy
cardiac surgery, CAQ, EPDS, fear of an unfavorable pregnancy, and primiparity can successfully explain the SF-12 scores
(P < 0.001). The model fit the data well (adjusted R* = 0.525), and there was no evidence of linearity and normality
violations in the residuals. The VIF ranged from 1.020 to 1.173, while tolerance statistics varied between 0.852 and 0.980.
The D-W test showed adequate variance independence. Upon analyzing the SF-12 outcomes alongside both subjective
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Table 1 Demographic characteristics and postpartum quality of life (mean % SD)

Variables n (%) P value
Gestational age, yr 31.00 £ 5.0 (19.0-49.0)' 0.064
Gestational age, yr 0.266
<25 8 (7.62) 97.78 +£9.00

25-34 80 (76.19) 90.51 +13.81

235 17 (16.19) 88.21 £15.29

Education 0.915
No more than junior middle school 8 (7.62) 93.14 £ 10.87

Senior high school 13 (12.38) 87.84 +15.43

Junior college 24 (22.86) 91.86 +12.98

Bachelor degree 49 (46.67) 90.57 £15.17

Master’s degree or above 11 (10.48) 90.27 £10.35

Annual household income, RMB 0.559
<30k 14 (13.33) 94.56 +13.24

30k-80k 23 (21.90) 91.70 £12.21

80k-120k 25 (23.81) 88.66 +16.69

120k-200k 22 (20.95) 89.66 +14.55

200k-300k 15 (14.29) 93.00 £ 9.55

> 300k 6(5.71) 92.58 £15.15

Work conditions during pregnancy 0.337
Did not work 43 (40.95) 90.78 +£13.53

Reduced workload 34 (32.38) 88.27 £15.47

No change and increase in workload 28 (26.67) 93.49 +11.96

'Median # interquartile range (range).

and objective predictors involved in the model, it was observed that prepregnancy heart surgery and reduced levels of
pregnancy anxiety contributed to enhanced postpartum QoL. As EPDS scores increased, so did the value of SF-12. Similar
results were observed when analyzing the CAQ variable. Additionally, postpartum QoL for primiparous women with
heart disease was substantially enhanced.

DISCUSSION

Our research revealed that postpartum women with cardiac conditions typically exhibited compromised QoL and had
significant physical and psychological stresses throughout their maternity journey. In addition, the deterioration of
physical and mental health during and after pregnancy was substantially connected with the degree of QoL impairment
these women with heart disease had. QoL is essential to postpartum recovery and secondary prevention for heart disease
patients. Unlike HCPs, who prioritize clinical and physical outcomes such as mortality and mode of birth, these women
and their families prioritize overall wellness[24]. Health includes physical, emotional, and role functioning, QoL, and care
provision[24]. Nonetheless, many of them are dissatisfied with these qualities[15]. Following earlier research[15,20,21,41],
our data suggested that postpartum QoL was generally diminished in women with heart disease. Some evidence
indicates that the emotional burden of pregnancy and the postpartum period decreased over time, resulting in an increase
in QoL[42] and beneficial physical and psychological results over the long run[22]. It has also been shown that persons
with congenital heart disease who have children have higher health satisfaction, mental health, and social support scores
[43]. However, some studies have reported that poor QoL and mental health outcomes after pregnancy may not
necessarily improve beyond 6 wk postpartum[21,23]. As a result, these issues can be long-lasting and may not return to
baseline mental and physical fitness levels[15]. Low QoL negatively affects the prognosis of heart failure patients,
increases the incidence of adverse cardiac events[44], impedes postpartum recovery, and can damage mothers, newborns,
families and society[15]. Consequently, QoL assessment should be critical in the ongoing clinical therapy of women with
heart disease following pregnancy[23]. Additional prospective longitudinal studies and a greater focus on long-term
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Table 2 Clinical characteristics and postpartum quality of life (mean £ SD)

Variables n (%) P value
Prepregnant BMI (kg/m?) 0.408
<18.5 (leaner) 12 (11.43) 90.64 +13.90

18.5-24.9 (normal) 69 (65.71) 91.84 +14.57

> 25 (overweight and obesity) 24 (22.86) 87.43 +11.36

BMI increment (kg/m?) 4.92 +1.89 (-0.37 to 9.86)" 0.319
Pregnancy diagnosis 0.206
Yes 55 (52.38) 89.06 +£12.55

No 50 (47.62) 92.49 +15.02

Prepregnant cardiac surgery 0.007°
Yes 32 (30.48) 96.14 +12.62

No 73 (69.52) 88.30 £13.73

Type of heart disease 0.075
Structural 74 (70.48) 92.25+13.93

Functional 31 (29.52) 86.98 +13.03

mWHO classification 0.026°
I 25 (23.81) 96.05 +13.48

II 44 (41.90) 89.71+13.42

II-11T 9 (8.57) 80.42 +14.64

1 10 (9.52) 95.47 +12.85

v 17 (16.19) 87.97 £12.50

NYHA classification <0.001°
I 64 (60.95) 94.58 +£13.22

1 33 (31.43) 87.01 £12.13

11, IV 8(7.62) 74.78 £10.11

"Mean + SD (range).

2P < 0.05.

°P < 0.01.

BMI: Body mass index; mWHO classification: modified World Health Organization pregnancy risk classification.

monitoring and management are also necessary for these women after birth.

Multiple linear regression was used to find significant characteristics of postpartum QoL in women with heart disease.
Our findings demonstrated that prepregnancy heart surgery, parity, EPDS score, CAQ score, and fear of an unfavorable
pregnancy throughout pregnancy were predictors of perceived postpartum QoL.

In the general cardiac population, cardiac surgery reflects the severity of the disease and is associated with a decline in
QoL[43]. However, as predictors of postpartum QoL in cardiac patients, prepregnancy surgery was a positive factor for
delivery, as recommended by guidelines[1,18]. In this study, prepregnancy cardiac operations included atrial septal
defect repair (25.0%), ventricular septal defect repair (21.87%), mechanical valve replacement (21.87%), correction of
tetralogy of Fallot (9.38%), and radiofrequency ablation (9.38%). These surgical patients, representing 64.0% (32/50 cases)
of pre-conception diagnoses, underwent procedures before conception, improving cardiac function, physical state[45],
pregnancy tolerance, and reducing the modified WHO pregnancy risk classification[46-48]. As a result, most of them had
planned pregnancies and paid greater attention to cardiac treatment through close follow-up and stringent pregnancy
management, which eventually improved pregnancy outcomes[49]. Our findings indicated the benefits of timely
diagnosis and early surgical intervention on postpartum QoL.

Consistent with their counterparts without heart disease[50], primiparas had enhanced QoL at 6 wk postpartum in our
study. Pregnancy generates numerous hemodynamic and physiological changes that increase cardiovascular stress,
which is entirely reversed after delivery[51]. Extant research indicates that increasing parity harms women’s health and
elevates the risk of cardiovascular disease[52,53]. In addition, repeated cardiovascular adaptation to volume overload can
lead to adverse cardiac remodeling, which is an independent risk factor for left ventricular diastolic dysfunction in
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Table 3 Pregnancy characteristics and postpartum quality of life (mean £ SD)

Variables n (%) Pvalue
Gravidity 0.524
1 64 (60.95) 90.26 +13.25

2 27 (25.71) 89.69 +15.53

23 14 (13.33) 94.58 +13.28

Parity 0.026*
Primiparas 91 (86.67) 91.86 +13.60

Multiparas 14 (13.33) 83.09 £13.29

Pregnancy complications 0.052
Yes 34 (32.38) 94.47 £12.90

No 71 (67.62) 88.88 +13.97

Planned pregnancy 0.085
Yes 69 (65.71) 92.37 +13.18

No 36 (34.29) 84.48 +14.62

Delivery method 0.529
Vaginal delivery 11 (10.48) 90.51 +14.77

Cesarean section 80 (76.19) 92.18 +13.73

Emergency cesarean section 14 (13.33) 87.40 +£12.69

Gestational weeks, d 264.00 £ 19.0 (225.0-285.0)' 0.040°
Neonatal gender 0.079
Male 54 (51.43) 93.82 +13.66

Female 51 (48.57) 88.78 +13.31

Neonatal weight 2977.91 + 591.63 (1640.0-4650.0)° 0.097
Neonatal hospitalization 0.037¢
Yes 37 (35.24) 87.34+14.57

No 68 (64.76) 93.58 +12.72

Milk-feeding way 0.965
Exclusive breastfeeding 40 (38.0) 91.02 +13.45

Mixed feeding 43 (41.0) 91.38 £13.11

Artificial feeding 22 (21.0) 92.07 +15.69

!Median # interquartile range (range).
2Mean + SD (range).
4P < 0.05.

women with heart disease[54-56]. Although some studies have shown that women with heart disease have similar
pregnancy outcomes in consecutive pregnancies[57], our results showed that repeated pregnancies reduced postpartum
QoL. The condition underscores the importance of closely monitoring women'’s physical and mental health with multiple
births after delivery.

Prior research has shown that the recovery of the cardiovascular system during the postpartum period does not
correspond with emotional healing[15,23]. The physical limits and cognitive impairments caused by the disease substan-
tially influence these women'’s lives, resulting in enduring emotional responses[42]. In our study, the prevalence of
postpartum depression was 33.33%, similar to previous research on women with heart disease[22,23], twice that of the
general Chinese population[58], and comparable to high-risk pregnancies[59]. Depressive disorders were identified as a
potent predictor of postpartum QoL in our investigation, corroborating previous findings[41], and have also been
demonstrated in the general postpartum population[60-62]. Depression is also associated with reduced health behaviors
and exacerbating heart failure symptoms in mothers with heart disease[23]. We must focus on depression symptoms and
intervene early to improve postpartum QoL and cardiovascular disease management.
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Table 4 Descriptive statistics for the scales at 6 wk postpartum (mean % SD)

Variables Value

EPDS <9 52 (49.52)"
10-12 18 (17.14)"
213 35 (33.33)"
Total 10.08 +5.08

CAQ 22 39 (37.14)"
Avoidance 1.59 £0.82
Fear 1.52+0.73
Heart-focused attention 240+1.34
Total 1.79 £ 0.79

EHFScBS Total 35.38 +10.51

SE-12 PCS 41.09 £9.91
MCS 49.60 +14.87°
Total 90.69 +13.82

1 (%).
2Median # interquartile range.
EPDS: Edinburgh Postnatal Depression Scale; CAQ: Cardiac Anxiety Questionnaire; EHFScBS: European Heart Failure Self-Care Behavior Scale; SF-12: 12-

Item Short-Form Health Survey; PCS: Physical components summary; MCS: Mental components summary.

In addition, HFA problems were common among our patients, resulting in a lower total CAQ score. The score was
lower than that in Australian research of 43 women with cardiac disease during pregnancy and the postpartum period
[21] and those with peripartum cardiomyopathy[20]. Lower scores may be because 65.71% of our patients were classified
as modified WHO pregnancy risk class I and II. However, the score was considerably higher than that of the general
population of women in the same age group[63], the postmyocardial infarction population[31], general cardiac patients
[30], and individuals with noncardiac chest pain[64]. Prior research has also established a correlation between HFA and
reduced QoL in heart disease patients, emphasizing the importance of routine diagnosis and intervention[64,65]. Such a
phenomenon is akin to how general anxiety influences the QoL for the average woman during the postpartum period[61].

We also designed a standardized questionnaire, and the proportion of patients concerned about their child’s heart
problems is consistent with earlier research (57.7%-73.8%)[20-22]. Studies from developed countries showed that women
with heart disease were more concerned about their physical health[20-22]. In contrast, our study found that more
women with heart disease were concerned about their children acquiring cardiac conditions. They were considerably
more likely than mothers in other countries to miss medical visits owing to child care (55.56% vs 10.7%-40.5%),
highlighting cultural disparities. Prior research only offered descriptive statistics on these issues. However, our study
incorporated these concerns into a multiple regression analysis, suggesting that women anxious about adverse pregnancy
outcomes had lower postpartum QoL than their counterparts. Despite the importance of psychological factors on
postpartum QoL, our results revealed that only 2.86% of the population sought psychological counseling, which was
lower than that reported in developed countries[21] and comparable to general maternity trends in China[39]. The
unpopularity of mental health care highlights the urgent need for HCPs to offer consultation and psychological support
throughout pregnancy while ensuring continuity of care.

The following were potential limitations of our study. As an observational cross-sectional study, it cannot show
causality but can serve as a basis for future research. Second, there was selection bias because the sample consisted of
MDT consultation patients with more significant health literacy, and emotionally troubled patients might have refused to
participate. Third, the small sample size, single-center design, and uneven participant distribution limit generalizability,
despite diverse heart disease cases being included. Fourth, EPDS is a screening instrument rather than a gold standard for
postpartum depression diagnosis. Finally, data on QoL and psychological status data were collected only 6 wk
postpartum, without continued monitoring. Despite these limitations, this study provides valuable insights into the
postpartum recovery of high-risk women and its implications for HCP care.

CONCLUSION

Our research revealed that women with heart disease typically experienced challenges during maternity. To improve
their well-being, HCPs should recognize their specific requirements, offer education, improve communication, and
provide psychological support. Creating individualized treatment strategies from pregnancy to postpartum can optimize
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Table 5 Design-specific cardiac-related problems and quality of life at 6 wk postpartum (mean + SD)

Variables N (%) Pvalue
Compliance

Hospital review after ending the pregnancy 0.360
Yes 65 (61.90) 91.67 £12.85

No 40 (38.10) 89.11+15.31

Understanding of the disease

Adyvised to avoid having children 0.125
Yes 41 (39.05) 88.10 £16.11
No 64 (60.95) 92.35 +11.98
Full consultation and understanding of the diagnosis 0.947
Yes 83 (79.05) 90.64 +14.36
No 22 (20.95) 90.87 £11.84

Medical concerns

Seek psychological counselling 0.907
Yes 3 (2.86) 89.77 +15.92

No 102 (97.14) 90.72 +13.85

Fear of a bad pregnancy <0.001°
Yes 60 (57.14) 86.38 +13.35

No 45 (42.86) 96.44 +12.39

Worried about child’s heart 0.016"
Yes 60 (57.14) 87.89 £13.76

No 45 (42.86) 94.42 +13.14

Worried about reduced longevity 0.007"
Yes 51 (48.57) 86.96 +14.16

No 54 (51.43) 94.22 £12.63

2P < 0.05.

P <0.01.

P < 0.001.

Table 6 Linear regression model results for the 12-ltem Short-Form Health Survey

Predictors B Standard error t P value 95% confidence interval for p
Constant 127.304 6.431 19.795 <0.001 114.543 to 140.065

Without prepregnant cardiac surgery -7.532 2.040 -3.692 <0.001 -11.580 to -3.484

CAQ -5.264 1.242 -4.237 <0.001 -0.429 to -0.155

EPDS -0.189 0.197 -6.041 <0.001 -1.580 to -0.799

No fear of a bad pregnancy 4193 2.035 2.060 0.042 0.155 to 8.230

Multiparas -7.457 2.781 -2.682 0.009 -12.974 to -1.939

EPDS: Edinburgh Postnatal Depression Scale; CAQ: Cardiac Anxiety Questionnaire. F(5,99) = 23.989; P < 0.001; R?=0.548; adjusted R?=0.525; D-W = 1.934.
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healthcare utilization, improve healing, and eventually assist these women in self-managing their heart issues.

ARTICLE HIGHLIGHTS

Research background
Postpartum quality of life (QoL) in women with heart disease has been neglected widely.

Research motivation
Diminished postpartum QoL in heart disease patients escalates disease burden and social challenges, necessitating an
active healthcare approach for pregnancy and recovery.

Research objectives
This study aimed to investigate the medical data and subjective factors on postpartum QoL and develop targeted
healthcare strategies to improve outcomes for these high-risk women.

Research methods
This research was a retrospective analysis of QoL at 6 wk after birth in patients with heart disease at our center,
combining medical data and subjective assessments to evaluate and address QoL concerns.

Research results
According to the data from 105 postpartum cardiac patients, no previous cardiac surgery, multiparity, greater sadness
and cardiac anxiety, and fear of unfavorable pregnancy outcomes were strongly related to lower QoL.

Research conclusions
Our research suggests that healthcare professionals should acknowledge and address the distinct needs of postpartum
women with heart disease, integrating comprehensive management strategies into their maternity care.

Research perspectives
Future studies should focus on longitudinal research to evaluate perinatal women’s QoL, social-environmental factors,
and self-efficacy, guiding the development of family care and telemedicine.
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Abstract

BACKGROUND

Occult breast cancer (OBC) has traditionally been considered to be a carcinoma of
unknown primary origin with a favorable prognosis and can be treated as stage
II-III breast cancer. Due to the small number of cases and limited clinical ex-
perience, treatments vary greatly around the world and no standardized treat-
ment has yet been established.

AIM
To investigate the clinicopathological features, psychological status and prog-
nostic features of patients with OBC.

METHODS

The clinicopathological data of 33 OBC patients diagnosed and treated in the
Affiliated Hospital of Xuzhou Medical University and Xuzhou Central Hospital
from November 2015 to November 2022 were retrospectively analyzed. The
psychological status of OBC patients was evaluated by the Self-rating Anxiety
Scale and Self-rating Depression Scale. Patients” emotions, stress perception and
psychological resilience were evaluated by the Positive and Negative Affect
Schedule, the Chinese Perceived Stress Scale, and the Connor-Davidson Resilience
Scale (CD-RISC), respectively. Patient survival was calculated using the Kaplan-
Meier method, and survival curves were plotted for analysis with the log-rank
test. Univariate and multivariate survival analyses were performed using the Cox
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regression model.

RESULTS

The 33 OBC patients included 32 females and 1 male. Of the 33 patients, 30 (91%) had axillary tumors, 3 (9%) had a
neck mass as the primary symptom; 18 (54.5%) had estrogen receptor-positive tumors, 17 (51.5%) had progesterone
receptor-positive tumors, and 18 (54.5%) had Her-2-positive tumors; 24 (72.7%) received surgical treatment,
including 18 patients who underwent modified radical mastectomy, 1 patient who underwent breast-conserving
surgery plus axillary lymph node dissection (ALND), and 5 patients who underwent ALND alone; 12 patients
received preoperative neoadjuvant therapy. All 30 patients developed anxiety and depression, with low positive
affect scores and high negative affect scores, accompanied by a high stress level and poor psychological resilience.
There were no differences in the psychological status of patients according to age, body mass index, or menopausal
status. The overall survival and disease-free survival (DFS) of all the patients were 83.3% and 55.7%, respectively.
Univariate analysis demonstrated that the initial tumor site (P = 0.021) and node stage (P = 0.020) were factors that
may affect patient prognosis. The 5-year DFS rate of OBC patients who received radiotherapy was greater (P <
0.001), while the use of different surgical methods (P = 0.687) had no statistically significant effect on patient
outcomes. Multivariate analysis revealed that radiotherapy (P = 0.031) was an independent prognostic factor.
Receiving radiotherapy had a significant effect on the CD-RISC score (P = 0.02).

CONCLUSION

OBC is a rare breast disease whose diagnosis and treatment are currently controversial. There was no significant
difference in the efficacy of other less invasive surgical procedures compared to those of modified radical
mastectomy. In addition, radiotherapy can significantly improve patient outcomes. We should pay attention to the
psychological state of patients while they receive antitumor therapy.

Key Words: Occult breast cancer; Breast cancer; Perceived Stress Scale; Axillary lymph node dissection

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

Core Tip: Occult breast cancer (OBC) has traditionally been considered to be a carcinoma of unknown primary origin with a
favorable prognosis and can be treated as stage II-III breast cancer. This study aimed to investigate the clinicopathological
features, psychological status and prognostic factors of patients with OBC. The authors found that radiotherapy can
significantly improve patient outcomes. The psychological state of patients while they receive antitumor therapy should be
paid more attention.

Citation: Wang HM, Yu AY, Li LL, Ma LY, Cao MH, Yang YL, Qin XB, Tang JJ, Han ZX. Clinicopathological features, psycho-
logical status, and prognosis of 33 patients with occult breast cancer. World J Psychiatry 2024; 14(1): 76-87
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INTRODUCTION

Occult breast cancer (OBC) is a rare form of BC that usually presents as axillary lymph node metastasis without a clear
primary breast lesion[1]. OBC is a rare breast disease. According to the foreign literature, the incidence of BC accounts for
approximately 0.3%-1% of all BCs[2], with a peak incidence occurring at approximately 55 years of age.

With atypical clinical manifestations, OBC usually presents with painless axillary masses initially, but a few patients
seek medical help for neck masses[3]. For patients with the above symptoms, core needle biopsy or incisional biopsy
should be performed first to clarify the pathology, along with immunohistochemistry to determine its possible source[4].
Mammography and breast ultrasound are commonly used tools for diagnosing breast lesions in patients with lymph
node metastases of unknown origin, but the detection rate of the primary focus of OBC is low[5]. With the development
of advanced diagnostic modalities, the incidence of OBC has been decreasing [6]. The 2022 Breast Cancer Diagnosis and
Treatment Guidelines suggest that breast magnetic resonance imaging (MRI) has the advantage of high sensitivity
compared with other breast imaging methods; additionally, breast MRI can display multifocal, multicenter or bilateral BC
lesions as well as axillary lymph node metastasis at the same time and is therefore recommended for identifying the
primary focus of patients with axillary lymph node metastasis[7]. Positron emission tomography-computed tomography
(PET-CT) is also used to diagnose OBC. However, there is only one relevant report in the literature thus far[8], which,
coupled with its high price, limits its application in OBC detection.

Although OBC is generally accepted to have similar biological behavior to lymph node-positive non-OBC, the
clinicopathological features of this disease are unclear[9,10]. Several previous studies have suggested that estrogen
receptor (ER) status, triple-negative status, and at least four positive lymph nodes are individual prognostic factors for
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occult breast cancer[11,12]. Survival outcomes in patients with OBC are also controversial. Patients with OBC have similar
or less unfavorable outcomes than non-OBC patients[13], while others have reached the opposite conclusion[14].
Therefore, this study aimed to better reveal the clinicopathological features and prognostic factors of OBC patients
through a retrospective analysis of clinicopathological data.

MATERIALS AND METHODS

General information

A retrospective analysis of the clinical data of 33 OBC patients admitted to the Affiliated Hospital of Xuzhou Medical
University and Xuzhou Central Hospital was conducted from November 2015 to November 2022. Approximately 0.48%
(33/6835) of the 33 OBC patients were included in this study, of whom 20 (60%) were from the Affiliated Hospital of
Xuzhou Medical University and 13 (40%) were from Xuzhou Central Hospital. The patient cohort consisted of 32 females
and 1 male. Pathology revealed invasive breast cancer (intermediate/poorly differentiated).

Data collection
No obvious primary breast lesions were found by physical examination, breast color ultrasound, mammography or
breast CT, MRI, PET-CT or other examinations. Any tumors occurring in any part of the body were confirmed to be
metastatic carcinoma by pathological examination and indicated to be of breast origin by histological and immunohisto-
chemical methods.

A total of 30 patients were scored on the Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS) for
anxiety and depression assessments, and their scores were analyzed.

Patients” emotions, stress perception and psychological resilience were evaluated by the Positive and Negative Affect
Schedule (PANAS), the Chinese Perceived Stress Scale (CPSS), and the Connor-Davidson Resilience Scale (CD-RISC),
respectively.

Prognostic follow-up

Patients were followed up for recurrence, metastasis and death through inpatient or outpatient information or telephone
follow-up. Patients were followed up until November 2022 (5 to 226 months), for a median follow-up of 38 months.
Disease-free survival (DFS) and overall survival (OS) were used as follow-up indicators, where the former was defined as
the time from the start of follow-up to disease recurrence or metastasis.

Statistical analysis

R 4.3.2 and SPSS27.0 statistical software were used for data analysis, with P < 0.05 as the threshold of statistical
significance. Nonparametric comparisons between parameters were conducted using the Mann-Whitney U test. The
survival rate was calculated by using the Kaplan-Meier method, and survival curves were drawn. The difference in
survival rate between subgroups was tested by the log-rank test, and the factors with statistical significance in the
univariate analysis were further tested by multivariate Cox regression analysis.

RESULTS

Clinicopathological features

The age of onset ranged from 28 to 66 years (median age: 53). There were 9 patients (27.0%) aged < 50 years and 24
patients (73.0%) aged > 50 years. There were 1 (3.0%) male and 32 (97.0%) female patients, including 22 (66.7%)
menopausal and 10 (30.3%) non-menopausal women. While 24 patients (72.7%) had a body mass index (BMI) < 24.0 and 9
patients (27.2%) had a BMI = 24.0, patients” BMI, which was associated with occult breast cancer, was not related to
survival (Table 1).

Thirty patients (91%) had an axillary mass at the first symptom, and only three (9.1%) patients had a neck mass at the
first symptom. There were 22 patients (66.7%) in whom the lesions were located on the left side and 11 (33.3%) on the
right side. There were 15 patients (45.5%) whose axillary lymph node stage was the N1, 18 patients (54.5%) whose axillary
lymph node stage was N2 or N3, and 6 patients (18.2%) whose axillary lymph node stage was IV (distant metastases)

Table 1).

( Immtznohistochemical tests were performed on all patients. There were 18 (54.5%) OBC patients who were ER-positive
and 17 (51.5%) patients who were progesterone receptor (PR) positive. There were 18 HER-2-positive patients (including
13 HER-2 IHC 3+ patients and 5 IHC 2+ patients with positive amplification according to the FISH test) and 15 HER-2-
negative patients. Ki67 was detected in all patients; 8 had Ki67 <14%, and 25 had Ki67 > 14% (Table 1).

Patients’ emotions, stress perception, and psychological resilience
All 30 patients developed anxiety and depression, with low positive affect scores and high negative affect scores,
accompanied by a high stress level and poor psychological resilience (Tables 2 and 3).

There were no differences in the psychological status of patients according to age, BMI, or menopausal status
(Figure 1).
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Table 1 Clinicopathological features and 5-year disease-free survival rate of occult breast cancer patients

Clinical features n 5-year DFS rate (%) X Pvalue
Whole patient cohorts 33 55.7

Age (yr) 0.20 0.887
<50 9 58.9

=50 24 55.8

BMI 0.294 0.588
<239 24 51.7

2239 9 87.5

Menopause 2.923 0.087
Yes 23 46.9

No 10 80.0

N staging 5.448 0.020"
1 15 92.3

22 18 34.3

Initial tumor site 5.333 0.021*
Armpit 30 60.8

Neck 3 -

M staging 1.486 0.223
0 24 46.2

1 9 53.3

Ki67 0.317 0.573
<14% 8 60.0

>14% 25 54.1

ER 0.003 0.953
Positive 18 55.1

Negative 15 56.0

PR 2.355 0.125
Positive 17 67.1

Negative 16 348

Her-2 0.111 0.739
Positive 18 66.4

Negative 15 422

Molecular subtyping 1.690 0.639
Luminal A 15 734

Luminal B 12 27.8

Her-2 enriched 3 50.0

TNBC 3 -

2P < 0.05 between the groups.
OBC: Occult breast cancer; BMI: Body mass index; DFS: Disease free survival; ER: Estrogen receptor; PR: Progesterone receptor.

Qﬁﬂ WJP | https://www.wjgnet.com 79 January 19,2024 | Volume14 | Issuel |



Wang HM et al. Occult breast cancer

Table 2 Patients’ depression and anxiety scores

Categories Minimum Maximum Score
SDS 44 64 56.40 + 4.29
SAS 48 69 60.77 £ 4.58

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

Table 3 Patients’ emotions, stress perception and psychological resilience

Categories Minimum Maximum Score

Positive and negative affect schedule

Positive 10 32 18.23+4.38

Negative 22 39 27.97 +4.37

Chinese Perceived Stress Scale 82 48 4213 +3.12

Connor-Davidson Resilience Scale 38 56 47.53 £4.03
Treatment

Twenty-four of the 33 patients underwent surgical treatment, with 18 patients receiving modified radical mastectomy
(MRM), 1 patient receiving breast-conserving surgery (BCS) plus axillary lymph node dissection (ALND), and 5 receiving
ALND only. Twelve patients received neoadjuvant therapy before surgery, including 4 patients receiving 6 cycles of PC
regimen (docetaxel + carboplatin), 4 receiving 4 cycles of TE regimen (docetaxel + epirubicin), 3 receiving PC regimen for
4 cycles and sequential EC regimen for 4 cycles (docetaxel + carboplatin sequential epirubicin + cyclophosphamide), and
1 receiving TE regimen for 4 cycles (docetaxel + epirubicin). All patients received adjuvant therapy after surgery, and the
treatment schemes were selected based on different factors, such as age, tumor stage and molecular subtyping. There
were 20 hormone receptor-positive patients in this cohort, all of whom received endocrine therapy.

As of the follow-up date, a total of 30 OBC patients underwent SDS, SAS, PANAS, CPSS, and CD-RISC testing. The
results revealed that patients who received radiotherapy had lower CD-RISC scores (P = 0.02) (Figure 2B). Surgery,
neoadjuvant chemotherapy, and endocrine therapy had no significant impact on the psychological status of the OBC
patients (Figure 2A, C, and D).

Prognostic characteristics
Overall survival (OS) curve of 33 patients with occult breast cancer. 5-year OS rate: 83.3%. Disease-free survival (DFS)
curve of 33 patients with occult breast cancer. 5-year DFS rate: 55.7% (Figure 3).

The patients were followed up for 5-226 months (median: 38 months). A total of 12 patients relapsed and metastasized,
three of whom died. Among the patients with metastasis, 4 had simple lung metastasis, 3 had lung and brain metastases,
2 had simple brain metastasis, 2 had simple skeletal metastasis, and 1 had lung and skeletal metastases.

However, there were no significant differences in 5-year DFS according to age, BMI, menopausal status, presence of
distant metastasis, Ki67 index, or hormone receptor status. OBC patients with an initial tumor site in the axilla had a
greater 5-year DFS rate than did those with an initial lesion in the neck (P = 0.021) (Table 1). Five-year DFS was greater in
patients with few involved lymph nodes (P = 0.020) (Table 1). Age, BMI, menopausal status, node staging, initial tumor
site, M staging, Ki67, ER, PR, HER-2, molecular subtyping, surgery and radiotherapy (with/without) were selected for
univariate analysis using the log-rank test. The results showed that the 5-year DFS rate of OBC patients who received
radiotherapy was greater than that of patients who did not receive radiotherapy (P < 0.001), while there was no difference
in the 5-year DFS of patients who received different surgeries, endocrine therapies, or neoadjuvant chemotherapy

Table 4).

( Furth)ermore, the 5-year DFS rate of the 24 patients who underwent surgical treatment was analyzed by the log-rank
test, revealing no significant difference among patients who underwent different surgical treatments or neoadjuvant
therapy (with/without) (Table 5).

In our case series, there were 20 receptor-positive patients, all of whom received endocrine therapy. Univariate analysis
using the log-rank test also revealed no significant difference in DFS among patients receiving different endocrine
therapies (Table 6).

Moreover, statistically significant factors were included in the multivariate survival analysis, and it was found that
radiotherapy (with/without; P = 0.031) was an independent prognostic factor.
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Table 4 Univariate and multivariate analysis of prognosis

Treatment method n 5-year DFS rate (%) X P value
Total 33

Surgery 1.486 0.223
With 24 46.2

Without 9 53.1

Radiotherapy 10.450 <0.001
With 16 88.9

Without 17 21.4

DFS: Disease-free survival.

Table 5 Five-year disease-free survival rate of patients

Surgical modalities used for patients n  5-year DFS rate (%) X P value
Total 24

Surgical method 0.751 0.687
Modified radical mastectomy 18 357

Axillary lymph node dissection 5 50.0

Breast-conserving surgery + axillary lymph node dissection 1 -

Neoadjuvant therapy 0.168 0.682
With 12 0571

Without 12 0458

DFS: Disease free survival.

Table 6 Effects of treatment modalities on disease free survival

Endocrine therapy for hormone receptor-positive patients n  5-year DFS rate (%) X P value
Total 20

Drugs used for endocrine therapy 1.669 0.434
Tamoxifen 10  0.370

Goserelin 6 1.000

Anastrozole/letrozole 4 0.667

DFS: Disease free survival.

DISCUSSION

In this study, 33 patients were reported in this cohort, accounting for 0.48% (33/6835) of all patients included in this
study; these findings are basically consistent with the literature. All 33 OBC patients underwent relevant examinations
after admission, and no primary lesions were found by mammography or ultrasound; 6 patients underwent PET-CT, and
no suspicious primary lesions were detected; however, breast MRI detected 6 suspicious cancer lesions, which was
significantly greater than the number of other imaging tests. A total of 18 patients underwent MRM, and 11 (11/18)
patients were found to have primary lesions in ipsilateral breast tissue after surgery, for a percentage of 61.1%, which was
similar to the pathological findings of 51 patients with OBC reported by Wang et al in 2010[15]. According to the results of
the SEER database-based analysis reported by Zhu et al[16], ER-positive and PR-positive patients accounted for 54.1% and
50.8%, respectively, of the total OBC cases[16], which supports our findings. In addition, approximately 54.5% of the
patients were Her-2 positive, which was higher than approximately 20% of the general types of BC[17].
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Figure 1 Psychological status of occult breast cancer patients with different age, body mass index, and menopausal status. A: Different age;
B: Different body mass index; C: Different menopausal status. SDS: Self-Rating Depression Scale; SAS: Self-Rating Anxiety Scale; PANAS: Positive and Negative
Affect Schedule; CPSS: Chinese Perceived Stress Scale; CD-RISC: Connor-Davidson Resilience Scale.

Due to the low incidence of OBC and the lack of sufficient evidence, the choice of treatment methods is still contro-
versial. A number of retrospective studies have shown that using MRM and choosing combined chemoradiotherapy or
endocrine therapy according to individual differences are the traditional treatments for OBC[18,19]. However, recent
research by Sohn et al[20] confirmed that there was no significant difference in the prognosis of patients who received
ALND only, BCS plus ALND, or MRM. Tsai et al[21] argued that the curative effect of MRM is similar to that of
radiotherapy alone. Other relevant studies have also demonstrated that less intensive surgery does not negatively affect
the prognosis of OBC patients, adjuvant radiotherapy is beneficial for prolonging OS, and ALND combined with
radiotherapy may be the most suitable surgical modality for OBC[22,23]. Eighteen of the 33 patients received MRM, and
their prognosis was not significantly different from that of patients who underwent other surgical methods. As an
independent prognostic factor, radiotherapy (P = 0.031) could become a mainstay treatment for OBC.

OBC is a rare disease, and male OBC is even rarer than female OBC and generally has a poor prognosis regardless of
sex. At present, most of the related cases reported internationally progress within a few years, which may be related to
the difficulty in diagnosis and the lack of standardized treatment[24-26]. This study included one male OBC patient
whose DFS and OS were significantly lower than those of the other patients in the group. Recent relevant studies have
demonstrated the efficacy of immunotherapy for male OBC, and anti-androgen therapy can achieve effective control of
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Figure 2 Psychological status of occult breast cancer patients undergoing different treatment pattern. A: Patients undergoing surgery; B: Patients
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undergoing radiotherapy; C: Patients undergoing neoadjuvant chemotherapy; D: Patients undergoing endocrine therapy. SDS: Self-Rating Depression Scale; SAS:
Self-Rating Anxiety Scale; PANAS: Positive and Negative Affect Schedule; CPSS: Chinese Perceived Stress Scale; CD-RISC: Connor-Davidson Resilience Scale.
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Figure 3 The survival curves of 5-years overall survival and disease-free survival for the occult breast cancer patients. A: The disease-free
survival curve; B: The 5-years overall survival curve.

disease progression with minimal toxicity[25], which provides a new idea for future male OBC management.

The psychological condition of OBC patients, a rare disease group, deserves further study. We analyzed the results of
psychological questionnaires administered to OBC patients. The results showed that all 30 patients developed anxiety
and depression, with low PA scores and high NA scores, accompanied by a high stress level and poor psychological
resilience. It is well known that the diagnosis and treatment of cancer have both negative physical and psychological
long-term side effects that affect the quality of life of patients and survivors[27,28]. Breast cancer patients and survivors
experience significant changes in their evaluations of their appearance and their attitudes toward their bodies, partic-
ularly with regard to femininity[29]. For example, mastectomy or breast retention may threaten overall self-satisfaction
and trigger multiple changes in body perception mediated by sensations within the breast and chest[30]. We also found
significant differences in Conner-Davidson resilience scores between patients who did and did not receive radiotherapy.
In this nuclear age, people have been repeatedly explained and made aware of the dangers of exposure to radiation and
the need to avoid it. Therefore, when patients are receiving radiation cancer treatment, stress and anxiety can ensue. In
addition, during radiation therapy, patients must lie alone on a table with a large machine above them, which can create
fear, isolation, and anxiety[31]. In addition, 60% of patients have significant anxiety before treatment, and 80% have
anxiety after treatment[32]. These findings remind us that, although patients receiving radiation therapy often have a
better prognosis, the psychological issues associated with radiation therapy should not be overlooked. Therefore, psycho-
logical counseling is needed while patients receive antitumor therapy. We hope that patients can be physically and
mentally healthy and return to society normally.

CONCLUSION

The incidence of OBC is low, and diagnosis is difficult, limiting its use in clinical practice. Our research showed that the
diagnostic sensitivity of breast MRI is high, which is helpful for clinical diagnosis. In addition, a less invasive surgical
modality can be selected according to the individual differences of patients, which has no obvious influence on patient
disease progression. Moreover, postoperative adjuvant radiotherapy can obviously improve patient outcomes. To
improve the quality of life of patients, appropriate treatment methods should be selected. Moreover, psychological
problems need to be considered. The advantage of this study lies in the use of bicenter case data, but the present study
still has limitations. Most of the studies were retrospective in design and included cohort selection, the impact of previous
exposure to risk variables, treatment approaches, follow-up, reporting, complications, and genetic mutations.
Additionally, the overall sample size was still small, and the follow-up time was short, warranting a prospective study
with a large sample size to further guide the diagnosis and treatment of OBC.
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ARTICLE HIGHLIGHTS

Research background
Occult breast cancer (OBC) is a rare breast disease. With atypical clinical manifestations, OBC usually presents with
painless axillary masses initially, but a few patients seek medical help for neck masses.

Research motivation
Although it is generally accepted that OBC has a similar biological behavior to lymph node-positive non-OBC, the
clinicopathological features of the disease are unclear.

Research objectives
This study aims at better reveal the clinicopathological features and prognostic factors of OBC patients through a
retrospective analysis of their clinicopathological data.

Research methods

The clinicopathological data of 33 diagnosed OBC patients were retrospectively analyzed. The psychological status of
OBC patients was evaluated by self-rating Anxiety Scale and self-rating Depression Scale. Patients” emotions, stress
perception and psychological resilience were evaluated by the Positive and Negative Affect Schedule, the Chinese
Perceived Stress Scale, and the Connor-Davidson Resilience Scale, respectively. Patient survival was calculated.
Univariate and multivariate survival analyses were performed using the COX regression model.

Research results

There were 30 (91%) with axillary tumor and 3 (9%) with Neck mass as the first symptom; 18 (54.5%) were ER-positive, 17
(51.5%) were PR-positive, and 18 (54.5%) were Her-2-positive; 24 (72.7%) received surgical treatment, including 18 cases
of modified radical mastectomy, 1 case of breast-conserving surgery plus axillary lymph node dissection (ALND), and 5
cases of ALND alone; 12 cases received preoperative neoadjuvant therapy. All the 30 patients developed certain anxiety
and depression, with low positive affect scores and high negative affect scores, accompanied by a high stress level and
poor psychological resilience. The overall survival and disease-free survival of all the patients was 83.3% and 55.7%,
respectively. Multivariate analysis revealed that radiotherapy was an independent prognostic factor.

Research conclusions

OBC is a rare breast disease whose diagnosis and treatment are currently controversial. There was no significant
difference in the efficacy of other less invasive surgical procedures compared to the modified radical mastectomy, and
radiotherapy can significantly improve patient outcomes.

Research perspectives

The incidence of OBC is low and the diagnosis is difficult, which is easy to be ignored in clinical practice. In order to
improve the quality of life of patients, appropriate treatment methods should be selected. At the same time, psychological
problems also need to be concerned about.
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Abstract

BACKGROUND

Early diagnosis and therapeutic interventions can greatly enhance the develop-
mental trajectory of children with autism spectrum disorder (ASD). However, the
etiology of ASD is not completely understood. The presence of confounding
factors from environment and genetics has increased the difficulty of the identi-
fication of diagnostic biomarkers for ASD.

AIM
To estimate and interpret the causal relationship between ASD and metabolite
profile, taking into consideration both genetic and environmental influences.

METHODS
A two-sample Mendelian randomization (MR) analysis was conducted using
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summarized data from large-scale genome-wide association studies (GWAS) including a metabolite GWAS dataset
covering 453 metabolites from 7824 European and an ASD GWAS dataset comprising 18381 ASD cases and 27969
healthy controls. Metabolites in plasma were set as exposures with ASD as the main outcome. The causal
relationships were estimated using the inverse variant weight (IVW) algorithm. We also performed leave-one-out
sensitivity tests to validate the robustness of the results. Based on the drafted metabolites, enrichment analysis was
conducted to interpret the association via constructing a protein-protein interaction network with multi-scale
evidence from databases including Infinome, SwissTargetPrediction, STRING, and Metascape.

RESULTS

Des-Arg(9)-bradykinin was identified as a causal metabolite that increases the risk of ASD (B = 0.262, SE = 0.064,
P = 4.64 x 10%). The association was robust, with no significant heterogeneity among instrument variables (P,
Egger = 0-663, Py = 0.906) and no evidence of pleiotropy (P = 0.949). Neuroinflammation and the response to
stimulus were suggested as potential biological processes mediating the association between Des-Arg(9)
bradykinin and ASD.

CONCLUSION

Through the application of MR, this study provides practical insights into the potential causal association between
plasma metabolites and ASD. These findings offer perspectives for the discovery of diagnostic or predictive
biomarkers to support clinical practice in treating ASD.

Key Words: Des-Arg(9) bradykinin; Autism spectrum disorder; Mendelian randomization; Metabolite; Enrichment analysis

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

Core Tip: This study employs Mendelian randomization to uncover a potential causal relationship between plasma
metabolites and autism spectrum disorder (ASD), emphasizing the role of Des-Arg(9)-bradykinin in increasing the risk of
ASD. The findings underscore the significance of neuroinflammation and the response to stimulus as possible mediating
factors, offering new directions for the development of diagnostic and predictive biomarkers in the clinical management of
ASD.

Citation: Huang ZY, Lyu ZP, Li HG, You HZ, Yang XN, Cha CH. Des-Arg(9) bradykinin as a causal metabolite for autism spectrum
disorder. World J Psychiatry 2024; 14(1): 88-101

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/88.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.i1.88

INTRODUCTION

Autism spectrum disorder (ASD) is an early-onset neurodevelopmental disorder characterized by persistent deficits in
social communication and social interaction, coupled with restricted and repetitive patterns of behavior and interests[1].
The negative impacts of ASD extend across biological, social, and cognitive functions, significantly influencing the
developmental trajectory of affected children[2]. Achieving an accurate early diagnosis of ASD is crucial for enhancing
the quality of life in adulthood. However, current ASD diagnosis criteria rely on behavioral pattern analysis and
assessments. The early-stage clinical presentations are heterogeneous and inconspicuous, making a definitive ASD
diagnosis challenging. There is a need to optimize diagnostic approaches for ASD to better align with clinical practice[3].

There is growing interest in identifying diagnostic biomarkers to support early diagnosis and effective treatments for
ASDI4]. To unravel the etiology and pathogenesis of ASD, interdisciplinary approaches have been employed, gathering
multi-scale evidence from genomics, metabolomics, transcriptomics, and beyond. Accumulating evidence suggests that
ASD development is influenced by both genetic and environmental factors[5,6]. Risk genes such as CHD8, DYRKIA and
SHANKS3 have been identified. These genes formed a functional network that indicates potential biological processes
involved in the development of ASD. Moreover, genetic models have integrated risk genes such as NRXN2 and DYRK1A,
which are involved in neurodevelopment, to explain the inherited patterns and heterogeneity observed in ASD[7,8].
Maternal environmental factors, including inflammation and the immune response, have also been recognized as crucial
contributors to ASD development[9,10]. These findings provide essential information for developing diagnostic
instruments for ASD. However, due to the complexity of interactions among biological processes and the existence of
undetectable confounding factors, it is still challenging to identify biomarkers on an appropriate scale, ensuring effective
implementation with sufficient biological validity[11].

The utilization of metabolomics technology for estimating metabolic profiles has advanced the development of
workflows in biomarker research[12]. As detectable variables reflecting both genomic and environmental effects,
metabolites that participate in mitochondrial dysfunction were identified as potential biomarkers of ASD[13-15].
However, the limitations stemming from the availability of large biological samples and technical barriers in sample
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preparation have impeded the attainment of standardized and reproducible results in metabolomics studies focused on
ASD[16]. Additionally, confounding factors should be well handled to identify a reliable biomarker from the association
between metabolites and ASD. Therefore, it is imperative to explore practical methods for identifying metabolic
biomarkers that can address the shortcomings of current paradigms.

Mendelian randomization (MR) analysis utilizes genetic variants as instrumental variables to investigate the causal
relationships between exposures and outcomes in observational studies[17]. Two-sample MR offers increased statistical
power and enhanced flexibility by gathering instrumental variable-exposure association and instrumental variable
outcome association from two different sets of participants to examine the causal relationship between an exposure and
an outcome[18]. This approach eliminates the need to measure both exposure and outcome variables in the same sample,
making it particularly useful in cases where the exposure or outcome is rare, challenging to measure, or when there is
limited sample overlap between exposure and outcome studies[19]. Therefore, aiming at identifying candidate
biomarkers to assist early diagnosis of ASD, this study attempted to uncover potential associations between metabolites
and ASD taking advantage of the two sample MR. To strengthen the interpretation of the potential association,
enrichment analysis was carried out with the integration of multi-scale evidence.

MATERIALS AND METHODS

Study design and data sources

We implemented a two-sample MR design using datasets of European ancestry, chosen due to their public availability,
ample sample size, and population consistency. Specifically, we selected two datasets for this analysis. Firstly, we utilized
the metabolite genome-wide association study (mGWAS) published by Shin et al[20] in 2014. This dataset provided
genetic association evidence for 486 metabolites and included data from 7824 individuals across two European studies.
Additionally, we employed the meta-analysis of ASD conducted by the Lundbeck Foundation Initiative for Integrative
Psychiatric Research (iPSYCH) and the Psychiatric Genomics Consortium (PGC) in 2017[21]. This ASD dataset consisted
of a total of 18381 ASD cases and 27969 healthy controls as shown in Table 1. These datasets were publicly available, and
any missing frequency data in the ASD GWAS dataset were acquired by contacting the authors via email in July 2022.

The two-sample MR analysis aimed to estimate the associations between metabolite traits (from the mGWAS) and ASD
(from the iPSYCH-PGC) using genetic variants as instrumental variables. The effect size was calculated as the association
between a 1-standard deviation change in metabolite trait levels and ASD, with the odds ratio (OR) as the main result.
This approach provided quantified potential directional associations between ASD and metabolite traits.

Quality control: To ensure the reliability of the association between metabolite and ASD, the genetic variances that
exhibited a significant association (P < 5 x 10%) with the metabolite from the mGWAS dataset were selected. Moreover,
acknowledging the potential no-random association of alleles at two or more loci, especially those in close genomic
proximity, a linkage disequilibrium (LD) analysis was performed using the European 1000G reference panel to exclude
single nucleotide polymorphisms (SNPs) with a correlation coefficient (r2) less than 0.01 within a 500-kb window. The
clumping procedure was conducted using the TwoSampleMR R package[22].

Assumptions: Firstly, the relevance assumption postulated that the genetic variables used as instrumental variables
were associated with the metabolite of interest. Secondly, the independence assumption stated that the genetic variables
were independent of potential confounding factors. Thirdly, the exclusion restriction assumption proposed that the
disease outcome was solely influenced by the genetic instrument through the metabolites and not through alternative
pathways. Additionally, as MR-Egger regression was employed to obtain pleiotropy-corrected causal estimates, a fourth
assumption was made that the association between an SNP and the exposure variable was independent of its direct
effects on the outcome.

Statistical analysis

In the two-sample MR analyses, the causal effects of metabolites on the disease were assessed using the inverse variance
weighted (IVW) method. The analyses were conducted using the TwoSampleMR and MR-PRESSO packages in R 3.6.2[22,
23] with statistical significance defined as P < 0.05. The weighted median, Wald ratio, weighted mode, and MR-Egger
algorithm were also employed to evaluate the consistency of the causal inferences, thereby safeguarding false positive
results. Sensitivity analysis was performed to investigate the robustness of the estimated significant MR causal associ-
ations. To test the robustness of the results and investigate the influence of individual SNPs, a global test and the leave-
one-out method were employed. Forest plots were used to show the consistency of the effect of each SNP. Horizontal
pleiotropy, which refers to the presence of genetic variants affecting both the exposure and the outcome through different
pathways, was assessed using the MR pleiotropy residual sum and outlier global test.

Enrichment analysis

Genes near the SNPs were searched and collected on the Infinome website. DrugBank provided information on the
structure, SMILE representation, and validated target genes of the quantified causal metabolite. SwissTargetPrediction
was used to predict target genes based on structural similarity and molecular affinity. In this study, we collected the top
10 predicted target genes of the metabolites for further interpretation of the causal relationship between metabolite and
ASD. Meanwhile, previously reported ASD-related genes were retrieved from the Malacard dataset. To further discover
potential biological clues for interpreting the causal association between metabolites and ASD, a protein-protein
interaction network was constructed using the STRING database. Then enrichment analysis was performed using GO
and KEGG. Cluster modules of the interaction network were identified using Metascape. Maximal cliques are identified
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Table 1 Details of the genome-wide association studies consortiums

Variable Ancestry Ref. Sample size Sex Data download

Metabolite European Shin et al[20], 2014 7824 Mixed http://metabolomics.helmholtz-muenchen.de/
gwas/

Autism spectrum European Grove et al[21], Cases = 18381; Controls = Mixed https://doi.org/10.6084/m9.figshare.14671989

disorder 2017 27969

and genes with high clique centrality in the network were considered as hub genes through the maximal clique centrality
(MCC) algorithm in Cystoscape 3.9.1, utilizing the interaction network.

RESULTS

MR analysis result

The ASD GWAS dataset covered 9112386 SNPs from the iPSYCH-PGC consortium, and there were 207856 SNPs of 453
metabolites in the mGWAS dataset. After filtering based on the significance of the correlation between SNPs and
metabolites (P < 5 x 10%), a subset of 18824 SNPs was used for LD clumping, resulting in 609 SNPs as representative
genetic variants for the MR analysis.

The association between each metabolite and ASD was estimated using five different methods. Among the evaluated
associations, 11 were deemed significant (P < 0.05) with the IVW method, as shown in Table 2. Three metabolites,
including M32847, M33137, and M34306, were excluded from further analysis as neither their structures nor their identi-
fication were available in the original study.

Among the remaining metabolites, two were found to be positively associated with ASD: M34420: Des-Arg(9)
bradykinin (B = 0.262, SE = 0.064, P = 4.64 x 10°) and M32497: 10-undecenoate (11:1n1) (§ = 0.546, SE = 0.258, P = 0.034).
Additionally, six metabolites were identified as protective factors for ASD: M02137: Biliverdin (B =-0.255, SE = 0.122, P =
0.038), M20675: 1,5-Anhydroglucitol (B = -0.881, SE = 0.407, P = 0.031), M32412: Butyrylcarnitine (§ =-0.219, SE = 0.111, P
= 0.0497), M33138: Oxidized bilirubin (f =-0.318, SE = 0.148, P = 0.032), M34407: Isovalerylcarnitine (B =-0.976, SE = 0.393,
P =0.013), and M36131: Alpha-glutamyltyrosine (B =-0.619, SE = 0.213, P = 0.004).

Sensitivity analysis

Scatterplots illustrating the relationship between these eight metabolites and ASD are presented in Figure 1. The
consistency across the SNPs of each metabolite, except M20675: 1,5-Anhydroglucitol, M32412: Butyrylcarnitine, and
M34407: Isovalerylcarnitine, was evaluated as adequate with heterogeneity P > 0.05 and pleiotropy assumption was
satisfied with P > 0.05 as shown in Table 3.

However, since the heterogeneity and pleiotropy tests were not satisfied, it suggests that the assumption of instru-
mental variance was violated. This may be due to inconsistent estimates from the genetic variants of the metabolites or
the presence of potential confounding affecting both the exposure and outcome. Consequently, these three metabolites
were excluded at this stage.

We conducted a leave-one-out sensitivity analysis for the remaining five metabolites, and the corresponding forest
plots are presented in Figure 2. The consistency of the estimated effect size for Des-Arg(9) bradykinin about ASD was
assessed as adequate through this leave-one-out sensitivity analysis, which involved systematically excluding each SNP
from the analysis. As a result, Des-Arg(9) bradykinin was ultimately identified as a causal metabolite for ASD.

The assumption regarding the consistency among SNPs influencing ASD through M02137: Biliverdin, M32497: 10-
undecenoate (11:1n1), M33138: Oxidized bilirubin, and M36131: Alpha-glutamyltyrosine was found to be unsatisfactory,
as indicated by the p-value of the SNP. To put it more intuitively, certain SNPs were observed to cross the vertical null
value line in the horizontal line plot.

Enrichment analysis

To interpret the potential biological processes and pathways mediating the association between Des-Arg(9) bradykinin
and ASD, evidence on gene-metabolite-disease interactions is collected and estimated. Firstly, nearby genes of the
location of the SNPs were gathered from the Infinome database, revealing that F12, GRK6 and PFN3 were in proximity to
152731672, while KNG1 was near rs5030062 and KLKB1 near rs4253311. Secondly, supported by the SwissTargetPrediction
database, 10 predicted targets ranking on top of the predicted list of Des-Arg(9) bradykinin were retrieved and listed in
Table 4. Among the predicted targets, the B1 receptor of bradykinin ranked the 1* which is consistent with the fact that
the B1 receptor performed as a specific receptor for Des-Arg(9) bradykinin. Other markers were predicted as potential
targets of Des-Arg(9)-bradykinin including NTSR1, NTSR2, OPRM1, OPRD1, OPRK1, F2, CCNA1, CCNA2, CDK2, HLA-A
and HLA-DRB3. These targets are used as clues to discover potential biological interaction between Des-Arg(9)-
bradykinin and ASD.

In the STRING database, a protein-protein interaction network was constructed based on a union set of the ASD-
related gene set and the Des-Arg(9) bradykinin-related gene set as presented in Figure 3A. Pathways in the network
represented potential interaction processes between Des-Arg(9) bradykinin and ASD. Furthermore, as shown in
Figure 3B, five hub genes including KNG1, F12, BDKRB1, CCNA2 and CDK2 were identified with the MCC algorithm in
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Table 2 Nominally significant results of the inverse variance weighted method

ID Metabolite Outcome SNP, n B SE P value
M02137 Biliverdin ASD 3 -0.255 0.122 0.038
M20675 1,5-Anhydroglucitol ASD ® -0.881 0.407 0.031
M32412 Butyrylcarnitine ASD 12 -0.219 0.111 0.049
M32497 10-undecenoate (11:1n1) ASD 3 0.546 0.258 0.034
M32847 X-11530 ASD 3 -0.302 0.125 0.016
M33137 X-11792 ASD 3 0.388 0.093 3.03 x 10°
M33138 Oxidized bilirubin ASD 3 -0.318 0.148 0.032
M34306 X-12696 ASD 4 -0.831 0.325 0.011
M34407 Isovalerylcarnitine ASD 4 -0.976 0.393 0.013
M34420 Des-Arg(9) bradykinin ASD 3 0.262 0.064 4.64 x10°
M36131 Alpha-glutamyltyrosine ASD 3 -0.619 0.213 0.004

ASD: Autism spectrum disorder; SNP: Single nucleotide polymorphism.

Table 3 Heterogeneity and pleiotropy tests of the 8 metabolites

Metabolite Heterogeneity, MR Egger P value Heterogeneity, IVW P value Pleiotropy, P value
Biliverdin 0.392 0.415 0.496
1,5-anhydroglucitol 0.482 0.034 0.067
Butyrylcarnitine 0.174 0.007 0.016
10-Undecenoate (11:1n1) 0.844 0.689 0.556
Oxidized bilirubin 0.271 0.385 0.586
Isovalerylcarnitine 0.030 0.058 0.744
Des-Arg(9) bradykinin 0.663 0.906 0.949
Alpha-glutamyltyrosine 0.785 0.923 0.817

MR: Mendelian randomization; IVW: Inverse variant weight.

Table 4 Top 10 predicted targets of Des-Arg(9)-bradykinin in SwissTargetPrediction

Target Common name Target class Probability
Bradykinin B1 receptor BDKRB1 Family A G protein-coupled receptor 0.420
Neurotensin receptor 1 NTSR1 Family A G protein-coupled receptor 0.189
Thrombin F2 Protease 0.169
HLA class I histocompatibility antigen A-3 HLA-A Surface antigen 0.140
Mu opioid receptor OPRM1 Family A G protein-coupled receptor 0.131
Delta opioid receptor OPRD1 Family A G protein-coupled receptor 0.131
Kappa opioid receptor OPRK1 Family A G protein-coupled receptor 0.122
Neurotensin receptor 2 NTSR2 Family A G protein-coupled receptor 0.122
HLA class II histocompatibility antigen DRB3-1 HLA-DRB3 Surface antigen 0.122
Cyclin-dependent kinase 2/cyclin A CDK2, CCNA1, CCNA2 Other cytosolic protein 0.122
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Figure 1 Scatter plots and forest plots of Mendelian randomization effect about 8 metabolites on autism spectrum disorder. A: Scatter plot
and forest plot of Mendelian randomization (MR) effect about M32497:10-undecenoate (11:1n1) on autism spectrum disorder (ASD); B: Scatter plot and forest plot of
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MR effect about M34420: Des-Arg(9) bradykinin on ASD; C: Scatter plot and forest plot of MR effect about M02137: biliverdin on ASD; D: Scatter plot and forest plot
of MR effect about M20675: 1,5-anhydroglucitol on ASD; E: Scatter plot and forest plot of MR effect about M32412: butyrylcarnitine on ASD; F: Scatter plot and forest
plot of MR effect about M34407: isovalerylcarnitine on ASD; G: Scatter plot and forest plot of MR effect about M33138: oxidized bilirubin on ASD; H: Scatter plot and
forest plot of MR effect about M36131: alpha-glutamyltyrosine on ASD. MR: Mendelian randomization; SNP: Single nucleotide polymorphism.
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Figure 2 Leave-one-out sensitivity plots of 5 metabolites on autism spectrum disorder. A: Mendelian randomization (MR) leave-one-out sensitivity
analysis for M34420: Des-Arg(9) bradykinin on autism spectrum disorder (ASD); B: MR leave-one-out sensitivity analysis for M36131: alpha-glutamyltyrosine on ASD;
C: MR leave-one-out sensitivity analysis for M33138: oxidized bilirubin on ASD; D: MR leave-one-out sensitivity analysis for M32497: 10-undecenoate (11:1n1) on
ASD; E: MR leave-one-out sensitivity analysis for M02137: biliverdin on ASD. MR: Mendelian randomization.

the interaction network. These genes could play important direct or indirect roles in modulating the biological activity of

other makers of the network.

To further explore the potential biological processes bridging Des-Arg(9) bradykinin and ASD, enrichment analysis
was performed and the result is shown in Figure 4. Genes in the interaction network were enriched in biological
processes including Peptide GPCRs, behavior, cellular senescence, multicellular organismal processes, response to
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Figure 3 Protein-protein interaction between Des-Arg(9) related targets and Austism related genes. A: Protein-protein interaction network of Des-
Arg(9) bradykinin and autism spectrum disorder (ASD) related genes; B: Five hub genes of the protein-protein interaction network of Des-Arg(9) bradykinin and ASD
related genes.

stimuli, metabolic processes, immune system processes, and developmental processes. These findings provide valuable
insights into the potential mechanisms underlying the association between Des-Arg(9)-bradykinin and ASD, highlighting
key genes and biological processes involved in this interaction.

DISCUSSION

This study used two-sample MR to investigate the causal relationship between metabolites and ASD. The analysis
identified Des-Arg(9)-bradykinin as a potential risk factor for ASD(B = 0.262, SE = 0.064, P = 4.64 x 10°). Furthermore, an
interaction network analysis revealed five hub genes associated with Des-Arg(9)-bradykinin and ASD. Enrichment
analysis indicated that this association may be involved in complex biological processes, including behavior, response to
stimulus, and interaction between organisms. These findings provide valuable insights into the potential mechanisms
underlying the association between Des-Arg(9)-bradykinin and ASD, highlighting potential key genes and biological
processes involved in the development of ASD.

The pathophysiology of ASD is believed to result from intricate interactions between environmental and genetic factors
[24]. Studies have found that elevated levels of inflammatory markers, such as cytokines, were detected in the blood and
brains of some individuals with autism[25]. Dysregulated neuroinflammation has been proposed as a potential
contributor to ASD development, emphasizing the importance of immune-neuronal crosstalk in neuroinflammation
research[26]. There is also a suggestion of possible interaction between innate immunity and neuronal activity in the
etiology of autism[27]. Increased microglial activation and density, and increased proinflammatory cytokines were
observed in several brain regions among ASD individuals[28]. Furthermore, certain environmental factors associated
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Figure 4 Annotation of the genes in the interaction network. A: Enrichment analysis results of pathways; B: Enrichment analysis results of gene ontology
biological process.

with autism, such as prenatal infection, are known to trigger immune responses and inflammation. The enrichment of
behavior-related processes aligns with the core symptoms of ASD, including impaired social interaction and repetitive
behaviors. Additionally, the association with the biological process of response to stimulus suggests potential sensitivities
or altered sensory processing in individuals with ASD.

Current research revealing the role of Des-Arg(9)-bradykinin in the development of ASD is limited. However, there is
evidence suggesting that the Des-Arg(9)-bradykinin is involved in inflammatory and neurobiological processes. As a
member of the kallikrein-kinin system, bradykinin participates in the modulation of important biological activities
including vasocontraction, nitric oxide release, and anti-ischemic effects via interaction with the renin-angiotensin system
[29]. Contributing to fluid retention within cerebral tissue, bradykinin was also considered to have a pathophysiological
role in the mammalian brain[30]. The BDKRB1 and BDKRB2 were two of the main targets of bradykinin and its
metabolites. The expression of BIR is induced during injury by cytokines such as interleukin-1beta while B2R is
ubiquitously expressed. As a metabolite of bradykinin mediated by carboxypeptidase N, Des-Arg(9)-bradykinin was
reported as a Bl receptor agonist that increases intracellular Ca** and induces vasocontraction, cell proliferation, and
collagen synthesis[31,32]. The activation of the B1 receptor was reported to participate in the inflammatory response by
inducing the release of pro-inflammatory cytokines and promoting leukocyte recruitment to the site of inflammation[33].
In light of the regulatory approval of drugs targeting bradykinin receptors, notably lcatibant, there arises an interesting
topic for the in-depth examination and exploration of their potential effects on neurodevelopmental diseases. This
prospect warrants further observation and comprehensive investigation.

Enrichment analysis results of this study also indicated the complexity of the interactions between the metabolism of
Des-Arg(9) bradykinin and ASD. Given the potential role of the Bl receptor activation in immune cell infiltration,
microglia activation, and cytokine production within the central nervous system, B1 receptor-mediated signaling cascades
might result in elevated neuroinflammation[31]. As predicted targets of Des-Arg(9)-bradykinin, NTSR1, and NTSR2
participates in the modulation of neurotensin signaling that has been reported to stimulate microglia to secrete IL-1beta
and CXCL8[34] and affect social behavior and repetitive behaviors, which are core features of ASD[35-37]. The Mu opioid
receptors have also been reported as a critical neurobiological substrate of social behavior that participate in stress
response and immune processes[38]. Therefore, immune-inflammation pathways could be the potential factors mediating
Des-Arg(9)-bradykinin and ASD. The exact mechanism should be further explored and validated.

Setting genetic variances as instrumental variables, the causal relationship between metabolites and diseases estimated
by MR provides practical clues for exploring biomarkers for neurodevelopmental disorders, such as ASD. The
bioinformatic approaches integrating multi-scale evidence also provide a novel perspective for interpreting the
association between metabolite and disease. Even if the causal relationship between Des-Arg(9)-bradykinin and ASD is
validated pathogenetically, further research on the pharmacological treatment targeting the metabolic pathway of
bradykinin or repurposing the drug target B1R would promote the discovery of a novel approach to treating ASD.
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This study identified Des-Arg(9)-bradykinin as a causal metabolite for ASD using MR analysis. However, there are
several limitations to be considered in this study. Firstly, linear algorithms were used in MR analysis hypothesizing a
simple interaction mode between metabolites and disease. However, the modulation of biological processes is complex
and dynamic. It should be also noticed that other metabolites, though evaluated as non-significant in this study, could
also participate in the modulation of inflammation condition and immune status, and further affect the development of
disease. Therefore, the pathogenetic interaction between the metabolite profile and ASD needs to be further validated
using GWAS data from a larger sample size over more adaptive subgrouping. This would enhance the robustness and
generalizability of the findings. Secondly, while genetic variables were utilized as reliable instrument variables for causal
inference between metabolic exposure and ASD, the presence of pleiotropy in SNPs can disrupt their reliability. It is
important to acknowledge that the strength of the instrument variables and the sample size employed in this study may
introduce potential biases in the results. Thirdly, the study is based on the hypothesis that altered gene expression leads
to changes in metabolite levels, ultimately contributing to the development of ASD. However, it is important to note that
not all cases of ASD can be attributed to gene expression alterations alone. Other factors and mechanisms may also play a
role in the disorder. Additionally, the practicality of the analytical results may be limited as the study did not compre-
hensively consider actual conditions such as the dosage, duration of exposure, interindividual variation in metabolism,
and the ability of metabolites to reach the target tissues. Lastly, the study predominantly involved individuals of
European ancestry to mitigate potential biases stemming from population variations. However, this selection may limit
the generalizability and applicability of the findings to other demographic groups. Considering the genetic and environ-
mental heterogeneity prevalent in various ethnic groups, it is imperative to replicate these findings in diverse populations
to confirm their broader applicability. The journey toward identifying valid biomarkers to aid in clinical disease diagnosis
is undeniably lengthy[39]. Although this study offers valuable insights into the potential role of Des-Arg(9)-bradykinin in
ASD development, further research addressing these limitations is essential to bolster the validity, reliability, and
practicality of the results.

CONCLUSION

Our study suggests a potential role for Des-Arg(9)-bradykinin in the development of ASD, mediated through metabolic
and immune processes. The identification of hub genes and the enrichment of relevant biological processes provide
additional evidence to support the interpretation of this association. Understanding the underlying pathological
mechanisms and exploring the metabolic pathway of bradykinin, including the B1 receptor, could pave the way for novel
therapeutic approaches for ASD. Further research, involving larger and more diverse cohorts, is warranted to validate
and extend our findings.

ARTICLE HIGHLIGHTS

Research background

This study delves into the complex landscape of autism spectrum disorder (ASD), an early-onset neurodevelopmental
condition characterized by social communication deficits and repetitive behaviors. The etiology of ASD remains
enigmatic, prompting a crucial need for robust diagnostic biomarkers. The study explores the potential interplay of
genetic and environmental factors in ASD development, with a focus on plasma metabolites and their causal associations,
providing a foundation for future advancements in diagnosis and intervention.

Research motivation

In the realm of ASD research, the pressing motivation lies in early diagnosis and effective therapeutic interventions. The
study aims to tackle the pivotal challenge of identifying diagnostic biomarkers, given the intricate interplay of genetic and
environmental factors in ASD etiology. A successful exploration of these causal associations can pave the way for
innovative diagnostic tools and targeted interventions, offering hope for improved outcomes and quality of life for
individuals with ASD.

Research objectives

This study sought to uncover the causal connections between plasma metabolites and ASD while accounting for genetic
and environmental factors. The realized objective of identifying these associations carries profound implications for
advancing diagnostic biomarkers and guiding future research in the field of ASD.

Research methods

This study employed a two-sample Mendelian randomization (MR) analysis, a robust method that harnessed data from
large-scale genome-wide association studies on metabolites and ASD. Novelty lies in the integration of genetic variants as
instrumental variables to estimate causal associations, and the innovative use of the inverse variant weight algorithm.
These methods unveiled the potential role of plasma metabolites in ASD etiology, shedding new light on diagnostic
biomarkers and therapeutic avenues.

Boienidenge  VVIP | https://www.wjgnet.com 98 January 19,2024 | Volume14 | Issuel |



Huang ZY et al. A two-sample mendelian randomization study

Research results

Des-Arg(9)-bradykinin emerged as a compelling causal metabolite associated with an increased risk of ASD. The
sensitivity analysis underscored the robustness of this association. Furthermore, the identification of five hub genes,
including KNG1, F12, BDKRB1, CCNA2 and CDK2, signifies the potential involvement of these genes in the ASD-Des-
Arg(9)-bradykinin association. Enrichment analysis shed light on a multitude of biological processes, from peptide
GPCRs to immune system functions, offering a comprehensive insight into the potential mechanisms linking Des-Arg(9)-
bradykinin with ASD.

Research conclusions

This study contributes novel insights by proposing Des-Arg(9)-bradykinin as a potential causal metabolite for ASD. The
study set metabolites as proxy of genetic and environmental factors, and leveraged two-sample MR methods to elucidate
the associations. These findings introduce new diagnostic and predictive biomarker for ASD, offering a promising
pathway for future research and clinical practice.

Research perspectives

The direction of future research should focus on comprehensive investigations into the complex interplay of genetic and
environmental factors in ASD etiology. Expanding datasets to include diverse populations and incorporating multi-omics
approaches can provide a more nuanced understanding of ASD development. Additionally, future research should
explore the identification of additional biomarkers and the underlying mechanisms, potentially paving the way for
innovative diagnostic tools and personalized interventions to enhance the lives of individuals with ASD.

ACKNOWLEDGEMENTS

Acknowledgment to Guangzhou Library for providing space and digital resources for the research.

FOOTNOTES

Co-first authors: Zhong-Yu Huang and Zi-Pan Lyu.

Author contributions: Huang ZY and Lyu ZP contributed toward the concept, data analysis, manuscript writing, manuscript review and
funding; Li HG, You HZ, Yang XN and Cha CH contributed toward data collection, data analysis and manuscript review.

Supported by The Guangdong Basic and Applied Basic Research Foundation, No. 2023A1515011432; The Guangzhou Science and
Technology Planning Project, No. 2023A04]J0627; and National Natural Science Foundation of China, No. 82004256.

Institutional review board statement: The study was reviewed and approved by the Ethics Committee of Guangzhou First People's
Hospital (approval No. S-2022-208).

Informed consent statement: This study was carried out based on publicly available dataset that published by previous researches.
Therefore, there’s no informed consent statement.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: The data used to support the findings of this study are available from the first author (mail:zy1717086@163.com)

upon request.

STROBE statement: The authors have read the STROBE Statement-checklist of items, and the manuscript was prepared and revised
according to the STROBE Statement-checklist of items.

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: Zhong-Yu Huang 0000-0001-5990-2103; Zi-Pan Lyu 0000-0001-9946-9017.

S-Editor: Gao CC
L-Editor: A
P-Editor: Cai YX

Boienidenge  VVIP | https://www.wjgnet.com 99 January 19,2024 | Volume14 | Issuel |


mailto:zy1717086@163.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-5990-2103
http://orcid.org/0000-0001-5990-2103
http://orcid.org/0000-0001-9946-9017
http://orcid.org/0000-0001-9946-9017

Huang ZY et al. A two-sample mendelian randomization study

REFERENCES

6

28

29

Yates K, Le Couteur A. Diagnosing autism/autism spectrum disorders. Paediatr Child Health 2016; 26: 513-518 [DOI:
10.1016/j.paed.2016.08.004]

Hus Y, Segal O. Challenges Surrounding the Diagnosis of Autism in Children. Neuropsychiatr Dis Treat 2021; 17: 3509-3529 [PMID:
34898983 DOI: 10.2147/NDT.S282569]

Dawson G, Sapiro G. Potential for Digital Behavioral Measurement Tools to Transform the Detection and Diagnosis of Autism Spectrum
Disorder. JAMA Pediatr 2019; 173: 305-306 [PMID: 30715131 DOI: 10.1001/jamapediatrics.2018.5269]

Frye RE, Vassall S, Kaur G, Lewis C, Karim M, Rossignol D. Emerging biomarkers in autism spectrum disorder: a systematic review. Ann
Transl Med 2019; 7: 792 [PMID: 32042808 DOI: 10.21037/atm.2019.11.53]

Bolte S, Girdler S, Marschik PB. The contribution of environmental exposure to the etiology of autism spectrum disorder. Cell Mol Life Sci
2019; 76: 1275-1297 [PMID: 30570672 DOI: 10.1007/s00018-018-2988-4]

Kim YS, Leventhal BL. Genetic epidemiology and insights into interactive genetic and environmental effects in autism spectrum disorders.
Biol Psychiatry 2015; 77: 66-74 [PMID: 25483344 DOI: 10.1016/j.biopsych.2014.11.001]

Leblond CS, Le TL, Malesys S, Cliquet F, Tabet AC, Delorme R, Rolland T, Bourgeron T. Operative list of genes associated with autism and
neurodevelopmental disorders based on database review. Mo/ Cell Neurosci 2021; 113: 103623 [PMID: 33932580 DOI:
10.1016/j.mcn.2021.103623]

Li J, Wang L, Guo H, Shi L, Zhang K, Tang M, Hu S, Dong S, Liu Y, Wang T, Yu P, He X, Hu Z, Zhao J, Liu C, Sun ZS, Xia K. Targeted
sequencing and functional analysis reveal brain-size-related genes and their networks in autism spectrum disorders. Mol Psychiatry 2017; 22:
1282-1290 [PMID: 28831199 DOI: 10.1038/mp.2017.140]

Madore C, Leyrolle Q, Lacabanne C, Benmamar-Badel A, Joffre C, Nadjar A, Layé S. Neuroinflammation in Autism: Plausible Role of
Maternal Inflammation, Dietary Omega 3, and Microbiota. Neural Plast 2016; 2016: 3597209 [PMID: 27840741 DOI: 10.1155/2016/3597209]
Kwon HK, Choi GB, Huh JR. Maternal inflammation and its ramifications on fetal neurodevelopment. Trends Immunol 2022; 43: 230-244
[PMID: 35131181 DOI: 10.1016/;.it.2022.01.007]

de la Torre-Ubieta L, Won H, Stein JL, Geschwind DH. Advancing the understanding of autism disease mechanisms through genetics. Nat
Med 2016; 22: 345-361 [PMID: 27050589 DOI: 10.1038/nm.4071]

Liu Y, Qing H, Deng Y. Biomarkers in Alzheimer's disease analysis by mass spectrometry-based proteomics. Int J Mol Sci 2014; 15: 7865-
7882 [PMID: 24806343 DOI: 10.3390/ijms15057865]

Glinton KE, Elsea SH. Untargeted Metabolomics for Autism Spectrum Disorders: Current Status and Future Directions. Front Psychiatry
2019; 10: 647 [PMID: 31551836 DOI: 10.3389/fpsyt.2019.00647]

Ritz B, Yan Q, Uppal K, Liew Z, Cui X, Ling C, Inoue K, von Ehrenstein O, Walker DI, Jones DP. Untargeted Metabolomics Screen of Mid-
pregnancy Maternal Serum and Autism in Offspring. Autism Res 2020; 13: 1258-1269 [PMID: 32496662 DOI: 10.1002/aur.2311]

Liang Y, Ke X, Xiao Z, Zhang Y, Chen Y, Li Y, Wang Z, Lin L, Yao P, Lu J. Untargeted Metabolomic Profiling Using UHPLC-QTOF/MS
Reveals Metabolic Alterations Associated with Autism. Biomed Res Int 2020; 2020: 6105608 [PMID: 32964039 DOI: 10.1155/2020/6105608]
Likhitweerawong N, Thonusin C, Boonchooduang N, Louthrenoo O, Nookaew I, Chattipakorn N, Chattipakorn SC. Profiles of urine and
blood metabolomics in autism spectrum disorders. Metab Brain Dis 2021; 36: 1641-1671 [PMID: 34338974 DOI:
10.1007/s11011-021-00788-3]

Sanderson E, Glymour MM, Holmes MV, Kang H, Morrison J, Munafo MR, Palmer T, Schooling CM, Wallace C, Zhao Q, Smith GD.
Mendelian randomization. Nat Rev Methods Primers 2022; 2 [PMID: 37325194 DOI: 10.1038/s43586-021-00092-5]

Lawlor DA. Commentary: Two-sample Mendelian randomization: opportunities and challenges. Int J Epidemiol 2016; 45: 908-915 [PMID:
27427429 DO 10.1093/ije/dyw127]

Grover S, Del Greco M F, Stein CM, Ziegler A. Mendelian Randomization. Methods Mol Biol 2017; 1666: 581-628 [PMID: 28980266 DOI:
10.1007/978-1-4939-7274-6_29]

Shin SY, Fauman EB, Petersen AK, Krumsiek J, Santos R, Huang J, Arnold M, Erte I, Forgetta V, Yang TP, Walter K, Menni C, Chen L,
Vasquez L, Valdes AM, Hyde CL, Wang V, Ziemek D, Roberts P, Xi L, Grundberg E; Multiple Tissue Human Expression Resource
(MuTHER) Consortium, Waldenberger M, Richards JB, Mohney RP, Milburn MV, John SL, Trimmer J, Theis FJ, Overington JP, Suhre K,
Brosnan MJ, Gieger C, Kastenmiiller G, Spector TD, Soranzo N. An atlas of genetic influences on human blood metabolites. Nat Genet 2014;
46: 543-550 [PMID: 24816252 DOI: 10.1038/ng.2982]

Grove J, Ripke S, Als T, Mattheisen M, Walters R, Won H, Pallesen J, Agerbo E, Andreasssen O, Anney R, Belliveau R, Bettella F, Buxbaum
J, Grauholm J, Bekved-Hansen M, Cerrato F, Chambert K, Christensen J, Churchhouse C, Borglum A. Common risk variants identified in
autism spectrum disorder. 2017 Preprint. Available from: bioRxiv:224774 [DOI: 10.1101/224774]

Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, Laurin C, Burgess S, Bowden J, Langdon R, Tan VY, Yarmolinsky J,
Shihab HA, Timpson NJ, Evans DM, Relton C, Martin RM, Davey Smith G, Gaunt TR, Haycock PC. The MR-Base platform supports
systematic causal inference across the human phenome. Elife 2018; 7 [PMID: 29846171 DOI: 10.7554/eLife.34408]

Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian
randomization between complex traits and diseases. Nat Genet 2018; 50: 693-698 [PMID: 29686387 DOI: 10.1038/s41588-018-0099-7]
Gevezova M, Sarafian V, Anderson G, Maes M. Inflammation and Mitochondrial Dysfunction in Autism Spectrum Disorder. CNS Neurol
Disord Drug Targets 2020; 19: 320-333 [PMID: 32600237 DOI: 10.2174/1871527319666200628015039]

Stavridou T, Driga A M, Drigas A. Blood Markers in Detection of Autism. /nt J Recent Contributions Eng Sci IT 2021; 9: 79-86 [DOI:
10.3991/ijes.v9i2.21283]

Matta SM, Hill-Yardin EL, Crack PJ. The influence of neuroinflammation in Autism Spectrum Disorder. Brain Behav Immun 2019; 79: 75-90
[PMID: 31029798 DOI: 10.1016/5.bbi.2019.04.037]

Gupta S, Ellis SE, Ashar FN, Moes A, Bader JS, Zhan J, West AB, Arking DE. Transcriptome analysis reveals dysregulation of innate
immune response genes and neuronal activity-dependent genes in autism. Nat Commun 2014; 5: 5748 [PMID: 25494366 DOIL:
10.1038/ncomms6748]

Toscano CVA, Barros L, Lima AB, Nunes T, Carvalho HM, Gaspar JM. Neuroinflammation in autism spectrum disorders: Exercise as a
"pharmacological" tool. Neurosci Biobehav Rev 2021; 129: 63-74 [PMID: 34310976 DOI: 10.1016/j.neubiorev.2021.07.023]

Bekassy Z, Lopatko Fagerstrom I, Bader M, Karpman D. Crosstalk between the renin-angiotensin, complement and kallikrein-kinin systems in

Boienidenge  VVIP | https://www.wjgnet.com 100 January 19,2024 | Volume14 | Issuel


https://dx.doi.org/10.1016/j.paed.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/34898983
https://dx.doi.org/10.2147/NDT.S282569
http://www.ncbi.nlm.nih.gov/pubmed/30715131
https://dx.doi.org/10.1001/jamapediatrics.2018.5269
http://www.ncbi.nlm.nih.gov/pubmed/32042808
https://dx.doi.org/10.21037/atm.2019.11.53
http://www.ncbi.nlm.nih.gov/pubmed/30570672
https://dx.doi.org/10.1007/s00018-018-2988-4
http://www.ncbi.nlm.nih.gov/pubmed/25483344
https://dx.doi.org/10.1016/j.biopsych.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/33932580
https://dx.doi.org/10.1016/j.mcn.2021.103623
http://www.ncbi.nlm.nih.gov/pubmed/28831199
https://dx.doi.org/10.1038/mp.2017.140
http://www.ncbi.nlm.nih.gov/pubmed/27840741
https://dx.doi.org/10.1155/2016/3597209
http://www.ncbi.nlm.nih.gov/pubmed/35131181
https://dx.doi.org/10.1016/j.it.2022.01.007
http://www.ncbi.nlm.nih.gov/pubmed/27050589
https://dx.doi.org/10.1038/nm.4071
http://www.ncbi.nlm.nih.gov/pubmed/24806343
https://dx.doi.org/10.3390/ijms15057865
http://www.ncbi.nlm.nih.gov/pubmed/31551836
https://dx.doi.org/10.3389/fpsyt.2019.00647
http://www.ncbi.nlm.nih.gov/pubmed/32496662
https://dx.doi.org/10.1002/aur.2311
http://www.ncbi.nlm.nih.gov/pubmed/32964039
https://dx.doi.org/10.1155/2020/6105608
http://www.ncbi.nlm.nih.gov/pubmed/34338974
https://dx.doi.org/10.1007/s11011-021-00788-3
http://www.ncbi.nlm.nih.gov/pubmed/37325194
https://dx.doi.org/10.1038/s43586-021-00092-5
http://www.ncbi.nlm.nih.gov/pubmed/27427429
https://dx.doi.org/10.1093/ije/dyw127
http://www.ncbi.nlm.nih.gov/pubmed/28980266
https://dx.doi.org/10.1007/978-1-4939-7274-6_29
http://www.ncbi.nlm.nih.gov/pubmed/24816252
https://dx.doi.org/10.1038/ng.2982
https://dx.doi.org/10.1101/224774
http://www.ncbi.nlm.nih.gov/pubmed/29846171
https://dx.doi.org/10.7554/eLife.34408
http://www.ncbi.nlm.nih.gov/pubmed/29686387
https://dx.doi.org/10.1038/s41588-018-0099-7
http://www.ncbi.nlm.nih.gov/pubmed/32600237
https://dx.doi.org/10.2174/1871527319666200628015039
https://dx.doi.org/10.3991/ijes.v9i2.21283
http://www.ncbi.nlm.nih.gov/pubmed/31029798
https://dx.doi.org/10.1016/j.bbi.2019.04.037
http://www.ncbi.nlm.nih.gov/pubmed/25494366
https://dx.doi.org/10.1038/ncomms6748
http://www.ncbi.nlm.nih.gov/pubmed/34310976
https://dx.doi.org/10.1016/j.neubiorev.2021.07.023

39

Huang ZY et al. A two-sample mendelian randomization study

inflammation. Nat Rev Immunol 2022; 22: 411-428 [PMID: 34759348 DOI: 10.1038/s41577-021-00634-8]

Dobrivojevi¢ M, Spiranec K, Sindi¢ A. Involvement of bradykinin in brain edema development after ischemic stroke. Pflugers Arch 2015;
467: 201-212 [PMID: 24756199 DOI: 10.1007/s00424-014-1519-x]

Sriramula S. Kinin B1 receptor: A target for neuroinflammation in hypertension. Pharmacol Res 2020; 155: 104715 [PMID: 32087235 DOI:
10.1016/j.phrs.2020.104715]

Sharma JN. Does the kinin system mediate in cardiovascular abnormalities? An overview. J Clin Pharmacol 2003; 43: 1187-1195 [PMID:
14551172 DOI: 10.1177/0091270003258171]

Mugisho OO, Robilliard LD, Nicholson LFB, Graham ES, O'Carroll SJ. Bradykinin receptor-1 activation induces inflammation and increases
the permeability of human brain microvascular endothelial cells. Cell Biol Int 2020; 44: 343-351 [PMID: 31498530 DOI: 10.1002/cbin.11232]
Patel AB, Tsilioni I, Leeman SE, Theoharides TC. Neurotensin stimulates sortilin and mTOR in human microglia inhibitable by
methoxyluteolin, a potential therapeutic target for autism. Proc Natl Acad Sci U S A 2016; 113: E7049-E7058 [PMID: 27663735 DOI:
10.1073/pnas.1604992113]

Boules MM, Fredrickson P, Muehlmann AM, Richelson E. Elucidating the role of neurotensin in the pathophysiology and management of
major mental disorders. Behav Sci (Basel) 2014; 4: 125-153 [PMID: 25379273 DOI: 10.3390/bs4020125]

Angelidou A, Francis K, Vasiadi M, Alysandratos KD, Zhang B, Theoharides A, Lykouras L, Sideri K, Kalogeromitros D, Theoharides TC.
Neurotensin is increased in serum of young children with autistic disorder. J Neuroinflammation 2010; 7: 48 [PMID: 20731814 DOI:
10.1186/1742-2094-7-48]

Tsilioni I, Dodman N, Petra Al, Taliou A, Francis K, Moon-Fanelli A, Shuster L, Theoharides TC. Elevated serum neurotensin and CRH levels
in children with autistic spectrum disorders and tail-chasing Bull Terriers with a phenotype similar to autism. Trans!/ Psychiatry 2014; 4: e466
[PMID: 25313509 DOI: 10.1038/tp.2014.106]

Pellissier LP, Gandia J, Laboute T, Becker JAJ, Le Merrer J. 1 opioid receptor, social behaviour and autism spectrum disorder: reward matters.
Br J Pharmacol 2018; 175: 2750-2769 [PMID: 28369738 DOI: 10.1111/bph.13808]

Cortese S, Solmi M, Michelini G, Bellato A, Blanner C, Canozzi A, Eudave L, Farhat LC, Hejlund M, K&hler-Forsberg O, Leffa DT, Rohde
C, de Pablo GS, Vita G, Wesselhoeft R, Martin J, Baumeister S, Bozhilova NS, Carlisi CO, Leno VC, Floris DL, Holz NE, Kraaijenvanger EJ,
Sacu S, Vainieri I, Ostuzzi G, Barbui C, Correll CU. Candidate diagnostic biomarkers for neurodevelopmental disorders in children and
adolescents: a systematic review. World Psychiatry 2023; 22: 129-149 [PMID: 36640395 DOI: 10.1002/wps.21037]

uisnidenge VVIP | https://www.wijgnet.com 101 January 19,2024 | Volume14 | Issuel |


http://www.ncbi.nlm.nih.gov/pubmed/34759348
https://dx.doi.org/10.1038/s41577-021-00634-8
http://www.ncbi.nlm.nih.gov/pubmed/24756199
https://dx.doi.org/10.1007/s00424-014-1519-x
http://www.ncbi.nlm.nih.gov/pubmed/32087235
https://dx.doi.org/10.1016/j.phrs.2020.104715
http://www.ncbi.nlm.nih.gov/pubmed/14551172
https://dx.doi.org/10.1177/0091270003258171
http://www.ncbi.nlm.nih.gov/pubmed/31498530
https://dx.doi.org/10.1002/cbin.11232
http://www.ncbi.nlm.nih.gov/pubmed/27663735
https://dx.doi.org/10.1073/pnas.1604992113
http://www.ncbi.nlm.nih.gov/pubmed/25379273
https://dx.doi.org/10.3390/bs4020125
http://www.ncbi.nlm.nih.gov/pubmed/20731814
https://dx.doi.org/10.1186/1742-2094-7-48
http://www.ncbi.nlm.nih.gov/pubmed/25313509
https://dx.doi.org/10.1038/tp.2014.106
http://www.ncbi.nlm.nih.gov/pubmed/28369738
https://dx.doi.org/10.1111/bph.13808
http://www.ncbi.nlm.nih.gov/pubmed/36640395
https://dx.doi.org/10.1002/wps.21037

/0

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5498 / wijp.v14.i1.102

World Journal of
Psychiatry

World | Psychiatry 2024 January 19; 14(1): 102-110

ISSN 2220-3206 (online)

Observational Study

ORIGINAL ARTICLE

Performance of the walking trail making test in older adults with
white matter hyperintensities

Hong-Yi Zhao, Zhi-Qiang Zhang, Yong-Hua Huang, Hong Li, Fang-Yuan Wei

Specialty type: Psychiatry

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: Arboix A, Spain;
Bernstein HG, Germany

Received: August 26, 2023
Peer-review started: August 26,
2023

First decision: September 29, 2023
Revised: October 30, 2023
Accepted: December 21, 2023
Article in press: December 21, 2023
Published online: January 19, 2024

Boienidenge  VVIP | https://www.wjgnet.com 102

Hong-Yi Zhao, Department of Neurology, No. 984 Hospital of PLA, Beijing 100094, China

Hong-Yi Zhao, Yong-Hua Huang, Department of Neurology, The Seventh Medical Center of PLA
General Hospital, Beijing 100700, China

Zhi-Qiang Zhang, Mental Health Institute of Inner Mongolia Autonomous Region, The Third
Hospital of Inner Mongolia Autonomous Region, Hohhot 010010, Inner Mongolia Autonomous
Region, China

Hong Li, Department of Neurosurgery, No. 984 Hospital of PLA, Beijing 100094, China

Fang-Yuan Wei, Department of Hand and Foot Surgery, Beijing University of Chinese Medicine
Third Affiliated Hospital, Beijing 100029, China

Fang-Yuan Wei, Engineering Research Center of Chinese Orthopaedic and Sports Rehabilitation
Artificial Intelligent, Ministry of Education, Beijing 100029, China

Corresponding author: Fang-Yuan Wei, MD, PhD, Director, Department of Hand and Foot
Surgery, Beijing University of Chinese Medicine Third Affiliated Hospital, No. 51 Xiaoguan
Street, Andingmenwai, Chaoyang District, Beijing 100029, China. footwfy@126.com

Abstract

BACKGROUND

Several studies have reported that the walking trail making test (WTMT) com-
pletion time is significantly higher in patients with developmental coordination
disorders and mild cognitive impairments. We hypothesized that WTMT perfor-
mance would be altered in older adults with white matter hyperintensities
(WMH).

AIM
To explore the performance in the WITMT in older people with WMH.

METHODS

In this single-center, observational study, 25 elderly WMH patients admitted to
our hospital from June 2019 to June 2020 served as the WMH group and 20
participants matched for age, gender, and educational level who were undergoing
physical examination in our hospital during the same period served as the control
group. The participants completed the WITMT-A and WTMT-B to obtain their gait
parameters, including WIMT-A completion time, WIMT-B completion time,
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speed, step length, cadence, and stance phase percent. White matter lesions were scored according to the Fazekas
scale. Multiple neuropsychological assessments were carried out to assess cognitive function. The relationships
between WTMT performance and cognition and motion in elderly patients with WMH were analyzed by partial
Pearson correlation analysis.

RESULTS

Patients with WMH performed significantly worse on the choice reaction test (CRT) (0.51 + 0.09 s vs 0.44 £ 0.06 s, P
= 0.007), verbal fluency test (VFT, 14.2 + 2.75 v5 16.65 * 3.54, P = 0.012), and digit symbol substitution test (16.00 *
2.75 vs 18.40 + 3.27, P = 0.010) than participants in the control group. The WMH group also required significantly
more time to complete the WIMT-A (93.00 + 10.76 s vs 70.55 £ 11.28 s, P < 0.001) and WIMT-B (109.72 £ 12.26 s vs
82.85+7.90s, P <0.001). WIMT-A completion time was positively correlated with CRT time (r = 0.460, P = 0.001),
while WTMT-B completion time was negatively correlated with VFT (r =-0.391, P = 0.008). On the WIMT-A, only
speed was found to statistically differ between the WMH and control groups (0.803 + 0.096 vs 0.975 + 0.050 m/s, P
< 0.001), whereas on the WIMT-B, the WMH group exhibited a significantly lower speed (0.778 £ 0.111 vs 0.970
0.053 m/s, P < 0.001) and cadence (82.600 * 4.140 vs 85.500 + 5.020 steps/m, P = 0.039), as well as a higher stance
phase percentage (65.061 + 1.813% vs 63.513 + 2.465%, P = 0.019) relative to controls.

CONCLUSION
Older adults with WMH showed obviously poorer WTMT performance. WTMT could be a potential indicator for
cognitive and motor deficits in patients with WMH.

Key Words: White matter hyperintensities; Cognitive dysfunction; Motor deficits; Gait analysis; Trail making test; Small vessel
disease

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

Core Tip: A new modified trail making test [walking trail making test (WTMT)], was used to explore the cognitive and motor
deficits in older adults with WMH. In addition, wearable sensors were selected firstly in the WTMT to analyze the gait
features of subjects. The results implied that WTMT could be a potential indicator for the cognitive and motor deficits in
WMH patients.

Citation: Zhao HY, Zhang ZQ, Huang YH, Li H, Wei FY. Performance of the walking trail making test in older adults with white
matter hyperintensities. World J Psychiatry 2024; 14(1): 102-110
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INTRODUCTION

With continued advances in medical technologies and improvement in life expectancy in modern society, cognitive
impairment and gait disturbance have become common symptoms negatively affecting the daily life of the growing
elderly population. In the last decade, an increasing number of studies have confirmed that cognitive impairment and
gait abnormalities in older adults should not to be explored in isolation[1]. On the contrary, impairments in cognitive and
physical dimensions are frequently concurrent[2]. Kelaiditi et al[3] proposed the concept of “cognitive frailty” in 2013, and
“motor cognitive risk syndrome” was reported by Verghese et al[4] a year later. Recent findings have even demonstrated
the synergistic effects of cognitive and motor dysfunction in patients with cerebral small vessel disease (CSVD)[5].

White matter hyperintensities (WMH), together with cerebral microbleeds, recent subcortical lacunar infarcts (clinically
symptomatic), lacunes (clinically silent), prominent perivascular spaces, atrophy lacunar infarcts, etc are known to be
common signs of CSVD on conventional magnetic resonance imaging (MRI)[6]. WMH represent a common condition in
older adults, occurring in approximately 80% adults in the general population over the age of 60 years[7]. Gait disorders
and cognitive dysfunction (especially executive dysfunction) are the main symptoms of WMH][8]. Longitudinal studies
revealed that WMH are associated with a high risk of falling, disability, and mortality due to the persistent deterioration
of cognitive and motor function[9,10]. However, the early detection of the above symptoms is difficult in clinical practice.
Recent studies inferred that a well-designed cognitive-motor dual walking task could be a useful tool for detecting
cognitive and motor impairment in patients with WMH][11]. Under dual task conditions, the motor and/or cognitive task
performance of older people can deteriorate due to competing demands when the available central resource capacity is
exceeded[12].

The traditional trail making test (TMT) is a commonly used paper-and-pencil cognitive function test that can reflect a
person’s ability in terms of executive function, attention, and processing speed. Recent studies have attempted to modify
the traditional TMT to create the walking TMT (WTMT)[13-15]. In contrast to the ordinary dual walking task tests based
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on a cognitive task separate from a motor task, the WTMT incorporates a cognitive task into walking. In addition,
recently published findings have implied that cognitive tasks involving internal interfering factors (e.g., mental tracking)
impair gait performance more than those involving external interfering factors (e.g., reaction time)[13]. Multiple studies
have reported that the WIMT completion time is significantly higher in patients with developmental coordination
disorders and mild cognitive impairment[14,16]. Thus, the aim of the current study was to assess the gait characteristics
of elderly individuals with WMH using the WTMT task.

MATERIALS AND METHODS

Study population

A total of 25 older adults with WMH (WMH group) and 20 healthy individuals matched for age, gender, and educational
level (HE group) were recruited from the Department of Neurology, the Seventh Medical Center of PLA General Hospital
(which also receives older individuals in Aged Cadre Convalescent subdepartments). These patients were recruited
consecutively from June 1, 2021, to April 1, 2022. Participants in the HE group, who had no record of a WMH diagnosis
and who had regular rest and recuperation plans, were recruited from the Aged Cadre Convalescent subdepartment.
Each participant voluntarily signed an informed consent form to participate in the current study.

All participants underwent screening by 3.0 T MRI of the brain and were grouped based on a method previously
described by our group[11]. White matter lesions were graded using the Fazekas scale, as previously described[17].
Briefly, we rated WMH severity as grade 1 (punctate lesions), grade 2 (early confluent lesions), or grade 3 (confluent
lesions). Only individuals with a Fazekas score of 0 were included in the HE group.

The exclusion criteria were history of major stroke; presence of multiple lacunar infarcts, other reasons for leukoen-
cephalopathy (including immune, demyelination, and genetic); major psychiatric disorders (diagnosed using the
Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV); use of psychotropic medications or drugs
with the side effect of risk of falling (e.g., tranquillizers/sedatives, diuretics, antiparkinsonian drugs); MRI contraindic-
ations; dementia (diagnosed using an International Classification of Diseases-10 code); a mini-mental state examination
(MMSE) score lower than 23 points[18]; and use of walking aids.

MRI measurements

A 3.0 T MRI brain scan (Discovery MR750; GE Healthcare, United States) displayed white matter lesions, which indicated
the degree of CSVD. Brain MRI (slice and interslice thicknesses of 5 mm and 1.5 mm, respectively) was carried out as
follows: T1 fluid-attenuated inversion recovery (TR, 1750 ms; TE, 23 ms; TI, 780 ms; FOV, 24 cm) and T2-weighted
imaging (TR, 7498 ms; TE, 105 ms; FOV, 24 cm) sequences. The researchers who assessed gait were blinded to the imaging
findings.

WTMT paradigm and gait evaluation

The WTMT was conducted in a quiet and comfortable environment. For the WIMT-A, randomly distributed coins with a
30-cm diameter and labeled with Arabic numbers (1-15) were positioned in a 16 m? square area (4 m x 4 m). Participants
were instructed to step as quickly and accurately as possible. Experimenters instructed the participants as follows:
“Please walk on numbered targets in a sequential order as rapidly as possible, joining consecutive numbers (i.e., 1 to 2 to
3...15) in the coins randomly distributed on the floor.” When participants stepped on an incorrect number, the experi-
menter indicated the error, instructing them to step on the correct number as time continued to be measured. The WIMT-
A was performed only once.

For the WIMT-B, the arrangement and procedure were similar to those of WITMT-A, except the Arabic numbers 1-15
were replaced with Arabic numbers (1-8) and Chinese characters (&, i, %, &, {1, fif;, 25). Experimenters instructed the
participants as follows: “Please walk on numbered targets in a sequential order as rapidly as possible joining consecutive
numbers (i.e., 1 to & to 2 to i\ to 3 to Z...8) in the coins randomly distributed on the floor.”

The arrangements of numbers in the WTMT are detailed in Figure 1 and were similar to the method reported by Schott
et al[16].

Data collection

Participants’ gait characteristics during the WIMT were captured and analyzed using the Intelligent Device for Energy
Expenditure and Activity (IDEEA) (Minisun, United States). The IDEEA comprises five motion sensors and a
microcomputer. The device was calibrated and used as indicated by the manufacturer and as depicted previously[1].

The parameters captured by the IDEEA are detailed in Figure 2 and listed below: (1) Speed (m/s), as the mean velocity
for two successive strides; (2) Step length (m), representing the half distance between consecutive points of initial contact
of the same foot; (3) Cadence (steps/min), representing the number of steps/stairs per minute; and (4) Stance phase
percentage (%), reflecting the duration of the stance phase (starting from initial contact and ending at toe-off for a
particular foot) divided by stride time.

Neuropsychological assessment

All participants completed a series of neuropsychological assessments, including the MMSE (reflecting global cognitive
level), choice reaction test (CRT, reflecting attention and concentration), digit symbol substitution test (DSST, reflecting
processing speed), category verbal fluency test (cVFT, reflecting psychomotor speed, attention, and semantic memory),
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Figure 1 The arrangements of numbers in the walking trail making test. WTMT: Walking trail making test.
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Figure 2 The parameters captured by the Intelligent Device for Energy Expenditure and Activity. (1) Speed (m/s), as the mean velocity for two
successive strides; (2) Step length (m), representing the half distance between consecutive points of initial contact of the same foot; (3) Cadence (steps/min),
representing the number of steps/stairs per minute; and (4) Stance phase percentage (%), reflecting the duration of the stance phase (starting from initial contact and
ending at toe-off for a particular foot) divided by stride time. A: The new gait terms of gait cycles; B: The classic gait terms of gait cycles; C: The percentage of
stance/swing phase of gait cycles.

and auditory verbal learning test-huashan (AVLTh, reflecting immediate memory performance)[19].

Statistical analysis

Student’s t-test was carried out for comparison of continuous parametric variables. Categorical variables were compared
using the Chi-square or Fisher exact test. Partial Pearson correlation analysis was performed to calculate the correlation
between the WIMT completion time and neuropsychological performance, controlled for age, sex, and educational level.

RESULTS

As shown in Table 1, age, sex, and educational level were similar between the WMH and HE groups (P > 0.05). The
participants in the WMH group had an average Fazekas score of 1.52. Overall, the WMH group performed significantly
worse on the CRT (0.51 £ 0.09 s vs 0.44 + 0.06 s, P = 0.007), VFT (14.2 £ 2.75 vs 16.65 * 3.54, P = 0.012), and DSST (16.00 *
2.75vs 18.40 £ 3.27, P = 0.010) than the HE group. In addition, the WHM group had significantly longer completion times
for the WIMT-A (93.00 + 10.76 s vs 70.55 + 11.28 s, P < 0.001) and WTMT-B (109.72 + 12.26 s vs 82.85 £ 7.90 s, P < 0.001;
Table 1).

The zesults for the correlation between WTMT completion time and performance on neuropsychological tests for the
WMH group are presented in Table 2. WTMT-A completion time was positively correlated with CRT time (r = 0.460, P =
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Table 1 Clinical and demographic characteristics of the participants (mean * SD)

WMH group (n = 25) HE group (n = 20) P value
Age, years 74.00 £5.40 75.30 £ 4.26 0.385
Male, % 48% 35% 0.392
Education, years 8.00+£2.34 8.05+2.28 0.943
MMSE, score 28.00 +£1.15 28.10 £1.10 0.883
CRT, seconds 0.51+0.09 0.44 +0.06 0.007
cVFT, words 14.20 £2.75 16.65 + 3.54 0.012
DSST, counts 16.00 £2.75 18.40 £3.27 0.010
AVLTh, words 7.60+1.83 8.25+1.20 0.178
WTMT-A, seconds 93.00 £10.76 70.55 +11.28 <0.001
WTMT-B, seconds 109.72 £12.26 82.85+7.90 <0.001
Fazekas, score 1.52+£0.71 0.00 £ 0.00 <0.001

MMSE: Mini-mental state examination; CRT: Choice reaction test; cVFT: Category verbal fluency test; DSST: Digit symbol substitution test; AVLTh:
Auditory verbal learning test-huashan; WTMT: Walking trail making test; WMH: White matter hyperintensities; HE: Healthy.

Table 2 Partial Pearson correlation between cognitive function and walking trail making test

WTMT-A WTMT-B

rvalue P value rvalue P value
MMSE 0.060 0.697 0.190 0.212
CRT 0.460 0.001 0.254 0.092
cVFT -0.157 0.303 -0.391 0.008
DSST -0.264 0.080 -0.207 0.172
AVLTh -0.024 0.874 -0.267 0.076

Adjustment for age, sex, and educational level. MMSE: Mini-mental state examination; CRT: Choice reaction test; cVFT: Category verbal fluency test; DSST:
Digit symbol substitution test; AVLTh: Auditory verbal learning test-huashan.

0.001), while WTMT-B completion time was negatively correlated with VFT (r = -0.391, P = 0.008).

Furthermore, we explored the gait features during the WIMT, and only speed was found to differ statistically between
the two groups (0.803 + 0.096 vs 0.975 £ 0.050 m/s, P < 0.001). On the WIMT-B, the WMH group exhibited significantly
lower speed (0.778 £ 0.111 vs 0.970 £ 0.053 m/s, P < 0.001) and cadence (82.600 + 4.140 vs 85.500 £ 5.020 steps/m, P =
0.039), as well as a higher stance phase percentage (65.061 + 1.813% vs 63.513 £ 2.465%, P = 0.019) relative to the HE group
(Table 3).

DISCUSSION

The clinical presentation of WMH can be asymptomatic, silent, or covert[20] until a threshold is reached and “malignant”
symptoms (such as stroke) appear[21]. Thus, much research effort has been devoted to identifying indicators for earlier
recognition of WMH][19]. The present study revealed that patients with WMH exhibited remarkably worse performance
on the WIMT compared with healthy individuals, as reflected in by the completion times for both the WTMT-A and
WTMT-B. Considering its simplicity, non-invasiveness, and low cost, the WTMT represents a potentially useful
assessment tool for patients with WMH.

Our previous studies confirmed that patients with WMH display cognitive deficits and gait abnormalities[11,22].
According to the consensus on shared measures of mobility and cognition from the Canadian Consortium on Neurode-
generation in Aging[23], both the TMT and the dual task gait speed task were included as proposed “core battery” tests.
These findings, together with those of the present study, support the modification of the TMT into the WIMT, for
evaluation of characteristics in aspects of gait and cognition. Furthermore, as the WITMT was designed to be an
incorporated cognitive task, instead of an addition to a motor task, WITMT performance could be a better indicator of
cognitive impairment than gait or cognitive tests alone[24].
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Table 3 Gait analysis of the participants in walking trail making test (mean % SD)

WMH group (n = 25) HE group (n = 20) P value

WTMT-A

Speed, m/s 0.803 +0.096 0.975 + 0.050 <0.001
Step length, m 0.486 +0.035 0.484 +0.038 0.820
Cadence, steps/min 86.520 + 5.730 89.050 + 5.671 0.127
Stance phase percentage, % 63.189 + 1.147 63.737 +1.231 0.130
WTMT-B

Speed, m/s 0.778 +0.111 0.970 + 0.054 <0.001
Step length, m 0.468 +0.041 0.473 +0.041 0.713
Cadence, steps/min 82.600 + 4.140 85.500 + 5.020 0.039
Stance phase percentage, % 65.061 +1.813 63.513 + 2.465 0.019

WTMT: Walking trail making test; WMH: White matter hyperintensities; HE: Healthy.

The current study also investigated the relationship between WTMT completion time and cognitive function in older
adults with WMH. Our analyses showed that the WTMT-A completion time was correlated with attention and concen-
tration, while the WIMT-B completion time was correlated with psychomotor speed, attention, and semantic memory.
These results should not be surprising, as the WIMT, a type of cognitive-motor dual task, is considered a useful “brain
stress test” for predicting cognitive deficits[25]. For example, Perrochon and Kemoun[14] reported that poor WTMT
performance is associated with executive dysfunction (in particular, mental flexibility) in patients with mid-cognitive
impairment. Among community-dwelling older adults, Osuka et al[13] discovered that the WITMT completion time is
associated with a series of executive functions, such as performance on the DSST and the traditional TMT. The disruption
of crucial subcortical connections in the frontal and other lobes, as well as the basal ganglia area, following multiple
pathophysiological changes could be the possible mechanism through which WMH affect cognition and WIMT per-
formance[26,27].

To the best of our knowledge, this is the first study to assess the utility of a wearable sensor for gait analysis during the
WTMT. Gait speed was not the only parameter found to be affected in the WTMT-B. Older people with WMH exhibited
significantly lower speed and cadence, as well as a higher stance phase percentage. The discrepancy between the WTMT-
A and WTMT-B might also imply that WTMT-B performance reflects sophisticated processing and problem solving
aspects of executive functioning, which may be necessary to deal with more challenging terrain[28]. Similar trends were
also reported for the traditional WTMT and other variations of the TMT[29].

Several limitations of the present study warrant consideration. First, the sample size was small. Second, some aspects,
such as delayed recall of the AVLTh, were not chosen in the present study, because patients with WMH were previously
found to not show deficits in this domain[30]. In addition, 3T-WMH volume should be used to quantify WMH in future
research.

Notably, the TMT has been modified in different ways by multiple research groups previously (e.g., WTMT, oral TMT
[31], driving TMT([32]), and alternative evaluation systems for the TMT also have been reported (e.g., error analysis[33],
derived TMT indices[34,35]). From our point of view, delta TMT is a good indicator of executive function. Thus, delta
WTMT might be another effective tool for detecting the cognitive profile of WMH and neuropsychological features of
subcortical vascular dementia in the future.

CONCLUSION

In the present study, older adults with WMH showed obviously poorer WTMT performance than healthy control
participants. The WTMT completion time was associated with aspects of cognitive function. Therefore, WIMT
performance represents a potential indicator for early identification of the cognitive and mobility decline induced by
WMH.

ARTICLE HIGHLIGHTS

Research background
The early detection of the white matter hyperintensities (WMH) is difficult in clinical practice, and dual task has been
confirmed as a useful tool.
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Research motivation
Trail making test (TMT), a commonly used paper-and-pencil cognitive function test, is now modified into different
versions. Walking TMT (WTMT) is a modified TMT incorporates a cognitive task and concurrent walking.

Research objectives
The aim of the current study was to assess the gait characteristics of elderly individuals with WMH using the WTMT task.

Research methods
The WTMT was conducted in a 16 m? square area (4 m x 4 m). Each participant need to walk according to the coins
randomly distributed as TMT-A and TMT-B to complete this task.

Research results
The WMH group also required significantly more time to complete the WITMT-A and WTMT-B.

Research conclusions
Older adults with WMH showed obviously poorer WTMT performance.

Research perspectives

Notably, the TMT has been modified in different ways by multiple research groups previously (e.g., WIMT, oral TMT,
driving TMT), and alternative evaluation systems for the TMT also have been reported (e.g., error analysis, derived TMT
indices). From our point of view, delta TMT is a good indicator of executive function. Thus, delta WTMT might be
another effective tool for detecting the cognitive profile of WMH and neuropsychological features of subcortical vascular
dementia in the future.

ACKNOWLEDGEMENTS
We thank Mr. Cheng-Gang Gu for technical support.

FOOTNOTES

Co-first authors: Hong-Yi Zhao and Zhi-Qiang Zhang.

Author contributions: Zhao HY and Zhang ZQ were responsible for data collection, analysis and writing of the actual manuscript; Wei
FY was responsible for study design; Huang YH and Li H were responsible for manuscript preparation.

Supported by The Wu Jieping Medical Foundation, No. 320.6750.18456.

Institutional review board statement: The study was approved by the Seventh Medical Center of PLA General Hospital ethics committee,
reference number: (2021) Ethics Review (015).

Informed consent statement: All study participants or their legal guardian provided informed written consent about personal and
medical data collection prior to study enrolment.

Conflict-of-interest statement: The authors report no conflict of interest.
Data sharing statement: Dataset available from the corresponding author at huangyonghua2017@126.com.

STROBE statement: The authors have read the STROBE Statement — checklist of items, and the manuscript was prepared and revised
according to the STROBE Statement — checklist of items.

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: Fang-Yuan Wei 0000-0001-7876-2062.

S-Editor: Fan JR
L-Editor: A
P-Editor: Yuan YY

Boienidenge  VVIP | https://www.wjgnet.com 108 January 19,2024 | Volume14 | Issuel |


mailto:huangyonghua2017@126.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-7876-2062
http://orcid.org/0000-0001-7876-2062

Zhao HY et al. A preliminary observational study

REFERENCES

1

N

6

19

20

N8}
w

24

Zhao H, Wei W, Xie H, Huang Y. Motoric Cognitive Risk Syndrome Among Chinese Older Adults with White Matter Lesions: A Cross-
Sectional Observational Study. J Alzheimers Dis 2023; 91: 925-931 [PMID: 36565113 DOI: 10.3233/JAD-220712]

Lauretani F, Longobucco Y, Ferrari Pellegrini F, De Iorio AM, Fazio C, Federici R, Gallini E, La Porta U, Ravazzoni G, Roberti MF, Salvi
M, Zucchini I, Pela G, Maggio M. Comprehensive Model for Physical and Cognitive Frailty: Current Organization and Unmet Needs. Front
Psychol 2020; 11: 569629 [PMID: 33324282 DOT: 10.3389/fpsyg.2020.569629]

Kelaiditi E, Cesari M, Canevelli M, van Kan GA, Ousset PJ, Gillette-Guyonnet S, Ritz P, Duveau F, Soto ME, Provencher V, Nourhashemi F,
Salva A, Robert P, Andrieu S, Rolland Y, Touchon J, Fitten JL, Vellas B; IANA/IAGG. Cognitive frailty: rational and definition from an
(I.LAXN.A/ILA.G.G.) international consensus group. J Nutr Health Aging 2013; 17: 726-734 [PMID: 24154642 DOI:
10.1007/s12603-013-0367-2]

Verghese J, Ayers E, Barzilai N, Bennett DA, Buchman AS, Holtzer R, Katz MJ, Lipton RB, Wang C. Motoric cognitive risk syndrome:
Multicenter incidence study. Neurology 2014; 83: 2278-2284 [PMID: 25361778 DOI: 10.1212/WNL.0000000000001084]

Jokinen H, Laakso HM, Ahlstrém M, Arola A, Lempidinen J, Pitkdnen J, Paajanen T, Sikkes SAM, Koikkalainen J, Létjonen J, Korvenoja A,
Erkinjuntti T, Melkas S. Synergistic associations of cognitive and motor impairments with functional outcome in covert cerebral small vessel
disease. Eur J Neurol 2022; 29: 158-167 [PMID: 34528346 DOI: 10.1111/ene.15108]

Rudilosso S, Rodriguez-Vazquez A, Urra X, Arboix A. The Potential Impact of Neuroimaging and Translational Research on the Clinical
Management of Lacunar Stroke. Int J Mol Sci 2022; 23 [PMID: 35163423 DOI: 10.3390/ijms23031497]

Moran C, Phan TG, Srikanth VK. Cerebral small vessel disease: a review of clinical, radiological, and histopathological phenotypes. Int J
Stroke 2012; 7: 36-46 [PMID: 22111922 DOIL: 10.1111/j.1747-4949.2011.00725 .x]

Siejka TP, Srikanth VK, Hubbard RE, Moran C, Beare R, Wood A, Phan T, Callisaya ML. Frailty and Cerebral Small Vessel Disease: A
Cross-Sectional Analysis of the Tasmanian Study of Cognition and Gait (TASCOGQG). J Gerontol A Biol Sci Med Sci 2018; 73: 255-260 [PMID:
28977392 DOI: 10.1093/gerona/glx145]

Taylor ME, Lord SR, Delbaere K, Wen W, Jiang J, Brodaty H, Kurrle SE, Stefanie Mikolaizak A, Close JCT. White matter hyperintensities
are associated with falls in older people with dementia. Brain Imaging Behav 2019; 13: 1265-1272 [PMID: 30145714 DOI:
10.1007/s11682-018-9943-8]

Del Brutto OH, Rumbea DA, Recalde BY, Mera RM. The association between white matter hyperintensities of presumed vascular origin and
disability is mediated by age: a population-based study in stroke-free older adults. Aging Clin Exp Res 2023; 35: 887-892 [PMID: 36720797
DOI: 10.1007/s40520-023-02355-5]

Ma R, Zhao H, Wei W, Liu Y, Huang Y. Gait characteristics under single-/dual-task walking conditions in elderly patients with cerebral small
vessel disease: Analysis of gait variability, gait asymmetry and bilateral coordination of gait. Gait Posture 2022; 92: 65-70 [PMID: 34826695
DOI: 10.1016/j.gaitpost.2021.11.007]

Piche E, Chorin F, Gerus P, Jaafar A, Guerin O, Zory R. Effects of age, sex, frailty and falls on cognitive and motor performance during dual-
task walking in older adults. Exp Gerontol 2023; 171: 112022 [PMID: 36371049 DOI: 10.1016/j.exger.2022.112022]

Osuka Y, Kojima N, Sakurai R, Watanabe Y, Kim H. Reliability and construct validity of a novel motor-cognitive dual-task test: A Stepping
Trail Making Test. Geriatr Gerontol Int 2020; 20: 291-296 [PMID: 32064719 DOL: 10.1111/ggi.13878]

Perrochon A, Kemoun G. The Walking Trail-Making Test is an early detection tool for mild cognitive impairment. Clin Interv Aging 2014; 9:
111-119 [PMID: 24426778 DOIL: 10.2147/CIA.S53645]

Yamada M, Ichihashi N. Predicting the probability of falls in community-dwelling elderly individuals using the trail-walking test. Environ
Health Prev Med 2010; 15: 386-391 [PMID: 21432571 DOI: 10.1007/s12199-010-0154-1]

Schott N, El-Rajab I, Klotzbier T. Cognitive-motor interference during fine and gross motor tasks in children with Developmental
Coordination Disorder (DCD). Res Dev Disabil 2016; 57: 136-148 [PMID: 27428781 DOI: 10.1016/j.ridd.2016.07.003]

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal abnormalities at 1.5 T in Alzheimer's dementia and normal aging.
AJR Am J Roentgenol 1987; 149: 351-356 [PMID: 3496763 DOI: 10.2214/ajr.149.2.351]

Blumen HM, Allali G, Beauchet O, Lipton RB, Verghese J. A Gray Matter Volume Covariance Network Associated with the Motoric
Cognitive Risk Syndrome: A Multicohort MRI Study. J Gerontol A Biol Sci Med Sci 2019; 74: 884-889 [PMID: 29985983 DOI:
10.1093/gerona/gly158]

Zhao H, Teulings HL, Xia C, Huang Y. Aged Patients With Severe Small Vessel Disease Exhibit Poor Bimanual Coordination During the
Anti-Phase Horizontal Line Drawing Task. Percept Mot Skills 2023; 130: 750-769 [PMID: 36562499 DOI: 10.1177/00315125221146230]
Clancy U, Appleton JP, Arteaga C, Doubal FN, Bath PM, Wardlaw JM. Clinical management of cerebral small vessel disease: a call for a
holistic approach. Chin Med J (Engl) 2020; 134: 127-142 [PMID: 33118960 DOI: 10.1097/CM9.0000000000001177]

Lau AYL, Ip BYM, Ko H, Lam BYK, Shi L, Ma KKY, Au LWC, Soo YOY, Leung TWH, Wong A, Mok VCT. Pandemic of the aging
society - sporadic cerebral small vessel disease. Chin Med J (Engl) 2021; 134: 143-150 [PMID: 33410627 DOI:
10.1097/CM9.0000000000001320]

Zhao H, Wei W, Do EY, Huang Y. Assessing Performance on Digital Clock Drawing Test in Aged Patients With Cerebral Small Vessel
Disease. Front Neurol 2019; 10: 1259 [PMID: 31849821 DOI: 10.3389/fneur.2019.01259]

Montero-Odasso M, Almeida QJ, Bherer L, Burhan AM, Camicioli R, Doyon J, Fraser S, Muir-Hunter S, Li KZH, Liu-Ambrose T, Mcllroy
W, Middleton L, Morais JA, Sakurai R, Speechley M, Vasudev A, Beauchet O, Hausdorff JM, Rosano C, Studenski S, Verghese J; Canadian
Gait and Cognition Network. Consensus on Shared Measures of Mobility and Cognition: From the Canadian Consortium on
Neurodegeneration in Aging (CCNA). J Gerontol A Biol Sci Med Sci 2019; 74: 897-909 [PMID: 30101279 DOI: 10.1093/gerona/gly 148]
Osuka Y, Kim H, Watanabe Y, Taniguchi Y, Kojima N, Seino S, Kawai H, Sakurai R, Inagaki H, Awata S, Shinkai S. A Stepping Trail
Making Test as an Indicator of Cognitive Impairment in Older Adults. J Clin Med 2020; 9 [PMID: 32887235 DOI: 10.3390/jcm9092835]
Osuka Y, Kim H, Watanabe Y, Taniguchi Y, Kojima N, Seino S, Kawai H, Sakurai R, Inagaki H, Awata S, Shinkai S. A combined stepping
and visual tracking task predicts cognitive decline in older adults better than gait or visual tracking tasks alone: a prospective study. Aging Clin
Exp Res 2021; 33: 1865-1873 [PMID: 32965610 DOI: 10.1007/s40520-020-01714-w]

Biesbroek JM, Weaver NA, Biessels GJ. Lesion location and cognitive impact of cerebral small vessel disease. Clin Sci (Lond) 2017; 131:
715-728 [PMID: 28385827 DOI: 10.1042/CS20160452]

Joutel A, Chabriat H. Pathogenesis of white matter changes in cerebral small vessel diseases: beyond vessel-intrinsic mechanisms. Clin Sci

Boienidenge  VVIP | https://www.wjgnet.com 109 January 19,2024 | Volume14 | Issuel


http://www.ncbi.nlm.nih.gov/pubmed/36565113
https://dx.doi.org/10.3233/JAD-220712
http://www.ncbi.nlm.nih.gov/pubmed/33324282
https://dx.doi.org/10.3389/fpsyg.2020.569629
http://www.ncbi.nlm.nih.gov/pubmed/24154642
https://dx.doi.org/10.1007/s12603-013-0367-2
http://www.ncbi.nlm.nih.gov/pubmed/25361778
https://dx.doi.org/10.1212/WNL.0000000000001084
http://www.ncbi.nlm.nih.gov/pubmed/34528346
https://dx.doi.org/10.1111/ene.15108
http://www.ncbi.nlm.nih.gov/pubmed/35163423
https://dx.doi.org/10.3390/ijms23031497
http://www.ncbi.nlm.nih.gov/pubmed/22111922
https://dx.doi.org/10.1111/j.1747-4949.2011.00725.x
http://www.ncbi.nlm.nih.gov/pubmed/28977392
https://dx.doi.org/10.1093/gerona/glx145
http://www.ncbi.nlm.nih.gov/pubmed/30145714
https://dx.doi.org/10.1007/s11682-018-9943-8
http://www.ncbi.nlm.nih.gov/pubmed/36720797
https://dx.doi.org/10.1007/s40520-023-02355-5
http://www.ncbi.nlm.nih.gov/pubmed/34826695
https://dx.doi.org/10.1016/j.gaitpost.2021.11.007
http://www.ncbi.nlm.nih.gov/pubmed/36371049
https://dx.doi.org/10.1016/j.exger.2022.112022
http://www.ncbi.nlm.nih.gov/pubmed/32064719
https://dx.doi.org/10.1111/ggi.13878
http://www.ncbi.nlm.nih.gov/pubmed/24426778
https://dx.doi.org/10.2147/CIA.S53645
http://www.ncbi.nlm.nih.gov/pubmed/21432571
https://dx.doi.org/10.1007/s12199-010-0154-1
http://www.ncbi.nlm.nih.gov/pubmed/27428781
https://dx.doi.org/10.1016/j.ridd.2016.07.003
http://www.ncbi.nlm.nih.gov/pubmed/3496763
https://dx.doi.org/10.2214/ajr.149.2.351
http://www.ncbi.nlm.nih.gov/pubmed/29985983
https://dx.doi.org/10.1093/gerona/gly158
http://www.ncbi.nlm.nih.gov/pubmed/36562499
https://dx.doi.org/10.1177/00315125221146230
http://www.ncbi.nlm.nih.gov/pubmed/33118960
https://dx.doi.org/10.1097/CM9.0000000000001177
http://www.ncbi.nlm.nih.gov/pubmed/33410627
https://dx.doi.org/10.1097/CM9.0000000000001320
http://www.ncbi.nlm.nih.gov/pubmed/31849821
https://dx.doi.org/10.3389/fneur.2019.01259
http://www.ncbi.nlm.nih.gov/pubmed/30101279
https://dx.doi.org/10.1093/gerona/gly148
http://www.ncbi.nlm.nih.gov/pubmed/32887235
https://dx.doi.org/10.3390/jcm9092835
http://www.ncbi.nlm.nih.gov/pubmed/32965610
https://dx.doi.org/10.1007/s40520-020-01714-w
http://www.ncbi.nlm.nih.gov/pubmed/28385827
https://dx.doi.org/10.1042/CS20160452

Zhao HY et al. A preliminary observational study

30

31

(Lond) 2017; 131: 635-651 [PMID: 28351960 DOI: 10.1042/CS20160380]

Alexander NB, Ashton-Miller JA, Giordani B, Guire K, Schultz AB. Age differences in timed accurate stepping with increasing cognitive and
visual demand: a walking trail making test. J Gerontol A Biol Sci Med Sci 2005; 60: 1558-1562 [PMID: 16424288 DOI:
10.1093/gerona/60.12.1558]

Guo Y. A selective review of the ability for variants of the Trail Making Test to assess cognitive impairment. Appl Neuropsychol Adult 2022;
29: 1634-1645 [PMID: 33625945 DOI: 10.1080/23279095.2021.1887870]

Tao W, Liu J, Ye C, Kwapong WR, Wang A, Wang Z, Chen S, Liu M. Relationships between cerebral small vessel diseases markers and
cognitive performance in stroke-free patients with atrial fibrillation. Front Aging Neurosci 2022; 14: 1045910 [PMID: 36688147 DOI:
10.3389/fnagi.2022.1045910]

Mrazik M, Millis S, Drane DL. The oral trail making test: effects of age and concurrent validity. Arch Clin Neuropsychol 2010; 25: 236-243
[PMID: 20197294 DOI: 10.1093/arclin/acq006]

Lee S, Lee JA, Choi H. Driving Trail Making Test part B: a variant of the TMT-B. J Phys Ther Sci 2016; 28: 148-153 [PMID: 26957747 DOLI:
10.1589/jpts.28.148]

Mahurin RK, Velligan DI, Hazleton B, Mark Davis J, Eckert S, Miller AL. Trail making test errors and executive function in schizophrenia
and depression. Clin Neuropsychol 2006; 20: 271-288 [PMID: 16690547 DOI: 10.1080/13854040590947498]

Drane DL, Yuspeh RL, Huthwaite JS, Klingler LK. Demographic characteristics and normative observations for derived-trail making test
indices. Neuropsychiatry Neuropsychol Behav Neurol 2002; 15: 39-43 [PMID: 11877550]

Hobert MA, Meyer SI, Hasmann SE, Metzger FG, Suenkel U, Eschweiler GW, Berg D, Maetzler W. Gait Is Associated with Cognitive
Flexibility: A Dual-Tasking Study in Healthy Older People. Front Aging Neurosci 2017; 9: 154 [PMID: 28596731 DOI:
10.3389/fnagi.2017.00154]

Boienidenge  VVIP | https://www.wjgnet.com 110 January 19,2024 | Volume14 | Issuel


http://www.ncbi.nlm.nih.gov/pubmed/28351960
https://dx.doi.org/10.1042/CS20160380
http://www.ncbi.nlm.nih.gov/pubmed/16424288
https://dx.doi.org/10.1093/gerona/60.12.1558
http://www.ncbi.nlm.nih.gov/pubmed/33625945
https://dx.doi.org/10.1080/23279095.2021.1887870
http://www.ncbi.nlm.nih.gov/pubmed/36688147
https://dx.doi.org/10.3389/fnagi.2022.1045910
http://www.ncbi.nlm.nih.gov/pubmed/20197294
https://dx.doi.org/10.1093/arclin/acq006
http://www.ncbi.nlm.nih.gov/pubmed/26957747
https://dx.doi.org/10.1589/jpts.28.148
http://www.ncbi.nlm.nih.gov/pubmed/16690547
https://dx.doi.org/10.1080/13854040590947498
http://www.ncbi.nlm.nih.gov/pubmed/11877550
http://www.ncbi.nlm.nih.gov/pubmed/28596731
https://dx.doi.org/10.3389/fnagi.2017.00154

/0

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5498 / wjp.v14.i1.111

World Journal of
Psychiatry

World | Psychiatry 2024 January 19; 14(1): 111-118

ISSN 2220-3206 (online)

Observational Study

ORIGINAL ARTICLE

Embracing different languages and local differences: Co-
constructive patient simulation strengthens host countries’ clinical
training in psychiatry

Safak Eray Caml, Blisra Ece Yavuz, Meliha Feyza Gok, Idil Yazgan, Yanki Yazgan, Ayelet Brand-Gothelf,
Doron Gothelf, Doron Amsalem, Andrés Martin

Specialty type: Psychiatry

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, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Alkhatib AJ, Jordan;
Wang Q, China

Received: August 31, 2023
Peer-review started: August 31,
2023

First decision: October 24, 2023
Revised: October 30, 2023
Accepted: December 22, 2023

Article in press: December 22, 2023

Published online: January 19, 2024

Boienidenge  VVIP | https://www.wjgnet.com 111

Safak Eray Camli, Biisra Ece Yavuz, Meliha Feyza Gok, Department of Child and Adolescent
Psychiatry, Bursa Uludag University Faculty of Medicine, Bursa 16059 Turkey

Idil Yazgan, Yale University School of Medicine, New Haven, CT 06510, United States
Yanki Yazgan, Giizel Giinler Clinic, Besiktas/Istanbul 34335 Turkey

Yanki Yazgan, Andrés Martin, Child Study Center, Yale School of Medicine, New Haven, CT
06520, United States

Ayelet Brand-Gothelf, The Feinberg Child Study Center, Schneider Children's Medical Center of
Israel, Tel Aviv University, Petach Tikvah 4920235, Israel

Doron Gothelf, The Child Psychiatry Division, Edmond and Lily Safra Children’s Hospital,
Sheba Medical Center, Tel Hashomer, Ramat Gan 52561, Israel

Doron Gothelf, Faculty of Medicine and Sagol School of Neuroscience, Tel Aviv University,
Tel Aviv 6997801, Israel

Doron Amsalem, Department of Psychiatry, Columbia University Vagelos College of Physicians
and Surgeons, New York, NY 10032, United States

Corresponding author: Andrés Martin, MD, PhD, Professor, Child Study Center, Yale School of
Medicine, 230 South Frontage Road, New Haven, CT 06520, United States.
andres.martin@yale.edu

Abstract

BACKGROUND

Global education in psychiatry is heavily influenced by knowledge from Western,
high-income countries, which obscures local voices and expertise.

AIM

To adapt a human simulation model to psychiatric education in a context that is
specific to local languages and cultures.

METHODS
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We conducted an observational study consisting of six human simulation sessions with standardized patients from
two host countries, speaking their native languages, and following an adaptation of the co-constructive patient
simulation (CCPS) model. As local faculty became increasingly familiar with the CCPS approach, they took on the
role of facilitators —in their country’s native language.

RESULTS

Fifty-three learners participated: 19 child and adolescent psychiatry trainees and 3 faculty members in Ttirkiye (as a
group that met online during 3 consecutive months); and 24 trainees and 7 faculty in Israel (divided into 3 groups,
in parallel in-person sessions during a single training day). Each of the six cases reflected local realities and clinical
challenges, and was associated with specific learning goals identified by each case-writing trainee.

CONCLUSION

Human simulation has not been fully incorporated into psychiatric education: The creation of immersive clinical
experiences and the strengthening of reflective practice are two areas ripe for development. Our adaptations of
CCPS can also strengthen local and regional networks and psychiatric communities of practice. Finally, the model
can help question and press against hegemonies in psychiatric training that overshadow local expertise.

Key Words: Human simulation; Standardized patients; Medical education; Psychiatric education; Capacity building; Local
languages

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

Core Tip: The co-constructive patient simulation (CCPS) model harnesses human simulation as a novel way of psychiatric
education and training that is immersive, experiential, and uniquely tailored to (and by) its intended learners. For a globally
under-resourced field like psychiatry, developing and strengthening vibrant communities of practice can have enduring and
long-lasting returns, including in workforce recruitment and retention. The adaptations of CCPS that we describe, through
their train-the-trainer components, have the potential to sustain and even replicate themselves; they can become vehicles of
local capacity building.

Citation: Camli SE, Yavuz BE, Gok MF, Yazgan I, Yazgan Y, Brand-Gothelf A, Gothelf D, Amsalem D, Martin A. Embracing
different languages and local differences: Co-constructive patient simulation strengthens host countries’ clinical training in psychiatry.
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URL: https://www.wjgnet.com/2220-3206/full/v14/i1/111.htm
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INTRODUCTION

Psychiatric education worldwide is heavily —often exclusively —influenced by the prevailing paradigms of Western,
high-income countries. As a result, local voices and expertise are often obscured or ignored altogether. The discrepancy
between local and “expert” knowledge can be particularly jarring around the granularities of clinical care embedded in
the specificities of place and language[1]. For example, the norm is for books, scholarly articles, and training manuals to
be translated into local languages, with only a minority of countries having a robust native language literature of its own.
In an age of artificial intelligence and powerful software such as DeepL, Google Translate, and Chat GPT, translation into
local languages is easier than could have been imagined just a decade ago-arguably too easy, in that it may have stifled
the development of local resources. Moreover, the ubiquity of the Internet has made access to up-to-date literature easily
available to global users.

Despite these remarkable advances, challenges and limitations remain. For one, translation, no matter how precise,
does not necessarily imply relevance or applicability to local realities. For another, theoretical knowledge is hard to apply
at a practical, clinical, "on the ground" level. Making scientific knowledge clinically applicable, moving it from
development into practice (the T3 transformation)[2] is challenging enough within languages and countries; translation,
cultural adaptation, and geographic distance all add significant layers of complexity.

We have taken on these challenges by harnessing two innovations: First, we have used simulation using standardized
patients (alternatively named simulated participants, hereafter SPs). We have used SPs from host countries, speaking
their native languages, and following an adaptation of a high-fidelity simulation model we recently developed, co-
constructive patient simulation (CCPS)[3]. Second, we used synchronized videoconferencing with Zoom to describe the
model to our partners, to prepare the initial sessions together, and at one site, to conduct the experiential sessions
virtually. Local capacity building was our ultimate goal in sharing the model[4]: For each of the sites to be able to
continue using the adapted model of learning and supervision without further external help. In brief, to use local
knowledge, local realities and language, and the texture of their unique expertise, to improve on their reflective clinical
practice, and to help train their next generation of mental health practitioners.
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We go on to describe our application of the CCPS model as conducted in the native language of two Middle Eastern
countries (Turkish and Hebrew, respectively, for Tiirkiye and Israel). Our goals were to: (1) Prove the feasibility of
conducting the model overseas and in a native language; (2) Use the model flexibly, during either consecutive months or
on a single day; and (3) Explore barriers and opportunities for the replication and self-sustainability of the approach.

MATERIALS AND METHODS

Participants, settings, planning, and sessions
We conducted six CCPS sessions between January and June 2023.

Three sessions took place online in Tiirkiye, separated six weeks from each other. For those sessions, we worked in
collaboration with the training director of child and adolescent psychiatry (CAP) at Bursa University. All first and second
year fellows and faculty members actively involved in training were invited to participate.

In the case of Israel, we conducted three sessions simultaneously, in parallel groups, each with a different case,
facilitator, and scriptwriter. The three sessions were part of a training retreat held on June 19, 2023 at the Eitanim
psychiatric hospital for children and adolescents, in Jerusalem. The retreat was sponsored by the Israel Psychiatric
Society, which convened and supported the attendance of all trainees in CAP from throughout the country.

Each of the six sessions was planned well in advance, typically two to four weeks ahead of time. To that end, each of
the volunteer learners (hereafter scriptwriters) was provided with background literature[3,5,6] and sample scripts. They
were encouraged to think back to a case (or cases) that had proven emotionally challenging, frustrating, or taxing in some
way. In fostering their writing, we encouraged scriptwriters with a gentle editing hand to identify something that was
personally meaningful, and to generally steer away from technical aspects such as diagnostic or treatment details. Once
they created a first draft, we regrouped together with the scriptwriter and their designated SP (scriptwriters knew in
advance the gender, age, and basic demographic characteristics of their SP). As local faculty became familiar and
increasingly comfortable with the CCPS model, they went to take on the role of facilitators —in their native language.
Case writing included a role-play with the scriptwriter standing in the "hot seat" in order to try out the emotional
legitimacy of the case, and to adapt as needed until reaching its verisimilitude.

On the day of the session, participants knew nothing about the case, except for a brief "door note," which set the stage
for the encounter. Two participants interviewed the SP-in-role, each for 20 min, and transitioning without interruption
between one another. They did not re-introduce themselves at the transition point: Both doctors in Tiirkiye were "Dr.
Korkmaz”, and both in Israel were "Dr. Cohen”, just as in the United States they are a generic "Dr. Jones”. The point is to
make the action seamless and continuous, and for the interviewers to scaffold clinically on each other. Following the
session, the entire group debriefed for an hour, following best practices in healthcare[7-9].

Adaptations to the CCPS model

We applied CCPS adhering to our original description of the model and in keeping with our experience during its first
three years of implementation, representing over twenty unique sessions. Still, in order to conduct the experience across
distance, language, and cultural differences, we had to make several adjustments. In Table 1 we summarize highlights of
the adaptations we found necessary to make.

Theoretical framework

We conducted the two CCPS series in the context of Design-Based Research (DBR), an approach that seeks to bridge the
gap between practice and research, and in which real-life settings (or clinical interactions) take place[10]. It can tackle
clinical problems and advance theoretical knowledge; critically, it is intended to “unleash the power of reflection[11].
Three of DBR’s key components[12] are particularly well aligned with those of CCPS and of reflective functioning: (1)
Culture: Building collaborations in a psychologically supportive setting; (2) Connecting contexts: Making participants
understand each other's worldviews and activities; and (3) Making the implicit explicit: Having supervisors as fellow
participants (of note, CCPS emphasizes the non-hierarchical relationship between trainees and supervisors).

Ethics approval

This study was approved by the Yale University Institutional Review Board (Protocol # 2000026241). All actors were 18
years or older and compensated for their performance. In three cases, young adult actors were able to realistically “pass”
for adolescents 15-17 years of age.

RESULTS

Fifty-three learners participated: 19 CAP trainees and 3 faculty members in Tiirkiye (as a single group); 24 trainees and 7
faculty in Israel (divided into 3 groups). The same local facilitator participated in the three Turkish sessions; after
planning the first one in English, she was comfortable planning the next two in Turkish; all three sessions and debriefings
took place in Turkish. In the case of Israel, two facilitators planned their sessions and conducted their simulations in
Hebrew. The third facilitator planned and conducted the session in English. Given that the three sessions in Hebrew took
place simultaneously, we allocated an extra half hour for a rapporteur from each of the three groups to share their case
and debriefing highlights with their peers; that final debriefing spanned both Hebrew and English, depending on
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Table 1 Adapting co-constructive patient simulation to a native language and local setting

Components Possible adaptations

Actors/standardized patients/SPs Hire actors through local drama schools or theater programs when no SP programs are available

Adjust compensation to local market fees (averaging in the US approximately $ 25 per hour per actor, 4-h
minimum)

Consider alternatives to professional actors, e.g., non-professional actors, other mental health professionals who are
not part of the same peer group

Delivery via synchronized videocon- Chat feature in Zoom can be useful for a bilingual native speaker to translate key points to any outside guests,
ferencing particularly during early stages of CCPS development

Geographic distance can result in wide time zone variance, an added logistic challenge during early planning
stages

Consider that some international and non-academic Zoom accounts can limit session time or number of
participants

Facilitation Transition of leadership as sessions progress: From an outside “guest” to a local “host” facilitator

SPs: Simulated participants; CCPS: Co-constructive patient simulation.

participants’ preference and comfort.

In Table 2 we summarize the six cases, including each clinical scenario, their associated learning objectives, and salient
statements made by their participants.

Developed independently of each other —within and between countries —the scripted scenarios evinced notable simi-
larities. For example, comparable clinical challenges faced by trainees included the conveying of difficult news, such as an
unanticipated diagnoses, or the forestalling of an inpatient discharge; the complexities of being a mandated reporter in
the context of interfamilial sexual abuse and an active police investigation; or survivor guilt, whether in the setting of a
natural disaster or of the unexpected recent death of a spouse. Alternatively, the local specificities of certain cases made
them uniquely culture- or setting-bound. For example, in one of the Turkish cases, much of the background familial
tension revolved around the competition between two siblings attending a Quran memorialization school; in one of the
Israeli cases, a teenager's inability to leave the hospital for a visit home for the Sabbath set many of the cases’ challenges in
motion. The specifics of time were also relevant, most notably in one of the Turkish cases: Its script had been nearly
finalized by February 6, 2023, the date of a devastating 7.8-magnitude earthquake that affected Southeastern Tiirkiye. In
the weeks that followed, as the participants and the entire country responded and adapted to the calamity, the script was
adjusted as well: Incorporating relevant daily realities, such as the massive loss of life, the influx of refugees, and the lack
of sufficient material and human resources to address the population’s needs and mitigate the trauma.

DISCUSSION

In this study we replicated and expanded the use of a new approach to human simulation in a CAP training context.
Specifically, we changed the CCPS model from its original use at a single site into one encompassing various locations (
e.g., Bursa, Istanbul, and New Haven for the Turkish series); from the exclusive use of English into two local languages
(Turkish and Hebrew); from reliance on in-person meetings to using synchronized videoconferencing; and from
consecutive sessions over months to several sessions running in parallel at the same time and place (in the Israeli series).
Notwithstanding these logistic differences from the model as originally described, most of the educational benefits
carried over from the original to the adapted versions. Moreover, the adapted versions had unique educational benefits,
mostly around upending and challenging traditional modes of post-graduate medical education.

We go on to describe the benefits and pedagogic innovations that ensued from these six, locally adapted, language-
specific CCPS sessions.

Creation, immersion, reflection: Simulation in psychiatric education. The CCPS model harnesses human simulation as a
novel way of psychiatric education and training that is immersive, experiential, and uniquely tailored to (and by) its
intended learners. Insofar as its participants are at once its developers and its target beneficiaries, the model can be
considered a form of participatory action research (PAR)[13-15].

Human simulation has had a limited, but far from trivial role in psychiatric education and training[16,17]. However, in
most instances it is used to depict certain types of psychopathology or clinical interactions, and used on an ad hoc basis
rather than as a standing curricular component associated with specific competencies. We are not aware of other in-
stances in which learners take an active role in crafting their cases and learning objectives. Another feature that sets CCPS
apart is its emphasis on structured debriefing, with the explicit goal of enhancing and refining reflective practice.
Specifically, the model follows the tenets set forth by Donald Schon in The Reflective Practitioner[18], adapting them to the
psychiatric context: Reflection in action (“while doing”); on action (“having done”); and for action (“toward doing”).
Stated alternatively, learners —like all session participants —exercise self-awareness by hovering between their own
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Table 2 Application of co-constructive patient simulation in two Middle Eastern countries

Country Session Clinical scenario Salient quote(s) Learning objective(s)
Turkiye 1 A 17-year-old young woman overdoses “We love you, but not more  Navigate divergent religious world views in the context
(online) after being denied access to her phone than God. So, if you oppose  of their impact on a family member’s acute psychiatric
when her deeply religious parents find out our faith, we understand if ~ emergency
she has been having unsupervised contact you decide to end your life”
with boys her age
2 A 15-year-old adolescent girl is met with ~ “She said, “his hand might (1) Lead patient to understand that as a clinician you
disbelief and anger by her mother when have accidentally touched need to contact the authorities (today, as she is still at
confiding details of long-standing sexual ~ [my] body,” and so I might  active risk), and to do so in as collaborative a fashion as
abuse by her brother, the family’s have misunderstood his love possible with her mother; and (2) Ensure the patient’s
breadwinner and “man of the house” for me. Besides, as far as she safety and notify the authorities, while not alienating
knows, ‘he has a girlfriend  the child and her family in the process
already and so he wouldn't
need me’”
3 A 16-year-old gender fluid adolescent “My grandma kept saying (1) Appreciate challenges affecting non-binary youth
struggles with suicidality in the context of  that the earthquake developing in culturally conservative settings; and (2)
rejection by peers and non-acceptance by =~ happened because of rebels  Explore the roots and psychological function of
their family. As a major earthquake affects and godless people like me,  pathological and survivor guilt
the country and their immediate family, that wherever there are
they blame themselves for the natural degenerates, bad things like
disaster this happen”
Israel (in 1 The mother of a hospitalized adolescentis  “We gave you our perfect On being unable to tell the “whole story,” balance the
person) confronted with the news that, for reasons ~ daughter and now you have competing demands of sharing limited information
unknown, her weekend pass and broken her completely. As if with providing sufficient support and not sacrificing
forthcoming discharge are being put on cutting herself was not bad  the therapeutic alliance along the way
hold. Unbeknownst to the mother is her enough, she won’t even
daughter’s revelation of having been come home to us for Shabbat
recently assaulted sexually at home, by her (the Sabbath)”
brother. As the police investigation
proceeds, the physician is forbidden from
sharing information with the family
2 A young widow is informed that her 4- “At such a young age, his (1) Convey a realistic sense of hope, optimism, and a
year-old son has autism. Although she had father’s death was a tragedy. path forward in the face of challenging information; (2)
long suspected something was amiss given This news feels like another ~ Disentangle losses, and disambiguate permanent, from
differences from her normally developing tragedy, a compounded addressable losses (death, from a chronic diagnosis);
older child, this is the first time she is catastrophe” and (3) Start mourning the loss of the
informed of her “worst fear” expected/idealized /anticipated child in order to permit
accepting and loving the realities of the actual child
3 A young father is informed that his 15-old- “Is this my doing? Bipolar (1) Consider spontaneous vs more structured ways (e.g.,

son’s loud ways, provocative comments,
lack of sleep, and concerning behaviors
landing him in increasing troubles with
family, school, and now the legal system,
are neither due to his extroverted
personality or possible use of drugs.
Rather, the doctor is now certain of a
diagnosis of bipolar disorder and is
recommending treatment with mood
stabilizers

disorder runs in my family.”

“He was always the liveliest,
literally the life of the party.
How did I not see this
coming, this liveliness
having a dark side?”

“He is now doomed to take
medicines forever, isn’t he?”

SPIKES?) of sharing difficult news; and (2) Address
uncertainty about lifelong questions and prognosis;
provide hopefulness without trivializing unknowns or
dismissing concerns

thoughts, feelings, and actions and those of their interlocutors, refining their interactions in real time, and when
confronted with a similar clinical situation in the future.

Geolocation: Strengthening local and regional networks: By design, we approached the two CCPS applications in
different ways, each exemplifying variations of similar goals. In the case of Tiirkiye, our aim was to strengthen a local
training program (in Bursa) and to link it to regional resources and expertise (in Istanbul). For its initial iteration it was
conducted through videoconferencing, though in moving forward it could be delivered in person or through hybrid
approaches as well, whether in Tiirkiye or any other location. By contrast, the Israel approach took advantage of the very
specific availability of a resident training day. Such single-day opportunities can be well-suited to disseminate new
information or clinical skills through this novel training approach —one that comes closer to the day-to-day granularity of
practitioners in general, and of trainees in particular. Alternatively, to a date set aside for training, with all the attendant
logistic challenges, a CCPS sample session(s) can be embedded into local or regional society meetings.

Despite their differences in timing and delivery, both approaches have as a common goal the strengthening of CAP
professional networks, whether at the hyperlocal (e.g., single site), local (e.., citywide), national, or regional levels. We
originally designed CCPS as a way to develop and strengthen not just individual clinical skills, but communities of
practice (CoP) as well[19-21]. As such, the goal of CCPS is just as much to gain hands-on reflective practice, as it is to
foster the development of a group of like-minded learners supporting one another, developing and growing profes-
sionally together, and becoming comfortable in sharing with one another their vulnerabilities as much as their strengths.
For an under-resourced field like CAP, developing and strengthening vibrant CoPs can have enduring and long-lasting
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returns. The models that we describe, through their train-the-trainer components, have the potential to sustain and even
replicate themselves; they could become vehicles of local capacity building. Longer term replication is needed to
determine the feasibility of these optimistic projections.

Celebrating differences: Questioning hegemonies in psychiatric training: We conceptualize these two applications of
the CCPS model as a way to welcome, celebrate, foster, and learn from local realities and innovations in clinical practice.
By resisting, or at the very least by questioning, an over-reliance on models of psychopathology, diagnostic paradigms,
and treatment interventions developed by high-income countries in the West, learners can proudly lean into the hetero-
geneity of their own practices. In this way, participants can value and stand to gain by learning from their (near-) ex-
perience rather than by mostly relying on (distant-) expertise. Fostering partnerships based on equity and mutual benefit,
such as those exemplified by CCPS, can support local capacity-building, and promote culturally sensitive care in CAP.

Our experience with CCPS in two very different international settings can be viewed through the lens of anti-neocolo-
nialism in medical education[22-26]. Clinicians are often subject to curricular and knowledge biases, ones in which goals
and curricula are solely designed based on Western standards and perspectives, often neglecting local context and
healthcare needs of specific regions or countries. Such biased approaches can marginalize local medical knowledge and
practices, reinforcing the dominance of Western medical models. CCPS is not intended to invite “either or” but rather
“both and” thinking: It seeks to become a pedagogic vehicle to welcome and foster local innovations in clinical practice,
benefit from hard-earned and important sources of information, while at the same time resisting neocolonial approaches
that privilege over-reliance on hegemonic models of education.

Limitations

We recognize four main limitations to this work. First, our colleagues lived and practiced in high- and middle-upper-
income countries (Israel and Tiirkiye, respectively). Important inroads as these partnerships represent, we also consider
them as proofs-of-principle that can pave the way for work with low-resource and high-demand areas, particularly in the
Global South, where most of the world’s children live. Adaptations of the CCPS model is such locations could benefit
from welcoming a wide array of child-facing professional and lay participants. Second, we have no follow up data on the
self-sustainability, replicability, or longer-term adoption of the CCPS model. Similarly, we have no outcome data from
individual participants” experiences; qualitative methods may prove useful in addressing this limitation in future studies.
Third, the number of sessions was small toward the goal of strengthening a CoP. For example, in our previous ex-
perience, the same group of participants attended six sessions in as many months —compared to three sessions in the case
of Ttirkiye and only one in that of Israel. Despite this difference, our anecdotal experience from informal “exit interviews”
in this and previous studies[27] is that even a single session of CCPS was able to provide something pedagogically unique
and clinically helpful. Finally, cost is a potential limitation. Even as professional actors can be relatively costly, the major
expense to consider with CCPS are time and opportunity costs, e.g., what responsibilities will trainees need to forego, or
who will cover for relevant clinical services.

CONCLUSION

Despite these and other shortcomings we demonstrated the feasibility of adapting the CCPS model in two different
countries and languages, and to use the model flexibly, whether during consecutive months or on a single day, in person
or via videoconferencing. Next steps include the replication of the model in these and/or other sites; we are currently
exploring the adaptation of the CCPS model into international partnerships and global partnerships.

ARTICLE HIGHLIGHTS

Research background
Human simulation has a long tradition in medical education, but has made limited inroads in psychiatric education,
particularly as pertaining to child and adolescent clinical scenarios.

Research motivation
We sought to expand human simulation applications in child psychiatry. Specifically, we explored the adaptation of
simulation in two international settings by embracing different languages and local differences.

Research objectives

We examined: (1) The replicability of a simulation model into international settings; (2) The ability to develop a train-the-
trainer approach toward local capacity building in child and adolescent psychiatry (CAP) simulation; and (3) The
feasibility of conducting sessions using synchronized videoconferencing.

Research methods

We conducted six human simulation sessions with standardized patients from two host countries, using their native
languages (Turkish and Hebrew), and adapting the co-constructive patient simulation (CCPS) model. As local
participants became increasingly familiar with the CCPS approach, they took on the role of facilitator —in the country’s
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native language. We conceptualize these two applications of the CCPS model as a way to welcome, celebrate, foster, and
learn from local realities and innovations in clinical practice.

Research results

Fifty-three learners participated: 19 in Tiirkiye and 24 in Israel. Through the CCPS model we were able to harness human
simulation as a novel way of psychiatric education and training that is immersive, experiential, and uniquely tailored to
(and by) its intended learners. We were able to approach the two CCPS applications in different ways, each exemplifying
regional variations of similar goals.

Research conclusions

Our approach describes a pedagogic vehicle to welcome and foster local innovations in clinical practice, benefit from
hard-earned and important sources of local and regional expertise, while at the same time resisting neocolonial
approaches that privilege over-reliance on hegemonic models of education.

Research perspectives

Human simulation is a powerful pedagogic approach to improve reflective practice and enhance clinical care. It provides
a safe and risk-free environment in which to practice and refine skills. By involving learners in the creation of learning
goals and associated scenarios, the CCPS approach is particularly relevant to psychiatry in general, and to CAP in
particular.
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Abstract

BACKGROUND

Postpartum depression (PPD) not only affects the psychological and physiological
aspects of maternal health but can also affect neonatal growth and development.
Partners who are in close contact with parturient women play a key role in
communication and emotional support. This study explores the PPD support
relationship with partners and its influencing factors, which is believed to
establish psychological well-being and improve maternal partner support.

AIM
To explore the correlation between PPD and partner support during breastfeeding
and its influencing factors.

METHODS

Convenience sampling was used to select lactating women (200 women) who
underwent postpartum examinations at the Huzhou Maternity and Child Health
Care Hospital from July 2022 to December 2022. A cross-sectional survey was
conducted on the basic information (general information questionnaire),
depression level [edinburgh postnatal depression scale (EPDS)], and partner
support score [dyadic coping inventory (DCI)] of the selected subjects. Pearson’s
correlation analysis was used to analyze the correlation between PPD and DCI in
lactating women. Factors affecting PPD levels during lactation were analyzed
using multiple linear regression.

RESULTS

The total average score of EPDS in 200 lactating women was (9.52 £ 1.53), and the
total average score of DCI was (115.78 + 14.90). Dividing the EPDS, the dimension
scores were: emotional loss (1.91 + 0.52), anxiety (3.84 + 1.05), and depression (3.76
* 0.96). Each dimension of the DCI was subdivided into: Pressure communication
(26.79+6.71), mutual support (39.76 £ 9.63), negative support (24.97 * 6.68), agent
support (6.87 + 1.92), and joint support (17.39 + 4.19). Pearson’s correlation
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analysis demonstrated that the total mean score and individual dimension scores of EPDS during breastfeeding
were inversely correlated with the total score of partner support, stress communication, mutual support, and co-
support (P < 0.05). The total mean score of the EPDS and its dimensions were positively correlated with negative
support (P < 0.05). Multiple linear regression analysis showed that the main factors affecting PPD during breast-
feeding were marital harmony, newborn health, stress communication, mutual support, negative support, co-
support, and the total score of partner support (P < 0.05).

CONCLUSION
PPD during breastfeeding was associated with marital harmony, newborn health, stress communication, mutual
support, negative support, joint support, and the total DCI score.

Key Words: Lactation period; Puerpera; Postpartum depression; Partner support; Correlation

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

Core Tip: Lactating women face both physical and psychological pressures and are prone to postpartum depression (PPD),
bipolar disorder, and other mental disorders. The partner is a close contact for the mother during this time, and their
communication with the mother or behavioral decisions are crucial. Through this study, we found that during breastfeeding,
mothers’ PPD, degree of marital harmony, newborn health situation, and partner support were associated.

Citation: Ruan JM, Wu LJ. Postpartum depression and partner support during the period of lactation: Correlation research and its
influencing factors. World J Psychiatry 2024; 14(1): 119-127

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/119.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.i1.119

INTRODUCTION

Given the implementation of China’s three-child policy, women's mental health status is of great significance to family
and social development. Postpartum depression (PPD) is a common non-psychotic depression in women that persists for
a certain period after childbirth. Studies have reported that the incidence of PPD in China is approximately 10.9%-18.6%
[1,2]. In addition, there is evidence that PPD may impair infant development, increase children's distraction and antisocial
or neurotic behaviors, and affect their cognition and play choices[3]. Moreover, by comparing the incidence of depression
in women at 35-60 d and 18-30 mo postpartum, it was found that PPD continues to affect women's mental health[4]. As a
unique physiological period for women, lactation is accompanied by changes in personal factors, such as role conversion,
irregular work and rest, decreased resistance, and abnormal hormone secretion. In addition, there may be negative
external factors such as a shift in the family’s attention, preference for the baby’s gender, a lack of understanding, and
disrespect caused by differences in the perceptions of relatives and elders. Therefore, breastfeeding women are faced with
both physical and psychological pressures and are prone to PPD, bipolar disorder, and other mental diseases[5,6]. For
lactating women who lack the daily attention of relatives and friends as well as normal social interactions, the need for
care from relatives and friends as well as social support, social trust, and partner support is critical.

As a close contact of lactating women, the partner's communication with the women and their behavioral decisions are
crucial. Supportive coping is an effective way for partners to relieve individual stress through a series of measures, such
as providing emotional support or helping solve problems after receiving specific stress signals[7]. Good partner support
can not only help postpartum women physically but also provide psychological support, help them gain positive strength
and a sense of hope about PPD, and prevent the deterioration of the marriage[8,9]. Currently, there are few studies on the
factors influencing PPD among breastfeeding mothers in China, and the correlation between PPD and dyadic coping
inventory (DCI) remains unclear. This study analyzed the correlation between PPD and DCI in women during lactation
and explored the influencing factors to provide evidence for improving the mental health status of postpartum women.

MATERIALS AND METHODS
Object

Convenience sampling was used to select lactating women (200 women) who underwent postpartum examinations at the
Huzhou Maternity and Child Health Care Hospital from July 2022 to December 2022. The inclusion criteria were as
follows: Women who were: (1) Lactating; (2) between 18 and 40 years of age; (3) in a legal marriage or de facto marriage;
and (4) willing to voluntarily participate in the investigation. The exclusion criteria were as follows: (1) Serious physical
disease or disability, (2) accompanied by malignant tumors and mental abnormalities, and (3) dyslexia.
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Methods

The relevant questionnaires were completed under the guidance of professional investigators trained in the hospital, who
explained the purpose and significance of the study to the postpartum women and their families and informed them of
the matters that needed attention. The questionnaire could only be issued with the consent of the postpartum woman and
her family. The questionnaire was completed after on-site verification and retrieval.

Survey tool

(1) General information questionnaire: This included age, education level, planned pregnancy, parity, prenatal sleep,
marital harmony, newborn health status, and mode of delivery; (2) The edinburgh postnatal depression scale (EPDS):
This scale was developed by Cox et al[10] and translated into Chinese by Lee et al[11] at the Chinese University of Hong
Kong. The scale includes three independent structural subscales (10 items in total): The affective deficit, anxiety, and
depression subscales. Each item was scored on a scale of 0-3 points, with a total score of 0-30, which was proportional to
depression; (3) DCI: The DCI compiled by Randall and Bodenmann[12] was used in this study. The questionnaire has five
dimensions (35 items in total): Stress communication, negative coping, agent coping, mutual support, and joint support.
All entries are self-assessed on a scale of 1-5, and the total score ranging from 35-175 for negative support responses is
reversed. The score was proportional to partner-supportive coping.

Statistical analysis

The Chinese version of the Epi Data 3.1 was used for two-person input of the scale data. SPSS Statistics for Windows,
version 26.0 (Armonk: NY, IBM Corp), was used to analyze the project data. Counting variables are expressed as [ (%)]
and compared using the y? test. Continuous variables are reported as mean + SD. Comparisons were performed using the
t-test or one-way analysis of variance (ANOVA). This study employed multiple regression analysis to explore the factors
influencing lactating women’s PPD score; inspection level o = 0.05. Statistical significance was set at P < 0.05, on behalf of
the difference was statistically significant.

RESULTS

Single factor analysis of EPDS scores of women during lactation and EPDS scores of women with different

characteristics

The total score of EPDS in 200 lactating women was (9.52 £ 1.53). Dividing the EPDS for all dimensions resulted in the
following scores for emotional loss (1.91 + 0.52), anxiety (3.84 + 1.05), and depression (3.76 + 0.96). The results are
presented in Table 1. There were significant differences in PPD scores among those with different marital harmony and
newborn health conditions (P < 0.05). The results are presented in Table 2.

Maternal DCI score

The average DCI score of 200 lactating women was (115.78 £ 14.90). Each dimension of the DCI was separated into
pressure communication (26.79 + 6.71), mutual support (39.76 * 9.63), negative support (24.97 + 6.68), agent support (6.87
*1.92), and joint support (17.39 + 4.19) scores. The results are presented in Table 3.

Correlation analysis of PPD and DCI during lactation

Pearson’s correlation analysis showed that the total average score of the EPDS and its dimensions during lactation were
inversely proportional to the total scores of partner support, stress communication, mutual support, and common
support of lactating women (P < 0.05). The total average score and each dimension of the EPDS were positively correlated
with negative support (P < 0.05). The results are presented in Table 4. Among them, the relationship between the EPDS
total mean score and each dimension and the total DCI mean score is shown in Figure 1.

Stepwise regression analysis of different characteristics and DCI on PPD during lactation

Multivariate linear regression analysis was undertaken with the total mean score of PPD as the dependent variable, and
the characteristics of puerpera and each dimension and the total score of the DCI as the independent variables (Table 5).
The selected variable a = 0.05, and the excluded variable a = 0.10 were used for multiple linear regression analysis, the
results showed that the main factors affecting PPD in lactating women were marital harmony, newborn health, pressure
communication, mutual support, negative support, common support, and the total average score of the DCI (P < 0.05).
The results are presented in Table 6.

DISCUSSION

PPD refers to mothers with no previous history of mental disorders showing symptoms of depression, postpartum within
six weeks of the first onset; depression, boredom, crying and emotional irritability are the main characteristics of PPD.
Severe cases may manifest as hallucinations and even self-harm, harming the baby, and other violent episodes[13]. PPD is
a common abnormal psychological behavior in gynecology that seriously endangers the physical and mental health of
pregnant women and affects the growth and development of infants. The incidence of PPD is slightly different between
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Table 1 Edinburgh postnatal depression scale scores during lactation

Item

Dimension score (points)

Lack of emotion
Anxiety
Depression

Total EPDS mean score

1.91 £0.52

3.84 £1.05

3.76 £ 0.96

9.52 £1.53

EPDS: Edinburgh postnatal depression scale.

Table 2 Univariate analysis of edinburgh postnatal depression scale scores of parturients with different characteristics

Item Number of cases EPDS (scores) tIF value P value
Age (yr) -1.904 0.058
<30 95 9.31+1.36

>30 105 9.71 £1.65

Education level (yr) 0.246 0.864
Junior high school and below 41 9.63 +1.55

Secondary school or high school 72 9.51+1.51

Junior college 62 9.40+1.73

Bachelor’s degree or above 25 9.64 +1.53

Plan a pregnancy -1.170 0.243
Yes 129 9.43 £1.55

No 71 9.69 +1.49

Number of births

Primary birth 118 9.38 +1.52 -1.450 0.149
Multiparous 82 9.71+1.53

Prenatal sleep status 1.030 0.380
Good 84 9.57 £1.63

General 48 9.21 +1.50

Occasional insomnia 46 9.61 £1.18

Frequent insomnia 22 9.82£1.79

Marriage harmony situation -4.804 <0.001
Harmonious 126 9.14 £1.35

Disharmonious 74 10.16 £ 1.59

Mode of delivery 1.759 0.080
Natural childbirth 110 9.69 £1.49

Cesarean section 90 9.31 £1.56

Neonatal health -10.051 <0.001
Healthy 137 8.92+1.25

Unhealthy 63 10.83 +1.24

EPDS: Edinburgh postnatal depression scale.
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Table 3 Dyadic coping inventory scores during lactation

Item Dimension score (points)
Stress communication 26.79 £6.71

Mutual support 39.76 £ 9.63

Negative support 24.97 + 6.68

Agent support 6.87 £1.92

Joint support 17.39+4.19

DCI total average 115.78 £ 14.90

DCI: Dyadic coping inventory.

Table 4 Correlation between edinburgh postnatal depression scale and dyadic coping inventory during lactation

Dimensions Lack of emotion Anxiety Depression Total EPDS mean score
Stress communication -0.150" -0.252° -0.163" -0.327¢

Mutual support -0.282° -0.165" -0.185" -0.326°

Negative support 0.178" 0.157¢ 0.205" 0.298°

Agent support -0.087 0.117 0.046 0.080

Joint support -0.238" -0.158" -0.301° -0.357°

DCI total average -0.248° -0.172% -0.167° -0.308°

2P <0.05.

°P < 0.001.

°P < 0.0001.

EPDS: Edinburgh postnatal depression scale; DCI: Dyadic coping inventory.

Table 5 Variable assignment

Item Assignment mode

Age <30yr=0,>30yr=1

Education level Junior high school and below = 0, secondary school or high school = 1, junior college = 2, Bachelor’s degree or above =3
Plan a pregnancy Yes=0,no=1

Number of births Primary birth = 0, produce = 1

Prenatal sleep status Good =0, general = 1, occasional insomnia = 2, frequent insomnia = 3

Marriage harmony situation Harmonious = 0, disharmonious =1

Mode of delivery Natural childbirth = 0, cesarean section = 1
Neonatal health Healthy = 0, unhealthy =1

Stress communication -

Mutual support -

Negative support -

Agent support -

Joint support -

DCI total average -

DCI: Dyadic coping inventory.
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Table 6 Multiple stepwise regression analysis of postpartum depression during lactation by different characteristics and dyadic coping

inventory.
Independent variable Partial regression coefficient Standard regression coefficient t P value
Marital harmony 0.903 0.190 4.765 <0.001
Newborn health 1.069 0.194 5.524 <0.001
Stress communication -0.129 0.032 -4.074 <0.001
Mutual support -0.099 0.029 -3.389 0.001
Negative support -0.061 0.030 -2.015 0.045
Joint support -0.143 0.033 -4.361 <0.001
DCI total average 0.085 0.029 4.765 0.004
R = 0.744, R? = 0.553, after the adjustment R? = 0.537, F = 33.957, P < 0.001. DCL: Dyadic coping inventory.
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Figure 1 The relationship between the total mean score of edinburgh postnatal depression scale and each dimension and total mean
score of dyadic coping inventory. A: Edinburgh postnatal depression scale (EPDS) total split and pressure relationship; B: EPDS always divides relationships
with mutual support; C: Relationship between total EPDS mean score and negative support; D: Relationship between EPDS general sharing and agency support; E:
Relationship between total EPDS sharing and joint support; F: Relationship between the total mean EPDS score and the total mean dyadic coping inventory score.
EPDS: Edinburgh postnatal depression scale.

countries, with a prevalence of more than 20% in Western countries and 10%-20% in China[14,15]. The total average score
of EPDS in 200 lactating women in this study was (9.52 + 1.53), indicating that the EPDS of lactating women were at a
moderate level. This may have been affected by different PPD evaluation time points and different evaluation tools. In
addition, PPD is related to other factors such as regional economic development, population structure, cultural
background, and so on.

The total partner support score of 200 cases during lactation was (115.78 + 14.90), and the partner support level for PPD
during lactation was moderate. This indicated that women were more willing to face the illness with their partners.
Regarding communication and mutual support pressure, the score was relatively high, showing that mothers with PPD
tend to communicate and take the initiative to talk about their psychological problems to obtain their partner's support
and understanding, when facing pressure. By encouraging and supporting each other, both parties can reduce psycho-
logical pressure and create a good spiritual environment[16,17]. Korotkin et al[18] believed that the expression of
emotions in the process of patients seeking social support can significantly improve their psychological pressure of
patients. Studies have found that a good family atmosphere can provide sufficient material and spiritual support,
enhance patients' sense of self-esteem, and reduce pressure when they are ill[19]. These findings provide guidelines for
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interventions in PPD.

This study found that the total average score and each dimension of the postpartum EPDS were inversely related to the
total score of partner support, pressure communication, mutual support, and common support, and positively related to
negative support (P < 0.05), suggesting that good relationships with the partner can lower the mother’s bad mood.
Eastwood[20] found that emotional support from a partner was closely associated with PPD and was an important
indicator to measure partnerships. Razurel and Kaiser[21] noted that pregnant women had different expectations and
requirements from family members. Partners can provide strong support for lactating women with depression in terms of
their financial and psychological well-being as well as disease-related care, which can reduce their psychological burden,
relieve patients' negative emotions, and greatly improve their quality of life[22,23].

The effect of influential factors of PPD are relatively complex. Multiple linear regression analysis results show that the
influence degree of the factors in lactating mothers” PPD include marital harmony, newborn health condition,
communication, mutual support, negative pressure support, mutual support, and partner support total score (P < 0.05).
According to existing literature, marital disharmony is also a risk factor for PPD[24,25]. Analysis suggests that the
capacity of lactating parturients to bear psychological stress is weak, and marital disharmony can increase their psycho-
logical burden. Additionally, when newborn health is poor, pregnant women will not only find it difficult to accept, but
also have a large psychological gap, and are therefore prone to serious negative mental well-being, thus inducing PPD[26,
27]. Therefore, clinical attention should be paid to postpartum psychological changes and corresponding measures
should be taken to reduce PPD as much as possible. Partners are the most important source of social support for patients
and an important aspect that affects patients' perceptions of illness. Good partner support can be reflected in the care and
understanding of patients' physical and mental well-being and is a positive and strong source of hope for patients[28].
The positive support and communication of partners can alleviate postpartum women’s negative emotions and improve
the negative cognition of the patients. Contrastingly, negative support can increase a patients' negative awareness, and
negative support and awareness promote each other[29].

CONCLUSION

In summary, PPD during lactation was associated with marital harmony, newborn health, stress communication, mutual
support, negative support, co-support, and partner support. Hospitals and relevant departments should pay attention to
the level of PPD in parturients, guide them to correctly recognize and understand the disease, carry out targeted
individualized nursing interventions for patients and their partners, and improve the support level of their partners to
improve the mental health of parturients with PPD.

ARTICLE HIGHLIGHTS

Research background

Postpartum depression (PPD) not only causes anxiety, lower self-image, self-guilt, and other conditions in lactating
women but also has adverse effects on the health of the baby. PPD can appear in normal life circumstances and negative
life events such as marital discord. Good partner support can not only help patients physically but also provide psycho-
logical support. Exploring the relationship between PPD and dyadic coping inventory (DCI) in lactating women and
analyzing the related influencing factors of PPD are helpful for clinical interventions from related factors to prevent and
alleviate the occurrence of PPD.

Research motivation
Negative partner support, marital disharmony, and unhealthy newborns were associated with PPD in lactating women.

Research objectives
By exploring the relationship between PPD and partner support and the factors affecting PPD in lactating women, it is
helpful to provide a reference for the clinical construction of PPD intervention programs and partner support strategies.

Research methods
A general information questionnaire, edinburgh postnatal depression scale (EPDS) scale, and DCI scale were used to

investigate the correlation between PPD and partner support during lactation, and to further analyze the factors affecting
the level of PPD.

Research results

The total average score of EPDS of 200 women during lactation was (9.52 + 1.53), and the total average score of partner
support was (115.78 + 14.90), both of which were at the medium level. The degree of marital harmony, neonatal health,
stress communication, mutual support, negative support, common support, and total partner support score were factors
influencing PPD in lactating women.
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Research conclusions

Through research, we found that the poor psychological health of lactating women is significantly related to their partner
support. By analyzing the influencing factors of women's PPD, providing timely psychological help and encouraging
partners to provide maternal support and care will help to improve the PPD level of lactating women.

Research perspectives
Future research should establish a predictive model based on the factors influencing PPD in lactating women.
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Abstract

BACKGROUND

A growing number of recent studies have explored underlying activity in the
brain by measuring electroencephalography (EEG) in people with depression.
However, the consistency of findings on EEG microstates in patients with depre-
ssion is poor, and few studies have reported the relationship between EEG micro-
states, cognitive scales, and depression severity scales.

AIM
To investigate the EEG microstate characteristics of patients with depression and
their association with cognitive functions.

METHODS

A total of 24 patients diagnosed with depression and 32 healthy controls were
included in this study using the Structured Clinical Interview for Disease for The
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. We collected
information relating to demographic and clinical characteristics, as well as data
from the Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS; Chinese version) and EEG.

RESULTS

Compared with the controls, the duration, occurrence, and contribution of
microstate C were significantly higher [depression (DEP): Duration 84.58 + 24.35,
occurrence 3.72 + 0.56, contribution 30.39 + 8.59; CON: Duration 72.77 + 10.23,
occurrence 3.41 + 0.36, contribution 24.46 + 4.66; Duration F = 6.02, P = 0.049;
Occurrence F = 6.19, P = 0.049; Contribution F = 10.82, P = 0.011] while the
duration, occurrence, and contribution of microstate D were significantly lower
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(DEP: Duration 70.00 + 15.92, occurrence 3.18 + 0.71, contribution 22.48 £ 8.12; CON: Duration 85.46 + 10.23,
occurrence 3.54 + 0.41, contribution 28.25 + 5.85; Duration F = 19.18, P < 0.001; Occurrence F = 5.79, P = 0.050;
Contribution F = 9.41, P = 0.013) in patients with depression. A positive correlation was observed between the

visuospatial/constructional scores of the RBANS scale and the transition probability of microstate class C to B (r =
0.405, P = 0.049).

CONCLUSION
EEG microstate, especially C and D, is a possible biomarker in depression. Patients with depression had a more
frequent transition from microstate C to B, which may relate to more negative rumination and visual processing.

Key Words: Depression; Electroencephalography; Microstates; Cognitive functions
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Core Tip: This study aims to explore electroencephalography microstates in patients with depression and the correlation
between microstates and cognitive scales. Through statistical analyses, we found parameters of the microstate C were higher
while microstate D were lower in patients with depression compared with the controls. A positive correlation was observed
between the visuospatial/constructional scores and the transition probability of microstate C to B. Therefore, we speculate
that microstates C and D, is a possible biomarker in depression. Patients with depression had a more frequent transition from
microstate C to B, which may relate to more negative rumination and visual processing.

Citation: Peng RJ, Fan Y, Li J, Zhu F, Tian Q, Zhang XB. Abnormalities of electroencephalography microstates in patients with
depression and their association with cognitive function. World J Psychiatry 2024; 14(1): 128-140
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INTRODUCTION

Depression is a chronic and debilitating disease that is characterized by depressed mood, diminished interests, and
cognitive deficits manifested as low self-esteem, sleep disturbance, weight loss, and even disability[1,2]. In the Global
Burden of Disease Study 2013 (GBD 2013), depression is the second-largest contributor to the burden of chronic disease as
measured by years lived with disability[3]. Several characteristics of depression are consistent across countries, such as
higher lifetime prevalence, lifelong chronic-recurrent persistence, and increased risk of early death due to somatic illness
and suicide[4]. There is growing evidence that depression is associated with neural activity and connectivity[5], while our
understanding of the neurobiology of depression continues to progress. However, there is still no definitive explanation
for the pathophysiological mechanisms of the disease.

Electroencephalography (EEG), commonly used to study electrophysiological processes in the cerebral cortex, is
capable of describing local and global neuronal activity in the brain neural networks[6]. Compared with other neuro-
imaging modalities such as functional magnetic resonance imaging (fMRI), EEG has the advantages of high temporal
resolution, ease of measurement, and lower cost. Recently, a growing number of studies have attempted to explore
possible abnormal potential activity in the brain neural networks of patients with depression by measuring EEG. For
example, quantitative EEG was used to predict and monitor the response to depression treatment. Arns et al[7] found that
depressed patients with low theta waves in the frontal cortex and the rostral anterior cingulate were more responsive to
medication. Another study showed that those with increased quantitative EEG theta cordance had significant im-
provement in depressive symptoms after 6 weeks of repetitive transcranial magnetic stimulation (rTMS) treatment[8].
This suggests that changes in EEG theta cordance could be a potential clinical predictor of outcome of depression
treatment.

In early studies based on resting-state EEG analyses, Lehmann et al[9] found that the alpha frequency band (8-12 Hz) of
the EEG signal can be broken down into several quasi-stable states called EEG microstates, which can be recorded as four
quasi-stable topographic maps to represent global brain activity[10], remaining stable for 80-120 ms and rapidly tran-
sitioning to the next microstate. Different information and data transmitted to the brain elicit different neurophysiological
responses and correspond to individual EEG microstates. These four classical maps of EEG microstates are: (A) States
associated with auditory processing; (B) States associated with visual processing; (C) States associated with cognitive
control networks; and (D) States associated with dorsal attention networks[11]. EEG microstate analysis has been widely
used in studies related to psychiatric disorders, showing schizophrenia[12-14], bipolar disorders[15,16], anxiety disorders
[17], panic disorders[18], and insomnia[19]. For example, increases in microstate C and decreases in microstate D have
been consistently identified as characteristic changes in individuals with schizophrenia. These microstates, C and D, have
emerged as potential endophenotypes for schizophrenia[20]. The utilization of these microstates in the clinical diagnosis
and treatment of schizophrenia has reached a significant level of consensus among various studies[21,22].
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However, many studies found significant but less consistent results regarding EEG microstate features in patients with
depression. Some studies found increased occurrence and contribution of microstate B and decreased occurrence and
contribution of microstate D in patients with depression compared to healthy controls[23,24]. However, another study
suggested that students with depression had lower duration of microstate C[25]. Qin et al[26] demonstrated a positive
correlation between the occurrence of microstate B and Beck Depression Inventory-II (BDI-II) scores, and the occurrence
of microstates D and E were negatively correlated with BDI-II scores. In contrast, several experimental studies have found
no association between severity of depression and EEG microstate[23]. Lei et al[27] found that shorter durations of
microstate D, higher frequencies of microstate C, and lower probabilities of transition from microstate D to B were
associated with better treatment effects in patients with depression. Additionally, several studies have proposed that EEG
microstate can predict the treatment outcomes of selective serotonin reuptake inhibitors (SSRI) or rTMS[27,28]. The
discrepancy among the results of studies may be attributed to differences in the severity of depression or differences in
microstate analysis methods. Therefore, there is a need to conduct a more comprehensive study of EEG microstates in
patients with depression.

According to The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V), cognitive dysfunction
is well established as a core diagnostic criterion of depression. Current research suggests that cognitive dysfunction
reduces occupational productivity and interferes with social function in patients with depression[29]. In 2016, the United
States Food and Drug Administration recommended cognitive symptoms as a target for intervention in the treatment of
depressive disorder[30]. Thus, there is a need to emphasize the impairment of cognitive function in patients with and to
include this in the diagnosis and treatment. A growing number of scientists are demonstrating that individual EEG
microstates may correspond to specific mental states, which consistently influence the processing of and response to
incoming information[31,32]. Taken together, we can collect data on global neuronal activity in the brain through EEG,
quantify the cognitive cuts through neurocognitive assessment, and analyze multidimensional data in order to find
biological markers that more accurately assess the condition of patients with depression.

We collected 128-lead resting-state EEG data from patients with depression and healthy controls to investigate their
EEG microstate characteristics. The results were calibrated through statistical methods, attempting to find more realistic
and reliable characterizations of EEG microstates. In addition, we also analyzed the correlation between EEG microstate
characteristics and cognitive scales, which has rarely been studied before. Third, we correlated EEG microstate
parameters with the Hamilton Depression Scale (HAMD) to figure out possible relationships between depression severity
and EEG microstates.

MATERIALS AND METHODS

Participants
Participants were recruited from January 2016 to December 2018 at Suzhou Guangji Hospital, in adherence with the
Helsinki Declaration. Written informed consent was obtained from all individuals, and the study received approval from
the Ethics Committee of Suzhou Guangji Hospital. Demographic and clinical characteristics, as well as data from the
repeatable battery for the assessment of neuropsychological status (RBANS; Chinese version)[33] and EEG, were collected
from a sample of 24 patients diagnosed with depression (DEP) and 32 healthy controls (CON). Patients who exhibited
stable depression were deemed suitable for inclusion. Each patient underwent an interview utilizing the Structured
Clinical Interview for DSM Disorders (SCID) to ascertain their compliance with the criteria for a depressive episode.
Control participants, who were in good health, possessed no prior psychiatric afflictions, had no immediate family
members with psychiatric disorders, and had not previously utilized psychotropic medications. All participants,
regardless of their depression status, underwent the SCID for diagnostic validation, as well as the HAMD to evaluate the
extent of their depressive symptoms. All individuals classified with depression satisfied the inclusion criteria: (1) Age 18-
60 years; (2) Right-handed; (3) All participants who were clinically stable did not have a history of neurological disorders
or head trauma; and (4) None of the participants had undergone electroconvulsive therapy within the past 6 mo.
Participants with a history of alcohol or drug dependence or abuse, with the exception of tobacco, were excluded from the
study.

The CON group was comprised of individuals who were matched to the DEP group in terms of gender, age, and years
of education.

Neurocognitive assessments

The neurocognitive functions of the participants were evaluated using the RBANS. RBANS is a standardized assessment
tool that measures five specific cognitive domains, namely immediate memory (IMM), delayed memory (DEM), visuo-
spatial/constructional (VC), attention (ATT), and language (LAN).

EEG recording and preprocessing

Participants were seated comfortably in a reclining chair and instructed to close their eyes and maintain a relaxed and
quiet state for a duration of 3 min. The continuous EEG data were digitized at a sampling rate of 1000 Hz using the EGI
EEG system (Electrical Geodesics, Eugene, OR, United States) with a 128-electrode HydroCelnet referenced to the vertex
(Cz). Offline preprocessing of the EEG data was performed using the EEGLAB (v2021.1)[34] and HAPPE[35] toolboxes in
MATLAB (Release 2022b; MathWorks). The raw EEG data were initially resampled to a sampling rate of 500 Hz. A band-
pass filter with a range of 0.5-45 Hz was applied. Subsequently, the EEG data for each participant was preprocessed using
the HAPPE toolkit. Following this, a manual inspection of the EEG data was conducted to confirm the removal of
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artifacts. Lastly, all electrodes were re-referenced to an average reference.

Microstate analysis
A band-pass filtering ranging from 2 to 20 Hz was executed. Microstate analysis was conducted utilizing the EEGLAB
microstate plugin[36]. The global field power was used to measure the collective alteration in potential across the
electrode set, thereby indicating the electric field intensity throughout the brain at each moment. The atomize and
agglomerate hierarchical clustering (AAHC) algorithm[37] was used to compute four optimal microstate topographies.
Cluster analyses were conducted on a series of EEGs at the individual level, referred to as first-level clustering. The
clustering was performed at the group level, known as second-level clustering. And clusters were rearranged based on
normative microstate template maps. This process involved clustering across all subjects to generate a comprehensive set
of global maps representing all participants. Lastly, a new dataset was generated, and each temporal parameter of the
microstate was extracted for subsequent statistical analysis. Figure 1 shows the topographic distributions of global maps.
Based on earlier studies’ spatial patterns[27,38], we classified the spatial patterns as microstates A/B/C/D. We used the
duration, occurrence, contribution and transition probability of microstates as our parameters. Duration denoted the
mean steady duration of a microstate; occurrence denoted the mean frequency of observation of each microstate; contri-
bution denoted the proportion of the total time spent in each microstate; and transition probability denoted the pro-
portion of all observed microstate transitions that went from X to Y.

Statistical analysis

Statistics were performed in RStudio (Version 2023.06.1, Boston, MA, United States) with R software (Version 4.3.1). The
independent sample t-test, chi-square test and Wilcox Mann-Whitney test were conducted to evaluate potential
differences in demographic and clinical characteristics between the DEP and CON groups. The analysis of covariance
(ANCOVA, education was controlled) was conducted to calculate P value in RBANS score and EEG microstate features
between the DEP and CON groups, and the false discovery rate (FDR) was calculated to adjust P values for multiple
testing based on the Benjamini-Hochberg method[39]. P < 0.05 (two-tailed) was considered as indicative of statistical
significance. Within the DEP group, Pearson correlation analysis were performed for neurocognitive RBANS score and
EEG microstate parameters. To account for multiple testing, P values were calculated using a permutation test with
100000 replicates.

RESULTS

Demographic, clinical and neurocognitive RBANS characteristics

The demographic and primary clinical data include gender, age, years of education, HAMD score, duration of illness, and
age at onset. Age and education were expressed as means and SDs, HAMD score, duration of illness and age at onset
were expressed as median and range. The demographic and clinical characteristics of the DEP and CON groups are
shown in Table 1. There were no significant differences in age or gender between the two groups. Only years of education
and HAMD score showed significant differences in the two groups (education: ¢ = 2.056, P = 0.045; HAMD score: W = 83,
P <0.001). ANCOVA and FDR were used to analyze participant RBANS characteristics, but no significant differences
were found in the two groups (Table 2).

Differences in EEG microstate between the DEP and CON groups

The ANCOVA (education was controlled) and FDR results are shown in Figure 2 and Table 3. Regarding the duration of
all four EEG microstates, the duration of microstate C (DEP: 84.58 + 24.35; CON: 72.77 £ 10.23; F = 6.02, P = 0.049) in the
DEP group was higher than in the CON group. The duration of microstate D (DEP: 70.0 + 15.92; CON: 85.46 + 10.23; F =
19.18, P < 0.001) in the DEP group was lower than in the CON group. The occurrence and contribution of microstate C
(DEP: Occurrence 3.72 £ 0.56, contribution 30.39 = 8.59; CON: Occurrence 3.41 * 0.36, contribution 24.46 + 4.66;
Occurrence F = 6.19, P = 0.049; Contribution F = 10.82, P = 0.011) in the DEP group was significantly higher than in the
CON group. The occurrence and contribution of microstate D (DEP: Occurrence 3.18 + 0.71, contribution 22.48 + 8.12;
CON: Occurrence 3.54 + 0.41, contribution 28.25 + 5.85; Occurrence F = 5.79, P = 0.050; Contribution F = 9.41, P = 0.013) in
the DEP group was significantly lower than in the CON group.

The result of EEG microstate transition probability (%) showed that the transition probability of class A to C (DEP: 9.17
+2.23; CON: 8.01 +1.42; F = 5.94, P = 0.049), class B to C (DEP: 9.18 £ 2.69; CON: 7.45 + 1.68; F = 8.58, P = 0.017) and class
C to B (DEP: 9.28 £ 2.89; CON: 7.39 £ 1.75; F = 9.12, P = 0.015) was significantly higher in the DEP group compared to the
CON group. The transition probability of class A to D (DEP: 7.00 + 2.43; CON: 8.93 +1.91; F = 11.01, P = 0.011) and class D
to A (DEP: 7.08 + 2.38; CON: 8.89 + 1.91; F = 9.95, P = 0.013) was significantly lower in the DEP group than in the CON
group. No statistically significant differences were found in other EEG microstate parameters.

Relationships among the EEG microstate parameters, HAMD score, and RBANS score in DEP group

Correlation analysis showed no significant correlation between the HAMD score and EEG microstate parameters in the
DEP group. Considering the findings from EEG microstate analysis conducted on the DEP group, our attention was
directed towards examining the relationship between microstate parameters and neurocognitive RBANS score. Pearson
correlation analysis revealed a negative correlation between immediate memory scores and the frequency of microstate
class A (r = -0.406, P = 0.049). Additionally, a positive correlation was observed between visuospatial/constructional
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Table 1 Demographic and clinical characteristics of depression group and healthy control

Variables DEP (n = 24) CON (n=32) XAtW Pvalue
Gender (female/male) 8/16 15/17 0.555 0.456'
Age (yr) 324+11.3 33.8+10.5 0.490 0.626'
Education (years of schooling)® 13.3+£238 14.8£27 2.056 0.045”
HAMD score® 10 (0-23) 0 (0-6) 83 <0.001°
Duration of illness (mo) 48.0 (24.5-195.0)

Age at onset (yr) 25.5 (16.8- 27.3)

!ndicates P-value for Chi-square test.

ZIndicates P-value for independent sample t-test.

3Indicates P-value for Wilcox Mann-Whitney test.

P <0.05.

P <0.001.

mean * SD are reported for age, education; Median (interquartile range) are reported duration of illness, age at onset, HAMD score. DEP: Depression

group; CON: Healthy control group; HAMD: Hamilton Depression Scale.

Table 2 Neurocognitive RBANS score of depression group and healthy control

Variables DEP (n = 24) CON (n=32) F P value'
RBANS score

Immediate memory 85.92 +21.07 94.78 +£15.57 3.559 0.145

Visuospatial/ constructional 98.50 +£17.92 94.44 +17.60 0.893 0.428
Language 92.92 +13.42 99.38 +14.23 3.204 0.167
Attention 104.54 £ 11.64 109.3 +11.74 2.755 0.196
Delayed memory 90.42 +18.13 94.25 +11.32 1.05 0.393
Total score 92.79 +17.66 97.78 £13.56 1.824 0.302

Indicates P value for analysis of covariance, education was controlled, and false discovery rate was used to adjust P value.
mean * SD are reported for all variables. DEP: Depression group; CON: Healthy control group.

scores and the transition probability of microstate class C to B (r = 0.405, P = 0.049). Nevertheless, no significant
disparities were found in relation to other microstates. Subsequently, in order to mitigate the likelihood of erroneous
positive results, a permutation test employing 100,000 random permutations was employed to ascertain the statistical
significance of the two correlations. Notably, the correlation between the visuospatial/constructional score and the
microstate transition probability from class C to B remained significant at P < 0.050 (Figure 3). Conversely, no significant
correlation was observed between the immediate memory scores and the incidence of microstate class A.

DISCUSSION

This study sought to explore the dynamic activity of global brain resting-state networks (RSNs) among patients with
depressive disorder and investigate their EEG microstate characteristics. This study showed significant differences in
microstate analysis in the DEP group compared with the CON group, and EEG microstates can be characteristic
indicators of depression. Especially, we showed that increased occurrence, duration, and contribution of microstate C and
decreased occurrence, duration, and contribution of microstate D were depression characteristics. Another finding of our
study was that patients with depression had a higher transition probability from C to B, which might be related to their
cognitive function and visual processing.

EEG microstates in patients with depression

Our results indicate that the duration, occurrence, and contribution of microstate C increased while the duration,
occurrence, and contribution of microstate D decreased. These results were generally consistent with previous studies. In
a study exploring EEG microstates in adolescents with depression, the occurrence and contribution of microstate D were
reduced compared with in healthy controls[23], which were also found among adults with depression[40]. Enhanced
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Table 3 Electroencephalography microstate features of depression group and healthy control

Variables DEP (n = 24) CON (n=32) F P value'
Duration (millisecond)
Class A 70.01 £11.40 73.19 £7.35 1.70 0.314
Class B 72.20 £12.25 69.28 £ 6.37 1.38 0.36
Class C* 84.58 £ 24.35 72.77 £10.23 6.02 0.049
Class D 70.00 +15.92 85.46 £10.23 19.18 <0.001

Occurrence (Hz)

Class A 3.30 £ 0.69 3.45+0.41 1.13 0.393
Class B 3.36 £ 0.50 3.24 +£0.25 1.31 0.363
Class C* 3.72 £ 0.56 3.41£0.36 6.19 0.049
Class D* 3.18+0.71 3.54 +£0.41 5.79 0.050

Contribution (%)

Class A 23.08 +7.06 25.25+4.70 1.96 0.292
Class B 24.05 £ 5.68 22.04 £3.01 3.09 0.168
Class C* 30.39 £ 8.59 24.46 £ 4.66 10.82 0.011
Class D* 2248 £8.12 28.25 +5.85 9.41 0.013

Transition probability (%)

Class A to B 6.94 +£1.82 7.22£1.02 0.50 0.525
Class A to C* 9.17£2.23 8.01 £1.42 5.94 0.049
Class A to D* 7.00 £2.43 8.93 £1.91 11.01 0.011
Class Bto A 7.21+£1.88 7.55 £0.98 0.73 0.458
Class B to C* 9.18 £2.69 7.45+1.68 8.58 0.017
Class B to D 7.16 £2.88 749 £1.31 0.34 0.578
Class C to A 8.83 £2.05 7.77 £1.41 5.40 0.057
Class C to B* 9.28 +£2.89 7.39+1.75 9.12 0.015
Class C to D 8.31+£231 8.60 £1.33 0.34 0.578
Class D to A* 7.08 £2.38 8.89 £1.91 9.95 0.013
Class D to B 7.30+2.84 7.99 £1.54 1.38 0.360
Class D to C 8.08 £2.40 8.30+1.20 0.21 0.650

Indicates P value for analysis of covariance, education was controlled, and false discovery rate was used to adjust P value.
4P <0.05.

‘P <0.001.

mean * SD are reported for all variables. DEP: Depression group; CON: Healthy control group.

microstate D activity was found in the right superior parietal lobules, the right inferior parietal lobules, the right middle
and superior frontal gyri[11,41], which was associated with the dorsal attention network. In a study combining fMRI and
EEG to capture global brain activity, reduced microstate D associated with decreases in connectivity of the dorsal
attention network may manifest as rumination and predict attention deficits among patients with depression[23,42].
Meanwhile, another study showed that duration of microstate C was significantly higher in patients with depression
compared with the control group[43], which was also consistent with our results. However, some studies take different
views; reduced duration of microstate C was found in students with depression[25]. Other studies found a result that we
did not observe, which was the increased occurrence of microstate B[26,27].

There can be a number of possible reasons for these inconsistencies. Firstly, different frequency bands were studied;
early experiments examined 8-12 Hz, but recently, most microstate studies were based on larger bandwidths such as 2-20
Hz or 1-40 Hz[32]. Secondly, the methods of analyzing EEG microstates varied, such as different clustering algorithms.
Thirdly, the subjects included were different; for example, Liang’s study[25] included college students with depressive
symptoms and only screened the students with depression according to the Beck Depression Inventory-II (BDI-II) and
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Figure 1 lllustrates a comparison of scalp topographies between the depression group and healthy control group. According to previous
literature, microstates are represented by the classes A to D. DEP: Depression group; CON: Healthy control group.

Depression Self-Rating Scale scores, but it did not fully meet the diagnostic criteria of the DSM-V. However, the
decreased duration, occurrence, and contribution of microstate D have been found in most studies examining EEG
microstates in patients with depression. We applied the FDR to adjust the P value to obtain more reliable results. Thus,
possibly, microstate D is a potential biomarker for patients with depressive disorder.

From the transition probability among the EEG microstates, we found that the transition probability of microstates A to
C, Cto B, and B to C increased, while the transition probability of microstates A to D and D to A decreased. The fast
transition probabilities among EEG microstates had a relationship with the quick switching in brain functional networks
[44]. Patients with depression had significantly more transition from A to C, which explained the increase in microstate C
among patients with depression compared with the controls. Some previous studies reported that microstate C was
correlated with memory and rest recovery capabilities, and increased occurrence of microstate C and higher transition
probability of A to C was related to the better therapeutic effect in patients with depression[27,42]. These results
suggested that microstate C may be a protective factor and that the higher occurrence of microstate C was associated with
better prognosis and treatment outcomes in depression. However, our study is a cross-sectional study, and in the future,
we will follow up the EEG microstates of patients with depression after treatment to examine whether microstate C is an
antidepressive factor.

Relationship between EEG microstates and cognitive function

Using RBANS, we found there were no significant differences in cognitive function among patients with depressive
disorders compared to the controls, which is in contrast to the findings of previous studies[45-47]. The large discrepancy
may be attributed to the following reasons. First, the subjects included were different in that the patients with depression
in our study had lower HAMD scores (10.04 + 8.06), whereas most of the other studies included patients with major
depressive disorder, and thus the differences in cognitive dysfunction were not significant between our DEP and CON
groups. Second, the tools of clinical and neuropsychological tests used to detect cognitive function were different. Our
experiment used RBANS to detect cognitive functions, whereas other studies assessed them with the Sheehan Disability
Scale[45], CogState Research Battery[46], or MATRICS Consensus Cognitive Battery[47], and different scales may produce
different results.

From the EEG microstates, a significantly higher transition probability of microstates C to B was observed in patients
with depression. Microstate B activity was found in the left and right occipital cortices (cuneus), including Brodmann
areas 17 and 18 (primary visual cortex), the right insular cortex extending to the right claustrum, and the right frontal eye
field[41], and was associated with visual processing[11]. Microstate C activity was found in the precuneus, posterior
cingulate cortex, and left angular gyrus[41], and was associated with cognitive control networks[11]. In addition to this,
from the RBANS scores of the DEP and CON groups in Table 2, patients with depression had a higher score of
visuospatial/constructional compared with the CON group, which was the only item of the RBANS that scored higher
than in the CON group, with all other items showing a downward trend. Furthermore, the increased transition
probability of microstates C to B significantly correlated with the visuospatial/constructional of RBANS in Figure 3, so,
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Figure 2 Bar diagrams show the parameters of each microstate of the two groups. A: Duration; B: Occurrence; C: contribution. Horizontal coordinate
axis represents four microstates A, B, C, and D; D: Transition probability; horizontal coordinate axis represents microstate transition type. 2P < 0.05; °P < 0.001. DEP:
Depression group; CON: Healthy control group; NS: Not significant.
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Figure 3 Correlation between the repeatable battery for the assessment of neuropsychological status visuospatial/constructional
function scores and transition probability microstate class C to class B in the depression group. P values were generated by permutation tests
with 100000 replicates.

we were able to hypothesize that the increased transition probability of microstates C to B in patients with depression
was related to more visual processing. Previous studies found that depression was associated with negative rumination
[48], such as the constant recollection of replaying negative events in the mind, which involved visual processing[49],
cognition[50], and the default mode network (DMN)[51], with visual processing being associated with microstate B and
the activated regions of microstate C being part of the DMN. Consequently, the more frequent transition from C to B may
imply that patients with depressive disorders had more frequent negative rumination as well as more and longer visual
processing.
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Correlations between EEG microstates and depressive severity

From the correlation analysis of HAMD and EEG microstates, our study did not identify a strong association between the
severity of depression and EEG microstates, which was consistent with previous studies[23,27]. However, many studies
have also found a strong relationship between the severity of depressive symptoms and EEG microstates. For example,
some studies found that more severe depressive symptoms were positively correlated with microstate B and negatively
correlated with microstate D[26,40], while other studies found that more severe depressive symptoms were associated
with higher occurrence of microstate A[52]. Differences in results may be due to the following. First, different methodo-
logical approaches may have led to different conclusions regarding EEG microstate data in this and previous studies,
such as different clustering algorithms applied and different numbers of maps recorded (4-6 types of maps were recorded
in EEG microstate). Second, a variety of scales was used to assess the severity of depressive symptoms, including the
Montgomery-Asberg Depression Rating Scale, BDI-II, and HAMD.

CONCLUSION

we examined the temporal dynamics of resting-state EEG microstates in patients with depression and healthy controls.
Our study demonstrated that, compared with controls, the occurrence, duration, and contribution of microstate C
increased while the occurrence, duration, and contribution of microstate D decreased in patients with depression. Several
alterations in EEG microstate transition probabilities were related to the fast switching in brain functional networks,
including the increased transition probability of microstates A to C, C to B, and B to C, while the transition probability of
microstates A to D and D to A decreased. In addition, we found that patients with depression had a more frequent
transition from microstate C to B, which may be related to more negative rumination and visual processing. Therefore,
EEG microstate analyzed the possible changes in neurons in the brain of patients with depression from the perspective of
sub-second brain dynamics and was a possible biomarker in depression. In future clinical practice, comprehensive clinical
examinations from multiple angles and dimensions should be performed to assess and diagnose depression.

This study had some limitations. First, the sample size was small, only 24 people were included in the DEP group and
they only had mild or moderate depression. Subsequently, more studies with larger numbers of patients with depression
and normal controls should be conducted to assess more accurately the relationship between depressive disorders and
EEG microstates. Second, this study was only a cross-sectional study, and no longitudinal follow-up assessment was
performed to explore the changes in EEG microstates after treatment. So, we will further perform a longitudinal interven-
tional cohort study on therapy in the DEP group to find any possible associations between EEG microstates and
prognosis through regular follow-up. Third, there was no sex difference between the two groups in our study, but other
studies have found that there are differences in EEG microstates across age and sex[53]. In the future, we will study a
broader age group and investigate possible sex differences in EEG microstates. Finally, future studies could combine EEG
data with resting-state fMRI data from patients with depression to study brain neural network changes through both
temporal and spatial dimensions in an integrated manner.

ARTICLE HIGHLIGHTS

Research background

Depression is a chronic and debilitating disease that is characterized by depressed mood, diminished interests, and
cognitive deficits manifested as low self-esteem, sleep disturbance, weight loss, and even disability. Electroencephalo-
graphy (EEG), commonly used to study electrophysiological processes in the cerebral cortex, is capable of describing local
and global neuronal activity in the brain neural networks. Therefore, there is a need to conduct a more comprehensive
study of EEG microstates in patients with depression.

Research motivation

The results were calibrated through statistical methods, attempting to find more realistic and reliable characterizations of
EEG microstates. In addition, we also analyzed the correlation between EEG microstate characteristics and cognitive
scales, which has rarely been studied before. Third, we correlated EEG microstate parameters with the Hamilton
Depression Scale (HAMD) to figure out possible relationships between depression severity and EEG microstates.

Research objectives

This study was to investigate the EEG microstate characteristics of patients with depression and their association with
cognitive functions. Our study demonstrated that, EEG microstate, especially C and D, is a possible biomarker in
depression. In addition, we found that patients with depression had a more frequent transition from microstate C to B,
which may be related to more negative rumination and visual processing. In future clinical practice, healthcare profes-
sionals can combine with clinical examination to assess and diagnose depression comprehensively from multiple angles
and dimensions.

Research methods
Demographic and clinical characteristics, as well as data from the repeatable battery for the assessment of neuropsycho-
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logical status (RBANS; Chinese version) and EEG, were collected from a sample of 24 patients diagnosed with depression
(DEP) and 32 healthy controls (CON). Participants were seated comfortably in a reclining chair and instructed to close
their eyes and maintain a relaxed and quiet state for a duration of 3 min. Microstate analysis was conducted utilizing the
EEGLAB microstate plugin and the atomize and agglomerate hierarchical clustering algorithm was used to compute four
optimal microstate topographies.

Research results

Our study found that years of education and HAMD score showed significant differences in the two groups (education: ¢
= 2.056, P = 0.045; HAMD score: W = 83, P < 0.001). Compared with the controls, the duration, occurrence, and contri-
bution of microstate C were significantly higher (duration F = 6.02, P = 0.049; Occurrence F = 6.19, P = 0.049; contribution
F=10.82, P = 0.011) while the duration, occurrence, and contribution of microstate D were significantly lower (duration F
=19.18, P < 0.001; Occurrence F = 5.79, P = 0.050; Contribution F = 9.41, P = 0.013) in depressed patients. Additionally, a
positive correlation was observed between visuospatial/constructional scores and the transition probability of microstate
class C to B (r = 0.405, P = 0.049).

Research conclusions

We examined the temporal dynamics of resting-state EEG microstates in patients with depression and healthy controls.
EEG microstate analyzed the possible changes in neurons in the brain of patients with depression from the perspective of
sub-second brain dynamics and was a possible biomarker (especially microstate C and D) in depression. Furthermore, the
more frequent transition from microstate C to B, which may be related to more negative rumination and visual pro-
cessing.

Research perspectives

In the future, more studies with larger numbers of patients with depression and normal controls should be conducted to
assess more accurately the relationship between depressive disorders and electroencephalography EEG microstates.
Furthermore, we will further perform a longitudinal interventional cohort study on therapy in the DEP group to find any
possible associations between EEG microstates and prognosis through regular follow-up. Finally, future studies could
combine EEG data with resting-state fMRI data from patients with depression to study brain neural network changes
through both temporal and spatial dimensions in an integrated manner.
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Abstract

BACKGROUND

Periodontitis is a chronic oral disease caused by pathogenic microorganisms that
corrode tooth tissue, form periodontal pockets, absorb alveolar bone, and finally
lead to tooth loss. During treatment, patients are prone to anxiety, tension, and
other negative emotions, which affect their ability to face the disease and may also
lead to aggravation of the original condition and affect oral health. Therefore, it is
important to improve the negative psychology of patients with periodontitis to
clarify the factors that may lead to negative psychological emotions.

AIM

To investigate the risk factors that may lead to anxiety and depression in patients
with periodontitis.

METHODS

One hundred patients with periodontitis were selected between March 2022 and
March 2023 at our hospital. All patients were assessed with the Zung Self-rating
Depression Scale (SDS) (= 53 points indicate a depressive state) and Zung Self-
rating Anxiety Scale (SAS) (= 50 points indicates an anxious state). In this study,
patients who experienced anxiety or depression were included in the occurrence
group and those without anxiety or depression were included in the non-
occurrence group. The baseline data of the two groups were compared to explore
the risk factors for anxiety and depression in patients with periodontitis.

RESULTS

A total of 100 patients with periodontitis were included in this study. According
to the SDS, 38 patients (38.00%) developed depression, with an average SDS score
of (68.52 + 5.85) points. According to the SAS, 40 patients (40.00%) developed
anxiety, and the average SAS score was (72.15 + 4.15) points. In this study, 56
patients with anxiety or depression were included. Compared with the non-
occurrence group, the occurrence group had higher ages (= 60 years), lower level
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of hope (low level), educational level (high school or below), disease perception (poor), and sleep disorder (yes).
The negative coping dimension scores of the simplified coping style questionnaire (SCSQ) and Dental Fear Scale
(DFS) in the occurrence group were higher, whereas the score of the positive coping dimension of the SCSQ was
significantly lower (P < 0.05). There were no significant differences in the other data between the groups (P > 0.05).
The results of multiple logistics regression analysis showed that age (= 60 years), level of hope (low level),
educational level (high school or below), disease perception (poor), sleep disorder (yes), high negative coping
dimension scores of SCSQ, high score of DFS, and low positive coping dimension scores of SCSQ were all factors
contributing to the anxiety and depression in patients with periodontitis (odds ratio > 1, P < 0.05).

CONCLUSION
Age, hope level, educational level, disease perception, sleep disorders, coping style, and dental fear were all
associated with anxiety and depression in patients with periodontitis.

Key Words: Periodontitis; Anxiety; Depression; Mental state; Influencing factor

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

Core Tip: Patients with periodontitis experience a vicious cycle of depression and anxiety due to repeated diseases and a long
treatment cycle, which leads to aggravation of the original condition and affects oral health. Therefore, it is important to
identify the key factors that may affect anxiety and depression in patients with periodontitis to improve their prognosis.
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INTRODUCTION

Periodontitis is a chronic oral disease caused by the corrosion of dental tissues by pathogenic microorganisms that form
periodontal pockets and are absorbed by the alveolar bone, eventually leading to tooth loss. Epidemiological studies have
shown that the incidence of periodontitis is increasing and that the elderly account for a relatively high proportion of the
population with periodontitis[1,2]. Anxiety and depression are adverse emotions such as tension and fear that occur in
patients with periodontitis during treatment and are prevalent in patients of all ages, mainly manifested as fear and
avoidance of dental treatment. The unpleasant emotional experience directly affects patients' ability to face diseases. In
addition, adverse emotions can aggravate the stress reactions of patients, leading to the aggravation of their original
condition and affecting their oral health. Increasingly aggravating oral diseases cause patients to fall into a vicious cycle
of depression, anxiety, and avoidance. Therefore, it is important to clarify the current state of depression and anxiety in
patients with periodontitis and the factors that may lead to adverse psychological emotions in patients[3-5]. To date,
many clinical studies have mainly focused on the treatment of patients with periodontitis and anxiety and depression,
whereas related studies on factors that may lead to anxiety and depression in patients with periodontitis are rare. In view
of this, this study focused on observing the status of anxiety and depression in patients with periodontitis and analyzing
the risk factors that may lead to anxiety and depression in these patients, in order to improve their negative psychology
and overall health.

MATERIALS AND METHODS

General data

The subjects were selected from 100 patients with periodontitis who were admitted to our hospital between March 2022
and March 2023. All subjects met the following inclusion criteria: (1) Periodontitis was diagnosed by referring to the
relevant diagnosis in the 2018 World New Classification of Periodontal and Peri-Implant Diseases and Conditions[6]; (2)
Initial illness; and (3) The enrolled subjects and their families knew the purpose of the study and signed the consent form.
Exclusion criteria were: (1) Comorbid with other diseases, such as immune system diseases and diabetes mellitus; (2)
Comorbid with other oral diseases; (3) History of previous psychological illnesses, such as anxiety and depression; and
(4) Poor compliance and trouble cooperating with the researchers. This study was performed after the approval of the
medical ethics committee of our hospital.
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Assessment criteria for anxiety and depression

The patients included in the study were assessed using the Zung Self-Rating Depression Scale (SDS)[7] and the Zung Self-
rating Anxiety Scale (SAS)[8]. There are 20 items in the SDS, and each item was assigned a score of 1-4; a score of > 53
indicated that the patient had depression. There are 20 items in the SAS, and each item was assigned a score of 1-4; a score
of 2 50 indicated that the patient had anxiety. Patients who developed anxiety or depression were included in the
occurrence group.

Baseline data collection

The baseline data of patients were collected, including sex, age and disease perception (evaluation by Brief Illness
Perception Questionnaire[9]: The questionnaire included 8 items, with a scores of 0-10 for each item, and a total score of
80 points; 0-48 points indicated poor disease perception and 49-80 points indicated good disease perception), sleep
disorder (Pittsburgh Sleep Quality Index[10]: 18 items including sleep latency, sleep time, sleep disorder, sleep quality,
etc., were scored according to 0-3 points, with a total score of 21 points; 2 7 points indicated sleep disorder and a higher
score indicated more severe sleep disorder), the level of hope (Herth Hope Scale[11]; the scale included 12 items in three
dimensions: taking active action, maintaining close relationship with others, and current and future positive attitude;
each item was assigned according to a 1-4 score system, with a total score of 12-48 points; 12-23 points indicated low level,
24-35 points medium level, and > 36 points high level), coping styles [simplified coping style questionnaire (SCSQ)[12],
which included 20 items of positive response (1-12 items) and negative response (13-20 items), according to the 0-3 score
system; the higher the score of negative coping dimension, the more negative the surface coping style, and the higher the
score of positive coping dimension, the more positive the surface coping style], and dental fear [Dental Fear Scale (DFS)
[13]; the 20 items in the scale were all scored according to the 5-grade method with full scores of 20-100 points; a higher
score indicated that dental fear was more serious].

Statistical methods

SPSS25.0 software was used to analyze the data. Shapiro-Wilk normal distribution was used to test the normality of
measurement data, and mean + SD meant the measurement data conformed to the normal distribution. An independent
sample t test was used for intergroup comparisons. n (%) represented the count data, and y? test was used. Logistic
regression analysis was used to test factors influencing anxiety and depression in patients with periodontitis. The
significance level was set at a = 0.05.

RESULTS

Analysis of depression and anxiety status in patients with periodontitis

Among the 100 patients with periodontitis included in the study, 38 cases (38.00%) developed depression according to the
SDS; the average SDS score was (68.52 + 5.85) points. According to the SAS, there were 40 patients with anxiety, the
incidence rate was 40.00%, and the average SAS score was (72.15 + 4.15) points. A total of 56 patients with anxiety or
depression were included in the study.

Comparison of baseline data

Compared with the non-occurrence group, the age (= 60 years), hope level (low), education level (high school or below),
disease perception (poor), and sleep disorder (yes) were higher in the occurrence group. The negative coping dimension
score of the SCSQ and DFS score in the occurrence group were higher, the positive coping dimension score of the SCSQ
was lower, and the difference was statistically significant (P < 0.05). There were no significant differences in the other
data between the groups (P > 0.05) (Table 1).

Logistic regression analysis of anxiety and depression in patients with periodontitis

Whether patients with periodontitis had anxiety or depression was the dependent variable (1 = yes, 0 = no). The results of
multiple logistics regression analysis showed that: age (> 60 years old), level of hope (low level), educational level (high
school or below), disease perception (poor), sleep disorder (yes), high negative coping dimension scores of SCSQ, high
score of DFS, and low positive coping dimension scores of SCSQ were all factors contributing to anxiety and depression
in patients with periodontitis (odds ratio > 1, P < 0.05) (Tables 2 and 3).

DISCUSSION

Oral cavity-related diseases not only affect the function of oral organs, but also affect the whole-body health of patients
and their psychological development. With the development of the "biological-psychological-social medicine" model in
clinical medicine, clinical treatment is increasingly not only for the diagnosis and treatment of the disease itself, but also
for holistic medical treatment[14-16].

The results of this study showed that among the 100 included patients with periodontitis, 38 (38.00%) developed
depression according to the SDS score, and the average SDS score was (68.52 + 5.85) points. According to the SAS, there
were 40 patients with anxiety, and the incidence rate was 40.00%; the average score of the SAS was (72.15 + 4.15) points,
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Table 1 Comparison of baseline information

Factor Occurrence group (n=  Non-occurrence group (n= Statistical P
56) 44) values value

Age, n (%) 260 38 (67.86) 12 (27.27) 16.234 <0.001
<60 18 (32.14) 32 (72.73)

Sex, 1 (%) Male 28 (50.00) 25 (56.82) 0.460 0.500
Female 28 (50.00) 19 (43.18)

Hope level n, 1 (%) Low level 40 (71.43) 12 (27.27) 19.247 <0.001
Medium and high level 16 (28.57) 32 (72.73)

Educational level, n High school and below 45 (80.36) 15 (34.09) 21.977 <0.001

0
® College and above 11 (19.64) 29 (65.91)
Disease perception,n  Be poor 40 (71.43) 10 (22.73) 23.377 <0.001
o

) Good 16 (28.56) 34 (77.27)

Sleep disorders, n (%)  Be 35 (62.50) 11 (25.00) 13.949 <0.001
No 21 (37.50) 33 (75.00)

coping style SCSQ negative coping dimension ~ 17.25 +1.52 8.25+0.85 35.169 <0.001

(mean * SD, points) score
SCSQ positive coping dimension 15.12 £1.58 25.12 £2.05 27.556 <0.001
score

Dental fear (DFS scale) (mean * SD, points) 60.25 £ 5.25 30.12+£4.15 31.168 <0.001

SCSQ: Simplified coping style questionnaire; DFS: Dental Fear Scale.

Table 2 Description of main independent variables

Independent variable Variable declaration Assignment condition

Age Binary variable 0<60yr,1260yr

Hope level Binary variable 0 = medium high level, 1 = low level

Education level Binary variable 0 = high school and below, 1 = college and above
Disease perception Binary variable 0 = poor, 1 = good

Sleep disorder Binary variable 0=yes, 1=no

SCSQ negative coping dimension score Continuous variable -

SCSQ positive coping dimension score Continuous variable -

Dental fears Continuous variable -

SCSQ: Simplified coping style questionnaire.

indicating that anxiety and depression were common in patients with periodontitis. The related mechanisms of clinical
anxiety and depressive negative emotions affecting periodontitis are relatively complex and mainly manifest in two
aspects. The first is pituitary-adrenal axis dysfunction, neuroendocrine changes, and increased secretion of glucocor-
ticoids in patients with periodontitis combined with anxiety and depression, as well as the inhibition of the immune
response of the body and increased susceptibility of the body to pathogenic bacteria of periodontitis. Second, the life
attitudes of patients with periodontitis and anxiety and depression are mainly pessimistic. Gingival swelling, bleeding,
and even loss in patients with periodontitis are likely to increase their negative emotions, thus forming a vicious circle
that is a negative factor for both negative emotions and disease control[17-19]. Therefore, it is necessary to explore factors
that may lead to anxiety and depression in patients with periodontitis.

The results of this study showed that compared with the non-occurrence group, the occurrence group had relatively
high ages (= 60 years old), hope level (low level), education level (high school or below), disease perception (poor), and
sleep disorder (yes). The negative coping dimension score of the SCSQ and DFS score in the occurrence group were
higher, while the score of positive coping dimension of the SCSQ was lower. The results of multiple logistics regression
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Table 3 Logistic regression analysis of anxiety and depression in patients with periodontitis

Correlative factor B Standard error Wald Pvalue OR 95% confidence interval
Age 1.728 0443 15200  <0.001 5.630  2.362-13.420

Hope level 1.897  0.450 17.810  <0.001 6.667  2.762-16.090

Education level 2.062 0463 19.958  <0.001 7.909  3.192-19.595

Disease perception 2140  0.466 21.114  <0.001 8.500  3.412-21.177

Sleep disorder 1.609 0444 13122  <0.001 5.000  2.093-11.944

SCSQ negative coping dimension score 0.886  0.179 24424  <0.001 2427  1.707-3.449

SCSQ positive coping dimension score 0956  0.222 18.489 <0.001 2601  1.683-4.022

Dental fears 0.267  0.054 24152 <0.001 1.306  1.174-1.452

OR: Odds ratio; SCSQ: Simplified coping style questionnaire.

analysis showed the influencing factors leading to anxiety and depression in patients with periodontitis were as follows:
(1) Age: Elderly patients with periodontitis have a relatively low quality of life, and such patients bear a heavy burden of
worry about the prognosis of the disease, that they will impose a burden on their children and loved ones and affect the
quality of life of themselves and their families. Consequently, patients experience severe negative emotions related to
anxiety and depression[20]; (2) Hope level: The lower the hope level, the more negative and pessimistic patients would be
when facing the stressors, unable to face the disease squarely, unwilling or rejecting cooperative treatment, lacking
confidence in disease recovery, feeling helpless when facing the disease, and trapped in negative emotions such as
anxiety and depression for a long time, which are not conducive to disease diagnosis and treatment[21]; (3) Education
level: For patients with low education level, the knowledge level is relatively low, the learning ability is not high, and the
understanding of the disease cognition is not thorough. In addition, the erroneous understanding of the disease leads to
the occurrence or even aggravation of anxiety and depression in patients[22]; (4) Disease perception: Patients with poor
disease perception have no correct cognition of the occurrence, development, and prognosis of the disease and have
incomplete disease understanding, which leads to patients not fully comprehending disease diagnosis and treatment and
unable to make a reasonable judgment on the prognosis. Patients had a stronger sense of abnormal experiences of the
disease and were excessively concerned about its negative effects. Consequently, anxiety and depression are more
prominent in these patients[23]; (5) Sleep disorder: In patients with sleep disorder, the body immunity will decrease, the
inflammatory pathways will be activated, and the inflammatory reaction will be aggravated. The increasingly aggravated
inflammatory reaction leads to the aggravation of the psychological burden on patients and causes them to worry more
about the treatment effect and development of the disease after treatment. In addition, negative emotions, such as anxiety
and depression, act on the body and affect sleep quality, thus forming a negative cycle that is not conducive to the
recovery of the patient's condition[24]; (6) Coping styles: There were two kinds of coping styles: negative and positive. A
positive coping style can weaken the psychological burden and promote disease recovery, whereas a negative coping
style strengthens the psychological burden and delays disease recovery. The reason that patients with periodontitis
mostly adopted a negative coping style was related to persistent toothache and bad breath, which led to an inferiority
complex. Second, fear of operating instruments during oral treatment, high treatment costs, and uncomfortable treatment
experiences were also related. Moreover, anxiety and depression resulting from negative coping styles gradually increase
and persist over time[25]; and (7) Dental fear: The treatment cycle of periodontitis is long, and during the treatment
process, patients experience severe discomfort. Therefore, patients with periodontitis generally experience dental fear,
which leads to poor compliance in patients receiving the diagnosis and treatment. Whether patients still have phenomena
such as delayed treatment and a prolonged treatment cycle, which will cause unsatisfactory diagnosis and treatment
effects, is more likely to aggravate patients' rejection psychology, and negative emotions of anxiety and depression are
generated and gradually strengthened[26].

However, due to the limited number of samples included and the retrospective nature of this study, there are
limitations with regard to the inclusion of relevant indicators, and the credibility of the study needs to be verified by
expanding the sample size in the future.

CONCLUSION

In summary, age, hope level, education level, disease perception, sleep disorders, coping style, and dental fear were all
associated with anxiety and depression in patients with periodontitis.
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ARTICLE HIGHLIGHTS

Research background

Periodontitis is a chronic oral disease caused by pathogenic microorganisms that corrode tooth tissue, form periodontal
pockets, absorb alveolar bone, and finally lead to tooth loss. During treatment, patients are prone to anxiety, tension, and
other negative emotions, which affect their ability to face the disease and may also lead to aggravation of the original
condition and affect oral health. Therefore, it is important to improve the negative psychology of patients with period-
ontitis to clarify the factors that may lead to negative psychological emotions.

Research motivation

To observe the status of anxiety and depression in patients with periodontitis and analyze the risk factors that may lead
to anxiety and depression to improve the negative psychology of patients with periodontitis and the overall benefit level
of patients.

Research objectives
Improve the negative psychology of patients with periodontitis and the overall benefit level for patients.

Research methods
Logistic regression analysis was used to analyze the data in this article.

Research results

The results of multiple logistics regression analysis showed that age (= 60 years), level of hope (low level), educational
level (high school or below), disease perception (poor), sleep disorder (yes), high negative coping dimension scores of
simplified coping style questionnaire (SCSQ), high score of Dental Fear Scale, and low positive coping dimension scores
of SCSQ were all factors contributing to the anxiety and depression in patients with periodontitis.

Research conclusions
Age, hope level, educational level, disease perception, sleep disorders, coping style, and dental fear were all associated
with anxiety and depression in patients with periodontitis.

Research perspectives

This study shows that age, hope level, education level, disease perception, sleep disorders, coping style, and dental fear
can all lead to anxiety and depression in patients with periodontitis, and clinical treatment should consider formulating
reasonable countermeasures against these factors.
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There was a significant difference between college students with depressive
symptoms and healthy college students in completing verbal and spatial working
memory (SWM) tasks correctly (all P < 0.01). Physical Activity Scale-3 scores were
significantly and positively correlated with the correct rate of the verbal working
memory task (r = 0.166) and the correct rate of the SWM task (r = 0.210) (all P <
0.05). There were significant differences in the correct rates of verbal and SWM
tasks according to different exercise intensities (all P < 0.05) and different exercise
durations (all P < 0.05), and no significant differences in the correct rates of verbal
and SWM tasks by exercise frequency (all P > 0.05).
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CONCLUSION
An increase in physical exercise among college students, particularly medium- and high-intensity exercise and
exercise of 30 min or more, can improve the correct rate of completing working memory tasks.
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Core Tip: This study discusses physical exercise in university students with depression and the specificity of their working
memory. In addition, this study analyzes the relationships between the three variables through cross-sectional research, the
relationship between different factors, performance of physical exercise, and working memory of university students with
depression.
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INTRODUCTION

The World Health Organization predicts that depression will become the leading contributor to the global burden of
disease by 2030[1]. Early adulthood is a critical period for the physiological and psychological development of
individuals, and is also a high-risk period for developing depression[2]. College students are generally in the early
adulthood stage from 18 to 25 years of age, and because of their immature physical and mental development, they are
prone to internal conflicts when facing multiple pressures, such as complicated study tasks and life events, which can
induce depression and other undesirable emotions, and in severe cases, can lead to suicide and other crisis events[3,4].
Some studies have shown that the detection rate of depression among Chinese college students ranges from 21.6% to
37.6%, with an increasing trend year by year[5-7]. Therefore, the prevention and intervention of depressive symptoms in
college students is of great significance.

Working memory impairment occurs in patients with depressive symptoms. Working memory, a capacity-limited
cognitive system that temporarily stores relevant information[8,9], is one of the core elements of the human cognitive
system and plays an important role in learning, reasoning, and completing complex tasks. Typical symptoms of
depression (e.g., pleasure deficit) are highly correlated with impairment of working memory[8,10-12]. Related brain
imaging studies have found that depressed individuals show greater activation in the cingulate cortex and prefrontal lobe
when completing N-back tasks compared to healthy individuals[13-17], suggesting that to achieve the same level of
performance on working memory tasks as healthy individuals, depressed individuals need to mobilize more cognitive
resources and exert greater cognitive effort. Comparisons were made between depressed and non-depressed college
students on a working memory task, and it was found that the correct rate of depressed subjects was lower than that of
healthy subjects, and the reaction time was higher than that of healthy subjects, both of which were statistically significant
[18]. The working memory model proposed by Baddeley includes the Central Executive, Visuo- spatial Sketchpad, and
Phonological Loop[19]. According to the manner in which information is processed and handled, working memory can
be divided into visuospatial and verbal working memory (VWM)[20]. People with depressive symptoms may experience
impairments in different dimensions of working memory.

Physical exercise is closely associated with depressive symptoms and working memory. Physical exercise is an
effective means of alleviating negative mood in depressed patients, with the advantages of high adherence, low adverse
effects, and stable effects[21,22]. Previous cross-sectional studies have found that physical activity is significantly
negatively correlated with depressive symptoms[23,24], and the higher the level of participation in sports, the lower the
risk of depression detection[25]; Physical activity can also improve depressive symptoms by improving working memory.
Weuve et al[26] found that those with higher weekly physical activity had better performance in reverse-order memory
breadth, and the decline in homework performance was lower than the decline in physical activity performance in the
second test two years later. The decline in homework performance was lower in this group than that of those with low
physical activity; and the findings of Szabo et al[27] suggest that cardiorespiratory fitness levels in older adults can
directly influence hippocampal gyrus volume, which in turn promotes overall correctness and speed of response in
spatial working memory (SWM). Depressive disorder severity significantly affects working memory and may be related
to altered frontal executive control circuit functioning in patients[28], who show consistent abnormalities in limbic-
subcortical calcium cycle functioning during working memory processing[29]; disruption of working memory updating is
mainly characterized by altered activity in the connections between visual association areas and the prefrontal cortex[30],
and physical activity can significantly affect prefrontal activation, which in turn affects performance on working memory
tasks, thereby ameliorating depressive symptoms.
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Previous studies have shown that physical exercise, working memory, and depressive symptoms are closely related to
each other, and that impairment of working memory is a prominent manifestation of cognitive impairment in patients
with depression. There is a basic consensus that physical exercise improves working memory, and that improvement of
working memory alleviates depressive symptoms. We found that previous studies did not clarify whether there was a
difference in working memory task performance between healthy college students and college students with depressive
symptoms, nor did they mention the relationship between the elements of physical exercise and working memory. The
present study thus adopted a cross-sectional design paradigm to explore the correlation between various elements of
physical activity and working memory-specific indicators, as well as the relationship between different levels of physical
activity and working memory under each element, to clarify the indicators of depression-symptom-specific working
memory in college students with a view to provide evidence for future clinical practice.

MATERIALS AND METHODS

Participants

Based on the principle of voluntariness, university students were randomly recruited from Songjiang University in
Shanghai. All subjects were required to be 18-26 years old; have no mental illness; have never taken barbiturates,
benzodiazepines, or chloral hydrate; be non-sports majors or high-level athletes; and have no sports contraindications. All
participants signed informed consent forms, and the study was approved by the Ethics Committee of Shanghai

University of Sport, with an ethical code of 102772023RT075. The recruitment process for the participants is shown in
Figure 1.

Measures

General information questionnaire: Participants’ basic information, such as age, sex, height, weight, and family status
was obtained, as well as information on any mental illness, on the use of barbiturates, benzodiazepines, and chloral
hydrate, whether they were professional athletes, and whether they had sports contraindications.

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

The Physical Activity Scale-3: The Physical Activity Scale-3 (PARS-3), translated and revised by Liang et al[31] is
currently recognized as an effective adult physical activity measurement questionnaire. This scale defines the amount of
exercise = intensity x duration x frequency. The intensity and frequency are divided into five grades, with 1-5 points
respectively. The five grades of duration are 0-4 points respectively, and the score range is 0-100 points. The evaluation
criteria are: < 19 means a small amount of exercise, 20-42 a moderate amount of exercise, and > 43 a large amount of
exercise. In this study, Cronbach a coefficient of the scale is 0.740.

Working memory task: A verbal n-back spatial n-back task paradigm was used to measure the refreshing ability of the
participants” working memory, where n was 2. VWM and SWM were tested according to different processing levels of
working memory. The experimental procedure was completed using the subjects’ keystrokes on a computer, and the
verbal and spatial n-back tasks used the same experimental materials and procedures but differentiated between the two
experimental procedures using different experimental instructions. Eight distinct uppercase letters-B, D, H, K, M, P, S,
and Y-were chosen for the experimental material to avoid confusion in the subjects. The screen background was black
and eight letters were randomly presented at eight positions on the screen.

The verbal n-back task required participants to memorize the letters themselves, ignoring their spatial location, and
consisted of 55 trials, including 5 practice trials and 50 formal trials. After completing the 5 practice trials, the participant
was asked whether he/she was familiar with the task and the procedure, and if he/she did not receive an affirmative
answer, he/she was given the option of pressing the “Q” key to practice again; if he/she received an affirmative answer,
he/she was given the option of pressing the “Enter” key to enter the formal experiment. Each experiment consisted of 50
trials. There were 50 trials in the formal experiment, and the specific experimental procedure was as follows: first, a gaze
point “+” was presented for 3000 ms, and then a picture with a letter was presented sequentially for 2000 ms, with a
stimulus interval of 1000 ms. Participants were asked to memorize the letter itself, ignore the spatial location of the letter,
and remember the letter if it was different from the second letter. If the currently presented letter was the same as the
second letter in the previous interval, the “]” key was pressed, and if it was different, the “F” key was pressed. The
statistics show the response times and correct rates for the verbal n-back task (Figure 2).

The spatial n-back task was the same as the verbal n-back task in terms of the number of trials and the complete experi-
mental procedure, with the difference that participants were required to memorize the spatial position of the letter,
ignoring the letter itself. Participants were asked to press the “J” key to respond if the position of the currently presented
letter was the same as that of the previous penultimate letter (in this case, there would be a situation in which the letters
are different, but the spatial position of the letter is the same), and press the "F" key if they are different. The statistics
represent the response times, press the “J” key to respond, and if they are different, press the “F” key. The statistics
represent the response times and correct rates for the spatial N-back task (Figure 3).
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Figure 1 Flow chart of subject recruiting.
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Figure 2 Flowchart of speech 2-back task.
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Figure 3 Flowchart of the space 2-back mission.

Test procedure
Questionnaires (basic information form, Beck Depression Inventory-II, and PARS-3) were distributed to the participants.

Before filling in the questionnaires, the chief examiner read out the guidelines and explained the entries, making it clear
that the data obtained were only used for scientific research, and emphasizing that the answers were true, independent
and voluntary. In the process of filling in the questionnaires, the subjects were prompted to answer the questionnaires
according to the requirements. After filling in the questionnaires, the chief examiner checked the questionnaires that had
omitted any item or whose responses were against common sense, and ensured the completeness of the information

through filling and re-filling the questionnaires (Figure 4).
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Figure 4 Flow chart of measurement. BDI-II: Beck depression inventory-Il; PARS-3: The physical activity scale-3.

Data processing

IBM SPSS Statistics 26.0 software was used to statistically analyze the data. For the questionnaire, there was a non-
random lack of data to avoid the use of a simple deletion method to make the estimated coefficients biased; then the same
kind of mean interpolation processing was performed. The common method bias test was conducted by using the
Harman one-way test; the data distribution was observed through frequency histograms, and the independent sample ¢-
test was used for comparison between groups of the measured data that conformed to normal distribution or nearly
normal distribution; the Mann-Whitney U nonparametric test was used for comparison of the measured data that were
obviously skewed; the count data were described by 1 (%), and the y* test was used for comparison between groups. One-
way analysis of variance (ANOVA) and least significant difference post-hoc multiple tests were used to compare the
effects of different exercise intensities, times, and frequencies on the correct rate of verbal and SWM tasks, and Pearson
correlation analysis and linear regression analysis were used to explore the relationship between physical exercise,
depressive symptoms, and working memory. One-way ANOVA was used to investigate the relationship between
physical exercise (intensity and duration) and working memory.

RESULTS

Demographic information of university students with/without depression

Overall, 143 participants were included, with age 19.53 + 1.149 year-old, and a 21.68% detection rate of depression.
Comparing the demographic features between depressed and non-depressed university students, as shown in Table 1, we
discovered significant differences in the groups in terms of registered households, only children, study pressure,
interpersonal relationships, and social activities. Further analysis found that compared to non-depressed university
students, depressed university students had significantly higher study pressure, a lower proportion of only children,
more tense interpersonal relationships, and fewer social activities. This result shows that being in a senior grade, not
being an only child, high study pressure, more tense interpersonal relationships, and fewer social activities are indicators
of depressive symptoms in the high-risk groups.

Specificity of working memory of university students with different depressive symptoms
As shown in Table 2 and Figure 5, there was a significant difference in the rate of correct completion of both verbal and
SWM tasks between college students with depressive symptoms and healthy college students (all P < 0.01).

Relationship between different elements and levels of physical exercise and college students’ depressive symptom-

specific working memory indicators

To facilitate the analysis of different physical exercise elements and levels, the participants were divided into different
exercise intensities, durations, and frequencies according to the PARS-3 questionnaire. Exercise intensity was classified as
light exercise (level 1), medium-low intensity (levels 2 and 3), and high intensity (levels 4 and 5), exercise duration was
classified as < 30 min (levels 1-3), 30-59 min (level 4), and = 60 min (level 5), and exercise frequency was classified as <1
time/mo (level 1), 2 times/mon-2 times/wk (levels 2 and 3), and 2 3 times/wk (levels 4 and 5).

Characteristics of working memory of university students with different exercise intensity, duration, and frequency
In order to analyze the characteristics of working memory in students with different exercise intensity, duration, and
frequency according to the PARS-3 questionnaire, exercise intensity was divided into light exercise (level 1), medium and
low intensity (levels 2 and 3), and high intensity (levels 4 and 5), and exercise duration was divided into < 30 min (levels
1-3), 30-59 min (levels 4) and = 60 min (level 5), frequency of exercise was divided into < once/month (level 1, twice/
month-twice/week (level 2 and 3) and > three times/week (level 4 and 5).

As shown in Table 3, there were significant differences in VWM and SWM accuracies among the different exercise
intensities (all P < 0.05). After multiple comparisons, significant differences were found between high-intensity and
medium-intensity physical exercise and low-intensity physical exercise (all P < 0.05), suggesting that medium intensity
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Table 1 Basic information of university students with different depression symptoms, (%)

Overall Without depression With depression Comparison among groups
Demographic indicators

(n=143) (n=112) (n=31) Xt Pvalue
Gender (male) 47.55 48.21 45.16 0.091 0.763
Age (yr) 19.53 +1.149 19.52 +1.139 19.58 +1.205 0.959 0.789
BMI (kg/m?) 21.483 £3.939  21.729 £4.039 20.592 £ 3.468 0.245 0.156
Registered household (city) 52.45 58.04 32.26 6.469 0.011*
Only child (yes) 46.15 50.89 29.03 4.669 0.031°
Single-parent family (yes) 9.09 9.82 6.45 0.334 0.564
Average education year of parents (yr) 11.119 +3.598 11.371 £3.370 10.210 + 4.260 0.117 0.112
Drinking habit (yes) 20.28 18.75 25.81 0.748 0.387
Smoking habit (yes) 210 2.68 0 0.848 0.357
Family relations
Amiable 50.35 53.57 38.71 3.466 0.177
General 47.55 43.75 61.29
Many conflicts 2.10 2.68 0
Study pressure
Easy 22.38 25.89 9.68 7.107 0.029°
General 54.55 55.36 51.61
Difficult 23.08 18.75 38.71
Interpersonal relationship
Good 74.13 83.04 41.94 22.009 <0.001°
General 23.78 16.07 51.61
Bad 210 0.89 6.45
Social activities
> Three times/wk 2.80 1.79 6.45 13.625 0.001°
< Three times/wk 83.22 89.29 61.29
Hardly 13.99 8.93 32.26

4P <0.05.
P <0.01.
BMI: Body mass index.

Table 2 Differences in working memory among college students with different depressive symptoms (mean * SD)

Variable Without depression, (n = 134) With depression, (n = 31) F value P value
VWM accuracy 0.868 + 0.080 0.762 £ 0.170 50.963 0.002
VWM reaction time 995.18 + 146.27 913.45 £ 290.846 42502 0.14
SWM accuracy 0.875 + 0.084 0.773 + 0.187 73121 0.006
SWM reaction time 955.41 £ 168.20 880.81 £ 249.87 10.484 0.125

VWM: Verbal working memory; SWM: spatial working memory.
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Table 3 Characteristics of working memory of university students with different exercise intensity

Overall Different intensity Multiple comparisons
F P
Variable = i = i = i
(n=143) Low (n Medium (n High (n s el Low.vs L.ow vs M_edlum vs
27) 94) 22) medium high high
Accuracy rate of 0.845 + 0.795 + 0.849 + 0.104 0.889+0.048 445 0.013  0.028 0.004 0.137
VWM 0.114 0.102
Accuracy rate of 0.853 + 0.786 + 0.862 + 0.106 0.894+0.069  6.008  0.003  0.004 0.002 0.241
SWM 0.121 0171

VWM: Verbal working memory; SWM: Spatial working memory.
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Figure 5 The relationship between physical activity and task-specific indicators of working memory. A: Physical activity was significantly and
positively correlated with correctness of spatial working memory; B: Physical activity was significantly and positively correlated with correctness of verbal working
memory. PARS-3: The physical activity scale-3.

had already taken effect, and there was little difference between medium and high intensity.

As shown in Table 4, there were significant differences in the VWM and SWM accuracy rates for different exercise
durations (all P < 0.05). After multiple comparisons, significant differences were found in the VWM accuracy rate
between physical exercise of middle- and low duration (P < 0.05). In terms of the accuracy rate of SWM, there were
significant differences between the group of low-duration and the groups of high-duration and medium-duration (all P <
0.05), suggesting that the exercise duration takes effect when it exceeds 30 min, and there is little difference between
medium-duration and high-duration physical exercise.

As shown in Table 5, there was no significant difference in the VWM and SWM accuracy rates for different exercise
frequencies (all P > 0.05), suggesting that different exercise frequencies pose no effect on the completion of working
memory tasks.

DISCUSSION

The results of this study showed that the correct rate when completing a working memory task is a depression-symptom-
specific working memory indicator for college students and that physical activity participation has a positive correlation
with the correct rate when completing a working memory task, which is consistent with the results of previous studies.
The results of previous studies found[32,33] that depressed individuals had lower rates of correctness and slower
responses when completing tasks compared to healthy individuals, and the severity of working memory impairment was
positively correlated with the severity of symptoms in depressed patients[34]. In terms of research on physical exercise to
improve working memory in depressed groups, previous researchers have found through cross-sectional studies[35] that
there is a positive correlation between physical activity and cognition and a significant positive correlation between
physical activity and its rate of correctness in completing working memory[36-38]. Overseas studies have found that
depressed patients all have abnormal activation of the frontal and parietal lobes when performing working memory tasks
and also have failure of inhibition of the limbic system[39,40].
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Table 4 Characteristics of working memory of university students with different exercise duration.

Overall Duration Multiple comparisons
P
Variable in(n= . in(n= 2 in(n= i
(n=143) <30min(n= 30-59 min(n= 260min(n= . o\ oe Low.vs L.ow vs hl!edlum vs
33) 63) 47) medium high high
Accuracy rateof ~ 0.845 0.808£0.165  0.869 + 0.084 0.838+0.114 3344 0038 0012 0.243 0.151
VWM 0.114
Accuracy rate of  0.853 £ 0.798£0.172  0.874 +0.084 08620111 4675 0011  0.003 0.018 0.608
SWM 0.121

VWM: Verbal working memory; SWM: Spatial working memory.

Table 5 Characteristics of working memory of university students with different exercise frequency

. Overall Frequency
Variable - ; ; Fvalue P value
(n=143) <Once/mo (n=1) Twice/month-twice/week (n=103) =2 Three times/week (n = 39)
Accuracy rate of VWM 0.845+0.114 0.766 + 0.000 0.840 +£0.117 0.861 +0.114 0.709 0.494
Accuracy rate of SWM  0.853£0.121 0.797 + 0.000 0.847 £0.114 0.870 £ 0.139 0623 0538

VWM: Verbal working memory; SWM: Spatial working memory.

This study found that the higher the exercise intensity and longer the duration of physical exercise for college students,
the better their performance in working memory tasks, whereas the positive facilitation effect of exercise frequency on
working memory task performance was not significant. Evidence shows[41] that physical exercise can provide sufficient
nutrition and energy to the brain by increasing neurotransmitter content, promoting glial cell regeneration, improving
synaptic plasticity, effectively regulating neurotrophic factor concentration, glucocorticoid hormone levels, morphology
and structure of specific parts of the central nervous system, as well as the release of pro-inflammatory cytokines, and at
the same time increasing brain plasticity and improving working memory. Furthermore, physical exercise increases the
area of grey and white matter in the prefrontal, parietal and temporal lobes[42], induces structural changes in the
hippocampal volume and the vascular system[43], and significantly increases the number of newborn neurons[44],
which, in turn, improves working memory capacity. Vazou et al[45] conducted a cross-sectional cognitive test on and
showed that subjects who exercised more performed better. Sibley et al[46] and Griffin et al[47] found that both moderate-
and high-intensity exercise resulted in a significant increase in working memory capacity in university students.

We also found that depressive symptoms were significantly negatively correlated with the correct rate of completion of
the working memory task, but not with the response time of completing the working memory task, which is inconsistent
with the results of previous studies[17,48], which may be due to the difference in task paradigms, as previous studies of
working memory used both the 1-back and 2-back working memory tasks, whereas the present study used only the 2-
back task. This result may be due to the difference in task paradigms, as the 1-back task is simpler for college students,
and a “ceiling effect” may occur[49]. Another inconsistent result is that there is no significant difference in college
students’” performance on the working memory task between different exercise frequencies[50]. This may be due to the
difference in the study population; previous researchers selected healthy college students, whereas the present study
included college students with depressive symptoms. Cross-sectional studies on the effect of physical activity frequency
on working memory have rarely been reported at home and abroad, and high-quality studies are still necessary in the
future to supplemented these findings.

Limitations: This study used a cross-sectional design, which needs to be confirmed by longitudinal studies in the
future. The physical activity scale, as a subjective report, may have some bias, and some objective indicators such as
accelerometers and heart rate bands can be used to measure physical activity data in future studies. Larger samples are
required for future investigations.

CONCLUSION

The more physical exercise college students engage in, the higher is the correct rate of completing working memory tasks.
Among the elements of physical exercise, exercise intensity of medium intensity or more and exercise duration of more
than 30 minutes can improve the correct rate of working memory tasks. Therefore, college students with depressive
symptoms should be encouraged to increase their physical activity to improve their working memory and pay attention
to changes in working memory, which may reduce scores on depressive symptoms.
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ARTICLE HIGHLIGHTS

Research background
Depression is an important factor contributing to the global burden of disease, and the detection rate of depressed mood
among Chinese university students ranges from 21.6 per cent to 37.6 percent, with a tendency to increase year by year.

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

Research objectives
This paper aims to discuss the relationship between different factors, the performance of sports exercises, and the
working memory of university students with depression.

Research methods
One-way analysis of variance and Pearson’s correlation were used to explore the correlations and interaction pathways
between variables.

Research results

There was a significant difference between depressive symptomatic and healthy college students in the completion of
both verbal and spatial working memory tasks correctly. Physical Activity Scale-3 scores were significantly and positively
correlated with verbal working memory (VWM) correctness and spatial working memory (SWM) correctness. High- and
moderate-intensity physical exercise were significantly different from low-intensity physical exercise. In terms of VWM
correctness, there was a significant difference between medium-duration compared with low-duration physical exercise;
in terms of SWM correctness, there was a significant difference between high-duration and medium-duration physical
exercise compared with low-duration physical exercise. There was no significant difference in the correct VWM and SWM
rates between the different exercise frequencies.

Research conclusions

Colleges and universities should encourage students with depressive symptoms to increase their physical activity and
improve their working memory. This is particularly evident with increased intensity and duration of physical activity,
which may reduce the incidence of depressive symptoms.

Research perspectives
The use of objective measurement tools is recommended for future studies, and longitudinal studies are necessary to
further define the course of action.
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Abstract

BACKGROUND

Unhealthy maternal diet leads to heavy metal exposures from the consumption of
ultra-processed foods that may impact gene behavior across generations, creating
conditions for the neurodevelopmental disorders known as autism and attention
deficit/hyperactivity disorder (ADHD). Children with these disorders have
difficulty metabolizing and excreting heavy metals from their bloodstream, and
the severity of their symptoms correlates with the heavy metal levels measured in
their blood. Psychiatrists may play a key role in helping parents reduce their
ultra-processed food and dietary heavy metal intake by providing access to
effective nutritional epigenetics education.

AIM
To test the efficacy of nutritional epigenetics instruction in reducing parental
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ultra-processed food intake.

METHODS

The study utilized a semi-randomized test and control group pretest-posttest pilot study design with participants
recruited from parents having a learning-disabled child with autism or ADHD. Twenty-two parents who met the
inclusion criteria were randomly selected to serve in the test (n = 11) or control (n = 11) group. The test group
participated in the six-week online nutritional epigenetics tutorial, while the control group did not. The efficacy of
the nutritional epigenetics instruction was determined by measuring changes in parent diet and attitude using data
derived from an online diet survey administered to the participants during the pre and post intervention periods.
Diet intake scores were derived for both ultra-processed and whole/organic foods. Paired sample t-tests were
conducted to determine any differences in mean diet scores within each group.

RESULTS

There was a significant difference in the diet scores of the test group between the pre- and post-intervention
periods. The parents in the test group significantly reduced their intake of ultra-processed foods with a pre-
intervention diet score of 70 (mean = 5.385, SD = 2.534) and a post-intervention diet score of 113 (mean = 8.692, SD
= 1.750) and the paired t-test analysis showing a significance of P < 0.001. The test group also significantly
increased their consumption of whole and/or organic foods with a pre-intervention diet score of 100 (mean = 5.882,
SD = 2.472) and post-intervention diet score of 121 (mean = 7.118, SD = 2.390) and the paired t-test analysis
showing a significance of P < 0.05.

CONCLUSION
Here we show nutritional epigenetics education can be used to reduce ultra-processed food intake and improve
attitude among parents having learning-disabled children with autism or ADHD.

Key Words: Epigenomics; Parenteral nutrition; Autism; Attention deficit/hyperactivity disorder; Ultra-processed foods; Heavy
metals

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

Core Tip: Ultra-processed foods remain a source of heavy metal exposure in American families. The bioaccumulation of
inorganic mercury and lead in the blood increases the severity of symptoms in children with autism and attention
deficit/hyperactivity disorder via paraoxonase-1 gene modulation. Providing parents with nutritional epigenetics instruction
may reduce their intake of ultra-processed foods and empower them to influence their child’s behavior through dietary
changes.

Citation: Dufault RJ, Adler KM, Carpenter DO, Gilbert SG, Crider RA. Nutritional epigenetics education improves diet and attitude of
parents of children with autism or attention deficit’/hyperactivity disorder. World J Psychiatry 2024; 14(1): 159-178

URL: https://www.wjgnet.com/2220-3206/full/v14/i1/159.htm

DOI: https://dx.doi.org/10.5498/wjp.v14.i1.159

INTRODUCTION

Excessive consumption of ultra-processed foods is a characteristic of unhealthy diet due to the increased intake of
saturated fats and added sugars and decreased intake of essential micronutrients zinc (Zn), calcium (Ca), magnesium,
vitamins A, C, D, E, B12, and niacin[1,2]. Increasing evidence links consumption of ultra-processed foods to the
development of various disease conditions including obesity, type-2 diabetes, cardiovascular disease[3], and adverse
child neurodevelopment[4,5]. In a recent diet study involving 2377 pairs of pregnant women and their offspring, Puig-
Vallverdu et al[4] found an adverse association between maternal prenatal consumption of ultra-processed foods and
verbal functioning in the offspring during early childhood. Zupo et al[5] performed a literature review of the evidence
showing an association between maternal pre-natal diet and adverse neurodevelopmental outcomes in offspring and
found a positive association between maternal prenatal diet high in ultra-processed foods and adverse verbal intelligence
and executive functioning in the offspring during middle childhood. While the health problems associated with the
consumption of ultra-processed foods are indisputable, the precise factors (e.g., food ingredients, contaminants, additives,
nutrient profiles) that cause the problems are not yet fully understood[3].

A few food ingredients have been studied by researchers and their role in the development of disease is becoming
clearer. Ward was the first to report the health problems of hyperactive children affected by the consumption of yellow
food colors including the development of eczema and/or asthma, respiratory and/or ear infections, poor speech, and
poor coordination[6]. In a behavioral response study of hyperactive children and an age and gender matched control
group, Ward determined only hyperactive children showed significant losses in serum Zn levels along with increased
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levels of overactivity and aggression following the consumption of yellow food colors #5 and #6[7]. Milne and Neilsen[8]
reported significant losses in Ca from the consumption of high fructose corn syrup (HFCS) in a small study of men and
cautioned that a high fructose containing diet could lead to bone loss and the development of osteoporosis over time.
Food colors yellow #5 and #6 and HFCS are a few examples of food ingredients commonly found in ultra-processed
foods that are suspected of causing health problems by creating nutritional deficit and/or mineral imbalance. Numerous
studies now indicate that reducing ultra-processed food intake will help eliminate the nutritional deficits that lead to poor
health outcomes|[2,3]. In a recent review, Touvier et al[3] stated “public health policies to reduce the consumption of ultra-
processed food cannot wait”. This statement especially applies to birth outcomes. In a recent scoping review, Cortés-
Albornoz et al[9] found nutritional deficits during pregnancy are the recognized cause of some adverse birth outcomes
and contribute to increased risk of several neuropsychiatric disorders, including those found in the autism spectrum, and
attention deficit/hyperactivity disorder (ADHD).

In addition to the problem of creating nutritional deficits, excessive consumption of ultra-processed foods results in
dietary heavy metal exposures[10,11]. Heavy metal exposures via the consumption of ultra-processed foods are allowed
by food safety laws that regulate contaminant concentrations in various food ingredients. For example, in the case of
synthetic petroleum-based food coloring, the United States Food and Drug Administration requires manufacturers to test
and certify each batch of coloring to ensure the concentration of heavy metals does not exceed the levels permitted by law
(£ 1 ppm mercury (Hg), <10 ppm lead (Pb), and < 3 ppm arsenic (As)[12]. These “certified” food colors (e.g., yellow #5,
yellow #6, red #40) are found in many ultra-processed food products consumed by both children[13] and adults in the
United States and remain a significant health concern[14,15].

In addition to petroleum-based food coloring, heavy metal contaminants may be found in other highly consumed food
ingredients such as high fructose corn syrup which is used by beverage companies as an added sweetener in soft drinks.
Dufault et al[16] was the first to publish findings of Hg in HFCS. In subsequent studies, Rideout et al[17] and Wallinga et
al[18] also reported finding low levels of (Hg in food products containing corn syrup or HFCS. Corn sweeteners,
including HFCS, are at risk of inorganic-Hg (I-Hg) contamination due to their manufacturing process which involves the
application of mercuric chloride to the corn starch at the beginning of the process to prevent starch degrading enzymes
[19] and the use of Hg-grade chlor-alkali chemicals throughout the manufacturing process to adjust the pH of the various
corn products[16].

Heavy metal contaminants are found throughout the food supply. Emerging evidence suggests prenatal exposure to
heavy metals can influence the development of the child’s immune system and contribute to the development of various
disease conditions[20]. Prenatal exposures to cadmium (Cd), Pb, and/or Hg have been linked to the development of
asthma, eczema, food allergy, and adverse respiratory outcomes in children[20-22]. Heavy metals may be transmitted to
the fetus during pregnancy via cord blood. In a birth cohort study of 1751 pregnant women, Jeong et al[23] found
maternal blood Pb and Hg concentrations correlated with the levels found in cord blood and in children up to age 5
years. In a more recent birth cohort study of children diagnosed with autism and/or ADHD in Norway, Skogheim et al
[24] determined prenatal exposures to different heavy metals during gestation could adversely impact child neurodevel-
opment[24]. Hg, Pb, Cd, and As were among the notable heavy metals found to be involved in the development of autism
and ADHD.

Heavy metals are detoxified in the body by metallothionein (MT) metal carrier proteins that must bind with Zn and
copper (Cu) which are the elements required to regulate MT gene expression[25,26]. MT proteins play a vital role in metal
trace element homeostasis within cells and tissues as heavy metals are detoxified and eliminated from the body[25]. In
this capacity, MTs serve the immune system as potent antioxidant proteins because they protect DNA against oxidative
stress that may occur if heavy metals accumulate in the body[25]. Dietary elements that reduce Zn availability or deplete
Zn stores may disable MT functioning creating conditions for the bioaccumulation of heavy metals in cells and the
buildup of oxidative stress which destroys cell membranes and tissues[27]. Dietary elements or contaminants known to
reduce or deplete Zn include excessive exposures to heavy metals Hg[27,28], Pb, Cu, Cd, silver (Ag), Bismuth (Bi)[28],
HFCS[27,29], yellow #5 and yellow#6[7], alcohol and some drugs[29]. Recent studies suggest the synaptic pathway for
the development of autism may be the disruption of glutamatergic synapses which can be influenced by prenatal Zn
deficiency and MT dysfunction both of which affect brain tissue metal-ion homeostasis[30].

Prenatal Zn deficiency arising from the maternal consumption of ultra-processed foods is one example of how
reproductive risk occurs and can lead to behavioral abnormalities and impaired immunocompetence in children[31].
Uriu-Adams and Keen[31] found poor diet leading to Zn deficiency, for even a short period of time, can present a risk to
the developing fetus. More recent literature reviews indicate prenatal and offspring Zn deficiency are now strongly
associated with the development of autism and ADHDI[32,33]. Heavy metal exposures from consumption of ultra-
processed foods compromise maternal and child Zn status and cause MT gene malfunction which leads to the bioaccu-
mulation of heavy metals in blood[27]. Multiple studies indicate the heavy metal levels found in the blood of children
with autism or ADHD correlate with the severity of their symptoms[34-39]. Recent rat studies demonstrate the toxic and
synergistic effects of low dose combined exposures to Hg, Pb, and Cd on hippocampal neurons[40,41]. These studies
show dietary co-exposures to Hg, Pb, and Cd correlate to Hg, Pb, and Cd levels in blood and the intensity of oxidative
stress in brain tissue with impacts on rat learning and memory impairment[40,41].

Evidence suggests nutritional deficits and heavy metal exposures associated with poor diet (e.g., excessive
consumption of ultra-processed foods) are the primary epigenetic factors responsible for the development of autism and
ADHD via MT gene dysfunction[27] and paraoxonase-1 (PON1) gene suppression[11]. The field of science that studies the
effects of heavy metal exposures and diet on gene behavior is nutritional epigenetics. Figure 1 shows the constructs of the
nutritional epigenetics model for autism and ADHD that explains how dietary factors (e.g., HFCS, yellow #5, yellow #6,
Hg and Pb exposures) from the consumption of ultra-processed foods lead to the development of nutritional deficits and
mineral imbalances that disrupt MT gene function. MT gene disruption leads to the bioaccumulation of heavy metals in
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Figure 1 Nutritional epigenetics model for autism and attention deficit hyperactivity/disorder. Ultra-processed foods contain food colors, vegetable
oils, refined sugars such as high fructose corn syrup (HFCS), and organophosphate (OP) and other pesticide residues. Consumption of ultra-processed foods leads
to inorganic mercury and lead (Pb) exposures and dietary deficits in fatty acids (e.g., docosahexaenoic acid, eicosapentaenoic acid) and micronutrients such as
selenium. Dietary consumption of HFCS and food colors, yellow #5 and yellow #8, leads to mineral imbalances such as zinc and/or calcium losses and copper gain.
Inadequate zinc stores and copper gain can disrupt metallothionein gene function and result in the bioaccumulation of heavy metals in the blood stream which creates
oxidative stress and changes in DNA methylation patterns that may impact child health and learning across generations. Inadequate calcium stores can lead to the
bioaccumulation of Pb in the bloodstream and inhibit paraoxonase-1 (PON-1) gene function which is needed to detoxify the neurotoxic OP residues in the food
supply. Without adequate PON1 gene activity, dietary exposures to OP pesticide residues result in oxidative stress and changes in DNA methylation patterns that
impact child health and learning across generations. ADHD: Attention deficit hyperactivity/disorder; OP: Organophosphate; DHA: Docosahexaenoic acid; EPA:
Eicosapentaenoic acid; I-Hg: Inorganic mercury; PON-1: Paraoxonase-1.

the blood and problem behaviors and impaired learning in offspring. Maternal exposures to Pb and Hg via unhealthy or
poor diet, lifestyle, and environment are transmitted to the child via cord blood[23] and are likely responsible for the
development of autism and ADHD in children[24,42], especially in the case of PON1 gene suppression[10,11,43] which
can result in oxidative stress[44] and changes in DNA methylation patterns[45]. Expression of the PON1 gene results in
the body’s production of the Ca dependent paraoxonase enzyme that detoxifies organophosphate (OP) pesticide residues
[46] found widely in the United States food supply[47]. Prenatal OP pesticide exposures are neurotoxic, producing lasting
effects on the behavioral health of children[48] and may impact their ability to learn when PON1 gene activity levels are
low([11]. Inhibitors of PON1 gene activity include dietary exposures to fructose (e.g., HFCS), Hg and Pb, and nutritional
deficits in fatty acids, Ca, and selenium (Se)[10]. Diet interventions aimed at educating parents on each of the constructs
that form this model may lead to the adoption of healthier diets.

MATERIALS AND METHODS

The study utilized a semi-randomized test and control group pretest-posttest pilot study design with participants
recruited from parents having a learning-disabled child with autism or ADHD. Prior to participant recruitment, the
curriculum for the tutorial intervention was developed and built online at the non-profit Food Ingredient and Health
Research Institute[49]. The online curriculum was modeled after a previous online nutritional epigenetics course that was
focused on teaching college students how to reduce their intake of ultra-processed foods and improve their intake of
whole and organic foods while reducing their blood I-Hg and glucose levels[50]. For this diet intervention study, we
focused the curriculum on the known factors of the western diet that contribute to heavy metal exposures and nutritional
deficits that may impact gene behaviors in children with autism and ADHD. In learning how specific food ingredients
contribute to heavy metal exposures, impact nutrient status and/or gene behavior (Figure 1), and child health and
learning outcomes, parents may then have the knowledge they need to feed themselves and their children a healthy diet.
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Curriculum and tutorial development

The curriculum consisted of a textbook titled, “The Toxic Western Diet: What Parents Must Know to Protect Their
Family,” that was written by the principal investigator for use in conjunction with six online modules of instruction[51].
There were learning objectives posted online for each module of instruction along with four assigned activities. Every
week each participant was expected to complete four activities which included a reading assignment from the textbook,
three discussion questions to be answered in a discussion group setting, and two other activities which varied depending
on the topic (e.g., video assignment, kitchen cupboard survey, online scavenger hunt for facts, meal preparation
assignment). The hands-on activity and video assignments for each chapter are provided in the textbook which
accompanies this article as Supplementary material in PDF file format for the purpose of study duplication.

The textbook chapters and associated modules of instruction are titled as follows: (1) Chapter 1: How food regulates
and supports gene function; (2) Chapter 2: What we eat or don’t eat leads to disease; (3) Chapter 3: Ingredients that add
heavy metals to your body; (4) Chapter 4: What we know about corn sweeteners; (5) Chapter 5: What we know about
pesticides; and (6) Chapter 6: How we can create a safe food environment. Each textbook chapter provides at least 42
science-based references to support the content. During the study, all references were accessible online at the tutorial web
page. Each chapter presented several lessons that helped improve parent understanding of the role diet plays on their
child’s behavior and health. Table 1 provides detailed information on the content covered in each module of instruction.

The textbook has been updated[52] and the tutorial is now available in a study guide hardcopy format[53]. Supple-
mentary material provides an example of one module of instruction in the tutorial/study guide[53]. It may be used in
conjunction with Chapter 4 of the current textbook which is titled, “Ingredients that add heavy metals to your body”[52].
In this chapter, parents read the results of previous studies that show consumption of food colors yellow #5 and yellow
#6 by hyperactive children leads to Zn losses and increased hyperactivity[6,7]. Parents learn that products with these
food colors sold in the European Union must carry the following mandatory warning on their labels: “May have an
adverse effect on activity and attention in children[54,55].” A hands-on activity in the study guide involves the parent
conducting a survey while using the tables in this chapter to find and list all the food products in their kitchen that
contain yellow #5, yellow #6, and other ingredients with allowable heavy metal residues. Another hands-on activity
involves the parent finding a recipe to prepare a Zn rich meal for the family. Parents learn that Zn is needed by the body
to build the MT transporter protein that supports heavy metal excretion. The textbook is geared to teach parents how to
avoid consuming ultra-processed food products known or likely to contain ingredients with heavy metal or pesticide
residues while increasing consumption of whole foods that contain the essential nutrients required by the body to
support gene function so that it can build the proteins needed to improve child health, behavior, and learning outcomes.

Study design for evaluating tutorial

The study was a semi-randomized test and control group pretest-posttest pilot study design. The tutorial intervention
lasted six weeks, and participants were surveyed online at baseline and post intervention. In accordance with the
protocol, all the participants provided written informed consent to participate in the study. The protocol for the study
was approved and found to be exempt from further review by the A.T. Still University Institutional Review Board (IRB).

Sample size calculation

The required sample size was calculated before the start of the study. A prior study using the same survey instrument[50]
produced mean diet scores at pre and post intervention of 16.0 and 23.2 with the standard deviations of 1.72 and 2.83,
with n = 10. Based on calculation procedures provided by Kirkwood and Stein[56], a sample size of less than 10 was
determined to be adequate for this study. The variables for the sample size analysis are shown in Table 2. The formula
used to determine the sample size for each group (test and control) is provided by Kirkwood and Sterne[56] as follows:

(u + V)2 (61% + o03)
(u1 — po)?
n (number required for each group), assuming power = 90%, u = 1.28; assuming significance level = 5%, v = 1.96.
Substituting estimated values for the means and standard deviations outlined in Table 2 results in the following;:

(1.28 + 1.96)2(1.722 + 2.83)?
(23.2 — 16.0)2

> 2.2 (number required for each group)

According to the calculation, at least three participants were needed in each group (test and control) for this study. If 20
participants were recruited to enroll in the study with 10 participants serving in the test group and 10 participants serving
in the control group, there would be enough data to include in the final analysis even with a few dropouts.

Participant recruitment and eligibility
Participants were chosen from a population of parents who have learning-disabled children with behavior problems
commonly associated with autism, developmental delay, and ADHD. Recruitment was primarily conducted using a
Facebook[57] web page announcement hosted by the non-profit Food Ingredient and Health Research Institute[49]. The
recruitment web page was “shared” with various organizations across the United States with a mission to serve parents
with learning-disabled children. Approximately 250 parents responded to the recruitment web page by sending inquiry
emails with most being excluded due to their child’s existing diet. Parents with children on special diets (e.g., Feingold,
gluten free, or casein free) were excluded from the study.

Eligibility for participation in the tutorial project was determined using the protocol approved by the A.T. Still
University IRB, which included the use of a screening questionnaire. Supplementary material provides a copy of the
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Table 1 Content of each module of instruction

Module Title/book chapter ~ Topics covered Activities Films

One How food regulates Genes, epigenetics, gene regulation, methylation, hypomethylation, 3 Ghost in your genes (BBC
and supports gene methyl donating nutrients, micronutrients to support PON1, BDNF, and television)
function MT

Two What we eat or don’t  Characteristics of SAD, obesity, malnutrition, nutritional deficits, gene 3 Super size me (streaming
eat leads to disease malfunction, USDA food availability system, refined sugar and vegetable documentary)

oil consumption trends

Three Ingredients that add Allowable heavy metal levels in food ingredients (e.g., food coloring, 4 The medicine of food
heavy metals to your ~ preservatives), food manufacturing, chlor-alkali refining, known contam- (Smithsonian Institute)
body inants (e.g., vegetable oils), zinc deficiency in autism and ADHD

Four What we know about  Corn sweeteners, manufacturing process, contamination, ultra-processed 2 King corn (streaming)
corn sweeteners foods, heavy metal bioaccumulation, western diet - > western disease

Five What we know about  Chlorine, USDA Pesticide Data Program, OP, PON1 gene function in 3 The autism revolution:
pesticides autism/ ADHD, symptoms of OP poisoning Thinking about environment

and food (IATP)

Six How we can create a Current food regulations (e.g., ingredient safety and labeling), history of 4 No video
safe food environment FDA, food allergies, dietary supplements, Hg in fish issues, healthy food

labels

ADHD: Attention deficit hyperactivity/disorder; OP: Organophosphate; PON-1: Paraoxonase-1; MT: Metallothionein; FDA: Food and Drug
Administration; IATP: Institute for Agriculture and Trade Policy.

Table 2 Change in diet scores for each participant (for sample size calculation)

Intervention Control P value (t-test)
N 10 10
Mean diet score
Baseline 16.0 (2.83) 16
6 wk 232 (1.72) 16
Change 7.2 0 <0.05

Data are means with SD and #-test.

screening questionnaire. Parents of learning-disabled children demonstrating the most severe behavior problems were
given priority for enrollment in the tutorial. Severity was determined by the number of child behaviors observed by the
parents within the last 24 h as recorded on the screening questionnaire checklist. Observed child behaviors included any
of the following: Frequent tantrums, hyperactivity, self-injury (head banging), pica (chewing on objects), running away,
and aggression (hitting, name-calling). Of the 93 parents who filled out and submitted the screening questionnaire, 23 met
the inclusion criteria for the study and were invited to participate in the tutorial project. Prior to their enrollment in the
study, all parents interviewed face to face via Skype or by phone with the investigator and were provided with the
opportunity to ask questions about their participation in the study before signing the informed consent form. Participants
were alternately assigned to the test or control group when eligibility was confirmed and after receipt of the signed
informed consent form.

Eligible parents had a learning-disabled child between the age of 34 mo and 8 years, daily access to the internet, and
documentation of their child’s disability. All participants reported having a minimum educational level equivalent to a
high school diploma. For this basic study, only the test group received nutritional epigenetics instruction via the online
tutorial intervention. The participants in the test group began the tutorial on the same date and had the flexibility of any
other online course. They were able to access the tutorial at any time anywhere in the world if they had internet access.
One parent dropped out of the study before the tutorial began, which left 11 parents serving in the test group and 11
parents serving in the control group. Pre and post intervention, all participants completed the online diet survey
questionnaire comprised of 30 dietary habit questions and 10 participant characteristic questions.

Survey instrument design and use

A survey questionnaire was developed using the Survey Monkey[58] website. The survey consisted of one item to
determine parental belief about the role of diet in child behavior, several items to collect qualitative demographic data to
characterize the family units (e.g., highest level of education, race or ethnicity, age of learning-disabled child, parent
observation of child behavior in past 24 h), and food frequency questions to characterize parental dietary intake. The food
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frequency questions were modeled after those used by the National Cancer Institute[59] to measure dietary intake in the
past month and designed to determine the proportion of time specific whole foods or ultra-processed foods were eaten by
the parent. There were seventeen questions for measuring whole and/or organic food intake and thirteen questions for
measuring ultra-processed food intake. Food products were considered ultra-processed if they contained more than one
ingredient along with at least one ingredient known, or likely, to contain heavy metal residues. Products made from
conventional flour with pesticide residues or bleached flour were considered ultra-processed foods. Whole foods,
originating from a farm (one ingredient) were considered less processed and healthier to consume.

All food frequency questions used a similar structure. For example, an item used to measure the intake of dark green
vegetables, a whole food, was written as follows: During the past month, how many times did you eat dark green
vegetables (romaine lettuce, spinach, broccoli, kale, Swiss chard, collard, or other greens)? The possible responses
included: Never, rarely (once or twice a month), once a week, several times a week, daily (1-2 servings), several times a
day (3 or more servings). An example of a question used to measure the intake of cereal, an ultra-processed food, was
written as follows: During the past month, how many times did you eat ready to eat cereal (corn flakes, rice crisp, corn
squares, fruity o’s, oat circles, etc.)? The same set of responses were used for each question. A question used to measure
the intake of swordfish or tuna was included in the ultra-processed food category because their consumption can lead to
Hg exposure, and one purpose of the tutorial was to decrease consumption of foods that may contain heavy metal or
pesticide residues.

The food frequency questions did not follow any specified order in the survey (whole food vs ultra-processed food), so
parents were not aware of their significance. Item design was intentional and tracked back to lessons learned about the
importance of certain nutrients in modulating gene function and child behavior. For example, some items used to
measure intake of ultra-processed foods were associated with food ingredient labels containing corn sweeteners and food
colors that may lead to heavy metal exposures and Zn losses. All the food frequency questions are provided in Tables 3
and 4.

The food frequency questions had been pilot tested successfully and validated in a previous clinical trial that involved
the delivery of an online nutritional epigenetics course to students at a tribal college located on an Indian reservation[50].
The diet survey utilized during that trial was comprised of the same food frequency questions used for the diet survey
administered during this study. The survey was validated to correctly measure intake of ultra-processed and whole foods
through biomarker collection (e.g., blood) and analyses[50]. College students who significantly reduced their intake of
ultra-processed foods and increased their intake of whole and/or organic foods had lower inorganic blood Hg levels
compared to students who did not participate in the online nutritional epigenetics course[50]. During this study, parents
in the test and control groups were administered the survey online pre and post intervention during a specified period.
Each parent received a link to the confidential survey via email.

Data analysis

The qualitative demographic data was analyzed to determine the percent of family units with or without college, percent
of family units in each ethnic group, percent of participants observing specific problem behaviors in the last 24 h, and
percent of families having learning-disabled children in different age groups.

Quantitative data in ratio form (proportion) was analyzed to determine how many times in the past month different
foods were eaten by the parent. The data was coded and each response in the healthier range was awarded a score of 1.
Less healthy responses received a score of 0. For example, more frequent consumption of whole and/or organic foods
achieved a higher score, as did less frequent consumption of ultra-processed foods. Each item was scored positively with
a 1 if the participant reported a diet habit consistent with the instruction. A diet behavior score was calculated for each
participant as the sum of the 1’s across all questions. The mean diet score for each group (test and control) was also
calculated for each period (pre and post intervention). The scoring procedure for this study was the same procedure used
for the tribal college study[50]. A two-sample paired t-test was conducted to determine any significant difference in
parental diet behavior between the pre and post periods.

Comparisons of pre- and post-intervention diet scores for test and control groups were performed using a two-sample
paired t-test, with two tails and alpha = 0.05. All t-tests were conducted in R. Version 4.3.0 (2023-04-21ucrt). The following
four assumptions of the t-test are met: (1) No outliers - outliers were tested in two stages using box plots and Grubbs test.
Stage 1: Each of the distributions were examined for outliers using box plots in R. Outliers were noted for the distribution
of process - post-intervention test group and the distribution of process - post-intervention control group. Both these
outliers were for the item, “eat grain products made of wheat such as macaroni, bread, hamburger or hot dog buns, or
spaghetti”. Another outlier was found for the distribution of process - pre-intervention control group for the item, “eat
foods prepared with organic flour”. Stage 2: The outliers found in stage 1 were not found to be outliers when tested using
the Grubbs test with alpha = 0.01. The Grubbs test is known as the maximum normed residual test or the extreme
studentized deviate test[60,61]; (2) Normality: The Shapiro-Wilk normality test in R showed no distributions with a P-
value < 0.01. All distributions were found to be normally distributed; (3) Random: Subjects were assigned randomly to
test and control groups as described in the participant recruitment and eligibility section above; and (4) Equal variance: R
does not assume equal variance between the samples for the t-test. The default status in R for the #-test is unequal
variance. The Welch's t-test was performed for all t-tests in R. The statistical methods of this study were reviewed and
verified by Dr. Raquel Crider of the Food Ingredient and Health Research Institute.
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Table 3 Changes in intake of ultra-processed food pre- and post-intervention

Survey questions (questions begin with “During the past month, how many times didyou  Pre-intervention Post-intervention
w7 Test  Control Test  Control
...drink a sugar sweetened beverage such as ginger ale, orange soda, fruit punch, root beer, or other soft 5 8 9 8

drink (do not include diet drinks)"

...eat canned fruit with syrup or added sugar (applesauce, apricot halves, mixed fruit, pears, cling 9 8 11 10
peaches)?’

...eat canned meals (soup, re-fried beans, chili, spaghetti, beef stew, ei.‘t:....)?2 8 10 10 11
...eat processed cheese (American, yellow cheddar)?’ 3 5 9 6
...eat sweetened or flavored milk products (fruity or sweetened yogurt, pudding cups, chocolate 8 7 9 7

flavored milk, etc....)?'

...eat processed meat (lunch meat, hotdogs, bacon, ham in a can, sausage, beef jerky, etc.)?2 4 7 10 8
...eat ready to eat cereal (corn flakes, rice crisp, corn squares, fruity o’s, oat circles, efc.)?” 3 5 7 3
...eat swordfish or tuna (canned, fresh, or frozen)?l 8 7 9 7
...eat foods fried in vegetable oil such as potato or corn chips, popcorn, French fries, hash browns, fry 5 6 10 5

bread, fast food fried chicken, fish sticks, doughnuts?2
...eat food purchased from a drive thru taco or hamburger restaurant, pizza parlor, other chain?’ 4 5 9 7

...eat sweet snacks such as candy, cookies, ice cream, popsicle, other sugar sweetened treat (do not 1 6 8 8
include diet)?”

...eat grain products made of wheat such as macaroni, bread, hamburger or hotdog buns, or spaghetti?” 4 3 4 2

...eat white rice?” 8 9 8 10

Total diet score 70 86 113 92

mean * SD 5.385 + 6.615 + 8.692 + 7.077 +
2.534 1.895 1.750 2.629

1Score = 1 if “never, rarely (once or twice a month)”.
Score =1 if “never, rarely, once a week”.

RESULTS

Participant demographic characteristics

Table 5 shows the demographic characteristics of the parents who participated in the nutritional epigenetics tutorial
study. All (100%) of the participants reported having some college. Participant race or ethnic group only varied slightly
between test and control groups. The age distribution for the learning-disabled children in the family units was the same
for both groups. Although the gender of the parents was not determined by the questionnaire, pre-intervention
interviews confirmed all participants were female. Problem child behaviors observed by parents in the last 24 h varied
only slightly between groups.

Efficacy of tutorial on parent diet

Table 3 shows the changes in dietary intake of ultra-processed foods among the parents between the pre and post
intervention period. The unit of analysis is the item of the online diet survey. The processed food section of the diet
survey had 13 items. Each participant that responded with a healthy response to a single item was awarded a score of 1.
For example, during the pre-intervention period, one person in the test group gave a healthy response (e.g., “never,
rarely, once a week”) to the question “during the past month, how many times did you eat sweet snacks such as candy,
cookies, ice cream......?" After undergoing the intervention, 8 participants in the test group gave a healthy response to the
same question so the score for this item on sweet snack intake increased from 1 to 8. After participating in the
intervention, parents in the test group adopted a healthier eating pattern for sweet snacks. The only items in this part of
the survey for which scores did not change for the test group were the questions asking about grain products made of
wheat and white rice.

Table 4 shows the dietary intake of whole and/or organic food among the parents between the pre and post
intervention period. The unit of analysis is the item of the online diet survey. The whole and/or organic food section of
the diet survey had 17 items. Each participant that responded with a healthy response to a single item was awarded a
score of 1. For example, during the pre-intervention period, four participants in the test group each received a score of 1
because each gave a healthy response (e.g., “rarely, once a week, several times a week, every day”) to the question
“during the past month, how many times did you eat foods prepared with organic flour......?" After undergoing the
intervention, 9 participants in the test group gave a healthy response to the same question so the score for this item on
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Table 4 Changes in intake of whole and/or organic food pre- and post-intervention

Pre-intervention Post-intervention

Survey questions (questions begin with “During the past month, how many times did you ...?”
Test Control Test Control

...eat crab or oyster (fresh, frozen, or canned)?’ 4 2 6 1
...drink unflavored milk (non-fat, 2%, or whole)?2 7 5 7 4
...eat product made from unsweetened, unflavored milk (plain yogurt, cottage cheese, white cheese)?’ 9 9 10 8
....eat fresh or frozen fruit (bananas, oranges, apples, strawberries, blueberries, etc.)?2 10 10 10 10
...eat canned vegetables (spinach, green beans, corn, peas, mixed vegetables, tomato, et‘c.)?4 5 5 2 4
...eat frozen vegetables (spinach, green beans, corn, peas, carrots, mixed vegetables, efc.)?” 3 5 3 3
...drink 100% fruit or vegetable juice (apple, orange, grape, tomato, efc.)?’ 4 5 6 6
...eat salmon or sardines (frozen, fresh or canned)?” 3 1 4 1
...eat poultry (chicken or turkey)?” 9 7 8 9
...eat red meat (hamburger, beef, pork, lamb, efc.)?® 10 10 8 10
...eat nuts or seeds (Brazil, sunflower, pine, almonds, sesame seeds, peanuts, pecans)’.fw 4 6 6 5
...eat dark green vegetables (romaine lettuce, spinach, broccoli, kale, Swiss chard, collard or other greens)?” 7 5 7 3
....eat brown rice?' 7 5 9 6
...eat oatmeal?’ 6 8 8 7
....eat foods prepared with organic flour?’ 4 3 9 4
...eat organic produce?’ 5 10 10 10
....eat organic processed foods (bread, cereal, efc.)?’ 3 9 8 10
Total diet score 100 105 121 101
mean 5.88 6.176 7.12 5.941
SD 247 2.811 2.39 3.152

IScore =1 if “rarely (once or twice a month), once a week, several times a week, pretty much every day (1-2 servings)”.
Score = 1 if “several times a week, pretty much every day (1-2 servings), several times a day (3 or more servings)”[45].
3Score =1 if “once a week, several times a week, pretty much every day (1-2 servings)”.

#Score = 1 if “once a week, rarely (once or twice a month)”.

“foods prepared with the organic flour” increased from 4 to 9. After participating in the intervention, parents in the test
group adopted a healthier eating pattern by eating more organic foods thus reducing their pesticide exposure. Their
intake of organic flour, organic produce and organic bread showed impressive post-intervention scores, with each item
increasing 5 to 6 points. The participants likely also reduced their I-Hg exposure because organic flour is unbleached and
does not contain the allowable Hg residue that may be found in the bleached flour products[62].

Table 6 presents an analysis of changes in parent dietary intake within both the test and control groups pre- and post-
intervention. Paired sample t-tests were conducted to determine any differences in mean diet scores within each group,
test, and control. While there were no significant differences in the consumption of ultra-processed or whole foods by
control group participants between the pre- and post-intervention periods, there were significant differences in the
dietary habits of the test group participants. The test group diet score for avoiding ultra-processed food increased from 70
to 113 between the pre- and post-intervention periods. The paired t-test analysis was significant with P < 0.001. For the
whole and/ or organic food category, the total pre-intervention diet score is 100, and the post-intervention score is 121 for
the test group. The paired t-test analysis was significant with P < 0.05. The findings presented in Table 6 indicate the
parents in the test group who completed the tutorial significantly increased their consumption of whole and/or organic
foods and significantly decreased their consumption of ultra-processed foods.

Table 7 presents a summary with the key findings of the t-test results showing changes in parental dietary intake
within groups pre- vs post-intervention. The summary shows all the important statistical information along with the
tested hypotheses and the effect size for each of the f-tests.

Table 8 presents the data collected to measure the changes in the parents’ attitude about their ability to control their
child’s behavior through diet. The survey item was worded “To what extent do you agree with the following statement: I
have the ability to control the behavior of my family’s learning-disabled child through diet”. The data was coded “1” if a
parent responded with “strongly agree” or “agree” and “0” for all other responses. The total and mean score for each
group was calculated along with the standard deviation. During the pre-intervention period, three parents in the test
group and four parents in the control group responded in agreement to the item statement. During the post-intervention
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Table 5 Characteristics of participants in nutritional epigenetics tutorial study

Test group, n =11 Control group, n =11
Race or ethnic group (%)
White - not Hispanic 7 (63.6) 8(72.7)
Black or African American 1(9.1)
Asian 3(27.3) 1(9.1)
Mixed - more than one race 2(18.2)
Educational level of parent (%)
High school diploma or GED
Some college or college degree 11 (100) 11 (100)
Age of learning-disabled child (%)
34 mo - 4 yr of age 2(18.2) 2(18.2)
5-6 yr of age 3(27.3) 3(27.3)
7-8 yr of age 6 (54.5) 6 (54.5)
Problem child behaviors observed by parent in the last 24 h (%)
Tantrum 7 (63.6) 5 (45.4)
Hyperactivity 9 (81.8) 7 (63.6)
Self-injury (head banging) 2(18.2)
Pica (chewing on objects) 5(45.4) 5(45.4)
Aggression (name calling, hitting) 4 (36.4) 2(18.2)
Running away 5(45.4) 4 (36.4)

Data are frequency (%).

Table 6 Changes in parent dietary intake within groups pre- vs post-intervention

Pre vs post-intervention Paired sample t-test Pre vs post-intervention Paired sample t-test
Food category

Test(n=11) Test(n=11) Pvalue Control (n=11)  Control (n=11) P value
Ultra-processed food
Total diet score 70 113 86 92
mean 5.385 8.692 0.0001 6.615 7.077 0.107
SD 2.534 1.750 <0.001 1.895 2.629 >0.05
Whole and/ or organic food
Total diet score 100 121 105 101
mean 5.882 7.118 0.021 6.176 5.941 0.205
SD 2472 2.390 <0.05 2.395 3.152 >0.05

period, ten parents in the test group and three parents in the control group responded in agreement to the item indicating
a change in attitude had occurred among the parents who participated in the tutorial.

Feedback was collected from the parents who completed the online nutritional epigenetics tutorial. Table 9 shows the
feedback provided by the test group. The feedback indicates the hands-on activities helped parents learn to read food
ingredient labels. The kitchen cupboard survey activities helped parents differentiate between ultra-processed and
minimally processed foods. Parents indicated they changed their shopping habits by reducing or eliminating toxic food
ingredients from their family’s diet.

The study results showed the use of an online nutritional epigenetics tutorial could facilitate and influence healthy
dietary changes in parents of children with autism and ADHD. The parents in the test group significantly reduced their
consumption of ultra-processed foods and increased their consumption of whole and organic food after participating in
the tutorial. Parents who participated in the tutorial became more confident in their ability to control their child’s
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Table 7 Within group summary with key findings of t-test results showing changes in parental dietary intake within groups pre- vs post-

intervention

Ultra-processed food, test group, pre
vs post

Ultra-processed food,
control group, pre vs
post

Whole and/or organic food, test group,
pre vs post

Whole and/or organic
food, control group, pre
vs post

P <0.001

t=-4.9109, df = 12

P-value = 0.0003592

Effect size = 1.36

Cohen’s d - large

HO: Mean pre-intervention group = mean

post intervention group

H1: Mean pre intervention group # mean of
post intervention group

HO rejected

Significant difference between pre and post
intervention for test group. Mean of test
group was greater than the mean of the
control group

P>0.05

t=-1.3145, df =12

P-value = 0.2132

Effect size = 0.36

Cohen’s d - small

HO: Mean pre-intervention
group = mean post
intervention group

H1: Mean pre intervention
group # mean of post
intervention group

HO supported

No significant difference

between pre and post
intervention for control

group

P <0.05

t=-2209,df =16

P-value = 0.0421

Effect size = 0.54

Cohen'’s d - medium

HO: Mean pre-intervention group = mean

post intervention group

H1: Mean pre intervention group # mean of
post intervention group

HO rejected

Significant difference between pre and post
intervention for test group. Mean of the test
group was greater than the mean of the
control group

P>0.05

t=0.84563, df = 16
P-value = 0.4102

Effect size = 0.21

Cohen’s d - small

HO: Mean pre-intervention
group = mean post
intervention group

H1: Mean pre intervention
group # mean of post
intervention group

HO supported

No significant difference

between pre and post
intervention for control

group

Table 8 Differences in attitude about behavioral control pre- and post-intervention

Pre-intervention

Post-intervention

Survey question
Test (n=11) Control (n = 11) Test (n=11) Control (n = 11)
To what extent do you agree with the following statement: “I have the ability to control the behavior of my family’s learning-disabled child through diet”?
Total score 3 4 10 3
mean 0.273 0.364 0.909 0.273
SD 0.467 0.505 0.302 0.467

Data were coded “1” if participant responded with “strongly agree” or “agree” and “0” for all other responses.

problem behaviors through dietary changes. The feedback from the parents in the test group indicates they became better
able to manage their family’s dietary environment and eating behavior at home. During the online discussions, some
parents reported seeing improvements in their child’s behavior with the changes in family diet.

DISCUSSION

Parents play a crucial role in shaping a child’s food preferences because they choose what foods to feed their children
[63]. Food preferences begin developing in the fetus in utero and continue after birth during breast feeding and/or
formula feeding[64-66]. There is evidence to suggest children eat, or learn to eat, what their parents eat. Dolwick and
Persky[67] found an unhealthy dietary pattern of excessive ultra-processed food intake by parents is associated with
unhealthy child feeding behaviors, including the excessive intake of ultra-processed foods. An et al[68] conducted a cross-
sectional study of caregivers of children (n = 408) in China to determine whether caregiver feeding behaviors were
associated with child ultra-processed food intake. Caregiver feeding habits were positively associated with children’s
consumption of ultra-processed foods including a higher frequency, and larger amount, of ultra-processed food intake
[68]. Nutrition interventions aimed at parent education are recommended because such instruction may create a healthier
home food environment and improve child feeding and health outcomes[67,68].

Few studies have been conducted to test the efficacy of parent education programs aimed at improving the diet of
parents of learning-disabled children. In a sample of 356 parents of children with autism, spina bifida or Down syndrome,
Polfuss et al[69] found parent feeding behaviors are significantly related to the child’s weight but there was no attempt to
provide a nutrition intervention. To address the feeding problems of food aversion and selectivity in children with
autism, Sharp et al[70] conducted a pilot study to determine the feasibility of two separate parent education programs:
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Table 9 Feedback from parents who completed online nutritional epigenetics tutorial

Survey questions Feedback

Did you find the cupboard surveys and  Yes. I'm trying to buy more organic foods after the tutorial. I was in denial before the tutorial
other activities helpful in preparing
healthy meals for your family? Why or ~ Yes. Learned to pay attention to food ingredient labels

why not?
Yes, it made me look at what I currently have and evaluate it. A lot of the items I had in my pantry I had no idea
had some of the “toxic” ingredients. It made me look at it immediately instead of just thinking, “I'll look at it
later.”
Yes, it is very helpful because I learned that I need to check the contents of the food before serving it to my
family
I thought it was a good way to really ‘see” what you’ve been buying
Yes! It forced me to take a difficult look at what I was feeding myself and my family. It's one thing to
understand a concept in a book, entirely different thing to see it in real time in your own kitchen and on your
children’s dinner plates
Yes, it makes you accountable for what is in your pantry
Yes, the surveys/activities made me take the time to go through my food items and see how good/bad they
were for my family
Yes, the cupboard surveys were very helpful. The surveys allowed me to take an inventory of what I was
feeding my family. It has also helped me be more aware of the food labels when purchasing food from the
grocery store
Yes. It made me really look at the things I was feeding my kids
What did you learn? How did the I should purchase organic grains and avoid cereals. I'm considering purchasing a bread machine so that I can
tutorial change you or your family’s make my own organic bread
diet?

We changed to an organic more Mediterranean type diet

I learned specifically what toxic foods/ingredients are put into our foods and then what foods will help
counteract the negative effects of them. It changed our diet by making me change not only what I take out of
our diet (like as much HFCS as I can, and processed foods in general), but also what I can add to improve
negative reactions (like how Brazil nuts have selenium)

This helped me a lot especially when it comes to serving food to my child with autism. He’s a very picky eater
but thank God he’s improving right now

This really opened my eyes to things that should have been obvious but weren't

Ilearned so much! It has absolutely changed the way I buy and prepare foods. I'm also inspired to live more
sustainably, growing and preserving our own foods

As a family we have become more aware of what we eat and the ingredients in our food. We are trying to make
more health choices, including not choosing flavored milk at school

I learned that most processed/packaged food contains ingredients that are detrimental to our bodies, regardless
of what the nutrition label says. Eating fresh-grown, organic produce and meats seems to be the only way to go

I learned that the food available for consumption, although it may taste good, is not always good for us. The
tutorial has taught me more about the dangers of certain food ingredients. As a result of the tutorial I have

changed my family’s diet by serving less of those ingredients and in most cases eliminating many of them

I learned a lot, and I have made modest changes along with changing my husband’s views, which is big

HFCS: High fructose corn syrup.

one focused on the management of eating aversions via behavioral interventions and the other focused on providing
nutrition education with strategies for meal structure and diet expansion. The nutrition parent education program proved
to be more promising at alleviating the problematic mealtime behaviors among the children but required further study
[70]. Thorsteinsdottir et al[71] conducted a seven-week intervention trial to determine the effect of taste education on
problematic mealtime behaviors in children with autism or ADHD and their parents. Children and parents received
separate nutrition instruction and then combined family instruction[71]. The combined family instruction involved six
kitchen sessions, each lasting 90 min, and focused on building food preparation skills using games as a base for delivering
sensory and taste education[71]. The results of the study showed superior outcomes with stable effects after six months in
the family groups that underwent the taste education[71].

The aim of this basic study was to test the efficacy of a six-week nutrition intervention aimed at educating parents of
learning-disabled children on the role ultra-processed foods play in creating conditions for the development of autism
and ADHD. The nutrition intervention was delivered online via tutorial and focused on teaching parents the constructs of
the nutritional epigenetics model for autism and ADHD (Figure 1). Parents learned which food ingredients in ultra-
processed foods contribute to heavy metal exposures, impact nutrient status, and/or gene behavior. Through the
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instruction, parents became aware of the fact that they could choose to create a healthy and safe home food environment
for their children (Chapter 6 of textbook, Module 6 of tutorial). The outcome measure we chose to assess the efficacy of
the nutrition intervention was change in parent diet, including ultra-processed food intake and organic/whole food
intake. We demonstrated that in six weeks, with nutritional epigenetics instruction, you could significantly change parent
diet. The expected outcome (H1) was that parents would reduce their intake of ultra-processed foods and they did.

One limitation of this study is that we did not collect pre- and post-intervention food frequency data for the learning-
disabled children. We did not ask the parents if they changed their children’s diet because of the instruction they received
during the nutrition intervention, so we do not know if the parental changes in diet affected the diets of the children. We
do have the parent feedback data in Table 8 that indicates parents did change the way they shop for food and plan their
family’s meals. There is little evidence to suggest that learning disabled children will mirror their parents” dietary pattern
aside from the observations made by Thorsteinsdottir et al[71]. For follow up studies, we recommend that hands-on
parent-child cooking and meal preparation activities be incorporated into the existing nutritional epigenetics curriculum
along with the collection of pre- and post-intervention child food frequency data so that researchers can measure any
changes in child dietary intake patterns.

Another limitation of this study may be the relatively small sample size. However, we did use the calculation
procedures provided by Kirkwood and Sterne[56] to determine the minimum sample size for each group (test and
control). A prior study using the same survey instrument[50] produced mean diet scores at pre and post intervention of
16.0 and 23.2 with the standard deviations of 1.72 and 2.83, with n = 10. Based on calculation procedures provided by
Kirkwood and Stein[56], a sample size less than 10 was determined to be adequate for this study. According to our
calculations, at least three participants would be needed for each group; we ended up with eleven participants in each
group (test and control) for this study. Each of the HO and H1 hypotheses in this study were supported using the classical
t-test.

Another limitation of this study could be the introduction of selection bias from the participant recruitment process.
We used social media (Facebook) to recruit the participants. The underlying assumption of using social media is parents
who use social media have access to the internet. Because we required participants to have at least a high school
education and internet access, lower income parents may not have been able to participate. There is a digital divide in the
United States where lower income and less educated parents are less likely to own a computer, or use social media and
the internet[72,73]. Minorities are underrepresented in our study as 68% of our participants were predominantly white
and non-Hispanic. Out of the twenty-two participants in this study, only 32% were members of a minority group. This
type of selection bias is known as demographic bias. Because a higher proportion of black children in the United States
are classified as having intellectual disability[74] and lower income is an important factor associated with receiving a
diagnosis of autism/ ADHD[75], follow up studies will need to be adequately funded to ensure the nutritional epigenetics
curriculum is designed to be effective at teaching less educated and lower income parents from minority backgrounds.
Future studies involving low-income families will also need to ensure that parents have access to whole and/or organic
foods especially if they live in food deserts.

The need to implement nutrition education interventions focused on teaching parents the constructs of the nutritional
epigenetics model for autism and ADHD is now critical in the United States. At a minimum, parents must learn to avoid
feeding their children the ingredients in ultra-processed foods that contribute to heavy metal exposures, impact nutrient
status, and/or gene behavior. Trends in ultra-processed food consumption among youth in the United States are
increasing at an alarming rate. Wang et al[76] found ultra-processed food consumption among United States youth aged
2-19 increased from 61.4% to 67% while the total caloric intake of whole or minimally processed foods decreased from
28.8% to 23.5% between 1999 and 2018. The increasing trends in ultra-processed food consumption among youth are
alarming because strong evidence now suggests the consumption of ultra-processed foods is associated with heavy metal
and pesticide exposures and the development of autism, developmental delay, and/or ADHD[42]. With the increasing
ultra-processed food intake, we see increasing trends in the number of children struggling with these neurodevelop-
mental disorders. Dufault et al[42] reported a 242% increase in the number of children ages 6-21 in the United States
receiving special education services under the autism category while student enrollment remained flat between 2006 and
2021. The need for special education services for children under the other health impaired (including ADHD) and
developmental delay categories increased 83% and 184 %, respectively, during the same period[42]. Parent nutrition
education programs focused on facilitating reductions in ultra-processed food intake are key to preventing the learning
disabilities that are increasing in prevalence with each passing year: autism, developmental delay, and ADHD.

Children with autism and ADHD are routinely diagnosed by healthcare providers using criteria specified by the
American Psychiatric Association in the Diagnostic and Statistical Manual of Mental Disorders[77]. The current
diagnostic criteria do not include recommendations for biomarker analyses, even though children with autism and
ADHD have elevated levels of Pb and/or I-Hg in their blood compared to their neurotypical peers[10]. Baj et al[78]
concluded in a recent review that the analysis of trace elements as biomarkers could be relevant tools in the diagnosis,
prevention, and treatment of children with autism and neurological disorders associated with heavy metal exposures.
Guidelines for selecting analytical methods for the measurement of blood Pb and Hg in children with autism or ADHD
are already available[10]. Because the severity of symptoms in autism and ADHD correlate directly to the heavy metal
levels in their blood[10,38,78,79], it may be beneficial to utilize these biomarker tools to monitor treatment strategies[78],
especially in the case of dietary interventions which may decrease heavy metal exposures. One final limitation of this
study is that we did not have funding to collect biomarker data. In addition to educating parents on the role ultra-
processed foods play in the development of autism and ADHD, future research efforts could include the collection of
blood samples from afflicted children pre- and post-intervention (parent education) to determine any changes in the
heavy metal levels.
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Due to their inability to excrete heavy metals[10], a common co-morbid condition of autism and ADHD is gut dysbiosis
[80,81]. It is not surprising that one of the toxic effects of heavy metals, in single or multi-metallic combination, is the
alteration of metabolic profiles that lead to gut dysbiosis[82]. In a recent review, Zafar and Habib[83] found the following
bacteria to be greatly decreased in the gastrointestinal tract of children with autism: Bacteroides, bifodobacterium,
lactobacillus, and prevotella. In a separate review, Boonchooduang et al[81] found bifodobacterium and bacteroides to be
the best candidates for analyses in stool samples of children and adolescents with ADHD. Dietary co-exposure to heavy
metals is the least studied area of gut health; however, Mangalam ef al[84] found a decline in Prevotella in response to
heavy metal mixtures in the gut. Studying the impact of dietary heavy metal exposures on gut microbiota may also be of
value when children and parents consume a western diet comprised mostly of ultra-processed foods. Future research
efforts could be focused on developing guidelines for collecting and analyzing stool samples to determine the makeup of
the gut biome in children with autism and ADHD.

With respect to the prevention of these neurodevelopment disorders, to date, only one study has attempted to
determine a relationship between prenatal dietary heavy metal exposure and the offspring’s gut microbiome: Midya et al
[85] found prenatal Pb exposure is associated with reductions in Bifidobacterium within the gut microbiota of children at
9-11 years of age. In their conclusion, Midya et al[85] stated that the current Pb exposure guidelines in the United States
and Mexico are not sufficient to protect the human gut microbiome from the deleterious effect of dietary Pb exposure.
More research needs to be conducted to determine how prenatal exposures to the heavy metal mixtures found in ultra-
processed foods may impact the child’s gut microbiome.

Future research could also focus on determining whether diet can be modulated to reduce heavy metal exposures
associated with gut dysbiosis in children with autism or ADHD. Emerging evidence suggests that diet does have a
moderating influence on the gut microbiome and the pathophysiology of neurodevelopmental disorders such as those
found in the autism spectrum[86]. The role of diet as a modulator of neuroinflammation is presented clearly in a recent
review conducted by Kurowska et al[87]. Several studies show that consuming a diet rich in whole foods (e.g., fruits, nuts,
vegetables, herbs, legumes) while avoiding foods that promote inflammation (e.g., ultra processed foods) results in
reduced risk of neurological disease associated with gut dsybiosis[87]. In designing our nutrition education intervention
for parents of children with ADHD or autism, we thought it foremost to provide instruction on how to avoid consuming
ultra-processed foods that contain ingredients with allowable heavy metal residues or increase the risk of heavy metal
exposure. In conducting future studies, it may also be useful to measure any changes that may occur in the gut microbiota
in children with autism and ADHD in response to changes in diet that reduce heavy metal exposures.

The risk of heavy metal exposure from eating ultra-processed foods has been clearly demonstrated in studies
conducted by Khan et al[88], Wells et al[89], and Raehsler et al[90]. Khan et al[88] found heavy metal concentrations in
food products significantly correlated with the heavy metal levels detected in human blood samples. Wells et al[89]
verified Hg exposure from non-fish food occurs through the consumption of vegetable oil, an ingredient commonly
found in ultra-processed foodstuffs. Raehsler et al[90] determined excessive intake of ultra-processed “gluten-free” food
may lead to significantly higher levels of Cd, Pb, and Hg in the blood. The heavy metal exposures from drinking contam-
inated water, or eating ultra-processed food, will destroy the metabolic processes in the human body via oxidative stress
[91]. The nutritional epigenetics model for autism and ADHD shows how this oxidative stress occurs (Figure 1) and may
thus be a useful tool for understanding other pathologies associated with heavy metal exposures.

In addition to autism and ADHD, heavy metal exposures, especially Cd, Pb, and Hg, are positively associated with the
development of atherosclerotic cardiovascular disease[92] and non-alcoholic fatty liver disease[93]. From a toxicological
perspective, it is interesting to note that non-alcoholic fatty liver disease is associated with ultra-processed food intake in
a dose-response manner similar to the dose-response relationship showing heavy metal toxicity[94]. Not surprisingly,
numerous pathologies are associated with ultra-processed food intake[95]. In a recent review, Elizabeth et al[95] examined
forty-three articles to determine any associations between ultra-processed food intake and adverse health outcomes. Of
the forty-three articles, thirty-seven found excessive ultra-processed food intake was associated with at least one of the
following pathologies: Obesity, overweight, cancer, type-2 diabetes, depression, irritable bowel syndrome, cardiovascular
disease, and all-cause mortality[95]. Any nutrition education program that helps individuals significantly reduce their
intake of ultra-processed foods will be useful because evidence suggests that switching to a healthy diet will prevent
disease and/or improve health outcomes[96].

The pre- and post-intervention outcomes presented in Table 6 show the nutrition education program used in this study
was an effective tool because parents who received the nutritional epigenetics instruction significantly decreased their
ultra-processed food intake (P < 0.001) and significantly increased their whole and/organic food intake (P < 0.05). Table 7
provides details on the reliability of our outcome measurements from a statistical perspective. Parent nutritional
epigenetics instruction is a novel nutrition education intervention because evidence suggests that if parents reduce their
consumption of ultra-processed foods, then their children will also reduce their consumption of ultra-processed foods[67,
68]. Using the nutritional epigenetics model as a teaching tool for helping parents reduce their consumption of ultra-
processed foods may lead to healthier home food environments and subsequent improvements in child diet by reducing
the heavy metal exposures associated with autism and ADHD. More research is needed to verify the reductions in heavy
metal exposures that may be associated with reducing ultra-processed food intake.

Meanwhile heavy metal residues continue to be a problem in the American food supply. The United States Congress
recently released two reports on the problem of heavy metals, including I-Hg and Pb, in baby foods sold in America[97,
98]. Dietary heavy metal exposures, I-Hg and Pb, are an important construct in the nutritional epigenetic model for
autism and ADHD (Figure 1). In addition to collecting and analyzing blood samples for Hg and Pb, changes in MT and
PONT1 gene activity levels could also be measured in children with autism and ADHD pre- and post-parental nutritional
epigenetics instruction. Meguid et al[99] successfully measured changes in the genetic expression of MT-1 in children with
autism after Zn supplementation. Numerous studies have already been conducted successfully to measure PON1 gene
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activity in response to changes in diet[100]. Further studies that use nutritional epigenetics instruction to modulate diet
could shed light on the role ultra-processed foods (and heavy metal exposures) play in the development of autism and
ADHD via MT gene disruption or PON1 gene suppression[101].

CONCLUSION

The aim of this basic study was to test the efficacy of a six-week nutritional epigenetics tutorial in improving dietary
behavior patterns and attitudes of parents having a learning-disabled child with autism or ADHD. Evaluation of the
tutorial showed it was an effective tool because it provided parents with the instruction and information needed to
reduce poor dietary habits and facilitate healthy dietary changes over a 6-wk period. The parents who completed the
tutorial significantly reduced their intake of highly processed foods, increased their intake of whole and/or organic foods,
and changed their attitude about their ability to influence their child’s behavior through diet. Nutritional epigenetics
instruction can be used to facilitate healthy changes in diet and attitude among parents of learning-disabled children
within a six-week period.

ARTICLE HIGHLIGHTS

Research background

Ultra-processed foods contain heavy metal and pesticide residues. Specific food ingredients and heavy metal contam-
inants found in ultra-processed foods may result in mineral imbalances that impact or disrupt gene expression. Evidence
suggests prenatal nutritional deficits and heavy metal exposures associated with poor diet are the primary epigenetic
factors responsible for the development of autism and attention deficit/hyperactivity disorder (ADHD) via metallo-
thionein gene dysfunction and paraoxonase-1 gene suppression. The excess consumption of ultra-processed foods by
parents is associated with the development of these neurodevelopmental disorders.

Research motivation

The prevalence of autism and ADHD is increasing in the United States. The key problem to be solved is the excess
consumption of ultra-processed foods by parents. Parents must be encouraged to reduce their consumption of ultra-
processed foods. In educating parents on the role ultra-processed foods play in the development of autism and ADHD,
they may become empowered to change their diets.

Research objectives
The aim of this basic study was to test the efficacy of a six-week nutritional epigenetics tutorial in reducing parental ultra-
processed food intake.

Research methods

The parent education intervention we created was novel as it is the first ever to provide instruction focused on the
constructs of the nutritional epigenetics model for autism and ADHD. In learning how what they eat determines how
their genes behave, parents in the test group chose to change their diets. We measured their dietary changes pre- and
post-intervention using a novel, pre-tested and validated, diet survey with questions designed to measure ultra-
processed or whole/organic food intake. Ultra-processed foods are characterized as having more than one ingredient
along with at least one ingredient known, or likely, to contain heavy metal residues.

Research results

The literature review conducted for this basic study revealed maternal ultra-processed food consumption is associated
with adverse child neurodevelopment. This new finding further strengthens the nutritional epigenetics model for autism
and ADHD that was initially published in 2009 as the Mercury Toxicity Model. The literature review also revealed the
role of dietary heavy metals in creating the co-morbid condition of gut dysbiosis that is found in children with autism and
ADHD. Dietary heavy metal exposures continue to be a problem in the United States ultra-processed food supply.

Research conclusions

The nutritional epigenetics model for autism and ADHD that this study uses as the basis for the nutritional epigenetics
instruction is not new but is further refined by the results of this study. The success of the nutritional epigenetics tutorial
in helping parents reduce their intake of ultra-processed foods may be attributed to the parents” acceptance of the model
constructs. They know the ultra-processed food supply is contaminated with heavy metal and pesticide residues. Two
reports issued by the United States Congress in 2021 confirm there is a heavy metal problem in the ultra-processed food

supply.

Research perspectives
In conducting future research, it may be useful to collect blood samples from the children and parents for heavy metal
analyses pre- and post-six-week intervention that includes nutritional epigenetics instruction. If the children present with
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symptoms associated with autism and/or ADHD, then blood mercury and lead levels are important to measure. Pre- and
post-intervention stool samples could also be collected to measure any changes in the gut biome, especially if a child
presents with symptoms of gut dysbiosis.
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Abstract

BACKGROUND

As the burden of mental disorders among patients with atrial fibrillation (AF)
increases, researchers are beginning to pay close attention to the risk and
prevalence of these comorbidities. Although studies have independently analyzed
the risk of comorbidity with depression and anxiety in patients with AF, no study
has systematically focused on the global epidemiology of these two mental
disorders.

AIM
To explore the prevalence of depression and anxiety in patients with AF.

METHODS

Five databases were searched from their date of establishment until January 2023.
Observational studies reporting the comorbidity of AF with depression and
anxiety, were included in this study. Basic information, such as the first author/
publication year, study year, study type, and prevalence of depression and
anxiety, were extracted. STATA SE 15.1 was used to analyze the data. Subgroup,
meta-regression, and sensitivity analyses were performed to estimate study
heterogeneity.

RESULTS

After a thorough search, 26 studies were identified and included in this meta-
analysis. The prevalence rates of depression and anxiety in adults with AF were
24.3% and 14.5%, respectively. Among adult males with AF, the prevalence was
11.7% and 8.7%, respectively, whereas in females it was 19.8% and 10.1%,
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respectively. In older adults with AF, the prevalence rates of depression and anxiety were 40.3% and 33.6%,
respectively. The highest regional prevalence of depression and anxiety was observed in European (30.2%) and
North American (19.8%) patients with AF.

CONCLUSION

In this study, we found that the prevalence of depression and anxiety among patients with AF varies with sex,
region, and evaluation scales, suggesting the need for psychological interventions for patients with AF in clinical
practice.

Key Words: Atrial fibrillation; Depression; Anxiety; Prevalence

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

Core Tip: Mental disorders are risk factors for the development of atrial fibrillation (AF). The global prevalence of AF
comorbidity with depression and anxiety is not clear. This is the first study to evaluate the global prevalence of two types of
psychiatric disorders (depression and anxiety) in patients with AF from the aspects of age, sex, country, and evaluation scale
for depression and anxiety.
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INTRODUCTION

Atrial fibrillation (AF), an irregular and rapid heart rate, is one of the most common cardiac arrhythmias[1,2]. The
prevalence of AF has increased steadily over the past three decades, with approximately 60 million people worldwide
currently suffering from it[3]. It has been demonstrated that age, gender, smoking, alcohol consumption, hypertension,
diabetes, and genetic predisposition are all recognized risk factors for the development and progression of AF[4,5]. The
continued increase in AF prevalence and mortality adversely affects patients' quality of life with a significant burden on
health and economic development[6].

Recently, mental disorders have become a serious concern worldwide. As reported by WHO in 2019, 970 million
people worldwide have mental disorders, with anxiety and depression being the two most common categories|[7].
Emerging evidence has shown that patients with acute and chronic cardiovascular diseases are at a higher risk of
developing mental disorders[8]. Mental disorders are also on the agenda for patients with AF. Studies have shown that
patients with AF have a poorer quality of life than patients with other cardiovascular diseases, regardless of disease
symptoms[9], which directly affects their psychological well-being. In another study, several factors affecting Health-
related quality of life in patients with AF included depression and anxiety[10]. Although studies have independently
analyzed the risk of comorbidity with depression and anxiety in patients with AF[11], no study has systematically
focused on the global epidemiology of these two mental disorders. Therefore, we aimed to analyze the epidemiology of
AF’s co-morbidity with depression and anxiety.

MATERIALS AND METHODS

This study was conducted according to the PRISMA 2009 statement and Meta-analysis of Observational Studies in
Epidemiology guidelines (Supplementary Table 1). This study was registered in the PROSPERO (No. CRD42023405975)
database.

Search strategy
Two researchers (Zhang S and Zhang N) independently searched the PubMed, Embase, CNKI, Wanfang, and Sinomed
databases from their construction date to January 2023 using a combination of subject and free words. The primary search

”oou noou

terms were: “AF”, “mental health”, “depression”, “anxiety”, “affective symptoms”, “psychological distress”,

“epidemiology”, “prevalence”, and “incidence”. The details are shown in Supplementary Tables 2-6.

Inclusion and exclusion criteria
The criteria for inclusion in this study were as follows: (1) Epidemiological studies reporting co-morbidity of AF with
depression and anxiety; (2) observational studies, including cohort studies and cross-sectional studies; (3) studies
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published in Chinese or English; and (4) no restrictions for age, gender, and country.
The exclusion criteria were as follows: (1) Literature not relevant to the topic of the study; (2) duplicate studies; (3)
case-control studies and non-observational studies; and (4) unavailability of full texts.

Data extraction

Two investigators (Zheng W and Ma ZL) separately extracted the key constituents for inclusion in the study. The
following information was retrieved: first author/publication year, study year, study type, age, region (country), type of
mental health, diagnostic criteria for mental health, generation, number of cases of AF, and prevalence of comorbidities. If
the prevalence was not stated in the study or if the study was cross-sectional, we used the following formula: Cases/ total
number of subjects in the observational group x 100%.

Study quality

Two researchers (Zhao YL and Qiao SY) evaluated the quality of the pooled research. The Agency for Healthcare
Research and Quality tool was used to estimate the risk of bias in cross-sectional studies. Additionally, the Newcastle-
Ottawa Scale was used to assess the cohort studies. The researchers graded each study based on the entries of the scale
and classified them as high (8-11), moderate (4-7), and low (0-3) quality.

Statistical analysis

We used STATA SE 15.1 for data analysis, and the I? test was used to evaluate heterogeneity. A fixed-effects model was
used if the I? value was < 50%; otherwise, a random-effects model was applied. Heterogeneity was assessed by subgroup,
meta-regression, and sensitivity analyses. Publication bias was determined using Egger’s and Begg’s linear tests. If there
was a publication bias, the trim-and-fill method was used to estimate the number of missing studies to rectify it. We used
the R 4.2.2 software to visualize world maps for the prevalence of depression and anxiety in patients with AF.

RESULTS

Characteristics of the included studies
We identified 2681 studies. A total of 2391 studies remained after removing duplicates, of which 1851 were thematic
discrepancies, 370 were reviews, and 29 were duplicates. Subsequently, 141 full-text articles were assessed for eligibility.
From these, 115 studies were removed due to irrelevant topics, missing data, or other study types. Finally, 26 studies[12-
37] were used in the meta-analysis (Figure 1).

Of the included studies, 25 and 14 analyzed the prevalence of depression and anxiety in patients with AF, respectively.
One study reported the prevalence of AF in patients with depression[14]. Details were shown in Table 1.

Study quality
After evaluating and scoring the studies, we found that they had scores ranging from 4 to 7, all of which were of
moderate quality. The details are listed in Supplementary Tables 7 and 8.

Outcomes

Depression: The aggregated prevalence of depression in patients with AF was 22.0% (95%ClI: 0.207-0.233). the prevalence
was 24.3% (95%CI: 0.228-0.257) in adults and 40.3% (95%CI: 0.264-0.541) in patients = 60 years. Additionally, the
prevalence of depression in patients with AF differed between men [11.7% (95%CI: 0.088-0.147)] and women [19.8%
(95%ClI: 0.1494-0.252)] (Table 2, Supplementary Figures 1-4). We found in the study that evaluated the prevalence of AF in
patients with depression that 46.37% of 6055 patients with depression had AF (Supplementary Table 9).

In terms of continents, the prevalence of AF co-morbidity with depression in Europe, Asia, North America, and
Oceania was 30.2% (95%CI: 0.274-0.330), 8.6% (95%CI: 0.072-0.100), 28.8% (95%CI: 0.145-0.431), and 29.0% (95%ClI: 0.242-
0.341), respectively (Table 2, Supplementary Figure 5). European countries such as Poland, Greece, Russia, United
Kingdom, Germany, Norway, Sweden and Denmark had a prevalence of 54.5% (95%CI: 0.390-0.700), 35.3% (95%CI: 0.281-
0.430), 43.8% (95%ClI: 0.295-0.588), 38.6% (95%CI: 0.291-0.488), 37.9% (95%CI: 0.356-0.401), 2.2% (95%CI: 0.021-0.024), 4.0%
(95%ClI: 0.039-0.040), and12.0% (95%CI: 0.118-0.122), respectively. Similarly, in Asia, countries such China and Korea had
a prevalence of 27.8% (95%CI: 0.143-0.412) and 3.0% (95%CI: 0.030-0.030), respectively. The prevalence rates in Oceania
and North America were consistent with those in Australia and the United States (Table 2, Supplementary Figure 6). The
worldwide prevalence of depression among patients with AF is shown in Figure 2.

We analyzed the impact of different study types on prevalence and found a 58.2% (95%CI: 0.468-0.695) prevalence in
cross-sectional, 15.3% (95%CI: 0.124-0.182) in cohort and 24.4% (95%CI: 0.217-0.271) in other studies (Table 2,
Supplementary Figure 7). We subsequently analyzed the comorbidity rate of depression in patients with AF using
various depression evaluation scales such as beck depression inventory, hospital anxiety and depression scale (HADS),
patient health questionnaire (PHQ-9), the major depression inventory, center for epidemiological studies depression
scale, international classification of diseases (ICD), and the geriatric depression scale with rates of 43.4% (95%ClI: 0.370-
0.499), 32.3% (95%CI: 0.187-0.459), 34.4% (95%Cl: 0.225-0.463), 72.8% (95%ClI: 0.693-0.761), 29.0% (95%Cl: 0.242-0.341),
6.3% (95%CI: 0.039-0.087), and 44.1% (95%Cl: 0.380-0.503), respectively (Table 2, Supplementary Figure 8).

Anxiety: In estimating the prevalence of anxiety in patients with AF, the meta-analysis identified an overall prevalence of
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Table 1 Characteristic of included studies

Stud Region Type of  Diagnostic Age (mean  Generation .
Ref. Y Study type g yP e ge (mear AF (n) P (MH in AF); Total (MIF) (%)
year (country) MH criteria of MH *8SD) (yr)' (yr)
Thrall et al[20] - - Europe (United Dand A  Depression-BDI; 66.30 11 Adult (= 18y) 101 D (38.00); A (28.00/38.00)
Kingdom) anxiety-STAI
Ariansen et al[35] - - Europe (Norway) D HADS - Adult (275y) 27 11.10
Gehi et al[32] 20082011  Cohort study North America Dand A  Depression-PHQ-9; 61.7013.50 Adult (218 y) 300 D (50.00); A (17.00)
(United States) anxiety-HADS
Ball et al[31] SAFETY Oceania (Austria) D CES-D 7513 Adult (245 y) 885 29.00
Schnabel et al[30] 2007 Population-based Europe (Germany) D PHQ-9 64.88.2 Adult (35-74y) 309 8.00
Gutenberg
Health Study
Thompson et al[19]  2009-2012  Cohort study North America Dand A Anxiety-HADS-A  61.6013.30 Adult (218 y) 378 D (39.40/16.9); A (17.72)
(United States) Depression-PHQ-9
von Eisenhart Rothe 2005-2008  Cross-sectional study Europe (Germany) D MDI scale - Adult (218 y) 702 73.00
et al[21]
Hsu et al[29] - Population based Asia (China) Dand A HADS 74.90 6.90 Adult (=65y) 1732 D (14.00); A (36.00)
community health
survey
Wiindell et al[28] 20012007  Cohort study Europe (Sweden) Dand A  ICD-10 - Adult (245 y) 12283 (6702/5750) D (8.50) (6.10/10.90); A (4.03) (2.70/5.40)
Hu et al[12] 2000-2010  Cohort study Asia (China) Dand A ICD-9-CM 72.7013.40 Adult (218 y) 88259 D (1.57); A (1.06)
Rewiuk et al[13] 20072012  Population-based, Europe (The D GDS 78.07.7 Adult (65-104) 788 41.24
multicenter study Republic of
Poland)
Polikandrioti et al - - Europe (Greece) Dand A HADS - Adult (218 y) 170 Anxiety-low (38.25) (39.80/35.30); anxiety-moderate (26.47)
[15] (31.40/15.70); anxiety-high (34.71) (28.80/49.00); depression-
low (63.53) (65.80/60.80); depression-moderate (15.29)
(14.50/17.60); depression-high (20.00) (19.70/21.60)
Hagengaard et al[16] 2005-2014  Cohort study Europe (Denmark) Dand A  ICD-10 - - 146377 D (0.29); A (0.07)
Uchmanowicz etal 2019 Cross-sectional study Europe (The D HADS 70.27 3.48 Adult (= 65y) 100 Anxiety (HADS 8-10) (22.00); anxiety (HADS 11-21) (20.00);
[17] Republic of GDS depression (HADS 8-10) (26.00); depression (HADS 11-21)
Poland) (28.00); depression (GDS 6-15) (51.00)
Krupenin et al[18] 2017-2018 - Europe (Russia) Dand A GDS 78’ Adult (265 y) 48 41.67
Wang et al[22] - SAGE-AF Study North America Dand A  Anxiety-GAD 76.00 7.00 Adult (265y) 1244 D (29.00); A (24.00)
(United States) Depression-PHQ-9
Kim et al[23] 2009-2018  Cohort study Asia (Korea) D ICD-10 46.99 14.06 Adult (220 y) 5031222 3.00 (1.04/1.92)
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et al[24]

Feng et al[25] 2006-2008
Wiindell et al[28] 1998-2012
Piwonski et al[27] -

Wu et al[33] 2020-2021
Fenger-Gren et al 2005-2016
[34]

Rosman et al[36] -

Zhang et al[37] 2012-2013
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Cohort study Europe (The Dand A HADS 707 Adult (= 60y) 158 Depression (8-10) (37.97); depression (11-21) (37.87); anxiety
Republic of (8-10) (32.91); anxiety (11-21) (48.10)
Poland)

HUNT study Europe (Germany) Dand A HADS 53.415.2 Adult (= 20y) 37402 D (2.20); A (4.90)

Cohort study Europe (Sweden) Dand A  ICD-10 - Adult (245 y) 537513 D (3.91) (3.46/4.44); A (2.70) (2.23/3.25)

(287959/249554)

Cross-sectional study Europe (The D BDI - Adult (18-79y) 124 (57/67) 47.58 (43.86/50.75)
Republic of
Poland)

- Asia (China) D PHQ-9 - Adult (218 y) 329 35.56

- Europe (Denmark) D ICD-8/ICD-10 78.710.1 Adult (18-100y) 147162 12.16

Cohort study North America Dand A  ICD-9 30.299.19 Adult (18-60y) 988090 9.04
(USA)

Cross-sectional study Asia (China) D PHQ-9 63.39.5 Adult (235y) 134 63.00

1Ages in atrial fibrillation patients.
*Median age.

A: Anxiety; AF: Atrial fibrillation; BDI: Beck depression inventory; CES-D: Centre for epidemiological studies depression scale; D: Depression; GAD-7: 7-item generalized anxiety disorder-7 scale; GDS: Geriatric depression scale; HADS:
Hospital anxiety and depression scale; HUNT study: The trondelag health study; ICD: International classification of diseases; MDI: Major depression inventory; MH: Mental health; PHQ: Patient health questionnaire; SAFETY: Standard

versus atrial fibrillation specific management study; SAGE-AF: Systematic assessment of geriatric elements in atrial fibrillation; STAI: Stait-trait anxiety inventory.
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13.0% (95%CI: 0.117-0.142); 14.5% (95%CI: 0.132-0.158) in adults, 33.6% (95%CI: 0.246-0.425) in older adults > 60 years old,
8.7% (95%ClI: 0.063-0.111) in males, and 10.1% (95%CI: 0.069-0.133) in females (Table 2, Supplementary Figures 9-12).

Only three continents, Asia, Europe, and North America, reported a prevalence of anxiety in patients with AF. These
were 1.10% (95%ClI: 0.010-0.012), 13.9% (95%CI: 0.118-0.159), and 19.8% (95%CI: 0.149-0.248), respectively (Table 2,
Supplementary Figure 13). Five studies reported the prevalence in five individual European countries, including Greece,
61.8% (95%CI: 0.540-0.691); Poland, 45.7% (95%Cl: 0.396-0.518); United Kingdom, 33.3% (95%CI: 0.268-0.398); Norway,
4.9% (95%CI: 0.047-0.051); and Sweden, 2.7% (95%CI: 0.027-0.028). In Asia and North America, the prevalence of co-
morbidity of anxiety with AF was reported only in China and the United States at 1.10% (95%ClI: 0.010-0.012) and 19.8%
(95%CI: 0.149-0.248), respectively (Table 2, Supplementary Figure 14). The worldwide prevalence of anxiety among
patients with AF is shown in Figure 3.

A comparison of the occurrence of anxiety in patients with AF among different observational study types showed a
prevalence of 42.0% (95%CI: 0.322-0.523), 8.1% (95%CI: 0.053-0.109), and 24.8% (95%CI: 0.218-0.277) in cross-sectional,
cohort and other studies, respectively (Table 2, Supplementary Figure 15). Four criteria were used to diagnose anxiety.
The prevalence rate using the state-trait anxiety inventory, HADS, ICD, and generalized anxiety disorder scale was 28.7%
(95%CI: 0.201-0.386), 31.2% (95%CI: 0.174-0.449), 2.6% (95%CI: 0.013-0.039), 24.0% (95%CI: 0.217-0.265), respectively
(Table 2, Supplementary Figure 16)
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Table 2 Prevalence of mental health in atrial fibrillation patients

Study or subgroup Prevalence (95%Cl) F (%) Pvalue
Depression
Overall prevalence 22.0 (0.207, 0.233) 100 <0.001
Prevalence in adults 24.3 (0.228, 0.257) 100 <0.001
Gender
Male 11.7 (0.088, 0.147) 97.3 <0.001
Female 19.8 (0.144, 0.252) 98.7 <0.001
Age group
260 yr 40.3 (0.264, 0.541) 100 <0.001
Other ages 20.4 (0.188, 0.221) 100.0 <0.001
Study design
Cross-sectional study 58.2 (0.468, 0.695) 91.7 <0.001
Cohort study 15.3 (0.124, 0.182) 100 <0.001
Others 24.4 (0.217, 0.271) 99.9 <0.001
Region
Asia 8.6 (0.072, 0.100) 100 <0.001
Europe 30.2 (0.274, 0.330) 99.9 <0.001
North America 28.8 (0.145, 0.431) 99.3 <0.001
Oceania 29.0 (0.242, 0.341) 0 -
Diagnostic criteria
BDI 43.4 (0.370, 0.499 0 -
HADS 32.3 (0.187, 0.459) 99.5 <0.001
PHQ-9 34.4 (0.225, 0.463) 98.3 <0.001
MDI 72.8 (0.693, 0.761) 0 -
CES-D 29.0 (0.242, 0.341) 0 -
ICD 6.3 (0.039, 0.087) 100 <0.001
GDs 44.1 (0.380, 0.503) 412 0.183
Anxiety
Overall prevalence 13.0 (0.117, 0.142) 99.9 <0.001
Prevalence in adults 14.5 (0.132, 0.158) 99.7 <0.001
Gender
Male 8.7 (0.063, 0.111) 97.9 <0.001
Female 10.1 (0.069, 0.133) 97.3 <0.001
Age group
> 60yr 33.6 (0.246, 0.425) 95.2 <0.001
Other ages 7.6 (0.063, 0.088) 99.7 <0.001
Region
Asia 1.1 (0.010, 0.012) - -
Europe 13.9 (0.118, 0.159) 99.2 <0.001
North America 19.8 (0.149, 0.248) - -
Study design
Cross-sectional study 42.0 (0.322, 0.523) 0 -
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Cohort study 8.1 (0.053, 0.109) 99.2 <0.001
Other 24.8 (0.218, 0.277) 99.6 <0.001

Diagnostic criteria

STAI 28.7 (0.201, 0.386) = -
HADS 31.2 (0.174, 0.449) 99.4 <0.001
ICD 2.6 (0.013, 0.039) = =
GAD 24,0 (0.217, 0.265) - -

BDI: Beck depression inventory; CES-D: Centre for Epidemiological Studies Depression Scale; GAD: Generalized anxiety disorder scale; GDS: Geriatric
depression scale; HADS: Hospital anxiety and depression scale; ICD: International classification of diseases; MDI: Major depression inventory; PHQ-9:

Patient health questionnaire; STAI: Stait-trait anxiety inventory.

c Records identified through Additional records identified
5] )

E=] database searching through other sources
S (7 = 2681) »=0)

g

e

7]

o

-

Y
Records after duplicates removed
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(7 = 2391) (7 = 2250)

No full articles (7 = 41)
Y

Other study types (7 = 10)
g Full-text arti.cl.es. .assessed Duplicate (7 = 8)
3 for eligibility Not English (7 = 1)
d=y (7 = 141) Missi =
= issing data (7 = 7)

Inconsistent topics (7 = 45)
Unreported ethical content and informed consent (77 = 3)

Y
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(7 = 26)

Y
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synthesis (meta-analysis)
(7 = 25)

DOI: 10.5498/wjp.v14.i1.179 Copyright ©The Author(s) 2024.

Figure 1 Flow chart of search strategy according to PRISMA 2009 guidelines.

Meta-regression analysis

A meta-regression analysis was conducted to examine the sources of heterogeneity in the prevalence of anxiety and
depression among patients with AF. We found that the diverse study types, diagnostic criteria, and age groups were
sources of heterogeneity in the prevalence of AF comorbidity with anxiety (Table 3).

Sensitivity analyses
We performed a sensitivity analysis of the prevalence of depression and anxiety in patients with AF and found that the
results were robust after applying the respective exclusions (Supplementary Figures 17 and 18).

Publication bias

We analyzed the publication bias for the prevalence of depression and anxiety in adults with AF using Egger’s and Begg’s
linear tests. We found the publication bias for these two disorders (Supplementary Figures 19-22). These parameters were
then evaluated using the trim-and-fill method. We discovered an increase of 34 and 20 studies on depression and anxiety,
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Table 3 Meta-regression analysis of prevalence of mental health in atrial fibrillation

Possible source of heterogeneity Number of studies Coef (95%Cl) Pvalue
Depression
Study design 24 0.40 (-0.18, 0.98) 0.18
Cross-sectional study 4 1.34 (0.21, 2.47) 0.02
Cohort study 6 -1.76 (-3.03, -0.49) 0.01
Others 14 -1.11 (-2.28, 0.05) 0.06
Region 24 0.46 (-0.12, 1.04) 0.11
Asia 5 -0.82(-2.29, 0.64) 0.27
Europe 14 -0.12 (-1.33, 1.10) 0.85
North America 4 0.29 (-0.87, 1.44) 0.63
Oceania 1 0.16(-2.38, 2.70) 0.90
Age group 24 -0.67(-1.67, 0.33) 0.19
260 7 0.33 (-0.70, 1.36) 0.53
Other ages 17 -0.33 (-1.36, 0.70) 0.53
Diagnostic criteria 24 -0.22(0.45, 0.02) 0.07
BDI 2 0.28 (-2.22,2.78) 0.83
HADS 6 -2.96 (-2.23, 1.64) 0.76
PHQ-9 6 0.02 (-1.86,1.91) 0.98
MDI 1 0.93 (-1.56, 3.42) 0.47
CES-D 1 0.40 (-1.95, 2.76) 0.74
ICD 6 -1.73 (-3.64, 0.17) 0.07
GDS 2 0.44 (-1.60, 2.48) 0.67
Anxiety
Region 13 -0.24 (-1.01, 0.52) 0.53
Asia 2 -1.03 (-2.87, 0.81) 0.27
Europe 8 1.00 (-0.98, 2.97) 0.32
North America 3 1.14 (-1.16,3.43) 0.32
Study design 13 -0.21 (-1.07, 0.65) 0.63
Cross-sectional study 1 1.95 (-0.59, 4.50) 0.13
Cohort study 4 -1.30 (-2.61, 0.01) 0.05
Others 8 1.22 (-0.15, 2.60) 0.08
Age group 13 -1.38 (-2.53, -0.24) 0.02
260 5 1.15 (-0.13, 2.43) 0.08
Other ages 8 -1.15 (-2.43, 0.13) 0.08
Diagnostic criteria 14 -0.84 (-1.63, -0.05) 0.04
STAI 1 0.15 (-2.01, 2.32) 0.89
HADS 9 0.07 (-1.54, 1.67) 0.94
ICD 3 -2.36 (-4.11, -0.61) 0.01
GAD 1 0.51 (-2.10, 3.13) 0.70

BDI: Beck depression inventory; CES-D: Centre for Epidemiological Studies Depression Scale; GAD: Generalized anxiety disorder scale; GDS: Geriatric
depression scale; HADS: Hospital anxiety and depression scale; ICD: International classification of diseases; MDI: Major depression inventory; PHQ-9:
Patient health questionnaire; STAI: Stait-trait anxiety inventory.
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Figure 2 Global prevalence of depression among adult patients with atrial fibrillation.

respectively, among patients with AF after five iterations. The prevalence of depression and anxiety in patients with AF
decreased to 15.8% (95%CI: 0.14-0.17) and 7.9% (95%ClI: 0.066-0.091), respectively.

DISCUSSION

To our knowledge, this is the first study to present the global prevalence of depression and anxiety in patients with AF.
After a systematic and holistic evaluation, we identified a 22.0% and 13.0% prevalence of depression and anxiety,
respectively, in patients with AF and 24.3% and 14.5% in adults. Furthermore, the prevalence of depression and anxiety
in patients with AF was 11.7% and 8.7%, 19.8% and 10.1%, 40.3% and 33.6% in males, females and the elderly,
respectively. This prevalence varied in regional distribution. A higher percentage of European (30.2%) and North
American (19.8%) patients with AF experienced depression and anxiety, respectively, than those in other continents.
Furthermore, the highest percentage of patients with AF and depression and anxiety were found in Poland (54.5%) and
Greece (61.8%), respectively. Cardiovascular diseases remain the primary cause of morbidity worldwide, with the total
disability-adjusted life years caused by AF and atrial flutter at 8.39 million in 2019[38]. Anxiety, inflammation, and left
atrial dilation are significant predictors of the quality of life in patients with AF[39]. Another study indicated that as the
severity of AF-specific symptoms increases, there is a positive correlation between the levels of anxiety and depression
[19]. Furthermore, one-third of patients with AF were reported to have persistent levels of depression and anxiety at a 6-
month follow-up[20]. These findings underscore the importance of identifying and increasing interventions for psycho-
logical factors in patients with AF. Our study demonstrated that depression and anxiety in patients with AF exhibit sex
and regional differences. The prevalence of AF comorbidity with both depression and anxiety appears to be higher in
females than males. This may be linked to sex differences, as studies have shown that women are more likely to develop
AF than men[40]. The differences in biological factors between men and women, such as sex hormones, X and Y
chromosomes, reactions to stimuli, and body fats, contribute to the sex differences[40]. Age is a crucial risk factor for AF,
and its prevalence increases with age. We found that patients with AF aged > 60 years had a higher probability of co-
morbidity with depression and anxiety. Furthermore, the high prevalence of depression among patients with AF in
Poland may be related to the inclusion of older populations in the reported studies. Additionally, the increasing disease
burden due to the aging population in developed countries may contribute to the increasing prevalence of AF[41], the
higher prevalence of depression and anxiety in Europe and North America in our study may be related to this aspect.
Pathogenic links exist between AF and psychiatric disorders. Autonomic nerves innervate the heart, and AF can be
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Figure 3 Global prevalence of anxiety among adult patients with atrial fibrillation.

induced when the cardiac action potential receives a rapid discharge stimulus[42]. Previous studies have shown that in
states of depression and anxiety, sympathetic nerves are overexcited, and catecholamine secretion increases. High concen-
trations of catecholamines can damage vascular endothelial cells and cause palpitations on the one hand, leading to the
formation of arrhythmic substrates; on the other hand, they accelerate the heart rate, shorten the atrioventricular node's
refractory period, depolarize the atrial ectopic pacing point, trigger the feedback mechanism, resulting in AF. In addition,
catecholamines can overstimulate B-adrenergic receptors, affect calmodulin expression, impair calcium handling systems,
and lead to atrial remodeling[43-45]. Inflammation is another important link between AF and depression or anxiety.
Studies have shown that patients with AF have significantly higher serum levels of ultrasensitive C-reactive protein and
interleukin 6, and anxiety and depression are strongly associated with these two inflammatory mediators[46,47]. The
renin-angiotensin-aldosterone system (RAAS) is also implicated in AF and mental disorders. Anxiety and depression
contribute to an active RAAS, which is accompanied by an increase in angiotensin secretion. Elevated levels of
angiotensin II promote cardiac fibrosis, slow down cardiomyocyte signaling, and damage the myocardium, leading to
myocardial remodeling and an increase in the number of folds, which provides a favorable environment for the
development of AF[48-51]. Additionally, it has been demonstrated that chronic stimulation of a rat depression model
with sigma-1 receptors with antidepressant effects attenuates atrial electrical remodeling, fibrosis, and AF susceptibility
[52]. Furthermore, patients with significant depression share the ZHX3 and ADI1P1 genes with AF patients[53]. Overall,
there are few studies on the co-morbidity mechanisms of AF and psychiatric disorders, which could be a direction for
future research.

AF treatment involves using antiarrhythmic drugs, direct-current cardioversion, catheter ablation, or surgical ablation
to restore and maintain sinus rhythm[54]. A recent randomized controlled trial showed that symptoms of depression and
anxiety significantly improved in patients who underwent catheter ablation of AF[55]. In addition, there is evidence of
significant improvement in depression and anxiety in patients with AF after treatment with newer anticoagulants, such as
rivaroxaban and dabigatran, compared with oral warfarin[56,57]. Some antidepressants protect the body from
cardiovascular damage. However, the use of antidepressants in the treatment of AF has been poorly studied[58].
Paroxetine is an antidepressant that reduces the number of episodes of paroxysmal AF and may exert its therapeutic
effect by modulating the vagal tone in the brain and inhibiting vasovagal reflexes[59]. In addition, exercise therapy, such
as yoga, is an effective option for managing depression and anxiety in patients with AF[60].

Few studies have reported the prevalence of depression and anxiety in patients with AF. Zhuo et al[61] elucidated the
correlation between preoperative depression in patients with AF and recurrence after catheter ablation. Three studies
analyzed the prevalence and risk index of depression and anxiety in patients with AF[10,11,62]. This study not only
presents an analysis of the rate of depression and anxiety in patients with AF but also highlights regional discrepancies in
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their prevalence by country, allowing for a more visual representation of the data.

Although we tried to be as rigorous as possible, this study had a few limitations. First, the studies we included were
published in English or Chinese, which may have resulted in language bias. Second, the prevalence of anxiety in patients
with AF was reduced after the trim-and-fill method. This might result from the inclusion of only observational studies in
our analysis and our inability to find the “gray literature” in our study. However, after sensitivity analyses, the
conclusions were robust. Third, although AF is divided into various types, such as paroxysmal and persistent AF, our
study did not address this aspect because no previous study has analyzed the prevalence of diverse types of AF.
Additionally, the scales and diagnostic criteria used to evaluate anxiety and depression differed in the included studies,
leading to significant differences in prevalence. In the meta-regression, we also found that different scales were a source
of heterogeneity and then divided them into subgroups for analysis. Further studies are needed to analyze the prevalence
of depression and anxiety in patients with different types of AF and standardize the evaluation criteria for anxiety and
depression as much as possible. The mechanism of AF comorbidity with depression and anxiety can be elucidated using
molecular biology and cellular immunology, which is another direction for future research. Moreover, large-scale
observational epidemiological studies are needed to analyze its prevalence and provide a basis for clinical diagnosis and
treatment.

CONCLUSION

We integrated and systematically analyzed the prevalence of two psychiatric disorders, depression and anxiety, in
patients with AF. We found that the prevalence of comorbid psychiatric disorders in patients with AF was associated
with sex and region. These facts underscore the need for clinicians to actively engage in mental health interventions in
managing patients with AF.

ARTICLE HIGHLIGHTS

Research background

Atrial fibrillation (AF), an irregular and rapid heart rate, is one of the most common types of cardiac arrhythmias.
Research has shown that patients with AF are more prone to psychological problems than the general population. These
problems increases the recurrence rate of AF while seriously affecting the quality of life, morbidity, and mortality rate of
patients.

Research motivation

Anxiety and depression are the two most common mental health disorders worldwide. Studies have independently
analyzed the risk of comorbidity with depression and anxiety in patients with AF. No study has systematically focused
on the global epidemiology of these two mental disorders in patients with AF. A deeper understanding of the prevalence
of comorbid depression and anxiety in these patients is essential in guiding clinical management.

Research objectives
To explore the prevalence of depression and anxiety in patients with AF.

Research methods

Five databases were searched from their establishment until January 2023. Observational studies reporting the co-
morbidity of AF with depression and anxiety-were included. STATA SE 15.1 was applied to analyze the data. Subgroup,
meta-regression, and sensitivity analyses were performed to estimate study heterogeneity.

Research results

The prevalence rates of depression and anxiety in adults with AF were 24.3% and 14.5%, respectively. Among adult males
with AF, the prevalence of depression and anxiety were 11.7% and 8.7%, respectively. This prevalence varied with sex,
age and region; in females, it was 19.8% and 10.1%, and 40.3% and 33.6% in the older adults, respectively. The highest
prevalence rate of depression and anxiety was observed in European (30.2%) and North American (19.8%) patients with
AF. Furthermore, the prevalence varied according to the different evaluation scales.

Research conclusions

We found that the prevalence of depression and anxiety among patients with AF was differentially distributed according
to sex, region, and evaluation scales, suggesting the need for psychological interventions for patients with AF in clinical
practice.

Research perspectives

To explore this association further, future studies should focus on assessing the prevalence of depression and anxiety in
patients with different types of AF, delineating the mechanisms of AF comorbidity with depression and anxiety using
molecular biology and cellular immunology, and carrying out a large-scale observational epidemiological study to
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analyze its prevalence and provide a basis for clinical diagnosis and treatment.
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