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Editorial on the Research Topic
 Psychosomatic medicine in general hospitals: Cross-Disorder and interdisciplinary collaboration




Psychosomatic medicine focus on the etiology, diagnosis, treatment, and prevention of psychosomatic disorders (1). Although the definitions of psychosomatic medicine may vary, the burden of psychosomatic disorders has been well-recognized. During the past decades, increasing efforts have been made to improve our understanding of psychosomatic disorders and related risks. The management of these disorders is critical in general hospitals. Identifying psychosomatic disorders, accurate early diagnosis, treatment, and conducting clinical research have received increasing attention from physicians of all departments (2).

We initiated this special issue to encourage interdisciplinary studies in this field. This collection presented 23 manuscripts, including original research, reviews, and case reports worldwide. In addition, the Chinese Society of Psychosomatic Medicine (CSPM) has broadcasted this Research Topic to the local community. We covered papers introducing cross-cultural psychosomatic models and concepts, case reports, the development of assessment tools, related psychosomatic issues in psychiatric disorders, and psychosomatic problems in healthcare workers.


Cross cultural psychosomatic models and concepts

Psychosomatic medicine models, concepts, and current clinical practice vary in regions. A little more than half a century ago, European countries started to play significant roles in this field. Sadlonova et al. introduced the development of multimodal psychosomatic treatment in Germany. They investigated treatment outcomes and long-term predictors among inpatients with such treatment programs. The authors discovered medium to considerable improvements in psychological and physical symptoms and the quality of life. They also found better quality of life improvement, and antidepressants during hospitalization might lead to a better prognosis. This finding emphasized the significance and effectiveness of multimodal psychosomatic treatment for inpatients.

Zerbinati et al. discuss a multicenter study focusing Consultation-Liaison Psychiatry (CLP) practice in Italian general hospitals. The authors compared CLP visits data of 3,943 patients from 10 Italian hospitals during 2018 with 4,183 participants and their data in 1998. Over 20 years, an increased CLP proportion was detected in surgical and onco-hematologic departments. Depressive disorders remained the most frequent diagnosis. The author stated that the significantly increased CLP workload required better organization and autonomy in Italian CLP services.

Bai et al. researched the history of depression as a concept in China. They analyzed materials, including newspaper stories, medication advertisements, and medical texts. They believed that the depression evolved from a hazy and ambiguous concept into a specific disease in the late Qing Dynasty and early Republican. This progress might parallel western medicine entering the Chinese pharmaceutical market in the 1920s. In addition, the authors explored the stereotypes related to depression during the early days. Bai's et al. paper is an exciting exploration of the history of psychosomatic medicine in China.



Psychosomatic symptom assessments in general hospitals

The assessment tools of psychosomatic symptoms, risk factor analysis, and interaction between them are essential in collecting clinical information for further investigations. Zhang J. et al. investigated sex, age, depression, insomnia, psychological stress, resilience, and perceived social support among patients with medically unexplained symptoms (MUS) in a general hospital's psychological clinic. They suggested middle-aged female patients were at high risk of presenting MUS and thus needed a comprehensive evaluation and timely intervention.

Cao et al. explored the accuracy of several assessment tools in detecting DSM-5 somatic symptom disorder in a general hospital. They found that Somatic Symptom Disorder—B Criteria Scale 12 or Whiteley-8 alone might show a better ability for detecting somatic symptom disorder. Li et al. validated the Chinese version of the Somatic Symptom Scale-8 (SSS-8) in outpatients. The authors found that this might be a reliable tool for assessing somatic symptoms in research and clinics.

A network approach was used by Wan et al. to explore the association between depressive symptoms in type 2 diabetes mellitus. The authors collected information from the electronic health record of 52,139 patients through deep learning. Their study's learning model and network alterations could effectively identify depressive symptoms.

Guo et al. explored the relationship between personality traits, alexithymia, and microbiome in patients with functional gastroenteropathy and generalized anxiety disorder. The authors found that the comorbidity related to the abundance of Fusobacterium. Functional gastroenteropathy alone might be related to the abundance of Haemophilus. Specific traits such as affective recognition and expression disorder, neuroticism, and negative cognition might be related to the abundance of Fusobacterium and Megamonas.



Psychosomatic issues in psychiatric disorders

This collection also included diverse research regarding psychosomatic issues in psychiatric disorders. In anxiety disorders, Hong et al. examined the interaction between rs2071345 and alcohol dependence behavior on anxiety symptoms of male problem drinkers. The authors suggested that rs2071345 was playing a role in this specific group. On the other hand, Chu et al. examined the BDNF Val66Met polymorphism, Plasma BDNF level, and anxiety traits in panic disorder. They found that Met/Met genotype might be more likely to exhibit risky anxiety traits. Yang et al. studied the association between subclinical hypothyroidism and anxiety in depressive patients. This was the first episodic and drug-naïve group, and the authors found that serum thyroid stimulating hormone level may be a promising biomarker of anxiety symptoms among them. The research by Shen et al. also focused on biomarkers for anxiety. Serum S100B and cytokines (IL-1β, IL-2, IL-4, and IL-10) were examined in untreated generalized anxiety disorder cases and healthy controls. They found that the combination of S100B and cytokines had a better diagnosis value with high accuracy.

Major depressive disorder (MDD) and related issues also received much attention. Zhou H. et al. studied the negative emotional bias in depressive patients. The anterior cingulate cortex and right insula were found to mediate the interoception dysfunction and negative emotional bias of MDD. The study from Zhou Y. et al. also focused on the brain function of MDD. However, they studied non-suicidal self-injury behaviors, the amplitude of low-frequency fluctuation, and regional homogeneity. The authors suggested that the default mode network and visual network might be related to such behavior. Wu et al. reviewed clinical studies of MDD using the Delphi method, and they suggested this method can be helpful both in clinical and research settings.

Bipolar disorder and schizophrenia were also covered. Wang et al. studied the effectiveness of hypomania checklist-32 in screening bipolar disorder while considering personality traits' influence. They believed that higher typical extraversion and neuroticism might lead to higher hypomania checklist-32 score. Clinicians should pay attention to these false positives while using this tool. Cheng et al. focused on the relationship between suicidal risk and childhood maltreatment in schizophrenia patients. Among all the risks, they found that schizophrenia with more positive symptoms relapses had more childhood trauma, stress, and suicidal risk.

Chen et al. investigated the impulsive personality traits and negative mood states in bulimia. The study included 146 female bulimia patients and identified three linked clusters (“ED-specific symptoms,” “impulsivity,” “anxiety,” and “depression”). The authors showed that the cognition of “shape dissatisfaction” played a key role, and impulsivity and emotional symptoms contributed to the development of this eating disorder.



Care for healthcare workers

Two studies focused on psychosomatic health in healthcare workers, especially nurses. Huang et al. investigated a specific group of the nurse in the neonatal department. They explored the lifestyle and social factors contributing to mood disorders and functional dyspepsia. Nearly half of the participants exhibited mood symptoms such as depression and anxiety. Most neonatal nurses suffering from mood disorders also presented functional dyspepsia. Poor sleep and smoking might be risk factors among them. Yin et al. investigated nurses from psychiatric departments. They studied the relationship between coping style, sleep, and burnout. The authors suggested that coping style mediated between sleep quality and burnout. They called for developing coping skills to balance work and life in this group.



Case reports

Finally, several case reports were presented in the collection, and these cases described how physicians recognized and treated patients exhibiting psychosomatic symptoms. Lipkes et al. described a woman diagnosed with Hashimoto's thyroiditis. She was brought to the psychiatric emergency department with auditory hallucinations and persecutory delusions for the first time. The patient was treated effectively with IV thyroid replacement and antipsychotics. The authors emphasized the importance of a thorough medical workup for new-onset psychosis and called for future consensus in treatment choice.

Zhang Y. et al. described a woman who suffered from an unhealed sore and ulcer of a surgical wound after 10 years diagnosed with breast cancer. Combined with her mood symptoms, the patient's condition was identified as Qi (or vitality) deficiency in the view of Chinese traditional medicine. Herb medicine and a regimen based on Internal Vitality were given to her. The authors observed healed sore and ulcers over 6 months.

Dong et al. reported that a woman suffered from significant limb edema for 2 months. She was previously diagnosed with pituitary adenoma and received treatments. The authors believed the edema was caused by tumor recurrence, but all examinations provided negative results. Her existing severe mood problems then came into sight, and she was diagnosed with major depressive disorder after CLP. The patient's limb edema dramatically subsided after Deanxit and Tandospirone treatment.

To sum up, we expect that this special issue will expand knowledge in psychosomatic medicine and collaborative research. These studies will help reveal cross-cultural issues and underrepresented populations worldwide. In addition, the CSPM will continuously push forward domestic psychosomatic research and international collaborations. Finally, we hope the research achievement in biopsychosocial mechanisms will contribute to clinical practice.
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This case report describes a woman with no psychiatric history and previously diagnosed Hashimoto’s thyroiditis who presented to the psychiatric emergency department with a first episode of psychosis. The initial workup for organic causes of psychosis revealed an astronomically high thyroid stimulating hormone (TSH) (> 1,000 μIU/mL) out of proportion to the patient’s minimal physical symptoms of hypothyroidism. Additionally the patient’s head imaging showed an enlarged pituitary, a rare, but reversible, presentation of chronically untreated primary hypothyroidism. The patient was transferred to a medical unit to receive IV thyroid hormone replacement as well as an adjunctive antipsychotic to assist with remission of her distressing auditory hallucinations and persecutory delusions. This case highlights the importance of a thorough medical workup for causes of new onset psychosis and the need for further consensus in the literature regarding choice of antipsychotic and duration of treatment for psychosis secondary to hypothyroidism.

HIGHLIGHTS

– All patients with new onset psychosis should receive thyroid screening.

– Pituitary hyperplasia is a rare and reversible presentation of severe hypothyroidism.

– Treating patients with psychiatric symptoms secondary to thyroid illness will benefit from a multi-specialty approach, including teams from psychiatry, endocrinology, and in rare cases ophthalmology.

– Many patients with psychotic symptoms secondary to hypothyroid illness will benefit from taking short-term antipsychotics, however, there is no clear consensus on the preferred agent or length of treatment.

Keywords: first episode psychosis, hypothyroidism, Hashimoto’s thyroiditis, myxedema madness, pituitary hyperplasia


INTRODUCTION

Alterations in the levels of thyroid hormones thyroxine (T4) and triiodothyronine (T3) can lead to multi-system effects, including neuropsychiatric disturbances such as psychosis. Though the underlying mechanism is not completely clear, both T4 and T3 are critical to maintaining adequate neuronal conduction and cerebral blood flow (1, 2) and low T4 or T3 have been associated with reduced glucose uptake in areas of the brain such as the amygdala and hippocampus (2). Psychosis is present in 5–15% of hypothyroid patients and was first described as early as 1888 by the Committee of the Clinical Society of London (3). In 1949, Dr. Richard Asher coined the term “myxedema madness” to describe psychosis secondary to hypothyroidism and described a wide range of mental changes that could accompany it (4). Psychotic symptoms in hypothyroid patients typically follow months to years of physical symptoms (5) and can include visual and auditory hallucinations, paranoia, (6) delusions such as Capgras syndrome (believing that a close family member has been replaced by an identical-looking imposter), (7) and disordered thought process, including perseveration and loose associations. A recent systematic review of case studies identified the median age of presentation of myxedema psychosis as 42 years, with the most common presenting feature being the presence of delusions (91%), the majority (84%) of which were paranoid or persecutory in nature. Approximately half of these patients did not have a hypothyroidism diagnosis at presentation, and 37% of patients presented without physical symptoms. The maximum thyroid stimulating hormone (TSH) level identified was 139 μIU/mL, with a median of 93. Notably, 89% of patients had normal head imaging (8).



CASE DESCRIPTION

Our patient is a 29-year-old female with hypothyroidism and no psychiatric history who was sent to the Emergency Department by Urgent Care for one week of new-onset psychotic symptoms.

Upon initial presentation to the urgent care clinic, the patient endorsed auditory hallucinations (“I’m hearing other people’s conversations and they are not saying anything to comfort me!”). Her vital signs and physical examination were normal. She was diagnosed with “acute paranoia” and sent to Yale New Haven Hospital for evaluation, where she was directly triaged to the psychiatric emergency department.

Upon evaluation by a psychiatrist, the patient endorsed a one-week history of hearing people speaking negatively about her and resultant worsening anxiety. She denied command auditory hallucinations, suicidality, and homicidality. She denied any mood symptoms or changes in sleep or appetite. She made several odd statements about being followed that she was unable to explain. She endorsed sporadic THC use, last used over two months ago, and denied all other substance use. She denied any prior personal or familial history of psychosis. She had fair insight into her family’s concern and gave consent for the team to contact collateral sources of information. Her boyfriend and her sister reported that for the prior few days the patient had skipped work because she believed people were talking about her. They also noted that the patient seemed suspicious and would ask them repeatedly, “did you hear that?” in an otherwise silent room. On physical exam, her cranial nerves were intact with normal testing of her visual fields. She endorsed mild fatigue and cold intolerance and denied other symptoms of hypothyroidism. On mental status exam, she was pleasant, anxious-appearing, paranoid, and fully oriented.



DIAGNOSTIC ASSESSMENT AND INTERVENTION

Initial workup for our patient included a urine toxicology screen (including negative THC), urine pregnancy test, and COVID swab, which were unremarkable. Prior to the patient’s CBC, BMP, TSH, and T4 resulting, a head CT was completed showing “enlargement of the pituitary gland (measuring 1.3 cm craniocaudally) with suprasellar component encroaching upon the optic chiasm.” Neurosurgery was consulted and recommended an MRI brain with pituitary protocol as well as endocrine and ophthalmology consults. Meanwhile, the patient became increasingly paranoid, anxious, and tearful, stating she had “revealed too much, and her life was ruined.” The initial laboratory results then returned significant for a normal morning cortisol, prolactin of 114 ng/mL, TSH of >1,000 μIU/mL, and a low free thyroxine (FT4) of 0.25 ng/dL. Upon further questioning, the patient confirmed a history of Hashimoto’s thyroiditis diagnosed at age 18. Pre-electronic medical records corroborated a history of elevated thyroid peroxidase antibodies, confirming this diagnosis.

On examination by the endocrine team, her extraordinarily elevated TSH was out of proportion to both her reported hypothyroid symptoms and physical exam, which revealed only mild puffiness of the face, pale color, and a delayed relaxation phase in her deep tendon reflexes. The MRI with pituitary protocol returned, showing “a 2.3 cm enhancing intrasellar mass with extension into bilateral cavernous sinuses and suprasellar compartment contacting the optic chiasm, likely to represent a pituitary macroadenoma” (see Figure 1). The endocrine team determined the enlargement of the patient’s pituitary seen on imaging was physiologic in the setting of primary hypothyroidism and neurosurgical intervention was not required. Chart review and discussion with the patient revealed she was diagnosed with Hashimoto’s thyroiditis in 2017 and self-discontinued her levothyroxine a year later without follow-up. The patient stated that prior to arrival to the emergency department she had taken several of her levothyroxine pills to see if it would make her feel better. The endocrinology team felt her profound hypothyroidism was the cause of her new onset psychotic symptoms, and she was medically admitted for IV levothyroxine treatment.


[image: image]

FIGURE 1. The patient’s initial MRI with pituitary protocol.


During the patient’s eight-day admission, she was followed by endocrinology, ophthalmology, and psychiatry consult services. She received three days of 100mcg IV levothyroxine before transitioning to her home dose of 150mcg levothyroxine daily. The ophthalmology team completed formal testing of the patient’s visual fields, which were normal. On evaluation by psychiatry, the patient initially endorsed a decrease in her auditory hallucinations but reported ongoing paranoid thoughts (doctors were listening to her on the phone, her food had been laced with laxatives in the emergency department, etc.). Despite these delusions about her care team, the patient was amenable to workup and treatment by all her providers, including our team’s recommendation that she trial an antipsychotic. The patient took aripiprazole, titrated to 5 mg, for two days without significant improvement in her paranoia. She was then switched to risperidone 1 mg BID; after two days on this regimen, she denied all paranoid thoughts. When asked if people were speaking ill of her or trying to poison her food, she stated “I have no idea how I could have thought that.” She showed good insight into her prior delusions and the need for ongoing hypothyroid treatment. She was referred to outpatient psychiatric care and was scheduled for endocrine labs and follow-up post discharge.

One month after discharge, the patient was found to have normal TSH (4.070 μIU/L). Given an elevated FT4 (1.76 ng/dL), her levothyroxine was reduced to 125 mcg daily.

Two months after discharge, she followed up in the endocrinology clinic and reported compliance to both levothyroxine and risperidone. She endorsed hearing only rare voices, though felt this was because she was “overthinking things” rather than experiencing true auditory hallucinations. She denied paranoia and had returned to work full time.

The patient was lost to formal psychiatric follow-up; however four months after discharge, she was contacted by a member of our team, which she had previously consented to. At this time, she endorsed stopping risperidone about two months after discharge, around when her auditory hallucinations completely resolved. She denied any symptoms of psychosis, was compliant with daily thyroid replacement, and was pleased to relay the results of her follow-up MRI: her pituitary measured 7mm in height and the hyperplasia had fully resolved.



DISCUSSION


Thyroid Hormone and Neuropsychological Conditions

Our patient’s presentation was suspicious for an organic psychosis, given her lack of prodromal symptoms, no history of familial psychotic illness, and history of thyroid dysfunction. A thyroid panel should be included in every standard workup for new-onset psychosis; our patient’s initial labs revealed an astronomically high TSH—the highest ever seen by Yale endocrinology and significantly higher than levels seen in similar case reports. When a TSH is noted to be elevated, assessment of T4 levels is the next step in assessing the hypothalamic-pituitary-thyroid axis. In our patient, her T4 was 0.25 ng/dL, which was likely detectable only because of the levothyroxine the patient had taken before arrival to the hospital.

The sequelae of hypothyroidism exist on a spectrum ranging from minimal symptoms to florid myxedema coma. It is important to recognize myxedema coma early, as mortality rates can be as high as 50% (9). The magnitude in altered TSH and T4 levels are poorly correlated with severity of symptoms. Notably, the diagnosis of myxedema encephalopathy, or coma, is based solely on clinical evaluation. Clinical features which raise concern for myxedema and warrant a higher level of care include altered mental status, presence of hypothermia, and preceding events like infection, which can unmask underlying severe hypothyroidism (9). A scoring system for myxedema is present in the literature and can be useful in aiding whether myxedema coma is likely (10). However, this scoring system has not been repeatedly validated within the literature.

Thyroid hormone has several roles within the central and peripheral nervous systems, which can explain the varying degrees of neurological symptoms associated with hypothyroidism, such as depression, delayed reflexes, etc. (1). There is speculation about whether antibodies present in autoimmune thyroid disease, specifically Hashimoto’s thyroiditis, may have a role in altered neurological function independent of thyroid hormone levels (11). However, current literature is conflicting and has not shown a clear causative effect. Irrespective of the cause, long-standing untreated hypothyroidism seems to be most consistently associated with neurological symptoms.



Hypothyroidism and Pituitary Hyperplasia

Another unique feature of this case is the presence of pituitary hyperplasia on imaging, which is a known but rare presentation of chronically untreated primary hypothyroidism. It is typically seen in patients with Hashimoto’s disease when there is underproduction of thyroid hormone from the thyroid gland. This deficiency signals the hypothalamus to produce thyrotropin releasing hormone (TRH) to stimulate the thyrotropes within the pituitary gland to produce TSH. Normally TSH would then bind to its receptor on the thyroid gland and produce both T4 and T3, which suppresses further release of TRH. However in primary hypothyroidism, the thyroid gland does not produce thyroid hormone in response to TSH. In chronic primary hypothyroidism, there is a loss of T4-mediated suppression of TRH which leads to tonic stimulation of the pituitary gland and subsequent hypertrophy. Of note, TRH also stimulates the lactotrophe cells within the pituitary gland which produce prolactin (PRL). As noted in this case, patients can often have a mild elevation in PRL. With appropriate treatment, there should be normalization of both TSH and PRL as well as resolution of the pituitary hypertrophy—as seen in our patient in follow up imaging.



Treatment of Hypothyroidism and Controversies in Psychosis Management

Under the guidance of the endocrinology team, the patient was initially treated with intravenous (IV) levothyroxine and transitioned to a weight-based dose of oral levothyroxine on discharge. The use of IV levothyroxine is typically reserved for treatment of severe hypothyroidism or myxedema coma. However, IV levothyroxine also has a role in individuals who cannot tolerate oral levothyroxine for prolonged periods of time while hospitalized. Once clinically improved, patients can be transitioned to oral levothyroxine. It is typically recommended to start an oral dose of 1.6 mcg/kg in an otherwise healthy, young individual. Clinicians should consider a reduced dose of levothyroxine in those patients who are elderly or have underlying cardiac conditions, as levothyroxine can be arrhythmogenic (1). Other therapies such a liothyronine and steroids are typically reserved for those who are critically ill requiring step-down or intensive care. Therapies such as myoinositol and selenium are not typically prescribed in the acute setting and are not standard of care by endocrine society guidelines. Thyroidectomy is not recommended in acute treatment of hypothyroidism, as it has little clinical impact on disease.

While intravenous levothyroxine was clearly indicated for the patient’s severe hypothyroidism, it was less obvious how best to manage her psychotic sequelae. A majority of similar case reports of patients with delusions and hallucinations secondary to hypothyroidism describe the use of short-term antipsychotics to minimize psychotic symptoms. Antipsychotic augmentation of thyroid replacement may be especially helpful in elderly patients—whose neuropsychiatric symptoms often take longer to resolve and can even become permanent—and patients like ours whose psychotic symptoms are distressing, disabling, or likely would interfere with their ability to comply with a daily thyroid medication (12).

There is no clear standard of care in the literature for preferred antipsychotic agent or length of treatment; in several reports both low dose typical (haloperidol) and atypical (risperidone, olanzapine) antipsychotic medications were administered over a period of weeks. Initially, the team selected low dose aripiprazole for our patient due to concern over exacerbating her elevated prolactin (114). Some guidelines suggest that when antipsychotic-induced elevated prolactin levels are >50 or there are clinical symptoms, medication such as aripiprazole should be added to reduce prolactin levels; although this case was not antipsychotic-induced, initial agent selection was based upon this principle (13). After multiple days receiving low dose aripiprazole without reduction in her psychotic symptoms, she was switched to risperidone, given several case studies suggesting clinical improvement within two weeks’ duration on this regimen (12). So long as a patient is not experiencing symptoms such as infertility from elevated prolactin, medications with a higher risk of prolactin elevation can be safely used. However, upon review, given the patient’s female gender, pituitary hyperplasia, and prolactin levels <100, lengthier trial of aripiprazole instead of switching to risperidone may have been warranted. Guidance on initial antipsychotic selection and criteria for switching in psychotic patients with hyperprolactinemia secondary to hypothyroidism are needed, as highlighted by this case.

It was clear that after several days taking risperidone, the patient’s positive symptoms, particularly her paranoia, had significantly improved. Unfortunately, because the patient was lost to formal psychiatric follow-up, it is unclear exactly when her psychotic symptoms fully resolved, though she estimated that her auditory hallucinations completely remitted two months after her initial presentation, at which time she self-discontinued her risperidone.
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Background: The treatment of long-term sores and ulcers of breast cancer metastatic recurrence is a serious challenge with successful cases rarely being documented. Herein we reported a successful case using the internal vitality supporting method of Chinese herbal medicine (CHM).

Case Summary: A 59-year-old female Chinese patient, 10 years after breast cancer surgery, developed metastatic lesions in the lung. Thereafter she received radiofrequency ablation and adjuvant treatments for 1 year with severe sequelae, a right unhealed sore and ulcer. She became frustrated and depressive. And subsequently sought exclusive treatment under the guidance of a Traditional Chinese Medicine (TCM) physician. The patient's condition was categorized as a Qi (or vitality) deficiency-related sore and ulcer. In the next six months, the patient still follows a traditional Chinese medicine therapeutic regimen based on the internal vitality supporting method of Chinese herbs.

Conclusion: The sore and ulcer from the surgical wound were healed. Up to now, the tumor markers have remained stable. TCM personalized survivorship treatment and psychosocial support can help patients improve their quality of life after acute treatment and in the long-term for cancer survivors.

Keywords: Chinese herbal medicine, sore and ulcer, cancer metastatic recurrence, psychosocial support, post-radiofrequency ablation wound, breast cancer survivors


INTRODUCTION

Breast cancer is the most common cancer diagnosed in women worldwide, and it alone accounts for 30% of cancer in women (1). Death rates for female breast cancers were estimated to be 6.9% in 2020 (2).

Surgery represents the only potentially curative therapeutic intervention for breast cancer patients, and postmastectomy locoregional recurrences (LRRs) were found in 5–25% (3). The sites of LRRs were usually confined to the chest wall (68%) and supraclavicular nodes (41%) (3, 4). The lung, bone, and liver were the most common metastatic sites for breast cancer. A total of 60–70% of metastatic breast cancer patients who eventually died were diagnosed with lung metastasis (5). Unique signal transduction pathways were found for breast tumors to metastasize to the lung, and nine genes have been defined as specific for lung-specific metastasis (6–8). Surgery is the first line choice of treatment. Other treatments (e.g., cryoablation, intraoperative radiotherapy, high-intensity focused therapy, and ultrasound) are used in the experimental/investigational phase, if applicable (3). Radiofrequency ablation (RFA) is a popularity intervention for its advantages of reduction in tumor mass and intraprocedural pain (9). However, adverse events are common with RFA, such as vascular injury (10), atrio-esophageal fistula (11), and deep esophageal ulcers and abscesses (12–15), which seriously affect patients' quality of life. At present, post-RFA wound management is a serious challenge, as the wound is difficult to heal and has to be kept clean by rising with saline water, which is the main conservative approach for wound management. According to traditional Chinese medicine (TCM) theory, Yang and Qi are the driving forces of biological activities in the human body. Deficiencies in Yang and Qi are common in cancer patients (16). Chinese herbal medicine (CHM) has been utilized as a supplementary treatment (17, 18) for breast cancer patients who received a surgical operation (19–21). We report herein the case of a 59-year-old women who had a surgical operation in the year of 2007. The patient was diagnosed with lung metastasis by CT, for which RFA treatment was then performed. Unfortunately, the cancer recurred and the chest ulcer failed to be controlled following interventional therapy. In the absence of further treatment options, the surgeon decided to offer only palliative treatment. The patient developed anxiety and depressed mood. Without further improvement, the patient turned to CHM for help, and she witnessed a stable improvement in her condition, with the sore and ulcer healed.


Ethical Approval

This case report was a retrospective study; hence it did not belong to the Ethical committee's scope of review, which means that ethical approval was not necessary.



Patient Consent

Written informed consent was obtained from the patient before and after every procedure.




CASE PRESENTATION


Chief Complaints

The patient was a 59-year-old woman diagnosed with right breast cancer who underwent a right mastectomy in 2007. The patient complained of persistent chest pain and ulcers for 1 year, and she had low quality of life.



History of Present Illness

The patient was sent to Guoyitang TCM Clinic, Beijing University of Chinese medicine on 29 June 2017. She reported having developed an ulcer on the right side of her chest 1 year prior, after receiving RFA treatment in Guangdong hospital. The patient reported coughing with a lot of white sputum. She reported that she had persistent pain on the right side of her chest and there was secretion at the scar, and she had poor mental status. We observed that her tongue was pale-white-with tenderness and the tongue coating was white with exfoliative tongue fur. The patient's pulse was deep.



History of Past Illness and Family History

In October 2007, the patient had an invasive ductal carcinoma that was diagnosed by puncture. Grade II was confirmed in the right breast tissue and lymph node via microscopy, with metastases involving the axillary lymph node (7) 4/7 and lymph node (9) 5/9 depicted in the surgical pathology report. Immunohistochemical analyses revealed the following: ER (+++), PR (+++), C-erbB-2 (-), VEGF (++), P53 (+++), and Ki-67 (+++). Having received postoperative radiotherapy, the patient continued taking toremifene as a means of endocrine therapy for 5 years.

In May 2016, a CT scan demonstrated a recurrence of right breast cancer and aroused suspicions of lung metastasis, after which ultrasound and CT-guided right recurrent breast lesions and radiofrequency ablation of the lung metastases were conducted. Following radiofrequency ablation of the lesions within the lung and right chest wall, the wound did not heal completely, and a chest wall sinus was formed. Next, the patient started taking tegafur gimeracil oteracil potassium capsules (20 mg per day) until January 2020. And is currently being administered fulvestrant injections.

In March 2017, the patient received a secondary radiofrequency ablation for the metastasized lesion in her left lung. Unfortunately, the patient complained of persistent chest pain and ulcers; a chest CT revealed a mass measuring 12 mm at its thickest point, suggesting the presence of recurrence and that the lesion was inoperable. The wound was covered with dressing, and the surgeon recommended the patient use a saline cleaner for the wound 1~2 times daily. However, in the patient's perspective, she said there has been almost no improvement. She felt that the condition gradually worsened. This clearly devastated the patient and seriously affected her quality of life.

Regarding her psychosomatic symptoms, the patient had suffered chronically from dysthymia after cancer diagnosis. Depressive symptoms increased with cancer diagnosis and multiple RFA therapy regimes. And her psychiatric profile became worse when the wound was still unhealed after 1 year. The timeline for medical history and treatment is shown in Figure 1.


[image: Figure 1]
FIGURE 1. The timeline for medical history and treatment.




Diagnostic Assessment and Treatment

According to TCM syndrome differentiation, the patient was diagnosed with Yang (spleen and kidney) deficiency and Qi deficiency. Professor Dr. Zhang's (Doctor of CHM) main treatment goal was to relieve the patient's pain. She used the internal vitality supporting method (22) to strengthen the patient's anti-pathogenic ability. A treatment course lasted for 7 days. The composition formula is displayed in the Supplementary Table. First, the patient was instructed to take the herbal decoction once a day for 7 days. At the second visit, the patient appeared cheerful and lively. The improvement elicited during the treatment was highly significant (Figure 2).


[image: Figure 2]
FIGURE 2. Sore and ulcers. (A) Severe sore at the first visit (with eight ulcers on right chest). (B–E) By the second and fifth visits, the sore and ulcers were significantly improved. (F) At the sixth visit, the ulcers had already healed.


Currently, the patient continues to take Chinese herbs after completing five treatment courses. Over the last 6 months, the wound has healed and the overall situation has remained stable with a slight cough. “I was very surprised at my change because I could hang out easily at home with my family with a comfortable mind”, the patient said.



Outcome and Follow-Up

In March 2018, the CT report pointed out that the lesion in the right chest wall with its thickest part measuring 9 mm, was smaller in size than previously reported (12 mm) in June 2017. The tumor marker test was sustained within the normal range (Table 1).


Table 1. Tumor marker test.
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DISCUSSION

There are three stages in the wound healing process: inflammation, proliferation, and remodeling, which depend on the host's ability to repair tissue (23). It was proposed that there was an aspect of surgical tumor resection that triggered the outgrowth of otherwise-dormant metastases, leading to the synchronous pattern of relapse during the postoperative period. In general, 10~41% of breast cancer patients experience recurrences, and 10% develop overt metastases relatively soon after tumor eradication (3, 24). There is compelling evidence of an increased risk of anxiety, depression, and suicide, and neurocognitive and sexual dysfunctions in breast cancer survivors compared with women with no prior cancer (25). Clinically relevant symptoms of stress and depression are common shortly after diagnosis and metastatic recurrence, because women feel uncertainty about the future and their cancer may be perceived as life-threatening. The patient mentioned in this case report who suffered from long-term sores and ulcers of breast cancer metastatic recurrence had low quality of life. From the surgeons' perspective, ulcers of breast cancer metastatic recurrence are local inflammation, and they only recommend washing the ulcer with normal saline, but in this case, the ulcer failed to heal for 1 year. This case was complex and difficult to treat. Seeking the help of a doctor was spiritually necessary for the patient. So when the surgeon was helpless or the treatment plan was not ideal, this led to despair in the patient.

The holistic concept is an essential philosophy of TCM. The mind and body together are a dynamic battlefield, in which all the organs and mind are interconnected and bound to each other, and should be considered and treated as a whole, rather than an isolated pathology. In TCM theory, individual health is formed by Yin-Yang; an imbalance between Yin and Yang in the body can render an individual more prone to certain disease (26). This theoretical advantage simplifies the complexity. TCM uses different methodologies to diagnose mental and body disorders. The four diagnostic methods (inspection, listening/smelling, inquiry, and palpation) are the means to obtain patient information. This information is then analyzed using diagnostic models, such as yin/yang, interior/exterior, excess/deficiency, and hot/cold to differentiate the pattern and form a diagnosis. Zhang suggested that the patient's long-term sore and ulcer were due to Qi deficiency; the psychiatric symptoms of the long-term sore and ulcer resulted in emotional upset and stagnation of Qi. These were associated with the impairment of spleen and kidney (Spleen-Yang and Kidney-Yang). Yang-deficiency (e.g., spleen, kidney) may not only be related to hypothalamic-pituitary-adrenal (HPA) axis and hypothalamic-pituitary-thyroid (HPT) axis dysfunction, but also to functional disorders of the cyclic nucleotide and immune systems (27). These factors are involved in depression. The patient's mind and body were affected by the sore and ulcer. Zhang's main treatment goal was to relieve the patient's pain, which could improve the patient's quality of life.

After the malignant lesions had been removed by surgical excision, there was a persistent poor growth of granulation tissue, following delayed wound healing. The patient exhibited middle-staged boils and sores, and the pus was not completely discharged after breaking the ulceration. The patient had a compromised immune function; thus a tonic was used for reinforcing the primordial Qi in order to treat suppurative infection in this situation. This method was named the internal vitality supporting method according to the theory of TCM (22). This therapeutic regimen aimed at strengthening the host's anti-pathogenic ability and removing pathogenic factors via herbs to achieve the goal of canceling the tumefaction and shrinking its base to avoid ulceration.

The ulcer was effectively healed by Chinese herbs via boosting the primordial Qi, conditioning the internal vitality of key viscera to circulate Qi, activating the energy supply, and dispersing the inflammatory blockage. HuangQi (Radix astragali seu Hedysari), DangShen (Radix codonopsis pilosulae), Baizhu (Rhizoma Atractylodis Macrocephalae), Danggui (Radix Angelicae Sinensis), Baizhi (Radix Angelicae Dahuricae), etc., have been documented to modulate the immune response. These were used in inhibiting cancer cell proliferation, arresting the cell cycle, inducing apoptosis, inhibiting epithelial-mesenchymal transition, regulating immune function (28), and exerting antioxidative and anti-inflammatory effects (29) in cells and animal studies. Compared to local treatment therapies for chronic inflammatory skin disease, this herb intervention altered the gut microbiome, taking advantage of the gut-skin axis to control different skin conditions (30). As these herbs encompass a group of substances that produce a therapeutic effect, multiple pathways and receptors were targeted, plenty of compounds were involved, which acted synergistically to improve cancer-related symptoms, enhance vital energy, and boost immunity. What is more, herbs used in traditional medicine can be significantly effective in reducing depression, depressive symptoms, and improving patients' performance via regulating the HPA axis (31). So as the patient witnessed her wound healing, she became more optimistic.

This case was the first description of management of a long-term sore and ulcer of breast cancer metastatic recurrence with the internal vitality supporting method of Chinese herbal medicine. The patient was effectively cured due to cross-disorder and interdisciplinary collaboration. The holistic concept of TCM provided a novel therapeutic strategy for mind–body medicine.
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Background: Previous research studies have demonstrated that impaired interoception is involved in emotional information processing in major depressive disorder (MDD). Heartbeat-evoked potential (HEP) amplitudes, an index for interoception, could be manipulated by emotional faces in healthy people. Considering negative emotional bias is the core characteristic in MDD, we hypothesized that interoception dysfunction was associated with the negative emotional bias in MDD.

Methods: An electroencephalogram (EEG) study under an emotional faces task was applied to explore the relationship between interoception and emotional bias. HEPs before emotional faces stimuli were used to predict the late positive potential (LPP) amplitudes and it worked as an index of emotional bias. Twenty-seven patients with MDD and 27 healthy controls (HCs) participated in this study. Source analysis gave an auxiliary description for results in sensory level.

Results: Major depressive disorders (MDDs) had poor performance in the heartbeat count task (HCT) and attenuate HEP average amplitudes (455–550 ms). Compared with HCs, cluster-based permutation t-tests revealed that MDDs had attenuated LPP amplitudes (300–1,000 ms) over centroparietal regions and enhanced LPP amplitudes over frontocentral regions. Furthermore, abnormal attenuated HEPs could predict aberrant LPPs under sad face stimuli in MDDs, which could be associated with the dysfunction of the anterior cingulate cortex (ACC) and right insula.

Conclusion: Mediated by ACC and insula, interoception dysfunction contributes to the negative emotional bias of MDD, highlighting the importance of interoception in the disorder.

Keywords: major depressive disorders, negative emotional bias, interoception, predictive coding, HEP (heartbeat evoked potential)


INTRODUCTION

Major depressive disorder (MDD) is a common affective psychiatric disorder and has been the leading cause of burden worldwide (1). Emotion dysregulation is the core characteristic of MDD and efforts to elaborate potential mechanisms of emotion are particularly pressing for the development of effective prevention and therapy in MDD (2). Previous works have reported that depressive patients are characterized by the negative emotional bias (3), concretely showing in abnormal negative faces processing (4). It was reported that depressive patients showed abnormal event-related potential (ERP) amplitude resulting from aberrant neuron discharge evoked by emotional faces stimuli (5). Compared with healthy controls (HCs), negative emotion stimuli evoked more aberrant ERPs than positive emotion stimuli and neutral emotion stimuli tended to evoke negative similar ERPs (6, 7) in depressive patients, which was mediated by the abnormal activity patterns within common networks of brain regions that include the amygdala, basal ganglia, insula, anterior cingulate cortex (ACC), and several regions of the prefrontal cortex (8–10). Late positive potential (LPP), which occurs between 300 and 1,000 ms after stimuli and maximum over centroparietal regions, is a late emotion-related ERP component specially related to negative emotional bias (11, 12). LPPs were thought to reflect emotion arousal and motivated attention for their synchronism with the arousal of the autonomic nervous system (13, 14). The attenuated mean amplitude of LPPs in MDD was associated with low dopamine levels (15).

The theory of embodied cognition indicates that not only cognitive processes are influenced by the body but also cognition exists in the service of action (16). Interoception is the core of the theory of embodied cognition, and embodied cognition supports the extension to other brain regions of the principles of organization of cerebral cortical connections (17, 18). Further investigating the relationship between interoception and depression would be helpful in understanding the neural mechanism of MDD. In psychology, predictive coding is applied to study the brain function, especially in electrophysiological investigations (19). Unlike the traditional experimental model, which recognized the brain as a “stimulus-response” organ, in the predictive coding model, the brain actively applies learned predictions to infer the causes of incoming sensory information, namely, brain could predict the following state by previous experiences in a probability-driven way (20). By integrating the neuroanatomical model, Barrett provided the Embodied Predictive Interoception Coding (EPIC) model to explain the potential pathological mechanism for MDD (21). The model speculates that the imbalance of allostasis detected by interoception dysfunction leads to diverse clinical features (such as emotion dysregulation) that result from the disabled internal-and-external information processing. ACC, insula, primary interoceptive cortex, and somatosensory regions could be the neural basis mediated by dopamine and acetylcholine (21). The neural network in this model had been proved with a large healthy sample of MRI study and macaque monkeys study, which put a new perspective to understand the emotion dysfunction in MDD (22, 23).

Up to now, many studies had revealed the correlation between peripheral system dysfunction and MDD (24–26), highlighting the important role of allostasis in MDD. It is conceived that the interoception dysfunction leads to an imbalance of allostasis in MDDs by the abnormal integration of internal and external information (27), which would affect emotion information processing ulteriorly. ERPs, with the advantages of the high temporal resolution, are beneficial to studying high informative power on neural alterations in MDD (28). Cardiac interoception working as a robust internal signal (29) is a majority way to investigate interoception because of heartbeats’ large effect and easy availability (30). By time-locking to the electrocardiogram (ECG) R-peak of the heartbeat, cardiac interoception is quantified with the heartbeat-evoked potential (HEP) (31, 32). It was reported that depressive individuals had decreased heartbeat perception accuracy and reduced HEP amplitudes (33, 34). Further evidence of an impaired association between HEP amplitudes and heartbeat perception accuracy in depressive patients suggested the imbalance of allostasis in MDD (34). In addition, many researchers had reported the relationship between emotional information processing and interoception in psychiatric disorders, such as anxiety (35), alcohol use disorder (36), and functional neurological symptom disorder (37). However, previous research studies on interoception mainly focused on somatic symptoms in MDD (27, 38). Recently, some studies have shown that HEP amplitude could be manipulated by negative emotional face stimuli in healthy people (39), which provided the clue to explore the relationship between interoception and the negative emotional bias in MDD.

The current study was aimed to study the negative emotional bias in MDD from the aspect of internal-external information integration. We supposed that there is an association between impaired interoception and negative emotional bias in MDD. We further speculate that aberrant HEPs before emotional faces stimuli could predict abnormal LPPs in MDD.



MATERIALS AND METHODS


Ethics Statement

Procedures were approved by the ethics committee of the Affiliated Nanjing Brain Hospital of Nanjing Medical University in accordance with the Declaration of Helsinki, and all participants provided written informed consent. The data were collected from 01 March 2021 to 30 October 2021.



Participants and Procedures

Participants included 30 MDDs and 30 healthy volunteers who matched for age, sex, and body mass index (BMI). The education of parents was also matched in that this information contained intelligence and economic level at the same time. MDDs fulfilled the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) diagnosis of MDD as verified with the Chinese version of the Mini-International Neuropsychiatric Interview (MINI) interview to further study inclusion. Beck Depression Inventory-II (BDI-II) (40) and the State-Trait Anxiety Inventory (STAI) (41) were applied to assess the depressive level and anxiety state. General exclusion criteria comprised (a) neurological disorders; (b) alcohol dependence, nicotine dependence, or other psychoactive substance abuse; (c) comorbidity or diagnosis of other psychiatric disorders; (d) severe medical illness, such as cardiac dysregulations; (e) received medicine therapy in 2 weeks; and (f) received Electroconvulsive Therapy (ECT) or modified ECT within last 6 months. After data processing, a total of 54 participants remained (shown in Figure 1B).
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FIGURE 1. (A) Emotional facial stimuli task. The task was divided into two parts (target trials: 80%; capture trials: 20%). (B) The flowchart for the study. After processing of data, 27 major depressive disorders (MDDs) and 27 healthy controls (HCs) were involved in the task.


After evaluating the depressive level and anxiety state, participants have a 10-min rest and completed a standard HCT (42). They were instructed to report their heartbeats numbers in a calm state during five time periods (25, 35, 45, 55, and 60 s), which were presented in random order. Guessing the number of heartbeats was forbidden. The task was performed twice and participants with large differences in reports were asked to attend the experiment another day. Heartbeat tracking score was calculated using the following formula:
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Then, participants finished a revised emotional face visual paradigm.



Produces and Task Design

An emotional face visual paradigm was used to produce emotional stimuli edited by E-prime 3.0 (Psychology Software Tools Inc.). In total, 300 gray-scale photographs of different Chinese individuals without hair posing one of three different facial expressions (100 sad faces, 100 happy faces, and 100 neutral faces, half male and half female faces in each condition) were selected from the revised version of the Chinese Facial Affective Picture System (43). All faces with white fixation crosses at the point of the nose were resized to present centrally on a computer screen at a viewing distance of 80 cm.

In the task, we set a cue stimulus with a black fixation dot ranged from 1,500 to 2,500 ms randomly in order to capture HEP before an emotional stimulus. Then, 2,500 ms emotional faces would be followed. A cue stimulus and an emotional face stimulus constituted a trial, and trials were separated by a 2,500–3,500 ms interval to avoid residual emotion effect that affected the next pre-stimulate HEP. To avoid potential confusion, we set 20% capture trials to assess participants’ attention. The capture trials contained a red arrow replacing white fixation cross randomly in the emotional faces, which need participants to make a response by pressing “A” (right) or “L” (left) as soon as possible. The participants who failed to press the button were excluded from later analyses (as shown in Figure 1A). The task was divided into three blocks. The training session contained 10 trials and the duration of each block was about 15–20 min.



Electroencephalogram Data Acquisition

Electroencephalogram (EEG) signal was acquired from a 64-channel active electrode system with Compumedics Neuvo at a sampling rate of 1,000 Hertz (Hz), referenced to a common average reference. The electrode cap was Quik-Cap HydroCell Array made in Australia. Two additional ECG electrodes were put on the participants’ wrist and ankle on the same side. The continuous EEG signal was filtered with a 30 Hz low filter and a 0.3 Hz high filter. Considering the volume-conduction effects, the electrodes, which neared the orbital cavity, were excluded. Finally, 47 EEG channels were included in the following analysis. Independent component analysis (ICA) as implemented in EEGLAB (EEGLAB 9.0.3, University of San Diego, San Diego, CA, United States) was conducted to remove eye movements, blinks, and the cardiac field artifact (CFA) (44). The removing ICA components in every data were no more than 4. LPPs and HEPs were calculated by averaging across trials in different conditions.



Late Positive Potential and Heartbeat-Evoked Potential Analyses

For the LPP, the segment set was put from − 200 to 1,000 ms relative to the presentation of the segment set the facial stimulus. Every participant completed 100 trials per condition and at least 70 trials (70–93 trials, average 90.47) leaving after artifact correction. The LPP in this study was defined as the mean voltage from 300 to 1,000 ms.

For the HEP, the R-peak was marked by HEPLAB [HEPLAB: a MATLAB graphical interface for the preprocessing of the HEP (Version v1.0.0)]. EEG data were segmented into 1,000–2,500 ms periods relative to the ERP stimulus’ markers to reduce the overlap from vision-evoked potential. Although in a recent study, authors were asked to segment heartbeat period with −100 to 700 ms based on the R-peak marker in the healthy population, the heartbeats of the most MDDs in our study were above average 86/per min during the task, which was in line with the authenticated phenomenon that MDDs had faster heartbeats than healthy human (45–47). It would fail to show disease attributes with segmentation standard by −100 to 700 ms. Therefore, epochs were further segmented into periods ranging from −100 to 600 ms according to the R-peak marker in our study (48–50). In HEP analysis, CFA was considered as the most important confounding factor for its same event time-locked characteristics with HEP (42). The strong electrical signal of CFA would influence results by spatio-temporal overlap with the HEP. ICA has been accepted as one of the most effective methods to excluded CFA; however, it is hard to completely remove the CFA with ICA. In our study, we had chosen the mean voltage from 455 to 595 ms after the ECG R wave as HEP index in that it was reported that CFA in this time window is less than 1% (51–54). Furthermore, the ECG mean amplitude in 455–595 ms was also compared between the two groups to avoid confounding cardiac effects (39).

Heartbeat-evoked potentials before emotion stimuli were used to predict LPPs that were induced by emotional faces.



Source Localization of the Scalp-Domain Electrophysiological Activity

In this study, the different scalp-domain electrophysiological activity was further explored by source localization analysis, which was conducted by free standardized low-resolution brain electromagnetic tomography (sLORETA) software.1 The sLORETA estimates brain neural activity by solving the EEG inverse problem, which has been widely applied in the EEG source localization analysis. The time windows were set according to significant scalp-domain electrophysiological activity, and mean amplitude analysis was used to figure out the different source activation between HCs and MDDs for HEPs (455–595 ms) and LPPs (300–1,000 ms).



Statistical Analyses

Independent t-tests and chi-square test were performed to compare the differences between the MDD group and HC group in demography characteristics (age, BMI, parents’ education, disease course, ECG data, and gender) and questionnaires (BDI-II, STAI) with IBM Statistical Product and Service Solution (SPSS) Statistics for Windows, version 17 (IBM Corp., Armonk, NY, United States). Non-parametric cluster-based permutation tests were performed in both sensor and source levels with a value of p was set for < 0.05. Partial correlation analysis was applied to examine the relationship between the significant electrodes of HEPs and LPPs, with age, BMI, gender, education of parents, disease course, BDI-II, SAI, and TAI as control variables. To eliminate the effect of dimension, data were normalized and a stepwise regression analysis was used to establish a predictive mode with the significant clusters of LPPs as the dependent variables and the significant clusters of HEPs as the independent variables. The value of p was set for < 0.05. The best model was selected to explain the relationship between LPP and HEP.




RESULTS


Demographic and Clinical Characteristics

As shown in Table 1, there are no differences in age, BMI, gender, and the education of parents between the MDD group and HC group. However, the differences were found in heartbeat interoception, the scores of BDI-II, SAI, and TAI between the two groups.


TABLE 1. Demographic information for the major depressive disorder (MDD) group and healthy control (HC) group.
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Heartbeat-Evoked Potentials Component

As shown in Figure 2, HEPs during the prediction stage (predict-HEPs) are significantly attenuated in MDDs vs. HCs (p < 0.005, marked by the red pot in Figure 2). While there were no significant differences in ECG during the same stage, which indicated that the significant differences of HEP amplitudes were not evoked by ECG (ECG during prediction stage: t = − 1.291, p = 0.203).
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FIGURE 2. The differences of heartbeat-evoked potentials (HEPs) in the stage of affective prediction between the major depressive disorder (MDD) group and the healthy control (HC) group. (Aa) Showed significant differences in HEPs during the prediction stage between the MDD group and the HC group. (Ab) Suggested that significant differences did not exist in ECG during the prediction stage between the MDD group and the HC group, which indicated significant differences in HEPs did not result from the effect of cardiac field artifact (CFA). (B) Topological graph of HEP in both groups. Electrodes marked with red color indicate a significant group-difference.




Late Positive Potentials Component

As shown in Figure 3, LPPs in MDDs over right centroparietal sites are significantly attenuated in all emotional face trials while LPPs over left frontocentral sites are significantly increased in sad and neutral faces than HCs (p < 0.005).
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FIGURE 3. The significant differences of late positive potentials (LPPs) in different affective faces trials between major depressive disorder (MDD) group and healthy control (HC) group. (Aa,c,e) Showed the significant differences over left frontocentral sites between the MDD group and the HC group by averaging significant differences in electrodes in different affective face trials. (Ab,d,f) Showed the significant differences over right centroparietal sites between MDD group and HC group by averaging significant differences in electrodes in different affective face trials. (B) Was the top plots with significant differences for LPPs.




Source Reconstruction of Event-Related Potential Components

Source localization analysis was applied to find the underlying responsible generators of HEPs during the prediction stage and LPPs in sad face trials. Non-parametric voxel-wise tests with p < 0.01 were used to compare sources between HCs and MDDs, separately for HEPs and LPPs.



The Different Source Localization of Heartbeat-Evoked Potentials in Major Depressive Disorder Group vs. Healthy Control Group

As shown in Figure 4, the sLORETA analysis suggests that there are 963 voxels different in two groups, mainly located in the frontal lobe [middle frontal gyrus (BA6) (maximal activity at montreal neurological institute (MNI) coordinates 30, 15, and 60), superior frontal gyrus (BA8) (maximal activity at MNI coordinates 25, 20, and 55)], and limbic lobe [cingulate gyrus (BA32) (maximal activity at MNI coordinates − 5, 20, and 45)]. These significant voxels showed a higher source activation in the HC group than the MDD group.
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FIGURE 4. Source analysis showed the attenuated Heartbeat-evoked potentials (HEPs) in major depressive disorder (MDD) mainly resulted from the frontal lobe (BA6, BA8) and limbic lobe (BA32). The marked site was anterior cingulate cortex (ACC) (BA32).




The Different Source Localization of Sad-Late Positive Potentials in Major Depressive Disorder vs. Healthy Control

As shown in Figure 5, the significant differences of sad-LPPs are mainly located in the right hemisphere. The sLORETA analysis showed that the source activation of the HC group was significantly higher in limbic lobe than the MDD group, especially in the anterior cingulate (BA32) (maximal activity at MNI coordinates 5, 30, and 25). While in the parietal lobe, such as the postcentral gyrus (BA2, BA40) (maximal activity at MNI coordinates 60, −30, and 20), inferior parietal lobe (BA40) (maximal activity at MNI coordinates 65, −45, 25), the source activation is higher in MDDs than HCs. In addition, the right insula (BA13) (maximal activity at MNI coordinates 55, −35, and 20) is also salient in MDDs.
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FIGURE 5. Source analysis in the time window of sad-late positive potentials (LPPs). (A) Revealed the activity of anterior cingulate cortex (ACC) in the healthy control (HC) group was higher than major depressive disorder (MDD) group. In (B), the MDD group showed higher activity in the right parietal lobe. Especially, the right insula showed higher activity in the MDD group than the HC group.




Regression Model Analysis

As shown in Figure 6, only under sad face stimuli, significant differences in HEPs are correlated with LPPs cluster in the MDD group. In the MDD group, HEP electrode sites have a significantly positive correlation with LPP electrode sites in three clusters as shown in Figure 4. These results showed that the all significant HEP electrode sites could positively predict LPPs in left frontocentral sites (F5, F3, FC5, FC3, and FC1) (r = 0.586, p = 0.008). HEPs in right frontocentral sites (FC2, FC4, and FC6) were negatively correlated with LPPs in centroparietal sites (C4, CP4, and CP6) (r = − 0.545, p = 0.016), while HEPs in right frontal sites (F2, F4, and F6) were negatively correlated with LPPs in parieto-occipital sites (PO4, PO8, and O2) (r = − 0.470, p = 0.042). However, the correlation did not appear in the HC group.
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FIGURE 6. The correlation between predict-heartbeat-evoked potentials (HEPs) and sad-late positive potentials (LPPs) in major depressive disorder (MDD) and healthy control (HC) groups. The significantly correlated clusters were only found in the MDD group.


In addition, the item-20 in BDI-II (“evaluation of own health”) correlated with HEPs in right frontocentral sites positively in MDDs (r = 0.538, p = 0.010), while the scores of HCT were negative correlated with the scores of TAI (r = − 0.468, p = 0.028) in HCs. LPPs in right centroparietal sites (C4, CP4, and CP6) were negatively correlated with a cognitive factor of BDI-II (r = − 0.464, p = 0.034) in MDD. With stepwise regression analysis, two optimally predictive models were created. The equation is shown below:
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Where the adjusted R2 statistic was 0.360 and the p of the model was 0.002. The values of p for included variables in (1) are shown in Table 2.
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TABLE 2. The results of the predictive model (1).
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Where the adjusted R2 statistic was 0.470 and the p of the model was 0.000. The values of p for included variables in (2) are shown in Table 3.


TABLE 3. The results of the predictive model (2).
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DISCUSSION

To our knowledge, this study was the first to investigate the negative emotional bias in MDD from the aspect of internal-external information integration by interoception. With converging evidence reporting the intimate connections between the peripheral nervous system and emotion in MDD (55, 56), the role of allostasis in depression pathological mechanism could not be ignored anymore. In the current study, we found that abnormal HEPs could predict aberrant LPP clusters in sad face trials only in the MDD group, indicating the possibility that aberrant interoception dysfunction has led to abnormal processing of sad faces in MDDs. Furthermore, by combing with source location analysis and previous research studies (29, 57), we cautiously provided the initial evidence that low activity of ACC might be the primary source of attenuated HEPs and predicted the overactivity of the right insula in sad face processing in MDD. These results revealed that an abnormal internal-external interactive way could be the reason for impairment of emotion processing in MDD and provide valuable clew to extend the understanding of pathological mechanism of depression.

Many studies had reported that depressive patients had abnormal interoception that is reflected by poor performance in HCT and attenuated average HEP amplitudes (27, 58). Our study had similar findings. HEP, which is generated from the cardiac signal and processed by the brain, has been proved to be a valid index for interoception (59). Previous studies focused on the relationship between HEPs and early visual evoked potentials have suggested that HEPs could predict the threshold of the visual sad faces in healthy people (60). Here, considering the relatively slow conduction of interoceptive information by weakly myelinated neurons (61), we focused on the relationship between HEPs and LPPs (62, 63). We found blunt HEPs over frontocentral regions before emotion stimulation could predict abnormal LPPs over right centroparietal sites and left frontocentral regions under emotion stimulation. More importantly, aberrant HEPs contribute to abnormal LPPs under sad emotion processing merely existed in MDD. Although limited studies in this field have been conducted in MDD, recently research studies that focused on the association between HEPs and psychiatric disorders have dramatically increased, such as social anxiety, nightmare disorder, and borderline personality disorder (57, 64–66), and revealed that interoception fluctuation contributed to perception dysfunction. Negative emotional bias seems to indicate that patients with MDD had affective perception dysfunction. Our results validated this point and further elucidated the potential neuroimaging mechanism that negative emotional bias in MDD would have resulted from the dysfunction of interoception. In our study, attenuated HEPs predicted more health-like sad-LPPs in MDD, suggesting that the HEP worked as a self-compensation to recruit more cognition resources for negative emotion processing (67–69).

Combined with source analysis, the present results showed that abnormal interoception contributed to aberrant emotion processing in two different ways in MDD. One of them was controlled by frontal electrodes. In this way, predict-HEPs could predict LPP amplitude over left frontocentral sites under sad face context, which was implicated in low activity ACC. ACC was one of the major sources of HEPs and was famous for its autonomic function (39). Generally, ACC received wide nerve projections from the frontal lobe and took part in negative emotion-related information processing (70–73). In major depression, it was reported that the connectivity between ACC and orbitofrontal cortex (OFC) was decreased with increasing depressive symptoms (29, 74) and electrical stimulation in ACC could relieve depression (75). In our study, hypoactive ACC performed its limited ability in a time frame of both predict-HEPs and sad-LPPs. Considering the crucial role of ACC in viscera signal processing and emotion processing, it was easy to understand that the low activity ACC contributed to abnormal HEPs and emotion-related LPPs, which was in consonance with the fact that HEP was correlated with LPPs over left frontocentral sites positively. The other of them was a cognition-related way that is mainly controlled by right centroparietal sites under sad content. Sad-LPPs over centroparietal sites were reported to have intimate connections with emotional motivation and were correlated with the cognition scores in BDI-II in our work. The hyperactivity of the right insula (BA40) might be the source of abnormal sad-LPPs. The right insula was famous for its high response in negative emotion processing (70, 76) and was provided to have a connection with depression’s negative emotional bias (77). Notably, the hyperactivity right insula in sadness could be predicted by hypoactive ACC, which validated the insight that interoception constitutes the emotion context by the interaction between limbic sensory (right insula) and limbic motor (ACC).

In our study, we suggested that the self-compensation of cognition source function is mediated by the information flow from ACC to the right insula. When processing sad face information, hypoactive ACC led to low emotional motivation which led to the potential negative effects, and to protect oneself, the right insula had to over-activated trying to arousing activation of ACC. This also could explain the result that blunt average amplitudes of predict-HEPs would arouse better sad-LPPs over right centroparietal sites.

In conclusion, the abnormal HEPs predict aberrant LPP amplitudes in MDD, which may result from the ACC and right insula. This study highlighted the importance of interoception for depressive patients and indicated the underlying mechanism of interoception dysfunction in emotional information processing. The study highlights interoception in MDD not only contributes to somatic symptoms but also affects emotion processing. The role of interoception in MDD is seriously undervalued. What is more, the therapy for MDD without considering homeostasis, especially at the cost of disturbing autonomic function, should be seriously reconsidered.



LIMITATIONS

The major limitation in this study is a relatively small sample size, therefore, the results must be considered as preliminary. The cardiac rates of depressive patients were easy to increase during the task. To keep the accuracy of HEPs, we had to choose the segmentation from − 100 to 600 ms and excluded people whose heartbeats were above 86/min. In addition, considering the heartbeat is constantly changing, it is difficult and inappropriate to study the direction of information flow in our study by effective connectivity and other methods. We could only infer the process by time sequence. Future studies with larger sample sizes and optimized parameters are warranted to further verify these findings.
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Objective: Alcohol dependence can increase the level of anxiety. A growing body of research has identified a link between anxiety symptoms of problem drinkers and their genetic or environment factors, respectively. However, to date few studies have directly examined gene-environment (G × E) interaction on their anxiety symptoms during the acute alcohol withdrawal. The present study aims to examine the interaction between the proopiomelanocortin (POMC) rs2071345 polymorphism and alcohol dependence on anxiety symptoms of male problem drinkers, and further test the exact form of interaction on two competing models: the diathesis-stress model vs. the differential susceptibility model.

Methods: A total of 440 male problem drinkers (Mage = 44.5 years, SD = 9.45) were recruited from nine main psychiatric hospitals of northern China during acute alcohol withdrawal. Blood samples were collected for genotyping, self-reported anxiety symptoms, and levels of alcohol dependence were assessed.

Results: Results indicated that the POMC rs2071345 polymorphism significantly moderated anxiety symptoms associated with alcohol dependence. A region of significance (RoS) test showed that male problem drinkers with T allele were more likely to experience more anxiety symptoms than those with CC homozygote when the standardized score of concurrent alcohol dependence was above 0.31. Confirmatory model evaluation indicated that the interaction effect involving POMC gene polymorphism conformed to the diathesis-stress model rather than differential-susceptibility model of person × environment interaction.

Conclusions: This study suggested that the SNP in POMC rs2071345 was associated with alcohol dependence in anxiety symptoms of male problem drinkers and further provided evidence in support of the diathesis-stress hypothesis of alcohol dependence in terms of anxiety symptoms.

Keywords: alcohol dependence, POMC gene polymorphism, rs2071345, anxiety, diathesis-stress model


INTRODUCTION

Alcohol dependence is a chronic, relapsing neuropsychiatric disorder that results from a variety of genetic, psychosocial, and environmental factors, causing physical and mental diseases such as anxiety and depression (1). A global prevalence of alcohol dependence among 2.4 billion alcohol drinkers was up to 39.60%, which represents a considerable public health burden (2). Moreover, alcohol dependence shares a high co-morbidity with anxiety-related disorders (3, 4). Furthermore, those with comorbid anxiety and alcohol dependence typically have a poorer psychosocial functioning, physical health, and ultimately cause serious consequences including divorce, crime, self-harm, and suicide tendency, especially in the context of alcohol withdrawal (5, 6). Therefore, it is an urgent issue to investigate the association between alcohol dependence and anxiety in the context of alcohol withdrawal among problem drinkers.

However, the presence and extent of anxiety under the context of alcohol withdrawal, varies greatly among problem drinkers, which points out that these external stressors are neither a necessary nor a sufficient cause for psychopathology. A meta-analysis of twin studies demonstrated that the genetic influences could explain 0.32–0.43 of the variance in anxiety (7). Thus, genetic vulnerability that may influence the environmental contributors on anxiety has attracted more attention. A previous study has demonstrated that participants with FKBP5 polymorphism were more likely to exhibit anxiety when exposed to childhood trauma (8). Moreover, another study had found that SLC1A1, GSTZ1, and CALCRL gene polymorphisms, in association with harsh punitive parenting, may contribute to social anxiety in adolescence (9). Furthermore, existing G × E research has largely focused on the modulator role of gene in negative emotions caused by early stressful experiences (i.e., childhood abuse, ignoring and maltreatment) (10–13), whereas few studies have examined the interaction of gene and current stressful experiences (acute alcohol withdrawal). These findings highlight that the interaction between genetic vulnerability and adverse environmental factors (G × E) is increasingly emphasized as an important mechanism in understanding the link between alcohol dependence and anxiety.

Proopiomelanocortin (POMC), a gene that located in the arcuate nucleus, responds to metabolic stress, such as food deprivation and glucoprivation (14, 15), and psychological stress (16), which appears to be a strong candidate for this interaction. The POMC processes many functionally different peptides, and among these biologically active peptides, ACTH and β-endorphin (β-END) are two principal components of the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis is known as the major brain circuitry that regulates the neuroendocrine response to stress (17). β-END is a member of opioid peptides that are widely and differentially distributed throughout the nervous system, which has been implicated in a variety of behaviors including the regulation of pain and reward, as well as processes associated with stress, fear, or anxiety (18). In the central nervous system, β-END contributes to the positive reinforcement and motivational properties of drugs of abuse. In addition, there is an evidence that lowered plasma β-END during alcohol withdrawal may contribute to their experienced anxiety (19, 20). Moreover, it is reported that the POMC gene expression is associated with anxiety-like behavior in those that experienced maternal deprivation (21). Another study found that POMC gene polymorphisms related to alcohol dependence (22). In addition, Chang et al. (23) investigated the role of gene–environment interaction between POMC rs2071345 polymorphism and stressful life events and found that POMC rs2071345 polymorphism, via an interaction with stressful life events, are associated with antidepressant treatment outcomes in major depressive disorder patients.

To date, few studies have examined the exact form of the interaction between the environment and POMC gene polymorphisms. There are two models can explain the potential role of genetic factors in G × E interactions: the diathesis-stress model and the differential susceptibility model. In the diathesis-stress model, carriers of ‘risk’ genotype variants when exposed to adverse environmental experiences would be more likely to develop the negative outcome (24, 25). While the differential susceptibility model suggests that ‘risk’ genotypes would be better considered ‘plasticity' or ‘susceptibility’ genotypes, and that carriers would be susceptible to both adverse and enriched environments, for better and for worse (24, 26, 27).

Therefore, this study aimed to examine the moderating role of POMC rs2071345 polymorphism on the association of alcohol dependence and anxiety among problem drinkers, and further explored the nature of POMC rs2071345 × alcohol dependence by testing two competing models: diathesis-stress vs. differential susceptibility model.



METHODS


Participants and Procedure

Participants were 440 male problem drinkers (18 years and above) recruited from Psychiatric Hospitals in northern China. All the male problem drinkers were hospitalized for alcohol dependence, meeting the criteria according to the DSM-IV. Moreover, general mental assessments including anxiety symptoms were carried out by the admitting physician before recruiting into hospital. Among the participants, no outstanding anxiety symptoms were initially found. All participants were of Chinese Han ethnicity. The mean age of the participants was 44.15 years (SD = 9.45, range = 20–67 years). Most of the participants (65.45%) had earned a junior high school education level, and the average time in schooling was 10.64 years (SD = 2.87, range = 5–17 years).

Exclusion criteria for participants included a history of other substance use disorders beyond nicotine, which was allowed, presence of serious liver or kidney disease, history of serious neuropsychic diseases illness, or lacking a clear understanding of informed consent.

All study procedures were approved by the Ethics Committee of Peking University Health Science Center. First, participants were provided with a detailed description of the study procedures by the trained research investigators. Second, written informed consent from participants was obtained prior to data collection (98.89% agreed to participate in our study). Then, participants were asked to complete a series of questionnaires in a quiet ward. Finally, participants provided a blood sample for DNA extraction, checked one by one on location by research investigators. Genomic DNA was extracted from peripheral blood.



Measures
 
Assessment of Alcohol Dependence

A modified Chinese version of the Michigan Alcoholism Screening Test (MAST) (28) was used to measure the severity of symptoms associated with disordered alcohol use. Each of 24 items on the MAST is rated on a 4-point scale ranging from “not at all” (value = 0) to “extremely” (value = 4). The sum of the response scores can range from 0 to 96. Higher scores indicate more severe alcohol dependence. The Cronbach's alpha for the whole scale was 0.90 (29).



Assessment of Anxiety

The 20-item Self-Rating Anxiety Scale (SAS) (30) was used to assess the severity of depression anxiety. In this scale, participants are asked to respond how often he has experienced each symptom on a 4-point scale ranging from 1 (none or a little of the time) to 4 (most or all the time). The total sum of all the items was used in the analyses; higher scores indicate greater severity of anxiety. The SAS has high internal-consistency reliability, with alpha values of 0.82 (31).



Genotyping

Genomic DNA was extracted from 5 ml of peripheral blood of each participant using the salting-out method. The POMC rs2071345 were conducted using the Taqman SNP genotyping assay (ABI: Applied Biosystems Inc., Foster City, CA, USA). The primers and probes of SNPs were analyzed from ABI assay on demand kit. Reactions were carried out according to the manufacturer's protocol. All laboratory procedures were carried out in a manner blind to case-control status. The conditions of PCR were as follows: 50°C for 2 min, 95°C for 10 min, followed by 50 cycles of 95°C for 15 s and 60°C for 1 min. Ten percent of the DNA samples were duplicated randomly and tested, and no-fault genotyping was found.




Statistical Analysis

Firstly, we tested the genotype distributions of POMC rs2071345 genotyping for Hardy-Weinberg equilibrium (HWE) proportions by using the χ2 test (32) and Pearson correlation analyses were conducted to examine correlations between POMC rs2071345, age, educational years, alcohol dependence and anxiety. Consistent with other research, CT and TT genotypes was collapsed into T-allele group and coded as 1, CC genotype was coded as 0.

Secondly, we conducted the traditional linear regression to examine the interactive effect between the POMC rs2071345 polymorphism and alcohol dependence on male problem drinkers' anxiety. When significant interactions were found, post-hoc probing of significant interactions is conducted using regions of significance (RoS) analysis (33). RoS analysis provides the lower and higher bound where the association between POMC rs2071345 and alcohol dependence is significant for estimating the forms of G × E interaction. Thirdly, re-parameterized regression model, a newly developed approach proposed by Widaman et al. (34), was conducted to examine the nature of G × E interaction. The models were as follows:
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Here Y is the dependent variable of anxiety, X represents alcohol dependence, X2 and X3 are controlled variables: age and educational years, group is the different allelic group; C is the crossover point where the slopes of two genotype groups cross. The crossover point C estimate and confidence interval estimate can be determined whether the interaction between the POMC rs2071345 polymorphism and alcohol dependence is consistent with the differential susceptibility model or the diathesis-stress model. If the point estimation and 95% confidential interval of C fall at the maximum value of alcohol dependence, the interaction is consistent with diathesis stress model. In contrast, if the estimate of C is within the range of alcohol dependence, the form of interaction is consistent with differential susceptibility model. As diathesis-stress model and differential susceptibility model can be further subdivided into “strong” and “weak” version. Strong versions assume that only individuals with “risk/plasticity allele” are affected by environment, while the weak versions assume that both allele carriers are affected by environment but “non-risk/non-plasticity allele” carriers are less affected by environment than “risk/plasticity allele” carriers (35). These models are nested within each other. Thus, we used an F test to examine whether one model explained significantly more variance than another one. In addition, for non-nested models, Akaike information criterion (AIC) and Bayesian information criterion (BIC) was used to evaluate which model fits better. Lower scores indicated better fitting.




RESULTS


Descriptive Statistics

Of the 440 male problem drinkers, 202 (45.91 %) were CC homozygotes, 186 (42.27%) were CT heterozygotes, and 52 (11.82 %) were TT homozygotes. Genotype distribution for POMC rs2071345 was consistent with Hardy–Weinberg equilibrium (χ2= 0.83, p > 0.05). We conducted a series of t-tests to examine whether male problem drinkers differed by genotype between alcohol dependence and anxiety symptoms. Results indicated that no significant differences were found (alcohol dependence: t = 0.85; anxiety: t = 0.14, p(s) > 0.05).

The descriptive statistics of research variables are shown in Table 1. Anxiety (r = 0.46, p < 0.01) was positively correlated with alcohol dependence, while the education year (r = −0.18, p < 0.01) was negatively correlated with alcohol dependence. Besides, there were no significant relationships between the polymorphism POMC rs2071345 and all the other variables.


Table 1. Descriptive statistics and correlations between the variables.
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Interactions Between POMC rs2071345 Genotype, Alcohol Dependence, and Anxiety

We conducted traditional hierarchical regression analysis to identify the interaction between the POMC rs2071345 genotype and alcohol dependence on anxiety. There was a main effect of alcohol dependence on anxiety (p < 0.001), such that more alcohol dependence was associated with higher levels of anxiety. There were no significant main effects of POMC rs2071345 genotype on anxiety (p > 0.05). The interaction between the POMC rs2071345 genotype and alcohol dependence was significant (p = 0.03).

Furthermore, the RoS test was conducted to interpret the interaction effect. The slopes for alcohol-dependence on anxiety were as follows: T allele carriers, β = 0.61, t = 13.01, p < 0.001; CC homozygote carriers, β = 0.46, t = 14.55, p < 0.001 (Table 2). The lower and upper bounds of regions of significance were −0.59 and 0.31. That is, subjects with T allele were more likely to experience more anxiety symptoms than subjects with CC homozygote when the standardized score of concurrent alcohol dependence was above 0.31 (see Figure 1).


Table 2. Interaction between POMC rs2071345 and alcohol dependence on anxiety.
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FIGURE 1. RoS test on anxiety from alcohol dependence in POMC rs2071345 allelic groups. Gray shaded area represents 95% CI of the crossover point C of the interaction on the alcohol dependence axis. Ninety-five percent CI of C ranged from −0.59 to 0.31.




Re-parameterized Regression Analysis

In order to test the specific form of G × E, re-parameterized regression analysis was conducted by using the regression models adapted from Belsky et al. (36). Results involving rs2071345 × environment (severity of alcohol dependence) interaction (see Table 3) showed that the weak differential susceptibility model (model B) had strong fit to data (R2 = 0.23, p < 0.001), in which the slopes for severity of alcohol dependence in CC homozygote group (B1 = 0.34, SE = 0.07, p < 0.001) and T allele group (B2=0.53, SE = 0.05, p < 0.001) were significant. The estimated point and 95% CI of crossover point C both fell within the range of alcohol dependence C = −0.17 (SE = 0.47), 95%CI = [−1.09, 0.75]. Furthermore, the weak differential susceptibility model could explain more variance (ΔR2 = 0.05, p < 0.001) by adding one more parameter than the strong differential susceptibility model, explaining more variance (ΔR2 = 0.13, p < 0.001) by adding two more parameters than the strong diathesis-stress model, explaining more variance (ΔR2 = 0.01, p < 0.05) by adding one more parameter than the weak diathesis-stress model, which demonstrated that CC homozygote were non-plasticity homozygote and T allele was plasticity allele in anxiety.


Table 3. Re-parameterized regression analyses for participants.
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DISCUSSION

We examined the interactions between POMC rs2071345 polymorphism with alcohol dependence on anxiety symptoms during acute alcohol withdrawal, and further explored the nature of POMC rs2071345 × alcohol dependence by testing two competing models: diathesis-stress vs. differential susceptibility.

First, as expected, significant concurrent associations were found between alcohol dependence severity and anxiety symptoms during acute alcohol withdrawal, and further analysis revealed that the severity of alcohol dependence increased the risk of anxiety symptoms. It is in alignment with previous studies (37–40). Further, we found that the POMC rs2071345 is unexpectedly associated with the severity of anxiety symptoms during acute alcohol withdrawal, which previously has not been reported. Considering the location of the variant in the genomic structure of the POMC gene, rs2071345 may be involved in the regulation of transcription factor binding, which would need to be confirmed by further molecular biological experiments.

Next, in the anxiety model, POMC rs2071345 polymorphism significantly moderates the association between severity of alcohol dependence and anxiety symptoms during acute alcohol withdrawal, confirming the hypothesis we proposed and supporting the diathesis-stress theory. Furthermore, all the indexes in the re-parameterized regressions indicated that the POMC rs2071345 polymorphism × environment (alcohol problem severity) interactions were consistent with the weak diathesis-stress model among male problem drinkers with anxiety symptoms. Specifically, compared to adults with CC homozygote of POMC rs2071345, those with the T allele reported more anxiety symptoms when experiencing more severe alcohol withdrawal as measured by alcohol problem severity. That is, T allele of POMC rs2071345 may be a genetic risk gene, affecting the stability of transcribed mRNA which is one of the main mechanisms of adaptation to stress (41). The findings suggest that CC homozygote of POMC rs2071345 may buffer the effects of alcohol dependence, such that carriers of the CC homozygote of POMC rs2071345 may be better equipped to handle problematic situations and challenges that arise from a higher level of alcohol dependence or other stressors. Alternatively, carriers of the CC homozygote of POMC rs2071345 may not need to rely on lower level of alcohol dependence or be as sensitive to lower level of alcohol dependence as those with T allele of POMC rs2071345, suggesting higher level of alcohol dependence may not confer the same level of risk among carriers of the CC homozygote of POMC rs2071345. These findings together suggest that the stress from different sources may interact with different vulnerability genes, even belonging to the same functional group. As such, our study provides new evidence for the moderating function of the POMC polymorphism in the association between current stress as measured by the severity of alcohol dependence during withdrawal and anxiety symptoms.

The current study contributes to the existing literature by providing valuable information about the underlying etiology of alcohol dependence and anxiety during acute alcohol withdrawal and has several notable strengths. First, to our knowledge, this study is the first to examine the G × E interactions on this POMC polymorphism, alcohol dependence severity and anxiety during acute alcohol withdrawal, providing preliminary evidence for the distinct G × E interactions on alcohol dependence and anxiety. Further, with the newly developed approach of regions of significance (RoS) analysis, the present study explored whether the G × E interactions would be consistent with the diathesis-stress model or the differential susceptibility model and determined the range of values of the environment where the environment-predicting-outcome regression lines significantly differ from each other (42). Finally, by focusing on the re-parameterized regression analysis, the present study is likely to maximize the statistical power by aligning analyses with hypotheses of interest and can directly compare and evaluate different G × E hypotheses (36).

There are several limitations in the present study. First, only males were investigated. Previous work has demonstrated differences between men and women in regard of OXTR polymorphisms (43–45), which highlights the importance of further studies of sex differences concerning differential diathesis. Second, our data on the associations between genes, alcohol dependence severity, and anxiety were cross-sectional, which did not allow for cross-lagged relationships between alcohol dependence severity and anxiety across different genotypes to be tested. Therefore, future research with longitudinal design will be needed to explore the G × E interaction across different genotypes. Third, an additional uncontrolled factor is the possibility that various withdrawal symptoms may contribute to anxiety, which could be explored in further research. Fourth, the current study only estimated the interactions between the POMC rs2071345 polymorphism with alcohol problem severity on anxiety symptoms, which is another limitation. Previous work demonstrated that β-END differentially affected anxiety and depression (46), highlighting the importance of further studies of the interactions between depression, POMC rs2071345 polymorphisms, and alcohol dependence.



CONCLUSION

The present study provides preliminary evidence for distinct G × E interactions such that the POMC rs2071345 polymorphism interacted with alcohol dependence on male problem drinkers' anxiety during acute alcohol withdraw. These findings contribute to a more comprehensive view of the complex genetic etiology of problem drinkers' negative emotions during alcohol withdrawal.

With regard to the nature of G × E interactions on anxiety observed in the present study, our findings were in accordance with the diathesis-stress hypothesis. These empirical findings have important implications for interpreting genetic moderation of alcohol problem severity on individual differences of adults' negative emotion during alcohol withdrawal. The findings might also encourage more work at the molecular level on the role of the underlying mechanisms in response to environment and in modulating anxiety, especially in relation to functional studies of neural systems.
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Background: Nursing is a high-stress occupation that can have an impact on mental health, particularly for neonatal nurses. Job-related stress factors and work-related behaviors have played a critical role in nurses' mental health. This study aimed to explore the prevalence of mood disorders and the impact of social factors, lifestyle on mood disorders among neonatal nurses.

Methods: A total of 260 participants comprising neonatal nurses and nurses who work in neonatal intensive care units (NICU) were recruited. Data were collected using a validated generalized anxiety disorder questionnaire, patient health questionnaire-9, Pittsburgh sleep quality index, and social factors and lifestyle assessments.

Results: In total, 49.23% of neonatal nurses exhibited mood disorders, particularly a combination of depression and anxiety. Female, poor interpersonal relationships and unhappy marital status, preference for smoking, alcohol, irregular diet, and poor sleep were common in neonatology nurses who exhibited mood disorders; preference for coffee and tea were lower in neonatology nurses without mood disorders (all P < 0.05). Interpersonal relationships, marital status, irregular diet, and poor sleep were independent factors associated with mood disorders among neonatal nurses (all P < 0.05). Mood disorders presented as functional dyspepsia (FD) among 50.78% of the participants (P < 0.05). Poor sleep and preference for smoking were common among neonatal nurses who had FD with mood disorders (all P < 0.05). Furthermore, the preference for sugary beverages was lower in participants with FD and mood disorders (P < 0.05). Poor sleep was independently associated with FD with mood disorders in neonatology nurses (P < 0.05).

Conclusion: Prevalence of anxiety and depression was higher among neonatal nurses. Furthermore, most cases of mood disorders presented as FD. Thus, social factors and lifestyle have an impact on mood disorders which can manifest through somatic symptoms.

Keywords: neonatal nurses, anxiety, depression, functional dyspepsia, social factors, lifestyles


INTRODUCTION

Nurses play an important role in the healthcare workforce. In addition to providing health care, nurses also assist patients during rehabilitation and impart health education to patients (1). Nursing is a high-stress occupation involving night-shift work schedules, addressing different patient needs, and irregular lifestyles that can have a severe impact on nurses' mental health (2, 3). Newborn patients are often susceptible to experiencing respiratory, nutrition, feeding, and neurologic injury problems. Furthermore, the parents also face an increased risk of perinatal mood and anxiety disorders (4, 5). Particularly, the challenges faced by nurses who work in the neonatal department and neonatal intensive care unit (NICU) are more severe and stressful, thereby significantly effecting their mental health.

Psychosomatic diseases can result from the interaction of biological, psychological, and social factors (6). Anxiety and depression are the most prevalent mood disorders associated with psychosomatic diseases (7). Psychological indicators for distress include, but are not limited to, disturbances in sleep and appetite. Furthermore, physical effects experienced by nurses may include the increased risk of functional dyspepsia (FD) (8, 9). Moreover, chronic stress may lead to or exacerbate maladaptive behaviors such as smoking, alcohol consumption, and irregular diet (10, 11). Additionally, job-related stress factors, work-related behaviors, and past experiences also play a critical role in nurses' mental health (12, 13).

Recent studies revealed a high prevalence of mood disorders, including anxiety and depression, among nurses worldwide (14, 15). Approximately 41.1% and 35.88% of nurses in China experienced anxiety and depression, respectively. (16, 17). However, the prevalence of anxiety and depression among neonatal department nurses and NICU nurses is still unknown. Furthermore, the effects of social factors and lifestyles on anxiety and depression among neonatal nurses remain unknown. Thus, this study aimed to explore the prevalence of anxiety and depression among neonatal nurses. Furthermore, this study analyzed the impact of social factors and lifestyle on mood disorders among neonatal nurses.



MATERIALS AND METHODS


Study Design and Participants

This cross-sectional study was conducted using several questionnaires. The snowball sampling strategy was used to recruit the participants. The inclusion criteria were nurses who have no previous history of psychiatric diseases and who worked in the Department of Neonatology and the NICU of 12 general hospitals and 2 specialized hospitals affiliated to universities in Nanning city, Guangxi province, China. The questionnaire surveys were administered either by head nurses or neonatal nurses from January 1, 2022, to February 28, 2022. During this period, the participants could answer the anonymous questionnaire survey at any time; however, they could take the questionnaire survey only once and were required to answer all questions within 30 min. Written informed consent was provided by all participants before participating in the study; the study was approved by the Institutional Ethical Committee of Guangxi University of Chinese Medicine.



Questionnaires

A validated Chinese version of a 7-item generalized anxiety disorder questionnaire (GAD-7) was administered to all the participants to identify the participants with generalized anxiety disorder, as defined by the DSM-5 (18). Researchers calculated each item score based on the following scale: a total score above five points can be identified as anxiety; namely, five–nine points indicated mild anxiety, 10–14 points indicated moderate anxiety, and scores higher than 15 points indicated severe anxiety.

The Chinese version of the Patient Health questionnaire-9 (PHQ-9) was used to screen the participants for depression, as defined by the DSM-5 (19). Researchers calculated each item score of the PHQ-9 based on the following scale: a total score above five points can be identified as depression. Specifically, five–nine points indicated mild depression, 10–14 points indicated moderate depression, 15–19 points indicated severe depression, whereas scores >20 points indicated severe anxiety.

The Chinese version of the Pittsburgh Sleep Quality Index (PSQI) was used to measure sleep quality. Sleep quality can be analyzed by measuring seven components over a period of 1 month, namely, subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Researchers calculated each item score of the PSQI, as well as an overall sum of at least five indicators of poor sleep (20). Participants were excluded if they experienced any additional diseases according to the results of various tests, namely, electrocardiogram, abdominal ultrasound, X-ray, and blood tests from physical examinations conducted during annual check-ups. The endoscopy and diagnoses procedures were performed by a gastroenterologist.

The Rome IV diagnostic questionnaire for adult's functional gastrointestinal disorders identifies FD gastrointestinal symptoms among participants. Rome IV diagnostic questionnaire for measure postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS), including postprandial fullness, early satiation, epigastric pain occurred in the last 3 months, and course of disease at least 6 months (21).

Social factors dates were self-reported by all participants as observed in their responses to the 11 items included in the questionnaires. These items comprise educational level (high school, or junior college, or undergraduate, or postgraduate), technical title (junior, or intermediate, or senior), years of working (1 year below, 1–5 years, 6–10 years, 10 years above), continuation of education (yes or no), head nurses (yes or no), interpersonal relationships (dissatisfaction, on average or satisfaction), previous work experience in the field of emerging infectious diseases (yes or no), marital status (single, married or divorced), spouse occupation (health care profession or non-healthcare profession), fertility status (nullipara, first births, second births or third births or above) and support from parents (yes or no).

Lifestyle dates were self-reported by all participants and the four items included in the questionnaire were preference for smoking (yes or no), alcoholism (yes or no), diet preference (coffee, tea, sugary beverages, chocolate, spicy, raw, deep-fried, hot, dairy products), and irregular diet (yes or no).



Statistical Analysis

Statistical analyses were performed using the IBM SPSS Statistics version 25.0 to assess the study dates. Continuous variables such as age are presented as mean ± standard deviation. Categorical variables such as gender, diet preference and so on are expressed as proportions and percentages. The associations between relevant factors and study outcomes are presented as odds ratios (OR) and 95% confidence intervals (95% CI). Continuous variables were compared using Student's t-test. Categorical variables used x2 test, Fisher's exact test, or the Ridit test, as appropriate. Multivariable logistic regression analyses were used to identify the independent social and lifestyle factors associated with mood disorders. A two-sided P-value less than 0.05 was regarded as statistically significant.




RESULTS


Prevalence of Mood Disorders Among Neonatal Nurses

A total of 260 nurses who had worked in the Department of Neonatology or the NICU of hospitals affiliated to universities participated in this study, including 8 (3.08%) males and 252 (96.92%) females, with ages varying between 20–48 years (30.0885 ± 5.43156).

Neonatal nurses' susceptibility to suffering from mood disorders, such as anxiety and depression has increased. In this study, 128 (49.23%) participants were affected by mood disorders, including anxiety or depression, with most nurses in neonatal suffering from mood disorders. Furthermore, 17 (13.28%) nurses had anxiety, whereas 29 (22.66%) nurses had depression, with 82 (64.06%) nurses exhibiting both anxiety and depression. Moreover, most participants with mood disorders exhibited mild anxiety and depression (Table 1).


Table 1. Prevalence of mood disorders among neonatal nurses (%).

[image: Table 1]



Effect of Social Factors on Neonatal Nurses With Mood Disorders

Various social factors have an impact on the mental health of neonatal nurses. This study confirmed that most of the nurses with mood disorders were female and had poor interpersonal relationships and an unhappy marital status. The prevalence was significantly higher than that of neonatal nurses without mood disorders (all P < 0.05) (Table 2).


Table 2. Demographic and social factors among neonatal nurses in mood disorders.
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Effect of Different Lifestyles on Neonatal Nurses With Mood Disorders

This study also confirmed that different lifestyles can affect the mental health of neonatal nurses. Specifically, smoking, alcohol consumption, and irregular diet were common among participants with mood disorders. Preference for both coffee and tea were lower among participants with mood disorders as opposed to the participants without (all P < 0.05) (Table 2).

Poor sleep has contributed toward mood disorders, as well as subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, daytime dysfunction, and total PSQI scores among neonatal nurses with mood disorders, which were all higher than those without mood disorders. The differences in subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, daytime dysfunction, and total PSQI scores (all P < 0.05) were statistically significant (Table 3 and Figure 1).


Table 3. Lifestyles among neonatal nurses in mood disorders.
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FIGURE 1. PSQI scores between neonatal nurses and mood disorders. All part of total PSQI scores and total PSQI scores among neonatal nurses with mood disorders were all higher than those without mood disorders. The differences in subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, daytime dysfunction, and total PSQI scores (all P < 0.05).




Multivariable Logistic Regression Analysis on Independent Factors for Mood Disorders

Interpersonal relationships (OR = 0.530, 95%CI 0.326–0.860), marital status (OR = 1.849, 95%CI 1.763–1.940), irregular diet (OR = 1.972, 95%CI 1.880–2.069) and poor sleep (OR = 7.295, 95%CI 6.850–7.770) were selected as independent factors associated with mood disorders among neonatal nurses (all P < 0.05) (Table 4). These results suggest that good interpersonal relationships are an independent protective factor for mood disorders in neonatal nurses. Unhappy marriage or divorce, irregular diet, and poor sleep are independent risk factors for mood disorders in neonatal nurses.


Table 4. Multivariate logistic regression analyses on selected factors associated with mood disorders.
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Prevalence of FD-Associated Mood Disorders Among Neonatal Nurses

Among 128 nurses with mood disorders, 65 (50.78%) presented FD symptoms, which was higher than those without mood disorders (50.78% vs. 11.48%; P < 0.05). Most of them (53.85%) had PDS, but there was no difference (x2 = 3.2347, P = 0.1984) (Table 5).


Table 5. Prevalence of FD in mood disorders among neonatal nurses (%).
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Lifestyle Impact on FD-Associated Mood Disorders

This study showed that different lifestyles exhibit varying impacts on mood disorders associated with FD. The prevalence of smoking and poor sleep was significantly higher in patients with FD and mood disorders than in those without mood disorders (all P < 0.05). However, the prevalence of preference for sugary beverages was lower in participants with mood disorders associated with FD (P < 0.05) (Table 6).


Table 6. Lifestyles among neonatal nurses in FD with mood disorders.
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Poor sleep also displayed effects on FD-associated mood disorders. The scores of subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, daytime dysfunction, and total PSQI scores among neonatal nurses with FD-associated mood disorders were all higher than those exhibiting FD without mood disorders. There was a statistically significant difference among the subjective sleep quality, sleep latency, sleep duration, daytime dysfunction, and total PSQI scores (all P < 0.05) (Table 6 and Figure 2).


[image: Figure 2]
FIGURE 2. PSQI scores between neonatal nurses in FD and mood disorders. The scores of subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, daytime dysfunction, and total PSQI scores among neonatal nurses with FD-associated mood disorders were all higher than those exhibiting FD without mood disorders; the subjective sleep quality, sleep latency, sleep duration, daytime dysfunction, and total PSQI scores were statistically significant difference (all P < 0.05).




Multivariable Logistic Regression Analysis on Independent Factors for Mood Disorders With FD

A multivariable logistic regression model was performed to identify the association between lifestyle factors and FD-associated mood disorders. Consequently, poor sleep (OR = 6.10, 95%CI 1.309–28.419, P < 0.05) was identified as an independent risk factor associated with FD among neonatal nurses (Table 7).


Table 7. Multivariate logistic regression analyses on selected factors associated with FD and mood disorders.
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DISCUSSION

Nurses are one of the frontline health workers for patient care, especially newborn infants. Newborn infants have decreased habituation and dishabituation capabilities, resulting in increased environmental vulnerability. Thus, patient care is more critical among newborn infants (22). However, neonatal nurses are often overworked and stressed by the heavy workload pressures associated with clinical care. As a result, nurses are more likely to experience mood disorders such as anxiety and depression (1). Furthermore, several studies have confirmed a high prevalence of mood disorders such as anxiety and depression among nurses; in China, approximately 35% of the nurses experienced depression, while 32–43% have anxiety (23–25). In a recent study, 49.23% of neonatal nurses experienced mood disorders, including anxiety and depression. From this sample, 31.54% experienced both anxiety and depression, which was relatively higher than other departmental nurses as well as the general population (26).

Previous studies confirm that social and lifestyle factors can impact mood disorders, such as anxiety and depression (24–27). This study found that poor interpersonal relationships, unhappy marital status, high levels of smoking and alcohol consumption, irregular diet, and poor sleep increased the susceptibility of experiencing anxiety and depression among neonatal nurses. In contrast, coffee and tea were identified as having a protective effect against mood disorders. Following the multivariable logistic regression analysis, good interpersonal relationships were identified as an independent protective factor associated with mood disorders in neonatal nurses. Whereas unhappy marital status, irregular diet, and poor sleep were all identified as independent risk factors associated with mood disorders in neonatal nurses.

Individuals with depression tended to interact with others in ways that elicit rejection, typically characterized by poor interpersonal relationships; furthermore, these nurses have been associated with an increased occurrence of negative interpersonal dependent events, which, in turn, increase the risk of future depression and anxiety (28, 29). Moreover, anxiety and depression were also independently associated with irregular diet and sleep (30–33). Sleep disorders, including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction, have all been found to affect mood disorders (34). Night-shift work is common among neonatal nurses which often affects nurses' sleep rhythm and sleep quality. As a result, neonatal nurses experience poor sleep which may have an impact on anxiety and depression.

Recent findings have also confirmed that smoking is regarded as a false safety behavior that has led to anxiety and depression. Consequently, mood disorders further exacerbate smoking behavior (35, 36). Furthermore, alcohol can influence the severity of moods experienced. While negative mood symptoms can disappear in a short period, mood disorders can result in alcohol misuse. Moreover, family factors, poor family interpersonal relationships, or unhappy marital status can all impact alcohol misuse and the occurrence of mood disorders (37–39). In contrast, coffee and tea have potential protective effects against depression. Caffeine, chlorogenic acid, and 5-hydroxytryptamides in coffee and tea can increase calcium signaling and dopamine release, thus, forming protection against mood disorders (40–42).

Gastrointestinal sensory mechanisms play a key role in transferring sensory information from enteric reflex circuits to the central nervous system (CNS) via the vagal and spinal nervous systems. Furthermore, CNS has a significant effect on the gastrointestinal tract. Functional gastrointestinal disorder is a psychosomatic disorder. FD is one of the most common physical symptoms of psychosomatic disorders (43–45) and is divided into two subtypes according to abdominal symptoms: postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS).

In this study, 50.78% of neonatal nurses experienced anxiety and depression presented through FD. Most of them had PDS (53.85%), followed by EPS (26.51%). Whereas a few of these nurses had both PDS and EPS (20%). There was a statistically significant difference between the prevalence of FD with and without mood disorders. However, no difference was observed between the two subtypes of FD, with and without mood disorders. Another study confirmed that the prevalence of anxiety and depression in patients with FD was higher than in the healthy population (46). Psychiatric comorbidity was common among the patients who presented with FD referred to the Department of Gastroenterology. Further, psychiatric comorbidity increased the number, frequency, and severity of gastrointestinal symptoms associated with functional gastrointestinal disorders (FGIDs) (47).

Lifestyle factors also play an important role in FD-associated mood disorders among neonatal nurses. This study found that neonatal nurses who preferred smoking and poor sleep were more likely to suffer from FD associated with anxiety and depression. Based on the multivariable logistic regression analysis, poor sleep was identified as an independent risk factor associated with FD and mood disorders among neonatal nurses. Furthermore, other studies have suggested that sugar-sweetened beverage consumption is one of the modestly high-risk factors underlying depression. The current study did not note any differences; thus, further studies are required to confirm otherwise (48).

This study had several limitations. First, this was a cross-sectional study to explore the effects of social and lifestyle factors on mood disorders and FD solely among neonatal nurses, thus, limited information was available. Second, the self-report questionnaire used in this study may have caused some deviation in the results or the information could be false. Finally, most of participants were female in this study, it may cause deviation in the result of gender factor.

To conclude, this study confirmed that the prevalence of anxiety and depression among neonatal nurses is significantly high, as opposed to other departments' nurses and the public. Furthermore, most of the psychiatric comorbidities in participants commonly presented as FD. Thus, social and lifestyle factors play a key role in mood disorders among neonatal nurses. Moreover, social and lifestyle factors have a significant impact on FD, anxiety, and depression in neonatal nurses.
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Background: Bulimia nervosa (BN) is characterized by recurrent episodes of eating large amounts of food without control. Studies have found positive correlations of BN symptoms with impulsive traits and negative affect. However, the network relationship supporting BN symptoms is unclear.

Methods: The study participants included female BN patients (146) and healthy controls (HCs, 146). The participants were matched for age. All participants completed the Eating Disorder Examination Questionnaire 6.0, Barratt Impulsiveness Scale-11, Beck Anxiety Inventory, and Beck Depression Inventory. We characterized the centrality parameters of BN, impulsiveness, and anxiety and depression symptoms of BN patients compared with HCs.

Results: Among all symptoms in the constructed BN group network, Shape dissatisfaction had the highest strength. In the BN group network, three clusters of symptoms (“ED-specific symptoms,” “impulsivity,” and “anxiety and depression”) were linked to each other by several symptoms. Compared to the HC network, impulsiveness was strongly associated with Concerns about Others Seeing One Eat in the BN network.

Conclusion: This study shows that ED-specific symptoms, i.e., Shape dissatisfaction, play a key role in BN. The cognition of “shape dissatisfaction” is a basis, and impulsivity and emotional symptoms are maintaining factors that may lead to BN development.

Keywords: bulimia nervosa, anxiety, depression, impulsivity, network analysis


INTRODUCTION

Bulimia nervosa (BN) (1) is a severe and complex eating disorder (ED). BN is mainly characterized by fear of weight gain, excessive preoccupation with body weight and shape, recurrent binge eating and subsequent purging behaviors, which are common in adolescents and young women (2). Clinically, 90–95% of BN patients are female (3). Lifetime estimates of BN diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) are between 4 and 6.7% (4).

Patients with BN often show impaired inhibitory control. Previous studies have demonstrated that individuals with BN have high trait impulsivity (5, 6). Patients with BN act on impulse and without planning. In addition, impulsive traits are related to suicide attempts and non-suicidal self-injury (NSSI) in BN patients (7). Thus, impulsive traits may be a risk factor related to BN. Patients with BN are frequently comorbid with depression and anxiety (1). Under stress, patients with BN easily generate negative affect (such as anger and sadness), and they may engage in impulsive action (i.e., binge eating, NSSI) to alleviate negative emotions (8). Therefore, emotional state may be another risk factor for BN (9). Impulsivity and depression/anxiety may have different roles in the development and maintenance of BN. Understanding how specific facets of impulsive traits and negative affect may relate ED-specific symptoms could provide insight into this complex disease.

Network analysis is a means for understanding the complex interactions that occur in diseases. It has been applied to clinical psychology in recent years, with an advantage in that it can provide insight into the roles of various symptoms in mental disorders (10). An important goal of the network analysis technique is to identify the central symptoms in the network, which are thought to be highly influential symptoms. Because high-centrality symptoms can be activated by other symptoms in the network, they have strong associations with other symptoms (11). In general, identifying high-centrality symptoms may help identify targets for clinical intervention (12–14).

In recent years, several network analyses have been carried out in patients with BN (15–18). Previous studies have focused more specifically on ED symptoms; for example, Overvaluation of Weight and Shape (15), Shape and Weight Preoccupation (16), Fear of Weight Gain (17), Desiring Weight Loss, Restraint and Worries that the feeling will get out of control, and Guilt after overeating (18) were the most important ED symptoms. Previous network analyses studies focused more attention on cognitive bias in weight and shape. Although a previous network study with a large sample of BN patients focused on emotional states and personal traits, it did not focus on impulsivity (19). Nevertheless, impulsivity and anxiety/depression also play key roles in BN development and progression. However, little is known about how ED-specific symptoms, impulsive traits and mood states interact with each other in this complex system. It is necessary to focus on personality traits, emotional states and the relationship between impulsive traits/emotional states and the ED-specific symptoms of BN. This will be helpful to BN patients in developing new treatments and promoting recovery.

The main aim of the present study was to utilize a network analysis approach to identify the central symptoms of BN. We compared networks of individuals with BN and healthy controls (HCs) and analyzed the differences between the two networks to understand the relationships between ED symptoms, impulsivity, anxiety and depression. We hope to provide a theoretical basis for novel therapeutic interventions by identifying the relationship between ED symptoms and the abovementioned risk and perpetuating factors. The hypotheses of the study were as follows: (a) ED-specific symptoms, i.e., Shape/weight dissatisfaction, Fear of Weight Gain and Desire to lose weight, are more central to the BN network; and (b) the ED-specific symptoms, impulsivity and emotional symptoms influence one another, which contribute to the development and maintenance of this disease.



MATERIALS AND METHODS


Participants

This study was a retrospective and cross-sectional observational study. We included BN patients who were recruited from the outpatient and clinical psychological wards of Shanghai Mental Health Center from January 2019 to December 2020. All patients were diagnosed by certified psychiatrists using the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5). Patient information (including age, BMI, years of education, etc.) is provided in Table 1. The exclusion criteria were as follows: (1) subjects with other psychiatric comorbidities (e.g., substance dependence in the last 3 months, schizophrenia, bipolar I disorder, current significant suicidal ideation or behaviors); (2) subjects with cognitive impairment or a history of brain trauma or brain disease; and (3) the researchers considered participation in this study inappropriate for other reasons (e.g., patients who could not understand the content of the questionnaire, patients unable to comply with the requirements of the tests). The HCs were recruited by advertising. The HC subjects did not currently or previously meet any psychiatric diagnosis criterion. The HC participants were matched to the BN patients according to various characteristics. This study complies with ethical standards, and it was approved by the Ethics Committee of Shanghai Metal Health Center (Ethical Approval No. 2020–14). Informed consent was obtained from all participants before any study procedure was conducted.


TABLE 1. Sample demographics and symptom descriptions.
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Measures


Eating Disorder Examination Questionnaire 6.0

The EDE-Q 6.0 is a widely used 28-item self-report questionnaire that assesses the main behavioral and psychological characteristics of eating disorders over the previous 4 weeks (20, 21) using a 7-point Likert-type scale (0: never; 6: every day). The Chinese version had excellent internal consistency (Cronbach’s α = 0.95) (22). The EDE-Q includes four subscale scores, namely, Restriction, Eating concern, Shape concern and Weight concern. The EDE-Q generates two types of data. First, 22 items (items 1–12 and 19–28) reflect the severity of ED symptoms. Second, 6 items (items 13–18) provide data on the six main behavioral characteristics of ED in terms of presence/absence and frequency with which the behavior occurred and loss of control. The scores of the subscales are obtained by calculating the average of the items of each subscale, and the global score (EDE-Q 6.0) is the average of scores of the four subscales.



Barratt Impulsiveness Scale (Version 11)

The BIS-11 is one of the most widely used self-report measurements of impulsivity (23). It consists of 30 items measured on a 4-point Likert scale (1 = rarely/never, 2 = occasionally, 3 = often, 4 = almost always/always), with 11 items reverse scored. The BIS-11 is divided into three dimensions: attentional impulsiveness (AI), motor impulsiveness (MI), and nonplanning impulsiveness (NPI). The scale has been translated into Chinese, and the internal consistency of the 30-item scale and the three 10-item subscales are excellent (Cronbach’s α = 0.77-0.89) (24). The total score for the BIS-11 ranges from 30 to 120. The higher the score is, the higher the impulsiveness.



Beck Depression Inventory II

Depression symptoms were assessed with the BDI-II (25, 26), a 21-item self-report measure of depression. Each item is scored on a 4-point Likert scale, indicating the intensity level of symptoms. The higher the score is, the higher the depression. Studies have shown that the Chinese version of the BDI-II scale has good internal consistency (Cronbach’s α = 0.94) (27).



Beck Anxiety Inventory

The BAI is a 21-item self-report scale for assessing symptoms of anxiety (28, 29). Each symptom is scored on a 4-point scale rating severity from “not at all” to “severely, it bothered me a lot.” The Chinese version of the BAI has been verified to have excellent internal consistency (Cronbach’s α = 0.95) (30).




Statistical Analyses

To ensure data quality, records were screened for inappropriate responses and a lack of response variation to open-ended questions. The descriptive analysis of demographic information and scale measures was performed with SPSS version 26.0 software. The scores of the above scales were compared by using two-tailed independent t-tests between the BN and HC groups, with the significance level set as 0.05.



Network Estimation

Network models were constructed and analyzed with R software (version 4.05) using the qgraph package (31, 32).

The partial correlation network method was used to estimate all symptom networks, and the edges of the network can be understood as correlations between symptoms after adjusting all other edges. The procedure for estimating each partial correlation network was as follows. First, we used a Gaussian graph model to estimate the pairwise correlation parameters between nodes (33). As parameter estimation of all edges can lead to type I error, we controlled this by using a least absolute shrinkage and selection operator (LASSO) (34) to create a more parsimonious network by reducing small correlations to exactly zero (34, 35). This step was embedded in a best model selection procedure, in which the extended Bayesian information criteria (EBIC) were minimized.

In this network, a circle represents an individual symptom (one item from the symptom measures) from the EDE-Q 6.0, three subscales of BIS-11 or BDI and the BAI total score. The associations between nodes are represented with lines (or “edges”). “Edges” are lines between nodes representing regularized partial correlations. The existence of edges represents dependencies between variables; blue edges indicate positive associations, and red edges indicate negative associations. The wider the edge is, the stronger the association. Abbreviations were used to designate each of the 28 EDE-Q 6.0 items and the three subscales of the BIS-11 in the study (see Supplementary Table 1). These abbreviations are used in figures depicting the centrality values of nodes.



Network Centrality Estimation

We employed the three common measures of centrality measures, i.e., “strength,” “closeness,” and “betweenness,” to quantify the features of the nodes (36). “Strength” represents the total weights of connections from other nodes to a specific node. “Closeness” is defined as the inverse of the sum of the shortest distances from a particular node to all other nodes in the network, whereby the shortest distance is the minimal number of edges traversed from one node to the next. High closeness indicates that the average distance between a given node and all other nodes in the network is short. “Betweenness” is the number of times that the shortest path between any two symptoms passes through another. A node high in “betweenness” can be regarded as a “bridge” that connects other symptoms; that is, if a high node is removed, the distances among other nodes will generally increase (37).



Network Accuracy and Stability Estimation

The accuracy of edges and stability estimates for the network were calculated using a bootstrapping procedure with 1000 iterations (32). First, we estimated the accuracy of the edge through the 95% confidence interval (CI) of the bootstrap edge weight, with a narrower edge weight CI denoting higher accuracy. Second, we tested the stability of the centrality by subset bootstrapping. We estimated the centrality stability coefficient (CS-coefficient) as a reference index. For the CS-coefficient, values below 0.25 indicate unstable strength, and values greater than or equal to 0.5 are recommended (32).



Network Comparison

To explore the possible difference in global connectivity and to examine the differences in network structure between the BN and HC groups, we compared the partial correlation network for the BN and HC samples using the NetworkComparisonTest package in R (38). Comparing networks for unequally sized groups is problematic because network analysis methods penalize/shrink edges based on sample size. A workaround for this issue is to balance group sizes using a bootstrapping/subsampling method.




RESULTS


Clinical Characteristics

In this study, 250 questionnaires were distributed, and 209 were completed, with a response rate of 83.6% in the BN group; 484 questionnaires were distributed, and 479 questionnaires were effectively returned from the HC group, for a response rate of 99.0%. All questionnaires were administered online. Propensity score matching was used to match BN patients and HCs based on age. Ultimately, 146 BN patients and 146 HCs were selected for final analysis. The descriptive statistics for the sample are shown in Table 1. The EDE-Q total and four subscale scores, BIS total scores and three subscale scores, BDI total scores, and BAI total scores were significantly higher in the BN group than in the HC group. However, there was no significant difference in age, education years, or BMI between the BN group and HC group.



Characteristics of the Symptom Networks

The network structure of the EDE-Q, three subscales of BIS-11, BDI, and BAI total scores in different groups, as well as a comparative plot centrality index of the two groups are depicted in Figures 1–4, respectively.


[image: image]

FIGURE 1. BN network. The network graph shows associations and predictability estimates between ED symptoms (i.e., fear of weight gain, Shape dissatisfaction, Weight dissatisfaction, and Restraint), depression symptoms, anxiety symptoms, and impulsivity (i.e., attention impulsiveness, motor impulsiveness, and unplanning impulsiveness) in BN. The edges represent the strength of association between nodes. The colors of the node indicate the different subscales.
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FIGURE 2. Centrality measures for the BN network representing the strength, closeness, and betweenness of each node. Higher numbers indicate that the item is more central to the network.
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FIGURE 3. HC network. The network graph shows associations and predictability estimates between ED symptoms (i.e., feel losing control, Shape dissatisfaction, Weight dissatisfaction, Difficulty concentrating because of thoughts of weight/shape), depression symptoms, anxiety symptoms, and impulsivity (i.e., attention impulsiveness, motor impulsiveness, and unplanning impulsiveness) in HC. The edges represent the strength of association between nodes. The different colors of the node indicate the different subscales.
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FIGURE 4. Centrality measures for the HC network representing the strength, closeness, and betweenness of each node. Higher numbers indicate that the item is more central to the network.



The Core Symptoms of Bulimia Nervosa Psychopathology

Figure 1 shows the constructed symptom network of BN. As illustrated in Figure 2, the highest strengths included (top 3): Shape dissatisfaction (strength = 1.31), Fear of weight gain (strength = 1.25), and Weight dissatisfaction (strength = 1.11). It is worth noting that several nodes have the highest value for “strength” measures, suggesting that these symptoms are of particular importance in the network (i.e., Shape dissatisfaction, Fear of weight gain, and Weight dissatisfaction). Shape dissatisfaction had significantly higher strength values than all other symptoms. Regarding node predictability, the mean node predictability was 53.2%; thus, on average, 53.2% of the variance in each node was explained by neighboring nodes.

Three clusters of symptoms (“ED-specific symptoms,” “impulsivity,” and “anxiety and depression”) are linked to each other by several symptoms in Figure 1. As shown, the ED-specific symptom that is closest to “impulsivity” is “Concerns about others seeing one eat.” Those closest to “anxiety and depression” symptoms are as follows: Feeling guilty after eating, Concerns about others seeing one eat, and Eating in secret.



Core Symptoms of Healthy Controls

Figure 3 displays the constructed network for the HCs. As indicated in Figure 4, the highest strengths include (top 3): Weight dissatisfaction (strength = 1.27), Feeling guilty after eating (strength = 1.19), and Overvaluation of weight (strength = 1.19). Weight dissatisfaction had significantly higher strength values than all other symptoms. The mean predictability of the nodes was 58.6%, which was similar to the mean node predictability of the BN group.

Eating disorder-specific symptoms had a weak correlation with both impulsivity and mood states (anxiety and depression) in the network analysis of HCs.



Accuracy and Stability Analysis

Figure 5 shows the nodes used to determine centrality estimate stability (edge weight bootstrapping accuracy in the BN and HC networks, see Supplementary Figures 1, 2, respectively). The CS-coefficient indexes of the BN and HC groups were 0.28 and 0.36, respectively, and the results from the stability analyses showed that the network models were relatively stable.


[image: image]

FIGURE 5. Bootstrapped stability for the BN (A) and HC (B) graphical least absolute shrinkage and selection operator networks. The x-axis indicates the included portion of cases, and the y-axis indicates the average correlations with the original samples.




Network Comparison Analysis

We used the NetworkComparisonTest package to compare differences in edge weights between the BN and HC networks, and the edge weight was false discovery rate (FDR)-adjusted. Significant positive and negative correlations are shown in Figure 6. The global strength difference between the BN network (global strength = 13.75) and HC network (global strength = 14.49) was significant (p = 0.01).
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FIGURE 6. Edges exhibiting significant differences between BN and HC. The blue edges denote the increased correlations between items in the BN compared with those in the HC network (A), and red edges denote the decreased correlations (B).


Compared to HCs, attentional impulsiveness on the BIS-11 was more strongly connected with Concerns about others seeing one eat (mean difference = 0.13, p = 0.000) on the EDE-Q (Figure 6A). In contrast, the symptom of Feeling guilty after eating showed weak connections with Overvaluation of weight (mean difference = −0.27, p = 0.000) and Fear of losing control over eating (mean difference = −0.24, p = 0.04) on the EDE-Q. Similarly, Self-induced vomiting had a weak connection with Desire to have an empty stomach (mean difference = −0.25, p = 0.000). Laxative misuse weakened the connectivity of Difficulty concentrating because of thoughts of weight/shape and Difficulty concentrating because of thoughts of food (mean difference = −0.38, −0.15, and −0.12; p = 0.000, 0.000, respectively) on the EDE-Q (Figure 6B).





DISCUSSION

This study identified the core ED symptoms and the relationships among ED symptoms, impulsive traits, anxiety and depression in BN patients in mainland China. First, Shape Dissatisfaction, Fear of Weight Gain and Weight Dissatisfaction had the highest strength in the BN symptom network. Second, three clusters of symptoms (“ED-specific symptoms,” “impulsivity,” and “anxiety and depression”) were linked to each other by several symptoms. Overall, generating a complex network based on the relationship between symptoms may help better understand the disease.

First, our results showed that Shape dissatisfaction, Fear of Weight Gain and Weight dissatisfaction had the highest strength in the BN network, with Shape dissatisfaction having the highest strength value. Shape dissatisfaction and Fear of Weight Gain are part of the “Shape concern” subscale, and Weight dissatisfaction is part of the “Weight concern” subscale. Shape concern and Weight concern involve dissatisfaction with one’s own body shape and weight, desire to control weight, and preoccupation with shape and weight. These symptoms are core ED-specific symptoms in patients with BN. Previous cross-sectional studies also found similar results in patients with BN (15–17, 19, 39). These findings show that Shape dissatisfaction, Fear of Weight Gain and Weight dissatisfaction are central to BN psychopathology, and ED thinking rather than ED behaviors plays a central role in BN (4).

Second, the results also showed that some symptoms on the EDE-Q were connected to anxiety/depression symptoms and impulsivity in the BN group. Patients with BN are often described as being in a “vicious cycle”: BN patients are concerned about weight, shape and strict dietary restrictions. Then, they experience physical and psychological cravings for food, break dietary rules, think that they have failed and feel out of control and guilty. Finally, they compensate by binge-fasting, purging, and exercise and are more focused on weight and shape (4). Hence, in this state, they often experience anxiety and depression. Moreover, BN patients are associated with emotional regulation problems. During the COVID-19 lockdown, BN patients experienced exacerbated binge eating because of difficulties in emotional regulation (40). When they are in a bad mood, they are unable to adopt positive methods to deal with their emotions instead of using impulsive behaviors, such as episodic binge eating, to relieve their emotions, which aggravates their emotional problems (41). Solmi et al. suggested that core ED symptoms, depression and anxiety symptoms play an important role in BN (19). However, their studies did not focus on impulsivity traits. Our results were consistent with those of a previous study showing that ED-specific symptoms and emotional state occupied a major position. In addition, our study suggests that impulsivity traits may be another key factor. In short, ED-specific symptoms, i.e., Concern about weight and shape and Fear of gain weight are the foundation of BN. Impulsive traits and negative mood are maintenance factors of BN. These factors influence each other in the BN network. However, this study missed information on comorbidities. Anxiety and depression are co-occurring diseases of BN needing treatment. These issues require more attention in future research.

Third, our study indicated that the total score and three subscale scores of the BIS-11 were increased in the BN group compared with the HC group. Our study also found that in the BN network, attentional impulsiveness had a stronger connection with Concerns about others seeing one eat on the EDE-Q than that in the HC network. These findings suggest that the greater impulsiveness in BN patients is extensive and non-specific. Attentional impulsiveness includes two factors: attention and cognitive instability. Attentional impulsiveness is correlated with both proactive and reactive control (42). Dorsolateral prefrontal cortex (DLPFC) areas are associated with impulsivity (43). Interestingly, the DLPFC also plays an important role in emotion regulation (44). In recent years, dialectical behavioral therapy (DBT) has become a good treatment for emotional eating in BN (45). DBT is a behavioral treatment that draws its principles from behavioral science, dialectic philosophy, and Zen practice, including mindfulness and distress tolerance (46). Furthermore, some studies have shown that novel non-invasive neuromodulation therapy, such as transcranial magnetic stimulation (TMS), can improve impulsiveness (43). It is directed at modulating activity in brain regions (i.e., the DLPFC) and may also be used as an alternative intervention for BN in the future.

Several limitations should also be considered. First, the current study involved cross-sectional data without longitudinal follow-up; a cross-sectional study cannot distinguish symptoms that change over time or infer the directionality of relationships between ED-specific symptoms, impulsiveness and emotional symptoms. Future research should focus on properly designed prospective cohort studies, and longitudinal designs will elucidate treatment-based symptom changes in BN networks. Second, a previous study showed that patients with binge eating disorder (BED) have regular binge eating behaviors. BED is regarded as multifactorial, with a special focus on several neurocognitive deficits in executive functioning, such as inhibitory control and attentional bias. The present study did not explore the effect of these intriguing variables, which requires further investigation in future studies. Finally, information on relevant comorbidities was missing. These covariates may have influenced the analyzed outcome variables.



CONCLUSION

This network analysis assessed ED-specific symptoms, impulsive personality traits, anxiety and depression in a sample of patients with BN in mainland China. This study was matched by age, which reduces possible confounding by these factors. In addition, we included some potentially important risk factors, such as impulsivity and emotion-related variables (BDI and BAI). The study found that Shape Dissatisfaction, Fear of Weight Gain, and Weight Dissatisfaction are the core symptoms in the BN network. There was a relationship between impulsiveness, anxiety/depression symptoms and ED-specific symptoms. Thus, the results will provide a potential theoretical basis for new intervention measures, such as DBT and TMS, in the future.
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This is a thematic historical study on the historical construction of the concept of depression in early modern China. Using an external historical research method, through the analysis of newspaper stories, drug advertisements, and medical texts (textbooks and reference books), it presents the sociocultural context of depression in the late Qing Dynasty and early Republican period and depicts the germination and evolution of the depression from a hazy and ambiguous concept in the late Qing Dynasty to a clear and complete disease entity of Western medicine, at least in the Chinese pharmaceutical market in the 1920s. This article examines the three internal logical clues in the localization of depression in China, namely, (1) the transformation of the disease from a symptom (the symptom of a disease) to a disease (an independent disease entity); (2) the pathological mechanism of depression was first made from the perspective of Traditional Chinese Medicine—“caused by stagnation of liver qi,” which was joined later by the pathological mechanism of Western medicine—“caused by brain dysfunction”; (3) the introduction of the knowledge of “depression” presents a pattern of “cross-fertilization” between the West and the East. This study also examines the cultural imagery of depression during its early introduction to China and finds the three stereotypes of the manifestation of depression among the then Chinese public, namely, a feminized disease, a disease that afflicted the intellectual youth who were worried about the country, and the association between the disease and the morbid and distorted state of life of the upper-class literary youth.
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THE EMERGENCE OF THE CONCEPT OF DEPRESSION

The concept of depression spread to China in the late Qing Dynasty. Actually, it was the concept of melancholia, not depression, that was introduced into China, and it was often translated as Youyu Zheng (in Pinyin) or 忧郁症 (in Chinese characters). Its debut was in the North China Herald & Supreme Court and Consular Gazette on 26 May 1893, entitled Victim of Panama (1), a short story about a man in London, Charles, sent to hospital due to severe depression.

As early as the beginning of the Republic of China, advertisements for antidepressants appeared in newspapers. The advertisement for Zhongjiang Tang (中将汤), a drug for melancholia sold by the East Asia Company Pharmacy located on Henan Road in Shanghai, first appeared on page 11 of Ta Kung Pao (大公报), a newspaper published in the northern city of Tianjin, in 1911 (2), and later in the healthcare columns of the Shibao 时报 (or Times) on 1 April 1913 (page 11, Figure 1A) (3); 4 April 1913 (page 14) (4); and 13 August 1913 (page 4); and in page 16 of Shen Bao 申报 (or Shanghai News) (5) on 15 April 1914 (6). Analysis of the content and the frequency of the advertisements proves that this drug had been manufactured and sold by a pharmaceutical company in China at that time and that there was a market for antidepressants. We could infer that the concept of depression had appeared in China then.
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FIGURE 1. (A) Advertisement of Zhongjiang Tang. Source: Times (时报), 1 April 1913. (B) Advertisement of the Red Qingdao pill. Source: Republic of China Daily (国民报), 31 March 1925. (C) Advertisement of Ailuo Brain Tonic. Source: The News (新闻报), 29 November 1940.


In the 1920s, Western medicines for depression began to appear in the Chinese market. The explanation of the pathological mechanism of depression was one of traditional Chinese Medicine (TCM)—“stagnation of Qi due to the depression of the liver” in the beginning, and was replaced by “neuropsychiatric disorder and brain function depletion.” In other words, there was a transition of explanation of the mechanism from an inward perspective of TCM to an integrated perspective of TCM and Western medicine. The advertisements for the Red Qingdao Pill, a drug made by Dr. Williams’ Pharmacy for anger and melancholy, were published in the Industrial and Commercial News (Gong Shang Xinwen, 工商新闻) on 10 (7), 17 (8), and 31 January (page 12) (9), the Shibao 时报 (or Times) on 29 March (page edition) (10) and 31 March (page 8) (11), the News (Xinwen Bao, 新闻报) on 29 March (page 6) (12), and 24 December (page 16) (13), and the National News, Guomin Bao 国民报 (14, 15) on 31 March in 1925 (Figure 1B). The advertisement reads, “Have you ever suffered from anger and melancholia? If you have, please regulate your liver meridian, as they are often caused by the imbalance of the liver meridian.” The beginning sentence of the advertisement implies that it is a drug for the disease of bad emotions, which equals melancholia, together with anger, as a disease. In traditional Chinese culture, emotion was rarely considered a disease. At most, it was considered as a sign. Therefore, when the mechanism of this Western medicine was explained, the TCM rhetoric “liver meridian disorder, and rising of liver Yang” was cited. Such an approach of grafting Western drugs on TCM reflects the penetration of depression, a disease in Western medicine in TCM in the early days of the Republic of China. It was probably a cleverly devised marketing means to make the medicine more acceptable as well.

In the late period of the Republic of China, the explanation of the pathology of melancholia gradually showed the integration of TCM and modern medicine. The TCM pathological perspective of “the liver meridian damaged by melancholia” and the modern medical knowledge, such as nervous system disorder, the physiological function of brain, psychopathy, were put together to explain the pathology of depression. An advertisement of the Sino-French Pharmacy published on the third page of the News on 29 November 1940, which was entitled the Ailuo Brain Tonic: The Only Time-tested Tonic for the Neurological System, wrote:

It is said that anger hurts Qi and melancholia the liver. The cause of anger and melancholia is excess thinking affecting the nervous system, resulting in mental exhaustion and psychopathy. It is like mental frictions that generate heat, extremely hot and dry, that stagnates the functioning of the mind. Self-willed men and sentimental women often suffer from these two diseases. If they could take the drug, they could enhance their brain power and harmonize their emotions. Those who are overexcited can suppress over-excitement, and those who are weak in their mind can strengthen it. They could become neither arrogant, nor humble in their demeanor, well-organized, tranquil, and tolerant. They could restore their physical health, and socialize with others properly (16) (Figure 1C).

It could be seen that the Ailuo Brain Tonic mentioned in the advertisement was a drug for anger and depression. The advertisement also pointed out that depression was a disease of the neuropsychiatric system caused by overthinking, and the people susceptible to it were self-willing, paranoid men and sentimental women.



EARLY INPUT OF THE CONCEPT OF DEPRESSION FROM ABROAD

Most early introductions to depression in China appeared in English-language newspapers, with The Shanghai Times, The China Press, and The North-China Herald as the top three. There were three categories of depression-related information in these newspapers, namely, stories on depression care or suicide due to depression; information about relevant films and books; and information about professional knowledge. Among them, the latter two categories dominate, mainly published in the culture and life columns of the newspapers. Examples of each category are described below.


News on Depression Care or Suicide Due to Depression

On 26 September 1911, The China Press reported the case of a young German living in Kobe, who had just turned 26, cut his throat and wrist due to depression and eventually died from excessive blood loss (17). On 13 May 1914, The China Press reported the news that Mr. Warner, consul of the United States Consulate in Harbin, committed suicide with a pistol in the hospital and pointed out that he was suffering from depression, a mental illness, for a long time (18). The 1937 report of The North-China Herald explains to readers the serious consequences of depression through the case of suicide of a female patient suffering from mild depression and nervousness, and conveys to readers that depression is a hereditary but often progressive disease through the words of the patient’s doctor (19). The news of suicide or hospitalization due to depression at least taught the Chinese readers that depression was a mental illness and could have serious consequences like suicide.



Information on Films and Books

The North-China Herald’s culture and life column reported in 1929 on a new, academic, and artistic interpretation of Dürer’s famous painting Melencolia I (20), and in 1933 on Dr. Norman’s academic discovery that people with Melancholia would lose their sense of pain, with the several cases Norman received as the evidence (21). In February 1914, The China Press introduced and highly praised Burton’s The Anatomy of Melancholy, which was also the first introduction to the book in China (22). On 4 August 1937, the black-humor comedy “Oh Doctor!” based on the 1923 novel of the same name by Harry Leon Wilson, a depression-themed thriller, was shown at the Shanghai Theater. The film tells the story of a patient with depression who lived in remorse for bargaining before recovering his inheritance and losing his inherent rights due to excessive intake of pills. The China Press reported the showing of the film on the same day (23). A short story of the newspaper on 11 October 1938, reported that Pokers were invented in 1390, with its original purpose to amuse King Charles VI of France, who suffered from melancholia (24). On 15 November 1938, the newspaper reported that the Kawasaki Song and Dance House in Tokyo, Japan, opened in 1932, would close at the end of the year due to the impact of the Sino-Japanese War and the depression of business and that the girls working in the house, who used to live a life of singing and dancing, had to face a bleak future—to work in factories or marry and thus got depressed and suffered from melancholia (25).



Professional Knowledge

Medical information and research advances related to depression, mostly written by doctors. The Shanghai Times’ published in its 15 January 1930, column, Your Health and Your Brain, a story entitled Melancholia, written by Dr. Leland B. Alford (26). The author emphasizes the importance of mental health for assessing a person’s overall health in clinical practice. The author also points out that individuals with melancholia often complain of physical discomfort. However, the physician could not detect any physical illness that could cause such complaints despite the assertion of the patient for the existence of serious diseases underlying such discomforts. On the contrary, patients with serious physical disorders rarely have similar complaints. The author continues to emphasize, “To be sure, the symptoms of melancholia are due to mental disorders. The patient’s mind becomes so sensitive that it converts many normal physical feelings into unpleasant ones. The fear of disease is further amplified by excessive attention to their physical health.” The author also points out that this painful feeling, although real and profound, may be imagined and caused by the disruption of the balance of mental activity. An accurate description of the process of depression can be obscure and vague, but the author believes that the pain it causes can be simply imagined. Therefore, it may be extremely difficult to distinguish between depression and physical disease by simply relying on the typical symptoms caused by “imbalance.” Alford uses “hypochondria” to refer to depression in this article, but with the author’s mentioning of the symptoms of fear, hypochondria, imagination in the article, the disease he discusses is likely to encompass today’s hypochondria disorder. The Shanghai Times clarified the relationship between melancholia and depression in an article written by Dr. Lago Galdston published in the Daily Health Talk column on 22 November 1934. He believes that the ancient name melancholia suggests that depression was thought to be caused by black bile and was considered an excessive state. Furthermore, the black bile explanation implies that he believes the mental state of depression is caused by aberrations of chemicals and anatomy, or dysfunction of the body, rather than subtle, uncertain psychological causes. In other words, depression was thought to be a complex mental disorder caused by physiological disorders in ancient times. He also believes that depression is not a special mental disorder, but a mental symptom of many mental diseases that occur in both sexes, although likely to be more common in women and that people are prone to suffer it in their 40s and 50s and women would have an earlier onset than men. He states that patients with depression would complain of neurological symptoms, show a loss of interest, a significant loss of memory and attention, cry frequently, have unwarranted worry and fear, and some patients would develop delusions (27). It can be seen that his understanding of depression is very similar to that of contemporary people, both in terms of demographic factors and in the interpretation of clinical manifestations. In the next day’s newspaper, Dr. Galdston continued to introduce the latest research on climacteric melancholia, which used a new treatment of estrogen in a controlled experiment to overturn the previous theory that climacteric depression was caused by typical personality characteristics, such as seriousness, rigidity, lack of humor, and over-cautiousness and lifestyle factors (28). In the news of 19 August 1939, The Shanghai Times reported that Dr. F. T. Thorpe of West Knight Hospital had discovered a new type of depression called senile depression and published his discovery in the British Medical Journal (29).

There were few psychiatry books available in modern China. Most of them were translated from Japanese or European works, and the works of local psychiatrists were also influenced by Japanese, European, and American scholars.

The works of Japanese psychiatrists were introduced into China. Examples include The Essentials of Psychiatry 精神病学集要 written by Ying Shuzo 吴秀三 published in 1916 (30), Diagnosis and Treatment of Psychiatric Diseases 精神病诊断及治疗学 by Miyake Koichi 三宅矿一 and Takaburo Matsumoto 松本高三郎 in 1921 (31), Outlines of Psychiatry 精神病学精要 by Miyake Koichi in 1934 (32) (and reprinted in 1940) (33), and Summary of Psychiatry 精神病学馀沥 by the same author in 1935 (34), Minor Psychiatry 小精神病学 by Sugita Naoyuki/Naoki Sugda 杉田直树 in 1933 (35), and Lecture Notes on Psychiatry 精神病学讲义 by Kijuro Uematsu in 1942 (36). Miyake Koichi mentions in his works that depression is associated with narcolepsy encephalitis, suggesting that encephalitis may lead to depression. Moreover, he believes that depression may be inheritable in families, and there is a linear regression relationship between typical depression and early-onset dementia. The process of diagnosis and treatment of patients with depression described by him in Tongren Medicine in 1931 includes cerebrospinal fluid as an examination item (37).

The authors of the article also found that cerebrospinal fluid examination was a routine examination item in the medical records of patients with depression treated in modern China in Nanjing Brain Hospital (for details, see another article by the authors). It can be seen that the theories of Japanese scholars have had an impact on the diagnosis and treatment of depression in modern China. The contents related to depression, such as bipolar disorder, and depressive state in the Psychiatric Lecture Notes of Peiping Medical College were deeply influenced by Japanese psychiatric works.

China’s first monograph on psychiatry A Brief Introduction to Mental Illness (38), co-translated by P. B. Cousland and M. J. Chu from the Insanity in Everyday Practice by E. G. Younger, a British M. D., was published by the China Medical Missionary Association; the first edition in 1912 and the second edition in 1929. As a famous missionary doctor engaged in medical education in China in the early days, Cousland is an extremely important figure in the translation of Western medical books in modern Chinese history. He once served as the president of China Medical Missionary Association, the first national medical society in China, and was also a founder of the Compilation and Translation Department of China Medical Missionary Association. The medical books translated by him became authoritative in the early dissemination of Western medicine in China (39). Cousland wrote in the preface of A Brief Introduction to Mental Illness that “there is no medical book of insanity (madness) in China, and I would like to choose a book to render a simplified translated version for introduction. The book Sanity in Everyday Practice by Younger, designed for the diagnosis and treatment of mental illness by general practitioners, is concise but clear, comprehensive, coherent, and practical. I therefore chose it for my translation. As for those who specialize in the study of mental illness, this book is not enough.” In China, psychiatry developed later than other medical disciplines. Besides A Brief Introduction to Mental Illness, there were only four other monographs on psychiatry in the Bibliography of the Republic of China 1911–1949: Natural Science: Medicine and Health (40). The other four monographs are Huaying Ma’s Lecture Notes on General Psychiatry published in 1919 (41); Han’en Zhao’s Psychiatry, published by Commercial Press in Shanghai on 18 October 1929 (42); and Chi-liang Kwei’s Modern Psychiatry published in August 1932 in Shanghai and Beiping, with its copyright belonging to Crescent Moon Bookstore (43).

Chi-liang Kwei (1900–1956) was the first female psychiatrist in China, the first child psychiatrist, and one of the first generation of mental health experts who contributed to the development of modern psychiatry in China. She was funded by the Boxer Indemnity in 1922 to study at Wesleyan College in the United States. In 1925, she transferred to Hopkins University to specialize in psychiatry and obtained her M.D. in 1929. After returning to China in 1931, she successively worked with the Graduate School of Beijing Daoji Hospital (now the Sixth Hospital of Peking University), Hujiang University (now Shanghai University of Technology), and the Second Military Medical University, among others (44).

Hongqi Yao’s Psychiatry is actually an internal Lecture Notes for the fourth grade of the Medical College of Peiping University. There are four volumes of the Lecture Notes, namely, The Lecture Notes of the 20th Year (of the Republic of China) (1931) (45), the 21st Year (1932) (46), the 22nd Year (1933) (47), and the 23rd Year (1934) (48).

Han’en Zhao’s Psychiatry and Chi-liang Kwei’s Modern Psychiatry, written by the two local scholars, are the earliest professional works of psychiatry issued in modern China.

In terms of publication years, these four books are all later than A Brief Introduction to Mental Illness. Besides, Cousland, an authoritative figure who translated Western medical books in the early days, called the book “the first monograph on Psychiatry.” Therefore, it is quite credible that A Brief Introduction to Mental Illness, published in 1912, is the first monograph on psychiatry in China.

Depression was introduced as one of the six mental disorders (the other five are mania, paranoia, psychotic paralysis, dementia, and cretinism) and considered to be the most common and treatable of all mental illnesses, with a cure rate of about 70% in A Brief Introduction to Mental Illness. The book also states that any kind of depression would always have a gradual onset and degenerative, prodromal symptoms. It can be seen that this is quite different from the understanding of the pathology of depression today.




PUBLIC UNDERSTANDING OF DEPRESSION IN EARLY DAYS

In the previous section, we examined how depression was introduced and constructed in early modern China and found that the public cognition of depression was influenced and shaped by the mass media at that time, such as magazines, newspapers, and books, further leading to different forms of “rational oppression of irrational,” and formed the public stereotype about depression. The focus of this section is on the cultural images of depression in China in its early stages.

After the Meiji Restoration, Japan, on the one hand, “Westernized” and translated many depression-related texts from European and American psychiatric literature, and, on the other hand, integrated such knowledge into the psychological soil of East Asian society and culture. Obviously, localized knowledge borrowed from Japan was applied to China’s interpretation of the meaning of “depression” with a distinctive “polyphony” character. In this period in China, both among the nascent Chinese academic community of psychiatry and the general public, in medical texts, and literary and artistic works, depression was perceived and interpreted from both Western and Eastern perspectives. Thus, a new cognitive paradigm was created for the construction of localized psychiatry in China, where culture served both as a background and as a vehicle for the development of depression in neuropsychiatry. Unlike somatic diseases, mental disorders have relatively few specific objective indications; instead, they have a relatively rich narrative of wandering, experiential subjective sufferings. In early modern China, the pathology of depression was characterized by the psychological projection of suffering of the public, and the manifestation of the complexity of social context and uncertainties in life as a disease, and these characteristics also bring entanglement and confusion to the scientific construction of depression.

Modern Chinese people often associate melancholia with femininity, and depression was often regarded as a feminine disease. “Melancholia is the cause of women’s illness. If a woman is unhappy, she will be depressed. It must be pointed out that her excessive Qi in the chest hurts her liver meridian. The liver is the instrument for clearing blood, and if the liver meridian is out of control, then both Qi and blood will be blocked. If the condition persists, the menstrual period would be disrupted, and she would fall sick!” reads the advertisement sponsored by the Five Continent Dispensary in the healthcare column of the News published on 13 April 1930 (49), and in the advertisement entitled Treasure of the Women’s World, published consecutively in the Times on 20–24 April 1930 (50–54) (Figure 2). It was pointed out that women’s anger and depression are the causes of gynecological diseases. This case shows that people had already understood the relationship between emotional state and physical diseases at that time, and knew that psychological problems could lead to physiological problems, which could be regarded as the predecessor of the concept of psychosomatic diseases.
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FIGURE 2. Advertisement of Treasure of the Women’s World. Source: The News (新闻报), 13 April 1930.


The depression in modern China is often regarded as a symbol of the intellectual youth, who were worried about the country and the people, and it is the label of this special group of youth. Under the background of national crisis and internal and external troubles, an individual’s depression is linked to the fate of the country. With social unrest and turmoil, young people encountered challenges in their education and employment, and their melancholia became a serious social problem, which raised concerns among scholars, who wrote articles to express their worries. In Unwanted Melancholia: One of the Treatments for Youth’ Disease, the author wrote:

I think most Chinese youths born in this era are afflicted by melancholia. Although they shout the slogan of progress, claim that they had god-gifted energy, and are forced by reality to move forward, they seem to always be bedridden of self-doubt, and could never struggle out of the types of sentimental young lords and ladies. Some are severely ill, walking slowly and sitting with unrest (55).

Due to depression, many young people look at everything in the world with an unhappy face as if everything were in shade or they were crushed by a rock on their chest. Sadness, anger, and other unnecessary emotions dominate their lives. They are wary of this world, although do not hate it, and live their lives as if they were in another realm. Some scholars got upset and criticized these young people’s depression as a disease-free moan and pointed out that they might spread depression to their peers by the influence of their demeanor. They believed that young people at that time would naturally become depressed because they lived in a restless era, encountered setbacks in their personal growth, had witnessed many cases of others’ failure, and heard the melancholy groans of their predecessors. They warned that when the depression of one person or some people was assimilated into many people, an “epidemic of the times” would break out, not only destroy the bright future of young people who make unnecessary sacrifices for nothing, but also, more importantly, undermines the future of the nation.

Clearly depression in young people was associated with worry about the strength of the nation and the endurance of the nation. Scholars warned that young people’s depression had threatened the development of the national economy and hindered the process of social evolution and that, in light of the consequences for the nation and society, attention must be paid to their malaise and to stop the deterioration of the situation. The depression of young people was even linked with the survival of the nation, and it was believed that the depression of young people is not only their great misfortune but also that of the nation.

It was emphasized that young people should take responsibility for their depression. As for the way to overcome depression, the following proposals were made, namely, keep fit in body and mind; be discernible but do not get obsessed with things; be optimistic; work hard without caring for reward; no worry about failure, maintain curiosity, and be forward-looking; and make use of leisure life to avoid loneliness and the subsequent sadness.

In his article On the Melancholia of Young People, Ping Jiang argues that the reason young people got confused and suffered from depression was that the complex and treacherous social environment in China at that time made it difficult for young people who were not deeply involved in the world yet, to make choice. This shows his sympathy for the young people. He wrote that “the opinions in China have not yet been consistent. Some people advocate prioritizing efforts on survival and competing with the enemy; some people believe in mutual assistance, tolerance, and accommodation with external forces. Take the way to save the nation as an example. There are a range of propositions, advocating saving it by conscience, learning and study, science and technology, entertainment, or reading and chanting Buddhist sutra. It is confusing even for sophisticated, older people to see the true face from behind the masks, let alone a young man/woman!” (56).

The author gives his prescription to fight depression. He calls the young to believe that human beings are evolving and the youth should understand their responsibilities in evolution so that they will not regard their lives as worthless. The author believes that at the same time, young people, although should be ambitious and think about how to save the nation, should talk, laugh, jump, and sing in their daily life, instead of reading books all day long.

Hypochondria was often translated as 忧郁症 Youyuzheng in early literary works. The word hypochondria, as is known to well-educated people, reflects preoccupation with imagined problems with health. For example, The Hypochondria, a collection of dozens of short essays published in the London Journal between 1777 and 1783, written by James Boswell, was translated into The Melancholy Patient when it was introduced to China (57). Dr. Beili, professor of literature at Stanford University, has verified the authorship of this collection. In addition, Dafu Yu, a famous author at that time, also wrote in the preface of his novel Sinking that “this work describes the psychology or hypochondria of sick youth, revealing the depression of modern people, caused by the (unsatisfied) sexual desire and conflict between body and soul” (58). The characters described in the novel are often literati with lung disease and depression, suffering from self-blame, sorrow, melancholy, nothingness, and imagination of sexual intercourse caused by unsatisfied sexual desire. In Paratypical Melancholia in Novel: Shanghai 1934 (59) published in 1935, a tragic character, Fengzi, is such an image. Fengzi is depicted as a pale-face, thin-cheeked, and dry-eye intellectual suffering from depression and tuberculosis.

The depression was also regarded as a popular symbol of modern urban life. Depression in literary and artistic works is often accompanied by mental overwork, entangled romantic relationships, debauchery, lust, weakness, loneliness, pain and sufferings of separated lovers, addiction to the pleasures of music, women, hunting, and racing. For example, melancholia was taken as the theme in the article One of the Sketches of Modern Urban Life: Epidemic Melancholia published on 23 November 1934, in Min Pao Daily 民报 (60), the novel Women, Coffee, and Melancholia published in the Spring magazine in 1935 (61), and the poem Melancholia published in the Shilin Bimonthly in 1936 (62). Obviously, in the Republic of China period, people had already known about this disease. In poems, novels, and essays, melancholia is often accompanied by love, coffee, jazz, beer, and wine, the elements of modern life at that time, alongside the representation of resentment, boredom, restraint, sadness, laziness, laziness, and loneliness. Melancholia has become a special form of sadness that possesses superiority unique to the rich and idle upper class. Through the shaping of these literary and artistic works, in the public impression at that time, depression was not so much a disease, but a morbid and distorted “gray” state of life common in “literary youth” and the upper class.

The expression of disease does not exist in a vacuum irrelevant to the social environment. So are mental diseases. In the early period of the introduction of depression into Chinese society, the pattern of depression presentation also had the characteristics of the times. In 1934, an article published on page 23 of Shen Bao 申报 posits that mental disorders such as suicide, melancholia, women’s hysteria, neurasthenia, and madness were prevalent in society at that time and that in the modern, civilized world, almost everyone had the possibility of suffering from mental illness. In the then-Chinese society, under panic induced by economic depression and prevalent employment difficulties, ill-health of mind had become common. Melancholia, suicide, madness, and other behaviors are the ways used by the unemployed to express their protests against the tragic social context and their pathetic failure (63). We have found that at that time people around 30 years old have a high risk of melancholia. If one wants to recover from melancholia, he/she needs to absorb more nutrients and reduce labor, especially mental work. However, for those who did not have enough food and clothing despite daily work that exceeds more than 10 h, it was simply impossible.



NOTES

Advertisements for antidepressants and descriptions of depression began to appear in Chinese and English newspapers and in journals in the late period of the Qing Dynasty (1616–1911) and the Republic of China (1911–1949), as well as in early psychiatric books. Such advertisements and descriptions reached their peak in the 1930s, in the time frame of early modern China. The Western concept of depression was quietly implanted in the country through the abovementioned media and, to a certain extent, shaped the public cognition of depression in China. This study adopts a text analysis method, which uses first-hand historical documents as a carrier, and finds the results as follows.
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Background: Non-suicidal self-injury (NSSI) behaviors are common in adolescents with major depressive disorder (MDD). Brain studies specifically targeting adolescents with MDD and NSSI may provide new insights into suicide warnings in adolescents with MDD.

Methods: This study examined the whole-brain neural activity in adolescents aged between 12–17 years, 50 unmedicated MDD patients with (nsMDDs) or without NSSI (nnsMDDs), and 25 healthy controls (HCs) participated in this study, and analyzed the correlation between the values of amplitude of low-frequency fluctuation (ALFF), fractional amplitude of low-frequency fluctuation (fALFF) and regional homogeneity (ReHo) in significantly different brain regions and the scores of the relevant clinical psychological scale.

Results: Compared with nnsMDDs, nsMDDs had enhanced ALFF values in left middle occipital gyrus and left median cingulate and paracingulate gyri; the fALFF values of the right caudate nucleus was weakened in the nsMDDs; the ReHo values of right middle occipital gyrus and right middle temporal gyrus weakened and the ReHo values of right medial cingulate gyrus enhanced in nsMDDs. And all of differences were statistically significant. In nsMDDs, the value of ALFF in the left calcarine fissure and surrounding cortex was negatively correlated with the score of Children's depression Inventory (CDI); the value of fALFF in the right caudate nucleus was positively correlated with the score of Beck Scale for Suicidal Ideations (BSSI); the value of ReHo in the right middle temporal gyrus was positively correlated with the score of Multidimensional Anxiety Scale for Children (MASC); and the value of ReHo in the right median cingulate and paracingulate gyri was negatively correlated with the score of BSSI.

Conclusions: We found that in ALFF, fALFF and ReHo, the significant differences between nsMDDs and nnsMDDs are mainly located in default mode network (DMN) and visual network (VN), and there may be brain regions related to NSSI in DMN and VN. The significant differences brain regions in ALFF, fALFF and ReHo between nsMDDs and nnsMDDs were related to the total score of the relevant clinical psychological scale, and may be related to NSSI.

Keywords: major depressive disorder (MDD), non-suicidal self-injury (NSSI), resting-state functional magnetic resonance imaging (rs-fMRI), adolescents, amplitude of low-frequency fluctuation (ALFF), fractional amplitude of low-frequency fluctuation (fALFF), regional homogeneity (ReHo)


INTRODUCTION

Major depressive disorder (MDD) is a mental disorder characterized by a persistent depressive mood and loss of well-being, loss of interest or pleasure in all activities, and a feeling that life is worthless (1). Between 2005 and 2015, the number of people suffering from MDD increased by 18.4% worldwide. The global rate of MDD is estimated at 322 million people, or 4.4% of the world's population. It has been reported that MDD was the major reason for global non-fatal health loss in 2015, and MDD is predicted to become the greatest burden worldwide by 2030 (2). In recent years, MDD has shown a trend toward a gradual decline with age. The incidence of MDD has gradually increased in the adolescent population, and their prevalence is 20% among all adolescents (3). MDD can have serious consequences, such as self-injury and suicide (4).

Non-suicidal self-injury (NSSI) refers to repetitive behaviors that are not accepted or recognized by the society in which an individual who does not intend to commit suicide causes varying degrees of damage to his or her body (5, 6). A large number of studies have shown that NSSIs are common among adolescents (7–9). Under certain conditions, NSSIs can further aggravate diseases and can even result in suicide (10–12). NSSIs should be recognized a as specific predictor of suicide and a non-specific predictor of psycho-pathological development (13). Self-injury and suicide are major public health problems among adolescents. Self-injury rates are very high among adolescents, and suicide is the second most common cause of death among young people worldwide (14). NSSI is one of the strongest predictors of future suicidal behaviors and has become a public health problem of universal concern (15–17).

In recent years, functional magnetic resonance imaging (fMRI), which has the advantages of non-invasive and non-radiation, plays a more and more important role in the research of mental illness. Many brain area signal abnormalities related to adolescent depression have been found in the study of adolescent depression, but such studies are still lacking, and most of them are based on tasking-state functional magnetic resonance imaging (ts-fMRI). The results may be affected by the differences between the experimental design and the task itself (18). Resting-state functional magnetic resonance imaging (rs-fMRI) provides a non-invasive and non-task method to eliminate some performance-related effects, and provides a reliable method for measuring “baselines” and connections of brain activity (19). Amplitude of low frequency fluctuation (ALFF) is one of the most important indicator in resting state functional magnetic resonance imaging and it is an indicator for measuring resting blood oxygenation level dependent (BOLD) signal changes, which reflects the synchronous cyclic modulation of total cortical excitability and long-distance neurons, and can objectively reflect the brain physiological state of its subjects (20, 21). Although previous studies have certain scientific research value and clinical significance, there is still a lack of research on the abnormality of brain function in adolescent depression from the resting state, in order to more comprehensively understand the brain function activity of adolescent patients with depression. Therefore, this study provides another perspective to explore the abnormal brain activity in adolescent depression with or without NSSI by resting fMRI.

There were few previous studies on MDD adolescents with NSSI, and some brain activity abnormalities related to NSSI were found. Compared with MDD adolescents without NSSI, there were significant abnormalities in amygdala, parahippocampal gyrus, fusiform gyrus, anterior cingulate gyrus and orbital part of frontal gyrus (22, 23). Several other studies found that there were significant differences in amygdala, cingulate gyrus, orbital part of frontal gyrus, precuneus, putamen and striatum in MDD adolescents with NSSI compared those in the with healthy controls (22–26). In a study, compared to healthy control participants, the NSSI group showed decreased amygdala and increased cingulate cortex and orbitofrontal cortex activation to NSSI and negative images (26). In our previous study of depression in MDD adolescents with NSSI, we found that MDD adolescents with NSSI showed significant activation of ALFF signals in the right median cingulate and paracingulate gyri and right fusiform gyrus compared with MDD adolescents without NSSI (27).

The above studies found that the brain regions in default mode network (DMN) are mainly related to NSSI. Most previous studies are based on the exploration of ALFF, with a lack of the analysis of fALFF and ReHo (28). In order to more comprehensively explore the brain abnormalities of adolescent depression patients with NSSI, these two indicators should be added to the data analysis to better explore the differences of local non-parametric consistency in a certain region of the brain and complement each other with ALFF. Thus, this study focuses on the changes of ALFF, fALFF and ReHo in DMN.

The purpose of this study is to explore the brain signal abnormalities of MDD adolescent patients with depression with or without NSSI from the multiple indicators of ALFF, fALFF and ReHo. According to the previous studies and the research results of our research group, the following hypotheses are put forward: (I) Compared with healthy subjects, MDD adolescent patients with or without NSSI show significant differences in ALFF, fALFF and ReHo, and the differences are significant in the brain regions of DMN. (II) Compared with MDD adolescent patients without NSSI, MDD adolescent patients with NSSI show significant differences in ALFF, fALFF and ReHo.



METHODS

A total of 50 right-handed Han adolescents with MDD who were treated at the outpatient clinic of the Department of Psychiatry, the First Affiliated Hospital of Chongqing Medical University, China, were recruited. Their ages were between 12 and 17 years. Twenty five patients (nsMDD group) exhibited NSSI, and 25 patients (nnsMDD group) had no more than 3 NSSI in their lifetime and had no NSSI in the last month. These patients did not take any antidepressants and had not received any psychological or physical therapy before participating in this study.

All of the patients were evaluated by two experienced psychiatrists using the Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-kid) (29), a screening and evaluation tool that conforms to the standards for diagnosing MDD described in the Diagnostic and Statistical Manual of Mental Disorders, the fourth edition (DSM-IV). According to the diagnostic standard for NSSI presented in the Diagnostic and Statistical Manual of Mental Disorders, the fifth edition (DSM-V), only patients who had reported NSSI events lasting 5 days or longer in the past 12 months and at least 1 NSSI in the past month were included in the analysis. The exclusion criteria included a lifetime history of psychiatric illness other than MDD, a history of severe head trauma or neurological illness, a history of any drug or alcohol abuse/dependence at any time, a history of mental illness or suicide in first-degree relatives, other clinically relevant abnormalities in the medical history or laboratory tests and any contraindication for MRI.

In addition, 25 right-handed HC subjects were recruited through advertisements. They were screened with the patient group through the MINI-kid semi-structured clinical interview screening and assessment tool to ensure that subjects with MDD and other mental diseases were excluded from the control group. Exclusion criteria included a history of nervous system illness; severe traumatic brain injury; heart, liver or kidney disease or other serious physical illness; contraindications for any type of MRI scan; substance dependence or abuse; and a history of mental disorders or suicidal behavior among first-degree relatives. All participants underwent additional psychometric testing.

After the completion of this research, all participants received a proper research participation reward.

Before entering the experiment, all the subjects were fully aware of the complete experimental process and their related rights and interests and signed the informed consent form, and all the subjects and their guardians jointly signed the informed consent form. This experiment was approved by the Medical Ethics Committee of The First Affiliated Hospital of Chongqing Medical University (No. 2017–157), and carried out in strict accordance with the experimental procedure.


Clinical Assessment

The diagnosis of MDD was further confirmed by two senior psychiatrists using the MINI-kid, and the presence of diseases other than MDD, including mania and schizophrenia, was excluded. The Children's depression Inventory (CDI) (30), which has high reliability and validity, was used to evaluate the severity of MDD. Furthermore, all MDD patients underwent an NSSI-related clinical interview. This clinical interview was based on the diagnostic standard recommended by the DSM-V and was used to subjectively and objectively determine whether patients had NSSI, no matter whether they or their parents had reported NSSI or not. To capture the patients' NSSI in as many ways as possible, we asked each recruited patient to complete the Ottawa Self-Injury Inventory (OSI) assessment (31). In addition, the Multidimensional anxiety scale for children (MASC) (32) was used to evaluate the degree of anxiety of patients. The Beck Scale for Suicidal Ideations (BSSI) (33) was used to evaluate patients' self-injury suicidal ideation. The Barratt Impulsiveness Scale (BIS-11) (34), the Connor-Davidson Resilience Scale (CD-RISC) (35) and the Emotion Regulation Questionnaire (ERQ) (36) were used to evaluate the emotion regulation style and behaviors of patients. The Chinese version of the above scale has good reliability and validity in teenagers. And the self-assessments of the adolescents with MDD and the entire clinical assessment process were conducted with the participation of experienced psychiatrists to ensure that the self-assessment data were relatively objective, timely, accurate and complete.



Acquisition of rs-fMRI Data

All of the recruited adolescents underwent a head MRI examination within 36 hours of the clinical assessment. The majority of the recruited adolescents had never received a head MRI examination; therefore, they were asked to rest for at least 30 minutes between the clinical assessment and the MRI examination. In addition, they were asked to arrive at the waiting area of the examination room 30 minutes in advance to adapt to the environment in order to minimize the first-test effect. During this period, they were asked not to deliberately engage in any activity that involved excessive physical and mental effort. MRI images were acquired through a 3T GE Signa HDxt MRI scanner (General Electric Healthcare, Chicago, Illinois, USA) and an 8-channel head coil. The subjects were asked to remain relaxed, close their eyes, keep their minds clear and avoid thinking as much as possible. None of the participants reported falling asleep during the scan. Appropriate foam pads were used to secure the head to minimize head movement, and comfortable earplugs were used to reduce machine noise and minimize the impact of noise on the examination. The pulse sequence parameters were as follows: repetition time (TR) 2000 ms, echo time (TE) 40 ms, field of view (FOV) 240 × 240 mm2, matrix 64 × 64, flip angle 90°, number of slices 33, slice thickness/interval 4/0 mm, scan time 8 min, and volume 240 min. Three-dimensional T1-weighted MRI images were used for rs-fMRI joint registration. The following parameters were recorded: TR 24 ms, TE 9 ms, FOV 240 × 240 mm2, matrix 256 × 256, flip angle 90°, and slice thickness/interval 1.0/0 mm.



Preprocessing of rs-fMRI Data

The quality of the original data is controlled by two experienced imaging professionals to ensure that there is no excessive head movement or abnormal signals in each image, and then classify and sort out the scanned data for pre-processing.

After the classified image data is stored in the form of DPABI software based on MATLAB2018b platform and SPM12 (http://www.fil.ion.ucl.ac.uk/spm) toolkit (DPABI_V5.1 version of https://rfmri.org/dpabi) recognizable data, the data pre-processing goes through the following processes: (1) the original data of structural and functional images are converted into NII and NIFTI formats. (2) the first 10 time points are removed to ensure that all images are not affected by the initial instability of the magnetic field and the first measurement effect of the subjects. (3) the difference method is used to correct the scanning time difference by using the 33rd layer as the reference layer. (4) use Friston-24 model to regress various covariates such as white matter, cerebrospinal fluid and head movement parameters to minimize the impact of physiological noise on data analysis (37). (5) use DARTEL method to register all subjects on the brain template in standard space, and then use its algorithm to transform and resample each subject's brain image to a spatial resolution of 3 × 3 × 3 (mm 3). (6) spatial de-smoothing, the parameters are set to 4 × 4 × 4 (mm3) half width and height to remove the influence of individual extreme signals. (7) use de-linear drift to regress the influence of signals related to the time series of BOLD signals. (8) filter the frequency signals other than 0.01–0.1 Hz to eliminate the signals that may accompany ALFF from the heartbeat, respiratory signals and the noise of the scanner itself, so that the fMRI signals belonging to the subjects' brain can be better analyzed later. (9) check the head motion parameter file. The data of head movement rotation ≤ 3° and translation ≤ 3 mm in three directions (x, y, z) were retained for subsequent data analysis. After the above steps, the data of 75 subjects met the requirements of preprocessing and were included in the follow-up analysis.



ALFF, fALFF and ReHo Analysis

In the preprocessing step, the eighth filter is removed, and then the operation is carried out based on the ALFF/fALFF module included in the DPABI software. In order to ensure that the signal of the image is based on the signal of the original brain, the results of ALFF and fALFF data are used for analysis. ALFF/fALFF is a commonly used indicator in fMRI, which is based on the fast Fourier transform of each voxel signal of the time series in the whole brain image and converted into the square root of the frequency domain power spectrum. In this study, ALFF represents the average value of each voxel in the frequency range from 0.01–0.1 Hz, while fALFF is based on the ratio of 0.01–0.1 hZ in the full frequency range retained by this study. fALFF is regarded as one of the ways to regress some of the horizontal signals of the whole brain (38). The calculation of ReHo indicator is based on the removal of the sixth de-smoothing in the preprocessing steps, and after the calculation of ReHo indicator, the mean and spatial de-smoothing is carried out to return to a very small number of individual extremes, so as to reduce the false positive signal of a single voxel. ReHo calculation indicator can reflect the synchronization of neurons in the local area, which is widely used in fMRI research, and is more representative (39). Therefore, the calculation of this indicator is included in this study in order to better reflect the brain functional activity of MDD adolescent patients with NSSI.



Statistical Analysis

In IBM SPSS22.0, Chi-square test was used for the gender data of all subjects included in the study. One-way analysis of variance (ANOVA) was used for age, years of education, age of first episode, total course of disease and clinical scale scores (CDI, MASC, BSSI, CD-RISC, BIS-11 and ERQ). Post-hoc Bonferroni tests were performed for each scale score. The significance threshold was set to p < 0.05.

In this study, ANOVA was used to evaluate the differences of ALFF, fALFF and ReHo in the brains of the three groups of subjects. If there were statistical differences, two-sample t-test was performed afterwards. The ANOVA was corrected by Gaussian random field theory (gaussian random field, GRF) when calculating the differences between the three groups of ALFF and ReHo. The threshold of voxel was set to 0.05 and the threshold of cluster was set to 0.05 and the one-tail test was used to form the mask brain region after correction. This brain region was used as a restricted statistical analysis area for post-test. When two-sample t-test was performed afterwards, GRF correction was limited to the area of Mask in the previous step (voxel < 0.001, cluster < 0.05, two-tails). Sex, age and mean head movement parameters (mean_FDjenkinson) were taken as covariates when calculating ALFF and ReHo, excluding the possible false results caused by sex, age and head movement.

In addition, we skipped ANOVA and directly used DPABI's own analysis method for post-hoc test (Tukey-Kramer) (40). The results showed that DPBAI's own analysis method was more significant in ALFF than in the three groups of brain regions that did not skip ANOVA (cluster contained more voxels), and there was no significant difference between fALFF and ReHo (see the attachment). In this study, we chose not to skip the ANOVA analysis method.




RESULTS


Demographic Data and Clinical Characteristics

There was no significant difference between nsMDD, nnsMDD and HC groups in terms of gender (p = 0.927), age (p = 0.444), education years (p = 0.738), ERQ (p = 0.129) and cephalomotor parameters [average cephalomotor parameters meanFD-jenkinson (41), p = 0.241]. Compared with HC group, nsMDD and nnsMDD groups had higher scores in CDI, MASC and BSSI, and there was no significant difference between the two groups, but in CD-RISC, compared with HC group, nsMDD group and nnsMDD group, the scores were significantly lower, and there was no significant difference between the two groups. It is worth noting that the score of BIS-11 in nsMDD group was significantly higher than that in nnsMDD group and HC group, and there was significant statistical difference, but there was no significant statistical difference between nnsMDD group and HC group. The age of first episode in nsMDD group was earlier than that in nnsMDD group, and the total course of disease in nsMDD group was significantly higher than that in nnsMDD group. The statistical data of the three groups are shown in Table 1.


Table 1. Demographic and clinical characteristics and head-motion.
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ALFF, fALFF and ReHo Results

Compared with nnsMDD group, nsMDD group had enhanced ALFF values in left middle occipital gyrus and left median cingulate and paracingulate gyri. Compared with HC group, nsMDD group had enhanced ALFF values in left middle occipital gyrus, left inferior occipital gyrus, left angular gyrus, left calcarine fissure and surrounding cortex and left parahippocampal gyrus. Compared with HC group, nnsMDD group had enhanced ALFF values in left middle occipital gyrus and left angular gyrus (Figure 1, Table 2).


[image: Figure 1]
FIGURE 1. The significant differential brain areas with increased ALFF and fALFF in nsMDD, nnsMDD and HC groups. The figures tool: (https://www.nitrc.org/projects/bnv/).



Table 2. Areas with increased or decreased ALFF in groups.

[image: Table 2]

Compared with the nnsMDD group, the fALFF values of the right caudate nucleus was weakened in the nsMDD group. Compared with the HC group, the nsMDD group had enhanced the fALFF values of the right insula. Compared with the HC group, the nnsMDD group had enhanced the fALFF values of the right insula (Figure 2, Table 3).


[image: Figure 2]
FIGURE 2. The significant differential brain areas with increased or decreased ReHo in nsMDD, nnsMDD and HC groups. The figures tool: https://www.nitrc.org/projects/bnv/.



Table 3. Areas with increased or decreased fALFF in groups.
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Compared with nnsMDD group, the ReHo values of right middle occipital gyrus and right middle temporal gyrus weakened and the ReHo values of right medial cingulate gyrus enhanced in nsMDD group. Compared with the HC group, the ReHo values in the left middle occipital gyrus was enhanced and the ReHo values in the right medial superior frontal gyrus and left middle frontal gyrus weakened in the nsMDD group. Compared with the HC group, the ReHo values of the right middle occipital gyrus was enhanced and the ReHo values of the left precuneus was weakened in the nnsMDD group. And all of differences were statistically significant (Figure 3, Table 4).


[image: Figure 3]
FIGURE 3. The correlation between ALFF, fALFF and ReHo in the altered brain regions in nsMDD group compared with nnsMDD group and clinical characteristics. The figure tool: www.OriginLab.com. OriginPro Learning Edition (2019110152@stu.cqmu.edu.cn).



Table 4. Areas with increased or decreased ReHo in groups.
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Correlation of ALFF, fALFF and ReHo With Clinical Scale Scores

In nsMDD group, the value of ALFF in brain region 4 (the left calcarine fissure and surrounding cortex), which was significantly different from that of nnsMDD group, was negatively correlated with the total score of Children's depression Inventory (CDI); the value of fALFF in brain region 1 (the right caudate nucleus), which was significantly different from that of nnsMDD group, was positively correlated with the total score of Beck Scale for Suicidal Ideations (BSSI); the value of ReHo in brain region 1 (the right middle temporal gyrus), which was significantly different from that of nnsMDD group, was positively correlated with the total score of Multidimensional Anxiety Scale for Children (MASC); and the value of ReHo in brain region 3 (the right median cingulate and paracingulate gyri), which was significantly different from that of nnsMDD group, was negatively correlated with the total score of BSSI (Figure 3, Tables 5, 6).


Table 5. The brain regions of interest for correlation analysis with clinical characteristics.
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Table 6. Pearson's correlations between ALFF, fALFF and ReHo in the altered brain regions in nsMDD group compared with nnsMDD group and clinical characteristics.
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DISCUSSION

In this study, it was found that the differences between nsMDD and nnsMDD in ALFF, fALFF and ReHo were located in DMN and visual network (VN) as well as a small number of salience network (SN) and sensorimotor network (SMN). There may be brain regions closely related to NSSI in DMN, VN, SN and SMN brain networks. Compared with the HC group, there were significant differences in the brain regions of nsMDD in DMN, VN and a small amount of central executive network, which confirms with previous studies (22–27).

There was a significant difference in the total score of the BIS-11 between the nsMDD group and the nnsMDD group. The score of the nsMDD group was significantly higher than that of the nnsMDD group. The higher the score of the BIS-11 was, the more impulsive and impulsive the subjects would be to deal with things. The score of the BIS-11 of MDD adolescents with NSSI was significantly higher than that of MDD adolescents without NSSI, which is consistent with previous studies. The related BOLD signals on fMRI were significantly different. The ALFF was significantly enhanced in the left middle occipital gyrus and medial lateral cingulate gyrus, while the ReHo was significantly weakened in the right middle temporal gyrus, middle occipital gyrus and medial lateral cingulate gyrus. This indicates that the signal abnormalities in these brain regions may be closely related to NSSI. Some scholars have pointed out that the level of impulsive behavior can be used as a predictor of NSSI in MDD adolescents with NSSI (42). In the future, the score of BIS-11 and bilateral middle occipital gyrus and medial lateral cingulate gyrus may be used as focus on brain areas to further explore the situation of MDD adolescents with NSSI before and after treatment, in order to further discover the pathophysiological mechanism closely related to NSSI. In this study, obvious abnormalities were only found in ALFF and ReHo between the two patient groups, and the differences in ALFF and ReHo in this study were also found to be fewer voxels. Although corrected by multiple comparisons, a larger sample size is still needed to further verify in the future, and then further explore the abnormal areas of the brain that may be related to NSSI.

Due to the limited number of cases collected and because the age of the first episode and the total course of disease could not be easily controlled, subjects were thus not more carefully grouped to explore the abnormal BOLD signal of the brain of MDD adolescents with or without NSSI. Although no obvious abnormality of brain BOLD signal was found in MDD adolescents with or without NSSI in this study, there were still significant differences in ALFF, fALFF and ReHo between these two patient groups and HC group, which is consistent with the previous research in our group (43–45), which further confirms that the brain network closely related to MDD may be related to DMN and SN. Some related studies have shown that there is a close relationship between DMN and SNs and cognition, while the NSSI of MDD adolescents with NSSI may be closely related to the level of self-awareness. We can thus infer that NSSI may be closely related to DMN and SN. In the future, we can combine a variety of data analysis methods (such as graph theory combined with data-driven independent component analysis) to further explore the abnormal activity of DMN and SN in the brain functional network of MDD adolescents in NSSI.

The difference between this study and other studies lies in that, in the correlation analysis with the multiple clinical psychological scales, each cluster was analyzed separately with the total score of the scale in order to further clarify the specific clusters related to the differential brain regions and the total score of the scale. In this study, it was found that ALFF, fALFF and ReHo signals in different brain regions of nsMDD and nnsMDD groups were correlated with the total scores of CDI, MASC and BSSI. There was a negative correlation between the fourth area of interest in ALFF (mainly in the left calcarine fissure and surrounding cortex, belonging to the VN) and the total score of CDI (Figure 3, Tables 5, 6). Although there were only two voxels, it could still reflect to some extent that the brain of MDD adolescents may be closely associated with depression-related symptoms in the VN. The lower the ALFF signal in the left calcarine fissure and surrounding cortex may indicate more severe depressive symptoms in MDD adolescents. So far, few studies have found that there is a correlation between VN brain area and MDD and NSSI in adolescents. In the future, we can further explore whether there is a significant correlation between VN brain area and NSSI. In the different brain regions of the fALFF indicators of the two patients, it was found that there was a positive correlation between the brain region of interest No 1 (mainly in the right caudate nucleus, belonging to the SN) and the total score of BSSI (Figure 3, Tables 5, 6). There were only 3 voxels, but it can be inferred from this correlation analysis that the fALFF signal value in the brain region of the SN, especially in the right caudate nucleus, was positively correlated with suicidal ideation (post-test). There was no significant difference in the total score of BSSI between nsMDD group and nnsMDD group, but the average score of nsMDD group was higher than that of nnsMDD group. We can speculate that in MDD adolescents, the higher the fALFF signal in the right caudate nucleus is, the more likely it is to have NSSI. In addition, in the ReHo indicator, there was a significant correlation between the differential brain regions between nsMDD and nnsMDD groups and the total scores of MASC and BSSI scales. The signal value of the first region of interest (right middle temporal gyrus, belonging to SMN) in the differential brain regions of ReHo was positively correlated with the total score of MASC (Figure 3, Tables 5, 6), and in the third brain area of ReHo differential brain regions (right medial cingulate gyrus). There was a negative correlation between the signal value of SMN and the total score of BSSI (Figure 3, Tables 5, 6). It can be inferred that the higher the ReHo signal value of the right middle temporal gyrus in the SMN of the brain is, the severer their anxiety symptoms are, and the lower the ReHo signal value of the right medial cingulate gyrus in the SMN of the brain indicates that their suicidal ideation is more obvious and NSSI is more likely to occur. It is worth noting that there was no significant correlation between the differential brain regions of ALFF, fALFF and ReHo and the total score of clinical psychological scale between the two case groups and the healthy control group, respectively. It is possible that in the resting state functional magnetic resonance imaging, MDD adolescents with or without NSSI have no specific brain regions related to the total score of each clinical psychological scale in this study, and may not be found to be true positive because of the small sample size (46).



CONCLUSION

In this study, it was found that in the indicators of ALFF, fALFF and ReHo, MDD adolescents with or without NSSI may be closely related to DMN and SN compared with adolescents with physical and mental health. In the correlation analysis with the clinical psychological scale, the differences of the local indicators of ALFF, fALFF and ReHo in the resting state fMRI of the nsMDD, nnsMDD and HC groups were compared with the clinical psychological scale. The correlation analysis between the brain regions and the clinical psychological scale showed that the ALFF signal value in the brain area of the VN (especially in the left calcarine fissure and surrounding cortex) of MDD adolescents was significantly lower than that of normal adolescents, which may indicate that they have more serious depressive symptoms. NSSI is more likely to occur. The significant increase of fALFF signal value in the brain region of SN (especially the right caudate nucleus) may indicate that it is more likely to have NSSI and have stronger suicidal ideation, while the significant abnormality of ReHo signal value in the brain region of SMN (especially in the right middle temporal gyrus and right medial cingulate gyrus) indicates that NSSI, severer anxiety symptoms and stronger suicidal ideation are more likely to exist.
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Introduction: S100 calcium-binding protein B (S100B) is a neurotrophic factor that regulates neuronal growth and plasticity by activating astrocytes and microglia through the production of cytokines involved in Generalized Anxiety Disorder (GAD). However, few studies have combined S100B and cytokines to explore their role as neuro-inflammatory biomarkers in GAD.

Methods: Serum S100B and cytokines (IL-1β, IL-2, IL-4, and IL-10) of 108 untreated GAD cases and 123 healthy controls (HC) were determined by enzyme-linked immunosorbent assay (ELISA), while Hamilton Anxiety Rating Scale (HAMA) scores and Hamilton Depression Rating Scale (HAMD) scores were measured to evaluate anxiety and depression severity. This was used to help physicians identify persons having GAD. Machine learning techniques were applied for feature ordering of cytokines and S100B and the classification of persons with GAD and HC.

Results: The serum S100B, IL-1β, and IL-2 levels of GAD cases were significantly lower than HC (P < 0.001), and the IL-4 level in persons with GAD was significantly higher than HC (P < 0.001). At the same time, IL-10 had no significant difference between the two groups (P = 0.215). The feature ranking distinguishing GAD from HC using machine learning ranked the features in the following order: IL-2, IL-1β, IL-4, S100B, and IL-10. The accuracy of S100B combined with IL-1β, IL-2, IL-4, and IL-10 in distinguishing persons with GAD from HC was 94.47 ± 2.06% using an integrated back propagation neural network based on a bagging algorithm (BPNN-Bagging).

Conclusion: The serum S-100B, IL-1β, and IL-2 levels in persons with GAD were down-regulated while IL-4 was up-regulated. The combination of S100B and cytokines had a good diagnosis value in determining GAD with an accuracy of 94.47%. Machine learning was a very effective method to study neuro-inflammatory biomarkers interacting with each other and mediated by plenty of factors.

Keywords: neuro-inflammatory biomarkers, S100B, cytokines, Generalized Anxiety Disorder (GAD), machine learning


INTRODUCTION

Generalized Anxiety Disorder (GAD) is a chronic psychiatric disease characterized by persistent, excessive worry, which seriously impairs the social and cognitive function of patients, with a lifetime prevalence of up to 6.2% in the United States (1) and 5.3% in urban China (2). Unfortunately, the diagnosis of GAD mainly depends on the syndrome, including excessive, uncontrollable worry or a disproportionate sensation of potential risk (3), all of which provide a low diagnostic accuracy. This partly resulted in the lifetime prevalence of GAD varying from 0.1% in Nigeria to 6.2% in New Zealand (4). And even within China, it varies from 0.3% (5) to 4.1–4.6% (6). Thus, far, no specific laboratory test, brain scan, or bio-marker is available to distinguish GAD from other mental disorders and healthy populations (7, 8).

Previous studies have attempted to explore the biomarkers of GAD. Genetic (7) and neurobiological biomarkers (8) failed to be applied as trait biomarkers in anxiety disorders because anxiety disorders may have different subtypes with distinctive etiopathogenesis (9). However, chronic inflammation induced by the dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis in response to stressors has been identified as one of the etiologies of anxiety (10, 11). Neuro-inflammatory responses initiated by inflammatory cytokines and the subsequent neuronal dysfunction can lead to further glial activation and continued overexpression of inflammatory cytokines, which eventually cause mental disorders such as anxiety and depression (12, 13). Inflammatory biomarkers such as C reactive protein (CRP) and cytokines have been studied to identify GAD from healthy controls (HC). In their study, Tang et al. (14) reported increased CRP in GAD and a positive correlation with the severity of anxiety syndromes. Hou et al. (15) reported increased TNF-α in GAD patients compared to HC, but Vogelzangs et al. (16) found no difference between GAD and HC as well as other anxiety disorders.

Cytokines consist of pro-inflammatory cytokines such as IL-1β, IL-2, and IL-6 and anti-inflammatory cytokines such as IL-4 and IL-10 (17). Despite the fact that they are still poorly studied, the effects of these cytokines on GAD remain controversial (17). Additionally, just a limited number of studies have combined pro-inflammatory cytokines with anti-inflammatory cytokines in their research.

Peripheral cytokines are mediated by cortisol and other factors such as S100 calcium-binding protein B (S100B) and interact with each other through complex mechanisms. S100B is secreted by astrocytes in gray matter and expressed by oligodendrocytes in white matter, which modulates the proliferation and differentiation of neurons and glial cells (18). S100B is a neurotrophic factor and neuronal survival protein secreted in response to stress; S100B is always up-regulated in acute stress environments (19). A meta-analysis by Schroeter et al. (20) revealed that S100B serum levels were consistently increased in patients with depression [major depressive disorder (MDD)] and decreased after antidepressant treatment. Brown et al. (21) estimated the lifetime comorbidity of MDD and GAD as up to 90%, suggesting GAD and depression may share specific etiology and pathogenesis mechanisms. Meryem (22) reported decreased S100B levels in the hippocampus and prefrontal cortex in anxious diabetic rats, which were revised by anti-anxiety therapy. Compared to the studies on S100B levels in depression, the research on S100B as a biomarker in anxiety, especially in GAD, is limited. As a glia-originated protein, S100B activates IL-1β production through mitogen-activated protein kinase (MAPK) pathways (23). Studies have evaluated the ability of IL-8 and IL-10 combined with S100B as risk factors in alcohol use groups (24). But whether the interactions of S100B with different cytokines induce different affective diseases is still a question (25).

The neuro-inflammatory responses in GAD involve many cytokines and other factors, and cytokines are regulated by many factors and interact with each other. So, a combination of different cytokines and upstream regulators such as S100B is more likely to reveal the neuro-inflammatory responses in GAD. Existing evidence suggests that GAD patients may have abnormal serum S100B and cytokines levels, but the specific change of S100B and cytokines in GAD is still a question, and the roles of cytokines in predicting the diagnosis of GAD deserve further study. To address these lacunae, machine learning techniques for big data may help handle the multiple and asymmetrically distributed variables (26). Machine learning techniques create a paradigm shift in the prediction of diagnosis using complex computational algorithms fed by large data sets (27, 28). Recent studies have shown good prediction abilities in distinguishing patients with bipolar disorder from HC with serum biomarkers (28). We, therefore, conducted this study using machine learning algorithms to determine the roles of S100B and cytokines as neuro-inflammatory biomarkers in GAD.



MATERIALS AND METHODS


Subjects

Patients who met the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) criteria for GAD were recruited from Huzhou Third Municipal Hospital between June 2018 and June 2019. Inclusion criteria: (1) Han nationality; (2) age range 18–65 years; (3) Hamilton Rating Scale for Anxiety (HAMA) scores ≥ 17 and 17-item Hamilton Rating Scale for Depression (HAM-D17) ≤ 14; (4) free of major psychotropic drugs or psychotherapy for at least 4 weeks before inclusion. Exclusion criteria: (1) any mental illness requiring medical intervention such as dementia, schizophrenia, bipolar disorder, major depressive disorder, and so on; (2) substance abuse disorders; (3) inability to complete examination and questionnaires; (4) with severe physical diseases (including epilepsy, severe cardiopulmonary, malignant tumor or hematopathy, and autoimmune diseases); (5) taking immunomodulatory drugs, such as glucocorticoids, immunomodulators, antipyretic and analgesic drugs in the preceding 6 months; and (6) pregnant women. Healthy controls recruited from the local community were assessed by a psychiatrist using the Structural Clinical Interview for DSM-IV Disorders (SCID). The HAMA scores of all control subjects were ≤ 7. Those with a history of any psychiatric disorder were excluded. The protocol was approved by the Ethics Committee of Huzhou Third Municipal Hospital. Written informed consent was obtained from all participants before enrolling. Based on our pilot study, a sample size of 120 was calculated using PASS11.0 with α = 0.05 and β = 0.10. About 146 GAD patients who matched the criteria were enrolled, of which 26 refused blood tests, and blood samples from 12 patients failed to detect cytokines and S100B. According to the match ratio of 1:1, 120 HC were required, and 123 HC cases were actually enrolled.



Rating Symptoms

The severity of the GAD symptoms was rated using HAMA, which was administered by a single trained evaluator. The HAMA entails assessing 14 items and measuring them on a 5-point scale: 0 (symptoms not present), 1 (mild symptoms), 2 (moderate symptoms), 3 (severe symptoms), and 4 (very severe symptoms). The total score is then calculated by summing the scores of the 14 items. The evaluator and laboratory staff were blind to the purpose of the study. In addition, the evaluator was blind to the laboratory data, and the HAMA scores were not disclosed to the laboratory staff. To maintain blindness, a trained research coordinator managed all data and schedules.



Determination of Serum S100B and Cytokines

From the GAD patients, 10 ml blood samples were collected from June 2018 to June 2019 in two sterile tubes between 7 and 8 a.m. using a standard sterile preparation before treatment. Blood samples were also taken from the HC at the same time and centrifuged for 15 min at 2,500 rpm. The cell-free serum was pipetted and aliquoted in 2 ml standard freezer vials, which were then stored within 2 h at −80°C to determine the serum S100B and cytokine levels. The inflammatory cytokines, including IL-1β, IL-2, IL-4, and IL-10, were measured by ELISA. The ELISA kits were manufactured by Shanghai Yaoyun Biotechnology Limited Company. And S100B ELISA kit was manufactured by Wuhan USCN Business Co., Ltd. The sensitivity of this assay for detecting S100B, IL-1β, IL-2, IL-4, and IL-10 was 1.0 pg/L. To minimize inter-assay variations, S100B and cytokines were determined after all samples were collected.

For S100B, the inter- and intra-assay coefficients of variation were 5 and 6.5%, respectively. For cytokines, the inter- and intra-assay coefficients of variation were <10%.



Feature Ranking and Classification

Feature ranking is of great significance in the clinical diagnosis of GAD, and important features can be extracted to assist doctors in clinical diagnosis. A feature ranking method with correlation bias reduction (RFE-CBR) based on a support vector machine (SVM) was applied to calculate the weight of all features (S100B, IL-1β, IL-2, IL-4, and IL-10). The feature with the least effect on the SVM performance was removed. The rest of the features performed the same procedure to remove the least effect feature until all the features were removed. Feature ranking was determined based on the removal order (i.e., the last deleted feature was the most important). In this study, 100 repetitions of cross-validation were performed on the training set (90% samples for the training) with the SVM-RFE-CBR method, resulting in a 100 × 5 matrix (where 5 denotes the number of features). The final ranked feature order was obtained from the 100 × 5 matrix according to the feature emerging frequency (e.g., the first important feature is the most common feature in the first column of the 100 × 5 matrix; the second important feature is the two most common features in the first two columns, and so on).



Machine Learning Model

In this study, three popular machine learning models, SVM, random forest (RF), and integrated back propagation neural network based on bagging algorithm (BPNN-Bagging), were utilized with 10-fold cross-validation (80% for the training set and 20% samples for the testing set, respectively) (Zhang et al., 2017). Specifically, the radial basis function was applied as the kernel function for the SVM, and a decision tree number was set to 500 in the RF. As for BPNN-Bagging, 80% of features and training samples were implemented for feature perturbation and sample perturbation, and 100 BPNNs with 6 hidden layers and 100 neuron cells were used as the base learners. Then a voting method was performed on the outputs of 100 base learners to gain the final result.



Statistical Analysis

SPSS 19.0 for Windows was used to analyze the data. Data were generally reported as mean ± SD. A Chi-square test and the independent t-test were performed to compare demographic data and the serum S100B/cytokines levels between GAD patients and HC. The distributions of all variables were checked by the Kolmogorov–Smirnov test, and all showed equal or nearly equal distribution. A receiver operating characteristic (ROC) curve was applied to compare the predicting value of baseline S100B and cytokines levels in GAD, Relationships between S100B/cytokines and clinical variables (age, HAMA scores, and illness duration) were evaluated using Pearson correlations.




RESULTS


Demographic Information of GAD and HC

Demographic information of 108 GAD cases and 123 HC were compared, and, as shown in Table 1, there was no significant difference in the male/female ratio, age, and BMI (Body Mass Index) between the two groups. The scores of HAMA and HAMD in GAD were 22.5 ± 3.1 and 9.6 ± 2.9, respectively. The mean illness duration of GAD was 24.4 ± 37.5 months.


Table 1. Demographic information of GAD and HC.

[image: Table 1]



The ROC Value of S100B, IL-1β, IL-2, IL-4, and IL-10 in GAD

The ROC area of S100B, IL-1β, IL-2, and IL-4 in the diagnosis of GAD (shown in Figures 1, 2) was 0.740 ± 0.032, 0.900 ± 0.021, 0.920 ± 0.018, and 0.696 ± 0.037 respectively, and all of them suggested a good predicting value of P < 0.001. The ROC area of IL-10 was 0.544 ± 0.038, with a predicting value of P = 0.251.


[image: Figure 1]
FIGURE 1. ROC of S100B, IL-1β, IL-2 in diagnosis of GAD.



[image: Figure 2]
FIGURE 2. ROC of IL-4, IL-10 in diagnosis of GAD.




Clinical Characteristics Ranking and Statistics

The clinical characteristics ranking in the differential diagnosis of GAD and HC using the SVM-RFE-CBR method resulted in the following ranking order: IL-2, IL-1β, IL-4, S100B, and IL-10. As shown in Figure 3 and Table 2, the baseline serum S100B, IL-1β, and IL-2 levels of GAD cases were significantly lower than HC (P < 0.001), the IL-4 levels were higher than HC (P < 0.001), and there was no significant difference in IL-10 between the two groups (P = 0.215).


[image: Figure 3]
FIGURE 3. Feature ranking results of S100B, IL-1β, IL-2, IL-4, IL-10. **p < 0.001.



Table 2. Clinical characteristics of GAD and HC.
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The Diagnosis of GAD Based on Machine Learning

The accuracy of S100B combined with IL-1β, IL-2, IL-4, and IL-10 in classifying GAD and HC was 91.06 ± 2.42% using SVM, 92.73 ± 3.82% using RF, and 94.47 ± 2.06% using BPNN-Bagging (Table 3).


Table 3. Clinical characteristics of GAD and HC.
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Relationship Among GAD Influence Factors

The correlation of serum S100B and IL-1β, IL-2, IL-4, and IL-10 levels in GAD cases with age was r = −0.065, P = 0.505, r = −0.147, P = 0.128, r = −0.056, P = 0.568, r = 0.013, P = 0.893, and r = −0.113, P = 0.244, respectively. The correlation between serum S100B and IL-1β, IL-2, IL-4, and IL-10 was r = 0.175, P = 0.070, r = 0.237, P = 0.014, r = 0.261, P = 0.006, and r = 0.055, P = 0.589, respectively. The correlation between serum S100B and HAMA score, and illness duration was r = −0.386, P < 0.001 and r = 0.080, P = 0.410, respectively.




DISCUSSION

This study, to our knowledge, is the first to combine general statistical methods and machine learning to explore the characteristics of S100B and cytokines (IL-1β, IL-2, IL-4, and IL-10) in GAD patients and their role in diagnosing GAD. Currently, the exact pathology of GAD has not been well-established and is still a controversial subject. Many studies have concentrated on the neuro-inflammation pathogenesis of GAD based on the changes in cytokines as cytokines play a key role in the neuro-inflammation pathway (29, 30). Cytokines, including pro-inflammatory IL-1β, IL-2, and IL-6, and anti-inflammatory IL-4 and IL-10, are mediated by many factors such as S100B (30). S100B is mainly expressed in glial cells and plays its biological roles depending on its concentrations (19, 31–33). It acts as a growth and protection factor for neurons and astrocytes in nanomolar concentrations, and assumes neurotoxic roles, and induces the apoptosis of neurons and astrocytes in micromolar concentrations (34). The results of this study indicate that serum S100B level is significantly down-regulated in GAD patients compared to healthy controls. Few researchers have reported controversial results of S100B on anxiety. Bergh et al. (35) reported that patients with elevated S100B suffered more anxiety 3–6 years after cardiac surgery. Tomas et al. (36) found no correlation between cerebrospinal fluid S100B levels and anxiety symptoms. Another study found that S100B-positive cells and anxiety levels were markedly increased after treatment (37). But our study found that serum S100B was negatively correlated with anxiety syndromes. Buschert et al. (16) reported that elevated S100B levels increased behavioral and neural plasticity in response to acute environmental stimuli, but chronic mild stress decreased S100B in hippocampal and cerebrospinal fluid and can be revised by fluoxetine (18). S100B may be a protective factor in the acute stage of anxiety when individuals face stress. But with the development of the disease, the down-regulation of S100B may be a result of decompensation, which is closely related to the chronic pathological genesis of GAD, and the illness duration of GAD always lasts more than 6 months (chronic anxiety). S100B is mainly expressed in astrocytes and oligodendrocytes in the white matter (19), and in nanomolar concentrations, it stimulates neurite growth and increases neuronal maturation and glial cell proliferation. Reduced volumes of white matter in the dorsolateral prefrontal cortex, anterior limb of the internal capsule, and midbrain were observed in GAD patients (38). The reduced white matter volumes may help explain the down-regulation of S100B levels in GAD patients, but the interaction between the two factors needs further study.

Both central and peripheral immune dysregulation has been researched as an etiology of anxiety disorders. The results of our study reveal that GAD patients have lower serum and pro-inflammatory IL-1β and IL-2 cytokines and higher IL-4 anti-inflammatory cytokines with no dysregulated IL-10. Given the consistent hyper activation of inflammatory cytokines in depression, the results in anxiety are always controversial. Zhen Tang (14) found that serum levels of CRP, IL-1α, IL-2, IL-6, IL-8, IL-12, IFN-γ, and granulocyte-macrophage colony-stimulating factor (GM-CSF) were significantly higher in the GAD group compared to the control group, while Vogelzangs found (31) no associations with IL-6 or TNF-a in anxiety disorders including GAD. Among people with alcohol use disorder, IL-10 was negatively associated with anxiety score (39). Labaka Ainitze et al. (40) reported chronic social instability stress induced anxiety-like behavior and decreased IL-10 expression in the hippocampus of the female mice, while no differences in pro-inflammatory cytokines such as IL-1β and IL-6 were observed. Our study found decreased pro-inflammatory cytokines of IL-1β and IL-2 as well as increased anti-inflammatory cytokines IL-4, while IL-10 showed no obvious difference between GAD and control. Both cytokines and serum S100B showed a promising diagnosis value in GAD based machine learning. The classifying accuracy was 94.47 ± 2.06%. Considering the complex interaction of inflammatory mediators, cytokines in depression and other mental disorders are usually defined as networks. A single specific cytokine extends very limited influence on the whole net, but certain key cytokines may have a huge impact on a specific disorder [45]. With the help of machine learning methods, we found the feature ranking in the differential diagnosis of GAD and HC to be IL-2, IL-1β, IL-4, and IL-10. From the ranking, we can infer that IL-2 and IL-1β were key plots in the neuro-inflammation pathogenesis of GAD compared to IL-4 and IL-10, which deserve more attention in future studies.

In addition, inflammatory cytokines are influenced by many factors in anxiety disorder (30). The relation between age and cytokines has no positive connections. But it was found that serum S100B was positively correlated with IL-2 and IL-4, while it had no correlation with IL-1β and IL-10. Evidence suggests that S100B stimulates mitogen-activated protein kinase (MAPK) pathways and then induces an increase in microglial IL-1β production, and each MAPK to IL-1β production depended on the activating stimulus (23). This implies that different glial activators use distinct sets of signaling pathways to induce different inflammatory cytokines changes, which develop into different central nervous system diseases in microglia. Preliminary studies also show that S100B upregulates IL-1β and TNF-αexpression in microglia via the receptor for advanced glycation end products and later induces upregulation of COX-2, which eventually causes brain damage (30). Compared to IL-1β, S100B had a closer association with IL-2 in GAD in our study, though no direct evidence had been found between S100B and IL-2. Based on the results of our study, it can be inferred that the roles of S100B in the neuro-inflammation pathway of GAD may be mainly via the activating of IL-2 upregulation, so the downregulation of S100B coordinated with IL-2 in our work may be interpreted from this point.

There are a few limitations to our study. (1) The sample size is too small to prove that S100B's value in the neuro-inflammation pathway of GAD. (2) It would have been better to analyze the results in subgroups (sex and age), but the impact would be decreased. Samples well-matched in age and sex would be ideal for subsequent studies. (3) Although we tried to eliminate the effects of depression syndromes, GAD has high comorbidity with MDD, and stricter inclusion criteria could be helpful in future studies. (4) If we can acquire more dynamic changes in S100B and cytokines levels during the treatment (we did not collect blood samples post-intervention), the dynamic role of S100B and cytokines in the neuro-inflammation pathway of GAD will be clearer. (5) There are so many cytokines, and their inflammatory status is affected by many factors. Therefore, whether the results in this study can be duplicated in subsequent trials with other cytokines is still a question.



CONCLUSION

In conclusion, our study adds to the literature by showing that serum S-100B, IL-1β, and IL-2 levels were down-regulated while IL-4 was up-regulated in persons with GAD. A combination of S100B and cytokines had a better diagnostic value with an accuracy of 94.47% than any single factor. S100B, IL-1β, IL-2, and IL-4 are very effective neuro-inflammatory biomarkers of GAD according to the clinical characteristics ranking and statistical results. There are many cytokines and regulatory factors in the neuro-inflammation pathway of GAD, and it is difficult to conclude that any specific cytokine or relevant indicator can be applied as a standard biomarker to monitor the pathological process of GAD, though limited factors were investigated in this study. Machine learning methods have been demonstrated to be very effective in studying neuro-inflammatory biomarkers interacting with each other and mediated by plenty of factors. Therefore, there are good reasons to believe that machine learning methods will play a more effective role in studying the pathological inflammatory process of GAD, which may be a network in the future compared to general statistical methods.
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Background: Brain-derived neurotrophic factor (BDNF) is a candidate for susceptibility locus of Panic disorder (PD). However, the findings about the role of the BDNF Val66Met variant in PD were not consistent. Till now, the relationship between BDNF Val66Met polymorphism and anxiety-related traits in PD patients has been rarely explored. This study aimed to explore the relationship among BDNF Val66Met polymorphism, plasma BDNF level and anxiety-related trait in Chinese PD patients.

Method: This multi-center study included 116 PD patients and 99 health controls. We detected single-nucleotide polymorphism (SNP) of BDNF rs6265 (Val66Met) and BDNF plasma level in the two groups. In addition, PD patients were administered the State-Trait Anxiety Inventory (STAI), Panic Disorder Severity Scale-Chinese Version (PDSS-CV) and Hamilton Anxiety Rating Scale (HAMA-14). Quantitative comparison of the differences of BDNF concentration among subjects with different genotypes and association between BDNF Val66Met genotype and trait anxiety were performed.

Results: There were no significant differences in the genotype frequency (p = 0.79) or allele frequency (p = 0.88) between PD patients and health controls. BDNF plasma levels of PD patients were significantly lower than those in control group (p = 0.003). BDNF plasma levels of the Met/Met genotype were significantly lower than those of Val/Met genotype in PD patients (p = 0.033). PD patients carried Met/Met genotype showed significantly higher scores in STAI trait compared to those carried Val/Val genotype (p = 0.045) and Val/Met genotype (p = 0.018). STAI trait scores of PD patients with agoraphobia were significantly higher than those of patients without agoraphobia (p < 0.05). The ANCOVA showed that the dependent variable STAI trait score was significantly affected by factor “genotype” (Val/Val, Val/Met, Met/Met, p = 0.029), and covariate “agoraphobia” (p = 0.008). In this model, 11.5% of the variance of the STAI trait score was explained by the BDNF genotype. Contrast analysis showed STAI trait scores of Met/Met subjects were significantly higher than those of Val/Met (p = 0.018) and Val/Val individuals (p = 0.045).

Conclusion: We found that anxiety trait was associated with the BDNF polymorphism in PD patients. BDNF Met/Met genotype may decrease plasma BDNF level and increase trait anxiety in panic disorder.

Keywords: panic disorder, BDNF (brain derived neurotrophic factor), gene polymorphism, BDNF plasma level, trait anxiety


INTRODUCTION

Panic disorder (PD) is characterized by recurrent and unexpected panic attacks, persistent concerns about future attacks and significant changes in behavior to avoid attacks. Panic attacks are defined as an abrupt episode of severe fear reaching a peak within several minutes, accompanied by a range of additional physiological or cognitive symptoms (1), which makes PD different from other anxiety disorders. Panic disorder is one of the most prevalent and disabling psychiatric disorders with a lifetime prevalence of 2–4% (2), while in primary care settings, the prevalence of panic syndromes is around 10% (3). The 12-month prevalence of PD is higher among women, with the female-to-male ratio as high as 2.8 (4). About 25% PD patients are comorbidity of agoraphobia, which increases severity and impairment compared with those without agoraphobia (5). Various lines of evidence suggest that both genetic and environmental factors could play important roles in contributing to PD. Family and twin studies estimate 43% of heritability for PD (6), with a relative risk of PD in proband's first-degree relatives being 8 times higher than that of healthy controls in a large-scale investigation (7). However, the genetic pathogenesis of PD remains unknown.

Brain-derived neurotrophic factor (BDNF), a neurotrophin hypothesized to limit or repair the damage caused by stress, is considered to be one plausible relevant genetic factor. BDNF plays a key role in functions and development of brain. BDNF conditional mutant mice absent of central BDNF were found to be hyperactive after exposure to stress, and had higher level of anxiety when evaluated in the light/dark exploration test (8), indicating serotonergic dysfunction might be involved in this behavioral abnormality in mutant mice. Another animal study reported that chronic administration of antidepressants promoted expression of BDNF mRNA in the rat cerebral cortex (9). Likewise, major depressed patients could display lower serum BDNF levels (10, 11), but after antidepressant treatment, the concentration of serum BDNF was higher than before (11). BDNF gene may be implicated in the putative common pathophysiology of depression and anxiety. One frequent, non-conservative polymorphism in the human BDNF gene (single nucleotide polymorphism database [dbSNP] number rs6265) has been identified, which produces a valine (Val)-to-methionine (Met) substitution at codon 66 (Val66Met). Several studies have suggested that the Met allele is related to decreased hippocampal volume and abnormal hippocampal activation in human subjects (12–14), and the hippocampus were implicated in regulating the state of mood. It could be expected that BDNF Val66Met polymorphism might influence behavior and anxiety.

The proportion of Met allele carriers of BDNF gene is significantly higher in Asians (41%) than that in Caucasians (approximately 18%), indicating an ethnic difference in the frequencies of the SNP (Val66Met) of the BDNF gene (15). Therefore, the results of BDNF Val66Met should be interpreted by racial stratification. A meta-analysis of population-based, case-control studies on BDNF Val66Met, which considered the dominant ethnicity Caucasian or Asian, suggested that the 66Met allele acted as a protective effect for substance-related disorders and exerted a risk factor for eating disorders and schizophrenia (16). Unfortunately, recent findings on relationship between the functional BDNF Val66Met and psychopathology in PD have yielded inconsistent outcomes. Some findings (17–19) reported that the BDNF gene polymorphisms are not associated with PD in neither Chinese nor Japanese population, while a meta-analysis revealed a significant association between the BDNF Val66Met and panic disorder, suggesting the Val66Met polymorphism of BDNF gene be a susceptibility factor for PD (20). The discrepancy might due to different methodologies in different studies.

According to Cloninger's theory, temperaments, including trait anxiety, are dominantly vulnerable to genetic factors. In healthy subjects, two findings showed that Met allele was associated with anxiety-related personality (21, 22), while other study evidenced that Val/Val genotype obviously dominated on anxiety trait compared to Val/Met and Met/Met genotypes (23). Another finding even reported it is BDNF serum level, not BDNF Val66Met genotype, that was correlated with anxiety personality traits in healthy people (24). In a relatively large community sample, it was found that plasma BDNF concentration was associated with depression-related personality traits in men, but not in women (25). Still in healthy participants, plasma BDNF levels were confirmed to be significantly correlated with harm avoidance, a well-known anxiety-related personality trait (26). To date, researches on the relationship between BDNF variation and trait anxiety were mostly conducted in healthy subjects. Only one study focused on the association of BDNF variation with trait anxiety in PD patients (27), however, it did not consider the factor of peripheral BDNF concentration. The changes in plasma BDNF levels could reflect variation in the release of BDNF from the brain (28). In addition, it is reported that serum and cortical BDNF levels are positively correlated (29), suggesting that it can reflect the BDNF level in the brain as well. Considering that serum BDNF is predominantly derived from clotted peripheral platelets, plasma BDNF might represent a more reliable and sensitive marker of BDNF in the brain compared to serum BDNF (30).

To the best of our knowledge, there is a lack of study on the association among BDNF Val66Met polymorphism, plasma BDNF concentration and anxiety-related personality traits in PD. We first carried out such innovative research. In this study, we examined the association between BDNF gene polymorphism and pathogenesis of panic disorder, and explored whether anxiety trait is associated with plasma BDNF level and BDNF Val66Met genotype in PD patients.



MATERIALS AND METHODS


Participants and Study Design

Patients with PD were recruited from outpatient or inpatient department in 3 general hospitals (First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin Academy of Traditional Chinese Medicine Affiliated Hospital, and Tianjin Chest Hospital) and 1 psychiatric hospital (Tianjin Anding Hospital) in Tianjin, China.

We recruited patients based on the following inclusion criteria: (a) aged from 18 to 60 years; (b) diagnosis of PD was conducted according to the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental fifth edition (DSM-5) (SCID) criteria through a psychiatric interview; (c) total score of Hamilton Anxiety Scale (HAMA-14) ≥14; (d) total score of Panic Disorder Severity Scale–Chinese Version (PDSS-CV) ≥10. Exclusion criteria of participants included: (a) neurological diseases, severe physical diseases, comorbid other psychiatric disorder except agoraphobia. (b) use of antidepressant treatments in the past 4 weeks; (c) any physical therapy history (such as MECT and rTMS) in the past three months. Healthy controls (HCs) matched in gender, age and education levels were recruited from the local community by advertisement. The SCID was also applied to exclude lifetime prevalence of current diagnosis of both PD and other psychiatric disorders. The study protocol was approved by the Ethics Committees of the four hospitals mentioned above, and written informed consents were obtained from all participants.



Measurements

We obtained all subjects' demographic information by a self-designed questionnaire (gender, age, marital status, education level, occupation type, past medical history, family history). PD patients were also noted their illness duration, current episode duration and whether comorbid agoraphobia.

Before study began, total two raters in Tianjin Anding Hospital who were responsible for all assessments received training program on the use of questionnaires and clinical scales. After training, repeated assessment showed that the inter-rater correlation coefficient (ICC) on the total scores of PDSS-CV and HAMA-14 were greater than 0.8. We evaluate the severity of panic symptoms and whole anxiety through the Panic Disorder Severity Scale-Chinese Version (PDSS-CV) and Hamilton Anxiety Rating Scale (HAMA-14), respectively. PDSS-CV includes seven items: panic attack frequency, distress during panic attacks, anticipatory anxiety, agoraphobic fear and avoidance, interoceptive fear and avoidance, social impairment and occupational impairment. Each item is rated on a 5-point from 0 to 4. The total score ranges from 0 to 28. The cut-off scores of this scale for severity are as follows: score 8–10 is slight; 11–13 is moderate; 14–16 is marked, and 17 and above is the most severe. The PDSS-CV has been shown excellent reliability and validity in measuring the severity of panic symptoms in Chinese patients with PD (31). HAMA-14 is one of the most widely used rating scales for the severity of anxious symptoms with good reliability and validity (32). Besides, HAMA-14 comprised 14 items, and each item is scaled by a five-point Likert ranging from 0 (absent) to 4 (severe). The total score of HAMA-14 ≥14 means definite anxiety symptoms. The Chinese version of the HAMA-14 has been demonstrated to have good reliability and validity (33). State-Trait Anxiety Inventory is a self-report assessment of state anxiety and trait anxiety, including two subscales, State-Trait Anxiety Inventory-State (STAI-S) and State-Trait Anxiety Inventory-Trait (STAI-T) (34). STAI-S and STAI-T are used for assessment the temporary condition of state anxiety and the more general and long-standing quality of trait anxiety, respectively. Each subscale consists of 20 items. The STAI-S scale is rated on 4-point likert scale (1 = not at all, 2 = somewhat, 3 = moderately and 4 = very much). Each STAI-T item is rated on a 4-point Likert scale as well (1 = rarely, 2 = sometimes, 3 = often and 4 = almost always). STAI has been shown to have good internal consistency and test-retest reliability (35).



Genotyping and Detection of BDNF Levels

In the early morning, we took 5 mL of fasting venous blood from each patient, then spilt and stored at −80°C until later detection of BDNF plasma level and BDNF genotypes (rs6265, Val66Met). A dedicated experimental technician measured plasma concentrations of BDNF by enzyme-linked immunosorbent assay (ELISA) kit (DG10522H, Lvyuan Biotechnology) and a standard microplate reader (EL10A, BIOBASE). Two experimental technicians conducted all genotyping based on the standard procedures. The BDNF rs6265 SNP was performed via polymerase chain reaction (PCR). (The primers used for the PCR: forward 5′-ACT CTG GAG AGC GTG METT-3′ and reverse 5′-ATA CTG TCA CAC ACG CTC−3′). These samples were tested in 11 plates. The inter-and intra-assay coefficients of variation were <15%.



Statistical Analysis

All BDNF SNPs in the present study were tested for a chi-square test-based Hardy-Weinberg equilibrium (HWE) program. First, the chi-square tests and analysis of variance (ANOVA) were used to compare demographic characteristics and plasma BDNF levels between PD group and HC group. Then, the chi-square tests were used to compare genotype distributions and allele frequency between PD patients and healthy controls. Further, the chi-square tests and ANOVA were used to compare the demographic information, clinical variables and plasma BDNF levels among three BDNF genotype subgroups. Last, we used the t test and ANOVA to test related variables on STAI state scores and trait scores. The effects of genotype, gender, and agoraphobia on anxiety trait and anxiety state were computed with ANCOVA. Multiple tests were adjusted using Bonferroni corrections. All tests were performed with a two-tailed type-I error rate of p < 0.05. Statistical calculations were carried out using SPSS 20.0.




RESULTS


Demographic Characteristics and Plasma BDNF Levels Between PD Group and HC Group

As shown in Table 1, there were no significant differences in gender, age, marriage, education level, occupation between PD patients and healthy controls. For the PD patients, the duration of illness was 37.8 ± 59.6 months, and the current duration was 4.6 ± 14.1 months. Twenty (17.24%) PD patients had family history, thirty-four (29.31%) patients were first-episode patients, and thirty-three (28.45%) patients were comorbid with agoraphobia. BDNF plasma level of PD patients were significantly lower than that of healthy controls (F = 9.21, p = 0.003). In addition, a negative correlation between plasma BDNF level with age (r = −0.28, p = 0.003) was found in PD group, indicating that older PD patients had lower plasma BDNF concentrations. Zero-order correlations indicate that the other covariates including gender were not associated with plasma BDNF levels (p > 0.05).


Table 1. Demographic characteristics and plasma BDNF levels between PD group and HC group.
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Genotype and Allele Frequencies of BDNF Val66Met for all Participants

The genotype distributions of the G196A SNP (rs6265) were in agreement with the Hardy–Weinberg equilibrium in both panic disorder patients (χ2 = 2.84, p = 0.09) and healthy control group (χ2 = 0.44, p = 0.51). The genotype frequency of Val/Val (n = 42), Val/Met (n = 48), Met/Met (n = 26) in panic disorder group was 36.2, 41.4, and 22.4% respectively. The frequency of the alleles in panic disorder group was Val= 56.9% and Met= 43.1%. No significant differences were observed in the allele frequency or genotype frequency between PD patients and healthy controls (allele Met, p = 0.88, OR 1.05, 95% CI 0.72–1.54; p = 0.79; Table 2).


Table 2. Genotype distributions and allele frequency between PD patients and healthy controls.
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Demographic Characteristics and Clinical Variables Among Different BDNF Genotype Subgroups

There were no significant differences in gender, age, marriage, education level, occupation type among BDNF genotype subgroups, neither in attack frequency, family history, comorbid agoraphobia, illness duration, current duration and STAI-S score, HAMA-14 score and PDSS-CV score (all p > 0.05). BDNF plasma levels and STAI-T scores among three BDNF genotype subgroups were found significantly different (p < 0.05). Furthermore, post-hoc Bonferroni comparisons showed that the BDNF plasma levels of PD patients with Met/Met genotype were significantly lower than those of Val/Met genotype (p = 0.033); STAI-T scores of PD patients with the Met/Met genotype were significantly higher than those of both Val/Met genotype (p = 0.018) and Val/Val genotype (p = 0.045) (Table 3).


Table 3. Demographic characteristics and clinical variables for PD patients separated by BDNF genotype.
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Associations Between BDNF Plasma Level, BDNF Genotypes, and Anxiety Trait

There were no significant differences in gender, marriage, education level, occupation, attack frequency, family history, comorbid agoraphobia on STAI state scores (all p > 0.05). The same results were observed on STAI trait scores except comorbid agoraphobia. STAI trait scores of PD patients with agoraphobia were significantly higher than those of patients without agoraphobia (57.19 ± 9.422/50.68 ± 11.565, p < 0.05). Age was not correlated with neither STAI state (r = 0.066, p = 0.481) nor STAI trait (r = 0.132 p = 0.158). Neither STAI state (r = 0.023, p = 0.806) nor STAI trait (r = −0.178, p = 0.055) was correlated with BDNF plasma level.

The ANCOVA showed that the dependent variable STAI trait score was significantly affected by factor “genotype” (Val/Val, Val/Met, Met/Met: F = 3.667, df = 2, p = 0.029), and covariate “agoraphobia” (F = 7.411, df = 1, p = 0.008), but not by the factor “gender” (F = 1.967, df = 1, p = 0.164) or “gender × genotype” interaction (F = 0.871, df = 2, p = 0.421). In this model, 11.5% of the variance of the STAI trait score was explained by the BDNF genotype. Contrast analysis revealed that the STAI trait scores were higher in Met/Met subjects compared to those in Val/Met (p = 0.018) and Val/Val individuals (p = 0.045). With respect to the STAI state score, ANCOVA showed no significant effects of the factor “genotype” (F = 0.104, df = 2, p = 0.902), “gender” (F = 0.686, df = 1, p = 0.409), or “gender × genotype” interaction (F = 0.169, df = 2, p = 0.845).




DISCUSSION

Our main findings in this current study included: (a) BDNF plasma levels of PD patients were significantly lower than those of healthy controls, and BDNF plasma levels of Met/Met genotype were significantly lower than those of Val/Met genotype in PD patients; (b) Trait anxiety in PD patients was associated with BDNF Val66Met polymorphism and comorbid agoraphobia, but not with BDNF plasma concentration; (c) No significant differences were found in BDNF allele frequencies and the BDNF genotype distributions between PD patients and health control subjects.


Association of BDNF Plasma Level With BDNF Val66Met Polymorphism in PD

This current study revealed that there was a significant difference in plasma BDNF level between PD patients and healthy control subjects, which is consistent with previous research (36). Compared with BDNF Val carriers, the plasma BDNF levels of individuals with Met/Met genotype were the lowest in all of the PD patients. Some clinical researches also evidenced this association between the BDNF Met carrier and lower BDNF levels in the patients with major depressive disorder (37), schizophrenia, and bipolar disorder (38) respectively, suggesting the Met allele may play a key role in regulating BDNF protein expression (39). However, the results of researches in this area are inconsistent. For example, plasma BDNF concentration in Han Chinese heroin-dependent patients were not associated with BDNFVal66Met gene variants (40). And a finding with a relatively large community sample could not verify this association of plasma concentration of BDNF with Val66Met variant (25). Moreover, another study revealed significantly higher BDNF serum levels in Met carriers, compared with the Val/Val homozygotes in healthy subjects (24). The conflicting conclusions might result from different means of BDNF detection and the heterogeneity of diseases. Several technical issues influence serum or plasma BDNF levels such as clotting time, bioassays, temperature, and a second centrifugation to correct plasma levels, among others (41–43). Little data were collected on BDNF plasma concentration of different BDNF genotype subgroups in PD, more researches should be conducted.



Association Between BDNF Val66Met Polymorphism and Anxiety Trait in PD

We found PD carriers of BDNF Met/Met were more sensitive to anxiety. This study displayed BDNF Val66Met genotype was associated with anxiety trait in PD patients, in line with a previous study (27). Yoshiaki found that the STAI trait score was highest in the Met/Met group in patients with early-onset PD, whereas the STAI trait score of the Val/Val group tended to be higher for healthy subjects. Similarly, a meta-analysis found that healthy individuals with both Met/Met and Val/Met showed a statistically significant lower neuroticism score compared to healthy people with Val/Val (44). It seemed that BDNF Met allele might be protective factor for healthy controls but a risk for PD patients on anxiety or depression personality. Some researchers believed Met/Met subgroup was more sensitive to stress, and BDNF Met-early life stress interaction predicted elevated neuroticism, higher depression and anxiety levels in PD patients (27). Another study suggested that BDNF rs6265 had a significant interaction effect with Catechol-O-methyltransferase gene (COMT) polymorphism to neuroticism and anxiety trait in PD patients, instead of healthy control subjects (45). Furthermore, a neuroimaging study has found BDNF Val66Met polymorphism is associated with white matter connectivity of the body and splenium of the corpus callosum in PD, which involved in visual memory-related processing and cognitive and affective functions (46). And these functions may be major components of PD patients with higher anxiety sensitivity (47). A recent study revealed that depending on the BDNF Val66Met polymorphism, there was an interactive genetic association between 5-HTTLPR and anxiety, and the effect of 5-HTTLPR genotype on anxiety was fully mediated by functional connectivity between the left amygdala and the right dorsolateral prefrontal cortex (48). Taken together, genetic variety could play a crucial role in trait anxiety of panic disorder. It is reported that in a sample of sixty-four healthy participants, there are differential associations between the trait anxiety measure of harm avoidance (HA) and resting regional Cerebral Blood Flow (rCBF) in BDNF Val/Val and Met carriers in several regions relevant to stress regulation brain (49). However, at the behavioral level, the relationship between BDNF Val66Met polymorphism and HA is not confirmed, thus suggesting that its effect size may be relatively small, if there is a reliable genotype–HA relationship. The effects of BDNF Val66Met polymorphism on trait anxiety in PD and the underlying mechanisms awaits further research.



Other Findings on Trait Anxiety in PD

Considering that PD is as much as 2 times more prevalent in women than in men, a sex-specific vulnerability is involved in the etiology and/or maintenance of this disorder (50). However, we did not find sex difference on trait anxiety or state anxiety in PD. Possibly most women were during perimenopause period with average age of 46 years old. Only one study found women manifest greater trait anxiety than men did in agoraphobia patients with panic attacks (51), but other studies did not replicate this finding in panic disorder patients with agoraphobia (52, 53). It is suggested that the sex differences detected in the former study (51) may have been statistically but not clinically significant.

In addition, we found that comorbid agoraphobia is associated with anxiety trait in PD. The relationship between agoraphobia and panic disorder remains unclear. PD patients with comorbid agoraphobia were more likely to emerge serious anxiety symptom and avoidance behavior, and agoraphobia was considered to result from recurrent panic attacks (54). A recent study also showed that patients with PDA (panic disorder with agoraphobia) had severer anxiety symptom and higher anxiety trait than those with PD alone (55). PDA patients were reported greater self-criticism and fatalism (56) and higher severity of fear of bodily sensation (57) than those with PD alone. Here, we highlight the importance of recognizing comorbid agoraphobia with PD.



Association Between BDNF Val66Met Polymorphism and Panic Disorder

Our findings found no association between BDNF Val66Met polymorphism and panic disorder, which was consistent with previous findings in Japanese and Chinese PD patients (17, 19, 27). This result indicated that BDNF rs6265 may not contribute to PD susceptibility. Reasons for the lack of association reported in various studies might partly be explained by the role of BDNF in conjunction with other “hypothetical” genes (58, 59). In addition, PD patients with the G-C haplotype for 196G/A (rs6265) and 11757G/C (rs16917204) may be more susceptible in the development of PD (60). Therefore, more researches with high-quality design, large samples are needed to explore the association between BDNF Val66Met variant and panic disorder.




LIMITATION

The limitations of our study come as follows. First, STAI score of healthy controls in different BDNF Val66Met genotypes were not evaluated. Hence, we cannot distinguish the levels of anxiety between PD patients and healthy controls. The lack of relevant data collection is a methodological limitation in this study. Second, the sample size was relatively small. Therefore, the effect of gender on anxiety trait in PD may be underestimated. Third, we only used STAI to test individual's anxiety trait, more anxiety-related traits could be evaluated by other scales such as the Harm Avoidance (HA) scale of Tridimensional Personality Questionnaire (TPQ), which may enhance credibility of the study. Moreover, the measure of trait anxiety, using self-administered questionnaires, may be susceptible to reporting bias. Fourth, this is a cross-sectional design, long-term psychopathology may not be reflected by a single point assessment. Last but not least, the interaction of gene plus gene should be considered, such as BDNF gene and COMT gene. And haplotype for the three SNPs (rs6265-rs16917204- rs56164415) in gene BDNF should be taken into consideration to explore BDNF gene polymorphism and anxiety trait.



CONCLUSIONS

In summary, we first explored the relationship among BDNF Val66Met polymorphism, plasma BDNF level and anxiety trait in PD patients. We found that BDNF Val66Met genotype is associated with anxiety trait in PD patients. BDNF Met/Met genotype may decrease plasma BDNF level and increase trait anxiety in panic disorder. However, due to the small sample and other limitations, these results should be replicated in a larger sample of high-quality study design.
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Background: Although sleep quality is clearly associated with job burnout as shown in the existing research, the mechanism underpinning such relationship remains undefined. This work, thus, aimed to assess the current situation of sleep quality and burnout in Chinese psychiatric nurses, and to analyze the relationships between sleep quality, burnout and coping style, in order to provide possible targets to enhance mental health and wellbeing among psychiatric nurses.

Method: This cross-sectional study was carried out in seven rehabilitation centers located in four different regions of China. The Pittsburgh Sleep Quality Index, the Epworth Sleeping Scale, the Maslach Burnout Inventory General Survey, and the Coping Style Questionnaire were distributed to 853 nurses in various mental hospitals, with a total of 664 participants being recruited in the final research.

Results: The results of this current study showed a high prevalence of sleep disorders and burnout in Chinese psychiatric nurses. Moreover, emotional exhaustion (r = 0.456), cynicism (r = 0.323) and negative coping style (r = 0.191) in nurses were all positively correlated with total Pittsburgh Sleep Quality Index (PSQI) score, while professional efficacy (r = −0.079) and positive coping style (r = −0.140) were negatively correlated with total PSQI score. More interestingly, of all negative coping strategies, we found that self-blame had the most significant effect (β = 0.156).

Conclusions: The above results showed that coping style mediates the association of poor sleep quality with job burnout in Chinese psychiatric nurses. This study claimed that there is an urgent need to development the coping skills to sustain a healthy work life for nurses.

Keywords: nurses, mental health, sleep quality, coping styles, job burnout


INTRODUCTION

Burnout is reflected by physical and mental exhaustion, which refers to prolonged stress response to lasting workplace-related emotional and interpersonal stressors (1). There are three dimensions of burnout, including emotional exhaustion, cynicism and decreased professional performance. Emotional exhaustion is the excessive emotional consumption of individuals, leading to depleted individual resources, which represents the stressful dimension of burnout. Cynicism is a negative, cold or extremely disconnected response to the patient populations served. Decreased performance is an overall sense of one's inefficiency at the workplace, as well as a lack of professional achievement, which represents the dimension of self-evaluation. Compared with other occupations, nursing represents a high-risk of burnout, being admittedly stressful and emotionally demanding (2, 3). The nurse-to-population ratio in China is 1:1,750, far lower than the 1:140 to 1:320 reported in developed countries (4). In the micro level, because of inability to effectively cooperate with the nurse for treatment, suicide risk, self-injury, impulse and violent behavior in mental illness patients, psychiatric nurses are in more risk of serious mental health problems (5–7). On the other hand, the invigorated nursing plays an important role in psychiatric treatment considering the quality of nursing directly affects the mental state of hospitalized psychiatric patients, the degree of treatment cooperation, and even the final outcome (8–10). In this sense, exploring the mediating factors that are possibly related with nurses' job burnout has important implications not only for enhancing the mental health and wellbeing among psychiatric nurses, but also the entire treatment system.

One possible reason for nurses' job burnout can be the poor sleep quality. Nurses cannot be able to get enough sleep because of intense work and frequent shifts. Studies have shown that nurses sleep worse significantly than professionals of other occupations (11, 12). Other reports have identified that psychiatric nurses have poorer sleep even than general hospital nurses (13). Deficient sleep quality can indeed bring with many serious problems, such as irritability, anxiety, fatigue and memory loss (14). These negative emotional issues could decline work enthusiasm, efficiency, and eventually, affecting the nursing performance. Although both sleep problems and job burnout have been paid attention to in the field of public health, the mechanism by which sleep quality affects job burnout in psychiatric nurses has not been explored in previous studies.

Another possible reason is coping style. Coping is the continuous effort of a given individual to change cognition and behavior to cope with demands considered to be stressful and beyond the reach of personal resources (15, 16). Previous evidence suggested that coping styles act a critical mediating role in psychological stress (17). Individual coping style can both affect the properties and strength of response to stress, as well as further regulate the relationship between stress and its results. According to the coping effect, coping style can be divided into positive and negative coping (15, 18). Burnout represents a progressive condition caused by inefficient coping strategies (19). As illustrated in the previous studies, positive coping is negatively associated with and could predict burnout (20, 21). Conversely, negative coping has a positive association with burnout as well (22–25). In addition, coping style, as an individual susceptibility factor, mediates the relationship between stress and sleep quality (26). A report revealed that it is not stress itself that causes sleep disorders, but the evaluation of and response to it (27). Although job burnout and coping style are overtly associated, as well as sleep quality and coping style, the mechanism underpinning such relationships remains undefined this far, which will be investigated directly by this current study.

Admittedly, multiple parameters can affect burnout, but the present work focused on sleep quality and coping style only. This study aimed to (1) understand the current situation of sleep quality and burnout in Chinese psychiatric nurses; (2) evaluate the relation between sleep quality and burnout; and (3) analyze whether coping style mediates the impact of sleep quality on burnout.



METHODS


Participants

This trial included 853 psychiatric nurses from Jiangsu Province, Jiangxi Province, Sichuan Province, and Yunnan Province in China. The trial was approved by the ethics committee of Suzhou Guangji Hospital. Investigators were psychologists qualified for human studies. The questionnaires were distributed, alongside the explained study aims. Questionnaire filling was anonymous. Individuals agreeing to take part in this trial were required to read the questionnaires and provide answers to all questions at the workplace. The data were collected in Aug. and Sep. 2017.



Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is a self-assessment scale that subjectively evaluates sleep quality in seven areas, including subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep abnormalities, hypnotic drug utilization and daily quality of life. Final scores were calculated based on the seven dimensions and it ranged between 0 (best sleep) and 21 (worst sleep), with a score above 7 indicating a sleep abnormality (Cronbach's alpha was 0.83) (28).



The Epworth Sleeping Scale

The Epworth Sleeping Scale (ESS) subjectively assesses daytime sleepiness, based on eight items (29). The participants are required to fill in a 4-point Likert scale from 0 (never) to 3 (elevated odds) for self-assessment of the odds of “dozing off or falling asleep” in eight situations. Overall scores ranged between 0 (no sleepiness) and 24 (constant sleepiness). Scores of 0–4, 5–10, 11–16, and >16 reflected no, mild, moderate and severe sleepiness, respectively. Internal consistency among these 8 items is high (Cronbach's of 0.73–0.88) (30).



Maslach Burnout Inventory General Survey (MBI-GS)

The MBI-GS constitutes a 15-item self-reported assessment tool for job burnout, including three dimensions (emotional exhaustion, cynicism and professional efficacy) (1). A Likert scale from 0 (never) to 6 (daily) was utilized for scoring. The broadly utilized Chinese version of the MBI-GS has satisfactory reliability and validity (31). Here, Cronbach's α values in the three dimensions were 0.896, 0.747, and 0.825, respectively.



Coping Style Questionnaire

The Coping Style Questionnaire has been applied to measure coping style in some existing Chinese studies to assess psychological health of participants. The questionnaire was developed on the basis of Folkman's interactive theory (32), and was adapted from the COPE Scale (33), and the Ways of Coping Questionnaire (34). It aims to evaluate the manner by which a participant dealt with a very stressful event/situation in the last month. Positive coping style, negative coping style and rationalization were measured with 62 items on a 4-point scale (0, never; 1, seldom; 2, sometimes; 3, often). The sub-subscales had a strong reliability of 0.70.



Statistical Analysis

All data were expressed as mean ± SD. Independent samples t-test was carried out for comparisons. Statistical significance was reflected by P < 0.05. Pearson correlation was carried out to assess the associations of sleep quality, burnout and coping style. The Baron and Kenny's method was applied for assessing the impact of coping style on the association of sleep quality with burnout (35). SPSS 20.0 was utilized for data analysis.




RESULTS


Demographic and Occupational Characteristics

By conducting the initial analysis, 189 questionnaires were excluded due to the missing data, and the final sample consisted of 664 psychiatric nurses, including 138 men (20.78%) and 526 women (79.22%). A total of 210 (31.60%) participants were aged below 25 years, 254 (38.30%) were 26~31 years old, 182 (27.4%) were 32~46 years old, and 18 (2.70%) were 47~52 years old. In relation to marital status, 454 (68.40%) were married, 194 (29.20%) were unmarried, and 16 (2.40%) were divorced. Regarding the level of education, four (0.60%) had only completed lower vocational or lower secondary education, 216 (17.50%) had completed intermediate vocational or intermediate/higher secondary education, and 544 (81.90%) had a college degree or above. With respect to job title, 156 (23.50%) were junior nurses, 241 (36.30%) were intermediate nurses, 210 (31.60%) were senior nurses, and 57 (8.60%) were head nurses. The participants' years of working experience ranged from 0 to 43. In the past one month, 427 nurses (64.30%) had night shifts and 237 (35.70%) had no night shifts.



Sleep Quality of Nurses

The average PSQI score were 6.87 ± 3.59, i.e., statistically significant difference (P < 0.05) compared with the Chinese norm (3.88 ± 2.52). A total of 411 (61.90%) nurses reported that they had good sleep quality, while 255 (38.10%) had poor ones. The total ESS scores in the 664 participants were 9.86 ± 5.07, which also showed statistical significance compared with Chinese control values (P < 0.05). There were 107 (16.10%) nurses with normal sleep, 262 (33.39%) with mild sleepiness, 198 (29.82%) with moderate sleepiness, and 97 (14.61%) with severe sleepiness. Total ESS scores in nurses with night shifts in the last month were significantly higher than those of counterparts without night shifts (t = 2.90, P = 0.004). Similarly, total PSQI scores in nurses with night shifts in the last month were significantly higher than those of individuals without night shifts (t = 3.31, P = 0.001). Total ESS scores significantly differed by marital status (F = 5.60, P = 0.004). As shown in the least significant difference (LSD) test, married nurses had the highest ESS scores.



Job Burnout and Coping Style of Nurses

In this study, the total burnout scores of the 664 participants were 1.96 ± 1.01. Taking the average score of 4 (7-point Likert scale), 265 nurses had a high level of burnout. Job burnout significantly differed by age (F = 5.33, P = 0.001). After post-hoc LSD test, the burnout scores of nurses aged 32 to 46 and 26 to 31 were significantly higher than those of counterparts under 25 (P = 0.000, P = 0.007 by LSD test). Total burnout scores also significantly differed by marital status (F = 3.78, P = 0.023). The burnout scores of divorced nurses were significantly higher than those of unmarried and married colleagues (P = 0.009, P = 0.029 by LSD test). The level of job burnout was significantly different based on job title (F = 2.68, P = 0.046). The burnout scores of intermediate and senior nurses were significantly higher than those of junior nurses (P = 0.024, P = 0.047 by LSD test). Nurses' coping styles for burnout ranged from high to low in frequency: problem-solving, help-seeking, escape-avoidance, rationalization, wishful thinking, and self-blame. There was a significant difference in positive coping style based on age (F = 4.83, P = 0.002). Nurses younger than 25 years had higher odds of utilizing positive coping style than the other age groups (P = 0.004, P = 0.000, P = 0.030 by LSD test). The negative coping styles were significantly different based on marital status (F = 3.20, P = 0.042). Divorced nurses used significantly more negative coping styles than unmarried and married colleagues (P = 0.016, P = 0.044 by LSD test). The use of positive coping styles significantly differed by marital status (F = 6.15, P = 0.002). Positive coping style scores in unmarried nurses were significantly elevated compared with those of divorced and married nurses (P = 0.009, P = 0.004 by LSD test). The use of positive coping styles significantly differed by job title (F = 6.84, P = 0.000). Positive coping style scores in junior nurses were significantly elevated in comparison with those of intermediate and senior nurses (P = 0.002, P = 0.000 by LSD test).



Associations of Sleep Quality, Coping Style and Burnout

Table 1 summarizes the results from Pearson correlation analysis. Emotional exhaustion, cynicism, job burnout and negative coping style had significant positive relationships with total ESS score (P < 0.01). Emotional exhaustion, cynicism, job burnout and negative coping style had significant positive associations with total PSQI score (P < 0.01). Professional efficacy and positive coping style had significant negative relationships with total PSQI score (P < 0.01). Job burnout had a significant positive correlation with negative coping style (P < 0.01) and a significant positive correlation with negative coping style (P < 0.01).


Table 1. Means, standard deviations and zero-order correlations (Pearson r) among various parameters.
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Factors Associated With Job Burnout Amongst Nurses

Job burnout amongst Chinese psychiatric nurses were evaluated by additional dummy-variable regression analyses as presented in Table 2. The dependent variable was job burnout, and independent variables were demographic indexes for which significant differences were found in group comparison analyses, as well as the total ESS score, the total PSQI score, and coping style. At the model 1 level, the coefficient of determination R2 was 0.02. We next included age, marital status and job title as control variables in the regression analysis, and the adjusted R2 was 0.34. The results showed that total ESS score, total PSQI score, and escape-avoidance were significant positive predictors of job burnout. Problem-solving constituted a significant negative predictive factor of job burnout, accounting for 34% of its variance.


Table 2. Multivariable linear regression analysis of sleep quality, coping style, and job burnout in Chinese psychiatric nurses.
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Mediating Effects of Coping Style on Sleep Quality and Burnout

Analysis was performed with the Process software (PROCESS-Model#4) (36). The results showed that total PSQI score represented a significant positive predictive factor of self-blame (β = 0.014, P < 0.001; Figure 1). Meanwhile, self-blame constituted a significant positive predictive factor of job burnout (β = 1.211, P < 0.001; Figure 1). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of self-blame on job burnout (Table 3).


[image: Figure 1]
FIGURE 1. Mediating effects of self-blame on sleep quality and burnout. ***p < 0.001.



Table 3. Mediating effect analysis.
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Mediating Effects of Wishful Thinking on Sleep Quality and Burnout

Analysis was performed with Process (PROCESS-Model#4) (36). The results showed that total PSQI score constituted a significant positive predictive factor of wishful thinking (β = 0.009, P < 0.01; Figure 2). Meanwhile, wishful thinking was a significant positive predictive factor of job burnout (β = 0.753, P < 0.001; Figure 2). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of wishful thinking on job burnout.


[image: Figure 2]
FIGURE 2. Mediating effects of wishful thinking on sleep quality and burnout. **p < 0.01, ***p < 0.001.




Mediating Effects of Escape-Avoidance on Sleep Quality and Burnout

Analysis was performed with Process (PROCESS-Model#4) (36). The results showed that total PSQI score was a significant positive predictive factor of escape-avoidance (β = 0.010, P < 0.001; Figure 3). Meanwhile, escape-avoidance was a significant positive predictive factor of job burnout (β = 1.108, P < 0.001; Figure 3). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of escape-avoidance on job burnout.


[image: Figure 3]
FIGURE 3. Mediating effects of escape-avoidance on sleep quality and burnout. **p < 0.01, ***p < 0.001.




Mediating Effects of Rationalization on Sleep Quality and Burnout

Analysis was carried out with Process (PROCESS-Model#4) (36). The results showed that total PSQI score was a significant positive predictive factor of rationalization (β = 0.007, P < 0.001; Figure 4). Meanwhile, rationalization was a significant positive predictive factor of job burnout (β = 0.903, P < 0.001; Figure 4). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of rationalization on job burnout.


[image: Figure 4]
FIGURE 4. Mediating effects of rationalization on sleep quality and burnout. **p < 0.01, ***p < 0.001.




Mediating Effects of Problem-Solving on Sleep Quality and Burnout

Analysis was performed with Process (PROCESS-Model#4) (36). The results showed that total PSQI score was a significant negative predictive factor of problem-solving (β = −0.007, P < 0.001; Figure 5). Meanwhile, problem-solving was a significant negative predictive factor of job burnout (β = −1.584, P < 0.001; Figure 5). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of problem-solving on job burnout.


[image: Figure 5]
FIGURE 5. Mediating effects of problem-solving on sleep quality and burnout. **p < 0.01, ***p < 0.001.




Mediating Effects of Help-Seeking on Sleep Quality and Burnout

Analysis was performed with Process (PROCESS-Model#4) (36). The results showed that total PSQI score was a significant negative predictive factor of help-seeking (β = −0.008, P < 0.01; Figure 6). Meanwhile, help-seeking was a significant negative predictive factor of job burnout (β = −1.180, P < 0.001; Figure 6). The 95% confidence intervals for the mean did not include zero; therefore, there was a significant mediating effect of help-seeking on job burnout.


[image: Figure 6]
FIGURE 6. Mediating effects of help-seeking on sleep quality and burnout. **p < 0.01, ***p < 0.001.





DISCUSSION

The results of this current study showed a high prevalence of sleep disorders and burnout in Chinese psychiatric nurses. Moreover, the present trial assessed the associations of sleep quality, burnout and coping style in Chinese psychiatric nurses, revealing that coping style might have both direct and indirect effects on burnout. In addition to sleep promotion, improving coping skills as an approach to ameliorate mental health in nurses is critical. Therefore, coping strategies should be developed for burnout prevention in nurses.

The results of this survey showed a high prevalence of sleep disorders in Chinese psychiatric nurses, which was higher than that of general nurses shown in the previous research (37). This suggested that the sleep quality of psychiatric nurses is more seriously altered than that of general nurses due to their special occupation, with night shift psychiatric nurses having more problems with sleep quality and sleepiness in particular as further shown in this study. In addition to the working patterns, the problem was also sensitive to marriage status that married nurses reported a worse sleeping. This survey generally showed that 39.9% of nurses' job burnout was at a high level, and this figure is larger than the 34% reported by Aiken LH in American (38). One possible reason for this difference is that psychiatric nurses in China are applying support for more severe mental illnesses. Among the three sub-domains of job burnout, low professional efficacy is one of the most serious problems. This may be due to the psychiatric nurses need to deal with patients who do not cooperate with treatment. It appears that older and higher professional title nurses experienced increased burnout compared with younger counterparts, which is inconsistent with previous studies (37, 39). This may be explained by the fact that older, higher professional title nurses take on heavy responsibilities, undertake heavier nursing workload, face critical patients and emergencies, and supervise nurses with less seniority, which costs more energy. Meanwhile, they might face much more complex pressures from family and daily life, including marriage, child care and education, lacking free time for leisure and relaxation. This can also explain the results that that young, unmarried and low-professional title nurses used more positive coping methods, as they are less likely being challenged by the lower family and financial issues. Interestingly, divorced nurses preferred to use negative coping styles and experienced elevated burnout. Based on these descriptive findings, hospital administrators should be attentive to the burnout problems of psychiatric nurses, and particularly prioritizing the older, divorced, and high-job title nurses, in order to help them cultivate positive coping strategies.

According to Folkman and Lazarus's model of cognitive interaction, coping style can be divided into positive coping (problem-solving and/or help-seeking), negative coping (self-blame, wishful thinking and/or escape-avoidance), and rationalization (15). In this study, we found that emotional exhaustion, cynicism and negative coping style in nurses were positively correlated with total ESS and PSQI scores. Meanwhile, both the professional efficacy and positive coping style had significant negative correlation with total PSQI score. This is consistent with previous studies. Early studies assessing the association of stress with sleep quality indicated that stressful life events could predict sleep disorders in individuals. However, recent studies showed that the cause of sleep disorders is not stress itself, but the evaluation of and coping with stress (40, 41). Positive coping makes people more skilled in coping with pressure in life and work, which can reduce stress response in patients, and thus improve the quality of sleep (42). Negative coping people cannot deal with stress correctly, and tend to indulge in stressful situations and not be resolved, aggravating stress, thereby reducing their sleep quality (43). The results in this study further support coping style represented a potential predictive factor of job burnout in earlier studies (31, 44). These data suggested that negative and positive coping aggravates and alleviates burnout in nurses, respectively.

Sleep disturbance is an important risk factor for emotional and physical exhaustion (45). On the other hand, sleep disorders are also the most common symptoms of job burnout. We demonstrated that coping style had a mediating impact on the association of sleep quality with burnout in nurses. Sleep problems may elicit coping patterns, which in turn cause job burnout. In addition to dealing with sleep problems, improving coping skills is critical to reducing burnout among nurses. Studies by Spataro et al. (46) have shown that an increase in self-blame coping style can lead to job burnout in female medicine residents (47). In consistent with the predecessor's research, of all negative coping strategies, we found that self-blame had the most significant effect. The results showed that total PSQI score represented a significant positive predictive factor of self-blame, which in turn significantly predicted job burnout. Overgeneralized self-blame, which leads to uselessness and hopelessness, is a core symptom of major depressive disorder and a predictor of relapse (48). Increased utilization of self-blame as a coping mechanism could remarkably exacerbate burnout and sleep problems in psychiatric nurses. This suggested that observation of self-blame among nurses may help impede burnout. On the other hand, Chinese culture is considered more collectivist than individualist, and therefore might use a more self-blame coping style (49). Training programs should work toward raising self-compassion and decreasing self-blame (50), especially in nurses with poor sleep quality. More interestingly, of all positive coping strategies, we found that problem-solving had the most significant effect. Prior studies have shown that problem-solving coping style was associated with less sickness absence among female nurses working in hospital care (51). Our study further supports this view. Training programs should work toward raising acknowledging various thoughts concerning the problem, undertaking efforts to understand the situation, predicting the course of events, choosing the most appropriate solutions, planning to solve the problem and implementing this plan as well as taking consistent action to solve the problem.


Limitations and Strengths

This work had many strengths, including its large sample and a high response rate. We selected hospitals in different regions of China to make the sample representative, and different regions where the hospitals are located reflect different levels of economic development in China. The present findings call for increasing nurses' competency and designing active interventional methods. However, the results and findings reported in this study shall be interpreted with caution as well. Firstly, this research was designed as a cross-sectional trial, from which the causal relationships could not be definitely inferred. In this sense, further longitudinal studies are warranted to further examine these initial findings. Secondly, because all the participants were recruited only from seven rehabilitation centers located in four different regions, these findings have limited generalizability and are difficult to be extrapolated to all the Chinese nurses. At the same time, the sample size was not sufficiently large to analyze possible differences across the regions. This calls for the following researchers who are interested in the nationwide trials in this field. Thirdly, considering this current study only concerned the sleep quality and coping style, some other possible mediating factors, such as mood (e.g., depression and anxiety (52)) can be explored in the future studies. Fourthly, the findings of this research can be deconstructed, for example, specific workplace and individual stressors could be assessed with regard to coping and emotion regulation approaches. Finally, burnout should be examined across multiple facilities and work shifts to provide further data describing the impacts of contextual variables.




IMPLICATIONS

Poor sleep and mental health in nurses might substantially affect their overall health as well as those of patients. Consequently, nurses should be provided adequate sleep knowledge and information regarding the association of sleep with mental health. We suggest that nursing education should include opportunities dealing with healthy sleep, coping approaches, and mental health promotion, to prevent burnout in nurses. The training about the etiology and signs/symptoms of burnout may help nursing students detect symptoms in themselves and timely seek help. The accurate analysis and determination of a person's coping strategy can help identify the effectiveness of the coping strategy used and provide guidance for studying coping skills and developing therapeutic interventions. To change their PSQI scores, hospitals might provide training nurses on problem-solving skills, which could help develop and apply positive coping styles to mitigate workplace stress (53). Such training should comprise approaches for managing negative affectivity and decreasing disconnected response, e.g., by cognitive reframing (54) and mindfulness-related methods (55, 56), as well as organizational actions addressing burnout by increasing job resources (57). This would ameliorate health and wellbeing in nurses, reducing professional burnout and improving healthcare.



RELEVANCE STATEMENT

Poor sleep and mental health in nurses might substantially affect their overall health as well as those of patients. High prevalence rates of sleep disorders and burnout were found in Chinese psychiatric nurses. This cross-sectional study demonstrated the mediating effects of coping style on the association of poor sleep quality with burnout symptoms in Chinese psychiatric nurses. Specifically, self-blame coping plays a critical mediating role in this association. In addition to sleep promotion, improving coping skills as an approach to ameliorate mental health in nurses is critical. It is therefore important to improve coping skills to sustain a healthy work life for nurses.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of Suzhou Guangji Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

XD: study conception and design, WL, QY, XF, ZY, XW, QL, FK, CJ, XL, HW, NY, ZL, YYu, CZ, KL, YYa, MY, and XD: experiments, MY: data analysis and manuscript writing. All authors contributed to the article and approved the submitted version.



FUNDING

This work funded by High-level Health Talents “Six-one Projects” in Jiangsu Province (LGY2020042), “333 Project” Scientific Research Project in Jiangsu Province (BRA2020120), The Suzhou Clinical Medical Center for Mood Disorders (Szlcyxzx202109), Introduction Project of Suzhou Clinical Expert Team (SZYJTD201715), and Scientific and Technological Program of Suzhou (SYS2019112).



ACKNOWLEDGMENTS

We are grateful to all the nurses participating in the present trial.



REFERENCES

 1. Maslach C, Schaufeli WB, Leiter MP. Job burnout. Annu Rev Psychol. (2001) 52:397–422. doi: 10.1146/annurev.psych.52.1.397

 2. Chiriboga DA, Bailey J. Stress and burnout among critical care and medical surgical nurses: a comparative study. CCQ. (1986) 9:84–92.

 3. Chou LP, Li CY, Hu SC. Job stress and burnout in hospital employees: comparisons of different medical professions in a regional hospital in Taiwan. BMJ Open. (2014) 4:e004185. doi: 10.1136/bmjopen-2013-004185

 4. Wu H, Chi TS, Chen L, Wang L, Jin YP. Occupational stress among hospital nurses: cross-sectional survey. J Adv Nurs. (2010) 66:627–34. doi: 10.1111/j.1365-2648.2009.05203.x

 5. Acker GM. The impact of clients' mental illness on social workers' job satisfaction and burnout. Health Soc Work. (1999) 24:112–9. doi: 10.1093/hsw/24.2.112

 6. Jacobowitz W. PTSD in psychiatric nurses and other mental health providers: a review of the literature. Issues Ment Health Nurs. (2013) 34:787–95. doi: 10.3109/01612840.2013.824053

 7. Judd MJ, Dorozenko KP, Breen LJ. Workplace stress, burnout and coping: a qualitative study of the experiences of Australian disability support workers. Health Soc Care Community. (2017) 25:1109–17. doi: 10.1111/hsc.12409

 8. Alexander V, Ellis H, Barrett B. Medical-surgical nurses' perceptions of psychiatric patients: a review of the literature with clinical and practice applications. Arch Psychiatr Nurs. (2016) 30:262–70. doi: 10.1016/j.apnu.2015.06.018

 9. Dickens GL, Hallett N, Lamont E. Interventions to improve mental health nurses' skills, attitudes, and knowledge related to people with a diagnosis of borderline personality disorder: systematic review. Int J Nurs Stud. (2016) 56:114–27. doi: 10.1016/j.ijnurstu.2015.10.019

 10. Nugteren W, van der Zalm Y, Hafsteinsdóttir TB, van der Venne C, Kool N, van Meijel B. Experiences of patients in acute and closed psychiatric wards: a systematic review. Perspect Psychiatr Care. (2016) 52:292–300. doi: 10.1111/ppc.12125

 11. Berger AM, Hobbs BB. Impact of shift work on the health and safety of nurses and patients. Clin J Oncol Nurs. (2006) 10:465–71. doi: 10.1188/06.CJON.465-471

 12. Owens JA. Sleep loss and fatigue in healthcare professionals. J Perinat Neonatal Nurs. (2007) 21:92–100. doi: 10.1097/01.JPN.0000270624.64584.9d

 13. Tully A. Stress, sources of stress and ways of coping among psychiatric nursing students. J Psychiatr Ment Health Nurs. (2004) 11:43–7. doi: 10.1111/j.1365-2850.2004.00682.x

 14. Samaha E, Lal S, Samaha N, Wyndham J. Psychological, lifestyle and coping contributors to chronic fatigue in shift-worker nurses. J Adv Nurs. (2007) 59:221–32. doi: 10.1111/j.1365-2648.2007.04338.x

 15. Folkman S, Lazarus RS, Gruen RJ, DeLongis A. Appraisal, coping, health status, and psychological symptoms. J Pers Soc Psychol. (1986) 50:571–9. doi: 10.1037/0022-3514.50.3.571

 16. Folkman S, Moskowitz JT. Coping: pitfalls and promise. Annu Rev Psychol. (2004) 55:745–74. doi: 10.1146/annurev.psych.55.090902.141456

 17. Montero-Marin J, Prado-Abril J, Piva Demarzo MM, Gascon S, García-Campayo J. Coping with stress and types of burnout: explanatory power of different coping strategies. PLoS ONE. (2014) 9:e89090. doi: 10.1371/journal.pone.0089090

 18. Petticrew M, Bell R, Hunter D. Influence of psychological coping on survival and recurrence in people with cancer: systematic review. BMJ. (2002) 325:1066. doi: 10.1136/bmj.325.7372.1066

 19. Lazarus RS. From psychological stress to the emotions: a history of changing outlooks. Annu Rev Psychol. (1993) 44:1–21. doi: 10.1146/annurev.ps.44.020193.000245

 20. Lievens I, Vlerick P. Transformational leadership and safety performance among nurses: the mediating role of knowledge-related job characteristics. J Adv Nurs. (2014) 70:651–61. doi: 10.1111/jan.12229

 21. Wang Y, Wang P. Perceived stress and psychological distress among chinese physicians: The mediating role of coping style. Medicine. (2019) 98:e15950. doi: 10.1097/MD.0000000000015950

 22. Li X, Guan L, Chang H, Zhang B. Core self-evaluation and burnout among Nurses: the mediating role of coping styles. PLoS ONE. (2014) 9:e115799. doi: 10.1371/journal.pone.0115799

 23. Ruotsalainen JH, Verbeek JH, Mariné A, Serra C. Preventing occupational stress in healthcare workers. Cochrane Database Syst Rev. (2014) CD002892. doi: 10.1002/14651858.CD002892.pub4

 24. Ding Y, Yang Y, Yang X. The Mediating role of coping style in the relationship between psychological capital and burnout among chinese nurses. PLoS ONE. (2015) 10:e0122128. doi: 10.1371/journal.pone.0122128

 25. Wilski M, Chmielewski B, Tomczak M. Work locus of control and burnout in Polish physiotherapists: The mediating effect of coping styles. Int J Occup Med Environ Health. (2015) 28:875–89. doi: 10.13075/ijomeh.1896.00287

 26. Pillai V, Roth T, Mullins HM, Drake CL. Moderators and mediators of the relationship between stress and insomnia: stressor chronicity, cognitive intrusion, and coping. Sleep. (2014) 37:1199–208. doi: 10.5665/sleep.3838

 27. Nguyen-Rodriguez ST, Lisha NE, Spruijt-Metz D, Sun P, Rohrbach LA, Sussman S. Coping mediates the effects of depressive symptoms on sleep problems. Am J Health Behav. (2015) 39:183–90. doi: 10.5993/AJHB.39.2.4

 28. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4

 29. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. (1991) 14:540–5. doi: 10.1093/sleep/14.6.540

 30. Johns MW. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep. (1992) 15:376–81. doi: 10.1093/sleep/15.4.376

 31. Wu S, Zhu W, Wang Z, Wang M, Lan Y. Relationship between burnout and occupational stress among nurses in China. J Adv Nurs. (2007) 59:233–9. doi: 10.1111/j.1365-2648.2007.04301.x

 32. Folkman S, Lazarus RS, Dunkel-Schetter C, DeLongis A, Gruen RJ. Dynamics of a stressful encounter: cognitive appraisal, coping, and encounter outcomes. J Pers Soc Psychol. (1986) 50:992–1003. doi: 10.1037/0022-3514.50.5.992

 33. Carver CS, Scheier MF, Weintraub JK. Assessing coping strategies: a theoretically based approach. J Pers Soc Psychol. (1989) 56:267–83. doi: 10.1037/0022-3514.56.2.267

 34. Endler NS, Parker JD. Multidimensional assessment of coping: a critical evaluation. J Pers Soc Psychol. (1990) 58:844–54. doi: 10.1037/0022-3514.58.5.844

 35. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. (1986) 51:1173–82. doi: 10.1037/0022-3514.51.6.1173

 36. Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. New York, NY: Guilford Press (2013).

 37. Xie Z, Wang A, Chen B. Nurse burnout and its association with occupational stress in a cross-sectional study in Shanghai. J Adv Nurs. (2011) 67:1537–46. doi: 10.1111/j.1365-2648.2010.05576.x

 38. Aiken LH, Sermeus W, Van den Heede K. Patient safety, satisfaction, and quality of hospital care: cross sectional surveys of nurses and patients in 12 countries in Europe and the United States. BMJ. (2012) 344:e1717. doi: 10.1136/bmj.e1717

 39. Ilhan MN, Durukan E, Taner E, Maral I, Bumin MA. Burnout and its correlates among nursing staff: questionnaire survey. J Adv Nurs. (2008) 61:100–6. doi: 10.1111/j.1365-2648.2007.04476.x

 40. Germain A, Buysse DJ, Ombao H, Kupfer DJ, Hall M. Psychophysiological reactivity and coping styles influence the effects of acute stress exposure on rapid eye movement sleep. Psychosom Med. (2003) 65:857–64. doi: 10.1097/01.PSY.0000079376.87711.B0

 41. Voss U, Kolling T, Heidenreich T. Role of monitoring and blunting coping styles in primary insomnia. Psychosom Med. (2006) 68:110–5. doi: 10.1097/01.psy.0000195881.01317.d9

 42. Chang Y, Chan HJ. Optimism and proactive coping in relation to burnout among nurses. J Nurs Manag. (2015) 23:401–8. doi: 10.1111/jonm.12148

 43. Harvey CJ, Gehrman P, Espie CA. Who is predisposed to insomnia: a review of familial aggregation, stress-reactivity, personality and coping style. Sleep Med Rev. (2014) 18:237–47. doi: 10.1016/j.smrv.2013.11.004

 44. Pejušković B, Lečić-Toševski D, Priebe S, Tošković O. Burnout syndrome among physicians - the role of personality dimensions and coping strategies. Psychiatr Danub. (2011) 23:389–395.

 45. Brand S, Beck J, Hatzinger M, Harbaugh A, Ruch W, Holsboer-Trachsler E. Associations between satisfaction with life, burnout-related emotional and physical exhaustion, and sleep complaints. World J Biol Psychiatry. (2010) 11:744–54. doi: 10.3109/15622971003624205

 46. Spataro BM, Tilstra SA, Rubio DM, McNeil MA. The toxicity of self-blame: sex differences in burnout and coping in internal medicine trainees. J Womens Health. (2016) 25:1147–1152. doi: 10.1089/jwh.2015.5604

 47. Courvoisier DS, Cullati S, Ouchi R. Validation of a 15-item care-related regret coping scale for health-care professionals (RCS-HCP). J Occup Health. (2014) 56:430–43. doi: 10.1539/joh.14-0060-OA

 48. Lythe KE, Moll J, Gethin JA. Self-blame-selective hyperconnectivity between anterior temporal and subgenual cortices and prediction of recurrent depressive episodes. JAMA Psychiatry. (2015) 72:1119–26. doi: 10.1001/jamapsychiatry.2015.1813

 49. Castro JR, Rice KG. Perfectionism and ethnicity: implications for depressive symptoms and self-reported academic achievement. Cultur Divers Ethnic Minor Psychol. (2003) 9:64–78. doi: 10.1037/1099-9809.9.1.64

 50. Hamrick LA, Owens GP. Exploring the mediating role of self-blame and coping in the relationships between self-compassion and distress in females following the sexual assault. J Clin Psychol. (2019) 75:766–79. doi: 10.1002/jclp.22730

 51. Schreuder JA, Plat N, Magerøy N. Self-rated coping styles and registered sickness absence among nurses working in hospital care: a prospective 1-year cohort study. Int J Nurs Stud. (2011) 48:838–46. doi: 10.1016/j.ijnurstu.2010.12.008

 52. Bianchi R, Schonfeld IS, Laurent E. Burnout-depression overlap: a review. Clin Psychol Rev. (2015) 36:28–41. doi: 10.1016/j.cpr.2015.01.004

 53. Lee HF, Kuo CC, Chien TW, Wang YR. A meta-analysis of the effects of coping strategies on reducing nurse burnout. Appl Nurs Res. (2016) 31:100–10. doi: 10.1016/j.apnr.2016.01.001

 54. Günüşen NP, Ustün B. An RCT of coping and support groups to reduce burnout among nurses. Int Nurs Rev. (2010) 57:485–92. doi: 10.1111/j.1466-7657.2010.00808.x

 55. Asuero AM, Queraltó JM, Pujol-Ribera E, Berenguera A, Rodriguez-Blanco T, Epstein RM. Effectiveness of a mindfulness education program in primary health care professionals: a pragmatic controlled trial. J Contin Educ Health Prof. (2014) 34, 4–12. doi: 10.1002/chp.21211

 56. Kor P, Liu J, Chien WT. Effects of a modified mindfulness-based cognitive therapy for family caregivers of people with dementia: a pilot randomized controlled trial. Int J Nurs Stud. (2019) 98:107–17. doi: 10.1016/j.ijnurstu.2019.02.020

 57. Wu H, Ge CX, Sun W, Wang JN, Wang L. Depressive symptoms and occupational stress among Chinese female nurses: the mediating effects of social support and rational coping. Res Nurs Health. (2011) 34:401–7. doi: 10.1002/nur.20449

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Yin, Li, Yang, Yue, Fang, Yang, Wang, Liu, Kong, Ji, Lv, Wang, Yuan, Li, Zhang, Li, Yang and Du. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 24 June 2022
doi: 10.3389/fpsyt.2022.920723






[image: image2]

Association of Subclinical Hypothyroidism With Anxiety Symptom in Young First-Episode and Drug-Naïve Patients With Major Depressive Disorder

Ruchang Yang1,2†, Xiangdong Du2*†, Zhe Li2, Xueli Zhao2, Xiaoli Lyu2, Gang Ye2, Xinchuan Lu2, Guangya Zhang2, Chuanwei Li2, Yan Yue1,2, Yuxuan Wu1,2, Ruijie Peng1,2, Yue Zhou2,3, Haitao Wang4, Siqi Wu2,4, Pallavi B. Ganapathi5, Hanjing Emily Wu5 and Xiangyang Zhang6*


1Suzhou Medical College of Soochow University, Suzhou, China

2Suzhou Guangji Hospital, The Affiliated Guangji Hospital of Soochow University, Suzhou, China

3Xuzhou Medical University, Xuzhou, China

4School Psychology and Mental Health, North China University of Science and Technology, Tangshan, China

5Department of Psychiatry and Behavioral Sciences, The University of Texas Health Science Center at Houston, Houston, TX, United States

6CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing, China

Edited by:
Wenhao Jiang, Southeast University, China

Reviewed by:
Fengchun Wu, The Affiliated Brain Hospital of Guangzhou Medical University, China
 Wei Deng, Affiliated Mental Health Center and Hangzhou Seventh People's Hospital, China

*Correspondence: Xiangdong Du, xiangdong-du@163.com
 Xiangyang Zhang, zhangxy@psych.ac.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Psychological Therapy and Psychosomatics, a section of the journal Frontiers in Psychiatry

Received: 15 April 2022
 Accepted: 06 June 2022
 Published: 24 June 2022

Citation: Yang R, Du X, Li Z, Zhao X, Lyu X, Ye G, Lu X, Zhang G, Li C, Yue Y, Wu Y, Peng R, Zhou Y, Wang H, Wu S, Ganapathi PB, Wu HE and Zhang X (2022) Association of Subclinical Hypothyroidism With Anxiety Symptom in Young First-Episode and Drug-Naïve Patients With Major Depressive Disorder. Front. Psychiatry 13:920723. doi: 10.3389/fpsyt.2022.920723



Backgrounds: Subclinical hypothyroidism (SCH) was reported to be associated with depression; however, its role in coexisting anxiety symptom in young patients with major depressive disorder (MDD) remains unclear. The objective of this study was to explore the relationship between SCH and anxiety symptom in young first-episode and drug-naïve (FEDN) MDD patients.

Methods: A total of 520 outpatients diagnosed as FEDN MDD with SCH were recruited in this study. Their socio-demographic, clinical data and thyroid function parameters were collected. The Hamilton Anxiety Rating Scale (HAMA) and the Hamilton Depression Rating Scale (HAMD) were employed to measure the severity of anxiety symptom and depressive symptom, respectively. Based on the HAMA scores, patients who scored ≥ 25 were defined as anxious major depressive disorder (A-MDD) while others as non-anxious major depressive disorder (NA-MDD).

Results: The prevalence rate of A-MDD was 15.8% in young FEDN MDD patients with comorbid SCH. Moreover, serum thyroid stimulating hormone (TSH) levels were significantly higher in patients with A-MDD compared with those with NA-MDD (p < 0.001). Multivariate binary logistic regression analysis indicated that A-MDD was associated with serum TSH levels with an odds ratio (OR) of 1.602. Serum TSH level of 6.17 mIU/L was the critical value to distinguish A-MDD and NA-MDD, with sensitivity of 0.805 and specificity of 0.539. There were no statistically significant differences between NA-MDD and A-MDD patients in terms of socio-demographic variables, serum free triiodothyronine (FT3), free thyroxine (FT4), thyroid peroxidases antibody (TPOAb) and anti-thyroglobulin (TgAb) levels.

Conclusions: A-MDD patients presented higher serum TSH level. It is suggested that serum TSH level may be a potential biomarker for predicting moderate and severe anxiety symptoms in young FEDN MDD patients with SCH.
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INTRODUCTION

Major depressive disorder (MDD) is the most prevalent mood disorder in China, with a lifetime prevalence of 3.4% and 12-month prevalence of 2.1% (1). MDD is a common reason for years lived with disability with a high incidence rate, causing great burden to individuals and society (2, 3). Previous studies suggest young adults are at serious risk of MDD. A multinational study showed 12-month prevalence estimates of MDD between 8.3 and 12.4% among people aged 18–33 (4), while the overall 12-month prevalence of MDD is approximately 6% (5). A large sample study in Singapore reported a higher risk for adults aged 18–34 than other age groups to suffer from MDD (6).

Anxiety is one of the most commonly seen comorbidities in MDD patients, with a prevalence of 45–67% (7). Patients with anxious depression, which has been characterized as MDD with high levels of anxiety symptoms, were more likely to experience serious psychiatric symptoms, more severe depression, and a greater risk of suicide (8). In addition to psychological impairments, physical comorbidities such as pain, hypertension and diabetes mellitus are particularly elevated among patients with co-occurring depressive and anxiety disorders (9).

There is a considerably strong correlation between mood disorders and thyroid function (10, 11). Thyroid hormones (TH) are critical not only for brain development, but also for lifelong central nervous system (CNS) function (11–13). Numerous studies have demonstrated that TH affect depression and anxiety through multiple mechanisms. For example, Buras et al. noted that TH act via the thyroid hormone receptor (TR) α and β isoforms. Both isoforms are expressed in the limbic system, which plays an important role in mood regulation (14). Yu et al. demonstrated that by modulating hippocampal brain-derived neurotrophic factor (BDNF) level, thyroid dysfunction has bidirectional effects on anxiety- and depression-like behaviors (15). TH may also modulate the brain serotonergic system (16), further influencing anxiety and depression.

Anxiety and depression are highly prevalent among patients with hypothyroidism (11). Multiple studies have focused on the role of thyroid function in depression and anxiety, but no consistent conclusion has been reached. Erensoy recommended serum thyroid stimulating hormone (TSH) as a useful biochemical marker for more efficient depression management (17), while a systematic review on hypothalamic-pituitary-thyroid (HPT) axis function in anxiety disorders implicated a negative relationship between self-reported anxiety and TSH levels (18). This may result from different inclusion criteria such as age, gender, also suggesting further investigation. Yet Yu and colleagues suggested a bidirectional effect of thyroid function toward anxiety and depression (15). A retrospective study in China suggested thyroid hormones can reflect the clinical outcome of depression and normal-range free thyroxine (FT4) values are associated with the severity of anxiety and depression (12). Ittermann et al. found serum thyroid peroxidases antibody (TPOAb) levels to share no apparent correlation with depression and anxiety (19), while van de Van and colleagues suggested TPOAb to be a predictive biomarker for the vulnerability of depression (20).

With the increasingly precise testing and widespread screening during routine physical examination, subtle degrees of thyroid dysfunction can be discovered at the subclinical stage and diagnosed in young and middle-aged people at a higher frequency than ever before. Subclinical thyroid disease (SCTD) is defined as normal serum FT4 and free triiodothyronine (FT3) levels in the presence of abnormal serum TSH levels (44), high and low abnormality for subclinical hyperthyroidism and subclinical hypothyroidism (SCH), respectively (44). However, there are insufficient studies on the association between SCH and anxiety and depression, and no unanimous consensus has been reached. A systematic review suggested a higher risk of depression and anxiety in SCH patients (21), implying the significant role thyroid may play in regulating mood disorders. Zhao et al. found that recurrent and high body mass index (BMI) female depressed inpatients to be at increased risk of developing SCH. Stress likely plays a crucial role here, as depressed females are more vulnerable to stressors, leading to increased TSH level, thyroid dysfunction, psychological problems, and overeating (22). However, Bensenor et al. found SCH was negatively associated with anxiety disorder, but the result lost statistical significance after adjustment for multiple comparisons (23). A large sample study in China suggested depression and anxiety symptoms are correlated with severe SCH and elevated TSH levels (24).

Association between thyroid function and depression and anxiety can differ significantly for age, races and different disease episodes. A cross-sectional study in Europe suggested hypothyroidism is relevant with the severity of depression and its psychopathologic features in older people of Caucasian origin (2). Similarly, a Western Pomerania population-based study concluded that diagnosed untreated hypothyroidism is associated with depression and anxiety (19). Apart from races, the endocrine system changes in different life periods. For instance, there is a drastic difference before and after climacteric, typically in middle-aged people. It should be noted that endogenous depression or menopause-relative psychological manifestation may affect the assessment of psychiatric disorders (11). Moreover, it is considered that the titer of antibodies, such as TPOAb may vary with the development of disease (25). All these factors above may render inconsistent results of thyroid function in depression and anxiety, particularly because participants' age, race and physical status are not preserved across different studies.

Though many previous studies have demonstrated the relevant association between hypothyroidism and anxiety and depression, few studies focused on the potential association between SCH and anxiety and depression. By exploring at the subclinical stage, we can further understand the role of the thyroid and HPT axis in the occurrence and development of A-MDD. This may contribute to greater comprehension regarding pathogeny and early intervention. Moreover, with the introduction of TH therapy to depression treatment in recent years (26, 27), it may also provide evidence and bolster support for clinical practice. SCH has a different diagnostic standard and hormone level than clinical hypothyroidism; thus, results drawn from clinical hypothyroidism patients should be extended to SCH with caution. Even within SCH patients, ordinary thyroid indicators such as TSH and TPOAb may vary with age and race. Medication (15) or other antidepressant treatments (28) could also affect physical hormone levels. Therefore, our study recruited 520 Chinese Han population with first-episode and drug-naïve major depressive disorder (FEDN MDD), where the influence of antidepressant treatment on thyroid relevant indicators can be ignored, to explore the associations of SCH with anxiety. To minimize disturbances caused by aging, all the participants are in the age group of 18–35. To our best knowledge, no prior study has focused on this specific population to explore the association between SCH and anxiety symptom. The purposes of this study were to: (1) examine the relationship between SCH and anxiety in young FEDN MDD patients; (2) identify contributors that are significantly associated with anxiety symptom in young FEDN MDD with SCH.



METHODS


Subjects

From 2015 to 2017 this cross-sectional study included 520 outpatients from a psychiatric clinic at a tertiary general hospital in China.

The study inclusion criteria were: (1) Han nationality; (2) age between 18 and 35 years; (3) a diagnosis of MDD according to DSM-IV; (4) first episode patients with no previous medication history; (5) course of illness ≤24 months; (6) a score of ≥24 on the 17-item Hamilton Rating Scale for Depression (HAMD-17); (7) serum TSH level>4.20 mIU/L (upper limit of normal value), serum FT3 and FT4 level within their respective reference ranges; (8) no previous thyroxine therapy, or any specific medications. Exclusion criteria were: (1) having a serious physical disease; (2) pregnancy or lactation; (3) alcohol or substance dependence or abuse except for tobacco smoking.

All participants were voluntarily recruited and signed a written informed consent before enrollment. The medical ethics committee in First Hospital of Shanxi Medical University approved this study.



Socio-Demographic Characteristics

Socio-demographic characteristics including age, gender, age at onset, illness duration, marital status, education level and BMI were collected by well-trained researchers.



Clinical Measures

In this study, the severity of depression was assessed by the 17-item Hamilton Depression Scale (HAMD) (29). The 14-item Hamilton Anxiety Rating Scale (HAMA) was employed to measure anxiety severity (30). Each item in HAMA was scored on a scale of 0–4, with a total score of 56 points. Participants who scored 0–17 were considered as having no anxiety, 18–24 as mild anxiety, 25–29 as moderate anxiety, and ≥ 30 as severe anxiety (31). Based on the HAMA scores, we defined patients who scored ≥ 25 as anxious major depressive disorder (A-MDD) while others as non-anxious major depressive disorder (NA-MDD) (32). They were distributed to A-MDD and NA-MDD subgroup, respectively, and compared socio-demographic and clinical data between two groups.

The information above was collected by two qualified psychiatrists with no prior knowledge of participants' clinical conditions. After repetitive evaluation, the inter observer correlation coefficients of the HAMD and HAMA total score were both >0.8.



Blood Sample

Participants' blood samples were taken between 6:00 and 8:00 a.m. after an overnight fast, and sent for testing before 11 a.m. The laboratory center of the hospital was responsible for the measurement of serum levels of FT3, FT4, TSH, anti-thyroglobulin (TgAb), and TPOAb, with Roche C6000 Electrochemiluminescence Immunoassay Analyzer (Roche Diagnostics, Indianapolis, IN, USA). The normal range was 0.27–4.20 mIU/L for TSH, 3.10–6.80 pmol/L for FT3, 10–23 pmol/L for FT4, 0–115 IU/L for TgAb and 0–34 IU/L for TPOAb.



Statistical Analysis

The Kolmogorov-Smirnov test was used to assess the normality of all variables. For those variables that were normally distributed, they were expressed as mean ± standard deviation (SD), and parametric tests were performed and analysis of variance (ANOVA) was used for group comparisons. For those variables that were not normally distributed, they were expressed as median [interquartile range, IQR] and a non-parametric Mann-Whitney U test was performed to compare differences between groups. For those categorical variables, they were expressed as absolute numbers (percentages) and a chi-square test was performed to compare group difference. A univariate binary logistic regression was performed, in which A-MDD was used as dependent variable and serum TSH level was used as independent variable. After controlling for demographic and clinical characteristics, a multivariate binary logistic regression analysis was performed, in which A-MDD was used as dependent variable and age, illness duration, age at onset, gender, educational level, marital status, BMI, HAMD, TSH, TgAb, TPOAb, FT3, and FT4 were used as independent variables, to assess the factors associated with A-MDD. Receiver-operating characteristic (ROC) curve was constructed to assess the diagnostic accuracy of serum TSH level. Statistical analysis was computed using SPSS 23 with two-tailed p-values of 0.05.




RESULTS


Socio-Demographic and Clinical Characteristics

As shown in Table 1, a total of 520 participants met the inclusion criteria. Among them 82 (15.8%) met the criteria for A-MDD and 438 (84.2%) were NA-MDD. Compared with NA-MDD, there were no significant differences in age, illness duration, age at onset, gender, HAMD score, serum TgAb, TPOAb, FT3, and FT4 levels and BMI. The only significant difference between the groups was in serum TSH level (p < 0.001), with the A-MDD subgroup displaying a higher level than the NA-MDD subgroup.


Table 1. Socio-demographical and clinical characteristics of the participants.
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Factors Associated With A-MDD in Young FEDN MDD With SCH

Univariate binary logistic regression showed that serum TSH levels (OR = 1.515; 95% CI: 1.336–1.717) were associated with A-MDD. Multivariate binary logistic regression showed that serum TSH levels (OR = 1.602; 95%CI: 1.388–1.849) were associated with A-MDD (Table 2). The performance of serum TSH level was evaluated according to the ROC curve. The area under the ROC curve of serum TSH level was 0.721 (p < 0.001; 95%CI: 0.664–0.778), and its optimal cut-off value was ≥6.17 mIU/L (Figure 1). The sensitivity and specificity of the cut-off point for serum TSH levels were 0.805 (95% CI: 0.703–0.884) and 0.539 (95% CI: 0.491–0.586), respectively.


Table 2. Multivariate binary logistic regression for factors associated with anxiety symptom in young FEDN MDD patients with SCH.
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FIGURE 1. Diagnostic accuracy of serum TSH level for A-MDD in young FEDN MDD patients with SCH. The area under the ROC curve is 0.721 on serum TSH level.





DISCUSSION

To the best of our knowledge, this is the first study to investigate the association between SCH and anxiety symptom in young FEDN MDD patients. Our study revealed that the A-MDD rate among young FEDN MDD patients with SCH was 15.8%. We did not find significant socio-demographical differences between A-MDD and NA-MDD. As for blood samples, serum TSH level in A-MDD was higher than in NA-MDD. Further logistic regression analysis showed that higher serum TSH level was associated with A-MDD, suggesting it a predictive biomarker for A-MDD patients. The cut-off serum TSH level for distinguishing A-MDD was 6.17 mIU/L.

According to previous studies in Germany and the United States, A-MDD accounted for approximately half of MDD patients (33, 34). However, in our study, the prevalence of A-MDD among young FEDN MDD patients with SCH was 15.8%, appearing an obvious decrease. Although the lifetime prevalence of depression is significantly higher in patients with SCH (35), a cross-sectional study with a large sample size suggested that SCH is negatively associated with anxiety disorder (23), which may be a leading reason for the decrease found in our study. It is also of note that patients in our study were recruited from outpatient clinics, with illness duration of no more than 24 months and at the first stage of MDD, which may imply less and milder comorbidity, thus leading to the significant decrease of A-MDD rate. Moreover, Belov and Pshuk found that the severity of anxiety would increase with aging (36), with Lin and colleagues also suggesting that patients with A-MDD were likely to be older (8). Since patients in our study were of a younger population under the age of 36, this further suggests that age was a potential influencing factor contributing to the lower prevalence of A-MDD in this study. In addition, previous studies assessed anxiety using scale systems such as HAM-D anxiety-somatization factor (ASF), which may inflate false positive diagnosis of A-MDD (32). In contrast, our study employed the HAMA, recognized as the gold standard of anxiety severity assessment (32), indicating greater credibility.

One of the critical findings in our current study is that high serum TSH level is associated with A-MDD in young FEDN MDD with SCH. TH play essential roles in the adult brain, and depression and anxiety are commonly observed in hypothyroidism patients (11), demonstrating the importance of TH in regulating mood. The HPT axis works via negative feedback regulation. Absolute or relative TH deficit may lead to the secretion of thyrotropin-releasing hormone (TRH) and TSH. Though SCH patients displayed a normal range of serum FT3 and FT4 levels, the elevated serum TSH level was a potential indication of relative TH deficit, which may cause by decreased receptor sensitivity. Our study is consistent with many previous studies. Andrade and colleagues found a higher risk of anxiety and depression in SCH, and recommended TSH screening for symptom assessment (37). A community-based population study in Brazil suggested a positive relationship between high TSH levels and anxiety and depression in patients with T4 treatment (38). Teixeira Pde et al. reported positive relationships between the severity of depression, anxiety and TSH level (39). An Indian study revealed that after receiving treatment, the severity of anxious and depressive symptoms was decreased in depression patients with SCH. Besides, they also observed a serum TSH level decrease (28), suggesting parallel relationship with anxiety severity in depressive patients with SCH. However, a systematic review reported a negative relationship between anxiety severity and TSH in people without thyroid diseases when looking at patients in two large sample studies (18, 38, 40). Ittermann et al. observed an association between hypothyroidism and anxiety, depression, but no significant correlation between the symptoms and serum TSH level (19). Several reasons may account for the discrepancy. Firstly, some results were derived from secondary analysis and failed to adjust these for relevant confounders (18). Secondly, participants in our study are SCH, whose HPT axis may function abnormally, rendering different TSH secretion in SCH with other population groups. Thirdly, patients recruited in our study received no previous antidepressant treatment, which may influence TSH level (15, 28), while the previous studies may have had different inclusion criteria. Fourthly, participants in various studies included widely varying age groups. The endocrine system is volatile during climacteric. Furthermore, endogenous depression or menopause-relative psychological manifestations may affect the results (11). Since our study included young patients under the age of 36, it is possible to reach different conclusion than with studies comprising of older age groups.

In our study, serum FT3, FT4, TgAb, and TPOAb levels have no significant differences between A-MDD and NA-MDD. Hitherto, no consensus has been reached among previous studies. Wu et al. suggested FT4 as an independent biomarker related to anxiety and depression in AID patients (41). An animal experiment with male mice demonstrated T3 and T4 supplement effective anxiety regulators (14), while Yu et al. observed decreased anxiety and depression in mice with lower FT3 and FT4 levels (15). A study targeting Chinese females saw no significant correlation between hair T3 or T4 levels and the HAMA and HAMD scores, as well as hair TH level changes in different episodes of depression (42). Yang and colleagues' research targeted a similar population, revealing a negative correlation of hair T3 levels with anxiety and depression severity in first-episode patients with major depressive disorder (F-MDD) (43). A recent study found FT4 values within the normal range were associated with the severity of depression and anxiety (12). Though untreated diagnosed hypothyroidism was positively related to depressive symptoms and anxiety, it appeared no significant link existed between these two symptomologies and TPOAb (19). The possible reasons for these variable conclusions may be the inconsistent study design in our and previous studies. Samples from different body parts or collecting time may lead to different results. Subjects within different disease episodes can also partly explain the discrepancy among the studies (25, 42).

No significant demographical differences were found between A-MDD and NA-MDD in this study. Previous studies have reached variable conclusions. A cross-sectional study in India suggested no significant gender difference existed in HAMA score in hypothyroidism patients (11). A Korean review indicated that patients with anxious depression are more likely to be female gender, non-single and less educated (7). Another study conducted in the USA revealed a higher risk of anxious depression among those who were unemployed, with less education and once married or married (34). A German randomized controlled trial (RCT) listed older age, lower education levels and longer duration of the current episode as risk factors of anxious depression (33). Belov and Pshuk postulated that the severity of anxiety is associated with older age and female gender in depressive disorder (36), though this study included a mixed population with bipolar affective disorder (current episode of depression), depressive episode and recurrent depressive disorder. However, no prior studies have been conducted in young FEDN MDD patients with SCH to explore demographical features between A-MDD and NA-MDD.

To the best of our knowledge, our study is the first to explore associations between SCH and anxiety symptom in young FENN MDD patients. Hormones in the HPT axis have long been considered significant regulators of anxiety and depression (18, 38, 40). As the endocrine system is easily influenced by age, race, endocrine disease states, episodes of psychiatric disorders and medical treatment, our study focused on young FEDN MDD with SCH in the Chinese Han population to minimize these disturbances. Therefore, our results might be more accurate in clinical practice toward this particular group. It may contribute to predicting the severity of anxiety symptom in young FEDN MDD with SCH patients, thus appropriate evidence-based clinical prevention or intervention can be imposed. Compared with previous studies, this study employed HAMA, which is considered as the gold standard for anxiety assessment, rather than ASF to distinguish A-MDD patients, indicating a more concrete result. Moreover, given both SCH (44) and MDD (4, 6, 45) are more frequently diagnosed in young adults, our study appears to have more profound practicality.

Several limitations should be noted in our study. Firstly, as a cross-sectional study, its effectiveness in explaining the causal relationship between SCH and anxiety symptom in young FEDN MDD patients is limited. Further longitudinal studies are indispensable to investigate their causal relationship. Secondly, the medication history was obtained by interviewing patients and their family members instead of medical records. Thirdly, several confounding factors critical to the study, such as family income, diet and serum TSH level before the onset of MDD, which should be remedied in future studies by doing a prospective study. Fourthly, all MDD patients were recruited from the outpatient department of a regional general hospital. Therefore, our findings should be extended with caution to inpatients, community patients, and outpatients from other regions or racial groups. Fifthly, in this study, the recruitment of FEDN patients was used to avoid potential influence by medication and disease episodes. However, this led to the limitation of its extension to the entire MDD patient populations. Future research should involve MDD patients in different phases. Moreover, although all patients received a second diagnosis in the following 3–6 months and only patients with consistent MDD diagnosis were enrolled, it is possible to include diseases other than MDD. For instance, bipolar disorder and schizophrenia can manifest as depression in certain disease stages. As a sixth consideration, pregnant or lactating women were excluded from this study, given their drastic endocrine differences. Therefore, future research targeting this group is certainly needed. Seventhly, we only collected a blood sample one time. Repeated thyroid hormone tests within at least 3 months apart were recommended for a determined SCH diagnosis (46). Future study should impose repetitive examinations of TSH, T4 and T3 levels for a more accurate assessment of SCH. Total thyroxine (TT4) and total triiodothyronine (TT3) should also be included as the complete profile of thyroid hormones. Eighthly, our research results should be considered preliminary due to a lack of healthy control group, expecting future studies to confirm and replicate. Finally, serum TSH level was recommended as a potential predictive biomarker for A-MDD and a cut-off value of serum TSH level for distinguishing A-MDD was given. However, the critical value was low in specificity. Further studies are needed for a more accurate critical value with high specificity and sensitivity.



CONCLUSION

In conclusion, this study suggested that the A-MDD rate among young FEDN MDD patients with SCH was 15.8%. There is no significant age, gender, age at onset, illness duration, marital status, education level and BMI difference between A-MDD and NA-MDD among young FEDN MDD patients with SCH. Serum TSH level may serve as a potential biomarker for A-MDD, which is equivalent to MDD with moderate to severe anxiety symptoms, in young FEDN MDD patients with SCH. While serum TSH level was over 6.17 mIU/L, patients were more likely to experience moderate to severe anxiety symptoms. We recommend that young FEDN MDD patients with SCH have their serum TSH levels checked to better assess the severity of anxiety symptom.
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Depressive disorder is a common mental disorder that has a high prevalence and low visiting rate, which caused patients years lived with disability. Due to the complexity of the depressive disorder, the Delphi method is a better choice compared with other commonly used methods, which provides a new perspective for the prevention and treatment of depression. This article will summarize the clinical studies of depressive disorders using the Delphi method from four perspectives, and summarize the advantages and disadvantages of the Delphi method in depressive disorders research, arguing that the Delphi method can cross the gap between clinical research and clinical practice, and is a highly practical part of the research process.
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INTRODUCTION

Depressive disorder is a common mental disorder manifested with depressed mood, loss of interest, insomnia or drowsiness, fatigue, psychomotor retardation, poor concentration, and memory loss as the main manifestations (1). A study indicates that in countries around the world, the prevalence of depressive disorder ranged from 6% (Shenzhen, China) to 21% (France), and a close look at WHO World Mental Health (WMH) results shows that on average about half of the respondents have positive symptoms of depression (2). Among them, major depression is the top three causes of years lived with disability (YLDs) in 136 countries (3), but only 16.5% of patients with major depression have received adequate treatment (4). As the modern population still harbors misconceptions and fears about mental disorders, a study showed that more than 80% of people agree that professional help should be sought for mental illness, but less than 40% are likely to take action (5). Regarding psychiatric medications, the same is true that with 57% of respondents agreeing that medications should be taken regularly, more than 60% believed that they would be harmful. Depressive disorders are heterogeneous with complex etiology (6), and their regression and prognosis are also influenced by biological, psychological, and social factors of the patient, and there is some disagreement in clinical treatment (7).

There are many commonly used methods to study depressive disorder, such as observational research and experimental research. In observational studies, inferences are usually drawn from a sample, so the representativeness of the sample directly affects whether the inference is correct or not. In contrast to observational studies, experimental studies need to strictly follow the three principles of statistical “replication, control, and randomization,” including setting up a certain number of replicate observation samples, establishing a control group, and adopting randomized grouping or random sampling to ensure the balance between groups. They have a higher level of evidence than Delphi studies, but the findings are not compatible with the complex clinical environment and may be difficult to apply practically. The Delphi Study is a reliable prediction and evaluation method combined with quantitative and qualitative, which uses an anonymous survey of expert opinions, and after several rounds of feedback, communication, and discussion, the expert opinions eventually converge to produce an expert consensus on the study objectives (8). A comparison of the advantages and disadvantages of the three can be seen in Table 1. Patients with depressive disorders have poorer adherence and greater individual differences than other disorders, making observational and experimental research more difficult to perform and more difficult to obtain valid conclusions. Using the Delphi method to conduct research at this time can help bridge the gap between theory and reality and lead to more realistic conclusions. Other commonly used clinical research methods may be difficult to handle due to the complex and varied clinical characteristics of depressive disorder and its various personalized characteristics. However, the Delphi method is a structured group communication process that can make decisions through collective subjective judgment and then deal with expert consensus by statistically aggregating opinions. It can also be compared with other research methods to exclude subjective factors and draw more accurate conclusions. In recent years, more and more scholars have started to use the Delphi method to conduct multi-faceted research on depressive disorders, and this article intends to summarize and organize the relevant studies, so as to provide references and inspiration for clinical research.


TABLE 1. Advantages and disadvantages of the three methods.
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METHODS

We conducted a search using PubMed and Embase with the keywords Delphi study, Delphi technique, depressive disorder, and depression. Papers on the above keywords were then screened and selected According to our inclusion criteria and exclusion criteria, papers should use the Delphi method, or use research methods that include the Delphi method, and papers should study depressive disorder or study subjects that include or are related to depressive disorder. Any article that was not related to the Delphi method or did not study depressive disorders should be excluded.



RESULTS

Using the above criteria, we screened 72 papers. We did not find reviews of Delphi studies on depressive disorders. In terms of specific research content, 6 papers (8% of studies) produced clinical guidelines, consensus, or quality indicators for different types of depressive disorders, 3 papers (4% of studies) made recommendations for the prevention of depressive disorders, 5 papers (7% of studies) improved and validated relevant diagnostic scales, 5 papers (7% of studies) provided consensus on the care needs of patients with depressive disorders, and 5 papers (7% of studies) 5 papers (7% of studies) provided a consensus on the care needs of patients with depressive disorders, 5 papers (7% of studies) provided references on emergency care for different types and severity of depressive disorders, 2 papers (3% of studies) told patients with depressive disorders how to help themselves, 8 papers (11% of studies) developed an expert consensus on the use of multiple medications, Four papers (5% of studies) examined other therapies and tools that have been helpful in depressive disorders, Sixteen papers (22% of studies) focused on the co-morbidity of depressive disorders with other disorders and made recommendations, and 18 papers (25% of studies) analyzed and explored depressive disorders in different populations, including adolescents, the elderly, pregnant parents, and physician (medical student) groups. Findings from our review were summarized by indigenous studies of depressive disorders, diagnosis and differential diagnosis of depressive disorders, treatment process for depressive disorders, and prevention and prognosis of depression disorder.


Localization of Depressive Disorders by Delphi Method

Currently, the more recognized definition and diagnostic criteria for depressive disorders are based on the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) compiled by the American Psychiatric Association, and most of the scales used in clinical practice are developed based on the DSM-5. However, the occurrence and development of depressive disorders are complex, and different social backgrounds, economic levels, and cultural folklore can have an impact on their clinical manifestations and prognosis, so indigenous studies of depressive disorders are significant (9–12). In contrast, indigenous studies are mostly difficult to quantify due to the low level of evidence of the conventional studies (7). Comparatively, the expert experience and consensus obtained from disease studies based on original assessment modalities through Delphi studies provide a novel exploration for clinical study and are helpful for indigenous studies of depressive disorders.

Psychological scales are the most important means of assessing depressive disorders (13), but their reliability and validity, and applicability to a certain population still need corresponding localization studies. At this point, Delphi studies can facilitate the process of localization of psychological scales. Loneliness is closely related to depressive disorders and is a risk factor for depressive disorders that can be intervened, affecting the development, progression, and prognosis of depressive disorders (13–16), which in turn affects the physical and mental health of older adults. However, the lack of a valid instrument to evaluate loneliness has hindered the prevention of depressive disorders in older adults to some extent. Instead of designing a new instrument, it would be better to have a common instrument in English and Chinese, such as a localized translation of the 6-item De Jong Gierveld Loneliness Scale, which would help to integrate data from different centers around the world for cross-cultural analysis. To develop and validate a Chinese version of the 6-item De Jong Gierveld Loneliness Scale to better assess the risk of depression among the elderly in China, Leung et al. (17) issued a Chinese version of the De Jong Gierveld Loneliness Scale to 103 Hong Kong elderly people aged 60 years or older to conduct a statistical analysis of the reliability and validity of the scale, while the Delphi group later determined the validity of the scale content. The results showed that the total loneliness score was significantly and positively correlated with the direct measure of loneliness (rpb = 0.71; p < 0.001), which is considered the gold standard for assessing loneliness, indicating that the Chinese version of the De Jong Gierveld Loneliness Scale has good reliability and validity The application of this scale will be beneficial for better prevention of depressive disorders in the elderly.

A new, culturally adapted scale could also be developed through a Delphi study. Xie et al. (18) concluded that depression among older adults in China is not given enough attention, so they used the Delphi method to develop a culturally appropriate scale to screen for depression in older adults in a non-psychiatric context, and tested it for diagnostic reliability and validity, both with high levels. Their results showed that for the Chinese society, the presence of appetite or weight changes, sleep disturbances, and somatic complaints were the top three most valuable symptoms for the diagnosis of depression in older adults.

The Delphi study may also assist in localizing treatment tools. For example, Hart et al. (19) developed a series of local culture-based guidelines through the Delphi study in order to maintain indigenous mental health in Australia. The findings suggest that physicians must be aware of relevant cultural factors in mental illness, such as cultural behaviors that may mimic symptoms of mental illness, the important role of family and community, and the need to facilitate supporting relationships. For example, concerning cultural factors, where patients may mimic cultural behaviors that are symptomatic of mental illness. These findings are consistent with other works of literature related to culturally based care for depressive disorders.



Using Delphi Research to Clarify the Diagnosis and Differential Diagnosis of Depressive Disorder

The clinical manifestations of depression are varied, but in clinical diagnosis and treatment, patients’ poor insight into their disease may mislead doctors, making it difficult for doctors to make a quick and accurate diagnosis (20–22). Traditional scales, such as Minnesota Multiphasic Personality Inventory (MMPI) have some defects, such as the large number of questions and long time-consuming, while simple scales, such as SDS, are difficult to assess accurately the severity of depression (23), it is difficult for patients with a depressive disorder to obtain psychological scale efficiently and comprehensively. There are many scales used in the clinical diagnosis of depressive disorder, and the reliability and efficiency of different scales are also difficult to choose. Nabbe (24) conducted a Delphi study on the selection of clinical scales and concluded that the Hospital Anxiety and Depression Scale and the Hopkins Symptoms Checklist-25 (HSCL-25) are sufficiently valid and reliable clinical options.

There is also a clinical dilemma that is difficult to identify with bipolar disorder type 1. To assess the value of Bipolar Spectrum Diagnostic Scale(BSDS) in the differential diagnosis of unipolar and bipolar depression, Juan Pablo et al. used BSDS to evaluate patients with a depressive episode, and then patients are reassessed using the Structured Clinical Interview for DSM-IV Axis I Disorders. The SCID-I diagnosis was compared with the BSDS screening results to analyze the accuracy, sensitivity, and specificity of BSDS screening for bipolar disorders. Studies have shown that in patients with depressive episodes in Mexican, a cut-off value of 12 reached the most stable sensitivity and specificity, with predictive powers higher than 0.80, which is basically consistent with foreign studies (25–27). This result suggests that BSDS screening for patients with bipolar disorder in depressive episodes has a certain degree of accuracy and specificity, but its sensitivity is not ideal (28).

Corresponding, McIntyre et al. (29) have used the Delphi method to create a rapid mood screening tool to identify both unipolar and bipolar disorder, which can screen for not only manic symptoms but also bipolar disorder, it also includes risk factors for bipolar disorder 1 (for example, the age of onset of depression) to help clinicians reduce the risk of misdiagnosing bipolar disorder 1 as a depressive disorder. The sensitivity and specificity of the tool were 0.88 and 0.80, respectively. The positive and negative predictive values were 0.80 and 0.88, respectively. The accuracy of the tool was higher than that of the other mood disorders questionnaire, at the same time, the questionnaire options were reduced by more than 50%. The use of this tool effectively addresses the need for a more comprehensive assessment of bipolar disorder 1, helping to reduce misdiagnosis and improve treatment regimens.

There is a lack of consensus on certain subtypes of depressive disorders, which can hinder evaluation, testing, and treatment, and the Delphi method can be used to guide clinical practice. Freitas et al. (30) conducted a Delphi study aimed at reaching an expert consensus on the defining factors of paternal depression during pregnancy and postpartum. They believe that perinatal paternal depression is “depression that starts during pregnancy or a year after birth.” Many for “depressed mood, negative thinking, physical symptoms (weight loss, sleep problems), as well as pregnancy or postpartum about a year ‘masked male depression symptoms.” Found several symptoms specific to this group, including confusion about fatherhood/concern about fatherhood and reduced involvement in caregiving activities, experiencing “conflict between who you should be and who you really are,” feeling trapped in life, and grieving over the loss of your old life and relationships; Experts also point out that there is a lack of appropriate tools for assessing perinatal paternal depression in response to these symptoms, even with male-specific depression tools such as the Gotland Male Depression Scale, there is no consensus on its use in this particular population, which may be due to the unique experiences of the father during the pregnancy of the partner or after the birth of the child.



Use the Delphi Method to Evaluate and Improve the Treatment Process for Depressive Disorders

The clinical use of antidepressants needs extra caution, its side effects are various (31). Antidepressants bring pain to patients, but they may also reduce patients’ compliance to medication, induce patients’ sense of shame and increase patients’ anxiety (32), and it takes some time for antidepressants to take effect, dosage selection also needs to be considered, after taking a certain degree of addiction, the withdrawal will also have a considerable degree of withdrawal reaction (31, 33, 34). Antidepressants tend to be expensive, and discretionary use can put a financial strain on the health care system and on patients, which can ultimately translate into emotional stress (35–37). In response to these dilemmas, several researchers have evaluated the clinical use and health economics of antidepressants and other therapies, providing detailed expert advice on clinical drug selection.

Delphi study provides expert advice on clinical drug use, for example, Lee et al. (38) conducted a Delphi study to build local consensus and guide doctors to use bupropion for different mental illnesses. The study ultimately yielded 11 consensuses, covers indications, contraindications, side effects, etc. It provides a valuable reference for clinical medication and also puts forward a more detailed application consensus. Besides treatment for major depressive disorder, bupropion is also indicated for seasonal affective disorder and is particularly useful for patients with anhedonia, reduced motivation, weight concern, and sexual dysfunction; Off-label uses of bupropion include smoking cessation, attention deficit hyperactivity disorder (ADHD), bipolar disorder, Parkinson’s disease, depression, and occasionally for some anxiety disorders. Similarly, Simonetti et al. (39) reached an expert consensus on the importance of mood stabilizers represented by lithium-ion preparations combined with antidepressants in the treatment of chronic bipolar disorder and suggested that for the manic/mixed phase, whether used alone or in combination with mood stabilizers, second-generation antidepressants may be effective in the short to medium term. In addition to advising on the clinical application of a drug, there are also experts comparing multiple drugs through the Delphi study. To select the most suitable antidepressant drugs for the elderly, Agüera-Ortiz (40) led an expert group to select 21 common antidepressant drugs and evaluate the operation of different strategies in terms of efficacy and safety in dealing with drug-resistant cases. Considering drug therapy, agomelatine is the most widely mentioned drug in terms of safety in comorbid conditions. In general, venlafaxine, sertraline, and vortioxetine are the most commonly recommended antidepressants.

However, even if a patient is fully on-target for a drug, there is still a chance that the drug will not work well (41, 42). Selective serotonin reuptake inhibitors (SSRIs) are often recommended as the antidepressant of choice (43), but 30–40% of patients do not respond adequately to the first prescribed antidepressant (44), this may be due to the patient’s genotype insensitive to SSRIs. Oestergaard et al. (45) conducted a Delphi study on whether 5-HTTLPR polymorphism screening should be used in clinical problems of depression, expert opinion pointed out the impact of 5-HTTLPR pre-detection on clinical outcomes, the introduction of 5-HTTLPR genotyping will lead to 33.8, 48.2, 57.8, and 65.1% of patients reaching remission at 1, 2, 3, and 6 months, respectively. It is determined that, in some special situations the test could be combined with 5-HTTLPR to better predict patient characteristics of depressive responses resistance.

While using the medicine, in addition to considering whether the drug is suitable for the patient, it is also necessary to consider the cost that the patient needs to bear. At this time, the Delphi method is also often used for pharmacoeconomic evaluation and drug cost-effectiveness research. Wade et al. (46) used the Delphi method to study the cost and benefit of escitalopram and citalopram in the treatment of major depressive disorder in the United Kingdom. Escitalopram had a higher overall response rate and first-line success rate, and the average treatment cost was 15.7% lower than citalopram. This conclusion is also supported by a study by Nuijten et al. (47) in the Netherlands, where the favorable clinical benefit of escitalopram resulted in positive health economic benefits. In addition, Le Pen et al. (48) evaluated the potential economic benefits of fluoxetine versus tricyclic antidepressants (TCAs) in the treatment of mild to moderate depression, and Lenox-Smith et al. (49) assessed the cost-effectiveness ratio of venlafaxine versus fluoxetine and amitriptyline for the treatment of major depressive disorder in the United Kingdom. Both studies have shown that although the development of new drugs is expensive, better efficacy can bring higher social value and more economic savings, so slightly higher treatment costs should not be a hindrance to the first-line choice for new drugs to treat depressive disorders.

In addition to antidepressants, adjuvant therapy with other medications can also help with depressive disorders. The International Society for Research in Nutritional Psychiatry (ISNPR) developed the first practice guidelines for the use of n-3 polyunsaturated fatty acids (PUFAs) in the treatment of major depressive disorder in 2019 (50), but there is a gap between evidence and consensus. To strengthen these guidelines and improve their clinical applicability, Guu et al. (51) synthesized the evidence and clinical experience previously obtained through the Delphi methodology, and based on the support of a large body of evidence, ultimately “N-3 PUFAs are one of the potential adjunctive therapies for MDD in adults” reached the highest consensus. In addition to drug treatment, adjuvant therapy such as exercise therapy and mindfulness therapy can also help patients with depressive disorders. And in the information age, it is also possible to use information and communication technology (ICT) to improve depression. Gros et al. (52) have used the Delphi method to explore ways to help patients with depressive disorders through ICT, such as improving patients’ mood through games, and online psychological counseling through VR. These methods are very positive for the improvement of patients’ conditions.



Consensus Study on Improvement of Prevention and Prognosis of Depression Disorder

It is difficult to predict the prognosis of patients with depression (53, 54), as most patients often relapse within a few years or require lifelong maintenance medication if they relapse more than once (55). So how to determine and improve the prognosis of patients is also of great concern to researchers. Based on patients with insights on the disease (including the understanding of disease, symptoms, the demand for treatment, and social consequences of mental illness) is related to the prognosis of mood disorders (20–22), Olaya et al. (56) through the Delphi study design and apply a scale of insight for depression patients. They found a correlation between patients’ poorer insight and a higher number of previous hospitalizations, but not with patients’ demographic characteristics, including gender, age, or education.

Similarly, patients leaving the hospital do not mean the end of the diagnosis and treatment process. Compared with other diseases, patients with depression disorder need spiritual care, and it is also an important part of daily care and follow-up of patients during the diagnosis and treatment process. A Delphi study by Koekkoek et al. (57) concerned many difficulties in the care of chronic depressive disorders, such as the risk of relapse, dependence on treatment, and the sense of hopelessness caused by recurrent episodes. With another Delphi study undertaken, Palmer (58) agreed on 5 points about how primary care settings serve depressive disorders and related conditions: including listening, understanding, compassion, providing thorough and competent diagnosis and management, regularly following and monitoring patients’ condition, facilitating patient visits, and providing comprehensive treatment and tailored care according to individual needs.

The rehabilitation of patients with depressive disorder not only needs the efforts of medical staff and caregivers, but also patients’ efforts play a significant role. Several experts have conducted Delphi studies, offering patients a range of steps that they can take to improve their situation, such as recognizing and acknowledging depression, how to avoid self-harm and suicide attempts, how to seek help from the outside world, and separating advice on how to deal with psychological crises (59–62). Shin et al. (63) tested the effect of self-help intervention on depressive symptoms and sub-threshold depression by Delphi, which showed that lifestyle change and psychological methods were the best choices for depression patients, while health care products were the least effective. They also found that psychiatrists (82.6%) and the general population (67.2%) were more likely to prefer self-help methods than depressed patients (28.4%), perhaps because of patients’ pessimism that they would not benefit from self-help strategies. In terms of specific operations, Morgan et al. (64) proposed a series of sub-threshold depression self-help strategies, aim to help reduce the sub-threshold depression degree, improve the quality of life of the people, thus preventing depression, the concreting content includes regular sleep and exercise, do like things, avoiding excessively overworked, learning relaxation techniques, associating with positive people, etc.




DISCUSSION

Due to the diversity of social background of the patients with depressive disorder, the disunity of the evaluation scale, the difficulty of clinical diagnosis and differential diagnosis, and the uncertainty of prognosis, the Delphi method is regarded as a better research method. A combination of the Delphi method was applied to study the localization of depressive disorder, diagnosis and differential diagnosis, treatment, and prognosis of the status, we found that in different regions, different cultural backgrounds, different economic characteristics of the social system, the application of each kind of different depression scale for assessment of all need to take into account the application of the reliability and validity. Given the clinical confusion that it is difficult to distinguish single depression from bidirectional depression, the establishment of an evaluation scale with high reliability and efficiency is an urgent problem to be solved in the clinic. The selection of clinical antidepressants is characterized by the contention of a hundred schools of thought and is affected by the lack of development of biomarkers for depression. Years of network meta-analysis established Sertraline Hydrochloride in the treatment of depressive disorder status, but the different social backgrounds, economic, the age of the onset of depressive disorder lead to the treatment of depressive disorder need accuracy, so the Delphi method research can be integrated clinical expert clinical experience, improve the accuracy of clinical treatment; The recurrence and prognosis of depression are difficult to be solved clinically, and the choice of different treatment schemes also leads to the difficulty in estimating drug withdrawal and disease recurrence. Delphi method can gather the clinical experience of experts in the clinical field and make clinical treatment more grounded, which is difficult to be achieved by other research methods.

As an anonymous expert investigation method, the Delphi method has obvious advantages and disadvantages. Though it is difficult to measure the reliability and validity of Delphi method, and it is requires a long research period, obtains a low level of evidence, and difficult to reach an accurate consensus in the face of controversial content, Delphi research avoids the shortcoming of low credibility of general questionnaire survey through several rounds of expert consultation and makes comprehensive statistical analysis of the conclusions, and finally transforms the personal experience of experts into expert consensus on a certain aspect. Due to the complexity of depression, it is difficult for traditional research methods to obtain high-level evidence, and the research conclusions do not match the complex clinical environment, so it is difficult to apply to clinical practice. Delphi research can combine the existing research results with the rich experience of experts, which is a shortcut to the clinical application of research results. At the same time, in the process of continuous feedback and communication with experts, Delphi research is better at discovering the shortcomings of the current research, which can point out the direction of the next research. When we use the Delphi method in a suitable environment and time for research, it may bring more help to our research.
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Background: It is clinically challenging to distinguish bipolar disorder (BD) from major depressive disorder (MDD) in the early stages. While the hypomania checklist-32 (HCL-32) is a proper auxiliary tool that is useful to differentiate between BD and MDD, there is currently no standard cut-off value. The variations in HCL-32 cut-off values could potentially be influenced by personality traits. Therefore, the aim of this study is to explore the effect of personality traits on the screening performance of HCL-32.

Methods: In this retrospective cross-sectional study, 168 patients with BD or MDD were evaluated with the Eysenck Personality Questionnaire (EPQ) and HCL-32. The associations between demographic data, diagnosis and clinical rating scales were analyzed.

Results: Diagnosis was not associated with extraversion but was related to neuroticism. HCL-32 scores in typical extraverted patients were higher in contrast to atypical extraverted patients. The best cut-off value for BD recognition of typical and atypical extraversion groups were 15 and 12.5, respectively. In patients with MDD, HCL-32 score of typical neuroticism was higher than the atypical type, but there was no difference in patients with BD. In typical neuroticism, there was no difference in HCL-32 scores between patients with MDD and BD. But among atypical neurotic patients, HCL-32 scores of BD were higher compared to MDD, with a cut-off value of 14.5.

Limitations: This study had a small sample size.

Conclusion: HCL-32 scores were affected by personality traits, with higher scores for typical extraversion and neuroticism. Clinicians should also consider the patients’ personality traits when referring to HCL-32 scores, so as to increase the recognition rate of BD and eliminate false positives.

KEYWORDS
bipolar disorder, major depressive disorder, personality traits, Eysenck Personality Questionnaire, hypomania checklist-32


Introduction

While major depressive disorder (MDD) and bipolar disorder (BD) are both mood disorders, they are clinically distinct psychiatric illnesses (1). Since BD patients usually suffer from depressive episodes in the initial course of the disease, it is clinically difficult to distinguish BD from MDD (2). A nationwide study in China reported that approximately 20% of patients with BD are initially misdiagnosed with MDD (3). A misdiagnosis will delay the appropriate treatment and hence prolong the suffering of the patient and worsen the prognosis (4).

The hypomania checklist-32 (HCL-32) is a scale that screens for hypomanic symptoms and is useful to discriminate between BD and MDD (5), but its optimal cut-off value, sensitivity and specificity are still not completely homogenous. A study based in primary health care showed that 15 is the best cut-off value for distinguishing BD and MDD (6). Other studies have demonstrated that 14 is the ideal cut-off value, but there are variations in its sensitivity and specificity, for instance, in Europe (sensitivity 0.8, specificity 0.51) (7), Taiwan (sensitivity 0.82, specificity 0.67) (8) and China Mainland (sensitivity 0.69, specificity 0.98) (9). Another study validated that an optimal cut-off value of 13 could distinguish patients with BD-II from MDD, with a sensitivity of 0.77 and a specificity of 0.62 (1). Not only has the cut-off value of HCL-32 been found to be inconsistent in previous studies but, in clinical practice, some BD patients have low HCL-32 scores while MDD patients have high scores. The inconsistencies in the cut-off values of HCL-32 could potentially be explained by different personality traits.

Personality refers to the characteristic sets of behaviors, cognitions, and emotional patterns that are acquired through learning and habits (10). It is widely accepted that “The Big Five Personality Traits” comprise of extraversion, neuroticism, openness, agreeableness and conscientiousness (11). However, according to Hans Eysenck, the three major dimensions of personality that account for most of the variance in personality are extraversion, neuroticism, psychoticism (12). Both the “three-factor model” and “the five-factor model” are widely accepted approaches which extensively make use of self-report questionnaires to investigate personality (13). In personality theory, neuroticism is characterized by the disposition to experience negative emotional states (14). Extraversion is described as being talkative, outgoing and having a positive affect with very high levels of arousal (15). Psychoticism is not only associated with the liability to have a psychotic episode but also with aggressivity, impulsivity and sensation-seeking (16). To date, the most widely studied core personality traits that associated with BD and MDD are neuroticism and extraversion (17).

A study that investigated whether personality traits could predict the onset of depressive or manic episode found that both of the two episodes were associated with neuroticism and extraversion (18). Another study which explored the levels of neuroticism or extraversion between BD and MDD patients revealed that a high neuroticism might indicate a vulnerability to both BD and MDD patients (19). Personality traits in BD were characterized by high neuroticism as well as low extraversion (20). Compared to patients with BD I, BD II patients had higher neuroticism and lower extraversion (21). For depression, it was previously reported that extroversion was a protective factor while neuroticism was a risk factor (22). These findings suggest that the two traits of neuroticism and extraversion in personality traits have a strong influence on the course and outcome of both MDD and BD.

The aim of this study is to explore the effect of the two traits of neuroticism and extraversion in personality on the HCL-32 score in patients with MDD and BD. We hypothesized that personality traits might interfere with the screening performance of HCL-32. The importance of the current study is to improve the early clinical recognition of BD and reduce the misdiagnosis rate with MDD.



Materials and methods


Participants

In this retrospective cross-sectional study, 168 patients were recruited from Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School from December 2020 to October 2021. The participants were evaluated and diagnosed by one consultant psychiatrists according to the Diagnostic and Statistical Manual of Mental Disorders, fifth Edition (DSM-V) criteria. This study was approved by the Research Ethics Board of the Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing University Medical School. This study is retrospective, and the risk to the subjects is not greater than the minimum risk, so informed consent was abandoned.

All patients met the following inclusion criteria: (1) MDD or BD; (2) 16 years old and above; (2) Han Chinese; (3) the ability to understand the meaning of each section of the rating scale. Patients who were diagnosed with other psychotic disorders including schizophrenia were excepted. Subjects who presented with comorbid psychiatric illnesses, alcohol or substance use disorders, were pregnant or had severe somatic diseases were also excluded.



Psychological rating scales

The clinical data and two psychological scales data were retrospectively collected from electronic medical records. The demographic information included age, gender, education, clinical diagnosis.

In the current study, the Eysenck Personality Questionnaire (EPQ) was administered to both MDD and BD patients in order to examine personality traits (23). Only the two personality traits of extraversion and neuroticism were calculated. Extraversion scores higher than 61.5 was defined as typical extraversion, otherwise it was atypical extraversion. Among the atypical extraversion group, scores higher than 38.5 was defined as extraversion-intermediate, otherwise it was typical introversion. Similarly, if the neuroticism score was higher than 61.5, it was defined as typical neuroticism (24). Else, the scores were recognized as atypical neuroticism.

All participants were assessed with the self-administered HCL-32 questionnaire. Afterward, patients were divided into two groups according to their HCL-32 score. A score ≥14 was considered as a HCL positive group and a score <14 was regarded as a HCL negative group.



Statistical analysis

Continuous data are presented as mean ± standard deviation and categorical data are presented as percentage (%). Independent two-sample t-test was used for age and each personality trait score of EPQ while rank sum test was utilized for education, and Chi-square test or Fisher’s exact test was employed for gender and diagnosis. Two-factor analysis of variance was used to explore the impact of diagnosis and personality traits on HCL-32 scores. ROC curve analysis was computed to find the best HCL-32 cut-off value under different personality traits. The HCL-32 score corresponding to the maximum value of “sensitivity + specificity −1” was used as the cutoff value. All statistical analyses were conducted using SPSS 21.0 software. All statistical tests were two-tailed, and p < 0.05 was considered statistically significant. As for multiple comparisons, Bonferroni correction were applied, the p-value output by the SPSS software was the calculated probability p multiplied by the number of comparisons, so that as long as the p-value was less than 0.05, the correction was passed.




Results


Description of the study sample

There were 168 patients included in the study. All subjects were divided into HCL positive (N = 104) and HCL negative (N = 64) groups. The demographic and clinical characteristics of the subjects are summarized in Tables 1, 2. In addition, see Table 3 for HCL-32 scores of subjects with different personality traits and diagnoses.


TABLE 1    Demographic characteristics and psychological scale results of patients.
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TABLE 2    Number of subjects with different personality traits.
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TABLE 3    Hypomania checklist score of each group.
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Comparisons between hypomania checklist positive and hypomania checklist negative groups

There were statistically significant between-group differences in diagnosis (χ2 = 26.636, p < 0.001), extraversion (t = 3.456, p = 0.001), and neuroticism (t = 4.001, p < 0.001). The differences in age (t = 1.128, p = 0.261), education (z = 1.067, p = 0.29), and gender (χ2 = 0.004, p = 0.948) between the two groups were not statistically significant. See Table 1.



Two-factor analysis of variance


Extraversion and diagnosis

There was no interaction between extraversion and diagnosis on the HCL-32 score (F = 1.764, p = 0.175, partial η2 = 0.021). An increase in extraversion score led to higher overall HCL-32 scores. Patients exhibiting typical extraversion scored 7.56 ± 1.1 points higher than the extraversion-intermediate group (p < 0.001, Bonferroni correction) and 7.82 ± 2.7 points higher than the typical introversion group (p = 0.013, Bonferroni correction) (Figure 1), but there were no differences between the extraversion-intermediate and typical introversion groups.


[image: image]

FIGURE 1
Hypomania checklist-32 score in each Extraversion group. *p < 0.05 Bonferroni correction.




Neuroticism and diagnosis

There was an interaction between neuroticism and diagnosis on the impact of HCL-32 score (F = 4.144, p = 0.043, partial η2 = 0.025). When neuroticism was atypical, HCL-32 scores of distinct diagnosis were different (F = 50.484, p < 0.001); BD score was 7.86 ± 1.1 higher than MDD score (p < 0.001, Bonferroni correction) (Figure 2A). Conversely, when neuroticism was typical, there was no statistically significant difference in the HCL-32 scores of the two diagnoses (Figure 2B).


[image: image]

FIGURE 2
Hypomania checklist-32 score of different personality traits in each diagnosis. (A) Differences in HCL-32 scores between BD and MDD patients in the atypical neuroticism group; (B) Differences in HCL-32 scores between BD and MDD patients in the typical neuroticism group; (C) Differences in HCL-32 scores between atypical and typical neuroticism in MDD patients; (D) Differences in HCL-32 scores between atypical and typical neuroticism in BD patients. *p < 0.05 Bonferroni correction.


In patients with MDD, the difference in HCL-32 scores between the two types of neuroticism was statistically significant (F = 10.458, p = 0.001), and the typical neuroticism score was 6.35 ± 2.0 higher than the atypical type score (p = 0.001, Bonferroni correction) (Figure 2C). However, in patients with BD, the difference in HCL-32 scores between the two types was not statistically significant (F = 0.699, p = 0.404) (Figure 2D).




ROC analysis

According to extraversion, patients were divided into typical extraversion and atypical extraversion groups. The best cut-off value of HCL-32 in the atypical extraversion group for identifying BD was 12.5 (AUC = 0.74, p < 0.001, sensitivity = 0.8, specificity = 0.56) (Figure 3A), and the best cut-off value of HCL-32 in the typical extraversion group was 15 (AUC = 0.80, p = 0.009, sensitivity = 0.97, specificity = 0.5) (Figure 3B).
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FIGURE 3
ROC of HCL-32 for different diagnosis in different personality traits. (A) ROC analysis of the ability of HCL-32 to discriminate between MDD and BD in atypical extraversion group; (B) ROC analysis of the ability of HCL-32 to discriminate between MDD and BD in typical extraversion group; (C) ROC analysis of the ability of HCL-32 to discriminate between MDD and BD in atypical neuroticism group; (D) ROC analysis of the ability of HCL-32 to discriminate between MDD and BD in typical neuroticism group.


When neuroticism was atypical, the best cut-off value of HCL-32 for identifying BD was 14.5 (AUC = 0.81, p < 0.001, sensitivity = 0.82, specificity = 0.67) (Figure 3C). However, when neuroticism was typical, ROC curve analysis showed no positive results (AUC = 0.63, p = 0.248) (Figure 3D). The above results were also shown in Table 4.


TABLE 4    ROC index of each group.
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Discussion

In the present study, HCL-32 scores were related to different personality traits reflected in the EPQ scale. While there was no association between extraversion and diagnosis, extraversion had an impact on HCL-32 scores. A higher extraversion score contributed to higher overall HCL-32 scores. In addition, the HCL-32 score of typical extroverted patients was significantly higher compared to intermediate and typical introverted patients. Moreover, diagnosis was associated with neuroticism. When neuroticism was typical, there was no difference in HCL-32 scores between patients with MDD and BD. Although there was no difference in the HCL-32 scores of BD patients with different neurotic types, the scores of typical neurotic patients were higher than those of atypical neurotic patients in MDD patients.

Previous studies have shown that HCL-32 is related to personality which is consistent with the results of the current study. However, these studies only provided qualitative results. A study which investigated the temperament and bipolar features in depressed patients found that elevated neuroticism resulted in an increase in Beck Depression Index (BDI) score which was positively correlated with HCL-32 score (25). This finding suggested that neuroticism is associated with a high HCL-32 score. A previous study which assessed the association between symptoms of mood disorders and personality traits via the Big Five Personality Questionnaire revealed that extraversion was the most reliable predictor of hypomania symptoms assessed by HCL-16 and neuroticism was positively correlated with the hypomanic symptoms of the Mood Disorder Questionnaire (MDQ) scale (26). Another study that examined personality traits in patients with postpartum hypomania reported that extraversion on the EPQ scale was significantly associated with an increased risk of hypomanic symptoms as assessed by HCL-32 scale (27). The abovementioned findings are in line with the results of the current study which illustrated that HCL-32 scores are affected by distinct personality traits.

In our study, diagnosis was not associated with extraversion but was linked to neuroticism. Previous studies on personality traits differences in BD, MDD and the general population revealed that patients with MDD and BD have higher levels of neuroticism but lower extraversion compared with the general population (19, 22). Since patients with BD and MDD usually experience negative emotional states, it is not surprising that these patients have neuroticism traits. On the other hand, the HCL-32 score of typical extraverted patients was higher than those of typical introverted and extraversion-intermediate patients. When ROC analysis was performed, increasing the HCL-32 score of typical extraverted patients to 15 points was more beneficial in eliminating false positives while reducing the HCL-32 score of atypical extraverted patients to 12.5 points was beneficial in enhancing BD recognition rate. When neuroticism was typical, there was no difference in HCL-32 scores between MDD and BD, suggesting that the HCL-32 discrimination ability was not suitable for patients with this type of personality. When neuroticism was atypical, the HCL-32 score of MDD patients was lower than that of BD patients, and the recommended cut-off value was 14.5 points.

To the best of our knowledge, this is the first research to explore the interaction of personality traits via EPQ scale and HCL-32 scores, and quantify the results to provide clinicians with specific reference values to distinguish between BD and MDD. The results showed that HCL-32 needs to be combined with the assessment of patients’ personality traits.



Conclusion and limitations

In summary, the results of this study could provide clinicians with more practical and numerical reference indicators of HCL-32 scale, which are conducive to early clinical identification of BD patients. In the future, clinicians should also consider the patients’ personality traits when referring to HCL-32 scores, so as to increase the recognition rate and eliminate false positives as much as possible. The main limitation of this study is that sample size is small. A larger and more representative sample is needed for validation of our results. Moreover, a post-morbid change of personality in patients with BD and MDD has not been thoroughly assessed and cannot be completely excluded. Since all the scales used in the current study are self-rating scales, there is the possibility of a bias.
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Objective: To analyse differences in sex, age, depression, insomnia, psychological stress, resilience, and perceived social support among patients with medically unexplained symptoms (MUS) in a psychological clinic of a general hospital, and to explore the influencing factors of MUS.

Methods: This is a cross-sectional study. Seven hundred forty-six first-time patients were assessed with the integrated psychosomatic comprehensive evaluation system (IPS) to evaluate their MUS, depression, insomnia, psychological stress, resilience, and perceived social support. The psychological characteristics were compared with regard to sex and age group (<25 years, low age group; 26–44 years, middle age group; >45 years, high age group). The relationships between age and MUS were explored, and how psychological stress affects MUS was analyzed using the mediator effect model.

Results: Different age groups had significant differences in sex, MUS, depression, psychological stress, resilience, and perceived social support. In further pairwise comparison, no significant difference existed in depression, psychological stress, resilience and perceived social support in the middle and low age groups, depression and psychological stress were higher than those in the high age group, resilience and perceived social support were lower than those of the high age group. MUS were higher in the middle age group than in the low age group. No significant difference existed between the two groups and the high age group. Age, severity of MUS, and perceived social support were significantly different between the sexes. Differences in MUS between men and women in different age groups were analyzed using two-factor analysis of variance. It revealed no interaction between sex and different age groups on MUS. The main effect analysis showed that the effects of different age groups on MUS were statistically significant. Based on pairwise comparative analysis, the MUS score in the low age group was lower than that in the middle age group. To clarify a nonlinear relationship between age and MUS, threshold effect analysis was conducted. The results indicated that the piecewise linear regression model could better depict the relationship between age and MUS. The inflection point was at the age of 60 years. Before the age of 60 years, MUS increased with age. No significant correlation existed between age and MUS after the age of 60 years. To understand the influencing factors of MUS, the intermediary effect model was analyzed using MUS as the dependent variable, psychological stress as the independent variable, resilience as mediator variable M1, perceived social support as mediator variable M2, and depression as mediator variable M3. Resilience, perceived social support, and depression had significant mediator effects on the effects of psychological stress on MUS with a total indirect effect of 69.81%.

Conclusion: The middle age group had greater MUS than the low age group. Before the age of 60 years, MUS increased with increasing age. Women had more severe MUS than men. Resilience, perceived social support, and depression had significant mediating effects on the effects of perceived stress on MUS. These findings suggest that clinicians should make more comprehensive and detailed evaluations and timely intervention for middle-aged and female patients. Improving psychological resilience and social support can reduce the impact of psychological stress on MUS. Therefore, psychotherapy and multidisciplinary comprehensive treatment are very important for patients is very important for patients.

KEYWORDS
  depression, medically unexplained symptoms, stress, psychological, resilience, social support


Introduction

Medically unexplained symptoms (MUS) is one of the most common problems encountered by clinical departments, which was first proposed by Slavney and Teitelbaum (1). The meaning of MUS is the somatic symptoms that cannot be reasonably explained by the pathological structural changes and pathophysiological abnormalities of biomedicine (2). Clinical workers are also used to calling MUS as nonspecific symptom, functional somatic symptom or neurosis.Based on findings of a survey conducted in certain developed countries (3), approximately one-third of patients in the outpatient department of general hospitals have MUS. The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) and the 10th edition of the International Classification of Diseases (ICD-10) classify MUS as a “somatoform disorder.” In actual clinical diagnosis and treatment, doctors and patients are often dissatisfied (4). The DSM-5 replaced somatoform disorder with “somatic symptoms and related disorders.” This classification no longer emphasizes that somatic symptoms cannot be explained medically, but highlights poor adaptation to somatic symptoms (5). ICD-11 issued by the World Health Organization also replaced somatoform disorder with “Disorders of bodily distress or bodily experience” (6) in order to integrate the previous diagnostic system. Therefore, for patients with somatic symptoms in outpatient departments of general hospitals, compared with the previous dualism-based view, their symptoms are not considered a medical problem or a psychological problem (7), but the psychosomatic diseases in which the two interact are considered. The patient health questionnaire physical symptoms scale (PHQ-15) is a widely used physical symptoms evaluation scale with good reliability and validity (8, 9), and has been translated into many languages.

Psychosomatic diseases can be divided into three stages: psychosomatic reactions, psychosomatic disorders (with functional lesions), and psychosomatic diseases (with somatic organic lesions) (10). Epidemiological data on psychosomatic diseases in China and globally show that the incidence rate of psychosomatic diseases is approximately 22–35%. Early intervention in psychosomatic diseases is very important, especially during the stage of a psychosomatic reaction and psychosomatic disorder so as to avoid further aggravation of psychosomatic diseases. Patients for whom a physical examination cannot partially or fully explain their symptoms often have depression, anxiety, and other problems, which complicates the disease. A study (11) showed that 50% of patients with depression have a variety of MUS, and 35% of patients with MUS have depression. The physical symptoms of psychosomatic patients and psychological stress are linked. For people who are susceptible to stress, even mild to moderate stress may lead to psychosomatic diseases (12). Psychological resilience and social support provide a type of protection for psychosomatic patients. Psychological resilience is defined by the American Psychological Association as a good adaptation process for individuals to face adversity, trauma, tragedy, threat, or other major pressures (i.e., the ability to rebound from difficult experiences). Psychological resilience has multidimensional characteristics, which changes with background, time, age, sex, culture, and different living environments (13). Social support is the object or resource that an individual can turn to when facing pressure, including help from family, friends, and society. Compared to objective social support, the social support that individuals subjectively experience is more related to emotional support and inner satisfaction (i.e., perceived social support). Some studies have shown that perceived social support is more important to patients than objective social support (14). The more a person experiences being respected, supported, and understood emotionally, the higher the person's inner satisfaction is, and the stronger their ability to resist pressure.

A cross-cultural study (15) conducted by the World Health Organization on the primary health care sector in 14 countries revealed that individuals aged ≥45 years tended to have a higher risk of somatisation than patients aged 31–44 years. Sex-specific somatic symptoms have been reported (16, 17); in general, women usually report more intense and frequent somatic symptoms. The present study aimed to understand whether age and sex are risk factors for MUS. Patients with MUS should be comprehensively evaluated as soon as possible after presentation to understand the possible influencing factors and to ensure timely intervention, especially in the psychosomatic reaction and psychosomatic disorder stages, so as to avoid further aggravation of psychosomatic diseases.



Method


Participants

This is a cross-sectional study. Convenient sampling was used to investigate outpatients in the Medical Psychology Department of Chinese PLA (People's Liberation Army) General Hospital (< city>Beijing < /city>, China) from April 1, 2021 to August 9, 2021. The participants were non-military civilians. The inclusion criteria were (1) age ≥18 years; (2) visiting the Department of Medical Psychology for the first time; and (3) the presence of somatic symptoms (Patient Health Questionnaire-15 [PHQ-15]≥1). The exclusion criteria were (1) the presence of psychotic symptoms, (2) patients with no insight and self-evaluation ability; and (3) somatic symptoms caused by physical diseases. All participants provided written informed consent. The protocol was approved by Chinese PLA General Hospital Ethics Committee.



Design

An exploratory observational study design was employed. The doctors in the psychological clinic are qualified as psychiatrists and are responsible for consultation and mental examination. Patients were recruited into the study after meeting the inclusion criteria.The enrolled patients provided general information and completed the self-assessment scale in the integrated psychosomatic comprehensive assessment system (IPS) on their mobile phone. Technical problems and questionnaire questions in this process were addressed by psychometrists who had been systematically trained; all information provided was kept confidential.Psychometrists have professional background in psychology and are skilled in various psychological measurement tools.



Measures
 
Patient health questionnaire-15

Körber et al. (18) demonstrated that the PHQ-15 has good reliability and validity and is suitable for screening for and evaluating the severity of MUS. It contains 15 items, which primarily measure the patients' MUS in the preceding 4 weeks before presentation. Symptom severity is divided into three grades: 0 (no distress), 1 (some distress), and 2 (a lot of distress). The total score range is 0–30 points, in which 0–4 indicates no MUS; 5–9 mild MUS; 10–14 moderate MUS; and ≥15 points severe MUS. When used to predict the diagnosis of somatisation disorder, the 10-point threshold of the PHQ-15 was determined to be the best value with a sensitivity of 80.2% and a specificity of 58.5%.



Patient health questionnaire-9

The PHQ-9 scale (19) is used to screen and evaluate depressive symptoms. It contains nine items, each with a score of 0 (not at all) to 3 (nearly every day). The total score range is 0–27 points, where 0–4 points indicates no depression; 5–9 points mild depression; 10–14 points moderate depression; 15–19 points moderate to severe depression; and 20–27 points severe depression.



Insomnia severity index

The Insomnia Severity Index (ISI) (20) is a reliable and effective tool for screening insomnia and evaluating its degree; it includes seven items. It contains five grades from 0 to 4. The higher the score, the more serious the symptoms of insomnia; 0–7 points indicates insomnia without clinical significance; 8–14 points subclinical insomnia; 15–21 points moderate clinical insomnia; and 22–28 points severe clinical insomnia.



Perceived stress scale-10

The Perceived Stress Scale-10 (PSS-10) is the most widely used stress perception assessment tool. The scale is a self-assessment tool compiled by Cohen et al. in 1983 (21). The 10-item version of the PSS-10 has been proven to have good consistency in large-scale community research in China (22). The PSS-10 is used to evaluate the uncontrollable, unpredictable, or overloaded situations in an individual's own life. Each item is graded from 0 (never) to 4 (very common). The scale is divided into 0–40 points for the total score of each item. The higher the score, the higher the perceived stress level.



Perceived social support

The Perceived Social Support (PSSS) (23) contains 12 items that can be carefully evaluated from three dimensions: family support, friend support, and other support. Each item adopts the 1–7 level scoring method. The higher the total score, the higher an individual's social support. A total score of 12–36 is considered low support, 37–60 medium, and 61–84 high.



Connor–davidson resilience scale

The Connor–Davidson Resilience Scale (CD-RISC) scale (24) contains 25 items, each of which is evaluated on a 5-point scale. The scores 0 to 4 indicate “not at all,” “rarely,” “sometimes,” “often,” and “almost always,” respectively. The total score of the scale is 0–100. The higher the score, the higher is the psychological resilience.




Statistics

The data were statistically analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). The continuous variables are presented as the mean ± the standard deviation. Classification variables are expressed as the count and percentage. The differences between different age groups and different sexes were evaluated using the chi-squared test, one-way analysis of variance (ANOVA), and the independent samples t-test. Two-factor ANOVA was used to analyse differences in MUS between men and women in different age groups. The nonlinear relationship between age and MUS was visualized using a smoothed curve fitting (25). After visualizing the nonlinear relationship between age and MUS with a smoothed curve, for those with a potential nonlinear relationship, the piecewise regression model was used for fitting and the log likelihood ratio test was used to determine whether the nonlinear relationship was significant and whether a significant inflection point existed. The inflection point of the connecting line segment was determined based on the maximum likelihood value given by the piecewise regression model. In the piece-wise linear regression model, the turning point was determined using the trial-and-error method: firstly, selecting turning points according to a pre-defined interval and then choosing the turning point that gave the maximum model likelihood. In addition, a log-likelihood ratio test was conducted to compare the one-line linear regression model with the two-piecewise linear model. A 2-tailed P < 0.05 was considered to be statistically significant in analyses.The influencing factors of MUS were analyzed using the chain-mediated effect model in SPSS 22.0 (Process 3.4). Bootstrapping was used to test the significance of mediating effects.




Results

Seven hundred forty-six patients completed the integrated psychosomatic assessment of the IPS and included 467 (62.6%) men and 279 (37.4%) women. The youngest patient was 18 years old and the oldest patient was 79 years old. The average age was 33.21 ± 11.55 years. The patients were divided into three age groups: 18–25 years old (low age group), 26–44 years old (middle age group), and >45 years old (high age group). The PHQ-15 score used to measure MUS was <10 (i.e. mild physical symptoms) in 230 (30.8%) patients and ≥10 (i.e. moderate and severe physical symptoms) in 516 (69.2%) patients.

Differences in sex and scale scores among the different age groups are shown in Table 1. The sex ratios of the three groups were significantly different. There were significant differences in PHQ-9, PSS-10, PSSS and CD-RISC among different age groups.No significant difference existed in PHQ-9, PSS-10, PSSS and CD-RISC scores in the middle and low age groups, PHQ-9 and PSS-10 scores were higher than those in the high age group, CD-RISC and PSSS scores were lower than those of the high age group in further pairwise comparison. PHQ-15 scores were higher in the middle age group than in the low age group. No significant difference existed between the two groups and the high age group.


TABLE 1 Comparison of different age groups.
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Sex differences in age and scales are shown in Table 2. The average age and PSSS score of female patients were higher than those of male patients, but more female patients had moderate and severe physical symptoms.


TABLE 2 Comparison of different sexes.

[image: Table 2]

The results revealed no interaction between sex and the different age groups (F[2, 740] = 0.321, p = 0.726, partial η2 = 0.001). The main effect analysis revealed that the effects of different age groups on PHQ-15 scores were statistically significant (F[2, 740] = 3.601, p = 0.028, partial η2 = 0.01). The main effect results of different age groups were analyzed using a pairwise comparison. The PHQ-15 score of the low age group was lower than that of the middle age group (95% CI, 0.35–3.01; p < 0.01) (Table 1).

To explore whether a nonlinear relationship existed between age and MUS, smoothed curve fitting analysis was conducted for visualization (Figure 1). The slope of the smoothed curve between age and MUS changed, which suggested the presence of an inflection point. To determine whether a significant inflection point in the smoothed curve existed between age and MUS, threshold effect analysis was conducted, as shown in Table 3. The results demonstrated that the piecewise linear regression model could better describe the relationship between age and MUS. The inflection point was at 60 years of age: before 60 years of age, MUS increased with increasing age; after 60 years old, the correlation between age and MUS was not statistically significant. The arrows in Figure 1 indicate significant inflection points.


[image: Figure 1]
FIGURE 1
 Multivariable adjusted smoothed spline curve of age and MUS.



TABLE 3 Threshold effect analysis of age and MUS.
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To understand the factors influencing MUS, we conducted a mediation effect model analysis. MUS was the dependent variable, and psychological stress was the independent variable. Psychological resilience was mediation variable M1, perceived social support was mediation variable M2, and depression was mediation variable M3. Regression analysis revealed that psychological resilience, perceived social support, and depression had significant mediating effects on the effects of psychological stress on MUS (Table 4). The total indirect effect was 69.81% (Table 5). Figure 2 presents the path diagram of the impact of perceived stress on somatic symptoms.


TABLE 4 Regression analysis between variables.
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TABLE 5 Mediation effects of psychological resilience, perceived social support, and depression on the relationship between psychological stress and MUS.
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FIGURE 2
 Path map of psychological stress on MUS; Y indicates MUS; X, psychological stress; M1, resilience; M2, perceived social support; M3, depression. **p < 0.01.




Discussion

This cross-sectional study had several findings: (1) most patients had moderate and severe MUS and a high proportion of patients had severe MUS; (2) MUS was higher in the middle age group than in the low age group; (3) before the age of 60 years, MUS increased with increasing age; (4) more male patients than female patients were young to middle aged, whereas more female patients were in the high age group; (5) women had more severe MUS than men; and (6) psychological resilience, perceived social support, and depression had significant mediating effects on the effects of psychological stress on MUS.

Our study demonstrated that MUS in the middle age group was higher than in the low age group, and no significant difference existed between these two groups and the high age group. These findings differ from the findings of a World Health Organization study (15) conducted in 14 countries, which indicated that the risk of somatisation is higher in people >45 years of age. A possible reason for this difference is that we chose patients from the psychological clinic of a tertiary level A hospital in Beijing, China. In China's first-tier cities, 18- to 25-year-old individuals are facing the pressure of entering school and employment, and 26- to 44-year-old individuals have increased family, career, and social and psychological pressures, whereas, in most first-tier cities, individuals >45 years old have successful careers and happy families. Our research also confirmed this. Depression and psychological stress in the low and middle age groups were higher than those in the high age group, whereas psychological resilience and perceived social support were lower than those of the high age group. The threshold effect analysis of the relationship between age and MUS revealed that MUS increased with age until 60 years, but no significant correlation existed between MUS and age after 60 years.

The analysis of different sexes revealed significant differences in the severity of MUS between men and women. More women than men experienced moderate and severe MUS. Consistent with the present study, sex-specific somatic symptoms have been reported. In general, women usually report more intense and frequent somatic symptoms. The severity of MUS also predicted the level of mental health (26). As in the present study, the middle and low age groups contained more men than women, whereas the high age group contained more women. A study (27) conducted in the outpatient department of Guangzhou General Hospital in China also showed that female sex, depression, and anxiety were the main risk factors of serious physical symptoms. Research has also shown opposing findings in terms of sex; the findings of one study (28) in adolescents showed that male individuals had more psychosomatic symptoms. Another study (29) on the correlation between sex, age, and physical symptoms also demonstrated that men had greater severity of physical symptoms. Findings in one study (30) revealed sex differences in somatic symptoms; fewer women than men went to a hospital for physical examination and diagnosis. The reasons for the inconsistencies in these studies may be that the applied somatic symptom measurement scale differed, the items of somatic symptoms are different between men and women, women are more sensitive to pain, and women are more likely to report gastrointestinal discomfort than men.

Some studies (18, 31) demonstrated that a correlation exists between the number and severity of MUS, negative psychological symptoms, and functional characteristics. The present study supports this finding in the further analysis of the influencing factors of somatic symptoms. Many studies indicated that psychological stress can lead to depression and MUS. A study (32) of 604 patients in a psychosomatic clinic showed that the number of MUS is associated with psychological stress and the severity of depression. Investigators from different medical disciplines believe that somatic symptoms are associated with changes in hypothalamic pituitary adrenal function, an imbalance in vagus sympathetic tone and the upregulation of immune and inflammatory function, and an enhanced response to threatening stimuli so as to promote the subjective experience of somatic symptoms (33). Somatic symptoms reflect disorders of the stress system. Psychological stress affects the pathogenesis of physical diseases through negative emotions such as depression or anxiety. Exposure to chronic stress is considered the most harmful because it is most likely to lead to long-term or permanent changes in emotional, physiological, and behavioral responses, thus affecting susceptibility and the course of physical diseases (34, 35). The analysis of the mediating effect model of physical symptoms caused by psychological stress revealed that psychological resilience, perceived social support, and depression all have mediating effects on MUS caused by psychological stress and that psychological resilience and perceived social support have a protective role in the occurrence of physical symptoms. A study (36) on resilience and mental health showed that psychological resilience depends on an individual's thoughts, emotions, and behaviors and depends on available and obtained cultural resources, such as the social environment. The intervention in multiple systems and fields of psychological resilience is more likely to establish psychological resilience to properly deal with serious or long-term adversity. One study (37) on the role of perceived social support in depression and somatic symptoms among college students showed that the ability to obtain emotional support could predict depression and physical symptoms.

Studies have confirmed that the outpatient and inpatient costs of patients with MUS are high (38) and that direct and indirect expenditures are increased, especially for patients with severe MUS (31). The present study and a previous study (39) demonstrated that MUS were closely associated with psychosocial factors. For the treatment of MUS, research emphasizes the effectiveness of psychosocial therapy (especially cognitive behavioral therapy) and the importance of multidisciplinary management (40). Therefore, comprehensive psychological evaluation can provide support for a patient's psychotherapy.

There are a few limitations. First, at present, there are still great differences on the clinical definition, diagnostic classification, pathological mechanism and clinical treatment of MUS. Our study included participant with MUS as long as there was one or more somatic discomfort symptoms that could not be explained by physical diseases. Secondly, we did not evaluate the duration of MUS, its impact on patients' daily life and the distress it brought to patients, so we did not make a clear diagnosis for the participants according to the ICD or DSM diagnostic system. We made a cross-sectional evaluation and did not continue to follow up.

The findings of the present study suggest that clinicians should make a more comprehensive and detailed evaluation and timely intervention for middle-aged and female patients. Our study has identified for the first time that MUS increased with age until 60 years, but no significant correlation existed between MUS and age after 60 years. Improving psychological resilience and social support can reduce the impact of psychological stress on physical symptoms. Therefore, psychotherapy is very important for patients. CBT (Cognitive Behavioral Therapy) and MBCT (Mindfulness Based Cognitive Therapy) have been proved feasible and effective intervention methods by many studies (41, 42). In terms of drug treatment, as patients with MUS are often accompanied by symptoms such as anxiety and depression, antidepressant drugs are usually given to patients to help them relieve pain and restore social function. Before visiting the psychological clinic, patients with MUS often repeatedly visit other outpatient clinics in general hospitals, so multidisciplinary consultation and liaison is beneficial.

Subsequent studies can follow up these patients, including the definite diagnosis, treatment and prognosis. The clinical effects of different treatment methods and the clinical outcomes of patients of different sex and age were compared.
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Objective: The aim of this study was to investigate the characteristics of intestinal flora in patients with functional gastroenteropathy and generalized anxiety disorder (GAD) and the relationship between intestinal flora and psychological factors.

Materials and methods: From March 2020 to December 2020, a total of 35 patients with functional gastroenteropathy and generalized anxiety disorder, 30 healthy controls, 16 patients with functional gastroenteropathy, and 44 patients with generalized anxiety disorder were selected from the Affiliated Hospital of Guizhou Medical University. Fecal samples were collected from each group, and the related psychophysiological factors scales (Hamilton Anxiety Scale, Hamilton Depression Scale, Neurotic Personality Questionnaire, concept of illness questionnaire, Toronto Alexithymia Scale, Severity of Physical Symptoms Scale, and Cognitive Emotion Regulation Questionnaire) were improved. 16S rRNA high-pass sequencing was used to determine the correlation between intestinal flora changes and functional gastroenteropathy with generalized anxiety disorder. Then, the scale and gut microbiota results were analyzed for correlation to determine the correlation between personality traits and gut microbiota.

Results: We found similar intestinal microbiota in patients with functional gastroenterology, generalized anxiety disorder, and functional gastroenteropathy with generalized anxiety disorder. But the relative abundance of Clostridium was significantly increased in patients with functional gastrointestinal disease (FGID) and generalized anxiety. The relative abundance of Haemophilus influenzae was significantly increased in patients with functional gastrointestinal disease without a generalized anxiety disorder. The intestinal microecological composition was significantly correlated with personality traits.

Conclusion: Functional gastrointestinal disease comorbidity GAD may be related to an increase in the relative abundance of Fusobacterium. FGID non-comorbidity GAD may be related to the increased relative abundance of Hemophilus. The increased relative abundance of Fusobacterium and Megamonas is associated with personality traits such as difficulty describing feelings and difficulty identifying feelings, neuroticism, and negative cognition of disease.
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gut microbiome, functional gastrointestinal disorders (FGIDs), general anxiety disorders (GAD), 16S rRNA, comorbidity


Introduction

Generalized anxiety disorder (GAD) is characterized by persistent and significant tension and restlessness, accompanied by autonomic nervous function excitation and hypervigilance that persists for most of at least 6 months. The prevalence of generalized anxiety disorder was 13.6%, with a significantly higher prevalence in women than in men (1). It is also prolonged, prone to recurrence, and has a significant impact on the physiological and psychological functioning of the individual.

Functional gastrointestinal disease (FGID) is a clinically common gastrointestinal dysfunctional disorder that affects approximately one-third of the world’s population (2). FGIDs are characterized by a variety of chronic, recurrent clusters of gastrointestinal symptoms, and the corresponding organic lesions cannot be detected by various medical examinations. FGID mainly includes functional dyspepsia (FD), irritable bowel syndrome (IBS), functional constipation (FC), functional bloating (FB), and so on. FGID is characterized by chronic or recurrent gastrointestinal symptoms, and these symptoms cannot be explained by known pathophysiological mechanisms (3). The pathogenesis of FGID is still unclear and is thought to be due to a combination of multiple factors. Psychosocial factors are thought to play a key role in its pathogenesis (4, 5).

Studies have shown that mood disorders can predict the development of functional gastrointestinal disorders (FGIDs), which in turn predict the development of mood disorders (6). The prevalence of comorbid anxiety disorders in patients with FGID is estimated to be more than 40% (7, 8). A recent meta-analysis similarly showed that the prevalence of anxiety symptoms in patients with FGIDs was 39.1% (9). Studies have shown a significant positive correlation between the degree of anxiety and depression and the grading of gastrointestinal symptoms in patients with FD, IBS, and FC (10). The prevalence of anxiety and depression increases progressively with the number of coexisting FGID disorders and the frequency and severity of gastrointestinal symptoms (11). Cognitive behavioral therapy and mood-improving medications may help alleviate gastrointestinal symptoms in patients with FGID (12). Anxiety was shown to be an independent predictor of first-episode FGIDs in a 12-year prospective study, and patients diagnosed with FGIDs also had higher anxiety during follow-up (13). These studies suggest that anxiety disorders and FGIDs often have comorbidities, but the pathophysiological mechanism of comorbidities is still unclear and needs to be further explored.

With the concept of the microbial-gut-brain axis, the role of the gut microbiome in gastrointestinal and psychiatric diseases has received increasing attention from scholars. The gut microbiome regulates the brain function and behavior of the host through the microbial-gut-brain axis, and the changes in the gut microbiome also affect the development and function of the central nervous system (CNS) through the microbial-gut-brain axis (14). In animal experiments, feces from chronically unpredictable mildly stressed mice were transplanted to control mice, and the recipient mice showed anxiety-like and depression-like behaviors similar to those of the donor mice (15). Studies have shown that the gut flora of patients with a generalized anxiety disorder has reduced alpha diversity compared to healthy populations and that there is a positive correlation between anthropoid genera and Escherichia coli-Shigella and anxiety severity (16). In patients with FGID, studies have shown that dysbiosis of small intestinal flora may be the basis of symptoms of functional gastroenteropathy (17). In addition, diarrhea, IBS, and depression patients have similar intestinal flora (18). Transplanting feces from a healthy person to FGID patients with anxiety or depression improves mood and gastrointestinal symptoms (19). These findings suggest that the gut microbiome may play a key role in the physiological mechanism of comorbid GAD and FGID. However, few reports have been reported on the differences in gut microbiomes in FGID, GAD, and their comorbidities. In addition, personality plays a key role in mental health, and studies have shown genetic and biological links between mental health and personality (20). In addition, there are significant differences in pain duration, severity, and dysfunction of IBS disease in patients with different personalities (21). People with negative perceptions of the disease and a lack of expression of their own emotions are often more likely to develop functional gastroenteropathy disorders (8). Understanding the role of personality on gut microbiota can help us understand the role of mental health on gut microbiota.

This study was conducted to investigate the relationship between the diversity of intestinal flora and psychological factors in patients with functional gastrointestinal disease and generalized anxiety disorder, based on the intestinal flora-gut-brain axis, and to find the key bacteria associated between them. We further analyzed the correlation between intestinal flora and psycho-behavior as well as personality in order to provide a theoretical basis and a new target for intervention in the treatment and prognosis evaluation of functional gastrointestinal disease with generalized anxiety disorder.



Materials and methods


Participants

Written consent has been obtained from all patients before specimen collection. The study was reviewed and approved by the Medical Ethics Committee of the Affiliated Hospital of Guizhou Medical University and was in accordance with the Declaration of Helsinki. Patients with FGID and GAD in the psychiatric and gastroenterology inpatient department of the Affiliated Hospital of Guizhou Medical University were selected. The inclusion criteria were as follows: ① no history of other psychiatric disorders and psychoactive substance abuse; ② no serious organic disease; ③ ages 18–65. The exclusion criteria were as follows: ① previous history of psychoactive substance abuse; ② combined with serious organic diseases; and ③ pregnant or lactating women. Subsequently, according to the diagnostic criteria of functional gastroenteropathy (Rome IV), the diagnostic criteria of a generalized anxiety disorder (ICD-11), and the Hamilton anxiety scale score, they were divided into generalized anxiety disorder group (ADD), functional gastroenteropathy group (FGID), and functional gastroenteropathy with generalized anxiety disorder group (FAD). The inclusion criteria of the control group (CG) were ① family members living in the same area as the experimental group; ② age 18–65 years; ③ no previous history of psychiatric and gastrointestinal diseases; ④ laboratory routine examination (blood, urine, stool routine, liver function, and blood lipid) was normal. The exclusion criteria were the same as those for the experimental group.



Sample collection

After completing the questionnaire test, fresh feces from patients and volunteers were collected, and feces from 30 healthy controls, 16 patients with functional gastroenteropathy, 44 patients with generalized anxiety disorder, and 35 patients with comorbid GAD and FGID were collected in 50 ml sterile disposable tubules. The feces were numbered, packed in ice boxes, and transferred to the laboratory refrigerator at -80°C for standby.



Screening tool

(1) Hamilton Anxiety Scale (HAMA-14) (22): It was developed by Hamilton in 1959, and it is the most common scale used in the clinical assessment of anxiety. The reliability coefficient of this scale was 0.9, and the validity coefficient of the scale was 0.36, respectively. It included 14 items on a 5-point scale from 0 to 4: (0) asymptomatic, (1) mild, (2) moderate, (3) severe, and (4) extremely severe.

(2) Five Factors Inventory-Neuroticism Subscale (FFI-N) (23): The scale adopts the neuroticism dimension of the Big Five personality; it has 12 items in the questionnaire and is rated on a 5-point scale from 1 to 5: (0) completely disagree, (1) disagree, (2) have no opinion, (3) agree, and (4) completely agree. The scale is widely used in China, and higher total scores indicate the more obvious neuroticism characteristics. The internal consistency coefficient of the FFI-N in this study was Cronbach’s alpha = 0.921.

(3) The Chinese version of Illness Perception Questionnaire Revised (IPQ-R): This scale was developed by Weinman et al. (24). In 2002, it was revised and formed IPQ-R through Moss-Morris et al. This study adopts the Chinese version translated by Xiong et al. (25). The questionnaire consisted of three subscales, and the second subscale was used in this study. There were 38 items in the questionnaire, including seven dimensions of the course of disease (acute and chronic), consequences, personal control, treatment control, disease consistency, disease periodicity, and emotional statement. It is rated on a 5-point scale from 1 to 5: (0) totally disagree, (1) disagree, (2) have no opinion, (3) agree, and (4) strongly agree. Among them, the course of disease (acute and chronic), consequences, disease periodicity, and emotional statements belong to negative sexiness knowledge. The higher the score is, the greater the negative sexiness knowledge is. Personal control, treatment control, and disease consistency are positive perceptions, and the higher the score, the stronger the positive perceptions.

(4) The Twenty-Item Toronto Alexithymia Scale (TAS-20): This scale was developed by Bagby et al. (26). This study adopted the revised version by Yi et al. (27), which includes 20 items in total. It contains three dimensions, namely, difficulty describing feelings, difficulty identifying the feeling, and externally oriented thinking. The difficulty describing feeling subscale is used to measure difficulty describing emotions (five items); the difficulty identifying feeling subscale is used to measure difficulty identifying emotions (seven items); and the externally oriented thinking subscale is used to measure the tendency of individuals to focus their attention externally (eight items). The scale was rated on a 5-point scale from 1 to 5: (0) completely disagree, (1) disagree, (2) have no opinion, (3) agree, and (4) completely agree. The retest reliability of the scale was 0.87.

(5) Patient Health Questionnaire-15 (PHQ-15) (28): This scale consists of the 15 most common somatic symptoms and is used to assess the severity of somatic symptoms in the last month, using a 3-grade scoring method of 0–2, with a total score ranging from 0 to 30 points, in which ∼4 points represented no somatic symptoms, 5–9 points represented mild somatic symptoms, 10–14 points represented moderate somatic symptoms, and ≥15 points represented severe somatic symptoms. The internal consistency reliability coefficient was 0.73, and the retest reliability coefficient was 0.75.

(6) Cognitive Emotion Regulation Questionnaire-Chinese Version, CERQ (29): This scale is used to assess the cognitive strategies used by individuals in coping with negative events. The scale contains 36 entries, including acceptance, positive attention, plan of attention, positive reappraisal, rational analysis, self-blame, self-reflection, catastrophizing, and blaming others in nine dimensions using a 5-level scoring method. The higher the total score on the scale is, the lower the individual’s cognitive emotion regulation level is. The Cronbach’s α coefficient of the CERQ-C scale was 0.8 L, and the retest reliability of the full scale was 0.56.



Sequencing of 16srDNA amplicons

DNA was extracted from stool samples using the PowerSoil R®DNA isolation kit (Qiagen, Hilden, Germany) according to the manufacturer’s recommended protocol. Primers 515F (5’-ACTCCT ACGGGAGgCAGCAGG-3’) and 806R (5’-GGactachVGGGTWTCtaat-3’) were used for PCR amplification of the v3-V4 variable region of bacterial 16S rRNA gene, and the PCR products were quality controlled with a 2% concentration agarose gel; NovaSeq PE250 (Illumina) was used for up-sequencing.



Bioinformatics processing

The original sequences obtained from Illumina NovaSeq were assembled, screened, and chimeras constructed according to the Qiime (V.1.9.1) quality control process. OTUs clustering of valid data with 97% consistency (Identity) was performed using the Uparse software (version 7.0.1001). The SILVA database (V123) was used as a reference for species annotation of OUT sequences with species using classifiers. Shannon, Simpson, Chao1, ACE, Goods_Coverage, PD_whole_tree, and other analysis indexes were used to evaluate α diversity. Weighted Unifrac and unweighted Unifrac were used to calculate β diversity. Weighted Unifrac distance and Unweighted Unifrac distance were used for PCoA analysis. To overcome the shortcomings of linear models (including PCA and PCoA), NMDS analysis was conducted based on Bray-Curtis distance to explore the differences in community structure among different samples or groups.



Statistical methods

The SPSS 19.0 software was used for statistical analysis of the study data. Quantitative data were expressed as −x ± s, grade data were expressed as frequency (%), and an independent t-test and one-way ANOVA were used for comparison between groups. The differences in intestinal flora between groups were analyzed by alpha diversity index and LDA Effect Size (LEfSe), and the scatter plot was based on a non-metric multidimensional scale (NMDS). Spearman correlation was used to analyze the correlation between intestinal microflora and psychological factors. P < 0.05 indicated that the difference was statistically significant.




Results


Demographic characteristics

A total of 125 subjects were recruited for this study, including 30 healthy subjects (CG), 16 in functional gastroenteropathy (FGID), 44 in generalized anxiety disorder group (ADD), and 35 in functional gastroenteropathy with a generalized anxiety disorder (FAD). The proportion of women in the ADD group (77%) was higher than in other groups. The proportion of Han nationality in the FGID group (75%) was higher than in the other groups. The proportion of smoking in the functional gastroenteropathy with generalized anxiety disorder group (23%) was higher than that in other groups. The proportion of drinking and city in the CG group (37 and 57%) was higher than that in other groups, but there was no statistical difference (Table 1).


TABLE 1    Clinical parameters and demographic information of subjects.
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Characteristics of intestinal flora

To explore the intestinal microbiota associated with GAD and FGID, the α diversity index of the total sample was analyzed. According to the chao1 index and PD whole_tree index analysis, there was no significant difference in species richness among groups [all P-values > 0.05 (Figure 1)]. NMDS analysis of β diversity based on Bray-Curtis distance revealed differences in the composition of intestinal flora between the four groups (Figure 2).


[image: image]

FIGURE 1
Analysis chart of α diversity of intestinal flora among different groups.
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FIGURE 2
Analysis chart of β diversity of intestinal flora among different groups.


At the phylum level, the dominant bacteria attached to CG, FGID, FAD, and ADD groups were basically the same. Firmicutes, Bacteroidetes, Fusobacteria, and Proteobacteria occupy almost 98% of the intestinal flora. In the CG group, the proportion was 50.48, 40.79, 0.8, and 0.69%; in the ADD group, the proportion was 50.69, 41.04, 0.7, and 6.3%. In the FGID group, the proportion was 46.97, 33.57, 1.9, and 13.77%. In the FAD group, the proportion was 45.57, 43.16, 3.13, and 6.3%. We found that the abundance of Fusobacteria in the CG and ADD groups was relatively lower than in the FGID and FAD groups (0.8% CG and 0.7% ADD, 46.97% FGID, and 45.57% FAD) (Figure 3). At the genus level, Fusobacterium, Bacteroides, Megamonas, Faecalibacterium, Haemophilus, and Unidentified Ruminococcaceae were the dominant bacteria. In the CG group, the proportion was 0.8, 19.28, 0.8, 13.61, 0.2, and 3.3%; in the ADD group, the proportion was 0.7, 26.19, 3.2, 10, 0.8, and 3.6%; in the FGID group, the proportion was 1.9, 21.20, 3.1, 10.1, 2.42, and 3%. In the CG group, the proportion was 3.13, 25.38, 2.1, 9.54, 0.1, and 2.3%. We found that the abundance of Fusobacterium in the CG and ADD groups was significantly lower than that in the FGID and FAD groups (0.8% CG, 0.7% ADD, 1.9% FGID, and 3.13% FAD), and the abundance of Fusobacterium in the FGID group was also significantly lower than in the FAD group (Figure 4).
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FIGURE 3
Phylum level species stack map.
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FIGURE 4
Stack diagram of horizontal species distribution of genus.


The LEfSe method further confirmed the difference in intestinal flora structure among groups. Ruminococcaceae, Faecelibacterium, and Agathobacter in the FAD group decreased significantly compared with the CG group, while Fusobacterium in the FAD group increased significantly compared with the ADD group. Fusobacterium and Bacteroid in the FAD group were significantly increased compared with the FGID group, while Pasteurella, Hemophilus, Parainfluenzae, and Hemophilus in the FAD group were significantly decreased compared with the FGID group. Pasteurella, Hemophilus, Parainfluenzae, and Hemophilus were significantly increased in the FGID group compared with the ADD group. Enterobacterium, Pasteurella, Haemophilus, Parainfluenzae, and Haemophilus in the FGID group were significantly increased compared with the CG group, while Aathobacter was significantly decreased compared with the CG group. Faecalibacterium in the ADD group decreased significantly compared with the CG group, while Megamonas increased significantly compared with the CG group (Figure 5).
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FIGURE 5
Analysis of significant difference flora among different group. (A) CG-FGIDS. (B) ADD-CG. (C) FAD-CG. (D) ADD-FAD. (E) ADD-FGIDS. (F) FAD-FGIDS.




Correlation analysis of psychogenic factors and intestinal microflora

The study showed that the scores of TAS, PHQ, IPQ (negative), FFIN, and HAMA in the FAD group were significantly higher than those in the FGID group. The PHQ score in the FAD group was significantly higher than that in the ADD group. The scores of TAS, PHQ, IPQ (negative), FFIN, and HAMA in the ADD group were significantly higher than those in the FGID group (Table 2). A Spearman correlation analysis was used to analyze the relationship between scale scores of TAS and the abundance of bacteria. The results showed that TAS scores were significantly positively correlated with Fusobacterium, Megamonas, and Veillonella (P < 0.01). PHQ scores were positively correlated with Fusobacterium and Veillonella (P < 0.01) and were significantly negatively correlated with Faecalibacterium and Ruminococcaceae (P < 0.01). FFI-N scores were significantly positively correlated with Fusobacterium, Megamonas, Veillonella, and Enterobacteriaceae (P < 0.01) and were negatively correlated with Faecalibacterium (P < 0.01). HAMA scores were significantly positively correlated with Fusobacterium, Veillonella, and Megamonas (P < 0.01), and Bacteroides and Enterobacteriaceae (P < 0.05). HAMA scores were significantly negatively correlated with Faecalibacterium (P < 0.01) and Ruminococcaceae (P < 0.05). The CERQ scores were significantly positively correlated with Megamonas (P < 0.01). The IPQ-R scores were significantly positively correlated with Fusobacterium, Megamonas, and Veillonella (P < 0.01) were significantly negatively correlated with Faecalibacterium and Ruminococcaceae (P < 0.01) (Table 3).


TABLE 2    Comparison of scale scores among groups (−x ± s).
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TABLE 3    Correlation analysis of psychosocial factors and intestinal flora (The Rs values).
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The heat map shows that Fusobacterium>Megamonas>Veillonella were closely related to anxiety. Fusobacterium>Veillonella was closely correlated with somatic symptoms. Megamonas was closely related to the negative perception of the disease, and Veillonella was closely related to the positive knowledge of the disease (Figure 6).
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FIGURE 6
Heat map of correlation analysis between psychosocial factors and intestinal flora.





Discussion

Functional gastrointestinal disease is a common and multifaceted disease of the digestive system with symptoms as the main diagnostic basis and is influenced by multiple factors. The results of current studies have found that psychological factors play a key role in the pathogenesis of FGID. Currently, psychological factors have been found to play a key role in the pathogenesis of FGID, but the changes in intestinal flora in patients with FGID and GAD comorbidities have been less studied.

The results of this study showed that the abundance of Fusobacterium in the FAD and FGID groups was relatively higher than that in the ADD and CG groups. Furthermore, LEfSe analysis revealed that the relative abundance of Fusobacterium in the ADD and FAD groups was significantly lower in the FGID group. Fusobacterium is considered as a pathogen because of its invasive and inflammatory nature, its ability to enter the bloodstream and cause intestinal barrier dysfunction, and its role in immune activation of GAD. To the best of our knowledge, this is the first report of Clostridium perfringens alterations in patients with functional gastrointestinal disease comorbidities and generalized anxiety. However, it was found that the relative abundance of Fusobacterium and Bacteroid in patients with GAD was higher than that in healthy people (30). Compared with healthy people, the relative abundance of Fusobacterium in the intestinal flora of patients with IBS increased (31). Also, this study showed that Fusobacterium and Veillonella were significantly and positively correlated with the severity of somatic symptoms (P < 0.01), and the correlation coefficients were (R = 0.336, 0.242), respectively. It indicates that the higher the percentage in the intestinal tract, the more severe the patient’s physical symptoms, aggravating the patient’s disease. Fusobacterium, Megamonas, and Veillonella were significantly positively correlated with anxiety scores (P < 0.01). The correlation coefficients were 0.314, 0.312, and 0.251, respectively. Therefore, we suggested that the increase in the relative abundance of Fusobacterium in intestinal flora might be related to comorbid GAD and FGID.

The results of LEfSe analysis in this study showed that the relative abundance of Hemophilus in the CG, ADD, and FAD groups was significantly lower in the FGID group. Previous studies have shown that the relative abundance of Hemophilus is elevated in patients with functional gastroenterology compared with healthy people (32). Therefore, we speculated that the elevated relative abundance of Hemophilus in the intestinal flora might be related to the pathogenesis of FGID without GAD. Hemophilus is considered to be one of the main pathogens responsible for chronic inflammation. Somatic inflammatory reaction is believed to be the cause of FGID (33), but no relevant study has reported the correlation between the increased relative abundance of Hemophilus and FGID without GAD, which is worthy of further exploration.

Studies have shown that psychosocial factors are associated with disease awareness, difficulty describing feelings, symptom severity, and outcome in patients with FGIDs (8). Patients with different personalities have significant differences in the duration, severity, and functional impairment of their IBS disorders (21). Neuroticism and covert aggression are the most likely markers of FGID susceptibility (34). This study further revealed that the scores of TAS, PHQ, IPQ (negative), FFIN, and HAMA in the FAD group were significantly higher than those in the FGID group through correlation analysis of different groups and scales. The results showed that the severity of physical symptoms and the negative cognitive characteristics of the disease were prominent, the level of anxiety and depression was high, the neuroticism was more obvious, and the difficulty describing feelings and difficulty identifying feelings were more likely. The results of a recent meta-analysis suggest that the mental health of inflammatory bowel disease patients is associated with inflammatory bowel disease outcomes (35). Functional gastroenterology patients with alexithymia tend to have more severe somatic symptoms (36). Enhanced perception of visceral stimulation is considered to be one of the key features of IBS. Alexithymia may enhance visceral hypersensitivity in IBS (3). People with severe alexithymia tend to amplify somatosensation (37). These findings support a significant association between FGID and psychological factors, but the role of gut microbiota remains to be explored. The Spearman correlation analysis showed that TAS scores were significantly positively correlated with Fusobacterium, Megamonas, and Veillonella (P < 0.01). The FFI-N score was significantly positively correlated with Fusobacterium and Megamonas (P < 0.01). The CERQ score was positively correlated with Megamonas (P < 0.01). The IPQ-R scores were significantly positively correlated with Fusobacterium, Megamonas, and Veillonella (P < 0.01). The composition of intestinal microecology is correlated with personality traits (38). People with high neuroticism had significantly lower gut microbiome β diversity than those with low neuroticism (39). Therefore, we believe that the increased relative abundance of Fusobacterium and Megamonas is associated with personality traits such as difficulty describing feelings and difficulty identifying feelings, neuroticism, and negative cognition of disease and that the comorbidity of GAD and FGID is more likely to occur.

The shortcomings of this study are the small sample size and the single detection method (only 16S high-throughput sequencing). To compensate for the above deficiencies, on the one hand, this study will expand the sample size, further explore whether the intestinal flora is specific for psychological effects, establish FGID with GAD and GAD population cohort, and further group FGID with GAD with or without antipsychotic drugs, in order to analyze the effects of antipsychotic drugs on the intestinal flora. On the other hand, metabolomic analysis was performed on the samples to screen for significantly different metabolites as potential biomarkers for FGID and GAD and to establish a link between intestinal peptide-mental disorders. Meanwhile, the role of probiotics in patients with comorbid GAD and FGID will also be explored, so as to elucidate the mechanism of the “intestinal microbiome-gut-brain” axis.



Conclusion

Functional gastrointestinal disease comorbidity GAD may be associated with an elevated relative abundance of Fusobacterium. FGID non-comorbidity GAD may be related to the increased relative abundance of Hemophilus. The increased relative abundance of Fusobacterium and Megamonas is associated with personality traits such as affective difficulty describing feelings and difficulty identifying feelings, neuroticism, and negative cognition of disease.



Data availability statement

The data presented in the study are deposited in the SAR repository, accession number PRJNA 863752.



Ethics statement

The studies involving human participants were reviewed and approved by the Medical Ethics Committee of the Affiliated Hospital of Guizhou Medical University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

XG drafted the manuscript for submission. XG and FL were responsible for data collection, the study’s topic and scope, and research of evidence as well as analysis and interpretation of data. JC and FY were involved in data collection, coding of data, and provided intellectual input into the manuscript. TZ and WC supervised the study and provided intellectual input into the manuscript. All authors read and approved the final manuscript.



Funding

This work was supported by the cultivate project 2021 for National Natural Science Foundation of China, Affiliated Hospital of Guizhou Medical University, gyfynsfc-2021-51.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, Bryson H, et al. Prevalence of mental disorders in Europe: Results from the European study of the epidemiology of mental disorders (ESEMeD) project. Acta Psychiatr Scand. (2004) 109:21–7.

2. Koloski NA, Talley NJ, Boyce PM. Epidemiology and health care seeking in the functional GI disorders: A population-based study. Am J Gastroenterol. (2002) 97:2290–9. doi: 10.1111/j.1572-0241.2002.05783.x

3. Drossman DA, Hasler WL. Rome IV—functional GI disorders: Disorders of gut-brain interaction. Gastroenterology. (2016) 150:1257–61. doi: 10.1053/j.gastro.2016.03.035

4. Palsson OS, Drossman DA. Psychiatric and psychological dysfunction in irritable bowel syndrome and the role of psychological treatments. Gastroenterol Clin. (2005) 34:281–303.

5. Wu JC. Psychological co-morbidity in functional gastrointestinal disorders: Epidemiology, mechanisms and management. J Neurogastroenterol Motil. (2012) 18:13.

6. Koloski NA, Jones M, Talley NJ. Evidence that independent gut-to-brain and brain-to-gut pathways operate in the irritable bowel syndrome and functional dyspepsia: A 1-year population-based prospective study. Aliment Pharmacol Ther. (2016) 44:592–600. doi: 10.1111/apt.13738

7. Lydiard RB, Fossey MD, Marsh W, Ballenger JC. Prevalence of psychiatric disorders in patients with irritable bowel syndrome. Psychosomatics. (1993) 34:229–34.

8. Levy RL, Olden KW, Naliboff BD, Bradley LA, Francisconi C, Drossman DA, et al. Psychosocial aspects of the functional gastrointestinal disorders. Gastroenterology. (2006) 130:1447–58.

9. Zamani M, Alizadeh Tabari S, Zamani V. Systematic review with meta-analysis: The prevalence of anxiety and depression in patients with irritable bowel syndrome. Aliment Pharmacol Ther. (2019) 50:132–43.

10. Liebregts T, Adam B, Bredack C, Röth A, Heinzel S, Lester S, et al. Immune activation in patients with irritable bowel syndrome. Gastroenterology. (2007) 132:913–20.

11. Pinto-Sanchez MI, Ford AC, Avila CA, Verdu EF, Collins SM, Morgan D, et al. Anxiety and depression increase in a stepwise manner in parallel with multiple FGIDs and symptom severity and frequency. Am J Gastroenterol. (2015) 110:1038–48. doi: 10.1038/ajg.2015.128

12. Ford AC, Talley NJ, Schoenfeld PS, Quigley EM, Moayyedi P. Efficacy of antidepressants and psychological therapies in irritable bowel syndrome: Systematic review and meta-analysis. Gut. (2009) 58:367–78.

13. Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J, Talley NJ. The brain–gut pathway in functional gastrointestinal disorders is bidirectional: A 12-year prospective population-based study. Gut. (2012) 61:1284–90. doi: 10.1136/gutjnl-2011-300474

14. Zhang L, Zhang Z, Xu L, Zhang X. Maintaining the balance of intestinal flora through the diet: Effective prevention of illness. Foods. (2021) 10:2312.

15. Li N, Wang Q, Wang Y, Sun A, Lin Y, Jin Y, et al. Fecal microbiota transplantation from chronic unpredictable mild stress mice donors affects anxiety-like and depression-like behavior in recipient mice via the gut microbiota-inflammation-brain axis. Stress. (2019) 22:592–602. doi: 10.1080/10253890.2019.1617267

16. Chen Y, Bai J, Wu DI, Yu SF, Qiang XL, Bai H, et al. Association between fecal microbiota and generalized anxiety disorder: Severity and early treatment response. J Affect Disord. (2019) 259:56–66.

17. Saffouri GB, Shields-Cutler RR, Chen J, Yang Y, Lekatz HR, Hale VL, et al. Small intestinal microbial dysbiosis underlies symptoms associated with functional gastrointestinal disorders. Nat Commun. (2019) 10:1–11.

18. Liu Y, Zhang L, Wang X, Wang Z, Zhang J, Jiang R, et al. Similar fecal microbiota signatures in patients with diarrhea-predominant irritable bowel syndrome and patients with depression. Clin Gastroenterol Hepatol. (2016) 14:1602–11.

19. Kurokawa S, Kishimoto T, Mizuno S, Masaoka T, Naganuma M, Liang K, et al. The effect of fecal microbiota transplantation on psychiatric symptoms among patients with irritable bowel syndrome, functional diarrhea and functional constipation: An open-label observational study. J Affect Disord. (2018) 235:506–12. doi: 10.1016/j.jad.2018.04.038

20. Kim HN, Kim BH, Cho J, Ryu S, Shin H, Sung J, et al. Pathway analysis of genome-wide association datasets of personality traits. Genes Brain Behav. (2015) 14:345–56.

21. Farnam A, Somi MH, Sarami F, Farhang S. Five personality dimensions in patients with irritable bowel syndrome. Neuropsychiatr Dis Treat. (2008) 4:959.

22. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. (1959) 32:50–5.

23. Costa PT Jr., McCrae RR. Domains and facets: Hierarchical personality assessment using the revised NEO personality inventory. J Pers Assess. (1995) 64:21–50.

24. Weinman J, Petrie KJ, Moss-Morris R, Horne R. The illness perception questionnaire: A new method for assessing the cognitive representation of illness. Psychol Health. (1996) 11:431–45.

25. Xiong N, Wei J, Hong X, Li T, Zhu M, Sha Y, et al. Cross-culture adaptation, validity and reliability of the Chinese version of the illness perception questionnaire-ReVised(IPQ-R)among outpatients. Chin J Clin Psychol. (2018) 8:713–9.

26. Bagby RM, Parker JD, Taylor GJ. The twenty-item Toronto Alexithymia Scale—I. Item selection and cross-validation of the factor structure. J Psychosom Res. (1994) 38:23–32. doi: 10.1016/0022-3999(94)90005-1

27. Yi J, Yao S, Xiongzhao Z. The Chinese version of the TAS-20:Reliability and validity. Chin J Clin Psychol. (2003) 11:763–7.

28. Kroenke K, Spitzer RL, Williams JB. The PHQ-15: Validity of a new measure for evaluating the severity of somatic symptoms. Psychosom Med. (2002) 64:258–66.

29. Zhu X, Luo F, Yao S. Reliability and validity of the cognitive emotion regulation questionnaire-Chinese version. Chin J Clin Psychol. (2007) 15:121.

30. Jiang H, Zhang X, Yu Z, Zhang Z, Deng M, Zhao JH, et al. Altered gut microbiota profile in patients with generalized anxiety disorder. J Psychiatr Res. (2018) 104:130–6.

31. Gu X, Song L, Li L, Liu T, Zhang MM, Li Z, et al. Fusobacterium nucleatum causes microbial dysbiosis and exacerbates visceral hypersensitivity in a colonization-independent manner. Front Microbiol. (2020) 11:1281. doi: 10.3389/fmicb.2020.01281

32. Liu Y, Yuan X, Li L, Lin L, Zuo X, Cong Y, et al. Increased ileal immunoglobulin a production and immunoglobulin A-coated bacteria in diarrhea-predominant irritable bowel syndrome. Clin Transl Gastroenterol. (2020) 11:e00146. doi: 10.14309/ctg.0000000000000146

33. Burns G, Pryor J, Holtmann G, Walker MM, Talley NJ, Keely S. Immune activation in functional gastrointestinal disorders. Gastroenterol Hepatol. (2019) 15:539.

34. Tanum L, Malt UF. Personality and physical symptoms in nonpsychiatric patients with functional gastrointestinal disorder. J Psychosom Res. (2001) 50:139–46.

35. Jordan C, Sin J, Fear NT, Chalder T. A systematic review of the psychological correlates of adjustment outcomes in adults with inflammatory bowel disease. Clin Psychol Rev. (2016) 47:28–40. doi: 10.1016/j.cpr.2016.06.001

36. Kano M, Endo Y, Fukudo S. Association between alexithymia and functional gastrointestinal disorders. Front Psychol. (2018) 9:599. doi: 10.3389/fpsyg.2018.00599

37. Porcelli P, Todarello O. Psychological factors affecting functional gastrointestinal disorders. Psychol Factors Affect Med Cond. (2007) 28:34–56.

38. Kim H, Yun Y, Ryu S, Chang Y, Kwon MJ, Cho J, et al. Correlation between gut microbiota and personality in adults: A cross-sectional study. Brain Behav Immun. (2018) 69:374–85.

39. Park E, Yun KE, Kim M, Kim J, Chang Y, Ryu S, et al. Correlation between gut microbiota and six facets of neuroticism in Korean adults. J Pers Med. (2021) 11:1246. doi: 10.3390/jpm11121246













	 
	

	TYPE Original Research
PUBLISHED 25 August 2022
DOI 10.3389/fpsyt.2022.964879





Changes in treatment outcomes in patients undergoing an integrated psychosomatic inpatient treatment: Results from a cohort study

Monika Sadlonova1,2,3,4,5*, Julia Katharina Löser6, Christopher M. Celano4,5, Christina Kleiber7, Daniel Broschmann1 and Christoph Herrmann-Lingen1,3

1Department of Psychosomatic Medicine and Psychotherapy, University of Göttingen Medical Center, Göttingen, Germany

2Department of Cardiovascular and Thoracic Surgery, University of Göttingen Medical Center, Göttingen, Germany

3German Center for Cardiovascular Research, Göttingen, Germany

4Department of Psychiatry, Massachusetts General Hospital, Boston, MA, United States

5Department of Psychiatry, Harvard Medical School, Boston, MA, United States

6Department of Geriatrics and Early Rehabilitation, St. Joseph-Stift Hospital, Bremen, Germany

7Department of Psychosomatic Medicine and Psychotherapy, Medical Center Kassel, Kassel, Germany

[image: image]

OPEN ACCESS

EDITED BY
Wenhao Jiang, Zhongda Hospital, Southeast University, China

REVIEWED BY
Imad Maatouk, University of Würzburg, Germany
Heribert Christian Sattel, Technical University of Munich, Germany

*CORRESPONDENCE
Monika Sadlonova, msadlonova@mgh.harvard.edu

SPECIALTY SECTION
This article was submitted to Psychological Therapy and Psychosomatics, a section of the journal Frontiers in Psychiatry

RECEIVED 09 June 2022
ACCEPTED 08 August 2022
PUBLISHED 25 August 2022

CITATION
Sadlonova M, Löser JK, Celano CM, Kleiber C, Broschmann D and Herrmann-Lingen C (2022) Changes in treatment outcomes in patients undergoing an integrated psychosomatic inpatient treatment: Results from a cohort study.
Front. Psychiatry 13:964879.
doi: 10.3389/fpsyt.2022.964879

COPYRIGHT
© 2022 Sadlonova, Löser, Celano, Kleiber, Broschmann and Herrmann-Lingen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Objective: In Germany, multimodal psychosomatic inpatient treatment can be initiated for patients with substantial mental disorders (e.g., depression, anxiety, somatoform disorders) and comorbid physical disease. However, studies investigating changes in psychological and functional treatment outcomes, and predictors of long-term treatment effects in patients undergoing psychosomatic inpatient treatment are needed.

Methods: This cohort study analyzed 160 patients aged ≥18 who were treated on an integrated psychosomatic inpatient unit at the University of Göttingen Medical Center. Its aim was to analyze changes in psychological and functional outcomes, and to identify predictors of long-term improvements in health-related quality of life (HRQoL) in patients with comorbid mental and physical illness who were undergoing integrated inpatient psychosomatic treatment. Assessments were completed at admission, discharge, and 12- or 24-month follow-up. Outcomes included physical complaints [Giessen Subjective Complaints List (GBB-24)], psychological symptoms [Brief Symptom Inventory (BSI)], and HRQoL [European Quality of Life Questionnaire (EQ-5D)].

Results: One-hundred sixty inpatients were included (mean age = 53.1 ± 12.6; 53.8% female). There were significant, medium- to large-sized improvements in psychological symptoms (BSI-Global Severity Index; d = −0.83, p < 0.001), physical symptom burden (d = −0.94, p < 0.001), and HRQoL (d = 0.65, p < 0.001) from admission to discharge, and significant, small- to medium-sized greater improvements in all psychological outcomes from admission to follow-up (BSI-GSI: d = −0.54, p < 0.001; GBB-24 total symptom burden: d = −0.39, p < 0.001; EQ-5D: d = 0.52, p < 0.001). Furthermore, better improvement in HRQoL during hospitalization (partial η2 = 0.386; p < 0.001) was associated with higher HRQoL at follow-up. Finally, intake of antidepressant at discharge was associated with impaired HRQoL at follow-up (η2 = 0.053; p = 0.03).

Conclusion: There were significant short- and long-term improvements in psychological symptoms, physical complaints, and HRQoL after treatment on an integrated psychosomatic inpatient unit in patients with mental disorders and a comorbid physical disease.
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Introduction

Among individuals with chronic physical diseases, mental disorders are highly prevalent (1–4) and are associated with impaired quality of life (QoL) (3, 5–7), high disability burden (3, 4, 7, 8), medical complications (7), high healthcare utilization and costs (3, 9), and premature mortality (3, 10). Specifically, mental disorders have been linked to adverse cardiovascular outcomes (e.g., major adverse cardiac events or mortality in coronary heart disease patients) (11, 12), and patients with cardiovascular diseases require complex emotional-cognitive adaptations (11). Despite these relationships, mental disorders are underdiagnosed and undertreated in primary care settings (13), with previous studies demonstrating that over 50% of patients with mental disorders do not receive guideline-concordant treatment that can impact both psychological (e.g., QoL, psychological distress) and medical outcomes (e.g., hospitalizations, disease-related complications, mortality) (7, 14–19). Furthermore, existing treatments rarely utilize a holistic approach that targets both mental and physical symptoms and is guided by psychosomatic principles (20).

One potential treatment option for more severely ill patients with mental disorders (e.g., depression, anxiety, somatoform disorders) and comorbid physical illness is multimodal care in an inpatient psychosomatic medicine setting (21–23). Inpatient psychosomatic care involves inpatient hospitalization for a period of 4–6 weeks, during which patients engage in a variety of therapeutic interventions, including psychotherapy, patient-centered nursing, creative therapies, body-oriented and physical therapy, and pharmacotherapy (22). In Germany, psychosomatic medicine is not a subspecialty of psychiatry but represents a specialized medical discipline, and its clinical core competency is an integrated care approach that focuses specifically on patients with comorbid mental and concomitant physical disease (e.g., psycho-cardiology) (22, 24). As integrative patient-centered care concepts (e.g., psycho-cardiology) are increasingly recommended (24), the present study describes a unique, inpatient psychosomatic setting mainly focused on patients with mental disorders and comorbid cardiovascular diseases (e.g., coronary heart disease, malignant cardiac arrhythmias, heart failure). This setting allows the integration of psychological treatments, including psychological, creative, body-oriented, and specialized cardiac-based treatments, into an Academic Heart Center.

In addition, physical diseases (e.g., diabetes, inflammatory bowel disease, migraine) with pronounced psychological components are treated. A meta-analysis of randomized controlled trials (RCTs) evaluating these types of psychotherapy-focused hospital treatments (25) found that these interventions led to a medium within-group effect size (Hedges’ g = 0.72) improvement in symptoms from admission to discharge, with a small reduction of the effect to follow-up (g = 0.61). However, fewer than 50% of patients in the reviewed studies had comorbid physical diseases and most were under 50 years of age. Therefore, additional research studies investigating short- and long-term treatment effects of multimodal psychosomatic inpatient care in older patients with both mental and physical illnesses are necessary. This would improve the scientific evidence for treatment effects of integrated psychosomatic units in medical centers (e.g., heart centers or internal medicine departments).

Additionally, identifying predictors of response to psychosomatic treatment may be beneficial. To date, both sociodemographic and treatment characteristics have been linked to treatment response, though the existing literature has been mixed. For example, while one cohort study found younger age to be associated with subjective change three months after psychosomatic hospitalization (26), a second observational study (N = 1829) found age not be associated with changes in psychological outcomes at admission, discharge, and 1-year follow-up (27). Similarly, though a RCT (N = 298) of standardized five-week multimodal cognitive-behavioral therapy (CBT) demonstrated that women with depressive disorders and chronic pain syndromes benefit significantly more than men from the program (28), white men responded more robustly to a CBT intervention than other subgroups in a different study (N = 2481) investigating a treatment effects of CBT in patients with minor or major depression after myocardial infarction (29). Furthermore, comorbid physical diseases, lower self-efficacy, and the number of mental disorders were found to be predictors of treatment outcomes (e.g., subjective complaints and negative mood) assessed at 1-year follow-up after inpatient psychosomatic treatment (27). Finally, participation in a targeted outpatient aftercare intervention led to increased long-term effectiveness of inpatient psychosomatic treatment (30). Given the paucity of data, better understanding of predictors for short- and long-term treatment outcomes (e.g., psychological and functional symptom complaints, HRQoL) of integrated inpatient psychosomatic treatments (e.g., psycho-cardiology or psychosomatic internal medicine) in patients with mental disorders and comorbid physical disease is necessary.

To address the above-mentioned gaps, we performed a cohort study to examine changes in psychological and functional outcomes in patients undergoing an integrated, multimodal inpatient psychosomatic treatment program in an academic Heart Center, as well as to identify predictors of HRQoL at follow-up. Given previous scientific findings, we hypothesized that (1) the multimodal, inpatient psychosomatic treatment would lead to significant improvements in psychological and functional outcomes at discharge and 12- or 24-month follow-up compared to admission. Furthermore, we expected that (2) female sex, higher age, and the presence of comorbid cardiovascular disease would moderate these effects; and that (3) both sociodemographic and treatment-related variables (e.g., outpatient psychotherapy, intake of antidepressants) would be associated with HRQoL in this population.



Materials and methods


Study design

The primary aim of this single-center cohort study was to assess changes in psychological and functional outcomes from admission to discharge and 12- or 24-month follow-up in patients with mental disorders and a comorbid physical disease undergoing an integrated, inpatient psychosomatic treatment program. The secondary aims were to investigate whether (i) age, sex, and the presence of comorbid cardiovascular disease act as moderators of changes in treatment outcomes; and whether (ii) there are influencing factors on HRQoL at follow-up in patients with indication for an inpatient psychosomatic care with a comorbid physical disease. Ethical approval for this study protocol was obtained from the Ethics Committee of the University of Göttingen Medical Center (#1/10/11) on January 31, 2012.



Study setting and participants

In total, 160 patients aged 18 years or older who were treated on the multimodal inpatient psychosomatic unit of the Department of Psychosomatic Medicine and Psychotherapy located in the Heart Center of the University Medical Center in Göttingen, Germany, between February 2010 and January 2012 were included. The inclusion criteria were as follows: (a) completed inpatient treatment for at least three weeks; (b) age 18 years or more; and (c) sufficient cognitive skills and ability to speak, read and understand German; The exclusion criteria were severe cognitive impairment, communicative difficulties (e.g., aphasia), or inability to provide informed consent.

Data at baseline and discharge were obtained during routine diagnostics and quality assurance and were extracted from participant records retrospectively. They included detailed medical history data obtained during hospitalization, as well as a set of psychological and functional questionnaires completed upon admission and before discharge. For the prospective follow-up assessment at 12- or 24-month post-discharge (depending on the year of hospitalization), informed consent was obtained from all participants after providing detailed study information. Follow-up data were prospectively collected by mailing the study participants a set of the same questionnaires that had been used during hospitalization and a number of tailored items related to events and treatments that occurred after initial hospital discharge.



Inpatient psychosomatic treatment

The inpatient psychosomatic unit is run by the Department of Psychosomatic Medicine and Psychotherapy in collaboration with the Department of Cardiology of the University Medical Center Göttingen, Germany, and focuses on treating patients with mental disorders and comorbid cardiovascular or other physical diseases. The unit is integrated into the Göttingen Heart Center and has a treatment capacity for 18 inpatients.

Admission is electively planned after a detailed outpatient interview. The minimum age for admission is 18 years. A maximum age is not defined, but the patients should be physically and psychologically able to participate as much as possible in the treatment setting. Furthermore, common admission criteria for an inpatient stay are the simultaneous occurrence of a mental disorder (e.g., depression, anxiety or somatoform disorder), and a physical disease (e.g., cardiac disease) or severe functional somatic symptoms attributed to a putative underlying medical illness.

The treatment concept of the inpatient unit is based on a bio-psycho-social model (22). The four- to six-week psychosomatic inpatient care is a multimodal treatment combining individual and group psychotherapy (based on psychodynamic psychotherapy and CBT), psychoeducation, art therapy, relaxation training (e.g., progressive muscle relaxation), and body-oriented and physical therapy, including exercise training. Interpersonal and psychosocial problems can be addressed through inclusion of partners or family, as well as through the use of psychosocial skills training. Furthermore, patients receive daily medical visits (e.g., with medical workup or specialized consultations if indicated). If necessary, drug treatment for physical and mental conditions is initiated or adjusted. Each patient receives weekly therapy plans for the duration of their inpatient stay, which determines the daily structure and therapeutic program. In particular, cardiovascular diseases such as coronary heart disease, malignant cardiac arrhythmias, heart failure, and arterial hypertension are treated on the unit, if these are essentially caused by psychological and behavioral factors (including non-adherence) or if they are accompanied by depression, anxiety disorders or post-traumatic stress disorder. In addition, physical diseases (e.g., diabetes, inflammatory bowel disease, migraine) with pronounced psychological components are treated. Finally, specific behavioral treatment components are available for the management of a spectrum of eating disorders (from anorexia nervosa with body mass index <15 kg/m2 to severe obesity).



Study assessments

Participants’ health records were reviewed to obtain sociodemographic and clinical data, including primary admission diagnoses and healthcare utilization. Psychological and functional outcomes were assessed using valid and reliable questionnaires (31–34).

The Giessen Subjective Complaints List (GBB-24) is a 24-item questionnaire for the assessment of physical complaints. For each item there are possible answers from 0 = “not at all” up to 4 = “very much” (31). The individual complaints can be aggregated on four subscales: exhaustion, gastrointestinal complaints, musculoskeletal complaints, cardiovascular complaints. Total symptom burden ranges from 0 to 96.

The Brief Symptom Inventory (BSI) (32) assesses psychopathological and psychological symptoms. The questionnaire consists of 53 items, which are answered using a 5-point Likert scale from 0 = “not at all” to 4 = “very much”. It covers nine symptom dimensions: somatization, obsession-compulsion, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation and psychoticism. A global index of distress called Global Severity Index (GSI) can be created and ranges from 0 to 4.

The EQ-5D (European Quality of Life Questionnaire) is a short instrument, consisting of 5 items, which is used to record health-related quality of life (HRQoL). The 5 items represent the dimensions of mobility, self-care, usual activities, pain/physical complaints and fear/depression (33, 35). Individual item values were transformed into an index score on a scale from 0 to 100, with higher scores indicating better HRQoL.

Self-efficacy was assessed using a short form of the General Self-Efficacy Scale (GSE-6) (34). In the 6-item version, participants are asked to rate the degree to which items applies to them on a scale ranging from 1 “does not apply at all” and the value 4 means “applies completely”. The mean value is created by dividing the sum of all 6 items by the number of items.



Statistical analysis

Clinical and psychological data are shown as means (M) and standard deviations (SD) of continuous variables or frequencies and percentages of categorical variables. To analyze relationships between physical and psychological variables at all three timepoints and the comorbid physical disorders, Mann-Whitney U tests were performed. To assess differences between the individuals who did or did not complete all three measurements, we performed one-way analyses of variance (ANOVAs) for continuous variables and Fisher’s exact tests for categorical variables.

To examine changes in treatment outcomes of integrated inpatient psychosomatic care, the mean values of the psychological outcomes at admission, discharge, and 12- or 24-month follow-up were compared using ANOVA with repeated measurements. As there were no differences between the subgroups followed for 12 vs. 24 months, both groups were combined for further analyses. The effect sizes were determined either as Cohen’s d (d ≥ 0.2 as small effect; d ≥ 0.5 medium effect; d ≥ 0.8 as large effect) or in the form of the partial eta square (η2): Concretely, η2 ≥ 0.01 assumes a small effect, η2 ≥ 0.06 a medium effect, and η2 ≥ 0.14 a large effect (36). Medium effect sizes are considered to be clinically relevant. To evaluate the analysis of variance, sphericity was first tested using the Mauchly test. If this could not be accepted, the Greenhouse-Geisser correction was used for the interpretation (37). The intra-subject effects of the two-stage time factor were tested.

To test influencing factors on the change in psychological and functional outcomes over the course of time between admission and discharge, multi-factorial ANOVA with repeated measurements were used. The time of assessment (discharge vs. admission) was defined as the intra-subject factor, and the influencing variable to be analyzed was the between-subject factor. Significant between-subject effects and within-subject contrasts were examined for their effect size using the η2. We focused on the evaluation of the interaction term (time*between-subject factor) in order to test the influence of the between-subject factor on the temporal development of the individual psychometric findings.

Finally, we used Spearman’s correlation analysis to examine bivariate relationships between HRQoL at follow-up and HRQoL at admission and discharge, as well as intake of antidepressants at discharge, referral for outpatient psychotherapy post-discharge, and self-efficacy at admission and discharge. Afterward, a multi-factorial ANOVA with repeated measurements was performed to analyze factors associated with change in HRQoL over the course of time between follow-up and admission. The time of assessment (follow-up vs. admission) was defined as the intra-subject factor, and the influencing variable to be analyzed was the between-subject factor. Significant between-subject effects and within-subject contrasts were examined for their effect size using η2. To compare mean scores in psychological and functional variables between patients with and without intake of antidepressants, a paired t-test was performed.

All analyses were performed using SPSS software, version 27 (SPSS Inc., Chicago, IL, United States). A p value of <0.05 was considered statistically significant.




Results


Recruitment and baseline characteristics

We identified 245 eligible patients who underwent inpatient psychosomatic treatment between February 2010 and January 2012. Of these, 160 patients (mean age in years = 53.1, SD = 12.6; 53.8% female) completed both the admission and discharge questionnaires and were enrolled in the study. Of these, 92 patients (mean age = 55.6, SD = 12.4; 52.2% female) completed the 12- or 24-month follow-up questionnaires (Figure 1). The clinical and psychological baseline characteristics of the total sample are shown in Table 1. In the total sample, the most prevalent mental disorders were affective disorders (38.1%), followed by somatoform disorders (30%), and anxiety and obsessive-compulsive disorders (19.4%). The most common physical comorbidities were hypertension (50%), ischemic coronary heart disease (20.6%), diabetes (10.6%), and atrial fibrillation/flutter (8.1%). In Whitney–Mann U tests, there were no associations between the comorbid physical diseases and the physical or psychological outcomes at any of the three timepoints.


[image: image]

FIGURE 1
Flow chart of the study.



TABLE 1    Characteristics of clinical and psychological variables.
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Patients lost from discharge to follow-up (N = 68) were comparable to completers of all measurements in all variables at follow-up (N = 92), aside from having lower age (completers: mean age = 55.6, SD = 12.4; dropout: mean age = 49.7, SD = 12.1; p = 0.003), and higher psychological distress (BSI-GSI; completers: 1.0 ± 0.6; dropout: 1.2 ± 0.6; p = 0.004).



Changes in psychological and functional treatment outcomes

Regarding psychological and functional outcomes (Table 2), there were significant, large-sized improvements in psychological symptoms (BSI-GSI: paired t-test: M = −0.45; SD = 0.54; effect size: d = −0.83; 95% CI −0.53, −0.36; p < 0.001) and physical complaints (GBB total symptom burden: M = −11.74; SD = 12.44; d = −0.94, 95% CI −13.68, −9.80; p < 0.001), and significant medium-sized improvements in HRQoL (EQ-5D: M = 10.77, SD = 16.70; d = 0.65, 95% CI 8.10, 13.45, p < 0.001), from admission to discharge in patients undergoing integrated inpatient psychosomatic treatment. The adjusted general linear models (Supplementary Files 1, 2) found no significant moderating effects of age, sex, and comorbid cardiovascular diagnosis on changes in physical and psychological symptoms from admission to discharge. Changes in HRQoL at discharge compared to admission were not significant after full adjustment for sex, age, and cardiac diagnosis, and the included variables did not show a significant moderating effect on HRQoL.


TABLE 2    Changes in psychological scale scores at discharge compared to admission (paired t-tests, N = 160).
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At follow-up (Table 3 and Figure 2), patients still showed significant, small- to medium-sized improvements in psychological symptoms (BSI-GSI: M difference [FU - admission] = −0.283, 95% CI −0.40, −0.16; d = −0.54; p < 0.001), physical symptoms (GBB total symptom burden: M difference = −5.705, 95% CI −8.97, −2.44; d = −0.39; p < 0.001), and HRQoL (EQ-5D: M difference = 8.441, 95% CI 4.61,12.28; d = 0.52; p < 0.001) compared to admission. Between discharge and follow-up there was only a small and non-significant increase in psychological symptoms and only minimal decrease in HRQoL. Physical symptoms increased again at follow-up compared to discharge (M difference [FU - discharge] = 6.031, 95% CI 2.584, 9.477; d = 0.40; p < 0.001) but remained significantly lower than on admission. Changes in physical and psychological symptoms as well as HRQoL, were unrelated to the timing of follow-up assessment at 12 vs. 24 months.


TABLE 3    Changes of psychological outcomes at follow-up compared to admission and discharge (N = 92).
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FIGURE 2
Time course of BSI-GSI, GBB-24, and EQ-5D variables. BSI, Brief Symptom Inventory; CI, confidence interval; EQ, European Quality of Life Questionnaire; FU, follow-up; GBB, Giessen Subjective Complaints List; GSI, Global Severity Index. Asterisks (*) indicate significant differences between adjacent time points. Error bars indicate 95% CIs.


In univariate correlation analysis, there was a significant association between EQ-5D-3L at follow-up and EQ-5D-3L at admission (Spearman’s rho = 0.541, p < 0.001) and discharge (r = 0.648, p < 0.001), and a significant negative association between EQ-5D-3L at follow-up and intake of antidepressant at discharge (r = −0.067, p = 0.021). There were no significant associations between HRQoL at 12- or 24-month follow-up with referral of outpatient psychotherapy after discharge (r = −0.067, p = 0.529), self-efficacy at admission (r = 0.156, p = 0.144), or self-efficacy at discharge (r = 0.112, p = 0.299). In multi-factorial ANOVA with repeated measurements, improvement in HRQoL during hospitalization (partial η2 = 0.386, p < 0.001) was associated with better HRQoL at follow-up. Furthermore, intake of antidepressant at discharge was associated with impaired HRQoL at follow-up (partial η2 = 0.053, p = 0.03); there was no significant effect of follow-up assessment performed at 12 vs. 24 months on HRQoL at follow-up (all p > 0.05, Table 4). Finally, we performed a paired t-test to compare patients with and without intake of antidepressants. Patients with intake of antidepressant showed higher psychological distress (p < 0.01) as well as symptom burden (p = 0.02) at admission but not at discharge (p = 0.06; p = 0.23, respectively) compared with patients without a treatment with antidepressant. The HRQoL was only insignificantly worse in patients receiving antidepressants at admission and discharge while a significant difference emerged during follow-up (Supplementary File 2).


TABLE 4    Multi-factorial ANOVA with repeated measures showing factors associated with change in HRQoL between follow-up and admission.
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Discussion

This single-center cohort study demonstrates significant medium- to large-sized improvements in psychological and physical outcomes (BSI, GBB), and HRQoL (EQ-5D) in patients with mental disorders and physical comorbidity treated on an integrated inpatient psychosomatic unit in an academic Heart Center. These improvements were independent of age and sex and for most variables also of cardiovascular comorbidity. Small- to medium-sized improvements in all outcomes were still found at 12- or 24-month follow-up compared to admission. Better improvement of HRQoL during hospitalization was associated with substantially higher HRQoL at follow-up. Continued psychotherapy after discharge or self-efficacy at admission or discharge did not show significant associations with HRQoL at 12- or 24-month follow-up, while antidepressant medication at discharge was independently associated with poorer HRQoL at follow-up.

Inpatient psychosomatic treatment provides a protective environment with a variety of therapeutic interventions (e.g., individual and group psychotherapy, art therapy, body-oriented and physical therapy, pharmacotherapy), and can focus specifically on patients with a comorbid physical disease (e.g., with a cardiac diagnosis) (22). A meta-analysis of RCTs evaluating psychotherapeutic hospital treatments in Germany (25) demonstrated a medium within-group effect size for symptom change at discharge with a small reduction to follow-up, but most patients in this analysis were younger and did not have a significant physical comorbidity. The current analysis extends these findings by demonstrating significant medium- to large-sized improvements in psychological and functional outcomes specifically in patients with a mental disorder and a comorbid physical disease undergoing an integrated inpatient psychosomatic treatment in an academic Heart Center. Furthermore, these treatment effects largely persisted at follow-up, as small- to medium-sized improvements in all outcomes were still found at 12- or 24-month follow-up compared to admission. These findings are of high clinical relevance, as mental disorders are associated with the highest disability burden of all larger disease categories (8), and as the health goals have been shifted to decreasing disability burden rather than only to increasing life expectancy (38).

However, the present study did not compare the changes in mental health outcomes between integrated inpatient psychosomatic treatment with multimodal components (e.g., individual and group psychotherapy, art therapy, relaxation training, body-oriented and physical therapy, and specialized medical care) to an active comparator (e.g., outpatient or inpatient psychotherapy or psychiatric treatment) in patients with physical comorbidities. Future studies are necessary to provide more information on the following aspects in patients with mental health disorder and a comorbid physical disease: (a) effective duration of inpatient treatment (e.g., the presented integrated unit provides treatment for 4–6 weeks); (b) effectiveness of the treatment domains; and (c) cost-effectiveness of integrated multimodal inpatient units with specialized care of physical comorbidities (e.g., psycho-cardiological or psycho-diabetological units) compared to general psychosomatic/psychiatric units. Given the trend of sub-specialization in medicine, it might be of clinical importance that psychosomatic (and psychiatric) inpatient units focus on prevalent physical comorbidities in patients with mental health disorders with further expertise in areas such as psycho-cardiology, psycho-diabetology, or psycho-oncology. However, better scientific evidence is necessary to implement more sub-specialized inpatients units not only in the German health system but also worldwide.

Furthermore, the finding that higher age and a comorbid cardiovascular diagnosis did not impair the improvements observed during and after inpatient treatment highlights the impact of an integrated inpatient psychosomatic care on psychological and functional outcomes in patients with cardiovascular comorbidity (e.g., coronary heart disease, atrial fibrillation/flutter or hypertension) who are typically older than those studies in the previous meta-analysis (25). This is of clinical relevance as mental disorders have been linked to adverse cardiovascular outcomes (e.g., major adverse cardiac events or mortality in coronary heart disease patients) (11, 12), and patients with cardiovascular diseases require complex emotional-cognitive adaptations (11). For example, a study (N = 93) comparing an integrated concept of psycho-cardiac rehabilitation vs. monodisciplinary cardiac or psychosomatic rehabilitation showed that cardiac patients benefit more from an integrated psycho-cardiac treatment concept (39). In line with these results and ours, integrative patient-centered care concepts (e.g., psycho-cardiology) are increasingly recommended for treatment of patient with mental disorders and concomitant physical disease (24).

Finally, in the present study, intake of antidepressants at discharge was independently associated with poorer HRQoL at follow-up. There might be several explanations for this finding. First, patients on antidepressants showed higher symptom burden and psychological stress at admission compared with patients without intake of antidepressants. Therefore, higher initial symptom severity of major depressive disorder (MDD) may have been a reason for antidepressant prescription, which would suggest that it is the initial severity of depression rather that the medication itself that impaired follow-up HRQoL scores in patients taking antidepressants. However, our model controlled for baseline HRQoL, making such inverse causation less likely. Previous studies in patients with MDD undergoing inpatient treatment or day hospital treatment (40, 41) showed that intake of antidepressants was significantly related to more severe depression at admission and discharge that can lead to complex treatment situation (e.g., high number of antidepressants, switch in medication) (41). Second, antidepressants might have greater effects on depressive symptoms than on HRQoL. For example, a study investigating relationship between depressive symptoms and HRQoL in inpatients with MDD before and after 6-week treatment with fluoxetine demonstrated that antidepressant treatment was associated with a greater extent of change in depressive symptoms than in HRQoL (42). In our study, however, also the psychological symptoms remained significantly higher in the medicated vs. unmedicated group. Finally, the effect of antidepressants on HRQoL might not be as sustained at 12- or 24-month follow-up. Consistent to this explanation, a recent study in patients with MDD comparing a cohort with and without intake of antidepressants (43) showed that the real-world effect of antidepressant intake does not continue to improve patients’ HRQoL over time, and the effect of antidepressants on improvements of HRQoL was limited to the initial 2–3 months of treatment. However, the HRQoL scores did not sufficiently improve in long-term compared to the general population (44, 45). Longer-term follow-up of randomized, controlled trials of antidepressant treatment efficacy would help to clarify the long-term effects of these medications on both depressive symptoms and HRQoL.

In summary, this cohort study provides further scientific support for significant improvement in patient-reported outcomes after integrated psychosomatic inpatient care and for factors influencing long-term improvements in HRQoL in patients with mental disorder and a concomitant physical disease (e.g., cardiac disease). The strengths of our study are the longitudinal approach with various psychological and functional outcomes at three time points. However, our study has several limitations. Firstly, this is a single-center cohort study without randomization or an active comparator. Secondly, we excluded 68 patients, as they did not complete all the study assessments. Finally, the German system with established departments for psychosomatic medicine and psychotherapy with inpatient treatments of 4–6 weeks duration and more represents a unique treatment system worldwide which impedes generalizability of our results to other health care systems.



Conclusion

Multimodal, integrated inpatient psychosomatic treatment was associated with significant medium- to large-sized improvements in physical and psychological symptoms, and HRQoL in inpatients with mental disorders and a comorbid physical disease. These results indicate that integrative patient-centered care concepts (e.g., psycho-cardiology) are useful for treatment of patient with somatic-mental comorbidity. Finally, improvement in HRQoL from admission to discharge seems to remain mostly stable over 1–2 years. Large, randomized-controlled, multi-center clinical trials investigating the effectiveness of integrated, specialized (e.g., psycho-cardiology, psycho-diabetology) psychosomatic inpatient treatments compared to an active comparator are needed to confirm their impact on psychological, functional, and medical outcomes. Furthermore, cost-effectiveness analyses should be provided. However, for the multimorbid patients treated on the unit studied here, inpatient treatment is often the last resort after unsuccessful outpatient therapies. Both, ethical considerations and clear patient preferences for an established and probably effective treatment make randomized trials hard to conduct in this setting, as long as no equally attractive treatment of proven efficacy can be offered as a comparator.
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Objectives: Childhood trauma might be a modifiable risk factor among adults with serious mental illness. However, the correlation of child trauma and suicide is unclear, which were cited most frequently as the biggest challenge to schizophrenia (SCZ) patients in China. We aim to study relationships between child trauma and suicide in SCZ patients of different disease stages.

Methods: Ninety-one participants were included and divided into two groups, namely, first-episode group (n = 46), relapsed group (n = 45). The Positive and Negative Syndrome Scale was used to evaluate the severity of psychotic symptoms. The Beck's Suicide Intent Scale and The Nurses' Global Assessment of Suicide Risk were conducted by patient self-report to assess suicide symptom. The childhood trauma questionnaire was used to estimate severity of traumatic stress experienced during childhood.

Results: Childhood trauma and different dimensions of suicide were significantly higher in the relapsed group than first-episode group (P < 0.01, respectively). BMI has a significant positive relationship with recent psychosocial stress (β = 0.473, t = 3.521, P < 0.001) in first-episode group. As in relapsed group, BMI has a positive effect between severe mental illness and suicide ideation (β = 0.672, t = 5.949, P < 0.001; β = 0.909, t = 2.463, P < 0.001), Furthermore, emotional neglect presented positively related to the suicide risk and proneness to suicidal behavior (β = 0.618, t = 5.518, P < 0.001; β = 0.809, t = 5.356, P < 0.001).

Conclusion: Relapsed group of patients had significantly more severe childhood trauma, recent psychosocial stress, suicidal risk and proneness to suicidal behavior. BMI and emotional neglect are unique predictors for different dimensions of suicide.

KEYWORDS
 suicide risk, suicide ideation, suicide behavior, schizophrenia, child trauma


Introduction

Schizophrenia (SCZ) is a complex dysfunction of genetic, heterogeneous behavioral and cognitive syndrome that is prevalent in ~1% of the general population around the world, whose origins etiology appear to lie in genetic and/or environmental disruption of brain development (1). Life expectancy for people with SCZ is probably 10–25 years shorter than that for the general people (2, 3). It has long been recognized that individuals with traumatic experiences among persons are at increased risk of subsequently developing poor outcomes, including substance abuse (4), cognitive deficits (5), sexual dysfunction (6), personality disorders (7) and dissociative disorders (8). In recent years, abundant evidence has identified that traumatic events play a causal role in serious mental illnesses, including depression (8), anxiety disorders (9) and eating disorders (10), as well as SCZ (11), these findings has accumulated revealing that trauma/stressful events in childhood/adolescence have potential etiological relationship between the psychotic disorders (12), and these child traumatic events as a socio-environmental risk factor promote the psychotic symptoms evolving (13). A recent review and meta-analysis recommended that childhood traumatic events had relationship with offending behavior in SCZ. A dose-response-relationship was assumed that the treatment outcomes to be poorer in SCZ when there was a history of childhood maltreatment. Therefore, more efforts should be devoted on this research aspect (14).

Over recent decades, studies have consistently documented markedly elevated worldwide mortality in mental illnesses, notably, suicide accounted for major reason of unnatural deaths (15) especially in persons with SCZ (16). Sukanta Saha explored that the risk of suicide was approximately 13 times higher for persons with SCZ compared with the general population (17). It has been proposed among SCZ patients that the lifelong risk of suicide is around 5% (18), the rate of population-attributable risk of suicide is 8.9% (19), the rate of suicide attempt is 25–50% (20), and the rate of suicidal ideation at least once is 43–79% (21). It has been estimated up to 50% of those suffering from SCZ might experience suicidal ideation, with or without suicidal attempt, at some time during the course of the illness, usually 4.9% commit suicide from first admission or near illness onset (18). As well as, studies have also observed that 38% had at least 1 episode of self-harm in a 2–12-year follow-up period (22, 23). Furthermor, recurrent relapses, impairments of societal and occupational functioning, severity of the disease and realistic understanding of the harmful influence of disorder are regarded as schizophrenia-specific suicide risk factors (23). The higher risk of suicide among SCZ patients reveals that it is necessary to evaluate the disease-related factors and sociocultural factors for the improved identification of risky individuals and development of preventive interventions. It is worth noting the fact that most patients with SCZ experience relapses, and only less than one quarter of patients achieved complete recovery in long-term follow-up study. Hence, the different stages of disease is related to heterogenous psychotic symptoms of patients, with potentially distinct risk to suicide, Therefore, it is crucial to understand the different pattern of disease and its possible predictors for suicidal risks in this vulnerable population (24).

The existing studies have tried to identified several factors predicting the risk of suicide in individuals with SCZ, which include younger age, male gender, lack of social support, unemployment, being unmarried, being well-educated, being intelligent (21), a family history of psychiatric disorder, having poor work functioning, higher number of hospitalizations (25), presence of a previous suicide attempt, poor adherence to treatment, history of suicidal behavior (20), having had recent (i.e., within past 3 months) life events (26), having access to lethal means, and seriousness of psychiatric pathology (21), comorbid affective disorder and the strong stigma of mental illness in rural areas (16). Furthermore, some studies have also reported that a combination of genetic markers and early traumatic life events might indeed be used to identify patients at risk for suicide attempt in SCZ. Nevertheless, unique patterns of the early stressful events seem difficult to say that these factors are useful in predicting and preventing suicide in the SCZ, moreover, the existing researches are predominantly conducted in the Western countries (e.g., the USA, UK and Sweden) and many trends may not be generalizable to non-Western countries, thus the predictors for the suicide of persons with SCZ in China are unknown.

There are few studies that investigates the relationship between childhood maltreatment and their potentially distinct effects on suicide of SCZ patients in China. We hypothesized that childhood trauma events such as abuse, physical neglect and emotional neglect play vital effect during the onset or relapse course of the illness in the patients suffering from SCZ. In light of this information, we aimed to evaluated the relationship between early stress life events and clinical features of SCZ, and explore the risk factors which contribute to increasing knowledge relating to suicidal suicide attitude and suicide attempts behavior in SCZ patients.



Materials and methods


Ethics statement

Medical Ethics Committee of the Anhui Mental Health Center (AMHC) approved this study, all participants provided written consent prior to study participation in accordance with the principles of the Declaration of Helsinki. The trial clinical registration number was ChiCTR2100045240.



Procedure

This pilot study explored the relationship about the childhood traumatic stress related suicidal symptoms in SCZ patients. A total of 137 participants were initially selected. Of these, 15 participants did not meet the inclusion criteria, 19 individuals could not complete the clinical estimate, and 12 individuals refused to sing informed consent. Hence, total of 45 subjects who did not meet the experimental criteria were excluded from present study. Ultimately, the remaining 91 participants were included in this study and divided them into two groups according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (27)–first episode group (SCZ patients of first episode, n = 46), relapsed group (relapsed SCZ patients, n = 45). All patients were hospitalized at the AMHC between February 2018 and August 2021 (Figure 1).


[image: Figure 1]
FIGURE 1
 Study procedure.


All participants were assessed by the two professional psychiatrists through the Mini-International Neuropsychiatric Interview (MINI) 6.0.0. According to the trial standards, patients of first episode group and relapsed group diagnosed with SCZ met the criteria of the DSM-5. The inclusion criteria for the patients in the first episode group were as follows: ① age = 18–60 years, ② fulfillment of the DSM-5 criteria for SCZ, ③ first-episode state SCZ. The inclusion criteria for the patients in the recurrent patient group were as follows: ① fulfillment of the first and second third criteria of first episode group. ② patients was treated with second generation anti-psychotic drugs, drug treatment matching between the two groups. The exclusion criteria were as follows: ① people with serious physical diseases and substance abuse, ② a history of craniocerebral trauma, organic cerebral diseases, or other mental disorders, ③ had received electroconvulsive therapy or transcranial magnetic stimulation within 6 months, ④ pregnant or lactating women. All subjects received two trained professional psychiatrists to assess basic sociodemographic data, clinical symptom.



Clinical assessments
 
Mini-international neuropsychiatric interview 6.0.0

The preliminary clinical diagnosis was verified by MINI 6.0.0. It is a concise diagnostic interview for psychiatric disorders exploited jointly by psychiatrists in the United States and Europe. All patients underwent the MINI 6.0.0 to confirm the clinical diagnosis SCZ (28).



The positive and negative syndrome scale

PANSS was used worldwide to estimate psychiatric symptoms for decades. Versions of the five-factor model have been used in diverse SCZ research areas including positive symptom, negative symptom, cognitive defect, hostility/excitement symptom and anxiety/depression symptom (26).



The beck's suicide intent scale

BSIS is one of the most commonly used clinician-rated measurements of suicidal symptoms in studies. It has 19 items and is divided into suicidal ideation and suicidal tendency. The higher scores are, the higher levels of suicidal ideation and suicidal tendency is (29).



The nurses' global assessment of suicide risk

NGASR is one of the most commonly used clinician-rated measurements of suicidal symptoms in studies as well (30). It has been proven to have good reliability and validity, with a Cronbach's alpha coefficient of 0.88 and an intra-class coefficient of 0.9 (30, 31). The higher scores are, the more severe the symptoms are.



The childhood trauma questionnaire

CTQ is a widely used instrument for measuring the severity of traumatic stress experienced during their childhood. It has been utilized for the assessment of emotional abuse, physical abuse, abuse, sexual abuse, emotional neglect, physical neglect, as shown in Table 2. A Mandarin version of a five-subscale model of the CTQ has been proven to have good reliability and validity (32).





Statistical analysis

The t-tests and chi-squared test were performed to compare the differences in either continuous or categorical parameters between the first episode patient group and relapsed patient group. We used spearman correlation coefficients with false discovery rate (FDR) judgment in each group to constructed the relationship between possible correlation factors and scales of PANSS, NGASR, BSIS and CTQ. Stepwise linear regression analysis was used to conducted the relationship and interaction among predicted risk factors, childhood trauma and different dimensions of suicide in the first-episode group and relapse group. All statistical tests were two-tailed tests, and statistical significance was set as α < 0.05. All analyses were conducted using the SPSS version 22.0 (IBM Corp).



Results


Results of demographic background, psychotic symptom, suicidal symptom and childhood trauma between in the two groups

Overall, there was no significant difference in demographic background such as age, gender, BMI and years of education between two groups (P ≥ 0.05). Moreover, we also found there was no significant difference in clinical symptoms between the first-episode group and relapse group, either in the total scores of the PANSS scale or in the subscale scores of positive symptoms, subscale scores of negative symptoms, subscale scores of hostility/excitement symptoms, subscale scores of anxiety/depression symptoms and subscale scores of disorganized thoughts (P ≥ 0.05). Results was shown in Table 1. Furthermore, we investigated the occurrence of childhood trauma, suicide risk, suicide ideation and suicide behavior between the first-episode group and recurrence group, the results showed that the patients of recurrence group had more severe suicide risk than patients of first episode group (p = 0.02). Importantly, the results revealed the patients of recurrence group had more severe mental illness, more severe recent psychosocial stress and more likely proneness to suicidal behavior than the patients of first episode group (P < 0.01, respectively). Meanwhile, we also found that the level of childhood trauma in the relapse group was significantly serious than that in the first episode group. That is to say, they were more likely to face emotional abuse, emotional neglect and physical neglect (P < 0.01, respectively). Results was shown in Table 2.


TABLE 1 Demographic information and psychotic symptom, suicidal symptom of participants.
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TABLE 2 Comparisons in CTQ, suicidal symptoms and psychotic symptoms.

[image: Table 2]



The correlation between childhood trauma and suicide risk, suicide ideation and suicidal behavior

Tables 3, 4 presents the results of the spearman correlation analysis to compare the correlation about the child trauma and different dimensions of proneness to suicidal behavior in the first-episode group and relapse group. The results shown physical abuse and sexual abuse had positive related to recent psychosocial stress in the patients of first-episode group (r = 0.312, P < 0.05; r = 0.334, P < 0.05). Meanwhile, we found sexual abuse had the positive related to suicidal ideation (r = 0.428, P < 0.001), especially, the findings showed that emotional neglect had positive correlation to recent psychosocial stress, severe mental illness, suicide risk, suicidal ideation and proneness to suicidal behavior (r = 0.451, P < 0.001; r = 0.657, P < 0.001; r = 0.681, P < 0.001; r = 0.848, P < 0.001; r = 0.566, P < 0.001; respectively) in the patients of relapse group. Interestingly, we found index of BMI appeared the positive interrelated to the recent psychosocial stress, suicide risk, suicidal ideation and proneness to suicidal behavior (r = 0.473, P < 0.001; r = 0.597, P < 0.001; r = 0.791, P < 0.001; r = 0.524, P < 0.001; respectively) in the patients of relapse group. As well as, the results revealed the years of education had positive interrelated to mental illness (r = 0.672, P < 0.001) in the patients of relapse group. Moreover, results explored only suicide risk had positive relationship with the psychotic symptom in the patients with first-episode (r = 0.331, P = 0.035), while, both of suicide risk, suicidal ideation, suicide mood, severe mental illness, proneness to suicidal behavior and recent psychosocial stress have positive correlation (r = 0.390, P = 0.0008; r = 0.434, P = 0.0003; r = 0.545, P < 0.001; r = 0.540, P < 0.001; r = 0.358, P = 0.0016; r = 0.380, P = 0.010) with psychotic symptom in the replace group, especially, the emotional neglect also presented the positive relation to the psychotic symptom in the replace group, these results may be seen in the Table 5.


TABLE 3 Correlation between demographic and childhood trauma risks with suicide factors in the relapse group.
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TABLE 4 Correlation between demographic and childhood trauma risks with suicide factors in the first episode group.
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TABLE 5 Correlation analysis between PANSS about suicide-related risks and childhood trauma.
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Prediction risk factors of child trauma for recent psychosocial stress and suicide dimensions

Stepwise regression analysis of sociodemographic characteristics and child trauma factors were performed to predict recent psychosocial stress and different dimensions of suicide. In the first episode group of the final model from forward regression indicated that the index of BMI accounted for 22.4% of the variance recent psychosocial stress, A significant positive relationship was found between index of BMI and recent psychosocial stress (β = 0.473, t = 3.521, P < 0.001). As in the relapse group, the final model from forward regression indicated that the index of BMI accounted for 45.1% of the variance severe mental illness, meanwhile, emotional neglect of accounted for 45.1 and 41.4% of the variance about suicide risk and proneness to suicidal behavior, respectively. We found the variables of BMI and emotional neglect accounted for 75.5% of the variance in suicide ideation. A positive effect was explored between BMI and severe mental illness (β = 0.672, t = 5.949, P < 0.001). Furthermore, emotional neglect presented the positive related to the suicide risk and proneness to suicidal behavior (β = 0.618, t = 5.518, P < 0.001; β = 0.809, t = 5.356, P < 0.001), in addition, index of BMI and emotional neglect had positive correlation to the suicide ideation (β = 0.909, t = 2.463, P = 0.018), these results indicate that the index of BMI and emotional neglect in prone to be a predictive risk factor for the recent psychosocial stress and suicide risk, suicide ideation and suicide behavior. Results was shown in Table 6.


TABLE 6 Prediction of risk factors for the different dimension of suicide.
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Discussion

The results of this study are summarized as follows: firstly, compared to the patients of first episode group, patients of relapse group had significantly more severe child trauma, recent psychosocial stress, suicidal risk and proneness to suicidal behavior. Secondly, physical abuse and sexual abuse had positive related to recent psychosocial stress in the patients of first-episode group. Meanwhile, in the patients of relapse group, sexual abuse had the positive related to suicidal ideation, especially, emotional neglect had positive correlation to recent psychosocial stress, severe mental illness, suicide risk, suicidal ideation and proneness to suicidal behavior. Moreover, index of BMI appeared the positive interrelated to the recent psychosocial stress, suicide risk, suicidal ideation and proneness to suicidal behavior. Thirdly, index of BMI was a unique predictor of severe mental illness and suicidal ideation. Fourthly, emotional neglect was a unique predictor of suicidal risk, suicidal ideation and proneness to suicidal behavior, whereas results shown no unique risk factor for the different dimensions of suicide in the patients of first episode group, suggesting that child emotional neglect are unique predictor for the relapsed SCZ patients.

In the present study, patients of relapsed group had higher current of child trauma and severe mental illness than those patients of first episode. According to the World health Organization (WHO), each year, about one million people die by suicide across the world. Scholars also found that all ages are at risk for suicide. Suicidal ideation and behavior are relatively common in healthy, It is worth noting that more than 90% of victims of suicide have a psychiatric disorder (23), in addition, a history of child trauma may lead to increased risk for psychiatric symptoms (29) and suicidal attempt in the SCZ (33). However, more recent research explored the heterogeneity in the relationship between child trauma and psychotic symptoms, a study of large population-based sample discovered intention to harm is the key factor linking child trauma and general psychopathology symptoms of hallucinations and delusions, rather than specific psychotic symptoms in isolation, these finding are consistent with present study, furthermore, no evidence supported that the specific type of child trauma had associations between with particular psychotic symptoms (30). Meanwhile, our finding observed that the patients of relapsed group had higher current of recent psychosocial stress, suicide risk, and proneness to suicidal behavior than those patients of first episode. Evidence of risk factors related to symptomatology shown that in an early part of the course of illness and not using antipsychotic drugs are associated with greater suicide risk in patients with SCZ (30), uniquely, excess mortality is seen mostly in patients lack of adherence to antipsychotic drugs treatment (34), specifically, recurrent relapses are regarded as SCZ-unique suicide risk factors (23), these outcome are unanimous with the results of present study, these results reminded us that recurrent relapses may contribute to limited suicidal ideation quickly intensify to a suicide attempt during early stages of SCZ.

There is abundant evidence indicating that anomalous psychosocial characteristics were consistently associated with elevated risk of suicide, and chronic psychosocial stress may be a potential predictor for suicide (35). Weight gain in SCZ patients due to the use of antipsychotic drugs is a leading cause of non-compliance, which is risk leading to increased relapse (36). Moreover, overweight is also linked to greater morbidity, mortality and lower quality of life, being obese can affect psychological wellbeing and form chronic psychological stress (35). Earlier studies investigated the association of BMI with suicidality among adolescents, they found that adolescent overweight increased the risk for suicide ideation up to 1.30 fold, interestingly, the author found if adolescents' perceived weight was entered into the analyses, the risk for suicide ideation became non-significant, these results suggest that perceived weight may be a mediator in the association of BMI with proneness to suicidal behavior (37). Although there is some circumstantial evidence for weight gain as a psychosocial stress, in view of the paucity of adults studies means, it is not possible to draw a clear conclusion on role of obese in the being risk indices for suicide (35). In the present study, the increase of BMI index was not only related to psychological stress, but also closely related to suicide risk, suicidal ideation and proneness to suicidal behavior in the patients of relapsed group. These results reminded us the obese may be the predictive risk factor for the development of psychosocial stress and that we should take into account an action on the suicidal impulsive behavior in advance.

It is well-documented that individuals experienced the physical abuse, sexual abuse and emotional neglect of childhood adversities, have been related to the development of adult onset psychosis and SCZ (38). Specifically, SCZ patients who have a history of physical and/or sexual abuse have also been found the increased rates of hallucinations, delusions, or thought disorder (38), as well as the number and severity of childhood maltreatment may elevate symptoms of hallucinations and delusions, such findings highlight childhood maltreatment could be as meaningful factors in the development of later psychotic symptomatology (39). Which is similar to findings of this present study shown that the physical abuse and sexual abuse had positive correlation with chronic psychosocial stress of first episode group and suicide ideation of relapsed group. Although there are some mixed discoveries in these contexts, such Laura P et al. in his systematic review and meta-analysis explored no statistically significant correlation between a history of sexual abuse and a lifetime diagnosis of SCZ, but the author demonstrated the association between sexual abuse and psychiatric disorders persisted regardless of sex of the abuse survivor or age at which abuse occurred (40). In addition, in the nearly, evidence of scientific highlighted the early traumatic life events may have a substantial impact on essential brain structure and functions, which may persist throughout adulthood (41), the interaction between the brain and the external environment can be mediated by epigenetic alterations in gene expression, the specific molecular mechanisms leaves long-lasting marks that cause subsequent pathology and physiology. On the other hand, it is well-known that the lack of exposure to adequate stimuli (as is the case with emotional neglect) can also have profound effects on neurodevelopment (42). Typically, these finding might be similar with our results that effects of emotional neglect had positive related to the chronic psychosocial stress, severe mental illness, suicide risk, suicidal ideation and proneness to suicidal behavior, moreover, emotional neglect is expected as a more predictive risk factor, linking maltreatment exposure to suicide in the patients of relapsed group. It is essential comprehensive to understand these vulnerability risk factors to suicide as a promising future treatment and prevention measures in the field.


Limitations

Despite we gain some insight between the child trauma and suicide through studies discussed above, the present study had some limitations, Firstly, this study used relatively small sample sizes, thus decreasing statistical power to detect. Secondly, the study is a cross-sectional design and without longitudinal data, which pose explanation mainly focusing on temporary effects, and is difficult to clarify determining causality. Thirdly, Identifying the child trauma is based on the self-reports of patients, some subjects may be willing to recalling negative events, thus recall biases are thought to play a role (43). In consideration of the above-mentioned facts, further research is necessary to make lager scale and long-term investigated research, so as to getting better understand the relationship about the victims of child trauma and suicide in the patients of schizophrenia.




Conclusion

In conclusion, Child trauma are commonly encountered in SCZ patients, especially, in the relapsed SCZ patients. BMI and emotional neglect may be a specific detective factors for the suicide risk, suicidal ideation and proneness to suicidal behavior in the relapsed SCZ patients. With some of comprehensive understanding in the this filed and that will likely be essential for therapeutic developments and prevention measures.
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Objectives: Diabetes and its complications are commonly associated with depressive symptoms, and few studies have investigated the diagnosis effect of depressive symptoms in patients with diabetes. The present study used a network-based approach to explore the association between depressive symptoms, which are annotated from electronic health record (EHR) notes by a deep learning model, and the diagnosis of type 2 diabetes mellitus (T2DM) and its complications.

Methods: In this study, we used anonymous admission notes of 52,139 inpatients diagnosed with T2DM at the first affiliated hospital of Nanjing Medical University from 2008 to 2016 as input for a symptom annotation model named T5-depression based on transformer architecture which helps to annotate depressive symptoms from present illness. We measured the performance of the model by using the F1 score and the area under the receiver operating characteristic curve (AUROC). We constructed networks of depressive symptoms to examine the connectivity of these networks in patients diagnosed with T2DM, including those with certain complications.

Results: The T5-depression model achieved the best performance with an F1-score of 91.71 and an AUROC of 96.25 compared with the benchmark models. The connectivity of depressive symptoms in patients diagnosed with T2DM (p = 0.025) and hypertension (p = 0.013) showed a statistically significant increase 2 years after the diagnosis, which is consistent with the number of patients diagnosed with depression.

Conclusion: The T5-depression model proposed in this study can effectively annotate depressive symptoms in EHR notes. The connectivity of annotated depressive symptoms is associated with the diagnosis of T2DM and hypertension. The changes in the network of depressive symptoms generated by the T5-depression model could be used as an indicator for screening depression.

KEYWORDS
 type 2 diabetes mellitus, depressive symptoms, natural language processing, network analysis, diabetes complication


1. Introduction

Depression is two times more common in patients with diabetes in the general population (1). Diabetic patients with depression have difficulty controlling their glycemic index (2), have a higher risk of dementia (3), and experience higher health care costs (4), especially in older adults (5). Depression has been reported to promote high risks of poor glucose control, comorbidities, and mortality in diabetic patients with depression (5, 6).

The duration of diabetes is associated with depression (7). A trial involving people who were newly diagnosed with type 2 diabetes mellitus (T2DM) found that the prevalence of depressive symptoms increased at least 1 year post diagnosis (8). Depressive symptoms are also associated with the presence of complications of diabetes, including cardiovascular disease, cerebrovascular disease, and neuropathy (9–12). This sentence highlights that the diagnosis events of complications, but the previous sentence describes about the relation between complications and depressive symptoms.

Depressive symptoms were estimated mostly using sum scores based on reported symptoms from screening tools (8, 13). The widely used validated tools for depression screening include the Patient Health Questionnaire-9 (PHQ-9), the Center for Epidemiologic Studies Depression Scale, and the World Health Organization-5 Well Being Index (WHO-5) (13, 14). Although treatment guidelines for patients with diabetes recommend regular depression screening (15), the rate of depression screening for such patients is low (16–18). However, owing to the heterogeneity of depression, the sum scores used in screening tools ignore the interactions among depressive symptoms when estimating the severity of symptoms (19). The low rate of depression screening and a lack of information on symptom interaction limit the identification of depressive symptoms and the understanding of their correlations in patients with diabetes.

The development of natural language processing (NLP) models and data mining in large-scale clinical real-world datasets of electronic health records (EHRs) has promoted screening for depression in patients with diabetes (18), especially screening based on admission notes. These notes contain a history of past illness, present illness, allergy, and birth information (20). Present illness includes the patient's main complaints, narratives of symptoms, and progress of treatment during their time in the hospital. During their hospital stay, patients will be checked for their status of spirit, sleep quality, and appetite, among others. Some researchers successfully used NLP tools to extract symptom data from unstructured free-text clinical documents in EHR. For example, Geraci et al. (21) extracted data from clinical notes through an NLP technique to predict the diagnosis of depression. Patel et al. (22) investigated the associations of depressive symptoms with clinical outcomes. These research studies provide opportunities for identifying depression-related symptoms and computer-aided diagnosis (23, 24).

In contrast to screening tools, network connectivity of symptoms focuses on estimating the associations among symptoms. The symptom–symptom interactions are used to form a network structure in the network analysis (25). Based on the network structure of depressive symptoms, the associations between symptoms and disease can be estimated from a part-whole perspective (26). Increases in network connectivity are associated with the severity of depression and persistent depressive symptoms (27, 28). Therefore, network analysis has recently been used as an alternative approach to assessing the severity of depressive symptoms.

In the present study, a model for classification and analysis of depression-related symptoms was proposed to directly identify depression symptoms from the EHRs of inpatients. Data were collected from an observational clinical dataset of inpatients at the First Affiliated Hospital of Nanjing Medical University over 8 years. The model integrated a transformer model with network analysis to facilitate an increased screening rate while retaining symptom interactions. The study examined depressive symptoms in patients with four complications of diabetes. The overall and local connectivities of the resulting networks were compared with the diagnosis of depression.



2. Methods


2.1. Study design and setting

The present study obtained medical record data from the Observational Medical Outcomes Partnership Common Data Model (OMOP CDM) at the First Affiliated Hospital of Nanjing Medical University (29). In this dataset, 61,471 inpatients with valid present-illness notes were selected from among the 148,624 patients in the CDM who had been diagnosed with T2DM. We included data on patients' age at T2DM diagnosis, sex, diagnosis of depression (ICD-10 codes F32–F33), and diagnosis of complications: hypertension (ICD-10 code I10), ischemic heart disease (ICD-10 codes I20–I25), and cerebrovascular disease (ICD-10 codes I60–I69). The date of diagnosis of T2DM was defined as the earliest date of hemoglobin A1C ≥ 48 mmol/mol, or 6.5%, or use of insulin, or oral hypoglycemic drugs, or the first recorded diagnosis of T2DM. The date of diagnosis of complications was defined as the first recorded diagnosis of the complications. Ethical approval for the study was received from the Ethics Committee of the First Affiliated Hospital, Nanjing Medical University, Jiangsu, China.

We identified 52,139 inpatients who were first diagnosed with T2DM between 2008 and 2016 from a total of 61,471 patients. The complications (ischemic heart disease, hypertension, or cerebrovascular disease) of T2DM were confirmed after the diagnosis of T2DM had been made. To examine the difference in depressive symptoms before and after the diagnosis of T2DM or complications, a filtering rule (admission pairs, APs) was defined: patients were required to have admission records before and after the date of disease diagnosis during 2 years. For example, “patients have AP for hypertension” meant that patients had admission records 2 years before and after the date of diagnosis of hypertension. Eligible patients had AP for T2DM or its complications. Once the eligibility criteria had been met, 8,885 patients with T2DM, 1,357 patients with ischemic heart disease, 2,619 patients with hypertension, and 1,693 patients with cerebrovascular disease were selected for analysis. The procedure of patient selection is shown in Supplementary Figure S1. The year when patients were first diagnosed with T2DM, hypertension, ischemic heart disease, or cerebrovascular disease was coded as 0. Admissions in the preceding 2 years were coded as –2 and successive admissions as 2.



2.2. Depressive symptoms annotation
 
2.2.1. Processing of labeled datasets

To limit the cost of labeling, we randomly selected 10% of (15,615) notes from 156,156 admission notes of all inpatients (61,471 patients) to build and test the annotation model. Repeated notes of present-illness were excluded. Once the eligibility criteria had been met, 13,880 valid records of present-illness (dataset I) were labeled. To train, validate, and test the model, this dataset was split according to a ratio of 8:1:1. In addition, to internally evaluate the performance of the model, we randomly selected 4,658 admission notes (10% of 46,583 notes) as dataset II. These notes were extracted from the samples obtained in the previous patient selection process (see the “Study design and setting" section). Three annotators completed the labeling process of both datasets under the training of a clinical expert. A diagram illustrating this procedure is shown in Supplementary Figure S2.

We summarized depressive symptoms according to items described in previous research (30) and two commonly used screening tools namely, PHQ-9 (31) and WHO-5 (32). We included increased and decreased weights as symptoms because they were reported to have an effect on increasing the risk of depression in patients with T2DM (30). Another nine unique depressive symptoms were selected from PHQ-9 and WHO-5 scales, including feeling tired, difficulty in sleeping, a decrease in appetite, moving slowly, feeling irritable, a decline in memory or attention, feeling dispirited, depressed, or anxious, and feeling suicidal. The relationships of items in the screening tools and symptoms are shown in Supplementary Table S2. Antonyms were used for items in WHO-5 because these items are both positive expressions compared to PHQ-9. A total of 11 candidate depressive symptoms were evaluated by clinical experts. The synonyms of candidate depressive symptoms were also provided by clinical experts and were used in labeling (Supplementary Table S3).

Descriptive statistics for the manual labeling of datasets I and II are shown in Supplementary Table S4. Symptoms that occurred fewer than 10 times in any dataset were excluded. Finally, nine symptoms (feeling tired, difficulty in sleeping, a decrease in appetite, moving slowly, feeling irritable, a decline in memory or attention, a decrease in weight, an increase in weight, and feeling dispirited) were selected to build the model.



2.2.2. Annotation model development and evaluation

To annotate the depressive symptoms, we built a model named T5-depression based on a transformer model, Transfer Text-to-Text Transformer (T5 model) (33) model, with a sequence-to-structure paradigm. The architecture of T5-depression is shown in Figure 1. This model contains three parts: two multi-head attention modules (the encoder and decoder modules) and an auto rule-based result conversion module. The encoder module changes the input sentence x into a contextualized representation. The decoder module predicts the output sentence y on a token-by-token basis in the structured sequence. A constrained decoding algorithm for the symptom schema is injected during inference. The probability of the output is given in Equation 1, where T represents the size of the output and yi represents each step of the output:

[image: image]
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FIGURE 1
 Architecture of the T5-depression model with formatted input and output.


In the present study, each present illness note was regarded as the input, and all the related symptoms were formatted as the output. An example of formatted input and output is shown in Figure 1. To support the Chinese language, we replaced the original pretrained model T5-base (33) with T5-Mengzi (34). Among the super-parameters used in T5-depression model, the learning rate was set to 5e-5, training epochs to 25, and batch size to 16. Other super-parameters were set as same as in Text2event.

We compared the performance of our model with a rule-based model, the Bidirectional Encoder Representations from Transformers (Bert) model (35), and the Roberta model (36) as benchmarks. The rule-based model was implemented using regular expressions derived from synonyms of each symptom in Supplementary Table S1. Roberta (36) was pretrained with Chinese-Roberta-wwm-ext (37) and Bert (35) was pretrained with Bert-base-Chinese. Bert is a contextualized word representation model that has been applied successfully to several tasks in the medical domain (38, 39). In the present study, we used the same number of epochs, batch size, and learning rate for Roberta and Bert. The implementation of the benchmark model was based on the Transformers package (40). All code for this study has been uploaded to https://github.com/inseptember/T5-depression.

To evaluate the performance of the models, precision, recall, F1-score, HammingLoss (41), and area under the receiver operating characteristic curve (AUROC) were used as metrics. Definitions of these metrics are given in Eqs. S1–S4 (Supplementary material). Precision is the ability to identify true positive samples among all positive prediction results. Recall is the ability to identify true positive samples among all positive results. F1 is the harmonic mean of the precision and recall. HammingLoss is the minimum number of substitutions required to change one sequence to another. This study indicates the fraction of symptoms that were incorrectly predicted. Owing to the unbalanced symptoms in our dataset (Supplementary Table S4), micro-averaging was performed on all symptoms. To prevent incorrect prediction of present illness notes, a model with higher recall and F1 is preferred to one with higher precision, AUROC, or HammingLoss. All metrics were calculated using the scikit-learn Python package (42).

Finally, T5-depression was used to process all present illness notes. The depressive symptoms, annotated from present illness notes within the range of admissions, were marked as binary values (1 for yes and 0 or no), depending on whether the notes contained the symptoms or not.




2.3. Statistical analysis

In depressive symptom networks, nodes represent symptoms and edges represent the associations between symptoms (26). We used the Ising models with the extended Bayesian information criterion from the R package bootnet (43) to construct and estimate the centrality of depressive symptoms before and after the diagnosis of each T2DM complication. We set the hyper-parameter tuning to 0 to estimate more connections (28). The weighted networks were illustrated using the R package qgraph (44).

Statistical assessment of the differences in overall connectivity of networks was performed using the R package NetworkComparisonTest (NCT) (27, 45). NCT is a two-tailed permutation-based hypothesis test to assess the difference between two groups (in our case, before and after the diagnosis of a disease or complication). The R package was run 1,000 times in our study to observe the differences in overall connectivity between the networks. In addition, differences in the importance of nodes were measured by node strength, closeness, and betweenness (44). Strength describes the degree to which a node is connected to other nodes. Closeness measures how close a node is to other nodes. Betweenness assesses the degree to which a node lies on the shortest path between nodes (46). In the present study, node strength was used as a local connectivity index. Furthermore, χ2 test was conducted to determine depression associated difference for each complication. We compared the results from this test to the overall difference from the NCT package.




3. Results


3.1. Participants

A total of four cohorts with a diagnosis of T2DM or its complications (hypertension, ischemic heart disease, and cerebrovascular disease) were selected for this study. Descriptive statistics are shown in Table 1. The mean ages of participants in these four cohorts were 60.36 ± 15.58, 62.07 ± 13.03, 66.06 ± 14.15, and 66.52 ± 13.92, respectively. More than 59% of patients were men. Of the 8,885 patients in the T2DM cohort, 60 patients developed depression after diagnosis of T2DM within 2 years (p < 0.001). Of the 2,619 T2DM patients with hypertension, 24 developed depression after diagnosis with hypertension within 2 years (p < 0.01). There were no statistically significant differences in the diagnosis of depression after diagnosis with ischemic heart disease or cerebrovascular disease in patients with T2DM within 2 years.


TABLE 1 Descriptive statistics for each diseases in these windows of years.
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3.2. Performance and annotation results of the T5-depression model

Table 2 reports the performance of the models for the annotation of depressive symptoms. Compared with other models, the T5-depression model achieved the best performance, with a micro-average F1 of 91.71% in dataset I and 95.53% in dataset II. The rule-based approach had the highest precision value of 95.39% and the lowest recall value of 79.23% in dataset I. The Roberta model achieved the best HammingLoss of 0.0027 in dataset I. The Bert model did not outperform other models in both datasets. We chose the T5-depression model as the auto-annotation model for the present-illness notes of patients.


TABLE 2 Metrics for different models on Dataset I and II.

[image: Table 2]

According to annotation with the T5-depression model, the top three depressive symptoms in all cohorts were feeling tired, difficulty in sleeping, and a decrease in appetite (Table 1). The percentage of each depressive symptom increased significantly in the 2 years after diagnosis in the T2DM cohort, except for feeling irritable. Symptoms of a decrease in appetite (p < 0.01) and a decrease in weight (p < 0.01) showed a significant increase in the 2 years after diagnosis in the T2DM and hypertension cohort. Only a decrease in appetite (p < 0.05) showed a significant increase in the ischemic heart disease cohort. No change in symptoms was found in the cerebrovascular disease cohort.



3.3. Network analysis

A comparison of overall network connectivity before and after diagnosis (with T2DM, hypertension, ischemic heart disease, and cerebrovascular disease) is presented in Table 3. After diagnosis of diabetes (p = 0.025) and hypertension (p = 0.013) in patients, the overall connectivity of the symptom networks increased significantly during the 2 years. Due to consistent increase in overall connectivity, the number of patients with T2DM and hypertension diagnosed with depression also increased. With regard to symptoms, strong positive connections between a decline in memory/attention and feeling irritable were found after diagnosis of T2DM and hypertension (Figure 2). The strength of symptoms was measured as local connectivity (Supplementary Figure S2). The symptom of a decrease in appetite remained high and stable both before and after diagnosis. Weight-related symptoms had relatively lower values.


TABLE 3 Comparison between network connectivity for each disease.
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FIGURE 2
 Depressive symptom networks within 2 years before and after the diagnosis of T2DM and hypertension. Green lines represent positive association, and thicker lines represent stronger association. (A) is within 2 years before diagnosed date of T2DM. (B) is within 2 years after diagnosed date of T2DM. (C) is within 2 years before diagnosed date of hypertension. (D) is within 2 years after diagnosed date of hypertension.





4. Discussion

In the present study, we compared depressive symptoms from the EHR notes of patients in the 2 years before and after the diagnosis of T2DM and complications (hypertension, ischemic heart disease, and cerebrovascular disease). To annotate depressive symptoms in EHR notes of patients with T2DM, we applied the T5-depression model to automatically label depressive symptoms. We used network analysis to examine the differences among depressive symptom networks. The diagnoses of T2DM and hypertension were associated with increased overall connectivity of the symptom network.

The T5-depression model was built using a sequence-to-structure paradigm. Classic methods used for symptom annotation include rule-based approaches and form part of pipelines including MedLEE (47), ClinREAD (48), and MTERMS (49). The rule-based methods mostly extract symptoms through keyword retrieval, which ignores the context semantics of each symptom. Recently, Bert (35) was applied to various clinical tasks (50–52). Through a multi-head attention mechanism, Bert-related models can obtain context features of each symptom. Moreover, methods used for annotation tasks train a classifier on the last layer of the model. However, this requires much effort when applied to medical notes with fine-grained token-level annotation. The sequence-to-structure paradigm model can generate all targets in one step and show competitive performance using only record-level annotations. This mechanism can reduce much of the effort involved in the annotation procedure and has generalizability (53).

In the present study, the T5-depression model achieved promising performance on our dataset. The architecture of T5-depression was designed to translate the input text to an augmented readable text, which makes the annotation procedure easier and enables the handling of labels of different sizes with less modification than classification models with one-hot labels. T5-depression can make full use of semantic information of labels by relative positional embeddings and use of an autoregressive decoder, unlike Bert-related models. Owing to the smaller number of annotations of certain symptoms, including feeling irritable and a decline in memory or attention (Supplementary Table S4), the rule-based model achieved the highest precision; however, it had a lower recall value than the T5-depression model. Through keyword searching, the rule-based approach could identify the exact same symptoms as labeled in notes but failed to identify symptoms in other formats. The T5-depression model showed poor performance related to symptoms including moving slowly (F1: 70.59) and feeling irritable (F1: 70.27) because these two symptoms had a more varied expression in the Chinese population and were reported in limited numbers compared with other symptoms in our dataset. The T5-depression model still achieved the best overall performance compared with regular rule-based annotation methods. Thus, the model could be a reliable tool for identifying depressive symptoms in EHR of patients with T2DM, thereby saving time and effort on the part of medical experts.

This study showed a significant increase in the overall connectivity of depressive symptoms during the 2 years after diagnosis of T2DM and hypertension. Persistent depressive symptoms have been reported in the early stages of diabetes (8), and awareness of hypertension indicates a higher prevalence of depressive symptoms (54). It has been reported that persistent depressive symptoms are associated with stronger network connectivity (27), and the change in overall connectivity in this study was consistent with the diagnosis of depression in patients with T2DM and hypertension. Although some studies have reported that cerebrovascular disease has stronger associations with depressive symptoms in patients with diabetes (11, 55), the short-term prevalence of depression was unchanged (56), which is consistent with our results. The network connectivity of depressive symptoms in the early stages of T2DM could be an indicator for further monitoring of depression while current method for screening depression in patients with diabetes is insufficient. Although a study has suggested that the development of T2DM might not induce depressive symptoms (2), the increase in frequency of depressive symptoms after the diagnosis of T2DM illustrates the importance of mining EHR notes for psychiatric research.

High centrality of symptoms in the network could be considered as important parts in maintaining the mental disorders (25). We used the strength of nodes to measure local connectivity in this study. For patients diagnosed with T2DM and complications including hypertension, the centrality of the symptom of a decline in memory or attention ranked top among all depressive symptoms over 2 years. Depression is associated with concurrent cognitive decline (57) in patients with diabetes. Nonpharmacological treatments for behavioral and psychological symptoms of dementia have been shown to result in improvements in depression (58). Some studies also reported that anti-dementia drugs have antidepressant-like effects (59, 60) in animal models. Treatment of cognitive symptoms is thus a potential approach for the prevention of depression in patients with diabetes.



5. Limitations

Our study had some limitations. First, we included admissions only 2 years before and after the initial diagnosis; this time period might not be enough given that this was a study of chronic disease, in which some patients may have developed before their first admission or diagnosis in the hospital. Second, the annotation model for present illness in EHR notes has the potential to improve precision on some limited symptoms. In the current study, the semantics of tags helped to improve the performance of the model. In the future, we could inject a detailed description of each symptom obtained from multi-modal resources to the model and fuse vital indicators with symptom descriptions in the model. Third, the selected symptoms in this study might not cover the whole range of depressive symptoms compared with other screening tools like CES-D. Some associations of symptoms could therefore have been missed. More screening tools should be examined in the future to include more symptoms.



6. Conclusion

In the present study, depressive symptoms were annotated effectively from EHR notes by the T5-depression model, and network analysis was used to examine the effects of the diagnosis of T2DM and complications on depression. The model achieved acceptable performance on the annotation of depressive symptoms in all datasets, and the connectivity of depressive symptom networks was shown to be associated with the diagnosis of T2DM and hypertension during the past 2 years. In future research, the transition of symptoms during the course of T2DM should be examined, and more symptoms should be included in the model to estimate the relationships with other vital indicators.
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Objective: To validate the Chinese language version of the Somatic Symptom Scale-8 (SSS-8) in a sample of outpatients attending tertiary hospitals in China.

Materials and methods: A Chinese language version of the SSS-8 was completed by outpatients (n = 699) from psychosomatic medicine, gastroenterology/neurology, and traditional Chinese medicine clinics of nine tertiary hospitals between September 2016 and January 2018 to test the reliability. The Patient Health Questionnaire-15 (PHQ-15), the Somatic Symptom Disorder–B Criteria Scale (SSD-12), the Patient Health Questionnaire-9 (PHQ-9), the General Anxiety Disorder-7 (GAD-7) scale, the Medical Outcome Study 12-item Short Form Health Survey (SF-12) and the World Health Organization Disability Assessment Schedule (WHO DAS 2.0) were rated to test construct validity. The criterion validity was tested by using the Semi-structured Clinical Interview for DSM-5 (Research Version) (SCID-5-RV) for somatic symptom disorder (SSD) as the diagnostic gold standard to explore the optimal cutoff score of the SSS-8.

Results: The average age of the recruited participants was 43.08 (±14.47). 61.4% of them were female. The internal consistency derived from the sample was acceptable (Cronbach α = 0.78). Confirmatory factor analyses resulted in the replication of a three-factor model (cardiopulmonary symptoms, pain symptoms, gastrointestinal and fatigue symptoms) (comparative fit index = 0.95, Tucker-Lewis index = 0.92, root mean square error of approximation = 0.10, 90% confidence interval = 0.08–0.12). The SSS-8 sum score was highly associated with PHQ-15 (r = 0.74, p < 0.001), SSD-12 (r = 0.64, p < 0.001), GAD-7 (r = 0.59, p < 0.001), and PHQ-9 (r = 0.69, p < 0.001). The patients with more severe symptoms showed worse quality of life and disability The optimal cutoff score of SSS-8 was 9 (sensitivity = 0.67, specificity = 0.68).

Conclusion: Our preliminary assessment suggests that the Chinese language version of the SSS-8 has reliability and validity sufficient to warrant testing further in research and clinical settings.
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Somatic Symptom Scale-8, reliability, validation, psychometrics, somatic symptom disorder, Chinese version, screening tool


Introduction

Somatic symptoms are an important, subjective health-related experience and the most common reason for people seeking medical services (1). Somatic symptoms may be related to physical disease, but may also be a feature of a mental disorder, according to the classical medical concept of dualism. In recent decades, somatic symptoms have been considered a psychosomatic phenomenon. Somatic symptoms act as a precise key that can help doctors gain a profound understanding of a patient’s suffering and identify health problems that need intervention. From the perspective of the clinical practice of mental health, distressing somatic symptoms are an important diagnostic criterion for somatic symptom disorder (SSD) in the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) (DSM-5) and bodily distress disorder in the International Classification of Diseases (11th Revision) (ICD-11), and are significantly correlated with patients’ quality of life.

Many scales have been designed to screen for somatic symptoms in daily clinical practice and epidemiological investigation (2). Previously, somatic symptoms were often included as part of general psychopathology measures, such as the 12 items in the Symptom Checklist-90 (SCL-90) somatization subscale (3). Since the 1980s, specific somatic symptom scales have been developed for the diagnosis of somatoform disorders, such as the Patient Health Questionaire-15 (PHQ-15) (4). Their common criteria include pain in different parts of the body, fatigue, dizziness, gastrointestinal discomfort, and breathing difficulties. These symptoms, which are the most common somatic symptoms, constitute the main content of the Somatic Symptom Scale-8 (SSS-8) as the short form of the PHQ-15 (5). In addition, sleep problems in the PHQ-15 are also retained in the SSS-8 (6).

In DSM-5 Cross Cutting Symptom Measure field trials, the SSS-8 was used as a reference measure for facilitating the diagnosis of SSD (7). Validated versions of the SSS-8 have been published in Germany, Japan, Korea, and Greece (6, 8–10). The SSS-8 has been recommended as a reliable and valid self-report measure of somatic symptom burden in the general population.

The aims of this study were (1) to investigate the reliability and validity of the Chinese version of SSS-8 in patients from tertiary hospitals in China, and (2) to explore the cutoff point of the sum score of SSS-8 to make it a valid screening tool for SSD.



Materials and methods


Sampling strategy

This study was a multicenter cross-sectional survey of somatic burden and the related mental well-being of outpatients attending tertiary hospitals in China between September 2016 and January 2018. Tertiary hospitals in China include general hospitals and specialized hospitals which provide advanced health care to patients. In most previous studies, the SSS-8 was proved to be a validate tool in general population (6, 8, 9). In this study, outpatients of tertiary hospitals were chosen to investigate if the SSS-8 is a validate tool for patients with relatively high somatic symptom burden. Based on geographic diversity, nine tertiary hospitals in Beijing, Shanghai, Chengdu, Wuhan, and Jincheng were selected, representing northern, southeastern, and southwestern regions of China. Outpatients were recruited from three different settings: psychosomatic medicine, gastroenterology/neurology, and traditional Chinese medicine. The neurology and gastroenterology departments were chosen to represent modern biomedical settings. In randomly selected work hours, the research assistant came to these departments’ outpatient clinics and invited all patients who came during that time to participate in the study by oral invitation. Eligible patients had to be aged 18 years or older, be seeking treatment voluntarily, and be able to read and sign the informed consent. People visiting for another person’s problems, patients with difficulty communicating, a language barrier, or limited literacy; patients with cognitive impairment, an organic brain disorder or dementia, or psychosis; and patients with acute suicidal tendencies were excluded. All eligible patients were registered, including those who, owing to lack of time, lack of interest, or lack of trust in the researchers, did not participate.



Study procedure

Participants were asked to conduct self-rated questionnaires and an in-person interview on the spot and no extra visit for research was required.

The instruments administered in the study included a questionnaire on demographic characteristics, the SSS-8, the PHQ-15, the Patient Health Questionnaire-9 (PHQ-9), the General Anxiety Disorder-7 (GAD-7) scale, the Somatic Symptom Disorder–B Criteria Scale (SSD-12), the Medical Outcome Study 12-item Short Form Health Survey (SF-12), and the short-form self-administered World Health Organization Disability Assessment Schedule 2.0 (WHO-DAS 2.0). The Semi-structured Clinical Interview for DSM-5 (research version; SCID-5-RV) was used to conduct a diagnostic interview of each patient, and the results were used as the gold standard for SSD diagnosis, to measure the criterion validity of SSS-8.

All the questionnaires were print on papers with instructions in fixed order and filled by patients. The interview was conducted by research assistants from each tertiary hospital (students of psychology at the master’s level, students of medicine in their final year of studies, and medical doctors) trained by experienced psychiatrists. They were blinded to the patients’ questionnaire results.



Development of the Chinese version of the Somatic Symptom Scale-8

The SSS-8 scale has eight items, each of which is divided into five categories (0 = not at all to 4 = very much). Total score is between 0 and 32 points. The validated English version of the SSS-8 has been published in 2014 (6). The questionnaire was translated and then back-translated from English into Mandarin Chinese, using the “ITC-Test Adaptation Guidelines” of the International Test Commission. Three Mandarin Chinese native speakers fluent in both written and spoken English (one psychiatrist, one psychologist, and one educator) first completed independent translations. These preliminary translations were discussed during project meetings. A pilot of the revised questionnaire was tested on 10 patients and then back-translated into English for a final revision, from which the final version of the Chinese SSS-8 was established.



Other psychological measurements

The PHQ-15 is one of the most frequently used self-administered questionnaires, with 15 items assessing the burden of common somatic symptoms within the last 4 weeks (4). Each of the 15 items is scored on a three-point Likert-type scale with sum scores ranging from 0 to 30. A higher score indicates a heavier burden of somatic symptoms. The validity of the Chinese version was previously proven satisfactory (11).

The PHQ-9 is another widely used self-administered instrument and comprises nine items assessing depression symptoms within the last 2 weeks (12). Items are also scored on a four-point Likert-type scale with sum scores ranging from 0 to 27. Higher scores indicate more severe symptoms. The Chinese version of the PHQ-9 has demonstrated good validity in Chinese general hospital outpatients (13).

The GAD-7 self-administered questionnaire contains seven items measuring symptoms of general anxiety disorder and other common anxiety disorders (14). The items are scored on four-point Likert-type scale, and sum scores range between 0 and 21. The Chinese version of the GAD-7 has demonstrated satisfactory reliability and validity (15).

The SSD-12 consists of 12 self-administered items scored on a five-point Likert-type scale, and it assesses patients’ perceptions of the symptom-related thoughts, feelings, and behaviors that they experience, based directly on the DSM-5 criteria (16). The total score is between 0 and 48 points and a higher score indicates greater psychological distress associated with somatic symptoms. The SSD-12 Chinese version has demonstrated satisfactory validity (17).

The SF-12 measures health-related quality of life (18). Twelve self-administered items are divided into six items reflecting a physical component (physical component score of SF-12, PCS of SF-12) and six items reflecting a mental component (mental component score of SF-12, MCS of SF-12), normalized to two subscales (mean [SD] = 50 [10]). Better health status is indicated by a higher score and the Chinese version has demonstrated good validity and reliability (19).

The WHO-DAS 2.0 comprises 12 self-administered items measuring disability and health at the population level and in clinical practice (20). A five-point Likert-type scale is used for scoring each item. The simple scoring method gives a total score of between 12 and 60 points. Higher scores indicate more severe disability, and a Chinese version has been validated (21).

The SCID-5-RV for SSD has previously been translated according to the procedures described for the translation of the SSS-8. The validity of the Chinese version in assessing for SSD has been demonstrated (22).



Statistical analysis

SPSS version 25 was used for data analysis except factor analysis. The internal consistency of the scale was assessed with Cronbach’s Alpha coefficients. Split-half reliability was estimated using Spearman-Brown coefficients.

Mplus 8.2 software was used for factor analysis to test the factorial structure of the SSS-8 for the Chinese samples. To test global model fits, comparative fit index (CFI), Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA) were used. A CFI > 0.95, TLI > 0.95, and RMSEA < 0.08 were taken to indicate a good fit for the continuous data (23).

Pearson correlations coefficients were calculated to correlate the sum score of the SSS-8 with the PHQ-15, PHQ-9, GAD-7, and SSD-12, which assess construct validity of the SSS-8.

Receiver operating characteristic curve (ROC) was used to examine the effectiveness of the SSS-8 as a screening tool for SSD. The Youden Index was used to choose the optimal threshold value (cutoff point) of the SSS-8 for which the diagnostic specificity + sensitivity-1 is maximized for SSD (24).

The severity categories, general disability (WHO-DAS 2.0), the physical component score of SF-12 and the mental component score of SF-12 were analyzed by one-way analysis of variance followed by multiple comparisons using Scheffe test or Dunnett’s T3 test according to the homogeneity state of variances.

Floor and ceiling effects were considered to be present if more than 60% of subjects achieved the lowest or highest score on each item and the sum score of the SSS-8 (8).




Results

A total of 1,269 patients were contacted, of whom 699 (55.1%) were enrolled (Figure 1). Sixty-eight (5.4%) patients were excluded according to the exclusion criteria, and 502 (39.6%) patients refused to participate in the study. Of those patients who refused, 53% indicated that they did not have time to participate, 29.5% were not interested in participating, and 8.4% indicated distrust of the researchers. A further 6.8% felt too unwell to participate and 2.4% gave other reasons. Table 1 indicates the sociodemographic characteristics of the sample.
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FIGURE 1
Flow chart of patient enrolment.



TABLE 1    Sociodemographic characteristics of outpatient sample from general hospitals in China.
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225 (32.2%) patients were enrolled from biomedical settings, 90 (40.0%) of which were SSD positive. 232 (33.2%) patients were enrolled from Traditional Chinese Medical settings, 44 (19.0%) of which were SSD positive. 242 (34.6%) patients were from psychosomatic medical settings, 102 (42.1%) of which were SSD positive. The prevalence of SSD in patients from different medical settings were significantly different (χ2 = 34.049, df = 2, p ≤ 0.001).


Reliability of the Somatic Symptom Scale-8

The SSS-8 demonstrated an acceptable reliability for the sample, with Cronbach α = 0.78. Additionally, Spearman-Brown split-half coefficient was 0.73. Table 2 shows the overall item and subscale characteristics. The sum scores for 26 out of 699 participants were 0, for 1 out of 699 participants was 32. No remarkable floor or ceiling effects were observed for the total scores or individual item scores.


TABLE 2    Frequency distribution of responses (%), mean (SD), and item-total correlations for the items of the SSS-8.
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Validity of the Somatic Symptom Scale-8


Factorial validity

Previous studies have carried out factor analysis of the SSS-8. Confirmatory factor analysis (CFA) was adopted in our study. Three factor models were verified: a general-factor model, a three-factor model, and a second-order factor model that contained a global factor and four low-grade symptom clusters (6, 9). Fit indices for the three models from the CFA of the total included patients (n = 699) are shown in Table 3 (see attachment). The relatively better fit indices were those derived from the three-factor model (Tucker-Lewis index, 0.92; CFI, 0.95; root mean square error of approximation, 0.10, 90% confidence interval [CI]: 0.08–0.12). The three-factor model consisted of three symptom clusters: (1) cardiopulmonary symptoms (Cronbach α = 0.71) including headaches (item 4), chest pain or shortness of breath (item 5), and dizziness (item 6); (2) pain symptoms (Cronbach α = 0.64) including back pain (item2) and painful legs, arms, or joints (item 3); and (3) gastrointestinal and fatigue symptoms (Cronbach α = 0.57) including bowel or stomach problems (item 1), tiredness or having low energy (item 7), and sleeping difficulties (item 8).


TABLE 3    Fit indices for three SSS-8 models from confirmatory factor analysis of total patients (n = 699).
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Meanwhile, the fit indices for the general-factor model (TLI, 0.87; CFI, 0.91; RMSEA, 0.13, 90% CI: 0.11–0.14) and for the second-order factor model (TLI, 0.88; CFI, 0.92; RMSEA, 0.12, 90% CI: 0.11–0.14) were rejected.



Criterion validity

SSD diagnosed using the SCID-5-RV was used as the gold standard to test the criterion validity and threshold of the SSS-8. A total of 697 participants completed the interview. Of these, 236 (33.9%) participants were diagnosed with SSD. The diagnostic effectiveness of the SSS-8 for SSD was tested by using the sum score of the SSS-8 (Figure 2; Table 4). Area under curve (AUC) for detecting SSD was 0.729. The best diagnostic performance of the SSS-8 sum score was achieved with a cutoff of ≥9 in the total sample (Youden index = 0.355, sensitivity = 0.674, and specificity = 0.681), with 0.520 positive predictive value (PPV) and 0.803 negative predictive value (NPV).


[image: image]

FIGURE 2
Diagnostic performance of the SSS-8 sum score. AUC, area under the curve; CI, confidence interval.



TABLE 4    Result of the ROC analysis of the SSS-8 sum score for the SSD diagnosis.
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In previous studies, five categories of severity were defined according to SSS-8 sum scores of 0–3 (no to minimal severity), 4–7 (low), 8–11 (medium), 12–15 (high), and ≥16 (very high). Sensitivity and specifificity were calculated with each cut-off score. Detailed results are presented in Table 4.



Construct validity

The various well-established scales were used to assess construct validity of the SSS-8 Chinese version. The mean (SD) score for the PHQ-15 (n = 696) was 9.34 (5.40), which correlated highly with the SSS-8 sum score (r = 0.74, p < 0.001). Moderate to high correlations were also found between the SSS-8 sum score and symptoms associated anxiety (SSD-12: r = 0.61, p < 0.001), general anxiety symptoms (GAD-7: r = 0.56, p < 0.001), depression symptoms (PHQ-9: r = 0.67, p < 0.001), health-related quality of life (PCS of SF-12: r = –0.48, p < 0.001; MCS of SF-12: r = –0.52, p < 0.001), and health-related disability (WHO DAS 2.0: r = 0.55, p < 0.001) as expected. The mean (SD) scores of the SSD-12, GAD-7, PHQ-9, PCS of SF-12, MCS of SF-12 and WHO DAS 2.0 were 13.98 (12.23), 6.64 (6.59), 8.48 (6.59), 43.07 (9.20), 41.35 (12.34) and 19.08 (7.28) respectively (Table 1).



Severity categories

The health-related quality of life and general disability of patients were caculated respectively based on the severity of categories of SSS-8 (6). The patients with more severe symptoms showed worse quality of life and disability. One-way analysis of variance followed by multiple comparisons using Scheffe test for the the mental component score of SF-12 and Dunnett’s T3 test for the physical component score of SF-12 and the WHO-DAS 2.0 sum score was performed. Significant differences was observed between all pairs, except for the pair of the medium group and the high group (Table 5).


TABLE 5    Quality of life and disability according to SSS-8 severity category in tertiary hospital patients in China.
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Discussion

In the sample of our cross-sectional multicenter research, the SSS-8 demonstrated acceptable reliability (Cronbach α = 0.78). The confirmatory factor analysis shows that 3-factor model can be acceptable in our sample. The sum score for the SSS-8 was moderately to highly correlated with the PHQ-15, PHQ-9, GAD-7, SF-12, and WHO-DAS 2.0. This is consistent with previous studies and expectations (17, 25–27). The optimal cutoff score for SSD is 9 with sensitivity 0.674 and specificity 0.681. The severity category criteria set by Gierk (6) were valid in our Chinese language version of the SSS-8.

In psychometrics researches, the sampling range will have an important impact on the results. Previously, there were studies based on general population and study based on patient from psychosomatic department which had different baseline of somatic symptom burden (6, 8, 28). In Gierk’s study, the mean score of SSS-8 was 3.23 (3.96). In Matsudaira’s study, the mean score of SSS-8 was 4.5 (5.2). In Toussaint’s study, the mean score of SSS-8 was 13.3 (5.6). We focused on outpatients from different medical settings of tertiary hospital, which were not only enrolled from psychosomatic clinics and biomedical settings with relatively high prevalence of SSD like gastroenterology department and neurology department, but also from traditional Chinese medicine department. The mean score of the SSS-8 in our study was 8.70 (6.08), which was in between the general population and patients from psychosomatic department.

We did not observe a significant floor or ceiling effect for any of the SSS-8 items, which can be observed in general population investigations and in patients from specific clinics (8, 10, 28).

In this study, the fit indices of all three models were generally worse than previous studies, and can’t fully fit the criteria (CFI > 0.95, TLI > 0.95, and RMSEA < 0.08). In Gierk’s research, the second-order factor model showed good fit indices (TLI, 0.95; CFI, 0.97; RMSEA, 0.08 [90% CI, 0.08–0.09]) (6). The fit indices of the general factor model in the same reseach were less ideal (TLI, 0.91; CFI, 0.94; RMSEA, 0.11 [90% CI, 0.10–0.12]). In Yang’s research, 3-factor model was tested and showed excellent fit indices (TLI, 1.022; CFI, 1.000; RMSEA, 0.00) (9). It is possible that the selection of participants affected the distribution of symptoms. Nearly one third participants were recruited from gastrointestinal department and neurology department who could have specific symptoms like stomach or bowel problems; headache; and dizziness. Besides, the influence of cultural background on symptom distribution cannot be excluded.

The SSS-8 used as screening tools for SSD shows moderate diagnostic accuracy (AUC = 0.729). Similar conclusion was proved by Toussaint et al. (AUC = 0.71) (28). But the cutoff points are different: 12 in Toussaint’s study, 9 in this study. As we mentioned above, the difference in the overall level of somatic symptom burden between the two groups of patient may influence the level of the cut-off value.

In Toussaint’s study, the sensitivity and specificity (72 and 59%) were also similar with the results of our study. It came to the same conclusion that the efficiency of SSS-8 as a single tool for screening SSD was not very satisfactory, especially in patients with relatively high somatic symptom burden. The screening efficiency of SSS-8 for SSD in the general population remains to be explored in the future.

While the SSS-8 focused on the A-criteria of SSD, there is other scale be used to screen SSD, like SSD-12 which is focused on the B-criteria of SSD. Based on the same sample of patients in this study, the criteria validity was tested with SSD-12. The SSD-12 showed higher criterion validity (AUC = 0.837) for SSD (17). According to our data, scale focus on B-criteria of SSD like SSD-12 may be more powerful for screening SSD than scale focus on A-criteria (SSS-8). In the sample of toussaint’s study which was from the outpatient clinic of the department of Psychosomatic Medicine and Psychotherapy of the University Medical Center Hamburg, Germany, 86.8% of the participants fulfilled the A criterion of SSD, whereas a total of 56.2% met the full DSM-5 diagnostic criteria (27). The huge gap between the percentage of patients fulfilling A-criteria and fulfilling the diagnostic criteria of SSD in DSM-5 also indicated the limitation of the screening efficacy of SSS-8 for SSD. The combination of the two kinds of scale for screening is still worth further exploration. When SSS-8 is used alone in clinical work, it is necessary to carefully explain the suggestive significance of the results for SSD diagnosis.

We followed the method and criteria for categorizing severity developed by Gierk (6). In Gierk’s study, patients with higher severity visited the hospital more frequently. In present study, patients with higher severity were found to have higher disability and worse quality of life. Due to the lack of statistically significant inter-group differences between the moderate and high severity groups, further studies are needed to determine whether the severity classification should be adjusted in Chinese patients.

Finally, the prevalence of SSD in this study population (33.9%) was relatively high (29). The results of prevalence were influenced by the sampling method. Departments selected in this study were the departments where patients with SSD most frequently visited. This would overestimate the prevalence of somatic symptom disorders among outpatients in tertiary hospitals in China.

There are several limitations of the present study. Limited departments of tertiary hospitals were selected to recruit patients. The symptom clusters of patients in these departments may have certain characteristics and cannot represent the outpatients in all departments of tertiary hospitals, which affects the distribution of symptoms and limit the generalizability of the result of this study. The high refusal rate for participation might also cause bias. Comorbid mental or physical disorders were not addressed in this study. This made it impossible to compare the difference in somatic symptom burden between patients with physical disorders and patients with SSD. However, because the diagnosis criteria of SSD in DSM-5 does not require the exclusion of physical diseases, it had little impact on the evaluation of diagnostic validity. The order of the questionnaires were fixed. The SSS-8 ranked second to last questionnaires (SF-12). The effect of sequence can’t be avoid. It should be improved in the future by vary the orders of questionnaires which will be more convenient when using online way.

In addition, it is of great significance to test the psychometrics of Chinese SSS-8 in the general population of China for exploring the influence of cultural background on somatic symptoms.

In conclusion, the Chinese language version of the SSS-8 demonstrated satisfactory reliability and validity among outpatients attending tertiary hospitals. Our results indicate that it can be used as a screening tool to assess for the burden of somatic symptoms, not only in the general population but also with hospital patients.
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Introduction: Conducted under the auspices of the Italian Society of Consultation Liaison Psychiatry (SIPC) the aim of this study was to describe the characteristics of Consultation Liaison Psychiatry (CLP) activity in Italy (SIPC-2—2018) over the past 20 years by comparing with data from the first Italian nation-wide study (SIPC-1—1998).

Methods: We collected data on CLP visits of 3,943 patients from 10 Italian hospitals over a period of 1 year. Data were compared with those from the SIPC-1 1998 study (4,183 participants). Patients were assessed with the same ad hoc 60-item Patient Registration Form recording information from five different areas: Sociodemographic, hospitalization-related, consultation-related, interventions and outcome.

Results: Compared with participants from the previous study, SIPC-2-2018 participants were significantly older (d = 0.54) and hospitalized for a longer duration (d = 0.20). The current study detected an increase in the proportion of referrals from surgical wards and for individuals affected by onco-hematologic diseases. Depressive disorders still represented the most frequent psychiatric diagnosis, followed by adjustment and stress disorders and delirium/dementia. Also, CLP psychiatrists prescribed more often antidepressants (Φ = 0.13), antipsychotics (Φ = 0.09), mood stabilizers (Φ = 0.24), and less often benzodiazepines (Φ = 0.07).

Conclusion: CLP workload has increased considerably in the past 20 years in Italy, with changes in patient demographic and clinical characteristics. A trend toward increase in medication-based patient management was observed. These findings suggest that the psychiatric needs of patients admitted to the general hospital are more frequently addressed by referring physicians, although Italian CLP services still deserve better organization and autonomy.

KEYWORDS
liaison psychiatry, hospital psychiatry, medical psychiatry, Italy, Consultation-Liaison (C-L) psychiatry


Introduction

Consultation-Liaison Psychiatry (CLP), as the subspecialty of psychiatry liaising with other branches of medicine and stemming from the realization that some form of psychiatric comorbidity is evident in more than one third of patients admitted to the general hospital (GH) (1, 2), have grown considerably in many countries in the past decades (3). Appropriate CLP activity has positive effects in terms of length of hospital stay, health-related costs, and treatment adherence (4, 5).

This reflected a general interest in the CLP subspecialty at a European level, as evident from the involvement of international groups such as the European Consultation-Liaison Psychiatry Working Group (ECLW) (6) that led to the creation of the European Association of Consultation-Liaison Psychiatry and Psychosomatics (EACLPP) (7), further transformed into the European Association of Psychosomatic Medicine (EAPM) (8).

In Italy, the quest for efficient CLP models started after mental health legislation reform in 1978 with the development of CLP services within the GHs and CL activity only made by psychiatrists from psychiatric wards and some isolated University hospital experiences. More articulated CL services began in the 1990s in the form of integrated care programs and also highly specialized clinics. Pioneer examples were the services of Modena, Pavia and Udine for transplantation psychiatry (9–12), the psycho-oncology service of Ferrara and the psycho-gastroenterology service of Bari (13–15). In order to implement CLP in the country, a special CLP working group (CLP-WG.IT) within the Italian Society of Consultation-Liaison Psychiatry1 was created with the aim to promote a nationwide research project on a 1-year period to better analyze the CLP situation in Italy (16). That was the first and the only multicenter investigation in Italy. Ever since, Italian CLP has significantly changed, partly because of the development of new services as clinical CLP sub-specialization (17), but also for the change in the health systems, cutting of resources and “rationalization” of the way hospital care and needs of medically ill patients are delivered and managed for, with the risk to jump back to the past rather than improving the level of CLP.

Following the initiative of other European countries (18, 19), the need for an up-to-date examination of CLP activity in Italy was felt to be a priority (17). Therefore, the aim of this study was to evaluate the activity of CLP in Italy, highlighting the major changes happened in a 20-year time-span since the cited first CLP Italian study.



Methods

The study aimed to compare data on current CLP activity in Italian GHs with those collected from the cited previous study by the CLP-WG-IT (16). To reach this aim, we used data from the nationwide CLP study conducted in 1998, referred to as Study 1, and the current CLP study conducted in 2018, referred to as Study 2.

Since we analyzed the data by using a form that is routinely employed in the CLP service after Study 1, ethical approval was operationalized by having each participant signing the information consent in agreement with the ethical regulations of the Committee for the Protection of Persons as adopted by the Local Health Trust and Hospital agencies of the participating centers.


Study 1

The study was designed as a nationwide cross-sectional investigation involving 12 provinces (6 in the north of Italy, 3 in central Italy and 3 in southern Italy (Supplementary Figure 1), with a total of 17 GHs (19,804 beds overall) and 17 corresponding CLP services. The historical sample comprised 4,182 medically ill patients admitted to GH wards, recruited during a period of 12 consecutive months (1997–1998) for whom a psychiatric consultation was requested by hospital medical-surgical wards. A standardized Patient Registration Form (PRF-SF), previously used in CLP studies was used (16, 20, 21) to gather the following information: (1) Patient’s sociodemographic data, previous psychiatric history, use of psychiatric services and medications; (2) data related to the index hospitalization such as its length, time to referral (Lagtime1), the time between referral and consultation (Lagtime 2), type of ward and somatic diagnosis; (3) data related to the consultation (e.g., reason for referral, psychiatric diagnosis); (4) data related to the CLP intervention, such as psychopharmacologic prescriptions and transfer to other medical or psychiatric wards; (5) data related to patient outcomes, such as post-discharge plans, including the referral to outpatient psychiatric care. Psychiatric and somatic diagnoses were recorded using the WHO ICD-10 system.



Study 2

The new CLP study, also run on a nationwide level, included 9 provinces, of whom 6 located in the Northern Italy, 2 in Central Italy, and 1 in Southern Italy (Supplementary Figure 1). A total of 10 GHs (8,338 beds in all) with a corresponding number of CLP Services were involved. From April 2018 to November 2019, CLP data were collected by using the same PRF-SF used in Study 1. Psychiatric and somatic diagnoses were also collected using the WHO ICD-10 system.



Statistical analysis

Descriptive statistics were conducted using bivariate analysis. Differences in estimates between the samples were explored using t-test and Chi-square. To evaluate the magnitude of effect sizes we computed Cohen’s d, Kramer’s V and Phi (Φ) coefficient as measures of statistical robustness, while percentage difference (PD) and mean difference (MD) were calculated as measures of absolute differences between the variables of interest. Statistical analyses were performed using SPSS (Statistical Package for the Social Science)—20 package. To aid visual comparisons, appropriate figures and graphs were created using ggplot R package.




Results


Sociodemographic characteristics

In Study 2 data pertaining to 3,943 patients were collected and were compared to the sample of 4,183 patients of Study 1. The distribution of the consultations at both times according to the region of provenance are shown in Supplementary Figure 1; the two populations significantly differed according to the region of origin (Õ2 = 2791.75, df = 10, p < 0.001, V = 0.58).

Socio-demographic characteristics are shown in Supplementary Table 1. Compared with Study 1, patients in the present study were more frequently men (PD = 7.9%, Φ = 0.07) and older (MD = 9.98, Cohen’s d = –0.54). Data regarding age according to sex and the distribution of age according to psychiatric and somatic diagnoses are displayed in Supplementary Figures 2–4. Overall, Study 2 patients were less likely to be married (PD = 10.1%, Φ = 0.12) and more likely to be retired (PD = 6.4%, Φ = 0.06), unemployed (PD = 2.2%, Φ = 0.03) and living alone (PD = 4.6%, Φ = 0.06). Data regarding education level were not comparable between the two groups.



Clinical characteristics

Data pertaining to somatic diagnoses regarding referred patients are presented in Figure 1 and in Supplementary Table 2. Patients in Study 2 were more likely to suffer from cancer (PD = 12.8%, Φ = 0.20), hematological (PD = 2.3%, Φ = 0.07) or respiratory (PD = 3.9%, Φ = 0.08) diseases, and less likely to suffer from endocrine/metabolic disorders (PD = 4.4%, Φ = 0.09), dermatological conditions (PD = 2.5%, Φ = 0.08) or to show unspecified symptoms (PD = 5.9%, Φ = 0.09), including the effects of poisoning or intoxications (PD = 3.6%, Φ = 0.09). Figure 2 shows the distribution of referrals across different wards (see also Supplementary Table 3).
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FIGURE 1
Percentage of somatic (A) and psychiatric (B) diagnoses of referred patients.
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FIGURE 2
Distribution of referrals according to the ward.




Psychiatric consultation data

When comparing reasons for psychiatric referrals in Study 1 with Study 2, statistically significant changes were evident for the following reasons: Study 2 patients were more likely to be referred to psychiatric assessment for pharmacologic treatment (PD = 9.2%, Φ = 0.21), suicide risk (PD = 0.5%, Φ = 0.02), problems in patient’s management or compliance (PD = 2.1%, Φ = 0.05) or the presence of active psychopathological symptoms (PD = 23.1%, Φ = 0.20); they were also less likely to be referred for pregnancy issues (PD = 1.7%, Φ = 0.07), medically unexplained symptoms (MUS, PD = 6.6%, Φ = 0.13) and alcohol or substance abuse (PD = 1.6%, Φ = 0.04) (Table 1 and Supplementary Figure 5). Psychiatric referrals because of suicide attempt did not significantly differ between Study 1 and Study 2 (p > 0.05).


TABLE 1    Main reason for psychiatric referral.
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Patients were informed more often about psychiatric consultation referral in Study 2 with respect to Study 1 (PD = 12.4%, Φ = 0.14).

Both groups showed comparable rates of psychiatric care in the 5 years preceding the consultation (PD = 1.4%, p > 0.05, Φ = 0.00), although the pattern of mental health care in Study 2 patients was more prevalent in terms of psychiatric care at mental health outpatient services (PD = 5.4%, Φ = 0.07) and psychiatric private practice (PD = 7.5%, Φ = 0.12), and less prevalent at other services (PD = 2%, Φ = 0.03). Also, Study 2 patients reported a lower number of hospitalizations in psychiatric units in the previous 5 years (PD = 3.5%, Φ = 0.07) (Supplementary Table 4).

Time to CLP referral (Lagtime 1) was significantly higher in Study 2 (MD = 2.96, Cohen’s d = –0.23), while the time from referral to consultation (Lagtime 2) was significantly lower than in the Study 1 (MD = 0.57, Cohen’s d = 0.27). Study 2 patients received slightly fewer follow-up visits during the hospital stay (MD = 0.11, Cohen’s d = –0.11), with shorter consultation time (MD = 21.4, Cohen’s d = 0.43) and longer hospitalization length (MD = 4.67, Cohen’s d = –0.20) (Supplementary Table 5).

Supplementary Figure 6 shows the distribution of hospitalization length according to age, while the distribution of Hospitalization Length, Lagtime 1 and Lagtime 2 according to the psychiatric and somatic diagnosis are reported on the Supplementary Figures 7–12 and in Supplementary Tables 6–11.

Patients in Study 2 were more likely to be already treated with psychopharmacologic medications at the time of consultation than in Study 1 (PD = 17.7%, Φ = 0.17), especially with antidepressants (PD = 16.8%, Φ = 0.20), and mood stabilizers (PD = 8.9%, Φ = 0.19), but also with antipsychotics (PD = 8%, Φ = 0.11) and benzodiazepines (PD = 4.6%, Φ = 0.04) (Table 2 and Supplementary Figure 13A).


TABLE 2    Psychopharmacologic and liaison data.
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Regarding psychiatric diagnosis, it was more frequently made in Study 2 (PD = 2.5%, Φ = 0.03) and consisted of more frequent diagnosis of depressive disorder (PD = 1.8%, Φ = 0.02), bipolar disorder (PD = 3.5%, Φ = 0.11), behavioral syndrome due to delirium or dementia (PD = 4.9%, Φ = 0.07), and other disorders (PD = 5.4%, Φ = 0.11). Study 2 patients received less often a diagnosis of personality disorder (PD = 1.7%, Φ = 0.04), anxiety disorder (PD = 6.7%, Φ = 0.11), schizophrenia (PD = 2.5%, Φ = 0.05) or somatoform disorders (PD = 4.2%, Φ = 0.12), while adjustment disorder and substance abuse disorder did not significantly differ (all p > 0.05) between the 2 groups (Figure 1B and Supplementary Table 12).



Intervention

Patients in Study 2 were more likely to be prescribed with psychopharmacological therapy (PD = 11.4%, Φ = 0.12) specifically, antidepressants (PD = 12.9%, Φ = 0.13), antipsychotics (PD = 8.2%, Φ = 0.09) and mood stabilizers (PD = 11.6%, Φ = 0.24) than Study 1, while benzodiazepines were less frequently prescribed (PD = 7.2%, Φ = 0.07) (Table 2 and Supplementary Figure 13B).



Outcome

At discharge, Study 2 patients were less likely to receive psychopharmacologic treatment than Study 1 (PD = 5.8%, Φ = 0.05); overall in Study 2 antidepressants (PD = 9.2%, Φ = 0.09), antipsychotics (PD = 4.5%, Φ = 0.05), and mood stabilizers (PD = 10.7%, Φ = 0.23) were prescribed more frequently while the prescription of benzodiazepines was lower (PD = 12.3%, Φ = 0.12) (Table 2 and Supplementary Figure 13C).

Compared to Study 1, a therapeutic program at discharge was offered slightly less frequently in Study 2 (PD = 3.7%, Φ = 0.03), with patients being referred more often to social workers (PD = 10.9%, Φ = 019) and other specialized services (e.g., addiction clinics, child and adolescent psychiatric services; PD = 5.3%, Φ = 0.09) and less frequently to their general practitioners (PD = 13.1%, Φ = 0.25), psychiatric outpatient services (PD = 6.6%, Φ = 0.07), consultation-liaison services (PD = 7.6%, Φ = 0.12) and private practitioners (PD = 6.3%, Φ = 0.07). Psychiatric hospitalization rates did not differ between the two groups (p > 0.05), while in Study 2 patients were less frequently recommended to be transferred to other medical wards (PD = 1%, Φ = 0.03) (Table 2).




Discussion

We report the results of a nationwide multicenter study describing CLP activity in Italy on almost four thousand patients, and comparing them to results from a previous CLP study adopting the same methodology of data collection carried out 20 years ago.

A first general result of the study is the increase of the ages of nearly a decade of the patients referred to CLP between the two studies. This finding seems to be in line with the general aging of the Italian population over the last 20 years and the increased life expectancy in Italy (22), as indicated in previous studies involving our centers (23, 24). This highlights the phenomenon of the general aging of the hospitalized population (25, 26), and the need of specific psychogeriatric training (27), since it has been estimated that up to 60% of old aged patients will develop a mental disorder during their hospital admission (28). Accordingly, this change had implications in the age of presentation of specific diagnosis and sub-populations of the sample (e.g., older patients with alcohol/substance abuse or personality disorders in Study 2), even though other differences can be attributed to specific epidemiological changes (e.g., the age of presentation of patients referred for infectious disorder in Study 2, while Study 1 coincided with the peak of HIV pandemic during the 90’s, with younger patients referred to CLP).

A second finding regards psychiatric referrals. Compared Study 1, patients in Study 2 were referred more often from surgical wards. A possible explanation might include a better understanding and more education about the importance of psychiatric variables by surgeon colleagues, as highlighted by increasing literature in the surgical field (29–33). Alternatively, the older population in Study 2 might have resulted in an increased number of referrals for behavioral problems, since about 80% of elderly patients undergoing surgery is expected to develop delirium (34). The latter explanation is in line with the modestly increased number of referrals from intensive care units and the higher number of referrals due to delirium, dementia or neurobehavioral syndromes, which, according to a recent nationwide Italian study, have been found to be present in 56.2% of the GH patients older than 65 (35).

Study 2 patients were also more likely to be referred from hematology-oncology settings. The almost quadrupled number of referrals for patients affected by these diseases reflects the important work done in the last two decades in the field psycho-oncology, with data showing a prevalence of psychiatric disorders in cancer care of 25–32% (36, 37). This is a major change of CLP activity in cancer setting that was shown to be lacking in Italy (38), while it seems to be a partially solved problem in more recent years (39).

A striking result is the lower rate of referrals for patients reporting MUS as the main reason for psychiatric evaluation and the low prevalence of somatoform disorders diagnosis in Study 2. There are different possible explanations for this finding. The first might be related to improvement in diagnostic tests (resulting in less “medically unexplained” symptoms, such as functional syndromes like fibromyalgia, functional gastrointestinal disorders and functional neurologic disorders), better understanding of these disorders, and improved education and management skills by non-psychiatrists, including rheumatologists, gastroenterologists and neurologists who have learned to treat common comorbidities like depression and anxiety (40). We cannot confirm this hypothesis though, since we do not have specific data in Italy. Another possible interpretation could be the older age of the sample. There is in fact evidence that MUS and somatic symptom disorders prevalence declines after the age of 65 years (41) and those older patients cope better with MUS than younger individuals (42), resulting in possibly less frequent referrals. Furthermore, since MUS in old-aged patients have been associated with frailty, the prevalence of these symptoms can be even lower because of misdiagnosis (43, 44). There is also the possibility that, given the complexity of the area, still with conflicts in the name and characteristics of the disorders and treatment, referring physicians may have less interest in requesting CLP consultation. This might be seen by referring physicians as only confirming the diagnosis but without concrete prospects of treatment in the usual organization of mental health service.

Regarding psychiatric diagnosis: the rates of adjustment and stress disorders, depressive disorders, and alcohol and substance abuse were comparable across the two studies. Depressive disorders still represent the most frequent psychiatric diagnoses, reflecting their high prevalence in the GH (45) and a general improvement in their recognition by non-psychiatrists (46). Similarly, the rates of adjustment and stress-related disorders, are comparable to other studies (47–50). The relatively high prevalence of alcohol and substance abuse disorders as reported in both the GH (51–54), and in CLP settings (55–57), highlight the fact that, at least in Italy, consultations for addictive disorders are still probably carried out by specific programs other than CL services. Anxiety disorders, compared with Study 1, were found to be significantly less prevalent, although with a similar rate found in other studies carried out in other countries (50, 58). This is consistent with a significant increase of antidepressants prescriptions in Italy during the last decades (59), as shown by the higher rates of patients being already in antidepressant treatment at the time of consultation. Patients may have already been prescribed antidepressants as outpatients, or by non-psychiatrists in the GH (60). Another possible explanation for this result again takes into account the older age of the population. It has been suggested that even though highly prevalent in old patients with chronic diseases (61), anxiety disorders might remain undetected in this particular population (62, 63). Bipolar disorders diagnoses showed a significant increase in prevalence at Study 2. This finding both contradicts (64, 65) and confirms (66) previous literature. Some hypotheses include the above-mentioned increase in antidepressant medications, with possible manic switching, and an improvement in the detection and diagnosis of bipolar disorders (67). Since it has been suggested that bipolar disorder can often be misdiagnosed as schizophrenia (68), this hypothesis might also explain the significantly decreased prevalence of schizophrenia and other psychotic disorders diagnoses in Study 2.

Further findings regard the length of stay, Lagtime1 and Lagtime2. Interestingly, while Hospitalization Length and Lagtime1 significantly increased in Study 2, Lagtime2 decreased. This last result probably indicates an overall improvement in the effectiveness of Italian CLP services, with psychiatric consultants able to deliver quicker visits. Increased Lagtime1 and hospitalization length can be interpreted in the light of the aging of the sample, since both age and Lagtime1 have been found to be predictors of Hospitalization Length (69–71) and, on the other hand, old age have been associated with increased Lagtime1 (69, 72). Patients displaying MUS may also require a higher number of investigations thus delaying the request of a psychiatric consultation (73). It should also be said that a still predominant tendency to consider CLP as a last resource, after all the possible medical investigations, can be found, with the need for implementation of proactive or integrated psychiatric care based services (3, 74).

Considering drug prescriptions, at the time of consultation patients were more likely to be already receiving psychoactive drugs, particularly antidepressants, mood stabilizers and benzodiazepines, compared with the previous study wave. CLP consultations resulted in an increase of antidepressants, antipsychotics and mood stabilizers prescription compared with 1998, and a relative decrease of benzodiazepines prescription. This pattern was relatively maintained at discharge, with a further decrease of benzodiazepines prescription in line with recent guidelines (75). With regards to mood stabilizers, the increase in prescription could reflect a change in their use for analgesic purposes as gradually emerged in medical literature (76–78). Overall, these findings mirror the aforementioned change in antidepressants prescription in the last decades, the increased prevalence of bipolar disorders and confirm the frequent use of benzodiazepines in medical settings both for sleep control as well as a means for rapid tranquillization (79). These data underline the need to further train non-specialists in psychiatry, within and outside the hospital, about the risks of benzodiazepines use in medically ill patients, especially in the elderly (80, 81), as well as the need to further develop CLP services with general practitioners to monitor pharmacotherapy (82).

Finally, interesting differences were shown in the type of consultation and liaison interventions. While in Study 2 there was only a very small decrease in liaison intervention at discharge, compared to Study 1 there were significant changes in referral patterns, with comparable rates of psychiatric inpatient admissions. A first issue comes from the increased referral to social work services, which could be explained by a grown awareness of the importance of the social component of the problems presented by patients, especially if affected by somatic diseases (83–85) and in times of recession and socio-economical crisis (86).

Regarding the post-discharge plan, patients in Study 1 were more often referred to specialized services (e.g., addiction clinics, child/adolescence psychiatric services, dementia clinics, eating disorders clinics, psycho-oncology services). This seems to support the implementation over the last 20 years of more special services within community psychiatry and an improvement of the organization of mental health services in Italy.

The study is strengthened by adequate sampling and nationwide participation. There are, however, limitations which should be mentioned. First, although there is a similar characterization and representation of the CLP services included in both Study 1 and 2, there are also differences in regional participation, such as a higher presence of Northern Italian centers in Study 2. Future studies should include a larger sample of centers and extend the research to a larger representation of GHs, including CLP activity in small community hospitals, which are under-represented in CLP studies in several countries (17). For these reasons, the generalizability of our results is not possible.

In conclusion, this study provides information about the current status of CLP in Italy. The data presented here confirm a predominant consultation-based approach to the psychiatric care of the medically ill patient in Italian GHs. The changes over time discussed in this article may support a more proactive approach in the provision of CLP services, and more consistent to relevant changes in the epidemiology of medical-psychiatric comorbidity; also, we hope they could guide future research on the topic and pave the way for structural changes in the delivery of care for the patient affected by psychiatric and somatic co-morbidities.
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Objective: This study investigates the diagnostic accuracy of the PHQ-15, SSS-8, SSD-12 and Whitley 8 and their combination in detecting DSM-5 somatic symptom disorder in general hospitals.

Methods: In our former multicenter cross-sectional study enrolling 699 outpatients from different departments in five cities in China, SCID-5 for SSD was administered to diagnose SSD and instruments including PHQ-15, SSS-8, SSD-12 and WI-8 were used to evaluate the SSD A and B criteria. In this secondary analysis study, we investigate which instrument or combination of instrument has best accuracy for detecting SSD in outpatients. Receiver operator curves were created, and area under the curve (AUC) analyses were assessed. The sensitivity and specificity were calculated for the optimal individual cut points.

Results: Data from n = 694 patients [38.6% male, mean age: 42.89 years (SD = 14.24)] were analyzed. A total of 33.9% of patients fulfilled the SSD criteria. Diagnostic accuracy was moderate or good for each questionnaire (PHQ-15: AUC = 0.72; 95% CI = 0.68–0.75; SSS-8: AUC = 0.73; 95% CI = 0.69–0.76; SSD-12: AUC = 0.84; 95% CI = 0.81–0.86; WI-8: AUC = 0.81; 95% CI = 0.78–0.84). SSD-12 and WI-8 were significantly better at predicting SSD diagnoses. Combining PHQ-15 or SSS-8 with SSD-12 or WI-8 showed similar diagnostic accuracy to SSD-12 or WI-8 alone (PHQ-15 + SSD-12: AUC = 0.84; 95% CI = 0.81–0.87; PHQ-15 + WI-8: AUC = 0.82; 95% CI = 0.79–0.85; SSS-8 + SSD-12: AUC = 0.84; 95% CI = 0.81–0.87; SSS-8 + WI-8: AUC = 0.82; 95% CI = 0.79–0.84). In the efficiency analysis, both SSD-12 and WI-8 showed good efficiency, SSD-12 slightly more efficient than WI-8; however, within the range of good sensitivity, the PHQ-15 and SSS-8 delivered rather poor specificity. For a priority of sensitivity over specificity, the cutoff points of ≥13 for SSD-12 (sensitivity and specificity = 80 and 72%) and ≥17 for WI-8 (sensitivity and specificity = 80 and 67%) are recommended.

Conclusions: In general hospital settings, SSD-12 or WI-8 alone may be sufficient for detecting somatic symptom disorder, as effective as when combined with the PHQ-15 or SSS-8 for evaluating physical burden.
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Introduction

Somatic symptom disorder (SSD) was introduced in the DSM-5 in 2013 (1). The diagnosis of SSD is made when there are persistent (typically more than 6 months, Criteria C) and clinically significant somatic complaints (Criteria A) that are accompanied by excessive and disproportionate health-related thoughts, feelings, and behaviors regarding these symptoms (B-type criteria). Somatic complaints can be caused by medical diseases (organic) or not caused by them (functional). SSD is meant to substitute somatoform disorder in DSM-IV by avoiding the discussion of whether the somatic symptom can be medically explained or not. Moreover, the content of SSD is now further extended by including patients whose complaints can be explained by medical diseases. There have been doubts that SSD may be overinclusive as it includes medical patients with appropriate psychological reactions; however, it has been found that even in patients with a major medical burden, such as heart disease or arthritis, a diagnosis of SSD is not automatic (2). Only a fraction of such patients with chronic, persistent and distressing somatic complaints can be diagnosed with SSD. Indeed, it is the combination of somatic symptoms and B-type criteria that is associated with worsened quality of life and increased healthcare use (3). We think this diagnostic extension of including medical patients is especially meaningful, as this creates an opportunity to offer help to medical patients suffering from psychological burdens that are related to (and may also influence) medical complaints.

Clinical interviews are always most reliable in making diagnoses; however, they can be very time-consuming. In a real-world situation, in the limited time set of outpatient clinics, there is difficulty felt by both doctors and patients in achieving mutual empathy and understanding, not to mention to accomplish a full and extensive clinical interview. Thus, efficient screening tools of possible somatic symptom disorder can help greatly in clinic.

Well-established tools such as the Patient Health Questionnaire-15 (4) or the Somatic Symptom Scale-8 (5) can assist in assessing the A criteria of distressing somatic symptoms. The Somatic Symptom Disorder—B Criteria Scale (SSD-12) was developed to assess the psychological B criteria of SSD (6) and has been shown to have good validity in detecting SSD (7). A study in a German psychosomatic outpatient population showed that the combination of the PHQ-15 or SSS-8 with the SSD-12 increased the validity of identifying SSD compared with using each instrument alone (8).

In our former study (9), we found a prevalence of 33.6% (236/699) in a Chinese outpatient population and that SSD is associated high physical and psychological burdens and social function impairment. Drawing on the experience of Toussaint et al. (8), here we present a secondary data analysis of our former study (9) to investigate the predictive values of the PHQ-15, SSS-8, SSD-12 and WI-8 used alone or in combination for detecting SSD in Chinese general hospital outpatient clinics.



Methods


Study design and subjects

Our former multicenter cross-sectional study was conducted between May 2016 and March 2017 in the outpatient clinics of the neurology, gastroenterology, Traditional Chinese Medicine [TCM] and psychosomatic medicine departments of nine tertiary hospitals in Beijing, Jincheng, Shanghai, Wuhan, and Chengdu (located in the north, north-central, east, central, and southwest regions of China, respectively).

For inclusion in the study, the participants were required to be at least 18 years of age, to be visiting for treatment (i.e., not only picking up a prescription), to have adequate reading and writing skills and to have signed a written consent form. Exclusion criteria included the presence of language barriers, limited reading skills, cognitive impairment, acute psychosis or suicidal tendency.

The diagnosis of SSD was made by diagnostic SCID-5 interviews by trained clinical researchers blind to the screening scale results.

A detailed description of the procedure can be found in our previously published article (9).



Instruments

The PHQ-15 and SSS-8 for the A criteria and the SSD-12 and WI-8 for the B criteria were administered:

Somatic Symptom Severity Scale of the Patient-Health-Questionnaire (PHQ-15):

The PHQ-15 assesses 15 somatic symptoms, such as fatigue, pain, and gastrointestinal, musculoskeletal, and cardiopulmonary symptoms within the last 4 weeks. Each symptom is scored from 0 (“not bothered at all”) to 2 (“bothered a lot”). Sum scores range from 0 to 30 and indicate the self-rated symptom burden (0–4 no to minimal; 5–9 low; 10–14 medium; 15–30 high). The Chinese version of the PHQ-15 exhibits satisfactory reliability (10) and validity (11).

Somatic Symptom Scale-8:

The SSS-8 is an abbreviated version of the PHQ-15, which was developed within DSM-5 field trials (12). A five-point response option (0–4) for each item and a 7-day time frame were used. The cutoff scores indicated whether a patient suffered from minimal (0–3 points), low (4–7), medium (8–11), high (12–15), or very high (16-32) somatic symptom burden. Previous studies demonstrated good item characteristics and excellent reliability, sound factor structures, and significant associations with related constructs such as depression, anxiety, quality of life, and health care use (5). These results have not been validated in China. In this sample, we estimated a Cronbach's alpha of 0.783.

Somatic Symptom Disorder—B Criteria Scale 12:

The Somatic Symptom Disorder—B Criteria Scale 12 (SSD-12) is composed of 12 items. Each of the three psychological sub-criteria is measured by four items with all item scores ranging between 0 and 4. The external and internal validity of this method have been established (6, 13). A cutoff point of 16 or 17 for SSD-12 has been found in Chinese studies for detecting SSD (7, 14).

Whiteley-8:

The Whiteley-8 test measures health-related anxiety in the previous 4 weeks. It has 8 items on a five-point Likert scale. In our study, each item score ranged between 1 and 5. The original well-validated 7-item scale WI-7 (15) was extended by one additional item: “Recurring thoughts about having a disease that is difficult to be rid of?” This item of rumination seemed to capture one core characteristic of health anxiety (16). The WI-8 was first used in the Danish study of functional disorders (17). The Chinese version of the WI-7 exhibited satisfactory reliability and internal validity in a general population sample (18, 19). The WI-8 has also been validated in China (20). In this sample, we estimated a Cronbach's alpha of 0.937.



Statistical procedures

The study center at Peking Union Medical College Hospital (PUMCH) stored all the data, regularly monitored all project sites and analyzed the data.

Analyses were carried out using the Statistical Package for the Social Sciences version 25.0 (SPSS Inc., Chicago, IL, USA) and MedCalc Version 20.




Results


Sample characteristics

In total, 1,269 participants were approached, and the response rate was 55.08%. A total of 697 participants were presented in our former study, as 3 of them had missed questionnaire data, a total of 694 participants who completed both the interview and the questionnaires of this study are presented in this study. Two hundred twenty-four participants came from the gastroenterology/neurology department, 239 from the psychosomatic medicine department, and 231 from the TCM department.

Among the 694 participants, 235 (33.9%) were diagnosed with SSD according to the SCID-5 interview. The average age of the participants was 42.89 years (SD = 14.24). Among them, 38.6% were male. There were no differences in age, sex, health insurance status, residence status, marital status, family income, occupation status, education, physical disease diagnosis or physical disease severity between the SSD group and the non-SSD group (Table 1).


TABLE 1 Baseline data of the study sample (N = 694).
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The PHQ-15, SSS-8, SSD-12 and WI-8 scores were significantly different between the SSD group and the non-SSD group (Table 1). But these scores showed similar distribution between participants with physical disease and without physical disease, and these scores showed no correlation with physical disease severity (Supplementary Table S0).



Descriptive item reliability

The SSD-12 showed the highest reliability in this sample (α = 0.937). Cronbach's α values for the PHQ-15, SSS-8, SSD-12 and WI-8 assessments in this sample were 0.809, 0.783, 0.954, and 0.937, respectively. These predictors were moderately to very highly correlated (Supplementary Table S1).



Correlation of predictors

A Pearson correlation analysis showed that SSD-12 and WI-8 were very highly correlated, PHQ-15 and SSS-8 were highly correlated, PHQ-15 and SSD-12/WI-8 were moderately correlated, and SSS-8 and SSD-12/WI-8 were highly correlated (Table 2).


TABLE 2 Stepwise logistic regression analysis evaluating the PHQ-15/SSS-8 and SSD-12/WI-8 as predictors for SSD diagnosis (n = 694).
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Combination of screening instruments

The combination of the PHQ-15/SSS-8 with the SSD-12/WI-8 in the regression analysis showed significantly more variance in predicting SSD than the PHQ-15/SSS-8 alone, while the combinations showed no improvement over SSD-12/WI-8 alone (as shown by the R2 differences listed in Table 2).



ROC analysis

From ROC curve analysis with MedCalc, the cutoff point for PHQ-15 was found to be ≥8, with a sensitivity of 80%, specificity of 52%, and Youden Index of 0.32 (as there is an item related to menstruation, when considered separately, the cutoff point of PHQ-15 with highest Youden index should be 8 for women and 7 for men); the cutoff point for SSS-8 was ≥9, with a sensitivity of 67%, specificity of 68%, and Youden Index of 0.35; the cutoff point for SSD-12 was ≥16, with a sensitivity of 76%, specificity of 80%, and Youden Index 0.56; the cutoff point for WI-8 was ≥19, with a sensitivity of 73%, specificity of 76%, and Youden Index of 0.49.

The PHQ-15 (AUC = 0.715) and SSS-8 (AUC = 0.729) showed moderate diagnostic accuracy, while SSD-12 (AUC = 0.837) and WI-8 (AUC = 0.813) demonstrated good diagnostic accuracy. The differences between PHQ-15 or SSS-8 and SSD-12 or WI-8 were statistically significant (Supplementary Tables S2, S3, Figure 1).


[image: Figure 1]
FIGURE 1
 ROC curves of PHQ-15, SSS-8, SSD-12, WI-8, and their combinations.


The combination of the A and B criteria showed no significant improvement compared to the B criteria alone (PHQ-15 + SSD-12: AUC = 0.838; PHQ-15 + WI-8: AUC = 0.818; SSS-8 +SSD-12: AUC = 0.836; SSS-8 + WI-8: AUC = 0.816; Supplementary Tables S2, S3, Figure 1).



Diagnostic accuracy

However, since the potential harm of a false positive diagnosis and a false negative diagnosis is not equal in the case of SSD, the Youden Index may not be the best consideration when choosing cutoff points. A sensitivity priority should be considered, since a missed diagnosis would cause more harm than a false positive diagnosis, which would cause more clinical evaluation efforts but no damage. A diagnostic accuracy analysis according to Toussaint et al. (8) was performed to find a more sensitive cutoff point for each instrument (Supplementary Table S4). Only relevant ranges are shown.

Cutoff points of ≥13 for SSD-12 (sensitivity and specificity = 80 and 72%) and ≥17 for WI-8 (sensitivity and specificity = 80 and 67%) could be used.

Since previous studies reported severity thresholds of ≥10 (medium somatic symptom burden) and ≥15 (high somatic symptom burden) for both the PHQ-15 and the SSS-8 (21), and the corresponding thresholds for the SSD-12 can be determined at ≥20 and ≥25 (13), the cutoff points obtained with these combinations are also reported in Table 3. As there are no existing cutoff points for the WI-8 from other studies, no similar analysis was performed with the WI-8.


TABLE 3 Combination of relevant cutoff points of PHQ-15 and SSD-12, and SSS-8 and SSD-12 (n = 694).
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The application of higher severity cutoff points as determined by previous studies did not increase the efficiency but did decrease the sensitivity to an insufficient level.




Discussion

The present study evaluates and compares the diagnostic accuracy of the PHQ-15, SSS-8, SSD-12, and WI-8 and their combination for detecting DSM-5 somatic symptom disorder within a sample of general hospital outpatients. At their cutoff points from ROC analysis, SSS-8 (≥7) showed a relatively poor sensitivity and specificity; PHQ-15 (≥6) showed a high sensitivity, but a low specificity; however, SSD-12 (≥14) and WI-8 (WI ≥ 17) both showed good sensitivities and specificities. Combining the PHQ-15 or SSS-8 (to assess the A criteria) with the SSD-12 or WI-8 (to assess the B criteria) did not further increase the AUC compared to the use of the SSD-12 or WI-8 alone.

Previous studies investigating the use of PHQ-15, SSS-8, WI-7 and SSD-12 in detecting functional somatic symptoms or somatic symptom disorders in psychiatric populations or the general population have generally found good validity for these instruments (5, 8, 10, 11, 18, 19). The combination of an A criteria instrument (PHQ-15 or SSS-8) and a B criteria instrument (SSD-12) slightly improved the diagnostic accuracy (8).

In the study by Liao et al. (22) in psychiatric outpatients and healthy controls, the PHQ-15 scores of SSD patients and non-SSD patients were 10.04 (±6.03, n = 200) and 5.69 (±4.72, n = 271), respectively, and the cutoff point determined for the PHQ-15 was 4/5. The study by Toussaint et al. (8) was performed with psychiatric outpatients; the PHQ-15 scores of SSD patients and non-SSD patients were 14.6 (±5.0, n = 209) and 11.1 (±4.7, n = 163), respectively, and the cutoff point determined for the PHQ-15 was ≥9. Physical symptoms such as pain, fatigue, heart palpitation, shortness of breath and gastroenterological symptoms are common and distressful in patients with depression and anxiety (23, 24). Depression and anxiety can also increase somatic symptom severity in organic disease patients (25). It is expected that the PHQ-15 score should be higher in the psychiatric outpatient group. The cutoff point for the PHQ-15 determined in our study was ≥8, in between those found in the previous two studies.

SSS-8 is an abbreviated version of the PHQ-15. In past studies, it has been demonstrated to have a similar efficiency as the PHQ-15 in screening for bodily symptoms (21). This is the same case in our study: SSS-8 had similar AUC and efficiency as PHQ-15. Within a good range of sensitivity, PHQ-15 and SSS-8 would both show poor specificity. This may be because in general hospitals, “genuine” bodily symptoms are relatively more likely and more frequent than in general populations or psychiatric hospitals; therefore, the A criteria would have a low specificity.

SSD-12 and WI-8 both showed good efficiency in our study, and the SSD-12 was slightly better than WI-8. This agrees with the core concept of SSD: that it is the psychological symptoms associated with the physical burdens, not the physical burdens themselves, that define SSD (2). In our sample, the finding that there is no difference of SSD diagnosis or instruments scores between different groups of physical disease status, also supports this idea that physical conditions themselves does not necessarily cause a higher chance of SSD or higher SSD severity. What defines SSD psychopathology is the psycho-behavior reaction to a somatic symptom, whether the symptom is organic or functional, whether the symptom is severe or not.

The cutoff point determined for SSD-12 (cutoff point ≥16) from the ROC analysis in our study was much lower than that found in the study by Toussaint et al. (8) (SSD-12 cutoff point ≥26). This difference could also be explained by participant selection differences. As the SSD-12 total sum-score was significantly associated with general anxiety and depressive symptoms (6, 26), it is expected that in a sample of psychiatric patients, the cutoff point for the SSD-12 would be higher.

In summary, the results from our study suggest that in general hospital outpatient settings, it's hard to find a good balance of sensitivity and specificity for PHQ-15 and SSS-8. So these instruments may be best used to evaluate SSD severity, but not as screening tools. In contrast, SSD-12 and WI-8 show good diagnostic accuracy. One B-criteria instrument seems to be sufficient by itself, with no further need or benefit of combining with one A-criteria instrument. When sensitivity is prioritized over specificity, the recommended cutoff points are ≥13 for SSD-12 and ≥17 for WI-8.

One limitation of our study is that only gastroenterological and neurological departments were chosen for biomedical departments, and approximately equal numbers of participants were selected from the biomedical, TCM and psychological departments, which may not represent the ratio of help-seekers to different departments in general hospitals. Different departments may have their own characteristic profiles of SSD presentation. Further detailed investigations in different clinical specialties from the perspective of consultation-liaison services may be warranted. Also, as our study was conducted in tertiary hospitals, the result may not be generalizable to primary care where patients with a less severe symptomatology present themselves.



Conclusion

In general hospital settings, SSD-12 or WI-8 alone may be sufficient for detecting somatic symptom disorder, as effective as when combined with PHQ-15 or SSS-8, while PHQ-15 and SSS-8 show a relatively poor diagnostic accuracy.
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Our case report describes a 45-year-old woman who suffered from limb edema for 2 months. We focused on tumor recurrence and other common potential diseases based on the pituitary adenoma history. However, none of the examinations showed any abnormality. Later, her continuous complaints about the family relationship and depressed mood came into sight, and a psychiatry consultation was arranged. Following that, she was diagnosed with major depressive disorder. After several days of Deanxit and tandospirone treatment, the patient's limb edema dramatically subsided. This is the first case of limb edema associated with depression. This highlights the importance of awareness of mental illness for non-psychiatrists, especially in patients with severe somatic symptoms, but with negative results.
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Introduction

Edema is an accumulation of fluid in the interstitial space that occurs as the capillary filtration exceeds the limits of lymphatic drainage (1). It is usually seen in the eyelid, the infraorbital soft tissue, and the limbs, especially in the lower extremities. Edema can be caused by many somatic conditions, including endocrine and metabolic disease, cardiac disease, hepatic disease, renal disease, venous disease, and unspecific reasons (1, 2). Depression is a psychiatric condition associated with stratified psychological and somatic symptoms (3). Somatic symptoms prevailed in most patients with depression (4). Somatic symptoms vary from person to person. The most frequently presented ones are chronic pain, fatigue, and sleep disturbance. Limb edema associated with depression is rare. Herein, we report a case of a 45-year-old woman who had limb edema and was cured using Deanxit and tandospirone.



Case description

The patient suffered from limb edema for 2 months. She had pituitary adenoma for 7 years and underwent transsphenoidal pituitary surgery 4 years ago. She went to the hospital for an endocrine review 2 years, which were within normal ranges.

Upon initial assessment, we observed mild to moderate edema in her hands and lower extremities, which the patient had complained about. She stated that she could not clench her fists and had recently felt that her pants were getting tight. However, her weight was stable from morning to evening. In addition to limb edema, she complained about feeling fatigued, depressed, and anxious and about having irregular menstruation in the last 2 months. The changes in her mental status and behavior prevented her from getting along with her family. Her vital sign and other physical examination were normal as well.



Diagnostic assessment and treatment

Considering her pituitary adenoma history and limb edema, we considered pituitary adenoma recurrence and secondary hypothyroidism as our initial diagnosis. Therefore, we scheduled a brain MRI with pituitary protocol and endocrine examination. However, the endocrine examination returned nearly normal results. Her thyroid hormone, sex hormone, growth hormone, and cortisol levels were within normal ranges. Moreover, the brain MRI only showed a slight enhancement in the pituitary gland, which was insufficient to diagnose tumor recurrence. As a result, the patient underwent further examinations, including liver and renal function tests, cardiac color Doppler ultrasonography, and internal organ ultrasonography. However, none of them displayed any abnormality. Thus, the common causes of limb edema, such as hypoalbuminemia, heart failure, renal failure, venous insufficiency, and idiopathic edema, were excluded.

Her continuous complaints, including about her daily life and family relationship, caught our attention on the fourth day of admission. Therefore, the psychiatry consultation was arranged immediately. At first, our psychiatry team performed PHQ-9, GAD-7, and Life Event Scale (LES) on her. The patient scored 20 in PHQ-9, 20 in GAD-7, and 65 in LES. These results indicated that the patient suffered severe mood problems in her daily life. The Hamilton Anxiety Rating Scale (HAMA) score was 25, and the Hamilton Depression Rating Scale (HAMD) score was 22. She was diagnosed with major depressive disorder.

The treatment that was given to her consisted of Deanxit (flupentixol/melitracen) 10.5 mg b.i.d. and tandospirone 10 mg t.i.d. The patient showed a significant improvement after 7 days of treatment. She felt much more relaxed. In addition, edema was relieved significantly. Then, she was discharged and referred to an outpatient psychiatric consultation with an indication for maintenance antipsychotic medication.

At the 3-week follow-up, the patient mentioned that she could wear her ring again (Figure 1). At the 2-month follow-up, her psychiatric symptoms further recovered. The HAMA and HADM scores were 8 and 9, respectively. The symptoms such as fatigue, depression, anxiety, and upset disappeared. In addition, she started to engage in more social activities, and her relations with family members improved. No relapse of psychiatric or edema was detected.


[image: Figure 1]
FIGURE 1. Limbs edema relived after antidepressant therapy at 7 days (A,C) and 3 weeks (B,D).




Discussion

Chronic limb edema is usually caused by systemic diseases like heart failure, renal disease, hepatic disease, or endocrine disease. The most frequent type is pitting edema, while myxedema is rare and often seen in Graves' disease and hypothyroidism. The thyroid hormone plays an essential role in many bodily functions. The extreme absence of this hormone is associated with a high mortality rate and has a broad spectrum of presenting symptoms (5). Thyroid hormone has several roles within the central and peripheral nervous systems, explaining the varying degrees of neurological symptoms associated with hypothyroidism, such as depression (6). Patients who underwent pituitary surgeries often suffer from hypopituitarism, which leads to secondary hypothyroidism. In addition to bilateral limb edema, this patient had a history of pituitary surgery and did not take hormone replacement therapy after the surgery. As a result, we suspected hypothyroidism to be the cause of limb edema and psychiatric symptoms. However, the levels of thyroid-stimulating hormone (TSH), triiodothyronine (T3), and thyroxine (T4) of the patient were normal and negated our initial diagnosis.

The other common type of edema we need to differentiate is idiopathic edema. Idiopathic edema is a state that primarily affects women in the absence of hepatic, renal, and cardiac diseases (7–9). The diagnosis is made by physical and clinical assessments, and diuretics are the common treatment (10). The hallmark of this disease is orthostatic edema, accompanied by excessive weight gain from morning to evening due to fluid retention. It occurs almost exclusively in post-pubertal women and is independent of the menstrual cycle (11). However, in our case, the patient's weight was stable from morning to evening. She did not have orthostatic edema either. The clinical presentations are insufficient for the diagnosis of idiopathic edema.

Depression is a highly heterogeneous disorder with complicated clinical manifestations and biological mechanisms (12, 13). Two-thirds of patients with depression present only somatic symptoms at the early stage, and approximately half of the patients have unexplained medical symptoms (14). Sometimes lymphedema is accompanied by high depression and anxiety (15). However, unlike our case, this type of edema is usually caused by malignant tumors. In addition, some patients with idiopathic edema were more depressed and anxious, with a trend toward widespread neurotic symptoms (16). In these circumstances, diuretics are widely used to relieve edema, which might also help release psychiatric symptoms. However, concurrent psychiatric symptoms were less recognized and treated.

Some researchers believed that excessive fluid retention in many patients with idiopathic edema might be related to the neuroendocrine abnormalities associated with psychiatric illness (16). We encountered similar situations in our case, and we discovered that edema was relieved at the same pace as her mood symptoms. However, there were hardly any published work suggesting Deanxit or tandospirone usage in such cases.

Moreover, neither of these medications has a diuretic effect. This evidence indicates that Deanxit and tandospirone do not relieve edema through a diuretic effect. We speculated that our patient had severe psychiatric problems at first. Then, primary emotional disturbances initiated some neuroendocrine changes and led to limb edema. Our treatment with Deanxit and tandospirone relieved depression, fixed neuroendocrine abnormalities, and reduced the limb edema. Our case might be the first report that limb edema, most likely associated with depression, dramatically remitted after antidepressant treatment. The underlying mechanism of this phenomenon is unknown, and further studies are needed.

People often present with somatic symptoms to clinical settings (17). Some non-specific symptoms may overlap with the somatic symptoms of psychiatric disorders, leading to misdiagnosis. Moreover, somatic symptoms could double the medical cost of examinations and treatment (18). As a result, physicians should consider psychiatric disorders when unexplainable symptoms appear. After treating limb edema, we turned to the psychiatrist for help as soon as we excluded the physical disorder of the patient, and the prescribed antidepressants finally solved the patient's problem.
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STAI-T, State-trait Anxiety Inventory-Trait; STAI-S, State-trait Anxiety Inventory-State; HAMA-14, Hamilton Anxiety Rating Scale-14; PDSS-CV. Panic Disorder Severity Scale-
Chinese Version. Bold values are significant at P < 0.05.
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Model svm RF BPNN-bagging

Accuracy (%) 91.06 £2.42 92.73 £3.82 94.47 £2.06
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PD (n = 116)
Gender (male/ferale) 49/67
Age (year) 47.62 +10.56
Marriage (married/single) 101/15
Education (L/M/H) 28/53/35
Occupation (labour/staff) 52/64
Plasma BDNF (ng/m) 1722102

HC (n = 99)

42/57
49.95 + 10.43
82117
20/52/27
43/56
211085

X*F

0.24
-1.52
2.04
4.68
0.02
921

P

0.62
013
0.16
0.09
0.89
0.003*

H, an education level of junior college or above; L, an education level lower than junior high
school; M, an education level of junior high school or above but lower than junior college.

PD, Panic disorder; HC, Healthy control. Bold values are significant at P < 0.05.
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n
PD 116
HC 99

a2 = 048, df = 2,
bx? =002, df =1.
PD, Panic disorder: HC,

Genotype

Val/Val Val/Met
42 (36.2%) 48 (41.4%)
35 (35.4%) 45 (45.5%)

Healthy control.

Met/Met

26 (22.4%)
19 (19.2%)

0.79

Allele

Val

132 (56.9%)
115 (58.1%)

Met

100 (43.1%)
83 (41.9%)

0.88
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Characteristics

Sex (male/female)
Age (years)

BMI (kg/m?)
HAMA score
HAMD score

liness duration (month)

GAD
(n=108)

30/78
49.62 + 11.28
21.90 +£3.39
2252 +2.99

9.63 291
24.42 + 37.47

HC
(n=123)

40/83
47.54 +8.41
21.64 £2.99

NA
NA
NA

X2t

0.612
1.667
0.620

P-value

0.434

0.119

0.536
NA
NA
NA

GAD, (people with) generalized anxiety disorder; HC, healthy controls; BMI, Body Mass
Index; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hemiton Depression Rating Scale;

NA means the value is null.
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Characteristics

$1008 (pg/m)
IL-1B (pg/m)
IL-2 (pg/mi)
IL-4 (pg/mi)
IL-10 (pg/mi)

GAD (n = 108)

330.28 + 79.86
35,52 + 11.30
34.68 +8.72
63.71 +21.44
42.65 +£9.36

HC (1 = 123)

421.82 + 122.99
56.11 4+ 14.96
57.02 + 16.28
46.78 £ 10.57
41.00 + 10.62

P-value

<0.001
<0.001
<0.001
<0.001
0215





OPS/images/fpsyt-13-920723/crossmark.jpg
©

2

i

|





OPS/images/fpsyt-13-926040/fpsyt-13-926040-g006.gif
Helpseeking

ryS—,






OPS/images/fpsyt-13-926040/fpsyt-13-926040-t001.jpg
Variables

£sS
psal

Emotional exhaustion
Cynicism

Professional efficacy
Job burnout

Negative coping styles
Positive coping styles

*P < 0.05.
‘P < 0.01 (two-tailed).

Mean

9.86
6.87
177
137
347
197
0.35
071

sD

5.07
3.59
120
124
168
1.01
0.19
0.18

1
0.286™
0.268™
0.255*

0.019
0.178™
0.116*
—-0.056

1
0.456™
0.323*
-0.079"
0.336™
0.191*

—0.140"

1
0.763*
-0.126"
0.724*
0.275*
-0.323"

1
-0.217*
0.764""
0.278"
-0.389"

]
—0.745™
—0177*

0.212*

1
0.310"
-0.387*

1
0.116*





OPS/images/fpsyt-13-926040/fpsyt-13-926040-t002.jpg
Variables Job burnout

Model 1 Model 2
B B
Independent variables
<25 ~0.126 -0.086
32~46 0.102 0.097
47~52 0001 0016*
Unmarried 0031 0,056
Divorced 0074 0,037
Intermediate nurses. 0009 ~0010
Senior nurses ~0.050 -0.108
Head nurses -0.068 ~0021
ESS 0,054
psal 0,200
Self-blame 0.156
Wishful thinking -0.016
Escape-avoidance 0.168"
Rationalization 0.071
Problem-solving —0.349
Help-seeking -0078
A2 004 036
AR 002 034
AF 22,67

p < 0.05, *p < 0.01, *"'p < 0.001.
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Direct effect Standard error T P-Value Ler uLel

Direct effect 0.095 0.010 9.145 0.000 0.074 0.115
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CG (n=30)

FGIDS (n

ADD (n=44)

FAD (n

ait (n=125)

Age
Sex (femalet%)
BMI

Race (%)

Han

Others
Smoking (%)
Drinking (%)
Residence (%)
Urban

Rural

Family history (%)

Formerly medical history (%)

402464
73
231423

376+118
50
214£34

25
13
18

38
62

19

353£95
7

214430

344£102
54
214£35

2
23
31

49

1
1

365+£96
67
218431

2435
2468
2403
0478

0.560
0587
0.654

1735
1.008

0.068
0.065
0.068
0.698

0.642
0.625
0582

0.163
0392
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Effect value Boot BootCIlow BootCI Relative

standard limit upper limit mediating

error effect

Total indirect effect 0428 0040 0352 05109 69.81%
Indirect effect 1 0015 0018 —0.023 0.0504 236%
Indirect effect 2 0.024 0010 0.007 0.0467 3.98%
Indirect effect 3 0220 0032 0162 0.2867 35.91%
Indirect effect 4 0.021 0.009 0.005 0.0398 3.36%
Indirect effect 4 0.108 0018 0.074 0.1455 17.59%
cteffect 6 0.022 0.006 0011 0.0359 3.59%
cteffect 7 0019 0005 0010 0.0293 3.02%

Indirect effect 1: X— M1—> Y; Indirect effect 2: X— M2 ¥; Indirect effect 3: X— M3 ¥; Indirect effect 4: X— M1—> M2 Y; Indirect effect 5: X— M1—> M3—> Y; Indirect effect
X— M2-> M3 Y;and Indirect effect 7: X— M1— M2—> M3— Y.
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CG# (n=30) FGIDS# (5 ADDs# (n FAD# (n §

TAS 27.53 £2.67 52254801 54 7.45% 61.14 £ 10.54% 121.79
PHQ 233+055 9.19 £ 4.43% 1359 £ 4773 17.11 £ 4.813b¢ 76.04
IPQ (1) 2250068 65.13 % 654 71524 896 72.86 £ 854 33176
IPQ (%) 16.17 £0.38 50.06 & 4.17* 5118+ 5.13* 50.09 +4.63* 51235
FFIN 12.10 £ 031 3244 %511 36.77 £ 462 37.57 477 26474
HAMA 493+0.87 17.56 + 2.06 38.66 £ 9.26% 39.80 £ 10.13% 152.738
CERQ 37.33+£236 106.81 £ 16.56* 10952 £ 13.11* 109.71 £ 17.66* 21242

Comparad o ths 0% gronp, *P « 5.08; Commparsd to fhe PG gromp. BB« 0:08 Gompeared o the ADD group. #¥ « 0.05.
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T2DM Hypertension Ischaemic heart disease Cerebrovascular disease

(-2,0] 0,2] )4 (-2,0] 0,2] 4 (-2,0] ©2] )4 (-2,0] 0,2] P
Total, n 8885 2619 1357 1693
Age, Mean (SD) 60.36 (15.58) 62.07 (13.03) 66.06 (14.15) 66.52 (13.92)
Sex, n (%)

Men 5242 (59.00) 1643 (62.73) 911 (67.13) 1051 (62.08)

Women 3643 (41.00) oo 976 (37.27) oo 446 (32.87) oo 642(37.92) oo
Depression, n (%) 81(091) 141 (1.59) 0.0001°** 21(080) 45(1.72) 0.0044%* 40(295) 31(228) 03360 55(3.25) 69 (4.08) 02343
Depressive Symptoms, n (%)

Feeling tired 1569(17.66)  1,797(2023) 00000 555(2119) 589 (22.49) 02698 276(2034) 287 (21.15) 0.6359 531(3136) 498 (29.42) 02318

Difficulty in sleeping 1225(1379)  1396(1571) 00003 443(1691) 479 (18.29) 02041 261(1923)  278(20.49) 04414 345(2038) 347 (2050) 0.9660

A decrease in appetite 487(1674)  1735(19.53)  00000"*  476(1817)  554(2L1S)  0.0074*  235(1732)  277(2041) 00443 341(20.14)  335(19.79) 0.8298

Moving slowly 99(L11) 155 (1.74) 0.0005*** 43 (1.64) 54(2.06) 03054 14(1.03) 19.(1.40) 04836 55(3.25) 73 (431) 0.1256

Feeling irritable 47(0.53) 61(0.69) 02096 18 (0.69) 22(084) 0.6340 12(0.88) 9(0.66) 0.6613 21(124) 26 (1.54) 0.5568

A decline in Memory/attention 60(0.68) 89(1.00) 00212 25(0.95) 36 (1.37) 0.1978 12(0.88) 15(1.11) 0.6989 48 (2.84) 59(3.48) 0.3259

A decrease in Weight 1051(1183)  LI3S(281) 00496  417(1592)  331(1264) 00008 118(870)  137(10.10) 02363 182(1075)  158(933) 0.1885

Anincrease in Weight 99(1.11) 179 2.01) 0.0000°** 36 (1.37) 55(2.10) 0.0570 15(1.11) 17(1.25) 08589 18 (1.06) 23(1.36) 05297

Feeling dispirited 358 (4.03) 472(531) 00001 146 (5.57) 160 (6.11) 04438 77(5.67) 69(5.08) 05515 140 (8.27) 148 (8.74) 0.6663

For age, standard deviatior For
(-2,0], within 2 years before diagnosed date of each discase; (0, 2], within 2 years after diagnosed date of each disease.

p. p-values from y2-test; *<0.05; **<0.01; ***<0.001.

in parentheses, mean value s out

ex and depressive symptoms, percentage value i in parentheses, amount value is outside.
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Groups dependent variables independent variables B SE Beta (B) t P R?

FEPs Recent psychosocial stress BMI 0.064 0018 0473 3521 <0.001 0224
RPs Severe mental illness BMI 0.198 0033 0.672 5949 <0.001 0.451
Suicide risk c4 3.268 0634 0618 5158 <0.001 0382
proneness to suicidal behavior c4 0.260 0.049 0.809 5356 <0.001 0414
Suicide ideation BMI 0911 0370 0.909 2463 0018 0755

1.361 0289 1737 4709 <0.001

Gender, age, BMI, years of education and factors of childhood maltreatment were include
first episode patient; RP, recurrent patient; BMI, body mass index. C4 (emotional neglect)

coeflicient; R?, R square.

step

regr sk factors of suicide between the two groups. FEP,
ficant level at p < 0.05. B, unstandardized coefficient,

on analysis to predict the

andard error, Beta: standardized
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Factors PANSS total score

FEPs RPs
r 14 it r

Suicide risk 0311° 0035 —0390 0008
Suicidal ideation 0047 0758 —0434™ 0003
Suicide mood —0.081 0.592 —0.545** <0.001
Severe mental illness —0060 0691  —0540°  <0.001
Proneness tosuicidal behavior 0225 0133 —0.358" 0016
Recent psychosocial stress 0.054 0.721 —0.380" 0.010
crQ

c 0028 0856  —0232 0125
c2 —0.174 0.247 0.047 0.760
c 0020 0895 0056 0714
ca 0052 0733 —0de4 0001
cs 0076 0616 —0243 0.108

Correlation analysis between PANSS about suicide-related risks and childhood trauma.
FRPs, first episode groups R, relapsed patient; PANSS, positive and negative syndrome
scale; CTQ, childhood trauma questionnaire, C1 (emotional abuse), C2 (physical abuse),
3 (sexual abuse), C4 (emotional neglect), CS (physical neglect). The false discovery rate
(EDR) method is used to adjust the p-value. *p < 0.05; **p < 0.001.






OPS/images/fpsyt-13-927540/fpsyt-13-927540-t004.jpg
Factors Suicide risk Suicidal ideation Recent psychosocial stress Severe mental illness Proneness to suicidal behavior Suicide mood

r P r P r 4 r 4 r 4 r 4

Gender ~0020 0894 ~0.137 0.362 0.008 0956 ~0.183 0223 ~0.050 0742 0.009 0953
Age 0226 0131 0.193 0.198 0031 0841 0230 0124 0076 0618 —0052 0731
BMI 0.002 0990 0.116 0.443 ~0206 0.108 ~0.108 0474 0.042 0779 0236 0.114
YE 0.195 0.195 0.060 0.691 ~0.009 0892 0.024 0875 ~0.005 0972 0.029 0847
CTQ

cl 0.044 0770 ~0.040 0.791 0.188 0.707 0.009 0951 ~0.155 0303 ~0.099 0511
2 0.105 0.488 0.124 0.410 0312° 0.007 0.188 0211 0.065 0.666 0017 0.908
a3 ~0.020 0893 ~0.062 0.684 0334% 0.008 0.114 0451 0.193 0.199 0033 0826
c 0014 0926 0.028 0.853 0232 0327 0.198 0.188 0.141 0349 0.061 0.688
cs 0.081 0592 0.038 0.805 0262 0.136 0.192 0201 0.157 0297 0.190 0205

RE, relapsed patient; CTQ, childhood trauma questionnaire, C1 (emotional abuse), C2(physical abuse), C3 (sexual abuse), CA(emotional neglect), C5 (physical neglect). The false discovery rate (FDR) method is used to adjust the p-value. “P < 0.05; **P
< 0.001.
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Factors Suicide risk Suicidal ideation Recent psychosocial stress Severe mental illness proneness to suicidal behavior Suicide mood

r 4 r P r P r P r P r P

Gender 0133 0385 ~0039 0.802 —0.127 0405 0.161 0618 0013 0.935 0012 0935
Age ~0.156 0271 0171 0.891 0.184 0218 0618 0837 0.144 0253 0.191 0209
BMI 0597+ <0.001 0791 <0.001 0473 <0.001 0.057 <0.001 0524 <0.001 0034 0826
YE 0019 0.903 0.190 0.188 —~0.043 0719 0.672* 0.001 0175 0411 0930 0290
CTQ

cl 0217 0290 0.029 0435 ~0.098 0.466 0067 0561 0217 0323 0.088 0.567
a 0032 0462 0.183 0.069 0043 0.990 0.136 0.189 0.064 0.260 0338 0239
c3 0242 0.159 0.428% <0.001 0029 0912 0230 0305 0075 0.444 0.402 0.069
c 0.618* <0.001 0848+ <0.001 0451% <0.001 0.657° <0.001 0.566* <0.001 0931 0.055
cs 0124 0541 0231 0244 0052 0.042 0075 0635 ~0.120 0204 0.189

Correltion betveen demographic and childhood trauma isks with suicide fctors n the relapse roup. R relapsed paients CTQ, chidhood trauna questionnaire, 1 (emotional abus), 2 (physicl buse), 3 (sexualabuse), G (emotional neglec),
'he false discovery rate (EDR) method is used to adjust the p-value. *p < 0.05;
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Scale FEP(n = 46) RP(n=45) t P

BSIS

Suicide risk 12.46 £ 4.10 24.07 £ 23.65 154.75 0.02
Suicide ideation 1435 £ 14.11 12624351 45144 043
NGASR

Suicide mood 1.98 £ 1.02 1.60 & 1.39 12.50 0.142
Severe mental illness 074065 162103 1072 <001
Proneness to suicidal behavior 0.80 £ 0.72 1.51 % 1.44 2432 <0.01
Recent psychosocial stress 033:£056 0.67:£0.48 022 <001
CcTQ

Cl(emotional abuse) 757 £ 1.80 11714358 12.98 <001
C2 (physical abuse) 9.17 £3.36 9.13+4.43 132 0.96
C3 (sexual abuse) 6654288 796+ 377 442 068
Cd(emotional neglect) 8154235 10.98 £ 4.47 1577 <001
C5(physical neglect) 778+2.16 1038 £339 958 <001

first epi
P < 0.05:

ode patient; R, relapsed patient;
cally significant.

SIS, Becks suicidal ideation scale; NGASR, The Nurses' Gl

lobal Assessment of Suicide Risk scale; CTQ, childhood trauma que:
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Items and subscales

Age

Male (percentage%6)

Years of education

PANSS

Positive symptoms

Negative symptoms
Hostilty/excitement symptoms
Anxiety/depression symptoms
Disorganized thoughts

Total score

£, first episode pati

RP, relapsed patient; BMI, body mass index; P/

FEP(n = 46)

2839£9.10

22994364
23(50.00%)
9.93+4.46

2259624
17.89£5385
954 4.00
1074 2 3.42
7.78 249

79.90 % 18.60

RP(n =45)

3100+ 7.78
21734350
21(51.20%)
11244373

2184586
19.00 6,05
947£353
1167 +3.52
804202

80.00 % 17.42

itive and negative syndrome scale; P < 0.05: statisticall;

—147
168
—115
—152

059
~0389
097
-128
—055
029

015
0.10
025
013

0.56
038
092
021
058
077
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Type III sum of squares

EQ-5D-3L (follow-up-admission)

Time 224.62
Follow-up assessment at 12- or 24-month 49.71
Change in EQ-5D-3L during hospitalization 2867.66
Intake of antidepressant at discharge 2562.2
Time*follow-up assessment at 12- or 24-month 3.6
Time*change in EQ-5D-3L during hospitalization 3304.01
Time*intake of antidepressant at discharge 296.17
Error(time) 5263.33

df

81

Mean square

224.62
49.71
2867.66
2562.2
3.6
3304.01
296.17
64.98

3.46
0.12
6.79
6.07
0.06
50.85
4.56

0.06
0.73
0.01
0.02
0.81
<0.001
0.03

Partial n2*

0.041
0.001
0.077
0.07
0.001
0.386
0.053

ANOVA, analysis of variance; df, degree of freedom; EQ, European Quality of Life Questionnaire; P, significance level. P value of <0.05 was considered statistically significant; *nz =Fta (nz >0.01

assumes a small effect, n> > 0.06 a medium effect, and n? > 0.14 a large effect).
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Outcomes Admission Discharge Follow-up Mean difference Mean difference
variables (follow-up - admission) (follow-up - discharge)

M (SE) M (SE) M (SE) Mdif. SE 95% CI p da* Mdif. SE  95% CI p da*

BSI-GSI 0.97 (0.06) 0.59 (0.05) 0.69 (0.05) —0.28 0.05 —0.40,—-0.16 <0.001 —0.54 0.10 005 —0.01,0.01 0.11 0.20

GBB-24 total 36.66 (1.59) 24.92 (1.64) 30.95 (1.54) —571 134 -897,-244 <0.001 —0.39 6.03 141 2.58,9.48 <0.001 0.40
symptom burden

EQ-5D-3L score 56.24 (1.88) 66.12 (17) 64.68 (1.81) 8.44 157 4.61,12.28 <0.001 0.52 —1.44 138 —4.82,193 0.90 —0.08

BSI, Brief Symptom Inventory; EQ, European Quality of Life Questionnaire; GBB, Giessen Subjective Complaints List; GSI, Global Severity Index; M, mean; M dif., mean difference; SE, standard
error; P, significance level. P value of <0.05 was considered statistically significant; *d = Cohen’s d (d > 0.2 as small effect; d > 0.5 medium effect; d > 0.8 as large effect).
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Outcome variables Admission Discharge Mean difference (discharge-admission) (N = 160)

M (SD) M (SD) M SD 95 CI% T df P d*
BSI-GSI 1.08 (0.60) 0.63 (0.48) —045 0.54 —0.53, —0.36 10.43 159 <0.001 —0.83
GBB total symptom burden 37.30 (0.48) 2556 (15.24) —1174 12.44 —13.68, —9.80 11.94 159 <0.001 —0.94
EQ-5D-3L score 54.07 (16.37) 64.84 (16.97) 10.77 16.70 8.10, 13.45 —7.96 151 <0.001 0.65

BSI, Brief Symptom Inventory; df, degree of freedom; EQ, European Quality of Life Questionnaire; GBB, Giessen Subjective Complaints List; GSI, Global Severity Index; M, mean; SD, standard
deviation; P, significance level. P value of <0.05 was considered statistically significant; *d = Cohen’s d (d > 0.2 as small effect; d > 0.5 medium effect; d > 0.8 as large effect).
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Total sample

(N = 160)
Variables (range) Mean % SD or %
Women 53.8%
Age (years) (range 22-83) 53.1 £12.6
Main diagnosis
F30-39 Affective disorders 38.1%
F40-42 Anxiety and OCD 19.4%
F43 PTSD and ASD 3.1%
F45 Somatoform disorders 30.0%
F50 Eating disorders 3.1%
F54 Psychological and behavioral factors associated 3.1%
with disorders or diseases
Others 3.1%
Comorbid physical diseases
Hypertension 50.0%
Coronary heart disease 20.6%
Hyperlipidemia 20.0%
Diabetes mellitus 10.6%
Atrial fibrillation/flutter 8.1%
Other cardiac diseases 18.3%
History of stroke 3.1%
Hypothyroidism 6.25%
Psoriasis 3.8%
Migraine 3.1%
Number of comorbid mental disorders (range 0-4) 20+1.1
Number of comorbid physical diagnoses (range 0-10) 2.1+21
BSI-GSI (range 0-4*) 1.1+£0.6
GBB total symptom burden (range 0-96*) 37.3+15.0
GSE-6 (range 1-4%) 1.6 £0.7
EQ-5D index (range 0-100*) 539+ 16.4
Duration of inpatient treatment (days; range 409 +5.6

23-59 days)

ASD, acute stress disorder; BSI, Brief Symptom Inventory; EQ, European Quality of Life
Questionnaire; GBB, Giessen Subjective Complaints List; GSI, Global Severity Index; GSE,
General Self-Efficacy Scale; OCD, obsessive-compulsive disorder; PTSD, posttraumatic stress
disorder; SD, standard deviation. *Range of the assessment.
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BSIGSI

*discharge - admission: d=-0.83, p<0.001
*FU - admission: d=-0.54; p<0.001

Admission Discharge Follow-up

Time

*discharge - admission: d=-0.94, p<0.001
*FU - admission: d=-0.39; p<0.001

GBB-24 Total symptom burden
8

Admission Discharge

Time

60,00 /4‘" j

EQ5D-3L index

20,00

*discharge - admission: d=0.65, p<0.001
*FU - admission: d=0.52; p<0.001

Admission

Discharge Follow-up

Time

Follow-up
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Enrollment

Assessed for eligibility (n = 245)

Admission (t0)

Excluded (n = 85)for the following reasons:
- Did not meetinclussion criteria (e.g., duration of the treatment)
- Did not complete questionnaires atadmission and discharge

Retrospective cohort at admission
N =160
Assessments of interest: BSI, GBB, EQ-5D-3L

Discharge (t1)

A

Multimodal inpatient psychosomatic treatment on 3 unitintegrated into
an Academic Heart Center; duration ofinpatient treatment 4-6 weeks

Retrospective cohort atdischarge
N =160
Assessments of interest: BSI, GBB, EQ-S5D-3L

Follow-up (t2)

A

Prospective cohort at follow-up
N=92
Losttofollow-up: N = 68
Assessments of interest: BSI, GBB, EQ-S5D-3L

Excluded (n = €8)for the following reasons:
- Did not respond to the study invitation letter or phone calls
- Did not provide a patient consent for prospective data assessements

Analysis

Retrospective analysis Prospective analysis
N =160 N=92
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Type TAS PHQ FFIN HAMA  CERQ  IPQ IPQ (it) - IPQ (%)
Fusobacterium 0.345** 0.336"* 0.304* 0.314™ 0.209* 0.340" 0.218% 0299
Bacteroides 0.185% 0.161 0.180* 0.187* 0.068 0.114 0.112 0.046
Megamonas 0.284* 0.175 0.326*° 0312 0.233** 0.324™ 0.259"* 0381
Faecalibacterium -0.148 -0.236 -0.214% -0.251%* -0.140 -0.259%* -0.231* 0.196*
Haemophilus -0.032 -0.070 -0.019 -0.161 -0.055 0.019 -0.062 0.058
Unidentified_Ruminococcaceae -0.184" -0.233*% -0.140 -0.228% -0.013 -0.226% -0.101 -0.159
Unidentified_Enterobacteriaceae 0.058 0.208° 0.301** 0.185% 0.156 0.202* 0.182% 0.188%
Veillonella 0.243* 0.242°% 0.279** 0.251" 0.163 0.315*" 0.298* 0316

¥D - 0.01: *P < 0.05.
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Variables

Gender ratio (M/F)

Mean age (SD)

BMI

Education (SD)

Education of parents (SD)

Total duration of depressive episode (month, SD)
Number of depressive episode onset (SD)
BDI-IIl (SD)

SAl (SD)

TAI (SD)

HCT

HR

Hit rate for catch trails

MDD

27 (16/11)
27.0(6.7)
21.6(2.8)
13.6(3.9)
14.7 (1.8)

54.2 (57.9)
5.1(3.2)
27.9(9.9)
54.7 (11.2)
57.7 (9.9)
0.3(0.2)
70.4 (8.9)

0.993(0.023)

HC

27 (16/12)
25.3 (3.8)

2.7 (3.3)
30.3 (5.5)
30.7 (7.2)

0.5(0.2)
69.9 (7.6)
0.994(0.016)

Test statistic

X2 =0.076, p=0.783
t=—-1.150, p = 0.257
t=-0.059, p = 0.953
t=0.497, p = 0.653
t=1.29,p =020

t=-13.247, p = 0.000
t=-10.161, p = 0.000
t=-11.909, p = 0.000
t=2.077,p=0.043
t=-0.216, p = 0.830
t=0.345,p =0.731

MDD, major depressive disorder group; HC, healthy control group; F, female, M, male; SD, standard deviation; BDI-Il, Beck Depression Inventory-Il; SAl, State Anxiety
Inventory; TAI, Trait Anxiety Inventory; HCT, heartbeat count task; HR. heartbeat rate.
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Included variables Unstandardized Unstandardized coefficients p Standardized
coefficients (B) (Std. Error) coefficients (Beta)

HEPs (F2, F4, F6, FC2, FC4, FC6) 0.540 0.138 0.001 0.645
Gender 0.178 0.075 0.026 0.393
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Variables B SE P OR 95% CI

PHQ-15 and $SD-12

Step 1
PHQ-15 0.151 0.017 <0.001 1163 1124-1.203
Constant ~2151 0.196 <0.001 0.116

Step 2

PHQ-15 0.052 0.020 0011 1053 1012-1.096
$SD-12 0.106 0.010 <0.001 L1112 1091-1.134
Constant ~2851 0236 <0.001 0.058

$55-8 and WI-8.

Step 1
$S-8 0.144 0.015 <0.001 1155 1.121-1.190
Constant ~2.004 0171 <0.001 0135

Step 2

5558 0.047 0019 0013 1048 1.010-1.087
WI8 0.139 0015 <0.001 1150 L117-1184
Constant ~3781 0278 <0.001 0023

$SD-12and PHQ-15

Step 1

SSD-12 0.117 0,009 <0.001 1124 1104-1.144
Constant —2.491 0179 <0.001 0.083

Step 2

$SD-12 0.106 0010 <0.001 1112 1.091-1.134
PHQ-15 0.052 0.020 0011 1053 1012-1.096
Constant ~2851 0236 <0.001 0,058

WI-8 and $55-8

Step 1
WI8 0.158 0013 <0.001 1172 1142-1202
Constant ~3708 0274 <0.001 0025

Step2

Wi8 0.139 0015 <0.001 1150 L117-1184
5558 0.047 0019 0013 1048 1.010-1.087
Constant —3781 0278 <0.001 0023

n and $$5-8 and WI-8 combination are listed here.

For the simplicity of data representation, only the PHQ-15 and $SD-12 combinati
Model summary statistics:

PHQ-15.and SSD-12.
% (1) = 89.67,p < 0.001; model: —2 log likelihood =798.81; Cox and Snell R* = 0.12; Nagelkerke R? = 0.17. Step 2: step: x* (1) = 239.70, p < 0.001; model: —2 log likelihood
648.78; Cox and Snell R? = 0.29; Nagelkerke R? = 0.40.

8and WIS

ep: %2 (1) = 10491, p < 0.001; model: 2 log likelihood = 783.56; Cox and Snell R2 = 0.14; Nagelkerke R? = 0.19. Step 2: step:
26; Nagelkerke R? = 0.37.

%2 (1) = 212,09, p < 0.001; model: —2 log

likelihood = 676.39; Cox and Snell R
$SD-12 and PHQ-

Cox and Snell R?

0.29; Nagelkerke R? = 0.40. Step 2: step: X* (1) = 239.70, p < 0.001; model:

23321, p < 0.001; model log

s Nagelkerke R? = 0.40.

WI-8 and $55-5.

tep 1: X2 (1) = 205.89, p < 0.001; model: —2 log likelihood = 682.59; Cox and Snell R? = 0.26; Nagelkerke R? = 0.36. Step 2: step: X2 (1) = 212.09, p < 0.001; model: —2 log likelihood
= 676.39; Cox and Snell R? = 0.26; Nagelkerke R = 0.37.
nstandardized regression coefficient; SE, standard error; OR, odds ratio;

1, confidence interval.






OPS/images/fpsyt-13-935597/fpsyt-13-935597-t001.jpg
Total (N = 694) With SSD (N = 235) ‘Without SSD (N = 459)

Mean sD Mean sD Mean sD P
Age 4289 1424 4296 1407 4286 1435 0932
N % N % N % Chi*  df 13
Gender Female 426 614 142 60.4 284 61.90 0137 1 071
Health Yes 597 869 199 8534 398 87.70 0689 1 0406
insurance No %0 13.00 34 1450 56 1230
Residence City 571 8240 186 79.50 385 8390 206 1 0151
Country 122 17.60 48 2050 74 16.10
Marital status ~ Single 129 1860 45 19.10 84 18.30 738 5 0194
Married 503 7250 162 68.90 341 7430
Seperated 4 0.60 3 130 1 020
Divorced 38 550 17 7.20 21 460
Widowed 2 170 6 2.60 6 130
Others H 120 2 0.90 6 130
Family income ~ Low (under 4000 RMB*) 233 3370 89 38.00 144 3150 340 2 083
Middle (4,000-8,000 242 35.00 80 3420 162 35.40
RMB)
High (above 8,000 RMB) 216 3130 65 27.80 151 33.00
Occupation Employed 341 49.10 105 4470 236 51.40 678 5 0238
Unemployed 84 12,10 38 1630 46 1020
Retire 149 2150 51 2170 98 21.40
Housewife 1 630 16 680 28 6.10
Student 39 5.60 14 600 25 5.40
Others 37 530 1 470 26 570
Education Primary school 45 650 18 7.70 27 5.90 415 3 0246
Middle school 135 1950 54 23.00 81 17.60
Higher school 179 2580 £ 2470 121 26.40
University or higher 335 48.30 105 4470 230 50.10
Physical No 217 60.1 143 609 274 59.7 0087 1 0769
disses Yes 277 399 92 39.1 185 403
Physical 4 417 60.1 143 609 274 597 2075 3 0557
disease
ot de b 116 167 44 187 72 157
2 128 184 38 162 90 196
3 33 48 10 43 23 5.0
Scalescores  Somatic symptom severity 933 538 12.00 553 7.96 477 <0.001
(PHQ-15) range = 0-30
Somatic symptom severity 870 608 11.98 651 7.02 50 <0.001
(888-8) range = 0-32
Psychological symptom 13.98 12.24 23.58 1145 9.07 9.38 <0.001
severity (SSD-12) range =
0-48
Whiteley 8 (WI-8) range ~ 18.23 834 2441 844 15.06 626 <0.001
=8-40

Percentages are normally column percentages. “RM|

he currency of the People’s Republic of
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Psychopharmacologic
treatment at the time of

consultation

Patients on

antidepressant treatment

Patients on
benzodiazepines

treatment

Patients on antipsychotic
treatment

Patients on mood

stabilizer treatment

Psychopharmacologic
prescription during the

consultation
Antidepressant
Benzodiazepine
Antipsychotic
Mood stabilizer

Psychopharmacologic

treatment at discharge
Antidepressant
Benzodiazepine
Antipsychotic

Mood stabilizer

Program at discharge/liaison intervention

None
Social worker referral
GP referral

Psychiatric outpatient

service

Consultation liaison
service referral

Private practice
psychiatrist

Other services (e.g.,
addiction clinics, child
psychiatry service)
Psychiatric inpatient
ward

Other medical ward

“*p < 0.01.
PD, Percentage difference.

1998

40.6%

12.4%

33.4%

11.2%

1.2%

64.5%

27.2%

43.2%

22.3%

0.4%
52.4%

27.9%

42.1%

20.4%
0.5%

34.9%
3.2%
13.1%
26.9%

13.2%

8.2%

6.6%

2.9%

2.7%

2018

58.3%

29.2%

38.0%

19.2%

10.1%

75.9%

40.1%

36.0%

30.5%

12.0%
46.6%

37.1%
29.8%
24.9%
11.2%

38.6%
14.1%
0.0%
20.3%

5.6%

14.5%

11.9%

13.3%

1.7%

Difference

**, @ =0.17,PD=17.7%

**, @ =0.20, PD = 16.8%

*, ®=0.04,PD=46

**, ®=0.11,PD = 8%
**,®=0.19, PD = 8.9%
**,®=0.12,PD = 11.4%
**, @ =0.13, PD = 12.9%
**,®=0.07,PD=72%
**, @ =0.09, PD =8.2%

**, @ =0.24, PD = 11.6%
**, ® =0.05PD =5.8%

**, ®=0.09, PD=9.2%
**, @ =0.12, PD = 12.3%
**, @ =0.05, PD =4.5%
**, @ =0.23, PD = 10.7%

**,®=0.03, PD =3.7%
**, ® =019, PD =10.9%
**, @ =0.25,PD =13.1%
**, ® =0.07, PD = 6.6%

**,®=0.12, PD =7.6%

**, ® =0.07, PD = 6.3%

**, ® =0.09, PD =5.3%

® =0.01, PD = 10.4%

**, ®=0.03,PD=1%





OPS/images/fpsyt-13-959399/fpsyt-13-959399-t001.jpg
Reason for referral
(%)

Suicide attempt

Risk of suicide

MUS

Psychiatric evaluation

Patient management and
compliance

Psychiatric symptoms
Psychopharmacologic
consultation

Positive psychiatric
history

Alcohol or substance

problems

Abortion evaluation
Patient’s request
Other

Not specified

Patient informed about
psychiatric referral

*p < 0.05; **p < 0.01.
PD, Percentage difference.

1998

4.9%

1.0%

9.3%
27.9%
2.3%

36.1%
0.5%

3.8%

4.7%

2.4%
1.4%
5.2%
0.3%
71.1%

2018

4.9%
1.5%
2.7%
0.6%
4.4%

59.2%
9.7%

3.7%

3.1%

0.7%
1.0%
7.7%
0.6%
83.5%

Difference

@ =0.00, PD = 0%

*, ®=0.02,PD =0.5%
**, ®=0.13,PD = 6.6%
**, @ =0.38, PD = 27.3%
**, @ =0.05,PD =-2.1%

**, @ =0.23,PD =23.1%
**, ®=0.21,PD=9.2%

@ =0.01, PD=0.1%

**, ® =0.04, PD = 1.6%

>, ®=0.07,PD=17%
® =0.01, PD = 0.4%
**, @ =0.05PD =2.5%
*, ®=0.02,PD=0.3%
**, @ =0.14,PD = 12.4%
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585-8 severity Number of SSD diagnosis, Physical Mental component WHO-DAS 2.0

category (Range) patients, 1 (%) n (%) component score score of SF-12 (SD)
of SF-12 (SD) (SD)

No to minimal (0-3) 144 (207) 18 (12.4%) 49.39(7.06) 50.16 (9.95) 14.63 (3.88)

Low (4-7) 210 (30.3) 48 (22.9%) 44.96 (8.01) 4474 (10.26) 17.02 (4.98)

Medium (8-11) 147(212) 60 (40.5%) 4106 (8.83) 3898 (11.48) 19.70 (6.79)

High (12-15) 90 (13.0) 40 (44.0%) 4057 (7.43) 3485 (10.76) 2165 (6.82)

Very high (>16) 103 (14.8) 70 (66.7%) 3(8.95) 3120 (10.41) 2622(9.25)

$55-8, Somatic Symptom Scale-8; SSD, somatic symptom disorder; SF-12, the Medical Outcome Study 12-item Short Form Health Survey; WHO DAS 2.0, the World Health Organization
Disability Assessment Schedule; SD, Standard deviation.
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Test item Prior treatment

with CHM
CA15-3 14.17
CA125 nie
CEA 1.42

CA19-9 -

Post-treatment
with CHM

13.11
6.97
2.02
21.43

Reference

0.00~25.00
0.00~36.00
0.00~5.00

0.00~36.00

Units

U/ml
U/l
ng/mi
U/l

CA15-3, carbohydrate antigen 153; CA125, carbohydrate antigen 153; CEA,

carcinoembryonic antigen; CA19-9, carbohydrate antigen 199.
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Cutofl Sensitivity Specihicity Youden Index

9 0.674 0.681 0.355 0520 0.803
4 0.924 0273 0.197 0394 0.875
] 0720 0.625 0.345 0496 0.814
12 0.466 0.816 0282 0.564 0.749
16 0297 0.926 0223 0730 0.745

ROC analysis: Receiver Operating Characteristic analy
*Cut off score with the highest Youden’s index value.

; 555-8, Somatic Symptom Scale-8; SSD, somatic symptom disorder; PPV, positive predi
PPV and NPV was calculated based on the prevalence from the research data.

value; NPV, negative pred
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model

0.38**
0.61**
0.57**
0.73**
0.70**
0.70**
0.76**
0.57**

245.27 (20)
0.87
091
0.13 (0.11-0.14)

Three-factor model

Second-order factor model

Cardiopulmonary
symptoms
0.77**
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0.73**
1
0.63
0.85
132.32(17)
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Pain
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$SS-8, Somatic Symptom Scale-8; TLI, Tucker-Lewis index; CFI, comparative fit index; RMSEA, the root mean square error of approximation; CI, confidence interval. **P < 0.001.
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Item

1. Stomach or
bowel problems

2. Back pain

3. Pain in your
arms, legs, or
joints

4. Headaches

5. Chest pain or

shortness of
breath

6. Dizziness

7. Feeling tired
or having low
energy

8. Trouble
sleeping

Not at all
345
56.8

51.2

52.3
51.9

50.5
25.8

319

A little bit
26.8
222

24.7

23.1
24.6

25
28.3

22.3

Some-what
19.2
11

13.4

11.6
12.7

12
20.5

16.5

Quite a bit
14

6.2

7.9

8.3
16.3

16.9

Very much
54

39
3.6

29

4.1
9.2

124

Mean (SD)
1.29 (1.23)
0.78 (1.11)

0.87 (1.11)

0.89 (1.16)
0.85 (1.10)

0.91 (1.15)
1.55 (1.28)

1.56 (1.40)

CoriT
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0.48

0.42
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0.49
0.64

0.47
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Corjt, Corrected item-total correlation; Cron. a4, Cronbach « if item deleted; SD, standard deviation.
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Total (n = 699) With SSD (n=236*)  Without SSD (n =461%)  t/Chi* df P

Mean (SD) or N (%)
Age 43.08 (14.47) 42.99 (14.04) 43.05(14.69) 0.05 695 0957
Sex (female) 429(614) 143 (60.6) 284 (61.6) 0.07 1 0.795
Ethic group (Han) 650 (93.0) 219(92.8) 429 (93.1) 0.02 1 0,898
Health insurance 602 (86.1) 200 (84.7) 400 (86.8) 0.69 1 0.406
Residence (city) 575 (82.3) 187 (79.2) 386 (83.7) 185 1 0174
Marital status (married) 512(73.3) 163 (69.1) 343 (744) 223 1 0135
Monthly family income 326 2 0.196
Less than 4,000 RMB. 235(33.6) 89 (37.7) 145 (31.5)
4,000-8,000 RMB 242 (346) 80 (33.9) 162(35.1)
More than 8,000 RMB 217 (31.0) 65(27.5) 151(328)
Unknown 5(0.7) 2(08) 3(07)
Education level 216 2 0.340
Elementary 45 (6.4) 18(7.6) 27(5.8)
Middle school 318 (45.5) 113(47.9) 204 (44.2)
University or higher 336 (48.1) 105 (445) 230 (49.9)
Occupation 561 3 0132
Employed/Student 382(54.7) 119 (50.4) 262(56.8)
Unemployed 130 (18.6) 39(16.5) 47 (102)
Retired 150 (12.3) 51(21.6) 98(21.2)
Others 37(5.3) 27 (11.4) 54 (11.7)
Department 3405 2 <0.001
Biomedical settings 25(322) 90 (38.1) 134(29.1)
Traditional medicine settings 232(33.2) 44 (18.6) 187 (40.6)
Psychosomatic medical settings 242 (346) 102(43.2) 140 (30.4)
Sum score of scales
§55-8 870 (6.08) 11,97 (6.50) 7.03 (5.09) 1018 38605 <0.001
PHQ-15 9.34(5.40) 12,01 (5.53) 7.96 (4.77) 9.54 41515 <0001
ssD12 1398 (12.23) 23.60 (11.43) 9.06 (9.38) 1684 40050 <0001
PHQ9 848 (6.59) 1184 (6.76) 675(5.78) 9.85 41159 <0001
GAD-7 6.64(5.89) 9.70 (6.08) 5.09 (5.15) 9.94 40848 <0.001
Physical component score of SF-12 43.07(9.20) 39.14 (8.98) 45.14(857) 8.58 691 <0.001
Mental component score of SF-12 4135 (1234) 34.86 (11.30) 44.64(11.54) 10.63 691 <0.001
WHO-DAS 2.0 (SD) 19.08 (7.28) 22,65 (8.52) 8.75 34693 <0001

SSD, somatic symptom disorder; SD, Standard deviat
Criteria Scal; PHQ-9, the Patient Health Questionnaire-9; GAD-7, the General Aniety Disorder-7
2.0, the World Health Organization Disabi

Assessment Schedule. *2 of 699 par

n; 558, Somatic Symptom Scale-8; PHQ-15, The Patient Health Questionnaire-15; SSD-12, the Somatic Symptom Disorder-B
SE-12, the Medical Outcome Study 12-item Short Form Health Survey; WHO DAS
ipants had incomplete diagnostic informati
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Pretrained model

Rule-based

Roberta hfl/chinese-roberta-wwm-ext (37)
Bert bert-base-chinese®

T5-depression Langboat/mengzi-t5-base (31)

P, Precision; R, Recall; F1,
4; https: //huggingface.co/bert-base-c

scores.

Datasets

Dataset I - Train
Dataset I - Test
Dataset I - Validation
Dataset I
Dataset I - Train
Dataset I - Test
Dataset I - Validation
Dataset I
Dataset I - Train
Dataset I - Test
Dataset I - Validation
Dataset I
Dataset I - Train
Dataset I - Test
Dataset I - Validation

Dataset II

AUROC

8974
89.41
89.41
82.06
9378
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9298
8932
9051
88.46
912

8838
99.3

9625
9537
9747

Hamming loss

00226
0.0242
0.0243
0.0263
0012
0.0027
0.0028
00154
00173
0003
0.0031
00156
0.0021
00166
00173
0.0058

P

95.99
95.39
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90.65
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BN (n = 146) HC (n =146) t-value p-value
(Mean =+ SD) (Mean =+ SD)

Age 20.84 +£2.70 20.93 +2.62 -0.29 0.775
Education year 14.25 £ 2.39 14.08 £ 2.86 0.58 0.564
BMI 20.78 4k 544 21.45+6.19 —-0.99 0.323
EDE-Qf

Restriction 3.11+1.89 0.69 4+ 0.93 13.87  <0.001
Eating concern 3.43 +£1.37 0.39 £ 0.63 24.37 <0.001
Shape concern 4.33+1.48 1.47 £1.31 17.561  <0.001
Weight concemn 3.95 +1.51 1.29+1.25 16.37 <0.001
Total score 3.71+£1.33 0.96 &+ 0.91 20.63 <0.001
BIS-11f

Attention impulsiveness 14.49 £ 3.63 5.80 £ 6.45 1419  <0.001
Motor impulsiveness 19.561 £ 5.03 8.44 +9.38 1257 <0.001
Unplanned impulsiveness  24.56 =+ 5.99 10.71 £12.06 1244 <0.001
Total score 58.56 + 12.17 24.95+27.60 1346 <0.001
BDIt

Total score 27.45 £ 12.09 2.64 + 4.51 23.23 <0.001
BAIT

Total score 15.43 £ 10.95 1.16 £ 2.68 15.30 <0.001

TEDE-Q, The Eating Disorders Examination Questionnaire, Chinese version;
BIS-11, The Barratt Impulsiveness Scale (version 11, BIS-11); BDI, Beck
Depression Inventory; The bold values are BAIl, Beck Anxiety Inventory. n, number
of samples; t, t-value; p, p-value.





OPS/images/fpsyt-13-889329/cross.jpg
3,

i





OPS/images/fpsyt-13-899757/fpsyt-13-899757-g003.jpg
O 000 O0O0 (¢] ® © 600 0 0

Dietary restraint

Restraint: Restraint

Fast: Fasting

Exclfood: Excluding food

Rules: Food rules

Empty: Desire to have an empty stomach

Eating concern

Foodconc: Difficulty concentrating because of thoughts of food
Losecnt: Fear of losing control over eating

Secret: Eating in secret

Eatguilty: Feeling guilty after eating

Eatothers: Concems about others seeing one eat

Weight concem

Dsrlosew: Desire to lose weight

Wijudge: Overvaluation of weight

Weigh: Upset with weighing oneself more than once a week
Widissat: Weight dissatisfaction

Shape concemn

Flat: Desire to have a flat stomach

Gainw: Fear of weight gain

Feelfat: Feeling fat

Sjudge: Overvaluation of shape

Sdissat: Shape dissatisfaction

Seebody: Discomfort when seeing one's own body
Othersee: Discomfort when others see one's body

Shape & weight concern
Wsconc: Difficulty concentrating because of thoughts of weight/shape

ED behaviors

EatLarF: Eat large amout of food
FelLoseC: Feel losing control
Binge: Binge eating

Vomit: Self-induced vomiting
Lax: Laxative misuse

Exc: Over-exercise

BIS

Al: attention impulsivity

MI: motor impulsivity

NPI: non-planning impulsivity

BAI
BAI: Beck anxiety invetory

BDI
BDI: Beck depression inventory
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PHQ-15 and
SSD-12

Sensitivity
Specificity
NPV

PPV
Efficiency
$55-8 and
SSD-12

PPV

Efficiency

Optimal cutoff points determined
in the current sample
PHQ-15 > 8and SSD-12 > 13

0.68
0.80
0.64
0.83
0.76
Optimal cutoff points determined in the

current sample $$5-8 > 9 and $SD-12.> 13
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082
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Pragmatic cutoff points based on
established severity scores
(medium severity)

PHQ-15 > 10 and SSD-12 > 20
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0.76

077

0.77

Pragmatic cutoff points based on established
severity scores (medium severity) $5-6 > 10
and $SD-12 2 20
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092
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077

Pragmatic cutoff points based on
established severity scores (high
severity)

PHQ-15 > 15 and $SD-12 > 25

021
098
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071

0.72

Pragmatic cutoff points based on established
severity scores (high severity) $55-8 = 15 and
$SD-122 25
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097
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Indicators ROl

ALFF Calcarine_L (NO.4)
TALFF Caudate_R (No. 1)
ReHo Temporal_Mid_R(No. 1)
ReHo Cingulum_Mid_R(No. 3)
*p <= 0.05"p <=0.01 ***p

~ o - T -~ O

°

bl

—0.412*
0.045
0.133
0536
0.330
0.116

-0.372
0.073

MASC

-0.223
0.295
0.186
0.383

0.600"
0.002

-0.280

0.185

Bssl

-0.042
0.845
0.463*
0.023
0.162
0.449
—0.456"
0.025

CD-RISC

0.164
0.444
0.033
0877
-0.356
0.088
0.365
0079

.001; RO, region of interest; Sup, superior; Inf, Inferior; Mid, middle; Post, posterior; L, left; R, right.

BIS-11

0.021
0.922
-0.223
0.296
0.191
0.370
-0.380
0.087

ERQ

0.176
0.409
-0.112
0.601
0.188
0.380
-0.085
0.693
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Region (peak)

nsMDD vs. nnsMDD
Occipital_Mid_L
Cingulum_Mid_L.
Occipital_Mid_L
Calarine_L
SupraMarginal_L
Occipital_Mid_L
nsMDD vs. HC
Occipital_Mid_L
SupraMarginal_L
Angular_L
Calcarine_L
Hippocampus_L.
Cingulum_Post_L.
Precuneus_L.
Precuneus_L.
nnsMDD vs. HC
Occipital_Mid_L
Angular_L

51
38/67/35
51
43
63
51/61

51/49
53/57
65/61/51
43/51/47/49
39/37/55
35
67/33
67

51
85

-15
—24
-3
-6
0

-6
—a2

-63

3
39
15

0
33
39

12
27
42
0
-21
24
39
51

6
42

5.16971
5.34890
3.81805
3.69008
3.76369
4.20263

5.98572
4.77878
5.79640
4.46443
4.08006
4.58527
4.72834
4.41656

4.37670
4.01027

Voxel

)

[SEESIIREN

B3

18
1

AAL, Automated anatomical labeling; X Y Z, montreal neurological institute (MINI); Sup,
superior; Inf, Inferior; Mid, middle; Post, posterior; L, left; R, right.
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Region (peak)

nsMDD vs. nnsMDD
Caudate_R

nsMDD vs. HC
Insula_R
Temporal_Sup_R
Insula_R
Hippocampus_L
nnsMDD vs. HC
Insula_R

Thalamus_R
ParaHippocampal_L
Temporal_Pole_Sup_L.
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Fusiform_L
Temporal_Sup_R
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—24

36

-15
-36
-21
-15
-18
48
15
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9

—27

-6

-36

-12
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—18

—24

~15
3
21

—3.63883

5.56086
3.65109
3.56323
3.95674

4.00475
3.75248
3.96507
3.90666
3.91029
3.69830
3.67418
3.63470
3.80546

Voxel

3

T

AAL, Automated anatomical labeling; X Y Z, montreal neurological institute (MINI); Sup,

superior; Inf, Inferior; Mid, middle; Post, posterior; L, left; R, right.
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Region (peak)

nsMDD vs. nnsMDD
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4
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-33
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6
42
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[
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-6

—3.68597
—3.62894
4.81121

4.76701
—3.535681
—3.52675

4.01667
—3.53249

3.53905
—3.53939

4.65908
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4.16002
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AAL, Automated anatomical labeling; X Y Z, montreal neurological institute (MINI); Sup,

superior; Inf, Inferior; Mid, middle; Post, posterior; L, left; R, right.
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Indicator ROI Region (peak)

nsMDD vs. nnsMDD

ALFF
ALFF
ALFF
ALFF
ALFF
ALFF
TALFF
ReHo
ReHo
ReHo

NO.1 Occipital_Mid_L

NO.2 Cingulum_Mid_L 33/67/35

NO.3 Occipital_Mid_L
NO.4 Calcarine_L.

NO5 SupraMarginal_L
N0.6 Occipital_Mid_L
NO.1 Caudate_R

NO.1 Temporal_Mid_R
NO.2 Occipital_Mid_R
NO.3 Cingulum_Mid_R

AAL

51

51
a3
63

51/61
72
86
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34
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-12

3
30
15

0
38
39
18
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5.15971
5.34890
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3.69008
3.76369
4.20263
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481121
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RO, region of interest; AAL, Automated anatomical labeling; X Y Z, montreal neurological
institute (MINI); Sup, superior; Inf, Inferior; Mid, middle; Post, posterior; L, left; R, right.
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Gender (male/female)
Age (year)

Education (year)
First onset age (year)
Course (month)

col

MASC

B8sS!

CD-RISC

BIS-11

ERQ

Head motion

nsMDD
N=25

5/20
14.48 £1.36
872+ 1.65
12.72 +£2.48

20.08 & 26.01
34.20+6.71
76.01 + 12.31
39.64 + 13.93
27.67 + 20.66
100.12 £ 20.08
39.72+11.20
0.06 £0.03

nnsMDD
N=25

/19
14.96 +1.43
9.08 £1.55
14.28 £1.49
8.21£6.19
30.40 +4.21

71.65+ 11.96
30.81 &+ 14.47
32.156 £9.62
83.23 + 15.31
34.68 + 11.42
0.05 £0.02

N=25

/19
1496 + 1.77
896+ 1.77

8.10 + 6.52
24.10 £22.27
1.20£2.15
63.00 + 10.00
74.70 £20.37
42,60 +£9.94
0.06 + 0.02

T/IF

0.152

0.822

0.306

0.184

2176
76.630
50.311
31.676
18.908
8.645

2128

1.450

0.927°
0.444°
0.738°
0.010°
0.039°
<0.0001°
<0.0001°
<0.0001°
<0.0001®
<0.001°
0.129°
0.241°

Post hocs

nsMDD=>HC, nnsMDD>HC
nsMDD>HC, nnsMDD>HC
nsMDD>HC, nnsMDD>HC
nsMDD<HC, nnsMDD<HC
nsMDD>nnsMDD, nsMDD>HC

nSMDD, the depressed adolescent group with non-suicidal self-injury; nnsMDD, the depressed adolescent group without non-suicidal self-injury; HC, the healthy control group. Al

statistical descriptive parameters are mean = standard deviation; a, passes chi-square test; b, one-way ANOV/

two-samples T-test; pos-hoc, the post-test of one-way ANOVA.
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Variables

Age
Educational years

Alcohol dependence

152071345

Alcohol dependence x 12071345

AR?

0.02

0.20

0.01

B(sE)

001 (001)
0.05 (0.02)
0.46 (0.04)
0.03 (0.09)
0.19 (0.09)

0.02
0.14
0.46
0.02
0.15

Anxiety

0.04
268
10.56
0.40
211

0.66
0.01
<0.001
0.69
0.03

95%Cl1

[-001,001]
[0.01,0.08)
[0.37,054]

[-0.13,0.20]
[001,0.36]
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**p < 0.001.

Differential susceptibility

Strong: model A
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000¢)
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(~0.36,0.30)
052 (0.08)"*
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0.03 0.02)
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24.20"" (4,435)
©
24,447 (1,434)
1171.26
1195.78

Weak: model B

~0.71(0.40)
034 (0.07)"
~0.17 0.47)
[~1.09,0.75]
0.53 (0.05)""
001 (0.01)
003(0.02)
023
3168 (5,43¢)
2444 (1,434)
(3]
1149.16
17777

Diathesis-stress

Strong: model G

-0.31(0.35)
0.00 ()
157 )

€
025 (0.04
001 0.01)
0.03(0.02)
0.10
15.50"" (3,436)
45.54** (1,434)
36,22 (2,434)
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123351

Weak: model D

007 (0.33)
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157 ()
©
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001 0.01)
003 (0.02)
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©
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Included variables Unstandardized Unstandardized coefficients p Standardized
coefficients (B) (Std. Error) coefficients (beta)
HEPs (FC2, FC4, FC6) —0.431 0.121 0.002 —0.534
Gender —-0.178 0.054 0.003 —0.509
Cognitive factor —0.226 0.110 0.052 —0.301
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1
002(0.02)
~0.08(~0.09)
004 (0.02)
001(0.01)
©
€

Age

—-0.39"
017
0.03
44.15
9.45

Educational years

~0.18"

~013+
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Alcohol dependence
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Anxiety
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Variables

Smoking
Alcohol
Diet preference
Coffee
Tea
Sugary beverages
Chocolate
Spioy food
Row food
Deep-fried food
Hot food
Dairy products
Imegular diet

Poor sleep

FD within mood disorders (%)

1(154)
2(3.08)

14 (21.54)
15 (23.08)
14 (21.54)
21(32.31)
38 (58.46)
17 (26.15)
18 (27.69)
15 (23.08)
18 (27.69)
51(78.46)
61(93.85)

FD without mood disorders (%)

00
00

5(35.71)
5(35.71)
10/(71.43)
7(50)
6(42.86)
2(14.29)
42857
3(21.43)
3(21.43)
8(57.14)
10 (71.43)

0.7237, P = 0.03949
0.0746, P =0.7848

0.6100, P =0.4348
14194, P = 0.5173
1.2995, P = 0.0008
=08974,P =

.3435
x? =05923, P=0.4415
0.3573, P = 0.5500
0.80687, P = 0.7933
X2 = 0.0475, P = 0.8275

X2 =0.80218, P = 0.8825
2

X

X

7561, P =0.1851

11359, P

.0420
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Dietary restraint

Restraint: Restraint

Fast: Fasting

Exclfood: Excludlng food

Rules: Food rules

Empty: Desire to have an empty stomach

Eating concern

Foodconc: Difficulty concentrating because of thoughts of food
Losecnt: Fear of losing control over eating

Secret: Eating in secret

Eatguilty: Feeling guilty after eating

Eatothers: Concems about others seeing one eat

Weight concem

Dsrlosew: Desire to lose weight

Wijudge: Overvaluation of weight

Weigh: Upset with weighing oneself more than once a week
Wdissat: Weight dissatisfaction

Shape concemn

Flat: Desire to have a flat stomach

Gainw: Fear of weight gain

Feelfat: Feeling fat

Sjudge: Overvaluation of shape

Sdissat: Shape dissatisfaction

Seebody: Discomfort when seeing one's own body
Othersee: Discomfort when others see one's body

Shape & weight concem
Wscongc: Difficulty concentrating because of thoughts of weight/shape

ED behaviors

EatlLarF: Eat large amout of food
FelLoseC: Feel losing control
Binge: Binge eating

Vomit: Self-induced vomiting
Lax: Laxative misuse

Exc: Over-exercise

BIS

Al: attention impulsivity

MI: motor impulsivity

NPI: non-planning impulsivity

BAI
BAI: Beck anxiety invetory

BDI
BDI: Beck depression inventory
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Variables

Gender

Age

Educational level

Technical level

Years of working

Taking continuing education
Head nurse

Interpersonal relationship

Previous work experience in anti-COVID-19

Marital status

Spouse occupation

Fertiity status

Support parents

Category

Male

Female

High school
Junior college
Undergraduate
Postgraduate
Junior
Intermediiate
Senior

1 year below
1-5 years
6-10 years

10 years above

Dissatisfaction
On average

Satisfaction

Single
Married

Divorced

Health Care Profession
Non-health Care Profession
Nullipara

First births

Second births

Third births or above

Nurses in mood
disorders (%)
1(0.78)
127 (99.22)
30.6484 + 5.02997
1(0.78)
20(15.63)
106 (82.81)
1(0.78)
85 (66.41)
42 (32.81)
1(0.78)
5(3.91)
42(32:81)
42 (32.81)
39(30.47)
47 (36.72)
3(2.34)
4(3.19)
56 (43.75)
68 (53.12)
52 (40.63)
43(33.59)
82 (64.06)
3(2.34)
30(35.29)
55(64.71)
63 (49.21)
36 (28.13)
28(21.88)
1(0.78)
98 (76.56)

Nurses without
mood disorders (%)

7(6.30)
125 (94.70)
205455 =+ 5.76163
3(227)
20 (16.15)
108 (81.82)
1(0.76)
92 (69.70)
36 (27.27)
4(3.03)
10 (7.56)
47 (35.61)
41(31.06)
34.(25.77)
54.(40.91)
6(4.55)
1(0.76)
40 (30.30)
91(68.94)
46(34.85)
66 (50)
66 (50)
0(0)

30 (45.45)
36 (64.56)
74 (56.06)
30(22.73)
27 (20.45)
1(0.76)
94(71.21)

X2 = 105.679, P = 0.0000
t=1.646,P=0.101

x%=0.9574,P= 08116

=2.4774,P = 0.2898

=22411,P= 05239
x2=0.3201,P=05716
x? =0.3989, P = 05276

X2 =7.7340, P = 0.0209
x% =0.6937, P = 0.4049

X2 = 52409, P = 0.0221

2=

2055, P =

.2722

x? = 1.3866, P = 0.7089

2 =0.9632, P =0.3264
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Variables

Smoking
Alcohol

Diet preference
Coffee

Tea

Sugary beverages
Chocolate
Irregular diet

Poor sleep

Nurses in mood disorders (%)

3(234)
7(6.47)

34 (26.56)
29(21.97)
71 (55.47)
45 (65.47)
85 (66.41)
113 (88.28)

Nurses without mood disorders (%)

0(0)
3(@.27)

42 (31.82)
32 (24.24)
88(66.67)
83(66.67)
62 (46.70)
75(56.82)

x? = 123.0080, P = 0.0000
X% =110.3952, P = 0.0000

X2 = 19.1250, P = 0.0000
X2 =33.2619, P = 0.0000
X2 =3.4302, P = 0.0640

X2 =0.0029, P = 0.9570
X2 =9.2155, P=0.0024
X2 = 30.5748, P = 0.0000
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Selected factors

Gender

Interpersonal relationship
Marital status

Alcohol

Coffee

Tea

Irreguiar diet

Poor sieep

OR

3.936
0.530
1.849
2.028
0.767
1.054
1.972
7.295

Mood disorders

95%Cl

(3.337, 4.643)
(0.326, 0.860)
(1.763, 1.940)
(1.770,2.324)
(0.719,0.798)
(0995, 1.116)
(1880, 2.069)
(6.850, 7.770)

P-value

0373
0.044
0.009
0.376
0.253
0.838
0.025
0.000
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Variables Nurses in mood

disorders
FD* 65 (60.78)
EPS* 17 (26.15)
PDS* 35 (53.85)
Both EPS and PDS" 13(20)

Nurses without
mood disorders

14(11.48)
1(7.14)
11(7857)
2(14.29)

*Prevalence of FD between nurses within and without mood disorders: x2 = 42.8479, P =
0.000; *Prevalence of FD subtypes between nurses within and without mood disorders:
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Degree

Mild

Moderate
Moderate-severe
Severe

Total

Anxiety

74 (28.46)
16 (6.15)

9(5.45)
99 (20.09)

Depression

77 (29.62)
23(8.85)
6(231)
5(1.92)

111 (42.69)





