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Background: Patients with traumatic brain injury (TBI) often experience post-injury anxiety and depression, which can persist over time. However, the relationships between anxiety and depression in TBI patients and delirium, sleep quality, self-efficacy, and serum inflammatory markers require further investigation.

Objective: This study aims to explore the associations of delirium, sleep quality, self-efficacy, and serum inflammatory markers with anxiety and depression in TBI patients, and to examine potential influencing factors.

Methods: We conducted a cohort study involving 127 patients with TBI. Delirium was assessed using the Confusion Assessment Method (CAM) and CAM-ICU, while anxiety, depression, sleep quality, self-efficacy, and pain were evaluated using the appropriate tools, respectively. Serum inflammatory markers (CRP, TNF-α, IL-6) were collected within 1 day post-injury. Generalized estimating equations (GEE) were used to analyze the relationships between delirium, sleep, self-efficacy, and anxiety/depression.

Results: The study identified 56 patients with delirium. Patients with delirium differed significantly from those without delirium in age, TBI classification, sleep duration, CRP levels, TNF-α levels, pain, self-efficacy, and insomnia (P < 0.05). The GEE analysis revealed that delirium, CRP levels, self-efficacy, underlying diseases, insomnia, TBI classification, age, and sleep duration were associated with anxiety symptoms in TBI patients at 6 months post-discharge (P < 0.05). Depression in TBI patients at 6 months post-discharge was not associated with delirium or insomnia but correlated with CRP levels, TBI classification, and self-efficacy (P < 0.05).

Conclusion: TBI patients who experience delirium, insomnia, and low self-efficacy during the acute phase are likely to exhibit more anxiety at the 6-month follow-up. Depression in TBI patients is not associated with delirium or insomnia but is negatively correlated with self-efficacy. CRP levels post-TBI may serve as a biomarker to identify patients at risk of emotional symptoms and potentially accelerate patient recovery.
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1 Introduction

Traumatic brain injury (TBI) is a significant cause of disability and mortality worldwide. It is estimated that ~10 million people globally experience TBI annually, with 52,000 deaths attributed to TBI and nearly 100,000 new cases of disability resulting from it (Ahmed et al., 2017; Capizzi et al., 2020l Hyder et al., 2007). TBI can lead to a spectrum of cognitive, social, emotional, physical, and behavioral impairments, including sleep disturbances, depression/anxiety, and cognitive deficits (Draper and Ponsford, 2008; Langlois et al., 2006; Morganti-Kossmann et al., 2019; Dikmen et al., 2009). Studies have reported prevalence rates of anxiety disorders among TBI patients ranging from 21 to 70% (Moore et al., 2006; Scholten et al., 2016), and depression rates ranging from 17 to 50% (Scholten et al., 2016; Riggio, 2011; Osborn et al., 2014). These mental health issues not only significantly reduce patients' quality of life but also potentially impact their recovery process and social functioning (Duan et al., 2021; Rapoport et al., 2006; Zahniser et al., 2019). Given the complex etiology of psychological manifestations in TBI patients, which involve a combination of brain dysfunction and psychological trauma, as well as interrelationships between cognitive, emotional, and physical symptoms, epidemiology and underlying mechanisms of psychological health in TBI patients remain areas worthy of exploration (Piantino et al., 2022; Brett et al., 2022; Dikmen et al., 2009).

Delirium is characterized by an acute alteration in mental status marked by confusion, impaired attention, and fluctuating levels of arousal. Trauma-induced agitation and delirium generally manifest within the initial 24 h of TBI admission but can occur at any point during hospitalization and are frequent during the recovery phase (Roberson et al., 2021). Prior research indicates that patients experiencing trauma-induced delirium are susceptible to severe acute and long-term psychiatric outcomes (Teasdale and Jennett, 1976; Draper et al., 2007; Rocca et al., 2019). However, there is currently no direct investigation into the correlation between trauma-induced delirium in TBI patients and anxiety or depression during the recovery period.

Insomnia is highly prevalent among individuals with TBI, affecting 29% of patients (Mathias and Alvaro, 2012). Within 10 days post-TBI, about 13.3% of patients report sleep disturbances, increasing to 33.5% within 6 weeks (Chaput et al., 2009). Chaput et al. (2009) investigated sleep complaints in 493 mild TBI patients at 10 days and 6 weeks post-injury, revealing that those with sleep issues faced heightened risks of headaches, depressive symptoms, and irritability. Moreover, TBI patients experiencing sleep problems were more likely to concurrently suffer from depressive symptoms (Chaput et al., 2009), and prolonged insomnia has been linked with worsening depression over time (Lequerica et al., 2020; Huang et al., 2013). Nonetheless, there remains limited longitudinal and temporal research on the interplay between sleep quality, depression, and anxiety (Saravanan et al., 2024; Rao et al., 2014), highlighting the need for additional prospective studies to clarify the causal relationship between acute insomnia during TBI and the heightened occurrence of post-injury depression and anxiety symptoms.

Self-efficacy refers to one's confidence in managing symptoms, indicating greater persistence in related tasks (Bandura, 1977). In acquired brain injury, higher self-efficacy is associated with reduced anxiety and depression symptoms (Lewin et al., 2013; Longworth et al., 2018; Volz et al., 2016; Brands et al., 2015). Studies indicate that patients with higher self-efficacy, goal resilience, and adaptive goal adjustment tend to experience fewer emotional disturbances post-injury (Brands et al., 2015). Improving self-efficacy levels may be crucial for addressing psychological distress in mild TBI patients (Belanger et al., 2020). However, research on the relationship between self-efficacy and anxiety/depression has predominantly focused on stroke patients with acquired brain injury, with limited exploration in TBI patients.

Inflammation is a significant secondary mechanism following TBI (Das et al., 2012), potentially linked to various neurological symptoms such as anxiety, depression, cognitive impairment, and sleep disturbances (Malik et al., 2022; Rathbone et al., 2015; McAfoose and Baune, 2009). Research suggests interleukin-6 (IL-6), tumor necrosis factor α (TNFα), and C-reactive protein (CRP) are the predominant cytokines associated with adverse psychological outcomes in mild TBI patients (Malik et al., 2022; Rathbone et al., 2015). Additionally, systemic inflammation appears to correlate with psychological conditions like depression and anxiety in non-TBI populations (Osimo et al., 2020; Silva-Fernandes et al., 2024). However, it remains unclear whether these inflammatory mediators exhibit heightened activity in individuals experiencing post-TBI depression and anxiety. Discrepancies in the timing of cytokine assessments post-injury were noted in a systematic review, with most studies evaluating participants during the chronic phase of TBI (ranging from 1 month to several years) (Malik et al., 2022). Currently, the relationship between elevated acute-phase serum inflammatory markers in TBI and increased emotional symptoms requires further investigation.

This study aims to explore relationships between anxiety and depression symptoms, delirium, sleep, self-efficacy, and acute-phase serum inflammatory markers in TBI patients through a prospective cohort study. Findings are expected to deepen understanding of anxiety and depression mechanisms post-TBI, support future clinical interventions, and enhance long-term recovery and quality of life for patients.



2 Methods


2.1 Study design

This is a 6-month prospective cohort study approved by the Medical Ethics Committee of Affiliated Hospital of Zunyi Medical University. The study adheres to the Helsinki Declaration (Goodyear et al., 2007) and follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (von Elm et al., 2007).



2.2 Study setting

This study was conducted at the Neurosurgery Ward of the Affiliated Hospital of Zunyi Medical University, a tertiary hospital in Guizhou Province, China. The study commenced in June 2022 and concluded in December 2023. Patient recruitment began upon admission from June 2022 to April 2023. A research assistant (LX) explained the study objectives to patients and their families, ensuring informed consent was obtained and documented. Follow-up was conducted by designated nurses (FZM), starting from the discharge of the first patient until 6 months post-discharge, with follow-up intervals at 1-, 3-, and 6-months post-discharge.



2.3 Study population

This study is a prospective, population-based cohort study focusing on patients with TBI. Convenience sampling was employed to select patients from the Neurosurgery Ward of the Affiliated Hospital of Zunyi Medical University from June 2022 to April 2023. Inclusion criteria: confirmed history of TBI using CT or MRI; patients discharged from the hospital; stable vital signs at discharge. Exclusion criteria: severe endocrine and metabolic diseases, hematologic disorders, malignant tumors, chronic pulmonary insufficiency, liver or kidney failure; patients who died within 3 days post-injury; inability to participate in follow-up due to speech impediment or refusal.; history of previous TBI, stroke, brain tumors, epilepsy, cognitive impairments or other brain disorders. Chronic inflammation associated with these comorbidities could distort the study results. Excluding these patients helps reduce confounding factors, enabling a more accurate analysis of the relationship between post-traumatic brain injury inflammation and clinical outcomes.



2.4 Data collection
 
2.4.1 Basic information

Basic information was registered via the hospital information system from patient admission to discharge. This included baseline socio-demographic characteristics and medical history, encompassing age, gender (male and female), residential types, marital status, education, underlying diseases, body mass index (BMI), monthly family income, and TBI classification. Underlying diseases refer to pre-existing conditions upon admission, such as hypertension, diabetes, and chronic obstructive pulmonary disease. TBI was classified based on the Glasgow Coma Scale (GCS) score at admission, with scores of 13–15 indicating mild TBI, 9–12 indicating moderate TBI, and 3–8 indicating severe TBI (Rimel et al., 1982).



2.4.2 Measurement of serum CRP, TNF-α, and IL-6

Fasting venous blood samples (3 mL) were collected from patients on the morning of the first post-injury day in citrate anticoagulant tubes. After centrifugation at 3,000 rpm for 15 min, the supernatant was stored at −20°C until analysis. Serum CRP, TNF-α, and IL-6 levels were determined using the ELISA sandwich method. Experimental procedures adhered strictly to the manufacturer's instructions.



2.4.3 Pain

Pain assessment was conducted within 1-day post-injury using the critical-care pain observation tool (Gélinas et al., 2006). This tool evaluates four dimensions: facial expression, body movements, muscle tension, and compliance with ventilator synchrony or vocalization. The dimension “ventilator synchrony” applies to intubated patients, while “vocalization” applies to non-intubated patients. Each dimension is scored from 0 to 2, yielding a total score of 8 points. A score of 0 indicates no pain, while 8 indicates maximum pain. Evaluation was performed by physicians.



2.4.4 Sleep duration

On the day of discharge, nurses investigated patients' self-reported sleep duration by asking, “How many hours did you sleep each night in the past week ?”



2.4.5 Sleep quality

The Athens Insomnia Scale (AIS) was employed to assess patient sleep quality scores. This assessment was conducted upon discharge. The AIS comprises eight dimensions: sleep onset latency (time from lights out to falling asleep), nocturnal awakenings, early morning awakenings before desired time, total sleep time, overall sleep quality (irrespective of duration), daytime mood disturbance, daytime physical functioning (physical or mental, e.g., memory, cognition, attention), and daytime sleepiness (Soldatos et al., 2000). Each dimension is rated from 0 (no impact) to 3 (severe impact), with a total score of 24. Higher scores indicate poorer sleep quality. Scores below 4 indicate no insomnia, 4–6 suggest suspected insomnia, and scores above 6 indicate insomnia.



2.4.6 Self efficacy

Schwarzer et al. (2009) developed the general self-efficacy scale (GSES) to evaluate how individuals cope in different situations and their confidence facing new challenges. The scale comprises 10 items rated on a 4-point Likert scale, ranging from 1 (completely incorrect) to 4 (completely correct). The final score is obtained by summing the scores of all items and dividing by 10. A higher score indicates greater self-efficacy in patients. Scores between 1.0 and 2.0 suggest low self-efficacy, scores between 2.1 and 3.0 indicate moderate self-efficacy, and scores between 3.1 and 4.0 indicate high levels of self-efficacy. Assessment using the GSES was conducted at the patients' discharge.



2.4.7 Delirium

Delirium assessment was conducted using the confusion assessment method (CAM) (Marcantonio et al., 2014) or the CAM-ICU (Ely et al., 2001) by responsible nurses and physicians at 8:00 a.m. and 8:00 p.m. daily for target patients post-injury. If any assessment during hospitalization met the delirium criteria, the patient was considered to have developed delirium. All nurses and physicians were trained in using delirium assessment tools to ensure accuracy. CAM evaluates delirium based on four features corresponding to four specific question items: (1) acute onset or fluctuating course of mental status; (2) inattention; (3) disorganized thinking; (4) altered level of consciousness. The CAM diagnostic algorithm requires the simultaneous presence of criteria (1) and (2), and either criterion (3) or (4). For patients in the ICU or those unable to communicate verbally due to endotracheal intubation, the CAM-ICU was used to assess delirium. When using this scale, initial assessment of sedation depth was performed using the Richmond agitation-sedation scale (RASS) (Ely et al., 2003). Delirium assessment was conducted if the RASS score was −3 or higher. A RASS score below −3 indicated the patient was unconscious, in which case delirium assessment was temporarily suspended.



2.4.8 Anxiety and depression assessment

Psychological status among patients was evaluated using the hospital anxiety and depression scale (HADS) at discharge and during follow-ups at 1-, 3-, and 6-months post-discharge. We selected discharge time as the baseline since it marks a stable recovery phase and the end of primary treatment, enhancing comparability. Developed by Zigmond and Snaith (1983) in 1983, the HADS comprises two subscales: anxiety (HADS-A) and depression (HADS-D). Each subscale comprises seven items, each scored from 0 to 3 points, resulting in a maximum subscale score of 21 points, with higher scores indicating more severe psychological distress. The scores of 0–7 indicate normal psychological status, 8–10 suggest mild anxiety or depression, 11–14 indicate moderate levels, and scores between 15 and 21 signify severe anxiety or depression. These assessments provide valuable insights into the patients' mental health over time, aiding in appropriate intervention and support strategies.




2.5 Sample size

The sample size was calculated using PASS 15 software based on the longitudinal data sample size formula provided by Diggle (2002). The primary outcome was the HADS-A score at four time points. A pilot study of 30 patients (15 in the delirium group and 15 in the non-delirium group) showed an expected mean difference in anxiety scores of 6.2, with a pooled standard deviation of 3.87 and a repeated measures correlation of 0.812. Considering a two-sided significance level of 0.05, a power of 0.9, and a 20% dropout rate, the sample size was calculated to be 20. Ultimately, 130 patients were enrolled, with 127 completing follow-up.



2.6 Statistical analysis

Data were exported using Excel 2016 and reviewed by two individuals for accuracy. Statistical analyses were conducted using STATA 17 software. Continuous variables following a normal distribution were described using mean and standard deviation (SD). Between-group comparisons were assessed using t-tests. Non-normally distributed continuous variables were described using median (M) and interquartile range (IQR), with between-group comparisons evaluated using the Wilcoxon rank-sum test. Categorical variables were described as frequencies and percentages, with between-group comparisons analyzed using the chi-square test. Given the repeated measures of anxiety and depression scores among TBI patients and potential missing data, the generalized estimating equation (GEE) model was used with the maximum likelihood estimation method. As the missing data was < 5%, no sensitivity analysis was conducted (Schafer, 1997). A preliminary normality test of the HADS scores was performed before the GEE analysis. Since the scores followed a normal distribution, a Gaussian distribution with an identity link function was chosen. Dummy variables were used in the GEE model to identify factors influencing anxiety and depression. Further analyses using the GEE model compared HADS-A scores between delirium and non-delirium groups, non-insomnia, suspected insomnia and insomnia groups, and low, medium, and high self-efficacy groups at different time points relative to discharge day. Graphs were created using GraphPad Prism 9.0. A significance level of α = 0.05 (two-sided) was used, with P < 0.05 indicating statistical significance.




3 Results


3.1 Comparison of baseline characteristics between delirium and non-delirium groups in TBI patients

A total of 130 TBI patients were recruited for this study, with three patients lost to follow-up: one patient died, one patient developed speech impairment making communication impossible upon discharge, and one patient withdrew. Ultimately, data from 127 patients were included in the final analysis. Details of patient recruitment and follow-up are illustrated in Figure 1. Among these 127 TBI patients, 56 (44.1%) experienced delirium. General characteristics of all TBI patients and differences between the delirium and non-delirium groups are summarized in Table 1. Significant differences between the delirium and non-delirium groups were observed in terms of age, TBI classification, sleep duration, CRP levels, TNFα levels, pain scores, self-efficacy, and insomnias (P < 0.05, Table 1).


[image: Figure 1]
FIGURE 1
 Flowchart of participant enrollment.



TABLE 1 General characteristics of delirium and non-delirium groups in patients with traumatic brain injury.

[image: Table 1]



3.2 Factors influencing anxiety in patients with TBI

Using HADS-A scores as the dependent variable, the GEE analysis revealed that delirium, CRP levels, self-efficacy, underlaying disease, insomnias, TBI classification, age, and sleep duration were significant factors influencing anxiety in traumatic brain injury patients post-discharge (P < 0.05, Table 2).


TABLE 2 Parameter estimation of anxiety factors based on generalized estimation equation.

[image: Table 2]



3.3 Factors influencing depression in patients with TBI

Using HADS-D scores as the dependent variable, the GEE analysis revealed that post-discharge depression in traumatic brain injury patients was not associated with delirium, insomnias but showed significant correlations with CRP levels, TBI classification, and self-efficacy (P < 0.05, Table 3).


TABLE 3 Parameter estimation of depression factors based on generalized estimation equation.
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3.4 Comparison of HADS-A scores between delirium and non-delirium patients with TBI

According to the separate effects analysis of the GEE model, significant differences in HADS-A scores were observed between delirium and non-delirium groups on discharge day, at one, three, and 6 months post-discharge (P < 0.001, Supplementary Table S1; Figure 2). Compared to discharge day, non-delirium patients showed significant differences in HADS-A scores at 3 and 6 months post-discharge (P < 0.05), while delirium patients exhibited significant differences at 1, 3, and 6 months post-discharge (P < 0.05).


[image: Figure 2]
FIGURE 2
 Anxiety scores at different time points in the delirium and non-delirium groups. The baseline refers to the day of discharge. HADS-A: hospital anxiety and depression scale- anxiety score. The error bars indicate the standard deviation, the larger the error bars, the greater the variability or uncertainty in the data.




3.5 Comparison of HADS-A scores among TBI patients with different sleep quality levels

The separate effects analysis of the GEE model revealed significant differences in HADS-A scores among patients categorized into normal sleep, suspected insomnia, and insomnia groups on discharge day, as well as at 1, 3, and 6 months post-discharge (P < 0.001, see Supplementary Table S2; Figure 3). Compared to discharge day, patients with normal sleep exhibited significant differences in HADS-A scores at 3 and 6 months post-discharge (P < 0.05). Similarly, the suspected insomnia group showed significant differences at 3 and 6 months post-discharge (P < 0.05), while the insomnia group displayed significant differences at 1, 3, and 6 months post-discharge (P < 0.05).


[image: Figure 3]
FIGURE 3
 Anxiety scores in groups with different sleep quality. The baseline refers to the day of discharge. HADS-A: hospital anxiety and depression scale- anxiety score. The error bars indicate the standard deviation, the larger the error bars, the greater the variability or uncertainty in the data.




3.6 Comparison of HADS-A scores among TBI patients with different levels of self-efficacy

According to the separate effects analysis of the GEE model, significant differences in HADS-A scores were observed between patients with low self-efficacy and those with moderate self-efficacy, low self-efficacy and high self-efficacy, as well as moderate self-efficacy and high self-efficacy groups on discharge day, at 1, 3, and 6 months post-discharge (P < 0.05, see Supplementary Table S3; Figure 4). Compared to discharge day, the low self-efficacy group showed significant differences in HADS-A scores at 1, 3, and 6 months post-discharge (P < 0.05), the moderate self-efficacy group exhibited significant differences at 3 and 6 months post-discharge (P < 0.05), and the high self-efficacy group displayed significant differences at 3 and 6 months post-discharge (P < 0.05).


[image: Figure 4]
FIGURE 4
 Anxiety scores in groups with different levels of self-efficacy. The baseline refers to the day of discharge. HADS-A: hospital anxiety and depression scale- anxiety score. The error bars indicate the standard deviation, the larger the error bars, the greater the variability or uncertainty in the data.




3.7 Comparison of HADS-D scores among TBI patients with different levels of self-efficacy

According to the separate effects analysis of the GEE model, significant differences in HADS-D scores were observed between patients with low self-efficacy and those with moderate self-efficacy, low self-efficacy and high self-efficacy, as well as moderate self-efficacy and high self-efficacy groups on discharge day, at 1, 3, and 6 months post-discharge (P < 0.05, see Supplementary Table S4; Figure 5). Compared to discharge day, the low self-efficacy group showed significant differences in HADS-D scores at 1, 3, and 6 months post-discharge (P < 0.05), the moderate self-efficacy group exhibited significant differences at 3 and 6 months post-discharge (P < 0.05), and the high self-efficacy group displayed significant differences at 3 and 6 months post-discharge (P < 0.05).


[image: Figure 5]
FIGURE 5
 Depression scores in groups with different levels of self-efficacy. The baseline refers to the day of discharge. HADS-D: hospital anxiety and depression scale- depression score. The error bars indicate the standard deviation, the larger the error bars, the greater the variability or uncertainty in the data.





4 Discussion

Our study identified several key factors associated with heightened anxiety symptoms in TBI patients: younger age, underlaying disease, TBI classification, delirium, elevated CRP levels, diminished self-efficacy, and insomnia. These findings underscore the intricate interplay of biological, psychosocial, and clinical elements contributing to anxiety development post-TBI. Interestingly, depression symptoms did not correlate significantly with delirium or insomnia but exhibited significant associations with serum CRP levels, TBI classification, and self-efficacy.


4.1 The relationship between CRP, delirium, anxiety, and depression in patients with TBI

In this study, both HADS-A and HADS-D scores were higher in patients with delirium compared to non-delirious patients. However, only the intergroup difference in HADS-A was statistically significant. Consistent with Barker et al., anxiety symptoms were more prevalent than depression symptoms when using HADS (Barker-Collo et al., 2018). There was no statistically significant difference in HADS-D scores between the delirium and non-delirium groups, potentially explained by the majority (96.4%) of the delirium group being moderate TBI patients, who may have more severe cognitive deficits, potentially masking emotional symptoms and/or poorer insight, resulting in fewer self-reported emotional symptoms (Uiterwijk et al., 2022). The GEE analysis in this study revealed that mild TBI patients reported more severe anxiety and depression than moderate TBI patients, indirectly confirming this speculation. TBI-related delirium is a complex and poorly understood complication occurring in a heterogeneous patient population (Sherer et al., 2020). It is speculated that the pathophysiology of TBI-related delirium differs from other delirium processes (Povlishock and Katz, 2005). Even mild or moderate TBI patients may experience post-traumatic delirium without significant structural damage detected by neuroimaging (Ganau et al., 2018). The underlying pathophysiology remains incompletely understood, but severe and persistent inflammation is associated with a series of molecular, biochemical, and cellular changes in the brain that lead to neuronal injury and apoptosis (Ganau et al., 2018; Sun et al., 2019). The mechanisms underlying anxiety and depression following TBI are currently unclear, but inflammation post-TBI is speculated to be a contributing factor, associated with elevated levels of TNF-α, IL-6, IFN-α, and CRP (Malik et al., 2022; Rathbone et al., 2015).

In our study, delirious patients exhibited higher post-injury CRP levels compared to non-delirious patients, and elevated CRP levels were associated with higher anxiety and depression scores in patients. Studies have shown elevated CRP levels have also been associated with delirium (Lozano-Vicario et al., 2023; Vasunilashorn et al., 2017) and psychological disorders (Wium-Andersen et al., 2013; Bekkevold et al., 2023) even in the absence of a TBI event. Increased CRP concentrations may relate to emotional disturbances and cognitive impairments, but the mechanisms remain unclear (Su et al., 2014). Systemic inflammatory responses likely play a significant role. First, systemic inflammation activates the hypothalamic-pituitary-adrenal (HPA) axis (Murray et al., 2013) and triggers stress responses, releasing stress hormones like cortisol. These hormones help manage short-term stress, but prolonged HPA activation may lead to anxiety symptoms (Tsigos and Chrousos, 2002; Juruena et al., 2020; Haroon et al., 2012). Second, systemic inflammation may increase the conversion of tryptophan to kynurenine and quinolinic acid through the indoleamine 2,3-dioxygenase pathway, reducing serotonin production. Lower serotonin levels correlate closely with anxiety, while kynurenine and quinolinic acid may harm the central nervous system and raise anxiety risk (Christmas et al., 2011; Dantzer et al., 2008). Third, systemic inflammation activates microglia in the brain, resulting in neuroinflammation (Qin et al., 2007). Neuroinflammation contributes to the pathophysiology of anxiety and depression (Briones and Woods, 2014). Finally, systemic inflammation can increase oxidative stress, damaging neurons, disrupting neurotransmitter balance, and worsening anxiety symptoms (Dantzer et al., 2008; Fedoce et al., 2018). We measured CRP at a single time point, but its link to anxiety may reflect an early inflammatory surge that increases the risk of subsequent psychological issues. This emphasizes the necessity of identifying TBI patients at high risk for delirium and psychological problems based on early CRP concentrations.

Additionally, research has reported gender-specific associations between CRP levels and symptoms of depression and anxiety, with significant positive correlations observed only in females (Yang et al., 2020). Therefore, further research in specific populations is necessary to explore the correlation between CRP levels in TBI patients and delirium, anxiety, and depression.



4.2 The relationship between insomnia, anxiety, and depression in patients with TBI

Our study indicates a close association between insomnia and anxiety symptoms following TBI, while its connection with depression remains unclear. In the general population, sleep issues and mental health problems often co-occur bidirectionally, a well-established phenomenon (Scott et al., 2021). However, in the context of TBI, poor sleep may be influenced by various mechanisms including severity of injury (Fichtenberg et al., 2000; Mahmood et al., 2004), location of injury (Leduc et al., 2007), post-injury physiological factors (e.g., biochemical changes due to injury) (Mathias and Alvaro, 2012), alterations in melatonin levels (Grima et al., 2016), and psychological factors (Fogelberg et al., 2012). These factors could potentially impact our study outcomes. Previous studies have shown that subjective poor sleep quality and insomnia in TBI patients are significantly associated with increased levels of depression and/or anxiety (Huang et al., 2013; Johnson et al., 2019). However, these associations were not consistently reported when objectively measuring sleep quality (El-Khatib et al., 2019; Botchway et al., 2019). These findings suggest inconsistency in objectively reporting sleep quality in relation to depression and anxiety. Future research in this population should include longitudinal tracking of sleep in TBI patients to understand changes in subjective and objective sleep quality and their relationship with psychopathology. Prompt identification of insomnia patients is essential to improve sleep quality and reduce anxiety. Timely identification of insomnia patients is essential to improve sleep quality and reduce anxiety.



4.3 The relationship between self-efficacy and anxiety/depression in patients with TBI

Higher levels of self-efficacy are negatively correlated with anxiety and depression. Enhancing self-efficacy in TBI patients may effectively improve their mental health in clinical practice. Consistent with previous research findings, patients with higher self-efficacy experience fewer emotional disturbances and enjoy a higher quality of life (Brands et al., 2015). The common-sense model of self-regulation suggests that when facing health threats, individuals navigate emotional responses to the threat, develop perceptions about the threat and potential therapeutic actions, formulate action plans to cope with the threat, and integrate continuous feedback on the effectiveness of their action plans and the progression of the threat (Leventhal et al., 2016). Other models of adaptation following acquired brain injury also emphasize the ongoing interaction between behavior and emotions, as well as the critical role of self-efficacy and coping in disease management (Brands et al., 2012). Brands et al. (2014) demonstrated that high self-efficacy in managing symptoms related to brain injury can prevent negative impacts of emotion-focused coping. This suggests that enhancing self-efficacy in patients may be a potential strategy for managing mental health issues following TBI. Research has already indicated that self-efficacy and quality of life improve following neuropsychological rehabilitation (Brands et al., 2017; Belanger et al., 2020). Hawley et al. (2022) employed a self-advocacy independent living (SAIL) program to enhance self-efficacy in TBI patients.

Future therapeutic approaches for anxiety and depression in TBI patients should explicitly focus on reinforcing patient self-belief to enhance self-efficacy.



4.4 Limitations

Despite revealing complex relationships between various factors and symptoms like anxiety, depression, delirium, sleep, and self-efficacy among TBI patients, our study has several limitations that must be considered. Firstly, the small sample size and short follow-up period may not capture all potential influencing factors, and selection bias among patients could affect the generalizability of the results. Secondly, identifying the independent impact of delirium still poses challenges, as this condition typically results from the interaction of multiple pathological factors (Maldonado, 2018). Thirdly, a significant proportion of the included population is male. Future research should aim to include more female participants to better represent the TBI population. Additionally, in this study, we only measured CRP, TNF-α, and IL-6 levels on day 1 post-injury. Future research should dynamically monitor serum inflammatory factors at multiple time points to clarify their effects on anxiety and depression. Given that only three mild TBI patients showed delirium, we could not perform subgroup analyses based on TBI classification. Therefore, it is unclear if the observed links between delirium and pain, sleep quality, and self-efficacy are due to differences in TBI classification. Lastly, approximately half of the patients in our study had comorbidities such as hypertension and diabetes, which could be a factor influencing cytokine levels in the studied patient group (Feng et al., 2022; Wang et al., 2024). Future studies could further expand our findings by validating them through larger-scale randomized controlled trials and delving deeper into the exact mechanisms of inflammation response in mental health issues post-TBI. Additionally, long-term follow-up studies could assess the prolonged impacts of these factors on the long-term mental health outcomes of TBI patients.




5 Conclusion

Our study identified significant correlations between younger age, underlying diseases, TBI classification, delirium, elevated CRP levels, lower self-efficacy, insomnia, and more severe anxiety symptoms. Conversely, there was no significant association between depression symptoms and delirium or insomnia, but significant relationships were found with serum CRP levels, TBI classification, and self-efficacy. In the future, serum CRP levels post-TBI hold promise as a biomarker to identify patients at risk for emotional symptoms. Additionally, comprehensive interventions targeting prevention and treatment of delirium, timely management of insomnia, and enhancement of patient self-efficacy could be promising strategies to improve mental health outcomes.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Biomedical Ethics Committee, Affiliated Hospital of Zunyi Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

ZF: Conceptualization, Investigation, Software, Writing – original draft. XM: Writing – original draft, Writing – review & editing. XL: Data curation, Methodology, Software, Writing – review & editing. LY: Data curation, Formal analysis, Supervision, Writing – review & editing. YX: Investigation, Writing – review & editing. SH: Conceptualization, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by Zunyi City Science and Technology Plan Project: Zuncity Kehe HZ character (2023) No. 293.



Acknowledgments

The authors would like to express their gratitude to the staff who participated in this research.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnins.2024.1484777/full#supplementary-material



References

 Ahmed, S., Venigalla, H., Mekala, H. M., Dar, S., Hassan, M., and Ayub, S. (2017). Traumatic brain injury and neuropsychiatric complications. Indian J. Psychol. Med. 39, 114–121. doi: 10.4103/0253-7176.203129

 Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change. Psychol. Rev. 84, 191–215. doi: 10.1037/0033-295X.84.2.191

 Barker-Collo, S., Theadom, A., Jones, K., Starkey, N., Kahan, M., and Feigin, V. (2018). Depression and anxiety across the first 4 years after mild traumatic brain injury: findings from a community-based study. Brain Inj. 32, 1651–1658. doi: 10.1080/02699052.2018.1540797

 Bekkevold, O. J., Damås, J. K., Brumpton, B. M., and Åsvold, B. O. (2023). The causal role of C-reactive protein and interleukin-6 on anxiety and depression symptoms and life satisfaction: Mendelian randomisation analyses in the HUNT study. Psychol. Med. 53, 7561–7568. doi: 10.1017/S0033291723001290

 Belanger, H. G., Vanderploeg, R. D., Curtiss, G., Armistead-Jehle, P., Kennedy, J. E., Tate, D. F., et al. (2020). Self-efficacy predicts response to cognitive rehabilitation in military service members with post-concussive symptoms. Neuropsychol. Rehabil. 30, 1190–1203. doi: 10.1080/09602011.2019.1575245

 Botchway, E. N., Godfrey, C., Anderson, V., Nicholas, C. L., and Catroppa, C. (2019). Outcomes of subjective sleep-wake disturbances twenty years after traumatic brain injury in childhood. J. Neurotrauma 36, 669–678. doi: 10.1089/neu.2018.5743

 Brands, I., Custers, M., and Van Heugten, C. (2017). Self-efficacy and quality of life after low-intensity neuropsychological rehabilitation: a pre-post intervention study. NeuroRehabilitation 40, 587–594. doi: 10.3233/NRE-171446

 Brands, I., Köhler, S., Stapert, S., Wade, D., and Van Heugten, C. (2014). Influence of self-efficacy and coping on quality of life and social participation after acquired brain injury: a 1-year follow-up study. Arch. Phys. Med. Rehabil. 95, 2327–2334. doi: 10.1016/j.apmr.2014.06.006

 Brands, I., Stapert, S., Köhler, S., Wade, D., and Van Heugten, C. (2015). Life goal attainment in the adaptation process after acquired brain injury: the influence of self-efficacy and of flexibility and tenacity in goal pursuit. Clin. Rehabil. 29, 611–622. doi: 10.1177/0269215514549484

 Brands, I. M., Wade, D. T., Stapert, S. Z., and Van Heugten, C. M. (2012). The adaptation process following acute onset disability: an interactive two-dimensional approach applied to acquired brain injury. Clin. Rehabil. 26, 840–852. doi: 10.1177/0269215511432018

 Brett, B. L., Gardner, R. C., Godbout, J., Dams-O'connor, K., and Keene, C. D. (2022). Traumatic brain injury and risk of neurodegenerative disorder. Biol. Psychiatry 91, 498–507. doi: 10.1016/j.biopsych.2021.05.025

 Briones, T. L., and Woods, J. (2014). Dysregulation in myelination mediated by persistent neuroinflammation: possible mechanisms in chemotherapy-related cognitive impairment. Brain Behav. Immun. 35, 23–32. doi: 10.1016/j.bbi.2013.07.175

 Capizzi, A., Woo, J., and Verduzco-Gutierrez, M. (2020). Traumatic brain injury: an overview of epidemiology, pathophysiology, and medical management. Med. Clin. North Am. 104, 213–238. doi: 10.1016/j.mcna.2019.11.001

 Chaput, G., Giguère, J. F., Chauny, J. M., Denis, R., and Lavigne, G. (2009). Relationship among subjective sleep complaints, headaches, and mood alterations following a mild traumatic brain injury. Sleep Med. 10, 713–716. doi: 10.1016/j.sleep.2008.07.015

 Christmas, D. M., Potokar, J., and Davies, S. J. (2011). A biological pathway linking inflammation and depression: activation of indoleamine 2, 3-dioxygenase. Neuropsychiatr. Dis. Treat. 431–439. doi: 10.2147/NDT.S17573

 Dantzer, R., O'connor, J. C., Freund, G. G., Johnson, R. W., and Kelley, K. W. (2008). From inflammation to sickness and depression: when the immune system subjugates the brain. Nat. Rev. Neurosci. 9, 46–56. doi: 10.1038/nrn2297

 Das, M., Mohapatra, S., and Mohapatra, S. S. (2012). New perspectives on central and peripheral immune responses to acute traumatic brain injury. J. Neuroinflamm. 9:236. doi: 10.1186/1742-2094-9-236

 Diggle, P. (2002). Analysis of Longitudinal Data. Oxford: Oxford University Press.

 Dikmen, S. S., Corrigan, J. D., Levin, H. S., Machamer, J., Stiers, W., and Weisskopf, M. G. (2009). Cognitive outcome following traumatic brain injury. J. Head Trauma Rehabil. 24, 430–438. doi: 10.1097/HTR.0b013e3181c133e9

 Draper, K., and Ponsford, J. (2008). Cognitive functioning ten years following traumatic brain injury and rehabilitation. Neuropsychology 22, 618–625. doi: 10.1037/0894-4105.22.5.618

 Draper, K., Ponsford, J., and Schönberger, M. (2007). Psychosocial and emotional outcomes 10 years following traumatic brain injury. J. Head Trauma Rehabil. 22, 278–287. doi: 10.1097/01.HTR.0000290972.63753.a7

 Duan, K., Mayer, A. R., Shaff, N. A., Chen, J., Lin, D., Calhoun, V. D., et al. (2021). DNA methylation under the major depression pathway predicts pediatric quality of life four-month post-pediatric mild traumatic brain injury. Clin. Epigenet. 13:140. doi: 10.1186/s13148-021-01128-z

 El-Khatib, H., Arbour, C., Sanchez, E., Dumont, M., Duclos, C., Blais, H., et al. (2019). Towards a better understanding of increased sleep duration in the chronic phase of moderate to severe traumatic brain injury: an actigraphy study. Sleep Med. 59, 67–75. doi: 10.1016/j.sleep.2018.11.012

 Ely, E. W., Inouye, S. K., Bernard, G. R., Gordon, S., Francis, J., May, L., et al. (2001). Delirium in mechanically ventilated patients: validity and reliability of the confusion assessment method for the intensive care unit (CAM-ICU). JAMA 286, 2703–2710. doi: 10.1001/jama.286.21.2703

 Ely, E. W., Truman, B., Shintani, A., Thomason, J. W., Wheeler, A. P., Gordon, S., et al. (2003). Monitoring sedation status over time in ICU patients: reliability and validity of the Richmond Agitation-Sedation Scale (RASS). JAMA 289, 2983–2991. doi: 10.1001/jama.289.22.2983

 Fedoce, A. D. G., Ferreira, F., Bota, R. G., Bonet-Costa, V., Sun, P. Y., and Davies, K. J. (2018). The role of oxidative stress in anxiety disorder: cause or consequence? Free Radic. Res. 52, 737–750. doi: 10.1080/10715762.2018.1475733

 Feng, L., Gao, Q., Hu, K., Wu, M., Wang, Z., Chen, F., et al. (2022). prevalence and risk factors of sarcopenia in patients with diabetes: a meta-analysis. J. Clin. Endocrinol. Metab. 107, 1470–1483. doi: 10.1210/clinem/dgab884

 Fichtenberg, N. L., Millis, S. R., Mann, N. R., Zafonte, R. D., and Millard, A. E. (2000). Factors associated with insomnia among post-acute traumatic brain injury survivors. Brain Inj. 14, 659–667. doi: 10.1080/02699050050044015

 Fogelberg, D. J., Hoffman, J. M., Dikmen, S., Temkin, N. R., and Bell, K. R. (2012). Association of sleep and co-occurring psychological conditions at 1 year after traumatic brain injury. Arch. Phys. Med. Rehabil. 93, 1313–1318. doi: 10.1016/j.apmr.2012.04.031

 Ganau, M., Lavinio, A., and Prisco, L. (2018). Delirium and agitation in traumatic brain injury patients: an update on pathological hypotheses and treatment options. Minerva Anestesiol. 84, 632–640. doi: 10.23736/S0375-9393.18.12294-2

 Gélinas, C., Fillion, L., Puntillo, K. A., Viens, C., and Fortier, M. (2006). Validation of the critical-care pain observation tool in adult patients. Am. J. Crit. Care 15, 420–427. doi: 10.4037/ajcc2006.15.4.420

 Goodyear, M. D., Krleza-Jeric, K., and Lemmens, T. (2007). The declaration of Helsinki. BMJ 335, 624–625. doi: 10.1136/bmj.39339.610000.BE

 Grima, N. A., Ponsford, J. L., St Hilaire, M. A., Mansfield, D., and Rajaratnam, S. M. (2016). Circadian melatonin rhythm following traumatic brain injury. Neurorehabil. Neural Repair 30, 972–977. doi: 10.1177/1545968316650279

 Haroon, E., Raison, C. L., and Miller, A. H. (2012). Psychoneuroimmunology meets neuropsychopharmacology: translational implications of the impact of inflammation on behavior. Neuropsychopharmacology 37, 137–162. doi: 10.1038/npp.2011.205

 Hawley, L., Morey, C., Sevigny, M., Ketchum, J., Simpson, G., Harrison-Felix, C., et al. (2022). Enhancing self-advocacy after traumatic brain injury: a randomized controlled trial. J. Head Trauma Rehabil. 37, 114–124. doi: 10.1097/HTR.0000000000000689

 Huang, W., Bliwise, D. L., Johnson, T. M., Long, Q., Kutner, N., and Stringer, A. Y. (2013). Correlates of persistent sleep complaints after traumatic brain injury. Neuropsychol. Rehabil. 23, 698–714. doi: 10.1080/09602011.2013.803488

 Hyder, A. A., Wunderlich, C. A., Puvanachandra, P., Gururaj, G., and Kobusingye, O. C. (2007). The impact of traumatic brain injuries: a global perspective. NeuroRehabilitation 22, 341–353. doi: 10.3233/NRE-2007-22502

 Johnson, K. A., Gordon, C. J., and Grunstein, R. R. (2019). Somatic symptoms are associated with insomnia disorder but not obstructive sleep apnoea or hypersomnolence in traumatic brain injury. NeuroRehabilitation 45, 409–418. doi: 10.3233/NRE-192868

 Juruena, M. F., Eror, F., Cleare, A. J., and Young, A. H. (2020). The role of early life stress in HPA axis and anxiety. Adv. Exp. Med. Biol. 1191, 141–153. doi: 10.1007/978-981-32-9705-0_9

 Langlois, J. A., Rutland-Brown, W., and Wald, M. M. (2006). The epidemiology and impact of traumatic brain injury: a brief overview. J. Head Trauma Rehabil. 21, 375–378. doi: 10.1097/00001199-200609000-00001

 Leduc, B. E., Dagher, J. H., Mayer, P., Bellemare, F., and Lepage, Y. (2007). Estimated prevalence of obstructive sleep apnea-hypopnea syndrome after cervical cord injury. Arch. Phys. Med. Rehabil. 88, 333–337. doi: 10.1016/j.apmr.2006.12.025

 Lequerica, A. H., Weber, E., Dijkers, M. P., Dams-O'connor, K., Kolakowsky-Hayner, S. A., Bell, K. R., et al. (2020). Factors associated with the remission of insomnia after traumatic brain injury: a traumatic brain injury model systems study. Brain Inj. 34, 187–194. doi: 10.1080/02699052.2019.1682193

 Leventhal, H., Phillips, L. A., and Burns, E. (2016). The Common-Sense Model of Self-Regulation (CSM): a dynamic framework for understanding illness self-management. J. Behav. Med. 39, 935–946. doi: 10.1007/s10865-016-9782-2

 Lewin, A., Jöbges, M., and Werheid, K. (2013). The influence of self-efficacy, pre-stroke depression and perceived social support on self-reported depressive symptoms during stroke rehabilitation. Neuropsychol. Rehabil. 23, 546–562. doi: 10.1080/09602011.2013.794742

 Longworth, C., Deakins, J., Rose, D., and Gracey, F. (2018). The nature of self-esteem and its relationship to anxiety and depression in adult acquired brain injury. Neuropsychol. Rehabil. 28, 1078–1094. doi: 10.1080/09602011.2016.1226185

 Lozano-Vicario, L., García-Hermoso, A., Cedeno-Veloz, B. A., Fernández-Irigoyen, J., Santamaría, E., Romero-Ortuno, R., et al. (2023). Biomarkers of delirium risk in older adults: a systematic review and meta-analysis. Front. Aging Neurosci. 15:1174644. doi: 10.3389/fnagi.2023.1174644

 Mahmood, O., Rapport, L. J., Hanks, R. A., and Fichtenberg, N. L. (2004). Neuropsychological performance and sleep disturbance following traumatic brain injury. J. Head Trauma Rehabil. 19, 378–390. doi: 10.1097/00001199-200409000-00003

 Maldonado, J. R. (2018). Delirium pathophysiology: AN updated hypothesis of the etiology of acute brain failure. Int. J. Geriatr. Psychiatry 33, 1428–1457. doi: 10.1002/gps.4823

 Malik, S., Alnaji, O., Malik, M., Gambale, T., and Rathbone, M. P. (2022). Correlation between mild traumatic brain injury-induced inflammatory cytokines and emotional symptom traits: a systematic review. Brain Sci. 12:102. doi: 10.3390/brainsci12010102

 Marcantonio, E. R., Ngo, L. H., O'connor, M., Jones, R. N., Crane, P. K., Metzger, E. D., et al. (2014). 3D-CAM: derivation and validation of a 3-minute diagnostic interview for CAM-defined delirium: a cross-sectional diagnostic test study. Ann. Intern. Med. 161, 554–561. doi: 10.7326/M14-0865

 Mathias, J. L., and Alvaro, P. K. (2012). Prevalence of sleep disturbances, disorders, and problems following traumatic brain injury: a meta-analysis. Sleep Med. 13, 898–905. doi: 10.1016/j.sleep.2012.04.006

 McAfoose, J., and Baune, B. T. (2009). Evidence for a cytokine model of cognitive function. Neurosci. Biobehav. Rev. 33, 355–366. doi: 10.1016/j.neubiorev.2008.10.005

 Moore, E. L., Terryberry-Spohr, L., and Hope, D. A. (2006). Mild traumatic brain injury and anxiety sequelae: a review of the literature. Brain Inj. 20, 117–132. doi: 10.1080/02699050500443558

 Morganti-Kossmann, M. C., Semple, B. D., Hellewell, S. C., Bye, N., and Ziebell, J. M. (2019). The complexity of neuroinflammation consequent to traumatic brain injury: from research evidence to potential treatments. Acta Neuropathol. 137, 731–755. doi: 10.1007/s00401-018-1944-6

 Murray, K. N., Buggey, H. F., Denes, A., and Allan, S. M. (2013). Systemic immune activation shapes stroke outcome. Mol. Cell. Neurosci. 53, 14–25. doi: 10.1016/j.mcn.2012.09.004

 Osborn, A. J., Mathias, J. L., and Fairweather-Schmidt, A. K. (2014). Depression following adult, non-penetrating traumatic brain injury: a meta-analysis examining methodological variables and sample characteristics. Neurosci. Biobehav. Rev. 47, 1–15. doi: 10.1016/j.neubiorev.2014.07.007

 Osimo, E. F., Pillinger, T., Rodriguez, I. M., Khandaker, G. M., Pariante, C. M., and Howes, O. D. (2020). Inflammatory markers in depression: a meta-analysis of mean differences and variability in 5,166 patients and 5,083 controls. Brain Behav. Immun. 87, 901–909. doi: 10.1016/j.bbi.2020.02.010

 Piantino, J. A., Iliff, J. J., and Lim, M. M. (2022). The bidirectional link between sleep disturbances and traumatic brain injury symptoms: a role for glymphatic dysfunction? Biol. Psychiatry 91, 478–487. doi: 10.1016/j.biopsych.2021.06.025

 Povlishock, J. T., and Katz, D. I. (2005). Update of neuropathology and neurological recovery after traumatic brain injury. J. Head Trauma Rehabil. 20, 76–94. doi: 10.1097/00001199-200501000-00008

 Qin, L., Wu, X., Block, M. L., Liu, Y., Breese, G. R., Hong, J. S., et al. (2007). Systemic LPS causes chronic neuroinflammation and progressive neurodegeneration. Glia 55, 453–462. doi: 10.1002/glia.20467

 Rao, V., Mccann, U., Han, D., Bergey, A., and Smith, M. T. (2014). Does acute TBI-related sleep disturbance predict subsequent neuropsychiatric disturbances? Brain Inj. 28, 20–26. doi: 10.3109/02699052.2013.847210

 Rapoport, M. J., Kiss, A., and Feinstein, A. (2006). The impact of major depression on outcome following mild-to-moderate traumatic brain injury in older adults. J. Affect. Disord. 92, 273–276. doi: 10.1016/j.jad.2005.05.022

 Rathbone, A. T., Tharmaradinam, S., Jiang, S., Rathbone, M. P., and Kumbhare, D. A. (2015). A review of the neuro- and systemic inflammatory responses in post concussion symptoms: Introduction of the “post-inflammatory brain syndrome” PIBS. Brain Behav. Immun. 46, 1–16. doi: 10.1016/j.bbi.2015.02.009

 Riggio, S. (2011). Traumatic brain injury and its neurobehavioral sequelae. Neurol. Clin. 29, 35–47, vii. doi: 10.1016/j.ncl.2010.10.008

 Rimel, R. W., Giordani, B., Barth, J. T., and Jane, J. A. (1982). Moderate head injury: completing the clinical spectrum of brain trauma. Neurosurgery 11, 344–351. doi: 10.1227/00006123-198209000-00002

 Roberson, S. W., Patel, M. B., Dabrowski, W., Ely, E. W., Pakulski, C., and Kotfis, K. (2021). Challenges of delirium management in patients with traumatic brain injury: from pathophysiology to clinical practice. Curr. Neuropharmacol. 19, 1519–1544. doi: 10.2174/1570159X19666210119153839

 Rocca, G., Caputo, F., Frigiolini, F. M. E., Verde, A., and Ventura, F. (2019). Delirium resulting from traumatic brain injury as an acute risk factor for suicide: a case report and review of the literature. J. Neuropsychiatry Clin. Neurosci. 31, 86–88. doi: 10.1176/appi.neuropsych.18080172

 Saravanan, K., Downey, L., Sawyer, A., Jackson, M. L., Berlowitz, D. J., and Graco, M. (2024). Understanding the relationships between sleep quality and depression and anxiety in neurotrauma: a scoping review. J. Neurotrauma 41, 13–31. doi: 10.1089/neu.2023.0033

 Schafer, J. L. (1997). Analysis of Incomplete Multivariate Data (1st ed.). New York, NY: Chapman and Hall/CRC. doi: 10.1201/9780367803025

 Scholten, A. C., Haagsma, J. A., Cnossen, M. C., Olff, M., Van Beeck, E. F., and Polinder, S. (2016). Prevalence of and risk factors for anxiety and depressive disorders after traumatic brain injury: a systematic review. J. Neurotrauma 33, 1969–1994. doi: 10.1089/neu.2015.4252

 Schwarzer, R., Jerusalem, M., and Juczyński, Z. (2009). The general self-efficacy scale (GSE). Anxiety, Stress, Coping 12, 329–345.

 Scott, A. J., Webb, T. L., Martyn-St James, M., Rowse, G., and Weich, S. (2021). Improving sleep quality leads to better mental health: a meta-analysis of randomised controlled trials. Sleep Med. Rev. 60:101556. doi: 10.1016/j.smrv.2021.101556

 Sherer, M., Katz, D. I., Bodien, Y. G., Arciniegas, D. B., Block, C., Blum, S., et al. (2020). Post-traumatic confusional state: a case definition and diagnostic criteria. Arch. Phys. Med. Rehabil. 101, 2041–2050. doi: 10.1016/j.apmr.2020.06.021

 Silva-Fernandes, A., Conde, A., Marques, M., Caparros-Gonzalez, R. A., Fransson, E., Mesquita, A. R., et al. (2024). Inflammatory biomarkers and perinatal depression: a systematic review. PLoS ONE 19:e0280612. doi: 10.1371/journal.pone.0280612

 Soldatos, C. R., Dikeos, D. G., and Paparrigopoulos, T. J. (2000). Athens Insomnia Scale: validation of an instrument based on ICD-10 criteria. J. Psychosom. Res. 48, 555–560. doi: 10.1016/S0022-3999(00)00095-7

 Su, S. H., Xu, W., Li, M., Zhang, L., Wu, Y. F., Yu, F., et al. (2014). Elevated C-reactive protein levels may be a predictor of persistent unfavourable symptoms in patients with mild traumatic brain injury: a preliminary study. Brain Behav. Immun. 38, 111–117. doi: 10.1016/j.bbi.2014.01.009

 Sun, Y., Bai, L., Niu, X., Wang, Z., Yin, B., Bai, G., et al. (2019). elevated serum levels of inflammation-related cytokines in mild traumatic brain injury are associated with cognitive performance. Front. Neurol. 10:1120. doi: 10.3389/fneur.2019.01120

 Teasdale, G., and Jennett, B. (1976). Assessment and prognosis of coma after head injury. Acta Neurochir. 34, 45–55. doi: 10.1007/BF01405862

 Tsigos, C., and Chrousos, G. P. (2002). Hypothalamic-pituitary-adrenal axis, neuroendocrine factors and stress. J. Psychosom. Res. 53, 865–871. doi: 10.1016/S0022-3999(02)00429-4

 Uiterwijk, D., Stargatt, R., Humphrey, S., and Crowe, S. F. (2022). The relationship between cognitive functioning and symptoms of depression, anxiety, and post-traumatic stress disorder in adults with a traumatic brain injury: a meta-analysis. Neuropsychol. Rev. 32, 758–806. doi: 10.1007/s11065-021-09524-1

 Vasunilashorn, S. M., Dillon, S. T., Inouye, S. K., Ngo, L. H., Fong, T. G., Jones, R. N., et al. (2017). High C-reactive protein predicts delirium incidence, duration, and feature severity after major noncardiac surgery. J. Am. Geriatr. Soc. 65, e109–e116. doi: 10.1111/jgs.14913

 Volz, M., Möbus, J., Letsch, C., and Werheid, K. (2016). The influence of early depressive symptoms, social support and decreasing self-efficacy on depression 6 months post-stroke. J. Affect. Disord. 206, 252–255. doi: 10.1016/j.jad.2016.07.041

 von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., and Vandenbroucke, J. P. (2007). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet 370, 1453–1457. doi: 10.1016/S0140-6736(07)61602-X

 Wang, C., Li, S., Song, Y., Yuan, X., Zhu, H., and Yu, B. (2024). Prospective association of comorbid hypertension and depressive symptoms with C-reactive protein in older adults. J. Affect. Disord. 354, 286–292. doi: 10.1016/j.jad.2024.03.066

 Wium-Andersen, M. K., Ørsted, D. D., Nielsen, S. F., and Nordestgaard, B. G. (2013). Elevated C-reactive protein levels, psychological distress, and depression in 73, 131 individuals. JAMA Psychiatry 70, 176–184. doi: 10.1001/2013.jamapsychiatry.102

 Yang, Q. Q., Shao, D., Li, J., Yang, C. L., Fan, M. H., and Cao, F. L. (2020). Positive association between serum levels of high-sensitivity C-reactive protein and depression/anxiety in female, but not male, patients with type 2 diabetes mellitus. Biol. Res. Nurs. 22, 178–187. doi: 10.1177/1099800419894641

 Zahniser, E., Nelson, L. D., Dikmen, S. S., Machamer, J. E., Stein, M. B., Yuh, E., et al. (2019). The temporal relationship of mental health problems and functional limitations following mTBI: A TRACK-TBI and TED study. J. Neurotrauma 36, 1786–1793. doi: 10.1089/neu.2018.6172

 Zigmond, A. S., and Snaith, R. P. (1983). The hospital anxiety and depression scale. Acta Psychiatr. Scand. 67, 361–370. doi: 10.1111/j.1600-0447.1983.tb09716.x

Copyright
 © 2024 Fu, Miao, Luo, Yuan, Xie and Huang. 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.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Analysis of the correlation and influencing factors between delirium, sleep, self-efficacy, anxiety, and depression in patients with traumatic brain injury: a cohort study



		1 Introduction



		2 Methods



		2.1 Study design



		2.2 Study setting



		2.3 Study population



		2.4 Data collection



		2.4.1 Basic information



		2.4.2 Measurement of serum CRP, TNF-α, and IL-6



		2.4.3 Pain



		2.4.4 Sleep duration



		2.4.5 Sleep quality



		2.4.6 Self efficacy



		2.4.7 Delirium



		2.4.8 Anxiety and depression assessment









		2.5 Sample size



		2.6 Statistical analysis







		3 Results



		3.1 Comparison of baseline characteristics between delirium and non-delirium groups in TBI patients



		3.2 Factors influencing anxiety in patients with TBI



		3.3 Factors influencing depression in patients with TBI



		3.4 Comparison of HADS-A scores between delirium and non-delirium patients with TBI



		3.5 Comparison of HADS-A scores among TBI patients with different sleep quality levels



		3.6 Comparison of HADS-A scores among TBI patients with different levels of self-efficacy



		3.7 Comparison of HADS-D scores among TBI patients with different levels of self-efficacy







		4 Discussion



		4.1 The relationship between CRP, delirium, anxiety, and depression in patients with TBI



		4.2 The relationship between insomnia, anxiety, and depression in patients with TBI



		4.3 The relationship between self-efficacy and anxiety/depression in patients with TBI



		4.4 Limitations







		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References























OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neuroscience







OPS/images/fnins-18-1484777-g005.gif
HADS-D seors

‘self-efficacy

e
* motimled
o bt






OPS/images/fnins-18-1484777-t001.jpg
Variable

Gender, 1 (%) Man 49 (69.0) 36 (64.3) 0316 0.574
Woman 22 (31.0%) 20 (35.7%)
Age, n (%) 18-30 4(7.2) 14 (19.7) 14.374 0.001
31-59 27 (48.2) 11 (15.5)
=60 25 (44.6) 46 (64.8)
Residential types, 1 (%) Rural 23(32.4) 18 (32.1) 0.001 0.976
Urban 48 (67.6) 38(67.9)
Marital status, 1 (%) Married 43 (60.6) 34 (60.7) 0.001 0.986
Single 28 (39.4) 22(39.3)
Work status, n (%) Employed 43 (60.6) 30 (46.4) 0.626 0429
Unemployed 28 (39.4) 26 (53.6)
Education, 7 (%) Primary school and 10 (14.1) 8(14.3) 0.703 0.951
below
Middle school 18 (25.3) 11 (19.6)
High school 22 (31.0) 20 (35.7)
Junior college 13 (18.3) 10 (17.9)
Bachelor and above 8(11.3) 7(12.5)
education degree
Underlaying disease, n No 33 (46.5) 18 (32.1) 2677 0.102
(%)
Yes 38 (53.5) 38(67.9)
BMI (kg/m?), 1 (%) <185 3(4.3) 2(3.6) 0.645 0.886
18.5-23.9 26 (36.6) 17 (30.4)
24-27.9 28 (39.4) 25 (44.6)
>28 14 (19.7) 12 (214)
Monthly family income <5,000 8(11.3) 4(7.1) 0.937 0.626
(yuan), (%)
5,000-10,000 27 (38.0) 25 (44.7)
>10,000 36 (50.7) 27 (48.2)
TBI classification, n (%) | Mild TBI 47 (66.2) 2(3.6) 51.816 <0.001
Moderate TBI 24 (33.8) 54 (96.4)
Sleep duration (min) 308.82 + 50.56 28247 £51.31 2.897 0.004
CRP (mg/L) 25.18 (14.91) 44.80 (12.07) —5.189 <0.001
TNFa (pg/ml) 173.91 (38.55) 268.74 (51.99) —6517 <0.001
1L6 (pg/ml) 285.34 (214.81) 288.67 (222.44) —1513 013
CPOT score 315+ 1.54 4.53+£1.29 —5.386 <0.001
AIS 11.31 £5.87 13.41 £ 441 —2225 0.028
GSES 2.81£1.26 1.74 £ 049 5.961 <0.001

TBI, traumatic brain injury; GSES, general self-efficacy scale; CPOT, critical-care pain observation tool; AIS, Athens insomnia scale; CRP, C-reactive protein; TNF o, tumor necrosis factor a;

1L-6, interleukin-6.
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Parameter 95%Cl Waldy?2 P-value
Lower limit Upper limit
Intercept 5.804 2.0171 1.851 9.758 8.281 0.004
Time
6 months —3.071 0.1206 —3.307 —2.835 648.647 0.000
3 months —2.159 0.1008 —2.357 ~1.962 458.898 0.000
1 months —0.429 0.1021 —0.630 —0.229 17.670 0.000
Baseline [ - - = = -
Gender
Female 0.208 02673 —0316 0732 0.605 0437
Male 0 - - - - -
Age
18-39y 1211 0.3686 0.488 1.933 10.790 0.001
40-59y 0.532 0.3674 —0.188 1.253 2.099 0.147
=60y 0 = = - - =
Residential types
Rural 0.029 03519 —0.661 0718 0.007 0935
Urban 0 - - - - -
Marital status
Single 0340 0.3097 —0.267 0947 1203 0273
Married 0 - - - - -
Work status
Unemployed —0.138 0.2559 —0.640 0363 0292 0589
Employed [ - - - - -
Education
Bachelor and above education 0232 0.5140 —0.775 1.240 0204 0.652
degree
Junior college 0.188 0.5416 —0.873 1.250 0.121 0.728
High school —0.225 0.4382 —1.083 0.634 0.263 0.608
Middle school —0.218 0.4727 —1.144 0.709 0212 0.645
Primary school and below 0 “ = = - =
Underlaying disease
Existence 0.779 0.2583 0272 1.285 9.089 0.003
Non-existence [ - - - - -
BMI (kg/m?)
>28 0.022 0.9239 —1.789 1.833 0.001 0.981
24-27.9 0414 0.9566 —1.461 2289 0.187 0.665
18.5-23.9 0252 09136 —1.538 2043 0076 0782
<185 0* - - - - -
Monthly family income (yuan)
>10,000 —0.943 0.5740 —2.068 0.182 2.697 0.101
5,000-10,000 —0.715 0.6187 —1.928 0.497 1337 0.248
<5,000 [ - - b - .
TBI classification
Mild TBI 1.508 03535 0815 2201 18.208 0.000
Moderate TBI 0 - - - - -
Delirium
Yes 1.148 0.3866 0.390 1.906 8.819 0.003
No [ - - - - -
AlS score
>6 0.953 0.4874 —0.002 1.909 3.826 0.050
4-6 0366 04345 —0.486 1218 0.709 0.400
0-4 0 - - - - -
GSES score
5-6 —1.076 0.4006 —1.861 —0.291 7219 0.007
3-4 —0.093 0.2941 —0.669 0.484 0.099 0.753
1-2 0 - - - - -
CPOT score —0.063 0.1084 —0.276 0.149 0340 0.560
CRP (mg/L) 0.057 0.0156 0.026 0.087 13.258 0.000
‘TNFa (pg/ml) 0.001 0.0033 —0.007 0.006 0.019 0.889
IL—6 (pg/ml) 0.002 0.0011 0.000 0.004 25536 0.111
Sleep duration (min) —0.020 0.0097 —0.039 —0.001 4.110 0.043

TBI, traumatic brain injury; GSES, general self-efficacy scale; CPOT, critical-care pain observation tool; AIS, Athens insomnia scale; CRR, C-reactive protein; TNF o, tumor necrosis factor o5

IL-6, Interleukin-6.

0° refers to the redundant parameter; § refers to the regression coefficient or model parameter; “=” indicates that the group is the reference group.
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Parameter 95%Cl Waldy?2 P-value
Lower limit Upper limit
Intercept 6775 2.7695 1.347 12.203 5.984 0.014
Time
6 months —3.537 0.1596 —3.850 -3224 490.878 0.000
3 months —3.007 02125 3423 —2.591 200324 0.000
1 months —0.587 0.1265 —0.835 —0.339 21.542 0.000
Baseline [ - - = = -
Gender
Female 0.105 03644 —0.609 0819 0.083 0773
Male 0
Age
18-39y 0540 0.4601 —0.362 1.441 1.376 0241
40-59y 0.035 0.4394 —0.826 0.896 0.006 0.937
=60y 0 = = - - =
Residential types
Rural —0.562 03352 —1219 0.095 2.808 0.094
Urban 0 - - - - -
Marital status
Single 0.327 0.3428 —0.345 0.999 0910 0.340
Married 0 - - - - -
Work status
Unemployed —0.244 02878 —0.808 0320 0718 0397
Employed [ - - - - -
Education
Bachelor and above education —0.331 0.5938 —1.495 0832 0311 0577
degree
Junior college —0.038 0.6204 —1.254 1.178 0.004 0.951
High school —0.151 0.5158 —1.161 0.860 0.085 0.770
Middle school —0.015 0.4563 —0.909 0.880 0.001 0.975
Primary school and below 0 “ = = - =
Underlaying disease, n (%)
Existence 0393 02716 —0.139 0925 2093 0.148
Non-existence [ - - - - -
BMI (kg/m?)
>28 —1.600 1.2553 —4.060 0.860 1.625 0.202
24-27.9 —1.792 1.2621 —4.266 0.681 2017 0.156
18.5-23.9 —1412 1.2554 —3.873 1.048 1.266 0261
<185 0* - - - - -
Monthly family income (yuan)
>10,000 —0.575 0.5038 —1.563 0.412 1304 0.253
5,000-10,000 —0.752 0.5534 —1.836 0333 1.844 0.174
<5,000 [ - - b - .
TBI classification
Mild TBI 0922 03862 0.165 1.679 5.695 0.017
Moderate TBI 0 - - - - -
Delirium
Yes 0222 04522 —0.665 1.108 0240 0.624
No 0a = = - - -
AlS score
>6 0.658 0.5830 —0.485 1.800 1272 0.259
4-6 0.499 04871 —0.456 1.453 1.048 0306
0-4 0 - - - - -
GSES score
5-6 —0.971 03788 —1714 —0.229 6573 0.010
3-4 —0.981 0.5046 —1.970 0.008 3.780 0.052
1-2 0 - - - - -
CPOT 0.040 0.1046 —0.165 0245 0.147 0.702
CRP (mg/L) 0.037 0.0166 0.005 0.070 5.003 0.025
‘TNFa (pg/ml) 0.007 0.0046 —0.002 0016 2316 0.128
IL—6 (pg/ml) 0.000 0.0016 —0.003 0.003 0.003 0.955
Sleep duration (min) —0.012 0.0094 —0.030 0.006 1.629 0.202

TBI, traumatic brain injury; GSES, general self-efficacy scale; CPOT, critical-care pain observation tool; AIS, Athens insomnia scale; CRR, C-reactive protein; TNF o, tumor necrosis factor o5

IL-6, Interleukin-6.

0° refers to the redundant parameter; § refers to the regression coefficient or model parameter; “=” indicates that the group is the reference group.
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