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Background: Tuberculosis (TB) patients commonly suffer from sleep issues owing to various adverse drug reactions (ADRs), disease symptoms, and the contagious nature of their disease. These sleep issues negatively affect the treatment outcome and quality of life. However, the prevalence of sleep disturbance and its associated factors among TB patients have rarely been reported.

Methods: A total of 497 inpatients with TB from three hospitals in China were enrolled in this cross-sectional study to investigate their sleep quality using the Pittsburgh sleep quality index (PSQI). Clinical data, including demographic information, TB-related stigma, perceived stress, and nutrition- and immunity-related indicators, were also collected to explore the factors associated with sleep disturbance among the recruited patients.

Results: Approximately 70% of the recruited patients reported a sleep disturbance to varying degrees, presenting poorer global and subjective sleep qualities, longer sleep latency, shorter sleep duration, lower sleep efficiency, more frequent sleep disturbances, greater use of sleeping medication, and more severe daytime dysfunction. Furthermore, the body mass index (BMI), hemoglobin levels, albumin levels, and T lymphocyte count of the patients in the poor sleep quality group were significantly lower than those in the good sleep quality group (p < 0.05). Increasing age, higher income, drug resistance, higher stigma or stress perception, lower albumin levels, and lower CD4 levels were significantly associated with sleep disturbance among TB patients (p < 0.05).

Conclusion: Three-quarters of the participants were found to suffer from a probable sleep disturbance. And sleep problems are linked to biological traits that interact with psychological, cultural, and social factors in complex ways. It is therefore important to pay attention to the sleep quality of TB patients, especially those with the identified risk factors. Besides, taking care of these risk factors may prove to be an effective sleep management strategy.
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Introduction

Tuberculosis (TB) is still considered a pandemic that is caused by Mycobacterium tuberculosis (Mtb) (1). With an estimated 10.6 million new cases and a mortality rate of 15% worldwide in 2021, it is the second leading infectious killer after COVID-19 and the 13th leading cause of death worldwide (2). Current TB treatment strategies rely heavily on long-term anti-TB regimens involving multiple medications (3). Among TB patients, various adverse drug reactions (ADRs), such as liver injury and neuropathy, or disease symptoms, such as cough, dyspnea, and pain, often lead to a high prevalence of sleep disturbance (4). TB with the comorbidity of sleep disturbance often puts patients at risk for other chronic diseases, such as diabetes mellitus, hypertension, psychiatric disease, and substance-use disorders (5, 6). Moreover, chronic insomnia is associated with disturbances in immune regulation, manifested by a decrease in the levels of lymphocytes (CD3, CD4, and CD8 cells), which can worsen TB outcomes (7). Therefore, it is crucial to provide immediate attention and timely intervention to TB patients suffering from sleep disturbances.

Sleep quality is determined by their satisfaction with their sleep experience, which comprises the aspects of sleep initiation and sleep maintenance (8). Insomnia and disorders that disturb the quality of sleep account for most sleep disturbances (9). Previous studies have demonstrated sleep quality to be strongly associated with several factors. A recent study reported that stigma, which is marked by labeling, stereotyping, and prejudice, has a strong relationship with self-reported characteristics of sleep deficiency, including insomnia and sleep duration (10), and this correlation was significantly mediated by stress and depression (11). Accumulating evidence also suggests that perceived stress is a significant risk factor for reduced sleep quality (8, 12). In addition, clinical studies have demonstrated that sleep quality exhibits a reciprocal relationship with nutrition and immunity (13, 14).

Similar to acquired immune deficiency syndrome (AIDS) patients, TB patients also suffer from a persistent and deep-rooted stigma, primarily stemming from discrimination and avoidance from others, difficulties in service utilization and employment, and so on. It has been reported that about 42% to 82% TB patients suffered from varying levels of stigma (15). Another study showed that more than half of the TB patients perceived higher stress, which increased the risk of emotional distress (16). Previous studies have shown that the presence of at least one chronic disease, such as diabetes, in TB patients is closely associated with psychological distress (17). The incidence of TB is accompanied by a decrease in appetite, nutrient malabsorption, and metabolism disturbance, leading to wasting and undernutrition status (18). Undernutrition in TB patients manifests as protein-energy malnutrition and micronutrient deficiencies, which contribute to immunodeficiency, decrease in BMI, hypoalbuminemia, anemia, and lymphocytopenia in patients, thus inhibiting their ability to fight infection (19, 20).

The epidemiological reporting of sleep disturbance in TB patients is rarely considered, and there exists a dearth of literature correlated with its predictors, in particular with stigma, perceived stress, nutrition- and immune-related indicators (4, 21). Thus, this work investigated and analyzed sleep quality and its associated factors among TB patients in China.



Materials and methods


Study design and settings

This cross-sectional survey was approved by the Biomedical Research Ethics Committee of West China Hospital, Sichuan University. Through convenience sampling, we recruited 497 TB patients who underwent treatment at West China Hospital, Guangyuan Mental Health Center, and the Fourth People′s Hospital of Guangxi in China between November 2021 and February 2022. Clinical data, including demographic information, sleep quality, TB-related stigma, and perceived stress, were collected using appropriate instruments on the day of admission. Fasting venous blood samples were collected the morning after the day of admission for examination of nutrition and immunity markers.



Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Confirmed or highly suspected TB patients who have been diagnosed based on the guidelines of the national TB program (17, 22); (2) Patients who could complete the questionnaire with their communication and cognitive skills; and (3) Patients who voluntarily participated in the study.

The exclusion criteria were as follows: (1) Patients with confirmed psychiatry disorders or severe somatic disorders, including but not limited to tumors, critical infections, and immune diseases; and (2) Patients who were administered immune-altering medications or infusion of blood products.



Measurements
 
Clinical evaluation

Demographic information, including age, gender, height, weight, education years, marital status, income per month, duration of illness, drug resistance status, and whether the patient suffered from diabetes, was collected using an electronic structured questionnaire. Drug resistance was defined as the resistance of Mtb to at least one first-line anti-TB drug, such as isoniazid and rifampicin, in the drug susceptibility test (23).



Evaluation of sleep quality, TB-related stigma, and perceived stress

Sleep quality was measured using the Pittsburgh sleep quality index (PSQI) during the last month of the recruitment (8). The questionnaire comprises 19 individual items that generate seven “component” scores: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Scores for these seven components are added up to obtain a global score ranging from 0 to 21. Higher global scores indicated worse sleep quality. A PSQI global score of >5 was defined as poor sleep quality, while ≤ 5 was defined as good sleep quality (4). Previous research has shown that the Chinese version of the PSQI is highly reliable and appropriate for the Chinese population (24).

TB-Related Stigma Scale (TRSS) was used to assess the stigma of TB patients. This scale has been proven suitable for measuring stigma among Chinese TB patients. It uses a 4-point Likert scale and comprises nine items to provide a total score (range: 0–27). Higher scores indicate greater stigma (25).

The Chinese version of the 14-item Perceived Stress Scale (PSS-14) was used to evaluate the psychological distress during the previous month of the recruitment. It is a 5-point Likert scale and items 4, 5, 6, 7, 9, 10, and 13 were scored in reverse. The total score ranged from 0 to 56 and a higher score indicates more perceived stress (8).

All the self-reported scoring materials employed in this study have been validated and widely used in clinics, exhibiting an excellent Cronbach's alpha of 0.814~0.925.



Nutrition and immunity markers

Clinical data, including diagnosis, prescriptions, and laboratory test results, were extracted from the electronic medical record. The nutrition and immunity parameters primarily comprised hemoglobin, albumin, and T cell subset (CD3, CD4, and CD8 counts, and the CD4/CD8 ratio).




Statistical analysis

SPSS (version 21.0) was used for statistical analyses. Continuous variables were presented as means ± standard deviation (SD), and group differences were examined using the independent sample′s t-test. Categorical variables were presented as frequencies and percentages, and group comparisons were performed using the Chi square test. Logistic regression analysis was conducted to identify the risk factors related to sleep disturbance. A p-value of < 0.05 was considered statistically significant.




Results


Prevalence and demographic characteristics

Initially, a total of 512 TB patients were recruited for the study. Of these, 15 patients were eventually excluded owing to illogical or incomplete responses to the questionnaires, with a participation rate of 97.1%. Finally, 497 participants were enrolled with a mean age of 50.9 ± 18.3 years (range: 14–89 years), comprising 282 men (56.5%) and 215 women (43.5%). Based on the Health Industry Standard of the People's Republic of China—Classification for Tuberculosis (WS196–2017), those TB patients were classified as pulmonary, extrapulmonary, or mixed (26). The average PSQI, TRSS, and PSS-14 scores were 8.8 ± 4.6, 8.5 ± 5.7, and 39.1 ± 8.3, respectively. Using a cut-off score of 5 points, 344 (69.2%) patients were reported to be suffering from sleep disturbances. Patients were divided into two groups based on their PSQI global score: poor sleep quality and good sleep quality. Furthermore, according to PSQI self-reported data in the group of poor sleep quality, more than 36% of this population reported daytime dysfunction ≥3 times per week, and approximately 16% used medicine to improve sleep quality.

We began by examining the participants' sleep habits. Patients with poor sleep quality had significantly higher scores for global, subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction than those with good sleep quality (p < 0.05) (Table 1).


TABLE 1 Sleep quality in patients with tuberculosis.
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We then looked at the participants' demographics, disease characteristics, stigma, and perceived stress. We discovered that poor sleepers were older, had fewer education years, and had a higher stigma or perceived stress. Furthermore, TB patients with poor sleep quality had a higher proportion of the population who were divorced or widowed, had drug resistance, or had diabetes than those with good sleep quality (p < 0.05). There were no differences in sex or illness duration between the good and poor sleep groups (p < 0.05) (Table 2).


TABLE 2 Demographic characteristics, stigma and perceived stress in patients with tuberculosis.
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The nutrition and immune characteristic

Third, we examined the participants' BMI, hemoglobin, albumin, and T lymphocytes. All of the data in the poor sleep quality group were significantly lower than those in the good sleep quality group (p < 0.05) (Table 3).


TABLE 3 Nutrition and immune parameters in patients with tuberculosis.
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Logistic regression analysis of factors associated with poor sleep quality in TB patients

According to logistic regression analysis, increasing age, higher income, drug resistance, higher stigma or stress perception, lower albumin levels, or lower CD4 counts all had a significant association with poor sleep quality in TB patients (p < 0.05) (Table 4).


TABLE 4 Logistic regression analysis of associated factors in tuberculosis patients with sleep disturbance.
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Discussion

We investigated the prevalence of sleep disturbance and its associated factors among TB patients, which had previously been reported only infrequently. In this study, approximately 70% of the patients reported varying degrees of sleep disturbance, with poorer global sleep quality and subjective sleep quality, longer sleep latency, shorter sleep duration, lower sleep efficiency, more frequent sleep disturbances, increased use of sleeping medication, and more severe daytime dysfunction which was higher than a study of 17% in India (4). The differences could be attributed to different measurement tools, as well as the recruitment of a large number of critical patients with complex conditions. Furthermore, no statistically significant differences in PSQI global score were found among patients with different types of tuberculosis (F = 1.331, p = 0.265).

The current study also discovered that patients who were divorced or widowed, having drug resistance or diabetes, had poor sleep quality (9.0% vs. 3.9%, 14.5% vs. 3.3%, 15.1% vs. 8.5%). Divorced or widowed people were more likely to have sleep problems. One possible explanation is that a lack of companionship does not provide them with the emotional support they require to sleep well (27). Furthermore, diabetes patients were more prone to have sleep disturbances, probably owing to hyperglycemia and altered insulin homeostasis (5, 28). Furthermore, our study found that TB patients with poor sleep quality had worse nutritional status and cell immune function than those with good sleep quality.

In a logistic regression analysis, increasing age, higher income, drug resistance, a higher score of stigma or perceived stress, a lower level of albumin, and lower CD4 T cell counts were found to be predictors of poor sleep quality in TB patients. TB was more common in older people, and the notification rate and mortality rate increased with age (29). Our findings are consistent with the current literature, which suggests that the elderly is more vulnerable to sleep disorders. The reason for this could be that as we age, the circadian system and sleep homeostatic mechanisms become less robust as the amount and pattern of sleep-related hormone secretion changes (30). Our study found an increased risk of poor sleep quality with higher income, which contradicted a previous study (27), possibly because this population has experienced more work stress (such as TB-related stigma). Patients with drug resistant tuberculosis (DR-TB) are more susceptible to psychosocial issues or sleep problems than patients with drug susceptible tuberculosis, possibly due to the complexity and prolonged duration of treatment (often 24 months or longer), overwhelmingly higher cost, serious drug toxicity (especially neuropsychiatric toxicity), which seriously affects the curative effect and results in a high mortality rate (31, 32). Furthermore, treatment options for DR-TB are limited, and it is not always possible to discontinue or substitute medications, despite the neuropsychiatric toxicity that causes sleep disturbances (31).

People avoid and isolate groups at risk of TB transmission, despite the fact that their original purpose was to prevent disease (33). Stigma has been identified as a major barrier to good treatment adherence and a driver of TB transmission (15, 34). It can have a negative impact on relationships, psychological well-being, and sleep quality as a mediator and moderator (10). Excessive or prolonged perceived stress can activate the hypothalamic-pituitary-adrenal (HPA) axis, releasing hormones such as cortisol, which can suppress the immune system and lead to sleep deficiency (35, 36), with an underlying biopsychosocial mechanism that includes neurobiological underpinnings such as neuroendocrine changes, as well as psychosocial factors such as a lack of social support. Our study, like Fu's among COVID-19 survivors (33), found that patients with higher perceived stigma or stress had a higher risk of poor sleep quality. These findings suggest that sleep disturbances may be caused by social and psychological factors other than TB disease and ADRs. Finding solutions to sleep problems by reducing TB-related stigma and stress may be especially important for people with TB.

Chronic diseases frequently compromise the body's nutritional and immune systems. Undernutrition has consistently been linked to increased TB incidence and mortality, clinical manifestation severity, and poor treatment outcomes (19, 37). Hypoalbuminemia and lymphocytopenia, in particular, are risk factors for mortality in TB patients (38). Albumin serves several functions and is commonly used in clinical nutritional assessment (39). Previous findings suggest that low albumin levels and sleep disturbances may have a mutual effect. Inflammation is thought to be an upstream factor that affects both sleep-wake disorder and malnutrition in a synergistic manner (40). Another biological mechanism influencing systemic metabolic rate is an increase in physiological indicators of hyperarousal in adults with objectively short sleep durations, which leads to an increase in cortisol and norepinephrine levels (39). Similarly, sleep and immunity may have a directional relationship and interact with one another. Immune system activation influences sleep, and sleep circadian rhythms organize innate and adaptive immune processes and functionalities (13, 41). Mtb infection and chronic stress have been shown to reduce immunity, as evidenced by changes in the number and function of antigen-specific T-cells, such as a lower percentage of circulating CD4 T cells (42, 43). A significant decrease in CD3, CD4, and CD8 T cell counts in TB patients indicates significant immunosuppression or immune deterioration, which is closely related to the severity of TB illness (44). Depending on the magnitude and duration of the inflammatory response elicited by microbial challenges, it can reduce or increase sleep duration and intensity, but also disrupt sleep (13). Elizabeth has also concluded that bacterial infections can affect sleep quality, possibly through the influence of certain immune-inflammatory response components (45). For another, clinical data show that sleep affects various immune parameters such as lymphocyte subpopulation counts and activity (e.g., CD4, CD8) and cytokine levels (e.g., IFN-g, TNF-a) (13, 45, 46). In line with the previous studies, our study found that T lymphocytes were reduced; specifically, lower CD4 T cell counts were a key predictor of poor sleep quality in TB patients. The findings suggest that detection of nutritional and immunological status should be strengthened for the management of TB patients with sleep disturbances, who may benefit from improved albumin levels and CD4 T cell counts; and ideal sleep quality is fundamental to nutritional status and immune function, both of which are beneficial for TB treatment.

There are some limitations to the current study. First, the study is cross-sectional, which does not lend itself to a causal explanation. Moreover, we used a self-reported sleep questionnaire rather than objective methods, such as polysomnography (PSG) or actigraphy, which allow for more precise measurement; thus, potential inaccuracies in data reporting may exist.



Conclusion

TB remains a major clinical and public health challenge. The study indicated that TB patients had a high incidence of sleep disturbance, as well as an elevated stigma and perceived stress, poorer nutritional status and cell immune function when compared to those who did not have the symptoms. Sleep problems are linked to biological traits that interact with psychological, cultural, and social factors in complex ways. Patients with TB who have these risk factors require more attention. Besides, taking care of these risk factors, which include psychosocial and biological factors, such as offering counseling and nutritional and immunological support to TB patients, may prove to be an effective sleep management strategy.
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