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Purpose: Fatigue was a common symptom of non-alcoholic fatty liver disease (NAFLD), which seriously affected patients’ quality of
life. The aim of this study was to detect fatigue rate and to evaluate factors associated with fatigue in NAFLD patients.

Patients and Methods: A cross-sectional study was carried out from the Huadong Sanatorium between April 2022 and May 2023,
and 133 NAFLD patients were included in this study. They completed Fatigue Severity Scale to assess fatigue, the Hospital Anxiety
and Depression Scale to estimate psychological status, and the Pittsburgh Sleep Quality Index for sleep quality. Data were analyzed by
independent samples #-tests, 2 tests and logistic regression models.

Results: We found that 51.1% of NAFLD patients had fatigue. Exercise, anxiety, depression, subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disorders, daytime dysfunction and overall sleep quality were related to fatigue among
NAFLD patients. Moreover, logistic regression models indicated anxiety, habitual sleep efficiency and sleep disorders as important
predictors of fatigue.

Conclusion: This was the first time to explore demographic, clinical, psychological and sleeping correlated factors for fatigue in
Chinese NAFLD patients. Our study showed that more than half of NAFLD patients had fatigue, and anxiety, habitual sleep efficiency
and sleep disorders were significantly associated with fatigue in NAFLD. The findings indicated that it was very necessary to pay more
attention to fatigue of NAFLD patients, especially those with negative emotions and poor sleep quality by favorable intervention to
relieve fatigue symptoms, so as to improve quality of life.
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Introduction
Non-alcoholic fatty liver disease (NAFLD), characterized by the abnormal fat accumulation in liver without excessive
alcohol intake, is a common chronic liver disease.' It is the fastest growing liver disease in the world and the main cause
of hepatocellular carcinoma.? Research showed that the global prevalence of NAFLD based on imaging was about 30%,
which may continue to increase in the coming years.>* Fatigue was reported to be the most frequent clinical symptom in
NAFLD.? The study assessing NAFLD patients from different countries indicated that fatigue was the independent
predictor of lower patient-reported outcome scores.® Huber et al” also found that fatigue score was the lowest in terms of
quality of life among NAFLD patients. Fatigue seriously affected NAFLD patients’ quality of life.®

In patients with chronic liver disease, fatigue was associated with neuroinflammation and altered neurophysiological
mechanisms.” Previous research found that hepatic inflammation through vagal afferent and uptake of pro-inflammatory
cytokines enhanced brain’s sense of fatigue.'® NAFLD was considered to be an inflammatory response-related disease,
and inflammatory burden and metabolic abnormalities may be involved in the development of fatigue in NAFLD
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patients.'" Inflammatory markers and metabolic abnormalities could have a negative impact on patients’ emotions, which
may be the cause or result of fatigue.'*'® The study pointed out that the level of cytokeratin 18 was found to correlate
positively with patient fatigue.'* Interestingly, cytokeratin 18 serum levels were higher in NAFLD participants than in
other chronic liver patients.'> Moreover, the most common types of fatigue in patients with chronic liver disease were
central and peripheral fatigue. Central fatigue was characterized by a lack of self-motivation, while peripheral fatigue
typically manifested itself in neuromuscular dysfunction and muscle weakness. Fatigue could manifest itself as a lack of
intention and inability to exercise.® Data from a cohort study showed that fatigue in NAFLD was associated with
inactivity and excessive daytime sleepiness but not with liver disease severity or insulin resistance.'® Newton et al'’
reported that fatigue had a strong relationship with the symptom of autonomic dysfunction and daytime sleepiness in
patients with NAFLD. However, due to the complexity of fatigue, potential biological mechanisms and related factors of
fatigue are still unclear.

Although NAFLD patients suffer from severe fatigue, only few studies related to fatigue have been conducted in
China. The purpose of our cross-sectional study is 1) to investigate fatigue rate among NAFLD patients and 2) to
evaluate demographic, clinical, psychological and sleeping related factors for patients’ fatigue.

Materials and Methods

Participants

Patients were recruited from the Health Examination Center of Huadong Sanatorium between April 2022 and May 2023.
A total of 138 NAFLD patients from the health examination center were invited to participate in a cross-sectional study,
and 5 NAFLD patients did not complete the questionnaires, so 133 patients (96.4%) were eventually included in this
study. The Chinese Guidelines for Diagnosis and Treatment of Non-Alcoholic Fatty Liver Disease (2018 Updated
Edition) was used as the reference standard for the diagnosis of NAFLD patients, and all patients fulfilled NAFLD
diagnostic criteria based on the evidence of ultrasound, computed tomography or magnetic resonance imaging in 6
months. Patients were excluded if they had any of the following points: 1) they had liver injury or hepatic steatosis due to
other reasons (such as excess alcohol consumption or hepatitis virus, etc.); 2) they had comorbidities (for instance,
malignancy, cardiopathy, respiratory or autoimmune diseases) that could affect fatigue; and 3) they had psychological
diseases or the cognitive impairment. This study was approved by the Ethics Committee of the Huadong Sanatorium, and
written informed consents were acquired from all Participants based on the Declaration of Helsinki.

Demographic and Clinical Characteristics

Demographic and relevant characteristic data included sex, age, body mass index (BMI), marital status, education level,
occupation, yearly income, tobacco and alcohol usage, and exercise. Clinical data by viewing medical records combining
with patients’ self-report contained the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
fasting plasma glucose (FPQG), triglyceride (TG) and total cholesterol (TC).

Assessment of Patient-Reported Outcomes
Fatigue Severity Scale (FSS): We used the FSS to assess the severity of fatigue. It consisted of nine items: the cause of
fatigue (item 2), fatigue experience itself (item 3), and how fatigue affected daily life (seven items). The subjects were
asked to rate each item on a scale of 1 (completely disagree) to 7 (completely agree). The average score for the nine items
was the final score, and higher scores indicated more fatigue. A cutoff score >4 was reliably used to differentiate subjects
with fatigue from the controls, and the FSS had been proved to have reliability, high sensitivity and internal consistency
in fatigue assessment.'>!%1

The Hospital Anxiety and Depression Scale (HADS): The HADS was used to estimate psychological status. This
questionnaire contained fourteen items, and anxiety and depression were scored separately by the seven-item subscales.
The higher the score (ranging from 0 to 21), the more severe the mood disorder.*

The Pittsburgh Sleep Quality Index (PSQI): We used PSQI to evaluate sleep quality. The scale had nineteen questions
including seven aspects (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disorders,
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use of sleep medications and daytime dysfunction). The score of each section ranging from 0 (best) to 3 (worst sleep
properties) was added to get an overall score, with the higher score demonstrating the worse sleep quality.”'

Data Collection

Questionnaires and assessments were administered to all participants. Participants filled in questionnaires by themselves
with the physician or nurse present. After finishing data collected, the results were calculated by nurses and then added to
a computer database by two research assistants who had carefully examined original data.

Statistical Analysis

Descriptive analyses were performed using number (percentage) or mean (£standard deviation) depending on according
to type and distribution of measured variables. The differences based on continuous variables and categorical variables
were, respectively, measured with the ¢ tests and y2 tests in NAFLD patients who were grouped into non-fatigued patients
and fatigued patients. Through univariate tests, all variables significantly associated with fatigue were included into the
logistic regression models with dichotomous fatigue evaluated by FSS as the dependent variable. P < 0.05 (two-sided)
was considered statistically significant, and we used SPSS (version 23.0) to analyze data.

Results

Patient Characteristics

Table 1 shows the demographic and clinical characteristics of participants. The majority of included patients were male
(69.2%). Patients in this study had a mean (SD) age of 46.65 (9.43) years and a mean (SD) BMI of 27.48 (3.35) kg/m”.
About 32.3% of the patients smoked and more than half of the patients (51.9%) drank alcohol; 30.1% NAFLD patients

Table | Demographic and Clinical
Characteristics of NAFLD Patients (n =

133)
Variables Descriptives
Sex, male, n (%) 92 (69.2)
Age, mean * SD, y 46.65 £ 9.43

BMI, mean # SD, kg/m? | 27.48 + 3.35

Marital status, n (%)

Married 121 (91.0)

Unmarried 12 (9.0)

Education, n (%)

<12 years 21 (15.8)

>12 years 112 (84.2)

Occupation, n (%)

White collar 62 (46.6)
Blue collar 10 (7.5)
Others 54 (40.6)
Unemployed 7 (5.3)
(Continued)
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Table | (Continued).

Variables Descriptives

Yearly income, n (%)

<Local average 8 (6.0)
Local average 69 (51.9)
>Local average 56 (42.1)

Smoking use, n (%)

Yes 43 (32.3)

No 90 (67.7)

Alcohol use, n (%)

Yes 69 (51.9)

No 64 (48.1)

Exercise, n (%)

Often 25 (18.8)

Occasionally 68 (51.1)

Hardly 40 (30.1)
ALT, mean * SD, u/L 34.86 + 21.30
AST, mean * SD, u/L 22.92 £ 10.30

FPG, mean + SD, mmol/L | 6.02 + [.49

TG, mean % SD, mmol/L | 2.14 + 1.32

TC, mean + SD, mmol/L | 5.02 + 0.90

Abbreviations: NAFLD, non-alcoholic fatty liver
disease; BMI, body mass index; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; FPG,
fasting plasma glucose; TG, triglyceride; TC, total
cholesterol.

hardly exercise. The mean (SD) of ALT, AST, TG and TC were 34.86 (21.30) /L, 22.92 (10.30) u/L, 2.14 (1.32) mmol/L
and 5.02 (0.90) mmol/L, respectively.

Self-Reported Fatigue
In previous studies, Fatigue Severity Scale was used to evaluate patients’ fatigue level with 4 points as its cutoff.'>!%>?
According to this, 65 (48.9%) NAFLD patients had no fatigue and 68 (51.1%) patients had fatigue.

Differences Between Non-Fatigued and Fatigued Patients with NAFLD

Table 2 presents the differences in demographic, clinical, psychological and sleeping characteristics between NAFLD
non-fatigued patients and NAFLD fatigued patients. Exercise (p = 0.036), subjective sleep quality (p = 0.010), sleep
latency (p = 0.001), sleep duration (p = 0.044), habitual sleep efficiency (p = 0.010), sleep disorders (p = 0.036) and
daytime dysfunction (p = 0.003) were associated with fatigue. Compared with NAFLD non-fatigued patients, fatigued
patients tended to have higher levels of anxiety and depression and poorer overall sleep quality (p < 0.001). However,

there were no significant differences in terms of laboratory-related indicators.
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Table 2 Differences Between Non-Fatigued Patients and Fatigued
Patients in NAFLD

Variables FSS<4 (n = 65) | FSS>4 (n = 68) | p value
Male 45 (69.2) 47 (69.1) 0.989
Age, y 47.77 £ 9.36 45.57 £ 9.45 0.181
BMI, kg/m? 27.37 £ 3.03 27.59 £ 3.64 0.710
Marital status 0.083
Married 62 (95.4) 59 (86.8)
Unmarried 3 (4.6) 9 (13.2)
Education 0.726
<12 years Il (16.9) 10 (14.7)
>|2 years 54 (83.1) 58 (85.3)
Occupation 0.774
White collar 31 (47.7) 31 (45.6)
Blue collar 6 (9.2) 4 (5.9)
Others 24 (36.9) 30 (44.1)
Unemployed 4(6.2) 344
Yearly income 0.698
<Local average 4 (6.2) 4 (5.9)
Local average 36 (55.4) 33 (48.5)
>Local average 25 (38.5) 31 (45.6)
Smoking use 0.263
Yes 18 (27.7) 25 (36.8)
No 47 (72.3) 43 (63.2)
Alcohol use 0.196
Yes 30 (46.2) 39 (574)
No 35 (53.8) 29 (42.6)
Exercise 0.036*
Often 18 (27.7) 7 (10.3)
Occasionally 29 (44.6) 39 (574)
Hardly 18 (27.7) 22 (324)
ALT, u/L 34.03 + 20.95 35.65 £21.76 0.664
AST, u/L 22.92 £ 10.35 22.92 £ 10.34 0.997
FPG, mmol/L 6.09 = 1.40 594 + 1.57 0.557
TG, mmol/L 232 % |64 1.96 + 0.90 0.115
(Continued)
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Table 2 (Continued).

Variables FSS<4 (n = 65) | FSS>4 (n = 68) | p value
TC, mmol/L 4.97 £ 0.92 5.07 £ 0.89 0.516
HADS-A 1.57 £ 1.78 434 +3.26 0.000*
HADS-D 2.54 +224 4.35 +2.64 0.000%*
Subjective sleep quality 1.03 + 0.53 1.29 + 0.62 0.010%
Sleep latency 0.58 + 0.79 1.10 + 0.98 0.001*
Sleep duration 1.09 £ 0.70 1.38 + 0.93 0.044*
Habitual sleep efficiency | 0.22 + 0.52 0.50 + 0.72 0.010*
Sleep disorders 1.1l £ 0.40 1.29 + 0.60 0.036*
Use of sleep medications | 0.08 + 0.44 0.04 + 0.36 0.641
Daytime dysfunction 0.23 + 0.42 0.49 + 0.53 0.003*
PSQI total 434 +225 6.10 £ 3.13 0.000%*

Note: *P < 0.05.

Abbreviations: NAFLD, non-alcoholic fatty liver disease; FSS, Fatigue Severity Scale; BMI,
body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FPG,
fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HADS, the Hospital Anxiety
and Depression Scale; PSQI, the Pittsburgh Sleep Quality Index.

Table 3 Logistic Regression Analysis of Demographic, Clinical,
Psychological and Sleeping Variables Associated with FSS in NAFLD

Patients
Predictors Beta | SE p value | Exp (B) | (95% CI)
HADS-A 0.579 | 0.112 | 0.000 1.784 1.433,2.222
Habitual sleep efficiency | 0.956 | 0.367 | 0.009 2.602 1.267,5.342
Sleep disorders 1.390 | 0.500 | 0.005 4.014 1.508,10.687

Abbreviations: NAFLD, non-alcoholic fatty liver disease; FSS, Fatigue Severity Scale; HADS, the
Hospital Anxiety and Depression Scale.

Determinants of Fatigue in NAFLD

As indicated in Table 3, we used logistic regression analysis to explore predictors of NAFLD patients’ fatigue. HADS-A
(odds ratio = 1.784, p < 0.001), habitual sleep efficiency (odds ratio = 2.602, p = 0.009) and sleep disorders (odds ratio =
4.014, p = 0.005) were found to be predictors of fatigue.

Discussion

Research reported that the prevalence of fatigue in patients with chronic liver disease was as high as 50%—85%, and
fatigue was also common in NAFLD patients, which seriously affected patients’ daily living activities and continuously
increased the disease burden.'*?**** However, few studies have been conducted to explore fatigue in Chinese NAFLD
patients. In this study, we used FSS to assess patients’ fatigue and also found that over half of Chinese NAFLD patients
(51.1%) had fatigue. A study encompassing 18 countries in 6 global burden of disease super-regions also showed that
fatigue scores were lower in NAFLD than general population norms.® Therefore, fatigue in NAFLD patients was

a serious problem requiring global attention.
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Previous studies have indicated that exercise was a foundational treatment for NAFLD and it could improve
mitochondrial function and lead to reduced hepatic steatosis, inflammation, fibrosis, and tumor genesis.25 26 Exercise-
induced changes of serotonin concentrations in signal transduction between neurons may affect patients’ fatigue

1.>7 Glass et al*® found through investigation that 72% of patients with NAFLD reported limitations to exercise

leve
and fatigue was a very important factor affecting their exercise. Similarly, our study showed that exercise was
associated with fatigue, and fatigued patients in NAFLD were more reluctant to exercise than non-fatigued patients.
The study found that Sarcopenia, characterized by decreased muscle strength and mass, was common in NAFLD, and
Sarcopenia may be an additional factor preventing increased physical activity and lifestyle changes. The adverse effect
of this condition could worsen fatigue symptoms, resulting in a lack of willingness to exercise.”” Research reported
that self-efficacy and illness understanding were major determinants of lifestyle-modification among NAFLD
patients.>® This suggested that active intervention (regular follow-up communication, etc.) was necessary for
NAFLD patients, especially those with fatigue, to help them improve their cognition of disease and understand
benefits of reasonable exercise, so as to alleviate fatigue.

A recent systematic review and meta-analysis concluded that compared with the control group, patients with NAFLD
had a significantly increased risk of depression.®' These negative emotions, such as anxiety and depression, could
damage patients’ quality of life.*> The study indicated that fatigue was associated with psychological conditions.*
However, the results of a study from the United States showed that fatigue was closely correlated with depression in
Hepatitis C but was not related to depression in NAFLD.** In our study, we found that HADS-A and HADS-D scores
were markedly higher in NAFLD fatigued patients than in NAFLD non-fatigued patients. Furthermore, the logistic
regression analysis suggested that HADS-A played a significant role in fatigue. The possible explanation for this was that
NAFLD patients’ psychological pressure and bad emotions may lead to the uncomfortable experience of fatigue. This
demonstrated that systematic psychiatric screening and management should be implemented to early detect high-risk
patients and help them enhance their ability to deal with negative emotions, ultimately relieving fatigue symptoms.

Sleep quality played a role in NAFLD risk and severity.>>*® Studies showed that sleep efficiency, sleep disturbance
score and sleep quality score differed significantly in NAFLD compared to controls.’” Fatigue was reported to be
associated with increased daytime somnolence, impaired working ability, and increased risk of mortality.>® Previous
research indicated that daytime sleepiness was related to fatigue in NAFLD patients.'®'” Daytime sleepiness could result
in poor sleep at night and frequent night awakenings, and this sleep disorder made patients feel tired. In the present study,
we also found a significant relationship between sleep and fatigue in NAFLD, and logistic regression analysis showed
that the sleep disorders had negative effects on fatigue, which was consistent with previous studies. Tana et al** through
a prospective study in patients with chronic liver disease reported that fatigue severity was positively associated with
higher peak melatonin levels and a delay in night-time melatonin peak and inversely associated with sleep efficiency.
Interestingly, few studies have mentioned the relationship between sleep efficiency and fatigue in NAFLD, and our study
found that habitual sleep efficiency was an important predictor of fatigue. It may be due to the reason that sleep efficiency
could affect overall sleep quality, leading to patient fatigue. Therefore, we should encourage patients to develop good
sleep habits, correct sleep disorders, and help them address confounding factors affecting sleep efficiency such as night
pain and itching, which can improve overall sleep quality and reduce fatigue level.

To our knowledge, this study was the first to assess demographic, clinical, psychological and sleeping related factors
for fatigue in Chinese patients with NAFLD. However, our study still had several limitations. First, since all NAFLD
patients enrolled in our study were from a single center, generalizations of the results to other populations should be
cautious. Second, relatively subjective measurement of fatigue may result in some deviations due to the lack of an
objective standard for fatigue. Third, causal relationships between variables could not be examined on account of cross-
sectional design. Future research will further understand the development of fatigue over time through longitudinal
studies and take effective interventions according to the characteristics of fatigue development and fatigue-related factors
to relieve fatigue symptoms in NAFLD patients.
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Conclusion

This was the first known assessment of fatigue based on demographic, clinical, psychological and sleeping correlated
factors in Chinese patients with NAFLD using FSS, HADS and PSQI. Our study found that 51.1% of Chinese NAFLD
patients had fatigue, and anxiety, habitual sleep efficiency and sleep disorders had significant impacts on fatigue in
NAFLD. These results suggested that more attention should be paid to fatigue of NAFLD patients and more effective
measures such as the popularization of disease-related knowledge, psychological interventions and sleep guidance should
be taken to relieve fatigue symptoms and finally improve patients’ quality of life.
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