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Abstract

Background
Sleep disorders persist in renal transplant patients and are an important determinant of low quality of life.
This study aims to investigate the mediating role of rumination in the relationship between fatigue and
sleep quality in kidney transplant recipients.

Method
A descriptive cross-sectional research design was implemented from April to September 2021.A general
information questionnaire, Pittsburgh Sleep Quality Index (PSQI), Multidimensional Fatigue Inventory
(MFI-20), and Rumination Response Scale (RRS) were used to investigate 192 kidney transplant patients
who were re-examined at the outpatient departments of three �rst-class hospitals in Jinan, Shandong
Province, China. The Pearson’s correlation coe�cient and mediation analyses were used for the statistical
and descriptive statistics analyses.

Results
The prevalence of sleep disorders among kidney transplant recipients was 19.3%. With rumination as a
mediator, fatigue indirectly affected the patients’ sleep quality. This indirect effect was 0.10 (95%
con�dence interval: 0.154, 0.419). Medical staff should focus on fatigue symptoms and rumination of
patients to enhance sleep quality of kidney transplant recipients.

Conclusions
The incidence of sleep disorders after renal transplantation was high.Rumination exerts a mediating role
between fatigue and sleep quality.

Background
Renal transplantation is an ideal method for treating end-stage renal disease and improving patients’
quality of life(1). However, although patients’ quality of life is somewhat improved after the
transplantations, they are still affected by certain factors, including the source of transplanted kidney,
living environment, economic status, postoperative immune rejection, and various other complications.
These factors may cause adverse emotions in postoperative patients, which are detrimental to their
health and can seriously reduce their quality of life(2–4).

The incidence of sleep disorders, which are indicators of a low quality of life, in patients with chronic
kidney disease and end-stage renal disease is very high(5, 6). Renal transplantation is the preferred
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kidney replacement therapy for patients with stage 5 chronic kidney disease(7).This therapy is more
effective at prolonging patients’ life expectancy and improving their health-related quality of life, when
compared to dialysis(8). However, studies indicate that patients’ sleep disorders (e.g., restless leg
syndrome, sleep hypopnea, and sleep apnea) were not alleviated after kidney transplants. In fact, several
patients had persistent or new sleep disorders(2, 9), and their quality of sleep was lower than that of
general patients(10).Hasanzamani et al. (2020) recorded patients’ sleep quality before, three months
after, and six months, after their renal transplants, and the data revealed that patients’ incidence of sleep
disorders were 37.5%, 37.5%, and 20.0%, respectively(11).Furthermore, Xie et al. (2018) determined that
the incidence of sleep disorders among Chinese kidney transplant recipients was 29.2%(10). Sleep
disorders can lead to daytime sleepiness and a decline in life function, which is not only harmful to
patients' physical, psychological, and social health but also negatively affects their cognitive functioning,
behavior, and attention(3, 6, 9).Therefore, it is imperative to identify the risk factors associated with poor
sleep quality and the rehabilitation mechanisms that can improve patients’ quality of daily life.

Fatigue is a subjective feeling of being overwhelmingly and continuously exhausted. Furthermore, it is a
decline of normal physical and mental strength levels that is closely related to various acute and chronic
diseases. Fatigue negatively affects patients’ self-care abilities and their quality of life in physiological,
social, and other aspects (3, 6, 12). Although renal transplants signi�cantly improve the quality of life of
patients with end-stage renal disease, related reports revealed that 39–59% of the recipients still
experience a certain degree of fatigue(13, 14).Fatigue, hypertension, and serious hair loss are the three
most painful symptoms in Chinese renal transplant recipients(15). Additionally, several studies indicate
that behavioral-psychosocial factors are directly related to fatigue. These factors often in�uence each
other; for example, depressive symptoms and sleep disorders can aggravate fatigue, while fatigue can
cause and aggravate depression and sleep disorders. Bossola, Pepe, and Vulpio (2016) discovered that
fatigue and negative emotions (such as depression) are factors that strongly in�uence the sleep
disorders of patients who received renal transplants(16).Another study suggested that sleep disorders are
prominent risk factors of fatigue(14), which denotes the close association between fatigue and sleep
disorders.

Rumination is a kind of negative cognitive style that occurs while encountering negative events. It entails
continuous negative thoughts about the events themselves and the possible ensuing consequences,
instead of constructive problem-solving actions. This negative cognition style is associated with
increases in negative emotions and the decreased inhibitory control of negative information.
Subsequently, this results in stable negative emotional patterns that lead to adverse health
consequences, such as impaired sleep and weakened health(17, 18). The microanalysis model of
insomnia indicates that excessive wakefulness is the main cause of insomnia(19).This wakefulness is
characterized by bedtime arousal, which consists of cognitive and physical arousal; cognitive arousal is
de�ned as uncontrollable invasive cognition(20).Therefore,rumination—as a form of invasive cognition—
causes selective attention concerned with perceived negative cues before going to bed, which then
stimulates more cognitive arousal and further delays the onset of sleep(21). Accordingly, previous studies
have con�rmed that rumination can cause insomnia(22), and that the higher the level of rumination, the
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more serious the insomnia(23, 24).Other studies suggest that rumination may be a mediating mechanism
between stressful events and insomnia(17, 22). Further research indicated that there was a signi�cant
positive correlation between fatigue and rumination and that fatigue may indirectly affect depression
through rumination(15). However, few studies are concerned with the sleep quality of renal transplant
patients in China, and it is unclear whether rumination plays a mediating role between fatigue and sleep
quality among these patients. Thus, this study aims to explore the association between fatigue and sleep
quality and to investigate the mediating effect of rumination.

Methods
All methods are implemented in accordance with the guidelines and regulations.

Study design,participants and data collection
This study aimed to investigate the prevalence of sleep disorders among kidney transplant patients who
were re-examined at outpatient departments. Furthermore, it explored the possible mediating role of
rumination between fatigue and sleep quality. A convenience sample of 192 kidney transplant recipients
based cross-sectional study who were re-examined at outpatient departments were recruited in three �rst-
class hospitals from April to September 2021 in Jinan, Shandong Province, China. The participant
inclusion criteria were as follows: (a) received a kidney transplant a year or more ago, (b) aged 18 or
above, and (c) possesses sound Chinese language and reading skills. The exclusion criteria were: (a)
patients suffering from cognitive impairment or a psychotic illness (b) kidney transplant patients with
severe heart, liver, or other organ diseases.

Before the implementation of the questionnaire, consent was obtained from the hospital ethics
committee, and communications were established with the outpatient doctors and relevant responsible
nurses. The questionnaire consisted of four parts: general demographic information, fatigue, rumination,
and sleep quality. The data of all patients were collected by face-to-face interviews in separate rooms.
Additionally, informed consent was obtained from all patients, and their information was collected
anonymously and kept con�dential.

Measures

Demographic questionnaire
Demographic data were compiled by researchers through literature reviews and clinical practice, which
included patients’ gender, age, educational status, marital status, economic status (CNY/month), time
since kidney transplantation and current creatinine (Cr).

Multidimensional Fatigue Inventory (MFI-20)
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A total of 20 MFI items were used to evaluate patients’ fatigue; the items were developed by Smets,
Garssen, Bonke and De Haes (1995) (25)and translated into Chinese by Chung et al. (2014)(26). The MFI-
20 included �ve dimensions pertaining to general fatigue, physical fatigue, reduced motivation, mental
fatigue, and reduced activity. Each item was scored on a �ve-point Likert scale ranging from 1 “absolutely
not” to 5 “absolutely”. The participants’ total scores ranged from 20 to 100; the higher their score, the
more fatigued they were. The Cronbach’s α of the MFI-20 was 0.772 in our study.

Rumination Response Scale (RRS)
The RRS was compiled by Nolen-Hoeksema and Morrow (1991)(27).The Chinese version, was revised by
Han and Yan (2009)(28) and adopted in this study to measure rumination; it normally exhibits a
Cronbach’s α of 0.91. The scale consisted of 22 items that were rated on a four-point Likert scale ranging
from 1 “never” to 4 “almost always.” The patients’ total scores ranged from 22 to 88; higher scores
indicate higher rumination levels. The Cronbach’s α in this study was 0.924.

Pittsburgh Sleep Quality Index (PSQI)
The PSQI was developed by Buysse, Reynolds, Monk, Berman & Kupfer (1989) (29)and has been widely
used to assess healthy people and patients with sleep or mental disorders in China; it exhibits good
reliability and validity(30, 31). The PSQI comprises 19 self-reported questions, and each item is scored
from 0–3. The patients’ total scores were between 0–21; higher scores indicate worse sleep quality. In
this study, a total score of PSQI > 7 indicated poor sleep quality(32). The Cronbach’s α was 0.850 in this
study.

Statistical analysis
This study used the SPSS version 23.0 (IBM Corp, Armonk, NY, United States) for data analysis. The
characteristics of and differences in sleep quality were described with a descriptive analysis, independent
t-test, and the one-way analysis of variance (ANOVA). The Pearson’s correlation coe�cient (r) was
calculated to assess the relationships between fatigue, rumination, and sleep quality. The mediating
effect of rumination was examined with the PROCESS macro (Model 4) produced by Hayes (Hayes,
2013). All variables were standardized before the data analysis commenced, and demographic variables
were controlled during the mediation analysis process. Furthermore, bootstrapping was used to test the
mediating effect of rumination by setting a sample size of 5000 and a con�dence interval (CI) of 95%. It
revealed that the mediating model was established if the 95% CI of indirect effect did not contain zero.
Additionally, a value of P < 0.05 was considered statistically signi�cant for all data processing.

Results

Sample characteristics
This study was conducted with 192 renal transplant patients who were re-examined at outpatient
departments in China. Table 1 displays the patients’ demographics, disease characteristics, and a
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distribution of their sleep quality. The patients’ average age was 44 years (SD = 10.65, range 20–75
years). The majority of the sample participants were male (69.3%), married (91.7%), and accepted middle
school (38.5%). Only 43.2% of the participants’ income was between 2000 and 4000 CNY/month.
Furthermore, most patients had received their kidney transplants more than �ve years ago, and 70.3% of
them exhibited normal creatinine levels. Additionally, statistically signi�cant differences in sleep quality
were found between sex, age, and economic status (CNY/month) [(t = -3.194, P = 0.002; F = 3.392, P =
0.036; F =3.442, P =0.034, respectively)].
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Table 1
Sample characteristics and the distribution of sleep quality(N=192)

Variables Number of people

(N=192) (%)

sleep quality(N =192)

    Mean(SD) t / F P

Sex

Male

Female

    -3.194 0.002

133(69.3) 4.99(2.53)    

59(30.7) 6.31(2.82)    

Age        

18~40 82(42.7) 4.95(2.35) 3.392 0.036

41~59 94(49.0) 5.55(2.80)    

≥60 16(8.3) 6.75(3.26)    

Marital status     1.231 0.220

Married 176(91.7) 6.19(2.90)    

Unmarried 16(8.3) 5.32(2.67)    

Educational status     1.347 1.261

Primary school or under 18(9.4) 5.61(2.12)    

Middle school 74(38.5) 5.35(2.74)    

High school 50(26.0) 5.92(3.10)    

College or above 50(26.0) 4.86(2.29)    

Economic status (CNY/month)     3.442 0.034

<2000 68(35.4) 5.57(2.67)    

2000~4000 83(43.2) 5.72(2.66)    

>4000 41(21.4) 4.44(2.62)    

Time since kidney Transplantation

(years)

       

≤5 64(33.3) 5.67(2.70) 1.006 0.316

>5 129(66.7) 5.26(2.68)    

Current Cr     -0.084 0.993

normal 135(70.3) 5.39(2.75)    
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Variables Number of people

(N=192) (%)

sleep quality(N =192)

abnormal 57(29.7) 5.42(2.56)    

Correlational analyses
Table 2 displays the means, SDs, and correlations of the main study variables. The means and SDs
pertaining to the total scores of fatigue, rumination, and sleep quality were 46.49(11.37), 37.49(10.11),
and 5.40(2.69), respectively. The Pearson product-moment correlations indicated that sleep quality was
positively correlated with both fatigue (r=0.394, P<0.001) and rumination (r=0.418, P<0.01). Moreover,
fatigue was also positively correlated with rumination (r=0.368, P<0.001).

Table 2
Bivariate correlation among fatigue, rumination, and sleep

quality

  1 2 3 mean (SD)

1 fatigue 1     46.49(11.37)

2 rumination 0.368*** 1   37.49(10.11)

3 sleep quality 0.394*** 0.418*** 1 5.40(2.69)

Note: SD: standard deviation; *** P < 0.001

Mediating effect test
The results of the mediation analysis are displayed in Table 3. The data were standardized before the
analysis of the mediating effect was conducted. After controlling for demographic variables, the results
revealed that the total effect (path c) of fatigue on sleep quality was 0.37 (P < 0.001); fatigue was
signi�cantly associated with rumination (β = 0.35, p<0.001); and rumination was signi�cantly associated
with sleep quality (β = 0.29, P<0.001). Furthermore, even when rumination was controlled, the previously
signi�cant relationship between fatigue and sleep quality (direct effect) still existed (β = 0.27, P<0.001).
Additionally, the bootstrap test results indicate that the 95% CI of rumination’s indirect effect between
fatigue and sleep quality did not include zero (CI = 0.154, 0.419; indirect effect = 0.10). It also revealed
that the mediating effect was statistically signi�cant, which indicates that rumination acts as a mediator
between fatigue and sleep quality. The standardized mediating effect was 0.10, and the mediating effect
accounted for 27% of the total effect. Figure 1 displays the �nal mediating model.
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Table 3
Mediation of rumination between fatigue and sleep quality

  R2 F Coeff

icient

SE t P LLCI ULCI

Outcome:Rumination 0.164 9.177            

Fatigue a     0.35 0.067 5.198 <0.001 0.218 0.485

Outcome: Sleep Quality 0.299 15.853            

Fatigue c’     0.27 0.066 3.998 <0.001 0.134 0.396

Rumination b     0.29 0.067 4.265 <0.001 0.154 0.419

Note: SE:standard error; LLCI: lower level of con�dence interval; ULCI: upper level of con�dence
interval; a : path fatigue—rumination; b: path rumination—sleep quality; c’: path fatigue

—sleep quality when rumination acting as a mediator (indirect effect).

Discussion
Our results revealed that rumination assumes a signi�cant mediating role between fatigue and sleep
quality. Thus, the more tired kidney transplant recipients become, the more likely they are to ruminate,
which leads to a decline in sleep quality. This study discovered a lower incidence of sleep disorders; only
19.3% (de�ned as a PSQI score >7) in kidney transplant recipients than in the studies by Xie et al. (2018)
(29.2%, poor sleeper de�ned as PSQI >7)(10) and Reilly-Spong, Park and Gross (2013) (41%, poor sleeper
de�ned as PSQI >8)(33). Several factors may account for this difference, these include: these patients’
transplants occurred more than one year ago, their renal functions have had time to recover, their sleep
di�culties might be relieved, the sample size may be too small, the sample populations differ, and the
data were collected from different cultural settings. Nevertheless, this �nding indicates that although the
patients’ sleep di�culties have been alleviated to some extent after their kidney transplants, the overall
poor sleep quality persists. Hasanzamani et al. (2020) also proved that renal transplants can improve
patients’ sleep conditions after six months(11). Generally speaking, patients still have sleeping disorders
more than a year after their kidney transplants, and the prevalence is high.

Furthermore, the study �ndings suggested that there was a signi�cant positive correlation between
fatigue scores and sleep disorder scores. This implies that higher fatigue scores lead to higher sleep
disorder scores and poor sleep quality; Rodrigue et al. (2011) concurred with this conclusion(34). Studies
also discovered that fatigue, hypertension, and hair loss are the three most common symptoms among
renal transplant recipients in China(35). Additionally, since the patients cannot engage in heavy physical
activities due to their transplanted kidneys, they become more sedentary and less active, which leads to
fatigue. However, this type of fatigue is different from the fatigue caused by normal activities since it
causes apathy and discomfort in patients’ limbs, which makes it di�cult to fall asleep. However, fatigue
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not only affect quality of life, but also reduces patients’ tolerance to immunosuppressants, which
increases their incidence of immune rejection and risk of death(36). Additionally, previous studies have
pointed out that the severity of fatigue is closely related to sleeping disorders, and poor sleep quality will
aggravate the fatigue of patients, which eventually lead to a decline in the quality of life(37).

The study results further indicate that, in addition to directly affecting patients sleep quality, fatigue also
indirectly affects sleep quality through rumination. The research con�rmed that fatigue is positively
correlated with rumination, while rumination is positively correlated with sleeping disorders. Very few
studies have explored the relationship between fatigue and rumination, and only explored the effects of
work-related fatigue in employees(38–40).Nevertheless, previous studies revealed several correlations:
physical fatigue can lead to a decline in athletic ability (i.e., lack of muscle strength); cognitive fatigue
can lead to a decline in cognitive ability (i.e., poor attention and sensitivity); and mental fatigue can lead
to negative emotions or stress disorders(41, 42). Thus, fatigue is a complex concept, and different
performance of fatigue can enhance patients’ ruminant thinking levels, resulting in reduced sleep quality.
Li et al. (2019) found that stressful life events can both directly and indirectly affect sleep quality through
rumination(23). Furthermore, since stress can lead to the activation of the locus coeruleus noradrenaline
(LC-NE) system and the hypothalamus pituitary adrenal (HPA) axis, it can increase excitability and
aggravate existing di�culties in falling asleep(43, 44) According to Morin, Rodrgue, and Ivers’ (2003)
insomnia-hyperactivity theory, cognitive arousal may play an important role in sleep disorders(45).
Therefore, higher levels of rumination make people more prone to experiencing negative re-evaluations of
the past, which increases their cognitive arousal and reduces sleep quality; thus supporting the
“emotional �ow” theory(46).

Diagnoses of renal failure and the subsequent kidney transplants are major life events that place strain
on patients. Furthermore, since most patients will experience fear and then try to control their fear
situation (anger), they may experience a “�ght” response which will affect their sleep. Thus, the order of
emotional change is fear—anger—happiness/sadness. Additionally, this result also supports the stress
theory(47). Stress theory refers to the process of individual psychological adjustment and adaptation
when faced with stress, whereas coping styles pertain to behavioral patterns that buffer and control an
individual’s response to stress stimuli during the coping process; this is aimed at solving or mediating an
individual's emotions(47, 48).Positive coping styles directly affect an individual’s compliance with
disease treatment, which then affect their overall health status; negative coping styles are not conducive
to patients’ health outcomes(47, 49).Rumination is a type of negative coping style that exacerbates the
severe decline of sleep quality. When engaging in ruminant thinking, individuals easily become caught up
in memories of negative events, this leads to excessive fantasizing during which they lose track of
time(50).Self-accusatory thoughts are common while ruminating and are focused on the individual’s past
mistakes and subsequent consequences. Individual’s then question why their problems are unique to
themselves which further aggravates their negative thoughts and behaviors. Therefore, the cycle of
rumination is characterized by a focus on negative emotions which then increases insomnia inducing
factors, maintenance factors of insomnia, and �nally persistent symptoms of insomnia(44).
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This study demonstrated that rumination acts as a mediator between kidney transplant recipients’ fatigue
and their sleep quality. However, given that the causes of fatigue are related to the source of transplanted
kidney(51), graft dysfunctions(34), and the use of immunosuppressants(13), improving patients’ fatigue
may not be very easy. Therefore, medical staff should employ effective measures that reduce patients’
levels of rumination. Furthermore, rumination causes individuals to �xate on the negative aspects of
events and the possible negative effects; this induces negative emotional experiences (e.g., loneliness
and depression) that cause adverse health consequences, such as impaired sleep quality(52, 53).
Accordingly, nurses should pay close attention to the emotional states and psychological characteristics
of their patients. This includes practically caring about patients during daily nursing work, such as
encouraging their families to visit, to correct patients’ �awed perspectives over time. Meanwhile, the
tendency of ruminating individuals to indulge in their own negative thought patterns and emotions
increases their need for more social support to alleviate their inner pain. Therefore, nurses should provide
the necessary social support for kidney transplant patients, such as strengthening communication with
them and holding relevant informative lectures. Additionally, rumination interventions are very important.
Previous studies have revealed that mindfulness therapy(54, 55), cognitive behavior interventions (56),
and working memory training(57, 58)all play important roles in eliminating negative thinking and
promoting positive thinking.

The study limitations relate to the use of a convenience sample of kidney transplant recipients located in
one geographic area. This means that the representativeness and extrapolation e�ciency of the
conclusions are limited. Second, this study utilized a cross-sectional design to explore the effects of
rumination on the relationship between fatigue and sleep quality of renal transplant patients.
Consequently, this design cannot provide an accurate explanation for the causality between the two
variables. Therefore, longitudinal studies or randomized controlled trials (RCTs) are necessary to con�rm
our results. Third, rumination was the only mediator considered in this study to determine the relationship
between fatigue and sleep quality. However, other mediators may also affect the relationship between
fatigue and sleep quality, including social support, family functions, anxiety, and depression. Future
studies should include additional variables to comprehensively assess the impact of the results. Finally,
the patients’ conditions were assessed with a self-reported questionnaire, which may be biased.

Conclusions
In summary, our study found that a high incidence of sleep disorders and demonstrated that rumination
in renal transplant patients function as a partial mediator between the dimensions of fatigue and sleep
quality. According to our �ndings, fatigue related intervention strategies achieved marginal success, but
rumination related interventions might lead to the greatest direct contribution toward preventing fatigue
related sleep di�culties.
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Figure 1

The mediation model of rumination between fatigue and sleep quality.


