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ABSTRACT 

Background. Fatigue and impaired health-related quality of life (HRQoL) are common among kidney transplant recipients (KTR). We 
hypothesized that both may partially be attributable to poor sleep. 

Methods. Cross-sectional and longitudinal data of KTR enrolled in the TransplantLines Biobank and Cohort Study were used. Sleep 
quality was assessed using the Pittsburgh Sleep Quality Index questionnaire. Individual strength (i.e. a composite of fatigue, concen- 
tration, motivation and physical activity), societal participation and HRQoL were assessed using validated questionnaires. 

Results. We included 872 KTR (39% female, age 56 ± 13 years) and 335 healthy controls. In total, 33% of male KTR and 49% of female KTR 
reported poor sleep quality, which was higher compared with male and female healthy controls (19% and 28%, respectively, P < .001 
for both). In logistic regression analyses, female sex, anxiety, active smoking, low protein intake, physically inactive lifestyle, low 

plasma magnesium concentration, using calcineurin inhibitors, not using mTOR inhibitors and using benzodiazepine agonists were 
associated with poor sleep quality. In adjusted linear regression analyses, poor sleep was strongly and independently associated with 

lower individual strength [standardized β (st.β) = 0.59, 95% confidence interval (CI) 0.45 to 0.74, P < .001], poorer societal participation 

(frequency: st.β = −0.17, 95% CI −0.32 to −0.01, P = .04; restrictions: st.β = −0.36, 95% CI −0.51 to −0.21, P < .001; satisfaction: st.β = 

−0.44, 95% CI −0.59 to −0.28, P < .001) and lower HRQoL (physical: st.β = −0.53, 95% CI −0.68 to −0.38, P < .001; mental: st.β = −0.64, 
95% CI −0.78 to −0.50, P < .001). The associations with poorer societal participation and lower HRQoL were strongly mediated by 
individual strength ( P < .001 for all), yet the suggested direct effects of poor sleep quality on HRQoL remained significant ( Pphysical = .03, 
Pmental = .002). Longitudinal data of 292 KTR showed that sleep quality improves after kidney transplantation in males ( P < .001), but 
not in females ( P = .9). 

Conclusions. Poor sleep quality is common among KTR, and may be a potential target to improve fatigue, societal participation and 
HRQoL among KTR. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 

• Increasing numbers of patients are living with a kidney transplant, yet there is a lack of interventions to improve their limited 
health-related quality of life (HRQoL).

• Poor sleep is common among patients with kidney disease, yet studies among kidney transplant recipients are sparse.
• Poor sleep can contribute to a plethora of problems, including cognitive problems, psychosocial problems and fatigue, which are 

considered main causes of the impaired HRQoL in this population.

This study adds: 

• Approximately half of female kidney transplant recipients and one-third of male kidney transplant recipients report poor sleep 
quality. In addition, sleep quality improved after transplantation among males, but not among females.

• Potential determinants of poor sleep are female sex, anxiety, active smoking, low protein intake, a physically inactive lifestyle, 
low plasma magnesium, using calcineurin inhibitor, not using mTOR inhibitors and using benzodiazepine agonist.

• Poor sleep is associated with more fatigue, problems in concentration and motivation, and less physical activity. Moreover, poor 
sleep has detrimental effects on societal participation and lower HRQoL.

Potential impact: 

• The high prevalence of reported poor sleep, along with the suggested detrimental effects on poorer societal participation and 
lower HRQoL, highlight the magnitude of the problem among kidney transplant recipients.

• We identified multiple potential targets for potential interventions to improve sleep quality among kidney transplant recipients, 
such as anxiety, calcineurin inhibitors, plasma magnesium, protein intake and physical activity 

• Sleep quality deserves attention in the (transplant) nephrologist’s consultation rooms. Adequate recognition of sleep problems, 
and, where appropriate, referral to cognitive therapists may be useful in kidney transplant recipients suffering from poor sleep.

 

 

 

 

 

 

INTRODUCTION 

Graft and patient survival among kidney transplant recipients
(KTR) have improved drastically in the past decades [1 ]. As a re-
sult, increasing numbers of patients are living with a kidney trans-
plant, for increasing periods of time. The subject of health-related
quality of life (HRQoL) after transplantation thus keeps growing in 
importance, and rightfully receives increasing scientific attention.
Unfortunately, there is a lack of interventions to improve HRQoL 
among KTR, and HRQoL thus remains limited compared with the 
general population [2 , 3 ]. We hypothesized that poor sleep quality
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ay be an important—yet rather overlooked—factor underlying
he impaired HRQoL among KTR. 
Poor sleep is common in patients with kidney disease [4 ]. This

s partly explained by classic risk factors such as age, sex and obe-
ity, but also by (the consequences of) kidney function decline [4 ].
owever, there is limited evidence available regarding interven-
ions to effectively improve sleep quality in adults with chronic
idney disease [5 ]. Although kidney transplantation restores kid-
ey function, poor sleep is still frequently observed in KTR [6 ].
urrently, there is insufficient knowledge of potentially modifiable
actors that may contribute to poor sleep [6 ]. In addition, there is
imited evidence regarding trajectories of sleep quality before and
fter transplantation [7 , 8 ], even though such evidence is needed
or patient expectation management, to place the prevalence of
oor sleep after transplantation into perspective, and to identify
istinct pre- and post-transplantation factors that may contribute
o poor sleep. 
Importantly, poor sleep can contribute to a plethora of cognitive

nd psychosocial problems, as observed in multiple populations
9 –16 ]. Notably, these suggested detrimental consequences of poor
leep include problems in concentration, motivation and physi-
al activity [9 –16 ], which are all frequently faced by KTR [17 –19 ].
oreover, poor sleep is considered to contribute to fatigue [20 ]—
 complaint that is reported by 39%–59% of KTR, and is consid-
red a main cause of the impaired HRQoL in this population [21 ,
2 ]. We therefore hypothesized that poor sleep may lower individ-
al strength (i.e. a composite of fatigue, concentration, motivation
nd physical activity), which in turn may impair societal partici-
ation and HRQoL in KTR. 
In this study, we therefore first examined patient-reported sleep

uality among prevalent KTR, and aimed to identify potential
linical, biochemical and psychosocial factors associated with
oor sleep. Second, we investigated potential consequences of
oor sleep quality, by assessing cross-sectional associations with
atient-reported fatigue, concentration, motivation, physical ac- 
ivity, societal participation and HRQoL. Third, we aimed to assess
he potential causal path of poor sleep, by assessing whether the
ssociations of poor sleep with poor societal participation and im-
aired HRQoL are mediated by lower individual strength. Finally,
n longitudinal analyses, we studied trajectories of sleep quality
efore, and at 6 and 12 months after transplantation. 

ATERIALS AND METHODS 

tudy design and population 

ata from the ongoing, prospective, TransplantLines Biobank
nd Cohort study were used (ClinicalTrials.gov identifier:
CT03272841) [23 ], including solid organ transplant recipi-
nts and living organ donors ( ≥18 years) of the University Medical
enter Groningen (UMCG, The Netherlands). All participants gave
ritten informed consent. The study protocol was approved by
he local Institutional Review Board (METc 2014/077) and adheres
o the UMCG Biobank Regulation, and the Declarations of Helsinki
nd Istanbul. The timeline of assessments and outcomes are
resented in Supplementary data, Fig. S1 . In cross-sectional
nalyses, we included KTR with available data on sleep quality
1 year after kidney transplantation. A subgroup had avail-
ble serial data on sleep quality before, at 6 months and/or
2 months after kidney transplantation, which were included
n longitudinal analyses. Potential kidney donors were used as
 healthy control group. This study was described following the
trengthening the Reporting of Observational Studies in Epi-
emiology (STROBE) guidelines (Supplementary data, Table S1 )
24 ]. 
ssessment of sleep quality 

he validated Pittsburgh Sleep Quality Index (PSQI) questionnaire
as used to assess sleep quality [25 ]. This validated 19-item ques-
ionnaire assesses seven components of sleep quality, including
uration of sleep, sleep disturbances, sleep latency, day dysfunc-
ion due to sleepiness, sleep efficiency, overall sleep quality and
edication needed to sleep, which are combined into one total
core ranging from 0 to 21, with higher scores indicating worse
leep quality [25 ]. Poor sleep was defined as a PSQI score > 5, a
eaningful cut-off used previously in KTR [6 , 25 ]. 

ssessments of outcomes and covariables 
ssessments of outcomes and covariables are described in detail
n Supplementary data, Table S2 . In brief, fatigue severity, concen-
ration, motivation and physical activity were assessed using the
hecklist Individual Strength 20 Revised questionnaire. Societal
articipation and HRQoL were assessed using the Utrecht Scale
or Evaluation of Rehabilitation-Participation and Short Form-36
uestionnaires. Medication non-adherence was assessed using
he Basel Assessment of Adherence to Immunosuppressive Med-
cation Scale questionnaire. Clinical and demographic data were
etrieved from medical files. Lifestyle and psychometric data were
ollected using questionnaires. 

tatistical analyses 
he statistical methodology is described in detail in Supplemen-
ary data, Table S3 . In brief, associations of clinical, biochemi-
al and psychosocial parameters with poor sleep quality were as-
essed by logistic regression analyses with adjustment for sex. As-
ociations of poor sleep with individual strength, societal partici-
ation and HRQoL were assessed using univariable and adjusted
inear regression. Causal mediation analyses [26 ] were performed
o assess whether individual strength mediated the associations
f poor sleep with societal participation and HRQoL. In longitudi-
al analyses, within-person changes in sleep were assessed using
cNemar’s tests. 

ensitivity analyses 
o assess robustness of our findings and for ease of comparison
ith other studies [27 ], the linear regression and causal mediation
nalyses were repeated using an alternative PSQI cut-off score > 7.

ESULTS 

opulation characteristics 
n total, 872 KTR and 335 healthy controls (HC) with cross-
ectional data regarding sleep quality were included (Supplemen-
ary data, Fig. S2 ). KTR were less frequently female compared with
C (39% vs 56%, P < .001), the mean age did not differ between the
wo groups (56 ± 13 vs 57 ± 11 years, P = .1). KTR were included at
 median of 3 (1 to 10) years after transplantation, 37% was pre-
mptively transplanted and estimated glomerular filtration rate
eGFR) at time of inclusion was 52 ± 18 mL/min/1.73 m2 (Table 1 ).
ncluded patients were generally comparable to excluded pa-
ients, yet were longer after transplantation, more frequently re-
eived kidney from a living donor and transplantation was more
ften performed pre-emptively (Supplementary data, Table S4 ). 

leep quality 

oor sleep quality was reported by 33% of male KTR and 49% of
emale KTR, which was higher compared with male (19%, P < .001)
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Table 1: Characteristics and sleep of KTR and HC. 

KTR, 
N = 872 

HC, 
N = 335 P 

Characteristics 
Female sex, n (%) 339 (39) 187 (56) < .001 
Age, years 56 ± 13 57 ± 11 .1 
Time after transplantation, years 3 (1 to 10) n/a n/a 
Pre-emptive transplantation 323 (37) n/a n/a 
eGFR, mL/min/1.73 m2 52 ± 18 85 ± 13 < .001 

PSQI 
Poor sleep quality, n (%) 236 (20) 42 (13) < .001 

Female, n (%) 165 (49) 53 (28) < .001 
Male, n (%) 178 (33) 28 (19) < .001 

Normally distributed data were presented as mean ± standard deviation, 
non-normally distributed data as median (interquartile range) and categorical 
data were presented as number (valid %). Significance of differences between 
groups were assessed using independent T-tests, Mann–Whitney U tests and 
Chi Square test depending on data distribution. n/a, not applicable 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and female (28%, P < .001) HC, respectively. Of note, 11% of KTR
reported to take sleep medication three or more times per week,
which was also higher compared with HC (5%, P = .008). KTR re-
ported that their sleep was disturbed three or more times a week
by the need to use the bathroom (60%), by waking up in the mid-
dle of the night or early morning (39%), or by not getting to sleep
within 30 min (19%). Prevalence of sleep disturbances of KTR are
presented in Fig. 1 and Supplementary data, Table S5 . 

Factors associated with poor sleep quality 

among KTR 

Univariable logistic regression analyses showed that female KTR
had a higher risk of reporting poor sleep quality compared with
male KTR [odds ratio (OR) 1.89, 95% confidence interval (CI) 1.43 to
2.50, P < .001, Table 2 ]. In analyses with adjustment for sex, symp-
toms of anxiety were associated with a higher risk of reported poor
sleep quality (OR per SD = 1.93, 95% CI 1.65 to 2.26, P < .001), as
was active smoking (OR 1.59, 95% CI 1.04 to 2.43, P = .03), lower
protein intake (OR per SD = 0.85, 95% CI 0.73 to 0.99, P = .04), a
physically inactive lifestyle (OR = 1.46, 95% CI 1.09 to 1.97, P = .01),
lower plasma magnesium (OR per SD = 0.82, 95% CI 0.71 to 0.94,
P = .006), using calcineurin inhibitors (OR = 1.74, 95% CI 1.18 to
2.56, P = .005), not using mammalian target of rapamycin (mTOR)
inhibitors (OR 0.43, 95% CI 0.19 to 0.97, P = .04) and using benzo-
diazepine agonists (OR = 5.84, 95% CI 3.07 to 11.03, P < .001). Age,
time after transplantation and eGFR were not associated with re-
ported poor sleep quality. 
Figure 1: Sleep disturbances of KTR. 
Associations of poor sleep quality with 

individual strength among KTR 

Reported poor sleep quality was associated with higher fatigue 
severity [standardized β (st.β) = 0.69, 95% CI 0.56 to 0.82, P < .001],
lower ability to concentrate (st.β = 0.54, 95% CI 0.41 to 0.68,
P < .001), less motivation (st.β = 0.48, 95% CI 0.35 to 0.62, P < .001)
and less physical activity (st.β = 0.45, 95% CI 0.32 to 0.58, P < .001)
among KTR. Finally, reported poor sleep was associated with a 
higher total score on these domains (st.β = 0.70, 95% CI 0.57 to
0.83, P < .001). These associations remained independent of ad- 
justment for sex, age, time after transplantation, protein intake,
physically inactive lifestyle, eGFR, plasma magnesium concentra- 
tion, calcineurin inhibitor use, benzodiazepine use and symptoms 
of anxiety (Table 3 ). 

Associations of poor sleep quality with societal 
participation and HRQoL among KTR 

In total, 22% of KTR had difficulties in keeping up enough enthu-
siasm to get things done, and 4% reported difficulties in staying 
awake while driving, eating meals or engaging in social activities.
Reported poor sleep quality was associated with a lower frequency 
(st.β = −0.17, 95% CI −0.31 to −0.03, P = .02), more restrictions (st.β
= −0.47, 95% CI −0.61 to −0.33, P < .001), and less satisfaction (st.β
= −0.53, 95% CI −0.67 to −0.39, P < .001) regarding societal par-
ticipation (Table 4 ). 

In addition, KTR reporting poor sleep quality had lower scores 
on all subdomains of HRQoL, indicating worse HRQoL, compared 
with KTR without poor sleep quality ( P < .001 for all, Fig. 2 ). Re-
ported poor sleep quality was strongly associated with lower phys- 
ical and mental HRQoL (physical: st.β = −0.64, 95% CI −0.77 to 
−0.51, P < .001; mental: st.β = −0.77, 95% CI −0.89 to −0.64,
P < .001). 

All associations remained present in Model 1. After additional 
adjustment for symptoms of anxiety in Model 2, the association 
of poor sleep quality with frequency of societal participation lost 
statistical significance. Point estimates of all other associations 
were slightly lower, but associations remained present. 

Mediation by individual strength 

Mediation analyses with adjustment for potential confounders 
showed that individual strength (i.e. a composite of fatigue, con- 
centration, motivation and physical activity) mediated the associ- 
ations with restrictions and satisfaction of societal participation 
for 55.9% and 52.7%, respectively, and the associations with phys- 
ical and mental HRQoL for 59.1% and 51.0%, respectively (Sup- 
plementary data, Table S6 ). The direct effect of poor sleep on
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Table 2: Characteristics of KTR and cross-sectional associations with poor sleep quality (PSQI score > 5). 

Logistic regression analyses adjusted for sex 

KTR, 
N = 872 OR (95% CI) P 

Demographics 
Female sex, n (%) a 339 (39) 1.89 (1.43 to 2.50) < .001 
Age, years 56 ± 13 1.00 (0.87 to 1.15) .9 
Body mass index, kg/m2 27 ± 5 1.08 (0.94 to 1.23) .3 
Diabetes, n (%) 241 (28) 1.32 (0.97 to 1.79) .07 
Anemia, n (%) 272 (31) 1.07 (0.80 to 1.44) .7 
Sleep apnea syndrome, n (%) 37 (4) 0.98 (0.49 to 1.98) .9 
Congestive heart failure, n (%) 51 (6) 1.23 (0.69 to 2.20) .5 
Partnered, n (%) 692 (79) 0.83 (0.59 to 1.17) .3 
Anxiety total score b 30 (23 to 37) 1.93 (1.65 to 2.26) < .001 
Educational level, n (%) 

Low 131 (19) 1 (reference) 
Medium 308 (46) 1.03 (0.74 to 1.42) .9 
High 236 (35) 0.89 (0.63 to 1.27) .5 

Lifestyle factors 
Smoking status, n (%) 

Never 414 (47) 1 (reference) 
Past smoker 348 (30) 1.33 (0.99 to 1.78) .06 
Active smoker 110 (13) 1.59 (1.04 to 2.43) .03 

Alcohol intake, n (%) 
None 335 (38) 1 (reference) 
< 7 units/week 349 (40) 1.02 (0.75 to 1.39) .9 
≥7 units/week 188 (22) 0.98 (0.67 to 1.43) .9 

Coffee consumption, n per day (%) c 3 (2 to 4) 0.96 (0.83 to 1.11) .6 
Protein intake, g/day 84 ± 22 0.85 (0.73 to 0.99) .04 
Physically inactive lifestyle, n (%) 344 (45) 1.46 (1.09 to 1.97) .01 

Transplant-specific characteristics 
Time after transplantation, years b 3 (1 to 10) 0.87 (0.76 to 1.00) .06 
Pre-emptive transplantation, n (%) 323 (37) 1.12 (0.84 to 1.49) .4 
Living donor, n (%) 500 (57) 1.02 (0.77 to 1.35) .9 

Spirometry assessment 
Airflow limitation, n (%) 195 (26) 1.15 (0.82 to 1.61) .4 

Laboratory measurements 
Hemoglobin, mmol/L 8.6 ± 1.1 0.97 (0.84 to 1.12) .7 
Leukocyte count, 109 /L 7.6 ± 2.3 1.03 (0.89 to 1.18) .7 
C-reactive protein, mg/L b 1.9 (0.7 to 4.4) 1.12 (0.98 to 1.29) .1 
Sodium, mmol/L 140 ± 3 0.88 (0.76 to 1.01) .07 
Potassium, mmol/L 4.0 ± 0.4 1.09 (0.94 to 1.25) .3 
Creatinine, μmol/L 123 (102 to 152) 0.99 (0.86 to 1.15) .9 
eGFR, mL/min/1.73 m2 52 ± 18 1.04 (0.91 to 1.20) .6 
Urea, mmol/L 9.4 ± 4.9 0.99 (0.86 to 1.13) .8 
Calcium, mmol/L 2.4 ± 0.1 1.00 (0.87 to 1.15) 1 .0 
Phosphate, mmol/L 0.92 ± 0.20 1.11 (0.96 to 1.28) .2 
Magnesium, mmol/L 0.74 ± 0.09 0.82 (0.71 to 0.94) .006 
Albumin, g/L 43 ± 3 1.01 (0.88 to 1.16) .9 
NT-proBNP, ng/L b 207 (92 to 511) 0.92 (0.80 to 1.06) .3 

Medication use 
Prednisolone, n (%) 850 (98) 1.19 (0.49 to 2.91) .7 
Calcineurin inhibitor, n (%) 722 (83) 1.74 (1.18 to 2.56) .005 
Proliferation inhibitor, n (%) 748 (86) 1.17 (0.78 to 1.74) .4 
mTOR inhibitor, n (%) 35 (4) 0.43 (0.19 to 0.97) .04 
Antidepressants, n (%) 51 (6) 1.07 (0.60 to 1.91) .8 
Benzodiazepine agonists, n (%) 59 (7) 5.84 (3.07 to 11.03) < .001 
Melatonin agonists, n (%) 2 (0.2) 1.45 (0.09 to 24.12) .8 

a Results for univariable analysis. 
b Variables are log2 transformed in logistic regression analyses. 
c Variable is square root–transformed in logistic regression analyses. 
Normally distributed data were presented as mean ± standard deviation, non-normally distributed data as median (interquartile range) and categorical data were 
presented as number (valid %). ORs for continuous variables are presented per 1 SD increase. Data regarding coffee consumption, protein intake, physically inactive 
lifestyle and airflow limitation were missing in 40 (5%), 87 (10%), 104 (12%) and 119 (14%) KTR, respectively. Other variables were missing in < 3% of the KTR. 
NT-proBNP, N-terminal pro b-type natriuretic peptide. 
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Table 3: Cross-sectional associations of poor sleep quality (PSQI 
score > 5) with (domains of) individual strength. 

Linear regression analyses with poor 
sleep quality as independent variable 

Dependent variable N St.β (95% CI) P 

Individual strength 
Fatigue severity 

Crude 863 0.69 (0.56 to 0.82) < .001 
Model 1 688 0.58 (0.43 to 0.72) < .001 
Model 2 680 0.37 (0.24 to 0.51) < .001 

Concentration 
Crude 863 0.54 (0.41 to 0.68) < .001 
Model 1 688 0.54 (0.38 to 0.69) < .001 
Model 2 680 0.29 (0.14 to 0.43) < .001 

Motivation 
Crude 863 0.48 (0.35 to 0.62) < .001 
Model 1 688 0.38 (0.24 to 0.53) < .001 
Model 2 680 0.16 (0.02 to 0.30) .03 

Physical activity 
Crude 863 0.45 (0.32 to 0.58) < .001 
Model 1 688 0.33 (0.19 to 0.48) < .001 
Model 2 680 0.17 (0.03 to 0.32) .02 

Total score 
Crude 863 0.70 (0.57 to 0.83) < .001 
Model 1 688 0.59 (0.45 to 0.74) < .001 
Model 2 680 0.34 (0.21 to 0.47) < .001 

Model 1: adjusted for sex, age, log2 time after transplantation, protein intake, 
physically inactive lifestyle, eGFR, magnesium, calcineurin inhibitor use and 
benzodiazepine use. Model 2: Model 1 additionally adjusted for anxiety total 
score. 

Table 4: Cross-sectional associations of poor sleep quality (PSQI 
score > 5) with societal participation and HRQoL. 

Linear regression analyses with 
poor sleep quality as independent 

variable 

Dependent variable N St.β (95% CI) P 

Societal participation 
Frequency 

Crude 783 −0.17 ( −0.31 to −0.03) .02 
Model 1 633 −0.17 ( −0.32 to −0.01) .04 
Model 2 630 −0.08 ( −0.24 to 0.08) .3 

Restriction 
Crude 777 −0.47 ( −0.61 to −0.33) < .001 
Model 1 660 −0.36 ( −0.51 to −0.21) < .001 
Model 2 625 −0.24 ( −0.39 to −0.09) .002 

Satisfaction 
Crude 785 −0.53 ( −0.67 to −0.39) < .001 
Model 1 637 −0.44 ( −0.59 to −0.28) < .001 
Model 2 632 −0.25 ( −0.40 to −0.10) .001 

HRQoL 
Physical component score 

Crude 853 −0.64 ( −0.77 to −0.51) < .001 
Model 1 683 −0.53 ( −0.68 to −0.38) < .001 
Model 2 675 −0.37 ( −0.51 to −0.22) < .001 

Mental component score 
Crude 853 −0.77 ( −0.89 to −0.64) < .001 
Model 1 683 −0.64 ( −0.78 to −0.50) < .001 
Model 2 675 −0.34 ( −0.47 to −0.22) < .001 

Model 1: adjusted for sex, age, log2 time after transplantation, protein intake, 
physically inactive lifestyle, eGFR, magnesium, calcineurin inhibitor use and 
benzodiazepine use. Model 2: Model 1 additionally adjusted for anxiety total 
score. 

Figure 2: Radar plot of subdomains of HRQoL of KTR. Recipients with 
poor sleep quality (PSQI score > 5, red) had lower scores on all 
subdomains of HRQoL compared with recipients with no poor sleep 
quality (blue, P < .001 for all). 

 

 

 

 

 

 

 

 

 

 

 

 

restriction and satisfaction of societal participation was not sta- 
tistically significant ( P = .1 for both), indicating that the suggested
effects of poor sleep quality on poor societal participation are 
mainly indirect, via individual strength ( P < .001 for both). In con-
trast, poor sleep quality was both directly (physical: P = .03; men-
tal: P = .002) and indirectly ( P < .001 for both) associated with
physical and mental HRQoL, suggesting that poor sleep quality 
has direct and indirect effects on HRQoL. The suggested causal 
path of these associations is presented in Fig. 3 . 

Trajectory of sleep quality before and after 
transplantation 

In a subgroup of 292 KTR (age 55 ± 13 years, 33% female and
46% pre-emptively transplanted) repeated measurements of sleep 
quality were performed before, 6 months after and/or 12 months 
after transplantation. Among male KTR, poor sleep quality was 
more frequently reported before transplantation compared with 
1 year after transplantation (41% vs 31%, Pwithin patient < .001, re- 
spectively). In contrast, among female KTR, the prevalence of poor 
sleep was similar before versus 1 year after transplantation (58% 

vs 56%, Pwithin patient = .9, Fig. 4 ). This difference in the trajectory of
sleep quality before and after transplantation was also observed 
among KTR with data on sleep quality at all time points, with
a decrease in prevalence of poor sleep quality over time among 
males and no difference in prevalence of poor sleep quality over 
time among females (Supplementary data, Table S7 ). Among KTR 
who reported poor sleep quality before transplantation, those 
whose sleep quality improved after transplantation were more 
frequently male (77% vs 46%) and had a lower anxiety score be-
fore transplantation [33 (27 to 42) vs 40 (33 to 49)], compared with
KTR who reported poor sleep quality before transplantation and 
did not experience improvement in sleep quality (Supplementary 
data, Table S8 ). 

Exploratory analyses 
Among 862 KTR with data regarding medication non-adherence,
41% of the KTR was regarded as non-adherent. Poor sleep was not
associated with medication non-adherence in logistic regression 
analyses adjusted for potential confounders (OR = 1.36, 95% CI 
0.96 to 1.91, P = .082). Furthermore, poor sleep was associated with
neither rejection nor log2 24-h urinary protein excretion. 
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Figure 3: The causal pathway suggested by mediation analyses for the association between poor sleep quality (PSQI score > 5) and HRQoL. Presented 
st.β coefficients and 95% CI were adjusted for sex, age, log2 time after transplantation, protein intake, physically inactive lifestyle, eGFR, magnesium, 
calcineurin inhibitor use, benzodiazepine use and anxiety total score. Mediation analyses were performed using 1000 bootstrapped samples from 673 
KTR. 

Figure 4: Proportion of 292 KTR with a poor sleep quality (PSQI score > 5) before, 6 months after and 12 months after Tx per sex. Among male KTR 
(blue), poor sleep quality was more prevalent before Tx compared with 12 months after Tx, while prevalence of poor sleep quality at these time points 
were comparable for female KTR (red). Within-participant differences were assessed using McNemar’s tests. Tx, transplantation. 
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ensitivity analyses 
sing an alternative PSQI cut-off of > 7 to define poor sleep,
revalence of reported poor sleep was 17% among male KTR
nd 31% among female KTR, which was again higher compared
ith HC (male HC 9%, P = .02; female HC: 16%, P < .001).
oints estimates of the associations of poor sleep quality
ith individual strength, societal participation and HRQoL were
igher compared with primary analyses. The causal media-
ion analyses showed comparable results (Supplementary data,
ables S9–S11 ). 
ISCUSSION 

his study shows that approximately half of the female KTR and
ne-third of the male KTR report poor sleep quality, which is much
igher compared with HC. Female sex, anxiety, active smoking,
ow protein intake, a physically inactive lifestyle, low plasma mag-
esium, using calcineurin inhibitor, not using mTOR inhibitors
nd using benzodiazepine agonist appeared as potential deter-
inants of poor sleep. Poor sleep was strongly associated with
ore fatigue, less motivation, less concentration and less phys-

cal activity, poorer societal participation and lower HRQoL. The
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associations between poor sleep and lower HRQoL were partly
direct, and partly mediated through individual strength (includ-
ing fatigue). Longitudinal analyses showed that sleep quality im-
proved after transplantation in males, but not in females. 

This study is one of the largest studies extensively assessing
sleep quality among KTR, and is the first longitudinal study in
which sleep quality is assessed from prior to transplantation to
12 months after transplantation in a large population of KTR [7 , 8 ].
Our study confirms the high prevalence of poor sleep among KTR.
Notably, this study shows that sleep problems are more prevalent
and persist more after transplantation among female KTR, while
most previous studies did not report sex differences in (trajecto-
ries of) sleep quality [6 ]. 

Interestingly, we observed no associations of partner status, ed-
ucation level, age, obesity, body mass index, alcohol or coffee in-
take, diagnosis of obstructive sleep apnea or heart failure with
poor sleep, although these are generally considered risk factors
for poor sleep [6 , 28 –30 ]. This suggests that, in the KTR popu-
lation, primarily other factors underlie the observed sleep prob-
lems. Anxiety was strongly associated with poor sleep among
KTR. Moreover, among KTR with poor sleep prior to transplanta-
tion, KTR with improving sleep quality after transplantation had a
lower pre-transplantation anxiety score compared with KTR who
did not experience improvement in sleep quality. This further sug-
gests an important role of anxiety in sleep quality, which is in
line with previous findings among KTR [6 ] and with the notion
that sleep and cognitive-emotional reactivity have a bidirectional
relationship [31 , 32 ]. Such cognitive-emotional factors including
anxiety and poor sleep may be difficult to target as treating trans-
plant professionals. However, clinicians must realize that insom-
nia and anxiety can be treated, preferably by cognitive behavioral
therapy rather than pharmaceutical treatment, because of its ef-
ficacy, safety and sustainability of benefit [33 ], also in KTR [34 ].
This notion, combined with our findings, highlights that is essen-
tial to recognize cognitive-emotional factors in the clinic to ade-
quately refer patients for psychological treatment where appro-
priate. A recent publication by Chaput and Shiau has provided an
excellent practical framework for busy clinicians to quickly and
effectively get an impression of a patient’s sleep health [35 ]. First,
clinicians may get a snapshot of whether sleep quality is an issue
by asking “How is your sleep in general.” To get a better impression
of a patient’s sleep health, five important characteristics of sleep
should be assessed, including sleep duration, sleep quality, sleep
timing, daytime alertness and the absence of a sleep disorder. Ex-
amples of questions that clinicians may use to assess a patient’s
sleep health in under two minutes are provided [35 ]. If poor sleep
quality is present, clinicians are advised to discuss the option of
referral to a sleep specialist with the patient. 

In addition to anxiety, calcineurin inhibitor use was associated
with poor sleep. This association is in line with the well-recognized
adverse effects of calcineurin inhibitors on the nervous system
[36 ]. Although the use of calcineurin inhibitors is generally rec-
ommended in clinical guidelines to prevent graft rejection, there
are options to tailor immunosuppressive treatment by switch-
ing to alternative immunosuppressive drugs or by use of slow-
release tacrolimus regimens which were infrequently prescribed
in the current study population. Future (interventional) trials are
needed to confirm potential effects of such immunosuppressive
treatment alterations on sleep quality. 

In addition, lower plasma magnesium was associated with
poor sleep. Interestingly, magnesium status has previously been
linked to sleep quality [37 ]. Magnesium is a NMDA antagonist and
GABA agonist, and it has been hypothesized that magnesium de-
ficiency can disrupt the sleep wake cycle through this pathway 
[38 ]. Moreover, it was suggested that magnesium deficiency can 
also cause neuroendocrine dysregulation by alterations in levels 
of melatonin and other hormones [38 ]. Importantly, hypomag- 
nesemia is prevalent among KTR, partly due to calcineurin in- 
hibitor use. Magnesium is affordable, safe and generally advisable 
in magnesium-deficient KTR [39 ]. Therefore, assessment (and po- 
tentially correction) of magnesium status may be considered in 
KTR reporting poor sleep. 

Low protein intake was also associated with poor sleep, further 
underlining the importance of sufficient protein intake among 
KTR [40 , 41 ]. This finding coincides with the association of a phys-
ically inactive lifestyle with poor sleep. This observation is in line 
with randomized controlled trials among KTR and other popula- 
tions, which showed that increasing physical activity can improve 
sleep quality [42 , 43 ]. These findings, together with a recent study
on airflow limitation [44 ], underline the promising potential of ex- 
ercise therapy to improve sleep quality, fatigue and HRQoL in KTR.

Generally, the association of sleep quality with HRQoL is well- 
established in the general population [13 –15 ]. The current study
underlines that sleep quality may be particularly relevant in 
KTR, as reflected by the strong and independent associations of 
poor sleep with fatigue, poorer concentration and motivation, and 
poorer societal participation. 

Strengths of this study are the large study population, with 
the unique availability of extensive clinical, biochemical and psy- 
chosocial data, allowing for a comprehensive exploration of po- 
tential determinants of poor sleep quality, as well as potential 
repercussions of poor sleep quality with regard to societal partic- 
ipation and HRQoL. In addition, this study is the largest study in
which sleep among KTR is assessed longitudinally. However, sev- 
eral limitations of this study must be acknowledged. First, due to 
its observational design, no conclusive interpretations regarding 
causality can be drawn. For example, future interventional stud- 
ies are needed to identify the actual clinical benefit of improving
sleep on HRQoL and other outcomes. Second, the data on sleep 
quality were strictly based upon self-reporting, rather than inva- 
sive and costly objective sleep monitoring methods. Third, we had 
no data regarding de novo donor-specific antibodies. In addition,
the study population included patients from a single center in the 
Netherlands, with a predominantly Caucasian population, which 
may limit the extrapolation to KTR from other countries. Finally,
the current study could not assess potential prospective somatic 
effects of poor sleep among KTR. However, the high prevalence of 
poor sleep is a cause for concern, particularly because, in other 
populations, poor sleep is consistently linked to cardiovascular 
disease, cancer and infections/septicemia [45 –47 ], which are the 
leading causes of death among KTR [48 ]. 

CONCLUSION 

We conclude that sleep quality deserves attention in the (trans- 
plant) nephrologist’s consultation rooms. How this can best be 
done was not part of the current study, but the high prevalence
of reported poor sleep makes clear that it is a topic worthy of fur-
ther investigation. The suggested detrimental indirect effects (via 
individual strength) and direct effects on poorer societal partici- 
pation and lower HRQoL highlight the magnitude of the problem 

among KTR, and the potential need of referral to cognitive ther- 
apists. In addition, we observed sex differences in prevalence of 
poor sleep, and in the trajectory of sleep quality after transplan- 
tation, showing that sleep quality improved among males, and not 
among females. 
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UPPLEMENTARY DATA 

upplementary data are available at ndt online. 
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