Does Kidney Transplantation Affect Sleep and
Fatigue in Patients With Kidney Disease?
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Background. Sleep disorders and fatigue are highly prevalent in chronic kidney disease (CKD) and end-stage kidney
disease (ESKD) patients but there is limited evidence on the effect of kidney transplant (KTx) on these. Methods. In a
prospective cohort study of patients with advanced CKD (estimated glomerular filtration rate<30 mL/min/1.73 m?) or ESKD,
polysomnography and patient-reported symptom assessments were conducted. Pre- and post-KTx changes in sleep apnea
(SA) severity (measured by apnea hypopnea index [AHI]) were analyzed and compared with patients who did not receive
KTx. Regression models were used to examine predictors of SA severity. Results. Among 77 patients (mean age 51 v,
BMI 29kg/m?, 66% males, 23% ESKD), 61% had SA at baseline. Among 39 KTx recipients, 56% had SA, with 39% having
moderate-severe SA after 10 + 5.6 months post-KTx. There was no difference in AHI in either the KTx (median 6 versus 8;
P = 0.837) or no-KTx (median 15 versus 16; P = 0.61) groups after an average of 19.9 + 8.9 months. KTx led to significant
clinically meaningful improvements in fatigue and health-related quality of life (adjusted effect size 0.3-0.6). In multivariable
regression, baseline AHI was the only significant predictor of SA severity (adjusted p = 3.6/5 units, 95% confidence interval
2.1, 5.2) after adjusting for KTx status, age, sex, and body mass index. Conclusions. More than half of the KTx recipi-
ents had SA. There was no significant change in SA severity with KTx. Clinically meaningful moderate size improvements in

patient-reported fatigue and health-related quality of life may be seen with KTx.

(Transplantation Direct 2019;5: e461; doi: 10.1097/TXD.0000000000000895. Published online 29 May, 2019.)

INTRODUCTION

Sleep disorders and fatigue are common in patients with
chronic kidney disease (CKD) and end-stage kidney dis-
ease (ESKD) on renal replacement therapy (RRT). Sleep-
disordered breathing (SDB) affects around 17%-34% of
the general population,! whereas the prevalence is reported
to be around 10%-50% in ESKD patients.? Similarly, the
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prevalence of fatigue is as high as 84% in CKD stage 5 and
60%-97% in patients on long-term RRT.>* SDB, exces-
sive daytime sleepiness, and fatigue are not only associated
with poor health-related quality of life (HRQOL) but also
may be associated with increased morbidity and mortality,
as in the general population.’

S.T. participated in data analysis and writing of the article. S.H. participated
in statistical data analysis. J.Y. participated in statistical data analysis. X.R.
participated in statistical data analysis. M.F. participated in data collection and
management. P.S. participated in research design and conduct of the research.
S.R.P. participated in data analysis and writing of the article. M.U. participated
in research design, conduct of the research, data analysis, and writing of the
article. M.J. participated in research design, conduct of the research, data
analysis, and writing of the article.

Supplemental digital content (SDC) is available for this article. Direct URL
citations appear in the printed text, and links to the digital files are provided in the
HTML text of this article on the journal’s Web site (www.transplantationdirect.
com).

Correspondence: Manisha Jhamb, MD, MPH, Renal-Electrolyte Division,
University of Pittsburgh School of Medicine, 200 Lothrop St, PUH C-1101,
Pittsburgh, PA 156213. (hambm@upmc.edu).

Copyright © 2019 The Author(s). Transplantation Direct. Published by Wolters
Kluwer Health, Inc. This is an open-access article distributed under the terms of
the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work provided
it is properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

ISSN: 2373-8731
DOI: 10.1097/TXD.0000000000000895

www.transplantationdirect.com 1


mailto:jhambm@upmc.edu)
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

2 Transplantation DiIRECT m 2019

In patients with CKD/ESKD, possible mechanisms for
obstructive sleep apnea (OSA), the most common form of
SDB, may include fluid overload and subsequent upper air-
way edema, leading to dynamic airway obstruction>>'® and
perhaps uremia-related factors.>? Moreover, fluid overload
and an enhanced sensitivity to hypercapnia have also been
suggested as possible mechanisms for another form of SDB,
Cheyne-Stokes respiration-central sleep apnea (CSA), in these
patients.!! The mechanism of fatigue in these patients is mul-
tifactorial including increased prevalence of SDB, restless legs,
excessive daytime sleepiness, uremia-related factors, depres-
sive symptoms, cardiovascular disease, hypoalbuminemia,
anemia, benzodiazepine use, etc.>%!13

The role of kidney transplant (KTx) in improving SDB
and fatigue in these patients is unclear. KTx may improve
SDB by mitigating the fluid overload and uremia-related fac-
tors. It may improve fatigue as well, given the independence
from dialysis, allowing for an increase in physical mobility,
improvement in quality of life, resolution of uremic symp-
toms, increase in appetite, and improvement in sleep quality.
A few small case studies and prospective studies studying SDB
have shown conflicting results>!*!¢ which are limited by sam-
ple size, select patient populations, and short post-Tx follow-
up period. We are not aware of any study that has examined
longitudinal changes in fatigue after KTx.

The aim of our study was as follows: (a) to evaluate the
prevalence of SDB in patients with KTx, and (b) to exam-
ine changes in patient-reported outcomes of sleep quality and
fatigue, and polysomnography (PSG) measures of sleep qual-
ity in KTx patients. To our knowledge, this is the first study to
assess longitudinal changes in these outcomes among patients
who received KTx in comparison to a control CKD stages 4
and 5 or ESKD population who did not. We hypothesized that
KTx would have a positive impact on both PSG and patient-
reported outcomes.

MATERIALS AND METHODS

Study Participants

The study cohort used for our study was derived from a
prospective cohort study enrolling patients from outpatient
nephrology clinics, local dialysis centers, and kidney trans-
plantation clinics in Western Pennsylvania between March
2004 and December 2008.° Inclusion criteria included all
patients who were aged >18 years with advanced CKD (esti-
mated glomerular filtration rate calculated per Modification
of Diet in Renal Disease <30mL/min/1.73 m?), and who
had in-home PSG studies done on 2 separate occasions. For
patients who underwent a KTx, a PSG before and after KTx
was required to be included in the study. Exclusion criteria
included patients of age >90 years, acute medical or psychiat-
ric illness, active alcohol abuse, and patients who did not have
2 in-home PSG studies during the course of the study. Patients
were divided into 2 groups—those who underwent KTx and
those who did not undergo KTx (No-KTx). The study was
approved by the University of Pittsburgh Institutional Review
Board, and all patients provided informed consent.

Clinical and Demographic Data Collection

Baseline data collection was done with the help of a stand-
ardized health interview and included sociodemograph-
ics, comorbidities such as cardiovascular diseases, diabetes,
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hypertension and stroke, and medications used including
immunosuppressants and antidepressants. Clinical (blood
pressure and body mass index [BMI]) and laboratory data
were collected from medical charts.

Outcomes Assessment

All patients included in this analysis completed objective
and subjective data collection at 2 time points—baseline (T1)
and follow-up (T2). For patients who underwent a KTx,
baseline (T1) parameters were collected before the KTx and
follow-up (T2) parameters were collected after KTx. The tim-
ing of follow-up was at least 6 months post-KTx to permit
a stable immunosuppression regimen and kidney function in
the KTx group.

Assessment of Sleep With PSG

Unattended in-home PSG was used for objective assess-
ment of sleep quality and presence of obstructive, central, or
mixed sleep apnea. Ambulatory Siesta monitor (Charlotte,
NC) was used to record PSG data at habitual sleep times for
1 night. The apparatus included bilateral central and occipi-
tal electroencephalogram channels, bilateral electro-oculo-
gram, and bipolar submentalis electromyogram, along with
bipolar electrocardiogram for heart rate and position sensors
for body position monitoring. Other monitoring included
inductance plethysmography to measure abdominal and tho-
racic effort, pulse oximetry (Nonin, Minneapolis, MN) to
measure oxyhemoglobin saturation, nasal-oral thermocouple
and nasal pressure to measure airflow, and arm and leg elec-
tromyograms to measure periodic leg movements. Recorded
data were analyzed by trained PSG technologists, who were
blinded to patient’s renal function or KTx status. Respiratory
events were scored using 1999 American Academy of Sleep
Medicine criteria for apneas and hypopneas.'”

The PSG outcome variables of interest were apnea hypo-
pnea index (AHI), total sleep time (TST; sleep time excluding
periods of wakefulness during the night), %TST with oxy-
hemoglobin saturation under 90%, sleep latency, wakefulness
after sleep onset (WASO), percent Stage N1 sleep, percent
Stage N2 sleep, percent Stage N3 (slow wave) sleep, percent
Stage R sleep, and periodic leg movement index (PLMI). AHI
was used to classify SDB severity as none (<5 per h), mild
(5-14 per h), moderate (15-29 per h), and severe (>30 per
h). The obstructive apnea index (OAI) was calculated as the
number of obstructive apneas per hour of TST. The central
apnea index (CAI) was calculated as the number of central
and mixed apneas per hour of TST.

Patient-reported Sleep Outcomes

Sleep was assessed using the Pittsburgh Sleep Quality Index
(PSQI), a 19-item questionnaire exploring global sleep quality
over the previous month with higher scores reflecting worse
quality.'®

Participants were also asked to complete the Epworth
Sleepiness Scale (ESS), an 8-item questionnaire assessing the
likelihood of falling asleep in specific situations with a score
>10 indicating excessive daytime sleepiness.!”

Lastly, the Hopkins Restless Legs Syndrome (RLS)
Diagnostic Questionnaire, which included 9 questions relat-
ing to diagnosis of RLS, was also asked to be filled, and
patients were classified as having or not having RLS, based on
the response criteria.?
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Patient-reported Fatigue Outcome

Fatigue was assessed using the 13-item Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F) questionnaire,
which was scored from 0 to 52, with a higher score indicating
lower levels of fatigue with an assessment of fatigue over 7 days
using 5-point Likert scale ranging from “Not at all” to “Very
much.” The scale encompasses physical, functional, emotional,
and social aspects of fatigue.?»?? This scale has excellent inter-
nal consistency, test—retest reliability, and has been validated
in many populations including the general US population, and
many chronic disease including kidney disease patients.?>?

Other Patient-reported Outcomes

The 36-item short-form questionnaire (SF-36) was used to
assess the HRQOL. It is composed of the mental component
score (MCS) assessing vitality, social functioning, role limita-
tions due to emotional problems and emotional well-being,
and the physical component score (PCS) assessing physical
health problems, bodily pain, general health and role limita-
tions due to physical problems.?** It is scored from 0 to 100,
with higher scores indicating higher quality of life.?

Statistical Analysis

Categorical and continuous variables were presented using
frequencies with percentages and means with SD (or medians
with interquartile range for skewed distributions), respectively.
Between-group comparisons were conducted using # and
¥? tests or Fisher exact test, depending on the variable type.
Wilcoxon rank-sum test was used for highly skewed, continu-
ous data. KTx and No-KTx groups were compared for baseline
characteristics and duration between time points of PSG assess-
ments. Within-group changes over time were assessed using
paired #-test or Wilcoxon signed-rank test for continuous out-
comes; the McNemar test was used for restless legs syndrome.
We also evaluated whether changes in PSG measures from
baseline (T1) to follow-up (T2) differed between the 2 groups
using 2-sample #-test or Wilcoxon rank sum test for continuous
variables. Unadjusted and adjusted median regression models
were used to examine the association between transplant receipt
and changes in AHI. For outcomes that are fairly symmetric,
ordinary linear regression models were used. Covariates used
for adjustment were baseline AHI, gender, BMI, and age. These
covariates were chosen based on clinical rather than statistical
reasons and considering the limited sample size. Model assump-
tions were assessed using standard residual analysis. Effect sizes
were calculated based on standardized regression coefficients
using the baseline SD as scaling factor. Given the limited power
in our study, we performed a meta-analysis pooling data from
our study and the 3 prior studies that have looked at pre and
post-KTx AHI changes.'*'® The summary of data from these
studies is in Table S1 (SDC, http:/links.lww.com/TXD/A208).

All statistical analyses were carried out in R (version 3.5.1)%
using the dplyr package?® for data manipulation, compar-
eGroups?® for descriptive tables, and ggplot2*® for graphics.

RESULTS

Baseline Characteristics

Among 203 patients initially enrolled in the study, 119 com-
pleted baseline PSG and 77 completed the second PSG. Reasons
for drop-out included patients not interested (23), loss to follow-
up (34), deceased (16), poor health (14), and other reasons (56).
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Among the 77 patients (77% advanced CKD and 23% ESKD),
39 had a KTx (Table 1). There were no significant differences
in age, gender, race, or other sociodemographic characteristics
between the KTx and No-KTx groups. There were no signifi-
cant differences in the proportion of CKD or ESKD patients in
both groups and the dialysis vintage. The average baseline eGFR
in CKD patients was 16.7 versus 22.0 mL/min/1.73 m? for KTx
and No-KTx group, respectively (P < 0.01). Comorbidity bur-
den including cardiovascular disease, hypertension, stroke, and
renal disease was similar in both groups, except that there were
fewer diabetics in the KTx group compared to the No-KTx
group (25.6% versus 54.1%; P = 0.02).

The KTx group had a lower BMI compared to the No-KTx
group at the time of their first PSG (T1) (26.7 versus 30.5 kg/m?;
P = 0.005), but both groups had similar BMI at the time of
second PSG (T2). There was no statistical difference between
the groups in terms of baseline immunosuppressive medica-
tions, antidepressants, benzodiazepines, sedatives, or labora-
tory parameters.

PSG Sleep Measures at Baseline (T1)

At baseline, 61% of all patients had sleep apnea and 44%
had moderate-severe sleep apnea, and this was similar in both
the groups (P = 0.12 and 0.21, respectively). At baseline, 43 % of
the CKD and 50% of the ESKD patients had moderate-severe
sleep apnea. The median (Q1, Q3) AHI for the whole cohort
was 8.9 (3.4,25.9) and similar in the KTx and No-KTx groups
(P = 0.06). The baseline PSG variables in both the groups were
similar except for longer sleep duration (TST 387 versus 333
min; P = 0.04) and greater proportion of slow wave sleep time
(8.6% versus 5.1%; P = 0.01) in the KTx group (Table 2).

Changes in PSG Measures in KTx and No-KTx Group

The mean time difference between the two PSGs was 19.9
+ 8.9 months (18.6 = 8.9 mo in KTx and 21.2 = 8.8 mo in
No-KTx group; P = 0.19). In the KTx group, the mean time
between the KTx and second PSG was 10.0 = 5.6 months.

Among patients who received KTx, 56% had sleep apnea
and 39% of the patients had moderate-severe sleep apnea.
The median (Q1, Q3) post-KTx AHI was 7.7 (3.0, 20.5).
There was no significant difference in sleep apnea severity
after KTx—the median (Q1, Q3) post minus pre AHI was
1.6 (-2.3,3.7) P = 0.37 (Figure 1). Patients spent significantly
less time in Stage N1 sleep after KTx compared to pre-KTx
(12.2% versus 8.7% of TST; P = 0.002). There was no differ-
ence in any of the other PSG variables.

In patients who did not receive KTx, 57% had moderate-
severe sleep apnea at the time of second PSG, and the median
(Q1,Q3) AHI was 16.2 (5.5,21.0), which was not significantly
different from the AHI at the time of first PSG (P = 0.62). At
the follow-up PSG (T2) in the No-KTx patients, the propor-
tion of Stage N1 sleep was lower (median 5.5% versus 8.8%
of TST; P = 0.003) and proportion of Stage N2 sleep was
greater (median 66.1% versus 60.2% of TST; P = 0.04) when
compared to the first PSG. Changes in other PSG variables
were not statistically significant (Table S2, SDC, http://links.
Iww.com/TXD/A208).

Comparison of Longitudinal Changes in PSG in KTx
and No-KTx Group

Longitudinal changes in PSG variables in the KTx and
No-KTx groups are compared in Table 3. Overall, there was
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Characteristics of the study cohort

All patients, Kidney transplant group, No kidney transplant group,
N=77 n=39 n=38 P
Age,y 50.7 (13.3%) 48 (13.8%) 53.4 (12.3%) 0.07
Male 51 (66.2%) 28 (71.8%) 23 (60.5%) 0.42
Race 0.09
White 56 (72.7%) 32 (82.1%) 24 (63.2%)
Black 19 (24.7%) 7(17.9%) 12 (31.6%)
Asian/Pacific 2 (2.6%) 0 (0%) 2 (5.3%)
High school graduate or more 71 (92.2%) 38 (97.4%) 33 (86.8%) 0.11
Married 47 (61.0%) 26 (66.7%) 21 (55.3%) 0.49
Employed 32 (41.6%) 18 (46.2%) 4 (36.8%) 0.55
Ever smoker 34 (47.2%) 18 (50.0%) 6 (44.4%) 0.81
Cardiovascular disease 3(17.1%) 4(10.3%) 9 (24.3%) 0.19
Diabetes 30 (39.5%) 10 (25.6%) 20 (54.1%) 0.02
Stroke 4(5.3%) 1(2.6%) 3(8.1%) 0.36
Hypertension 66 (90.4%) 36 (92.3%) 30 (88.2%) 0.70
Renal disease 0.20
CKD 59 (76.6%) 27 (69.2%) 32 (84.2%)
ESKD 8 (23.4%) 2 (30.8%) 6 (15.8%)
Systolic BP, mm Hg 146 (23.4) 147 (19.4) 145 (27.4) 0.73
Diastolic BP, mm Hg 83.2 (13.6) 85.2(12.9) 81(14.3) 0.20
BMI at first PSG, kg/m? 28.6 (5.7) 26.7 (4.3) 30.5 (6.5) <0.01
BMI at second PSG, kg/m? 29 4(7.1) 28.98.3) 29.9 (6.0) 0.60
Change in BMI between PSGs (T2—T1), kg/m? .8(5.6) 21(7.1) -0.6(3.1) 0.05
Dialysis vintage, months 2(0,21) 12 (0, 15) 6 (0, 21) 0.73
PSG on day of hemodialysis 0.64
Yes 8 (44.4%) 6 (50%) 2 (33.3%)
No 10 (55.6%) 6 (50%) 4 (66.7%)
Sedatives 6 (7.8%) 3(7.7%) 3(7.9%) 1.00
Antidepressants 11 (14.3%) 7 (17.9%) 4(10.5%) 0.55
Steroids 7(9.1%) 4(10.3%) 3(7.9%) 1.00
Immunosuppressants 10 (13.0%) 5(12.8%) 5(13.2%) 1.00
Tacrolimus 9 (11.7%) 3(7.7%) 6 (15.8%) 0.31
Albumin, g/dL 3.9(0.6) 3.9(0.5) 3.8(0.8) 0.58
Parathyroid, pg/mL 339 (411) 383 (496) 294 (348) 0.73
Hemoglobin, g/dL 11.7(1.9) 11.8(2.2) 11.6 (1.5) 0.69
Phosphorus, mg/dL 4.6(1.0) 4.7(0.9) 45(1.1) 0.80
Bicarbonate, mEq/L 24.7 (3.2) 24.8 (2.5 24.6 (4.1) 0.87
Baseline creatinine, mg/dL 5.3(2.7) 6.0 (3.0) 42(1.9 0.04
Baseline eGFR, mL/min/1.73 m? (only for CKD group) 194 (7 0) 16.7 (5.3) 22.0 (7.6) <0.01
Cr at follow-up (only for the KTx group) 1.7(0.8) - -

Table shows mean (SD) or median (quartile 1, quartile 3) or frequency (%). P values were based on two-sample t-test or Wilcoxon rank sum test for continuous variables and 2 or Fisher exact test

for categorical variables.

BMI, body mass index; CKD, chronic kidney disease; ESKD, end-stage kidney disease; KTx, kidney transplant; PSG, polysomnography.

no difference in the change in AHI between the two groups
over a mean of 19.9 = 8.9 months (median AHI change
[Q1, Q3]: 1.6 [-2.3, 3.7] in KTx versus —1.1 [=11.7, 9.2] in
No-KTx; P = 0.31). There was a wide heterogeneity in the
direction and slope of change in the sleep apnea severity in
both the groups (Figure S1, SDC, http://links.lww.com/TXD/
A208). There was no significant difference in the longitudinal
changes in any of the other PSG variables examined, including
the type of apnea (central, obstructive, or mixed).

Predictors of Sleep Apnea Severity at Follow-up

KTx status was not associated with sleep apnea sever-
ity at the time of second PSG in models adjusted for
KTx status, age, sex, and BMI (Figure 2). In multi-
variable median regression, baseline AHI was the only

significant predictor of sleep apnea severity at follow-up
(p = 3.6 per 5 units, 95% confidence interval (CI) 2.1, 5.2;
P < 0.001) after adjusting for KTx status, age, sex, and BMI.

Changes in Patient-reported Outcomes

In unadjusted analyses, patients with KTx reported a sig-
nificant improvement in FACIT-F (42.7 [8.8] versus 38.1 [9.3];
P = 0.02), SF-36 MCS (55.7 [5.8] versus 49.2 [9.5]; P < 0.01),
and SF-36 PCS (45.5 [10.5] versus 41.9 [10.8]; P = 0.03) scores
as compared to their pre-KTx levels. These remained significant
after adjusting for age, sex, and BMI, indicating an improvement
in fatigue and HRQOL after KTx. The adjusted effect size of
improvement in fatigue and mental HRQOL were moderate (ES
0.55 and 0.62, respectively), while the effect size for improve-
ment in physical HRQOL was small (0.34) (Figure 3). There
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| TABLE 2.

Baseline (T1) PSG variables in KTx and No-KTx groups

PSG variable All patients, N = 77 KTx group, N = 39 No-KTx group, N = 38 P
Apnea hypopnea index 8.9 (3.4,25.9 6.4 (2.6,18.8) 15.2(5.1,28.1) 0.06
Baseline SA severity 0.21
No-mild SA 45 (58.4%) 26 (66.7%) 19 (50.0%)

Moderate-severe SA 32 (41.6%) 13 (33.3%) 19 (50.0%)

Central apnea index O (0,0.02 O (0,0.02 O (0,0.02 0.96
Obstructive apnea index .1(0.04,0.3) .1(0.03,0.3) 2(0.1,0.4) 0.05
% TST under 90% 5(0.5,5.1) 0(0.5,4.0) 8(0.5,7.6) 0.85
TST (min) 368 (306, 428) 387 (334, 454) 333 (291, 417) 0.04
Sleep latency 13.3(7.7,37.0) 11.7(7.0,25.3) 19.2(7.8,41.0) 0.28
WASO 71.7 (43.3,135) 58.7 (40.8,92.7) 98 7(51.8,156) 0.05
Stage N1 sleep, %TST 10.1(7.0,16.6) 11.5(6.8,16.2) 8(7.1,16.9) 0.84
Stage N2 sleep, %TST 58 3(51.9,64.6) 56 8 (49.4,62.8) 60 2 (54.4,70.1) 0.09
Slow wave sleep, %TST 4(21,14.6) .6 (3.9,16.5) 111,76 0.01
Rapid eye movement, %TST 19 8(15.1,26.7) 20 7(16.2, 26.6) 19 7(13.9,26.7) 0.73
Periodic leg movement index 34.2 (15.8,61.4) 30.6 (13.8, 54.5) 34.4(22.6,63.0) 0.26

Table shows mean (SD) or median (quartile 1, quartile 3) or frequency (%). P-values were based on two-sample #-test or Wilcoxon rank sum test for continuous variables and 2 or Fisher exact test

for categorical variables.

KTx, kidney transplant; PSG, polysomnography; TST, total sleep time; WASO, wakefulness after sleep onset.
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FIGURE 1. Changes in polysomnography variables before (T1) and after (T2) kidney transplant. *Statistically significant (P < 0.05) based on
Wilcoxon-signed rank test. **Vertical lines in the density curves represent the median.

was no improvement in subjective measures of sleep including
ESS, PSQI, or proportion of patients with restless leg syndrome
(Figure S2, SDC, http:/links.lww.com/TXD/A208). In the
No-KTx group, there was no significant longitudinal change in
any of the patient-reported outcome scores (data not shown).

Meta-analysis of Effect of Kidney Transplantation on
Sleep Apnea Severity

To address the limitation of small sample size and power in
our study, we conducted a meta-analysis using data from 3 prior
studies. Based on a random effects meta-analytic model, the

estimated average effect of KTx across studies was small and the
lower limit of the 95% CI did not even reach a 5-point reduc-
tion in AHI (estimate [95% CI|: -1.4 [-4.4, 1.5]; Figure 4). This
suggests that the effect of KTx may be small at best and not
clinically meaningful. The pooled estimate from a fixed-effects
model was similar (estimate [95% CI]: -1.7 [-3.6, 0.3]).

DISCUSSION

At baseline, 2/3 of the CKD/ESKD patients had SA and the
prevalence remained high at 56% even after KTx. Similarly
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Comparison of magnitude of changes in PSGs from baseline (T1) to follow-up (T2) in KTx and No-KTx groups

Difference in variable KTx group, N = 39 No-KTx group, N = 38 P

Apnea hypopnea index 6(-2.3,3.7) -1.1(-11.7,9.2) 0.31
Central apnea index 0(-0.01,0) 0(-0.01,0) 0.95
Obstructive apnea index 0(-0.1,0.1) -0. 03 (-0.2,0.1) 0.35
% TST under 90% 7(-0.8,6.4) 3(-1.2,2.4) 0.32
TST —21 (—84.8, 58) 122( 57.8,73.7) 0.29
Sleep latency 3(-8.2,11.3) —3.7 (=20, 7.8) 0.22
WASO 123( 15.2,35.7) 102( 38.9,77.6) 0.84
Stage N1 sleep, %TST —3 4(6.5) 6(10.5) 0.58
Stage N2 sleep, %TST 6(15.1) 9(14.3) 0.92
Slow wave sleep, %TST —2 1(10.6) 9(7.2) 0.15
Rapid eye movement, %TST 1(11.5) —1 3 (10.1) 0.37
Periodic leg movement index 8.1 (62.2) -1.2(42.2) 0.45

Table shows mean (SD) or median (quartile 1, quartile 3). P-values were based on two-sample t-test or Wilcoxon rank sum test for the differences in change scores from T1 to T2.

KTx, kidney transplant; TST, total sleep time; WASO, wakefulness after sleep onset.

Effect estimate

(95% ClI) 15 -10 5 0 5
KTx vs no KTx 8.18 (-15.78,-0.58) .
1.31(-2.89,5.50) —5‘.—
Female vs Male -7.22 (-15.81,1.36) * ;
0.85 (341,5.11) +
Baseline AHI, 5 units 3.69(2.25,5.12) ; e
3.62 (2.05,5.18) ; o
Age, 10 years 2.73(0.12,5.33) §+
0.91 (-0.72,2.55) _E_;_
BMI, 5 units 4.13 (1.80,6.46) é — g
0.42 (-2.48,3.32) _.,.._
-o- Unadjusted.a- Adjusted .

FIGURE 2. Unadjusted and adjusted median regression analyses of T2 apnea-hypopnea index (AHI). *Effect represents median differences in
T2 AHI estimated using univariate and multivariable median regression models.

the prevalence of moderate-severe sleep apnea was compa-
rable—44% in the CKD/ESKD patients at baseline and 39%
after KTx. Our study did not find an improvement in sleep
apnea severity among patients with advanced CKD/ESKD
after KTx compared to a group that did not receive a KTx.
In adjusted analysis, KTx status was not associated with sleep
apnea severity posttransplant. There were clinically meaning-
ful small-moderate improvements in subjective fatigue and
HRQOL after KTx.

The high prevalence of SDB in KTx in our study is consist-
ent with previous reports. Molnar et al identified 27% preva-
lence of patients at high risk of OSA, based on a battery of
self-administered questionnaires administered to 841 trans-
plant recipients.®' In contrast, a case series of 47 KTx patients

reported 30% of nonobese and 67% of obese patients hav-
ing severe SDB (AHI > 30) using objective measurement.>?
However, a study in 163 KTx patients demonstrated lower
prevalence of SDB (22%) by PSG, and only 5% were found
to have moderate-severe SDB.3? The reason for much higher
prevalence of SDB especially moderate-severe SDB in our
study may be due to higher BMI, higher proportion of diabet-
ics, racial differences (18% non-Whites), and perhaps slightly
worse renal function post-KTx (Cr 1.7 in our cohort versus
~1.5 mg/dL prior studies).

In advanced CKD/ESKD patients, OSA is felt to be sec-
ondary to a combined effect of uremic toxins on upper air-
way muscle tone and nocturnal rostral fluid shift causing
dynamic airway obstruction from varying degrees of fluid
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0.0 0.5

FACIT-F 0.38 (0.06,0.70)

0.55 (0.27,0.82)
SF-36 physical 0.41 (0.06,0.75)
0.34 (0.02,0.67)
SF-36 mental 0.51 (0.18,0.85)

0.62 (0.36,0.87)

PsQl -0.06 (-0.37,0.25)

L ]

»

»

[ ]

-0.02 (-0.46,0.42)

Epworth sleepiness

e

-0.22(-0450.02) ——eo——
1

023 (-0_45,0.01)—5—:;

-o- Unadjusted-A- Adjusted

FIGURE 3. Effect size of kidney transplantation on patient-reported outcomes. *Kidney transplant (KTx) effect size represents standardized
mean differences. These were estimated from univariate and multivariable linear regression models for the changes in each patient-reported
outcome before and after KTx. Multivariable models adjusted for baseline value, gender, age, and body mass index (BMI).

Weight Weight
Study TE seTE 95%-Cl (fixed) (random)
Beecroft et.al 2007 3.30 3.9000 . 3.30 [-4.34; 10.94] 6.6% 11.7%
Jurado-Gamez et al. 2008 -5.10 2.2930 — &% i~ -5.10 [-9.59; -0.61] 19.1% 24.1%
Rodrigues et al. 2010 -2.20 1.4030 — -2.20 [-4.95; 0.55] 51.1% 37.4%
Tandukar et al. 2018 0.95 2.0800 —r——'—— 095 [-3.13; 503] 23.2% 26.8%
Fixed effect model {IZ‘-‘—"' -1.66 [-3.62; 0.31] 100.0% --
Random effects model i l—ﬂlﬁ— y Y -1.41 [-4.35; 1.52] - 100.0%

-10 -5 0 5 10

Heterogeneity: /2 = 46%, <- = 4.0377, p = 0.13
Test for overall effect (fixed effect): z =-1.66 (p =0.10)
Test for overall effect (random effects): z = -0.94 (p = 0.35)

FIGURE 4. Meta-analysis of effect of kidney transplant on sleep apnea severity. seTE, standard error of treatment effect; TE, treatment effect.

overload.>»1%3133 Additionally, heightened ventilatory sensitiv-
ity to hypercapnia (“loop gain”) and compensatory hyper-
ventilation due to vagal response secondary to pulmonary
vascular congestion is thought to trigger Cheyne-Stokes res-
piration-CSA in fluid-overloaded patients.!! We had hypoth-
esized that the improvement in uremia and fluid overload
would improve SDB in KTx patients. Prior studies have
shown either an improvement or deterioration of SDB after
KTx. Langevin et al reported 2 cases of KTx recipients (one
with OSA and the other with CSA), who were cured of sleep
apnea after successful transplantation.? A longitudinal study
in 9 hemodialysis patients showed significant improvement in
sleep apnea severity measured by PSG after about 5 months
post-KTx. However, this study excluded patients with body
weight changes >10% after KTx.'*!> On the contrary, similar
to our study, 2 longitudinal studies—1 with 34 patients and 1
with 18 patients—failed to show improvement in AHI using

PSG after KTx.'® A possible explanation may be an increase in
BMI post-KTx perhaps due to improvement in appetite with
resolution of uremia or due to use of immunosuppressive regi-
mens, which may include corticosteroids.

Fatigue is a ubiquitous symptom in patients with advanced
CKD and ESKD patients on RRT and associated with poor
HRQOL."? We found FACIT-F score improved by 5 points
after KTx, and 3 points are considered clinically minimal
important difference.’® We observed a moderate effect size
with clinically meaningful improvement in fatigue and men-
tal HRQOL (SF-36 MCS score improved by 7) and small
improvement in physical HRQOL (SF-36 PCS score improved
by 4) after KTx. These improvements could be attributed to
resolution of uremic symptoms or improvement in dialysis-
related fatigue. Our study confirms the improvement in qual-
ity of life with KTx seen in prior studies’>¢ and is the first
to longitudinally assess changes in fatigue after transplant.
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The improvement in fatigue despite no change in subjec-
tive or objective sleep in our study supports the multifacto-
rial etiology of fatigue in patients with advanced CKD and
ESKD'5,12,25,37

Our study has a number of strengths. First, it incorpo-
rates the longitudinal comparison of sleep parameters in KTx
and No-KTx groups over a period of time. Second, the pre-
dominant method of capturing SDB patients in most of the
prior studies were subjective measures,’! pulse oximetry,> or
wrist actigraphy,® with only a small number of studies using
PSG'238 for diagnosis and assessment of severity. We used
both subjective and objective measures in our study popula-
tion at 2 separate time points for comparison. Third, we were
able to account for a number of confounding variables that
may impact sleep and fatigue in these patients such as labora-
tory parameters, BMI, day of PSG (dialysis versus nondialysis
day), renal function post-KTx, and medications. Lastly, there
was adequate time between the 2 PSGs, and between the KTx
and second PSG that allowed us to assess the effect of changes
in parameters that are expected to change over time in KTx
patients such as the BMI and immunosuppression regimen.

Some limitations must be taken into account while inter-
preting the results of our study. First, we used unattended,
in-home PSG for diagnosing and stratifying sleep disorders
by severity. Although full PSG is recommended for diagnos-
ing sleep disorders, in-home PSG has been shown to have
findings consistent with the former.>” Second, 35% of the
patients who completed first PSG did not have a follow-
up PSG and were not included in this analysis, which may
have resulted in selection bias. Third, we were unable to
ascertain whether the changes in BMI were a consequence
of differences in fluid balance or actual weight gain or loss
from improved or worsened nutritional status, respectively.
Lastly, although our study has the largest sample size to
date, we still lack power to detect a clinically meaningful
reduction in AHI. Although we conducted a meta-analysis
in an attempt to address this, it had several limitations.
First, the studies were heterogeneous with baseline AHI that
ranged from 5 to 20 and changes in AHI that ranged from
-5.1 to 0.95. The estimated variation across all 4 studies
were moderate (I> = 46%). Thus, a true single KTx effect
may not exist across these studies, rendering fixed-effects
analyses invalid. Second, we only have 4 studies with a total
patient pool of N = 93, providing imprecise estimates of the
effect in both a fixed-effects and random-effects analyses.
Third, the SD of the AHI change was needed to conduct
the meta-analyses but it was not reported by the other 3
studies. Thus, we had to approximate it based on what we
observed in our dataset. Future studies with larger sample
sizes are needed to evaluate changes in sleep disorders and
fatigue after KTx.

CONCLUSION

More than half KTx recipients had sleep apnea, with 39%
having moderate-severe sleep apnea. There was no significant
change in sleep apnea severity with KTx. Clinically meaning-
ful, moderate size improvements in patient-reported fatigue
and mental HRQOL may be seen with KTx. The significant
burden of sleep disorders and fatigue in non-RRT depend-
ent advanced CKD, ESKD, and KTx patients requires urgent
attention and further examination.

www.transplantationdirect.com

REFERENCES

1. Peppard PE, Young T, Barnet JH, et al. Increased prevalence of sleep-
disordered breathing in adults. Am J Epidemiol. 2013;177:1006-1014.

2. Langevin B, Fouque D, Léger P, et al. Sleep apnea syndrome and
end-stage renal disease. Cure after renal transplantation. Chest.
1993;103:1330-1335.

3. Murtagh FE, Addington-Hall J, Higginson IJ. The prevalence of symp-
toms in end-stage renal disease: a systematic review. Adv Chronic
Kidney Dis. 2007;14:82-99.

4. Murtagh FE, Addington-Hall JM, Edmonds PM, et al. Symptoms in
advanced renal disease: a cross-sectional survey of symptom preva-
lence in stage 5 chronic kidney disease managed without dialysis. J
Palliat Med. 2007;10:1266-1276.

5. Jhamb M, Argyropoulos C, Steel JL, et al; Choices for Healthy
Outcomes in Caring for End-Stage Renal Disease (CHOICE) Study.
Correlates and outcomes of fatigue among incident dialysis patients.
Clin J Am Soc Nephrol. 2009;4:1779-1786.

6. Unruh ML, Buysse DJ, Dew MA, et al; Choices for Healthy Outcomes
in Caring for End-Stage Renal Disease (CHOICE) Study. Sleep quality
and its correlates in the first year of dialysis. Clin J Am Soc Nephrol.
2006;1:802-810.

7.Tang SC, Lam B, Yao TJ, et al. Sleep apnea is a novel risk predictor
of cardiovascular morbidity and death in patients receiving peritoneal
dialysis. Kidney Int. 2010;77:1031-1038.

8.Jung HH, Han H, Lee JH. Sleep apnea, coronary artery disease,
and antioxidant status in hemodialysis patients. Am J Kidney Dis.
2005;45:875-882.

9. Unruh ML, Sanders MH, Redline S, et al. Sleep apnea in patients on
conventional thrice-weekly hemodialysis: comparison with matched
controls from the sleep heart health study. J Am Soc Nephrol.
2006;17:3503-3509.

10. Jhamb M, Unruh ML. Volume overload as a mechanism for
obstructive sleep apnea in CKD? Nephrol Dial Transplant.
2012;27:1291-1293.

11. Dharia SM, Unruh ML, Brown LK. Central sleep apnea in kidney dis-
ease. Semin Nephrol. 2015;35:335-346.

12. Jhamb M, Liang K, Yabes J, et al. Prevalence and correlates of fatigue
in chronic kidney disease and end-stage renal disease: are sleep disor-
ders a key to understanding fatigue? Am J Nephrol. 2013;38:489-495.

13. Yngman-Uhlin P, Edéll-Gustafsson U. Self-reported subjective sleep
quality and fatigue in patients with peritoneal dialysis treatment at
home. Int J Nurs Pract. 2006;12:143-152.

14, Jurado-Géamez B, Martin-Malo A, Rodriguez-Benot A, et al. Kidney
transplantation improves sleep-related breathing in hemodialysis
patients. Blood Purif. 2008;26:485-490.

15. Beecroft JM, Zaltzman J, Prasad R, et al. Impact of kidney trans-
plantation on sleep apnoea in patients with end-stage renal disease.
Nephrol Dial Transplant. 2007;22:3028-3033.

16. Rodrigues CJ, Marson O, Togeiro SM, et al. Sleep-disordered breath-
ing changes after kidney transplantation: a polysomnographic study.
Nephrol Dial Transplant. 2010;25:2011-2015.

17. Sleep-related breathing disorders in adults: recommendations for
syndrome definition and measurement techniques in clinical research.
The Report of an American Academy of Sleep Medicine Task Force.
Sleep. 1999;22:667-689.

18. Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh sleep
quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28:193-213.

19. Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14:540-545.

20. Allen RP, Earley CJ. Validation of the Johns Hopkins restless legs
severity scale. Sleep Med. 2001;2:239-242.

21. Wadler S, Brain C, Catalano P, et al. Randomized phase |l trial of
either fluorouracil, parenteral hydroxyurea, interferon-alpha-2a, and
filgrastim or doxorubicin/docetaxel in patients with advanced gastric
cancer with quality-of-life assessment: eastern cooperative oncology
group study E6296. Cancer J. 2002;8:282-286.

22. Yellen SB, Cella DF, Webster K, et al. Measuring fatigue and other ane-
mia-related symptoms with the functional assessment of cancer therapy
(FACT) measurement system. J Pain Symptom Manage. 1997;13:63-74.

23. Wang SY, Zang XY, Liu JD, et al. Psychometric properties of the func-
tional assessment of chronic illness therapy-fatigue (FACIT-fatigue)
in Chinese patients receiving maintenance dialysis. J Pain Symptom
Manage. 2015;49:135-143.



© 2019 Wolters Kluwer

24.

25.

26.

27.

28.

29.

30.

31.

Farivar SS, Cunningham WE, Hays RD. Correlated physical and men-
tal health summary scores for the SF-36 and SF-12 health survey, V.I.
Health Qual Life Outcomes. 2007;5:54.

Jhamb M, Pike F, Ramer S, et al. Impact of fatigue on outcomes in the
hemodialysis (HEMO) study. Am J Nephrol. 2011;33:515-523.
DeOreo PB. Hemodialysis patient-assessed functional health status
predicts continued survival, hospitalization, and dialysis-attendance
compliance. Am J Kidney Dis. 1997;30:204-212.

R: Alanguage and environment for statistical computing. R Foundation
for Statistical Computing [computer program]. Vienna, Austria: R
Foundation for Statistical Computing; 2016.

Wickham H, Frangois R, Henry L, Muller K, Studio R. dplyr: A
Grammar of Data Manipulation [computer program]. Boston, MA: R
package version 0.7; 2017.

Subirana I, Sanz H, Vila J. Building bivariate tables: the compare-
Groups package for R. J Stat Softw. 2014;57:1-16.

Wickham H. ggplot2: Elegant Graphics for Data Analysis. New York,
NY: Springer-Verlag; 2016.

Molnar MZ, Szentkiralyi A, Lindner A, et al. High prevalence of patients
with a high risk for obstructive sleep apnoea syndrome after kidney
transplantation—-association with declining renal function. Nephrol Dial
Transplant. 2007;22:2686-2692.

32.

33.

34.

35.

36.

37.

38.

39.

Tandukar et al 9

Mallamaci F, Leonardis D, Tripepi R, et al. Sleep disordered breathing
in renal transplant patients. Am J Transplant. 2009;9:1373-1381.
Nicholl DDM, Ahmed SB, Loewen AHS, et al. Declining kidney func-
tion increases the prevalence of sleep apnea and nocturnal hypoxia.
Chest. 2012;141:1422-1430.

Nordin A, Taft C, Lundgren-Nilsson A, et al. Minimal important differ-
ences for fatigue patient reported outcome measures-a systematic
review. BMC Med Res Methodol. 2016;16:62.

Fisher R, Gould D, Wainwright S, et al. Quality of life after renal trans-
plantation. J Clin Nurs. 1998;7:553-563.

Fiebiger W, Mitterbauer C, Oberbauer R. Health-related quality of life
outcomes after kidney transplantation. Health Qual Life Outcomes.
2004;2:2.

Jhamb M, Weisbord SD, Steel JL, et al. Fatigue in patients receiving
maintenance dialysis: a review of definitions, measures, and contribut-
ing factors. Am J Kidney Dis. 2008;52:353-365.

Tada T, Kusano KF, Ogawa A, et al. The predictors of central and
obstructive sleep apnoea in haemodialysis patients. Nephrol Dial
Transplant. 2007;22:1190-1197.

Reilly-Spong M, Park T, Gross CR. Poor sleep in organ trans-
plant recipients: self-reports and actigraphy. Clin Transplant.
2013;27:901-913.



