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 versus the first SPI II quartile (5.1 h; p  !  0.0001).  Conclusion:  
These findings underscore the link between sleep and day-
time function and suggest that improving sleep may provide 
an opportunity to improve outcomes in ESRD. Whether 
sleep problems may be improved by reduction of serum 
phosphorus or treatment of depression in the HD popula-
tion merits further investigation. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Symptoms related to sleep and fatigue are common, 
persistent, and important to patients with end-stage renal 
disease (ESRD)  [1–6] . In a systematic review of 59 studies 
evaluating the prevalence of various symptoms among 
patients on dialysis, several of the most common and se-
vere symptoms were related to sleep and fatigue with fa-
tigue/tiredness endorsed by an average of 71%, disturbed 
sleep by 44%, and restless legs by 30%  [7] . In the ESRD 
population, complaints of sleep problems have been 
linked to disability days, healthcare utilization, and 
health-related quality of life (HRQOL)  [8–11] . A number 
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 Abstract 

  Background:  Poor sleep quality is a common, persistent, 
and important problem to patients with end-stage renal dis-
ease (ESRD). This report examines whether sleep quality is 
associated with dialysis treatment factors and other modifi-
able clinical factors in a large group of hemodialysis (HD) pa-
tients.  Methods:  Cross-sectional analyses were conducted 
on baseline data collected from participants in the Frequent 
Hemodialysis Network trials. Sleep quality was measured us-
ing the Medical Outcomes Study Sleep Problems Index II (SPI 
II), a 9-item measure of sleep quality with higher scores re-
flecting poorer sleep quality.  Results:  The participants had 
an age of 51.2  8  13.6 years, 61% were male, 38% were black, 
and 42% had diabetes. Higher pre-dialysis serum phospho-
rus (per 0.5 mg/ml) (OR 0.91; 95% CI 0.85, 0.96) and depres-
sion (OR 0.16; 95% CI 0.10, 0.25) were independently asso-
ciated with decrements in sleep quality. There was also a 
 difference in time to recovery from dialysis for the fourth 
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of studies in the ESRD population have demonstrated 
strong associations between sleep quality and mental and 
physical well-being  [8–13] . In a survey of 100 hemodialy-
sis (HD) patients, 93% would do more frequent HD treat-
ments to improve fatigue and 57% would do more fre-
quent treatments to improve sleep  [14] . This contrasts 
with 19% of patients willing to undergo more frequent 
dialysis in order to live up to 3 more years  [14] . These 
findings underscore the profound impact of sleep on the 
experiences of patients with ESRD.

  While self-reported sleep quality is important to ESRD 
patients, few modifiable factors have been identified to 
tailor effective treatments for sleep in this population. In 
cross-sectional studies, Merlino et al.  [6]  posited that in-
somnia in the dialysis population was related to older age, 
cigarette and alcohol use and neuropathy. Unruh et al. 
 [10]  demonstrated that poorer sleep quality was associ-
ated with younger age, black race, higher phosphate, and 
current smoking. Other reports have linked sleep quality 
to lower hemoglobin and depression  [15] . The impact of 
dialysis dose and flux on sleep quality was tested as a pre-
specified quality of life outcome in the multi-center 
HEMO Study, a randomized clinical trial of HD dose and 
flux among patients receiving 3 !  weekly HD  [16] . There 
was no significant effect of higher versus lower Kt/V urea 
on sleep quality, as assessed by the Kidney Disease Qual-
ity of Life-Long Form. High-flux HD had a small benefi-
cial effect on sleep quality which did not reach signifi-
cance after accounting for multiple comparisons  [16] . 
Longitudinal analysis of HEMO Study participants dem-
onstrated that approximately 30% experienced a clinical-
ly significant decline in sleep quality over the course of 3 
years  [17] . Since dialysis dose and flux did not substan-
tially improve sleep quality, it is important to assess 
whether modifiable factors such as serum phosphate, de-
pression, and tobacco use are associated with sleep qual-
ity in contemporary dialysis patients.

  The Frequent Hemodialysis Network (FHN) Trials 
provide a unique opportunity to assess the relationship 
between sleep quality and nutritional markers, comor-
bidities, depression, anemia, bone mineral disorders, and 
central nervous system (CNS)-active medications. The 
FHN Trials consist of two randomized trials comparing 
more frequent HD schedules with conventional 3 !  
weekly HD schedules for patients with ESRD. We also as-
sess the extent to which poor sleep quality is associated 
with reduced HRQOL, more extensive left ventricular 
mass (LVM), as well as diminished cognitive perfor-
mance in this contemporary cohort of prevalent HD pa-
tients.

  Subjects and Methods 

 Subjects 
 The design, recruitment, and measurements of the FHN Trials 

have been previously published  [18] . Briefly, we recruited partici-
pants with ESRD requiring maintenance HD from clinical sites 
in the USA and Canada for one of two trials: a trial of 6 !  per week 
in-center HD versus 3 !  per week in-center HD (‘in-center Daily 
Trial’) or a trial of 6 !  per week home nocturnal dialysis versus 
3 !  per week in-center or home HD (‘Nocturnal Trial’). The ini-
tial Nocturnal study protocol specified that Conventional arm 
patients receive 3 !  weekly in-center HD. Due to difficulties with 
recruitment, a revised protocol was adopted in which all of the last 
72 participants were first trained in home HD, and those patients 
randomized to the 3 !  arm received HD at home rather than in a 
center. Major exclusion criteria included age  ! 13 (Daily) or  ! 18 
(Nocturnal) years, inability to achieve a mean eKt/V urea   6 1.0 on 
two occasions, life expectancy  ! 6 months, medical need for HD 
 1 3 !  per week, history of poor adherence to HD, medical condi-
tions preventing cardiac magnetic resonance imaging, inability to 
communicate in English or Spanish, and anticipated kidney 
transplantation or relocation within the next 14 months. The 
study was reviewed by institutional review boards at each clinical 
center, and all participants signed informed consent. The FHN 
Trials collected HRQOL and sleep quality data using trained in-
terviewers and computer-assisted telephone interviewing. For 
these analyses, we included individuals who were enrolled in ei-
ther trial and completed baseline sleep questionnaires, whether 
or not they were randomized. We excluded individuals  ! 21 years 
of age and those missing baseline sleep scores, resulting in an 
analytic cohort of 413 participants ( fig. 1 ).

  Explanatory Variables and Covariates 
 At enrollment, we recorded demographic and clinical charac-

teristics, anthropometric measures, HD treatment parameters, 
laboratory measures and medication use for each study subject. 
Comorbid conditions were assessed using the modified Charlson 
Comorbidity Index  [19] . Depressive symptoms was defined as a 
score  1 15 on the Beck Depression Inventory  [20, 21] . Laboratory 
variables were measured pre-dialysis at laboratories affiliated 
with each clinical center.

  We a priori selected five main categories of predictor variables: 
nutritional markers, comorbidities, anemia, markers of bone 
mineral disorders (calcium, phosphorus, and parathyroid hor-
mone), and CNS-active medications. We characterized the week-
ly clearance of urea using standard Kt/V (stdKt/V urea ), calculated 
as the average stdKt/V urea  from two baseline kinetic modeling ses-
sions, as previously described  [22] . We selected two nutritional 
markers: body mass index (BMI) and serum albumin concentra-
tion. Body weight was measured immediately after a HD session. 
We selected three comorbidity markers: diabetes, the Charlson 
Comorbidity Index, and depression as measured by the Beck De-
pression Index. Use of the following CNS-active medications was 
recorded for each subject: benzodiazepines, antidepressants, an-
ticonvulsants, H 1 -receptor antagonists, and opioids.

  We also examined the relationship of sleep quality to HRQOL, 
cognitive functioning, and LVM. HRQOL was assessed in FHN 
using the SF-36, a questionnaire which has been used extensively 
in patients with ESRD  [23] . From the SF-36, four domains were 
examined a priori: bodily pain is a 2-item scale that evaluates the 
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perceived amount of pain experienced during the previous 4 
weeks and the extent to which that pain interfered with normal 
work activities; vitality is a 4-item scale that evaluates feelings of 
pep, energy, and fatigue; the RAND Physical Health Composite 
(PHC) and Mental Health Composite (MHC) were also examined 
as global measures of physical and mental well-being. Higher 
scores on each of these scales denote better HRQOL. In addition, 
we also assessed the time to recovery after dialysis which has been 
shown to be reliable and have construct validity in a HD cohort 
 [24] . The composite scores were selected as a global test of quality 
of life. Since fatigue and pain have been related to sleep quality in 
the other chronic health conditions  [25] , these scales were select-
ed to examine the strength of these relationships in the ESRD 
population. Trained study coordinators assessed cognitive func-
tion at enrollment with two cognitive tests. The Modified Mini-
Mental State Exam (3MS) is a test of global cognitive function 
which includes an assessment of orientation, attention, calcula-
tion, language and short-term memory  [26] . Scores range from 0 
to 100, lower scores indicate poorer cognitive function. The Trail-
making B (Trails B) test is a timed test of executive function, a 
cognitive domain not assessed with the 3MS  [27] . Higher scores 
on the Trails B indicate poorer executive function. LVM was as-
sessed using cine magnetic resonance imaging, which has been 
shown to be more accurate and less volume and operator depen-
dent than 2D echocardiography with intra-observer reproduc-
ibility  [28] .

  Dependent Variable 
 The Medical Outcomes Study (MOS) Sleep Problems Index 

(SPI) is a 12-item measure that includes items on sleep initiation 
and maintenance, sleep adequacy, daytime somnolence, and re-
spiratory disturbance; participants are instructed to relate re-
sponses to sleep habits over the previous month  [29, 30] . The 9 
items of the SPI are summed to obtain an overall SPI II score 
which has been shown to have good internal consistency and reli-

ability, discriminative validity, and responsiveness to interven-
tions  [31–33] . A higher SPI II score reflects more extensive sleep 
problems.

  Statistical Analysis 
 Baseline characteristics of the analytic sample were stratified 

according to trial and randomization status, and characterized 
using means ( 8 SD), medians (interquartile range, IQR) or fre-
quencies (%), as appropriate. We determined the association of 
each explanatory variable with SPI II quartile separately using 
logistic regression, expressed as an odds ratio (OR) and 95% con-
fidence interval (95% CI). Variables which demonstrated non-
linear associations with sleep quality scores were divided into 
 categories based on conventionally defined cut points (Beck De-
pression Index). Next, we determined the case mix-adjusted as-
sociation of each explanatory variable after adjustment for age, 
gender, race, ESRD vintage, and diabetes. Because English flu-
ency may influence the reporting of sleep quality score, we ran 
parallel analyses after excluding individuals whose primary lan-
guage was not English. We also assessed whether associations 
might differ by FHN trial status (Daily vs. Nocturnal) or random-
ization results (randomized vs. not) through interaction tests. Fi-
nally, we developed hierarchical multivariable models selecting 
from variables significant at the p  !  0.1 level in the case mix-ad-
justed analyses. Before developing these multivariable models, 
missing values were multiply imputed while incorporating auxil-
iary variables reflecting factors for baseline drop-out. The auxil-
iary variables were incorporated to better accommodate the as-
sumption that missing data would be associated with the variables 
used for imputation. We used a linear discriminate model for im-
putation to minimize potential bias in the results for categorical 
variables  [34] . Standard errors for the multivariable models cor-
rected for the multiple imputation. We assessed collinearity be-
tween variables using variance inflation factor statistics. All anal-
yses were conducted using SAS v9.1 (Cary, N.C., USA).

378 enrolled in FHN Daily Trial 
 

245 randomized 
133 not randomized 

118 enrolled in FHN Nocturnal Trial 
 

87 randomized 
31 not randomized 

83  missing sleep quality scores 
 

0 randomized 
83 not randomized 

Analytic cohort
413 

496 enrolled in combined FHN trials 
 

332 randomized 
164 not randomized 

  Fig. 1.  Derivation of the analytic cohort. 
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  Results 

 As shown in  table 1 , there were 413 participants in-
cluded in the analytic cohort, 308 participants enrolled 
in the in-center Daily Trial and 105 participants enrolled 
in the Nocturnal Trial. Participants included in the ana-
lytic cohort had a mean age of 51.2  8  13.6 years, 61% were 
male, 38% were black, and 42% had diabetes ( table 1 ). The 
median ESRD vintage was 2.4 (IQR 0.9–6.1) years. The 
mean SPI II score was 36.2  8  20.3. There were no differ-
ences between the study sample and excluded FHN par-
ticipants in age, gender, black race, ESRD vintage, modi-
fied Charlson’s Index, diabetes, and English as a second 
language. There was a trend toward a difference in ESRD 

vintage among excluded participants (cohort median and 
IQ range = 2.43 [0.91, 6.10], excluded = 2.01 [0.84, 5.23]; 
p = 0.08; Wilcoxon rank sums test).

   Table 2  demonstrates the strength of association be-
tween sleep quality and both clinical and laboratory 
characteristics. Older age was significantly associated 
with better sleep and the relationship was strengthened 
after accounting for case-mix variables. The presence of 
diabetes, higher pre-dialysis phosphorus, and depression 
were associated with a lower likelihood of better sleep af-
ter case-mix adjustment. There was not a significant re-
lationship between sleep quality and volume removal or 
parathyroid hormone concentration. Cardiovascular dis-
ease measures (LVM, SBP, DBP) and cognitive perfor-

Table 1.  Subject characteristics during baseline for FHN patients with data for the MOS sleep scale

Variables n All 
(n = 413)

Daily trial N octurnal trial

n randomized 
(n = 245)

n enrolled only
(n = 63)

n randomized
(n =  87)

n enrolled only 
(n = 18)

Age, years 413 51.2813.6 245 50.4813.9 63 52.3813.0 87 52.8813.6 18 49.8812.3
Female 413 160 (39%) 245 94 (38%) 63 29 (46%) 87 30 (34%) 18 7 (39%)
Black race 413 157 (38%) 245 102 (42%) 63 29 (46%) 87 23 (26%) 18 3 (17%)
Patient’s primary language is not English 413 68 (16%) 245 49 (20%) 63 7 (11%) 87 10 (11%) 18 2 (11%)
ESRD vintage, years* 413 0.91/2.43/6.10 245 1.71/3.64/7.24 63 0.88/1.79/4.99 87 0.30/0.91/3.54 18 0.22/1.67/4.02
Diabetes 386 163 (42%) 245 100 (41%) 41 19 (46%) 87 37 (43%) 13 7 (54%)
Modified Charlson Comorbidity Index* 386 0/1/3 245 0/1/2 41 0/2/4 87 0/1/2 13 0/1/4
BMI* 413 22.2/26.1/32.9 245 22.1/25.6/32.7 63 21.8/25.7/34.0 87 23.4/27.1/34.0 18 21.6/25.0/27.9
Albumin, g/dl 399 3.9280.43 245 3.9480.42 52 3.8980.38 87 3.9180.49 15 3.8380.55
Pre-dialysis phosphorus, mg/dl 399 5.7981.69 245 5.7881.64 52 5.6781.88 87 5.8081.61 15 6.4182.29
Hemoglobin, g/dl 385 11.981.3 244 11.981.3 41 12.181.7 87 11.881.1 13 12.381.2
Serum creatinine, mg/dl 399 9.8683.08 245 10.582.7 52 8.8783.94 87 8.7482.99 15 8.5382.90
Parathyroid hormone, mmol/l* 383 182/315/545 242 183/313/611 41 171/344/557 87 194/322/443 13 78.5/251/317
Weekly standard Kt/V urea 396 2.6680.45 245 2.6080.33 49 2.7980.70 87 2.7380.43 15 2.9280.80
Time to recovery, h* 407 1/3/6 241 1/3/6 62 1/3/12 18 1/2/3 18 1/2/3
Pre-dialysis blood pressure, mm Hg

Systolic 399 147822 245 147820 52  146823 87 152820 15 138823
Diastolic 399 80.0813.7 245 79.9813.1 52 74.6812.5 87 83.8814.5 15 76.9816.3

Trailmaking B score ≥300 s
(global cognitive impairment) 380 46 (12%) 244 36 (15%) 39 7 (18%) 86 3 (3%) 11 0

Modified Mini-Mental Score 384 87.989.5 245 87.189.5 41 87.0812.6 87 90.387.2 11 89.688.7
Left ventricular mass, g 355 141853 245 140854 14 164862 87 137846  9 152856
Beck Depression Index >15 386 12 (32%) 231 80 (31%) 55 23 (42%) 83 24 (29%) 17 4 (24%)
Benzodiazepines 390 53 (14%) 245 31 (13%) 45 7 (16%) 86 15 (17%) 14 0
Antidepressants 390 68 (17%) 245 35 (14%) 45 10 (22%) 86 22 (26%) 14 1 (7%)
Opioids 390 78 (20%) 245 42 (17%) 45 15 (33%) 86 18 (21%) 14 3 (21%)
Antiepileptics/anticonvulsants 390 76 (19%) 245 50 (20%) 45 8 (18%) 86 17 (20%) 14 1 (7%)
Hypnotics, non-benzodiazepines 390 36 (9%) 245 24 (10%) 45 5 (11%) 86 4 (5%) 14 3 (21%)
Antihistamines (H1 receptors) 390 95 (24%) 245 49 (20%) 45 10 (22%) 86 33 (38%) 14 3 (21%)
Sleep symptoms and problems scale 413 36.2820.3 245 35.8821.1 63 42.1820.4 87 32.3818.0 18 39.7816.1

(quartiles) 413 36.2820.3 245 35.8821.1 63 42.1820.4 87 32.3818.0 18 39.7816.1
≤20 105 (25%) 69 (28%) 13 (21%) 21 (24%) 2 (11%)
>20 and ≤35.6 105 (25%) 57 (23%) 10 (16%) 32 (37%) 6 (33%)
>35.6 and ≤51.1 95 (23%) 54 (22%) 16 (25%) 19 (22%) 6 (33%)
>51.1 108 (26%) 65 (27%) 24 (38%) 15 (17%) 4 (22%)

* R esults are shown as median and IQR. Otherwise data are presented as mean 8 SD, or counts (%), as appropriate.
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Table 2. C rude and case mix-adjusted associations of patient characteristics with a better sleep quality quartile

Variables n Unadjusted p n Adjusted for case mix* p

Age (per decade) 413 1.19 (1.05, 1.36) 0.006 386 1.29 (1.12, 1.48) <0.0001
Female 413 0.85 (0.59, 1.21) 0.36 386 0.89 (0.61, 1.29) 0.54
Black race 413 0.91 (0.64, 1.30) 0.61 386 0.84 (0.58, 1.22) 0.37
Patient’s primary language is not English 413 1.43 (0.89, 2.28) 0.14 386 1.62 (0.97, 2.69) 0.06
ESRD vintage, years 413 1.01 (0.98, 1.03) 0.73 386 1.00 (0.97, 1.03) 0.85
Diabetes 386 0.78 (0.54, 1.12) 0.17 386 0.63 (0.42, 0.93) 0.02
Modified Charlson Comorbidity Index (per unit) 386 0.93 (0.85, 1.03) 0.16 386 0.90 (0.80, 1.02) 0.10
BMI (per kg/m2) 413 0.99 (0.97, 1.02) 0.52 386 1.01 (0.98, 1.03) 0.59
Albumin (per 0.1 g/dl) 399 1.03 (0.99, 1.07) 0.16 381 1.03 (0.98, 1.07) 0.22
Pre-dialysis phosphorus (per 0.5 mg/dl) 399 0.91 (0.86, 0.96) <0.0001 381 0.94 (0.88, 0.99) 0.03
Hemoglobin (per g/dl) 385 1.00 (0.87, 1.15) 0.99 374 0.97 (0.84, 1.13) 0.72
Serum creatinine (per mg/dl) 399 0.98 (0.93, 1.04) 0.55 381 1.02 (0.95, 1.09) 0.64
Parathyroid hormone (per 50 mmol/l) 383 1.00 (0.97, 1.02) 0.81 372 1.00 (0.98, 1.03) 0.75
Weekly standard Kt/V urea (per 0.1 units) 396 1.03 (0.99, 1.07) 0.12 381 1.02 (0.98, 1.07) 0.37
Residual renal function (per ml/min) 396 1.05 (0.94, 1.16) 0.40 381 1.00 (0.89, 1.13) 0.98
Pre-dialysis blood pressure (per 10 mm Hg)

Systolic 399 0.97 (0.90, 1.06) 0.52 381 0.99 (0.91, 1.08) 0.84
Diastolic 399 0.93 (0.82, 1.06) 0.28 381 0.95 (0.83, 1.09) 0.50

Beck Depression Index >15 386 0.16 (0.10, 0.24) <0.0001 363 0.17 (0.11, 0.26) <0.0001
Modified Mini-Mental Score (per unit) 384 0.99 (0.98, 1.01) 0.52 379 1.00 (0.98, 1.02) 0.95
Trailmaking B score ≥300 s 380 0.75 (0.43, 1.31) 0.32 375 0.62 (0.35, 1.10) 0.10
Left ventricular mass (per 10 g) 355 0.97 (0.94, 1.01) 0.12 355 0.97 (0.93, 1.01) 0.20
Randomized vs. enrolled only 413 1.74 (1.12, 2.70) 0.14 386 1.66 (0.98, 2.80) 0.06
Benzodiazepines 390 0.47 (0.28, 0.80) 0.005 382 0.51 (0.30, 0.89) 0.02
Antidepressants 390 0.53 (0.33, 0.86) 0.009 382 0.55 (0.34, 0.91) 0.02
Opioids 390 0.50 (0.32, 0.79) 0.002 382 0.46 (0.28, 0.73) <0.0001
Antiepileptics/anticonvulsants 390 0.62 (0.40, 0.98) 0.04 382 0.58 (0.37, 0.93) 0.02
Hypnotics, non-benzodiazepines 390 0.42 (0.23, 0.80) 0.007 382 0.40 (0.21, 0.78) 0.006
Antihistamines (H1 receptors) 390 0.83 (0.55, 1.25) 0.36 382 0.86 (0.56, 1.33) 0.46

* Adjusted for case mix (age, gender, race, ESRD vintage and diabetes).

Table 3. M odifiable determinants independently associated with better sleep quality quartile

Variables O dds of association with better sleep quality

mo del 1 p model 2 p model 3 p

Age (per decade) 1.21 (1.06, 1.38) 0.004 1.08 (0.93, 1.25) 0.30 1.10 (0.95, 1.28) 0.21
Female 0.84 (0.59, 1.21) 0.35 0.85 (0.59, 1.233) 0.38 0.93 (0.63, 1.37) 0.70
Black race 0.93 (0.65, 1.33) 0.70 0.85 (0.58, 1.23) 0.39 0.84 (0.57, 1.23) 0.37
ESRD vintage, years 1.01 (0.98, 1.04) 0.61 0.98 (0.95, 1.01) 0.26 0.99 (0.96, 1.02) 0.40
Randomized vs. enrolled only 1.76 (1.13, 2.74) 0.01 1.55 (0.98, 2.45) 0.06 1.43 (0.89, 2.29) 0.14
Diabetes 0.71 (0.46, 1.09) 0.19 0.73 (0.47, 1.13) 0.16
Pre-dialysis phosphorus (per 0.5 mg/dl) 0.90 (0.85, 0.96) <0.001 0.91 (0.85, 0.96) 0.002
Beck Depression Index >15 (depression) 0.16 (0.10, 0.25) <0.001 0.16 (0.10, 0.25) <0.001
Benzodiazepines 0.94 (0.50, 1.75) 0.84
Antidepressants 0.81 (0.47, 1.39) 0.45
Opioids 0.64 (0.38, 1.08) 0.01
Antiepileptics/anticonvulsants 0.76 (0.45, 1.28) 0.31
Hypnotics, non-benzodiazepines 0.49 (0.23, 1.07) 0.073
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mance were not associated with sleep quality. The use of 
benzodiazepines, antidepressants, opioids, anticonvul-
sants, and non-benzodiazepine hypnotics were associat-
ed with lower sleep quality after adjusting for case mix.

  Multivariable Analyses 
  Table 3  demonstrates the association of clinical factors 

with better sleep quality using a hierarchical logistic re-
gression model. In model 1 using case-mix variables, old-
er age and randomization were associated with better 
sleep quality. In model 2, age and randomization were at-
tenuated after controlling for diabetes, phosphorus and 
depression. In a multivariable adjusted model which in-
cluded medications (model 3), pre-dialysis phosphorus 
and depression remained significantly associated with a 
decreased sleep quality ( table 3 ). Whereas the strength of 
association between sleep quality and other covariates 
such as age, diabetes, randomized status, and psychoac-
tive medications were attenuated.

  HRQOL and Time to Recovery 
  Figure 2  demonstrates a strong graded relation be-

tween SPI II quartiles and pre-specified domains of 
HRQOL controlling for age, sex, race, vintage and diabe-
tes. There were clinically significant differences in physi-
cal (–12.8 points; p  !  0.0001) and mental well-being (–18.6 
points; p  !  0.0001) between the first versus the fourth 

quartile of sleep quality. The first versus the fourth quar-
tile also had substantially worse scores in pain (–25.7; p  !  
0.0001) and vitality (–33.2; p  !  0.0001). In  figure 3 , there 
was a significant difference by sleep quality in time to re-
covery after dialysis after adjusting for case mix. In a sen-
sitivity analysis, there was no substantial change in the 
strength of the relationship between sleep quality and 
HRQOL after adding depression to the adjusted model. 
Those with the poorest sleep quality had a recovery time 
of approximately 9 h, or 5.1 h more than those with the 
best sleep quality; p  !  0.0001.

  Discussion 

 In a large cross-sectional study of HD patients from 
the USA and Canada, we found that sleep quality was sig-
nificantly impaired. The SPI II average score in the FHN 
participants was 10 points higher (worse sleep quality) 
than scores from the general population  [30] . Further-
more, over one quarter of our sample of HD patients re-
ported sleep quality as poor as patients with restless legs 
or fibromyalgia  [32, 33] . We found that impairments in 
sleep quality were associated with clinically significant 
decrements in physical and mental well-being, vitality, 
and pain. We also found that worse sleep quality was sig-
nificantly associated with longer recovery time from di-
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  Fig. 2.  Adjusted relationship between sleep quality quartile and self-reported HRQOL. 
The test for differences between the highest and lowest quartile was significant in each 
domain (Physical Health Component (PHC)  ! 0.0001, Mental Health Component (MHC) 
 ! 0.0001, Bodily Pain (BP)  ! 0.0001, Vitality (VT)  ! 0.0001). The analysis was adjusted for 
age, sex, race, vintage and diabetes.  

  Fig. 3.  Relationship between sleep quality 
and self-reported time to recovery. The 
test for differences between the highest 
and lowest quartile was significant (p  !  
0.0001).       
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alysis. These findings highlight the marked impairment 
in sleep quality among contemporary HD patients and 
suggest that interventions to improve sleep could have a 
substantial positive impact on HRQOL in this popula-
tion.

  We found that a higher serum phosphate concentra-
tion was associated with decrements in self-reported 
sleep quality independent of parathyroid hormone, co-
morbidities or depression. This relationship between pre-
dialysis phosphorus and sleep quality is consistent with a 
small single-center study of a dialysis population using 
the SPI, which demonstrated that poor sleep quality was 
associated with male gender, coronary artery disease, and 
high serum phosphate level  [5] . Higher phosphate was in-
dependently associated with decrements in sleep quality 
after accounting for age, race, tobacco use, benzodiaze-
pines, and symptoms of restless legs in an incident dial-
ysis population  [10] . Higher serum phosphate has also 
been associated with impaired sleep efficiency in one 
study using self-reported sleep times  [35] . While the FHN 
Trials did not assess symptoms of pruritus, in the Dialysis 
Outcomes and Practice Patterns Study reporting data 
from 18,801 HD patients, higher serum phosphate was 
associated with an increased likelihood of pruritus. In 
another single-center study, pruritus intensity was relat-
ed to sleep quality  [36] . Pruritus has also been associated 
with depression in the HD population  [37] . However, in 
our study, the association of serum phosphate with sleep 
quality was independent of depressive symptoms. Thus, 
higher serum phosphate concentrations may be a marker 
of other conditions, such as pruritus or cardiovascular 
disease, which directly cause poor sleep quality.

  This study demonstrates a strong association between 
depression and sleep quality using validated instruments 
to measure both sleep quality and depression. Devins et 
al.  [38]  demonstrated the association of depression with 
‘restless sleep’ in a small sample of dialysis and kidney 
transplant patients. Some recent studies among patients 
with ESRD have demonstrated an association between 
poor sleep and depression, but have been limited by both 
small sample sizes and limited ability to adjust for poten-
tial confounders  [39–42] . Other recent work in the Hun-
garian kidney transplant and dialysis population has 
demonstrated significant correlations between sleep and 
depressive symptoms  [43, 44] . Restless legs syndrome was 
associated with a high prevalence of depressive symp-
toms and diminished quality of life in a large sample of 
transplanted and waitlisted patients  [44] . Their work has 
also demonstrated that patient-reported restless legs syn-
drome, insomnia and sleep apnea were independently as-

sociated with quality of life  [43] . This report extends 
these previous findings by demonstrating a relationship 
between sleep quality rather than self-reported sleep dis-
orders. The FHN Trials may also provide a larger and 
more generalizable ESRD sample than these studies 
which examined only waitlisted HD patients. Nonethe-
less, this previous work provides a potential mechanism 
relating sleep quality to mood and HRQOL. The strong 
link between sleep quality and depression should also be 
interpreted in light of previous findings in the general 
population suggesting a bidirectional relationship be-
tween sleep quality and depression. In a community sam-
ple of 7,954 respondents, the risk of developing depres-
sion was much higher in patients with sleep complaints 
compared to those with no sleep complaints  [45] . Insom-
nia has been shown to increase the risk for incident de-
pression even after accounting for a previous history of 
depression  [46]  and sleep symptoms were associated with 
depression relapse  [47] . The relationship between poor 
sleep quality and depression in the ESRD population is 
important since depression is treatable using either cog-
nitive behavioral therapy  [48]  or antidepressant medica-
tions. In addition to sleep disorders which are thought to 
be widely prevalent in this population  [49, 50] , worsening 
sleep problems should heighten the providers’ awareness 
for a potential depression.

  The strengths of this report stem from the use of the 
FHN Trials which provide a large sample of patients from 
the USA and Canada with extensive data on comorbidity 
and near-perfect collection of sleep quality and HRQOL 
data using centrally administered surveys. The findings 
of this report should be interpreted in light of several lim-
itations. This report is a cross-sectional study and is un-
able to discern the causal pathway for the observed rela-
tionships between poor sleep quality and both depression 
and hyperphosphatemia. Second, the FHN Trials uses 
the SPI from the Medical Outcomes Study to catalog sleep 
complaints in the study. The SPI II misses certain aspects 
of sleep such as nocturnal breathing, temperature, dream-
ing, and pain. However, the SPI is a widely used instru-
ment for sleep quality and has been shown to respond to 
study interventions targeted toward improving sleep  [51] . 
Third, the FHN study does not have the indication for 
medication use. While previous observational studies 
have shown that medications such as selective serotonin 
reuptake inhibitors or benzodiazepines were associated 
with poor sleep quality  [10, 11] , the interpretation of this 
association is difficult since the use of medications such 
as antidepressants or hypnotics may be due to complaints 
of poor sleep quality. Fourth, the FHN Study did not col-
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lect data on a history of diagnosis of sleep apnea. How-
ever, self-reported sleep quality is an important outcome 
in itself and there is discordance between patient-report-
ed sleep quality and PSG findings among both the gen-
eral population and the HD patients. It would be im-
portant in future HD studies to include both patient-re-
ported and objective measures of sleep disorders using 
polysomnography or sleep apnea monitors.

  Poor sleep is common and extremely bothersome to 
HD patients and among the primary reasons for consid-
ering more intensive HD therapies. Since sleep quality is 
strongly associated with quality of life and time to recov-
ery from dialysis, these findings underscore the link be-
tween sleep and daytime function and support the posi-
tion that improving sleep may provide an important op-
portunity to improve outcomes in ESRD. As previously 
noted, there is a need for treatment trials for poor sleep 

in ESRD  [52] . We have identified several factors associ-
ated with poor sleep – elevated serum phosphate concen-
trations and depressive symptoms. It will be important
in future work to understand the relationships between 
sleep quality, serum phosphorus control, depression, and 
HRQOL among those randomized to the frequent dialy-
sis arm compared to the standard arm of FHN Daily. Fu-
ture studies, including results of the FHN Trials, may 
provide insight into whether favorable modification of 
these factors might improve sleep quality and HRQOL.
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