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SCIENTIF IC INVESTIGATIONS

Functional outcomes of sleep predict cardiovascular intermediary outcomes
and all-cause mortality in patients on incident hemodialysis
Jessica Fitzpatrick, PhD1; Eric S. Kerns, MD2; Esther D. Kim, MPH3,4; Stephen M. Sozio, MD, MHS, MEHP4,5; Bernard G. Jaar, MD, MPH3,4,5,6;
Michelle M. Estrella, MD, MHS7; Larisa G. Tereshchenko, MD, PhD8; Jose M. Monroy-Trujillo, MD5; Rulan S. Parekh, MD, MS1,3,5,9;
Ghada Bourjeily, MD10
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StudyObjectives:Patientswith end-stage kidney disease commonly experience sleep disturbances. Sleep disturbance has been inconsistently associatedwith
mortality risk in patients on hemodialysis, but the burden of symptoms from sleep disturbances has emerged as amarker that may shed light on these discrepancies
and guide treatment decisions. This study examines whether functional outcomes of sleep are associated with increased risk of intermediary cardiovascular
outcomes or mortality among adults initiating hemodialysis.
Methods: In 228 participants enrolled in the Predictors of Arrhythmic and Cardiovascular Risk in End-Stage Renal Disease study, the Functional Outcomes of
Sleep Questionnaire-10 (FOSQ-10), which assesses functional outcomes of daytime sleepiness, was administered within 6 months of enrollment. Intermediary
cardiovascular outcomes includedQTcorrection (ms), heart rate variance (ms2), left ventricularmass index (g/m2), and left ventricular hypertrophy. The association
of FOSQ-10 score with all-cause mortality was examined using proportional hazards regression.
Results:Mean age was 55 years, andmedian bodymass index was 28 kg/m2 (interquartile range, 24, 33), with 70% of patients being African Americans. Median
FOSQ-10 score was 19.7 (interquartile range, 17.1, 20.0). A 10% lower FOSQ-10 score was associated with increased mortality risk (hazard ratio, 1.09; 95%
confidence interval, 1.01–1.18). Lower FOSQ-10 scores were associated with longer QTcorrection duration and lower heart rate variance but not left ventricular
mass index or left ventricular mass index.
Conclusions: In adults initiating dialysis, sleep-related functional impairment is common and is associated with intermediary cardiovascular disease measures
and increased mortality risk. Future studies should assess the impact of screening for sleep disturbances in patients with end-stage kidney disease to identify
individuals at increased risk for cardiovascular complications and death.
Keywords: end-stage kidney disease, FOSQ, obstructive sleep apnea, mortality, cardiovascular risk
Citation:Fitzpatrick J, Kerns ES, Kim ED, et al. Functional outcomes of sleep predict cardiovascular intermediary outcomes and all-causemortality in patients on
incident hemodialysis. J Clin Sleep Med. 2021;

BRIEF SUMMARY
Current Knowledge/Study Rationale: Chronic kidney disease is associated with adverse cardiovascular outcomes and a high risk of mortality. Sleep and
sleep disorders are associated with chronic kidney disease and adverse cardiovascular outcomes, but little is known about the impact of sleep on
cardiovascular outcomes in this population.
Study Impact: An investigation of the association of functional outcomes of sleep with cardiovascular outcomes in patients with end-stage renal disease
may help identify modifiable risk factors for poor health outcomes in this highly morbid population. This study advances our knowledge of the association of
sleep with health outcomes in a high-risk population and identifies sleep as a potential target for intervention.

INTRODUCTION

Sleep and sleep disorders are linked to a variety of adverse
health outcomes including cardiovascular disease.1–4 Short
sleep duration, obstructive sleep apnea (OSA), and shiftwork
are risk factors for adverse cardiovascular outcomes following
an acute cardiovascular event.5

Patients with end-stage kidney disease (ESKD) commonly
experience restless legs syndrome (20%),6 OSA (33%),7 and
poor sleep (60–90%).8–10 Population-based studies show OSA
to be associated with worsening kidney function in patients
without hypertension or diabetes.11 Furthermore, emerging
prospective cohorts have linked short sleep duration with
worsening kidney function in patients with chronic kidney

Journal of Clinical Sleep Medicine, Vol. 17, No. 8 August 1, 2021

https:/ /doi.org/10.5664/jcsm.9304

17(8):1707–1715

1707

    Health Care System,

.

https://doi.org/10.5664/jcsm.9304


disease.12 Data linkage studies relying on interview-based sleep
data also demonstrate a higher risk of ESKD in patients
reporting short sleep duration.13

Some sleep conditions are also linked to adverse cardio-
vascular outcomes in patients with ESKD. We previously re-
ported that incident hemodialysis patients with obstructive
sleep apnea had an increased risk of all-cause and cardiovas-
cular mortality and an increased risk of sudden cardiac death.14

A study in an older Medicare population on hemodialysis,
however, did not show a this association.15 These inconsis-
tencies may arise from differences in age and duration of time
since initiation of dialysis and are possibly related to variability
of symptoms, disease pathogenesis, or even the polysomno-
graphic manifestation of the disease. Phenotypic differences,
such as those based on symptom burden, impact the risk of
cardiovascular disease16 and response to therapy.17,18 Recent
data have started to leverage this heterogeneity by classifying
patients with more precision. In the general population, OSA
symptom subtypes have been associated with a threefold in-
crease in the risk of prevalent heart failure compared with the
minimally symptomatic subtype.19Whether these data translate
to the ESKDpopulation remains unclear. There are currently no
data examining the risk of cardiovascular outcomes and mor-
tality in patients with ESKD by functional outcomes of sleep in
either patients with OSA or the general ESKD population.

Functional outcomes of sleep are measures of impairment in
daily activities deriving from sleep quality. Functional out-
comes of sleep questionnaires have been developed to assess the
clinical burden of sleep disturbances, guide management de-
cisions, and monitor response to interventions. Both standard
functional outcomes of sleep questionnaire (Functional Out-
comes of Sleep Questionnaire [FOSQ]-30) and shortened
(FOSQ-10) tools have been validated and used extensively in
the literature and clinical practice.20,21

This study aimed to examine the association of poor func-
tional outcomes of sleep with intermediary cardiovascular
outcomes and all-cause mortality in a population of incident
hemodialysis patients with ESKD. As symptomatic patients
with sleep disturbances have worse outcomes and different
response to therapy comparedwith asymptomatic patients,19 we
postulated that worse functional outcomes of sleep would be
associatedwith an increased risk of cardiovascular intermediary
outcomes, arrhythmias, left ventricular hypertrophy, and all-
cause mortality.

METHODS

Study design and data collection
Data were analyzed from the Predictors of Arrhythmic and
Cardiovascular Risk in End-Stage Renal Disease study, which
was described previously.22 Briefly, the Predictors of Ar-
rhythmic and Cardiovascular Risk in End-Stage Renal Disease
study enrolled participants who had initiated in-center hemo-
dialysis in the Baltimore area within the preceding 6 months.
Participants were excluded if they had a permanent pacemaker
or an automatic implantable cardioverter defibrillator, given the
potential direct impact of these interventions on mortality, or if

they had a cancer diagnosis other than nonmelanoma skin
cancer. Following informed consent, detailed questionnaires on
sociodemographic information were obtained. Baseline comor-
bidities, including history of cardiovascular disease, cardiovas-
cular risk factors, hypertension, and diabetes, were determined by
abstraction frommedical records and self-reported questionnaires.
Medical conditions were adjudicated through independent chart
review by 2 physicians and reconciled by a third physician. Re-
sistant hypertension was defined as (1) use of 2 or more antihy-
pertensivemedications and use of a diuretic or (2) use of 4 ormore
antihypertensive medications. Hypercholesterolemia was defined
as treatment with a lipid-lowering drug or participant self-report.
OSA diagnosis was confirmed by chart review.

During the baseline visit, participants underwent height,
weight, and bodymass index (BMI)measurements. Ifmeasured
height was missing, then self-reported height was used to
calculate BMI. Laboratory values were reviewed including
serum electrolytes obtained from routine clinical care.

The protocol was approved by the Johns Hopkins School of
Medicine and MedStar Institutional Review Boards, and the
Research Ethics Board at the Hospital for Sick Children.

FOSQ-10
The FOSQ-10was administered at baseline and then after 1 year
of follow-up. This questionnaire is a validated,20 shortened
version of the original 30-item questionnaire.21 Scores range
from 5 to 20. A score of ≤17.9 was used as a cutoff to indicate a
sleep-related functional impairment.21 A higher score indicated
less functional impairment. In initial validation studies, the
FOSQ-10 reliably discriminated between normal participants
and those seeking medical attention for a sleep problem.21

FOSQ-10 was added midstudy and was then obtained in
consecutive participants.

Outcomes
Themain outcomeswere intermediary cardiovascular outcomes
and all-cause mortality. Signal-averaged electrocardiogram
(ECG), orthogonal ECG, and 12-lead ECG (PC ECG machine,
Norav Medical Ltd., Thornhill, ON, Canada) were obtained at
baseline and after 1 year of follow-up. ECGwas recorded in the
daytime using frank orthogonal XYZ leads during a minimum
of 5 minutes at rest. Sampling frequency was 1,000 Hz, with a
0.05-Hz high-passfilter and a 350-Hz low-passfilter. Individual
approach for QT correction (QTc)23 was applied. Heart rate
variability was measured by heart rate variance, calculated over
a 5-minute continuous normal sinus rhythm epoch.24 Each ECG
recording was reviewed by investigators, and an accuracy of R
peak detection was verified. Premature atrial and ventricular
beats with 1 subsequent normal sinus beat after extrasystole
were excluded from analysis.

ECG was performed by trained echocardiographers at
baseline using the ECG device from Toshiba Artida (Toshiba,
Japan). Participants were placed in a reclined position. Four-
chamber views and M mode ECG were obtained to determine
left ventricular and atrial dimensions. Ejection fraction, left
ventricular mass index, left ventricular hypertrophy, and tri-
cuspid regurgitation peak gradient (mm Hg) measurements
were obtained as described previously.22
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Vital status was ascertained by linkage to the US Renal Data
System. Participants were followed until December 31, 2017
(n = 76), death (n = 95), transplant (n = 40), transfer to peritoneal
dialysis (n = 5), or loss to follow-up (n = 12).

Statistical analysis
Participant characteristics at study enrollmentwere summarized
using means and standard deviations for normally distributed
data, medians and interquartile ranges for skewed data, and
frequencies and proportions for categorical data. We compared
the distribution of tertile FOSQ-10 scores at baseline and 1-year
follow-up using the McNemar’s test.

The associations of FOSQ-10 scoremeasured at baseline and
intermediary cardiovascular outcomes were estimated using
linear regression. The FOSQ-10 scores and heart rate variance
were log-transformed before analysis. These associations were
investigated using a separate model for each outcome. Potential
confounderswere identified a priori basedonprevious studies of
sleep disorders in patients with ESKD, with final variable se-
lection conducted based on P values (P < .25) from univariable
analyses and changes in effect size. Candidate covariates in-
cluded demographics (age, sex, race), traditional cardiovascular
disease risk factors (Charlson comorbidity index, BMI,
smoking status, history of hypercholesterolemia, and systolic
blood pressure), antihypertensive and QT-prolonging medi-
cation use, and concentrations of serum albumin, hemoglobin,
ionized calcium, and total potassium. Final models were ad-
justed for age, sex, ethnicity, the Charlson comorbidity index,
QT-prolonging medication use, diastolic blood pressure, and
serum potassium. The association of baseline FOSQ-10 score
with QTc and heart rate variance during follow-up was esti-
mated using linear mixed-effects regression with random in-
tercepts to account for correlation among individuals. In
sensitivity analyses, we tested whether the results were similar
whenwe adjusted for additional factors including systolic blood
pressure, beta blocker medication use, benzodiazepine medi-
cation use, depression diagnosis, OSA diagnosis, and dialysis
adequacy at study enrollment.

In secondary analyses, the association between FOSQ-10
scores and all-cause mortality was evaluated using Cox pro-
portional hazards regression. As described above, a forward
model building approach was used. Final models were adjusted
for age, sex, ethnicity, the Charlson comorbidity index, QT-
prolonging medication use, systolic and diastolic blood pres-
sure, serum albumin, and serum potassium. The assumptions of
the proportional hazards models were verified using scaled
Schoenfeld residuals, and the linearity of continuous variables
was assessed with Martingale residuals vs fitted values plots.
We testedwhether the results were similar whenwe adjusted for
additional factors including beta blocker medication use and
dialysis adequacy at study enrollment.

All missing covariate data were imputed using the multiple
imputation by chained equations method with 20 imputations
and 20 iterations. Imputed variables included Charlson
comorbidity index (2.6%), QT-prolonging medication use
(10.5%), beta blocker use (18.9%), alpha blocker use (18.9%),
diastolic blood pressure (10.5%), total potassium (11.4%), and
OSA diagnosis (0.4%). All statistical analyses were performed

in R version 3.4.1 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Baseline characteristics
Five hundred sixty-eight patients on incident hemodialysis
consented to participate, of whom558were eligible for baseline
and survival analyses. This study excluded individuals (n =330)
who were enrolled before inclusion of the telephone call in the
study protocol. In total, 228 had functional outcomes of sleep
questionnaires completed at the baseline visit. Although par-
ticipants excluded from the present study were older (P < .01)
than those who completed the sleep questionnaire, they did not
differ by any other demographic or clinical variable.

Average age of the cohort was 55 ± 13 years, 39% were
female, and the majority (70%) were African American
(Table 1). Median BMI was 28 (interquartile range, 24, 33) kg/
m2, andmedianCharlson comorbidity indexwas 5 (interquartile
range, 4, 6). Median FOSQ-10 score was 19.7 (17.1, 20), and
32% of all participants had sleep-related functional impair-
ment (Figure 1).

A total of 74 participants had follow-up FOSQ-10 scores
available. When tertile FOSQ-10 data at baseline were com-
pared with 1-year follow-up in participants with available
longitudinal data, there was no significant change in the per-
centage of participants in each of the tertiles (Figure 2).

FOSQ-10 and intermediary cardiovascular outcomes
When a generalized linear model was used to estimate cross-
sectional association of baseline FOSQ-10 scores with inter-
mediary cardiovascular outcomes, lower FOSQ-10 scores,
indicating greater impairment from sleep disturbances, were
associated with a longer QTc interval, even after adjusting for
age, sex, and ethnicity (model 1) and further adjustment for
Charlson comorbidity index, QT prolonging medications, di-
astolic blood pressure, and serumpotassium (model 3;Table 2).
Similarly, there was a significant decrease in heart rate variance
with lower FOSQ-10 score, even in the sociodemographic and
fully adjusted models (models 1 and 2).

In addition, using mixed-effects regression analyses, there
were similar associations between baseline FOSQ-10 and QTc
intervals and heart rate variance over follow-up (Table 3).

There were no significant associations between baseline
FOSQ-10 and left ventricular hypertrophy, left ventricular
mass, or tricuspid regurgitation with either model.

The associations of FOSQ-10 and QTc or heart rate variance
were also robust to further adjustment for systolic blood
pressure, beta blocker medication use, benzodiazepine medi-
cation use, dialysis adequacy, depression diagnosis, and
OSA diagnosis.

FOSQ-10 and all-cause mortality
During amedian follow-up of 3.3 years (interquartile range, 1.4,
5.9 years), 95 participants died. The unadjusted cumulative
incidence of all-cause mortality by FOSQ-10 score tertile is
shown in Figure 3. Cox proportional hazards models were used
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to estimate the risk of all-cause mortality in association with
FOSQ-10. Each 10% lower baseline FOSQ-10 score was as-
sociated with a 1.08-fold increased risk of all-cause mortality
(95% confidence interval: 1.00, 1.16; P = .05). This association

was robust to adjustment for demographic factors, comorbidity,
QT-prolonging medication use, blood pressure, and serum
albumin and potassium concentrations (per 10% lower FOSQ-
10 score: hazard ratio,1.09; 95%confidence interval, 1.01, 1.18;

Table 1—Baseline characteristics (n = 228).

Variables n Mean (± SD), median (IQR), or n (%) Missing (%)

Demographics

Age, y 228 55 (± 13) 0.0

Sex 228 0.0

Male 139 (61)

Female 89 (39)

Race 228 0.0

African American 160 (70)

Non–African American 68 (30)

Cardiovascular disease risk factors

Body mass index, kg/m2 226 28 (24, 33) 0.9

Waist-to-hip ratio 198 0.95 (± 0.08) 13.2

Hypertension 228 228 (100) 0.0

Resistant hypertension 185 67 (29) 18.9

Hypercholesterolemia 228 157 (69) 0.0

Ever smoker 228 134 (59) 0.0

Diabetes 228 130 (57) 0.0

Coronary artery disease 228 83 (36) 0.0

Charlson comorbidity index 222 5 (4, 6) 2.6

History of arrhythmia, % 228 14 (6.1) 0.0

Cause of end-stage renal disease 228 0.9

Glomerulonephritis 33 (14)

Hypertension 63 (28)

Diabetes 77 (34)

HIV, genetic, obstruction, other 32 (14)

Unknown 23 (10)

Medications

ACE-I or ARB 185 88 (48) 18.9

β-blocker or α- and β-blocker 185 126 (68) 18.9

Total number of antihypertensive medications 185 3 (± 1) 18.9

QT prolonging medication 204 73 (32.0) 10.5

Dialysis adequacy/volume measurements

Kt/V 197 1.8 (± 0.3) 13.6

URR 201 68.5 (± 6.8) 11.8

Interdialytic weight change, kg 203 2.3 (± 0.9) 11.0

FOSQ-10

General productivity 228 4.0 (3.5, 4.0) 0.0

Activity level 228 4.0 (3.3, 4.0) 0.0

Vigilance 228 4.0 (3.2, 4.0) 0.0

Social outcomes 228 4.0 (4.0, 4.0) 0.0

Intimacy and sexual relationships 228 4.0 (4.0, 4.0) 0.0

Total FOSQ-10 score 228 19.7 (17.1, 20.0) 0.0

ACE-I = Angiotensin converting enzyme inhibitors, ARB =Angiotensin receptor blockers, FOSQ = Functional Outcomes of Sleep Questionnaire, HIV: Human =
Immunodeficiency virus, IQR= interquartile range, Kt/V: K =dialyzer clearance of urea, SD=standard deviation, t = dialysis time, URR=Urea reduction ratio, V =
Volume of distribution of urea.
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P= .03).Figure 4 illustrates the relative hazard ofmortalitywith
change in FOSQ-10 scores. The adjustment for beta blocker
medication use, benzodiazepine medication use, depression diag-
nosis, OSA diagnosis, and dialysis adequacy did not change in-
ferences on the association between FOSQ-10 score and mortality.

DISCUSSION

This study demonstrated an association between poor func-
tional outcomes of sleep, measured using a validated ques-
tionnaire, and intermediary cardiovascular outcomes, as well as
all cause-mortality in patients with ESKD. Namely, lower
scores on functional outcomes of sleep questionnaire (worse
functionality) were associated with longer QTc interval and
lower heart rate variance. Per 10% lower FOSQ-10 score, QTc
interval was 4ms longer and heart rate variance was 16% lower.
In addition, worse functional outcomes of sleep correlated with
an 9% increased risk of all-cause mortality. These results im-
plicate activities of daily living impacted by sleepiness in an
association with cardiovascular risk, as well as all-cause
mortality. In addition, the study showed that outcomes of
daytime sleepiness did not significantly change over time with

maintenance of dialysis in the subset of patients with available
follow-up data.

Our findings are consistent with other results in the literature
but also expand the available data. A recent study that enrolled
143 participants with chronic kidney disease demonstrated that
poor functional outcomes of daytime sleepiness were common
(29%) in the chronic kidney disease population and that they
correlated with markers of adverse cardiovascular outcomes.25

Two studies that enrolled patients with predialysis chronic
kidney disease also observed an association between poor sleep
quality and increased risk of cardiac damage and arterial
stiffness.26,27 In a studywith patients on prevalent hemodialysis,
no association was found between sleep quality and cardio-
vascular outcomes, but we note that survival bias in patients on
prevalent dialysis remains an important limitation.28 Our present
work extends these results to patients with ESKD who initiated
hemodialysis within a 6-month period to minimize the survival
bias observed in studies examining patients on prevalent dialysis.

Functional outcomes of excess sleepiness measure func-
tional performance related to daytime sleepiness of any sleep
condition. Hence, our findings cannot necessarily be attributed
to 1 sleep condition and may be related to sleep-disordered
breathing, restless legs syndrome, periodic limb movement
disorder, other sleep conditions, or even ESKD. It is difficult to
ascertain whether disorders such as restless legs syndrome or
insomnia are potential culprits, given the association of these
conditions with mortality in this population in previous
studies29 but not in many others.30–32 Moreover, our study did
not collect data on sleep disorders other than sleep apnea.

Furthermore, this study determined that functional outcomes
of sleep are associated with prolonged QT interval and de-
creased heart rate variability. In many studies, including in
newly diagnosed men and women, OSA has been associated
withaprolongedQTcinterval33 andventricular tachyarrhythmia.4

Heart rate variability has alsobeenassociatedwith sleepdisorders
in prior studies.34 This intermediary outcome has also been linked
to the co-occurrence of OSA and periodic limb movement disor-
ders, conditions associated with sympathetic activation and in-
creased sympathovagal balance.35,36 Although previous studies
have shown longer QTc interval measured during sleep in patients
with abnormal sleep, our study demonstrates that the association
between functional outcomes of sleep and this adverse interme-
diary cardiovascular outcome extends into the daytime.

Functional outcomes of sleep are modifiable, and numerous
studies have evaluated response to therapy using FOSQ in
populations such as those with OSA.37 FOSQ score increases
with various types of therapy38–40 in symptomatic patients with
OSA, including those with rapid eyemovement–related OSA.41

These data support the notion that functional outcomes of sleep
can be modified by treating the underlying sleep disorder. Our
studydemonstrates an association between functional outcomes
of sleep and longitudinal intermediary cardiovascularmeasures,
potentially suggesting that the functional outcomes of sleep are
on the causal pathway to cardiovascular measures. However, a
causal relationship would need to be established between
functional outcomes of sleep and cardiovascular measures
before sleep interventions can be offered as an approach to help
mitigate cardiovascular outcomes in patients with ESKD.

Figure 1—FOSQ-10 score distribution among incident
hemodialysis participants (n = 228).

The vertical dotted line indicates 17.9 score cutoff. FOSQ = Functional
Outcomes of Sleep Questionnaire.

Figure 2—Trend in FOSQ-10 tertile scores over follow-up
period (n = 74).

McNemar’s χ2 test, P = .5. FOSQ = Functional Outcomes of
Sleep Questionnaire.
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Strengths of this study include the prospective design, the
long-term follow up, the in-depth measurement of cardiovas-
cular intermediary outcomes, and the careful adjudication of
mortality. The cohort had a similar proportion of diabetes and

BMI distribution compared with the dialysis population of the
US Renal Data System and Comprehensive Dialysis Study
cohorts, making the findings generalizable. However, the re-
sults need to be interpreted in light of certain limitations.

Table 2—Cross-sectional associations of baseline FOSQ-10 score and intermediary CVD outcomes.

Outcome n
Per 10% Lower FOSQ-10 Score

Unadjusted Model 1 Model 2

QTc (ms) [β (95% CI); P] 181 4.6 (1.2, 8.1); 0.009 4.7 (1.3, 8.2); 0.008 4.0 (0.4, 7.5); 0.03

Heart rate variance (ms2) [% difference (95%
CI); P]

168 −18.1 (−26.7, −8.4); < 0.001 −18.1 (−26.8, −8.2); < 0.001 −15.7 (−24.8, −5.6); 0.003

LVMI (g/m2) [β (95% CI); P] 200 −0.2 (−1.6, 1.1); 0.8 −0.2 (−1.6, 1.4); 0.7 −0.4 (−0.9, 1.8); 0.5

LVH [PR (95% CI); P] 200 1.0 (0.9, 1.1); 0.9 1.0 (0.9, 1.1); 0.5 1.0 (0.9, 1.1); 0.9

Tricuspid regurgitation (mm Hg) [β (95% CI); P] 107 0.1 (−0.7, 1.0); 0.7 0.2 (−0.7, 1.0); 0.7 0.1 (−0.7, 1.0); 0.8

Model 1 includes age, sex, and ethnicity. Model 2 includesmodel 1, and theCharlson comorbidity index,QT prolongingmedication use, diastolic blood pressure,
and serum potassium. CI = confidence interval, CVD = cardiovascular disease, FOSQ = Functional Outcomes of Sleep Questionnaire, LVH = left ventricular
hypertrophy, LVMI = left ventricular mass index, PR = prevalence ratio, QTc = QT correction.

Table 3—Association of baseline FOSQ-10 score and longitudinal intermediary CVD outcomes.

FOSQ-10 Score, per 10% Lower
QTc (ms) (n = 186) Heart Rate Variance (ms2) (n = 185)

β (95% CI) P % difference (95% CI) P

Unadjusted 3.5 (0.8, 6.2) .01 −12.4 (−3.6, −17.9) .004

Model 1 3.6 (0.9, 6.2) .01 −11.4 (−3.8, −18.1) .004

Model 2 4.6 (1.3, 7.8) .02 −10.4 (−3.0, −17.5) .008

Model 1 includes age, sex, and ethnicity. Model 2 includesmodel 1, and theCharlson comorbidity index,QT prolongingmedication use, diastolic blood pressure,
and serum potassium. CI = confidence interval, CVD = cardiovascular disease, FOSQ = Functional Outcomes of Sleep Questionnaire.

Figure 3—Cumulative incidence of all-cause mortality by FOSQ-10 tertile scores among incident hemodialysis patients (n = 228).

FOSQ = Functional Outcomes of Sleep Questionnaire, HD = hemodialysis.
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The Predictors of Arrhythmic and Cardiovascular Risk in End-
Stage Renal Disease cohort comprised mainly a young pop-
ulation with a large proportion of African Americans. Although
our study collected data on the presence of a diagnosis of sleep
apnea, which was prevalent in 12% of participants as reported
previously,14 it did not collect data on other sleep disorders that
are known to be prevalent in the ESKD population because this
was a secondary analysis of collected data.Additionally, no data
on OSA treatment were collected, and there remains a possi-
bility that it is undiagnosed for some participants in this study.
Moreover, the FOSQ-10 questionnaire has been validated in the
general population but not in adults with ESKD. It is possible
that FOSQ-10 scoresmayhave been impacted by characteristics
of the underlying disease (ESKD) such as uremia. However,
because all participants in this study were enrolled at a similar
stage in their illness (within 6 months of dialysis initiation), it is
unlikely that our findingswould be selectively impacted by this.
Sample size for longitudinal FOSQ data was small. Although
cardiovascular mortality was carefully adjudicated in this co-
hort, we were unable to examine the association of FOSQ-10
with specific cardiovascular mortality because of sample size.
Larger prospective studies are needed to be able to specifically
examine cardiovascular mortality and to examine patients who
were both symptomatic and nonsymptomatic for ESKD and
OSA. Future studies are needed to examine the impact of
functional performance from excess sleepiness in patients with
OSA on cardiovascular outcomes to set the stage for designing

interventional trials that would take various phenotypes into
consideration.42 Finally, because this is a cohort study, findings
from this study do not infer causality but rather an association.

In summary, this study demonstrates a significant association
between poor functional outcomes of sleep and intermediary
cardiovascular disease measures in patients on incident he-
modialysis. Careful attention should be given to the identifi-
cation of poor sleep quality in populations of patients initiating
hemodialysis. Further studies are needed to investigate the
impact of interventions for sleep therapy on cardiovascular
outcomes and mortality in this population.

ABBREVIATIONS

BMI, body mass index
ECG, electrocardiogram
ESKD, end-stage kidney disease
FOSQ, Functional Outcomes of Sleep Questionnaire
OSA, obstructive sleep apnea
QTc, QT correction
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