1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Nephrol. Author manuscript; available in PMC 2015 May 28.

-, HHS Public Access
«

Published in final edited form as:
J Nephrol. 2013 ; 26(1): 101-110. doi:10.5301/jn.5000131.

Association of sleep disturbances with cognitive impairment
and depression in maintenance hemodialysis patients

Luke Rodriguez!, Hocine Tighiouart?, Tammy Scott?, Kristina Lou?, Lena Giang?, Eric
Sorensen?, Daniel E. Weiner2, and Mark J. Sarnak?

1Department of Biology, Cayey Campus, The University of Puerto Rico, Cayey - Puerto Rico
°Tufts Medical Center and Tufts University School of Medicine, Boston, Massachusetts - USA
3Brown University School of Public Health, Providence, Rhode Island - USA

4University of California San Diego School of Medicine, San Diego, California - USA

Abstract

Background—There are few data on the relationship of sleep with measures of cognitive
function and symptoms of depression in dialysis patients.

Methods—We evaluated the relationship of sleep with cognitive function and symptoms of
depression in 168 hemodialysis patients, using multivariable linear and logistic regression. Sleep
disturbances were assessed using the sleep subscale battery of the Choices for Healthy Outcomes
in Caring for ESRD (CHOICE) Health Experience Questionnaire. The cognitive battery assessed a
broad range of functioning including global ability, verbal intelligence, supraspan learning,
auditory retention, visual retention, attention/mental processing speed, visual construction/fluid
reasoning and motor speed. Depressive symptoms were assessed using the Center for
Epidemiological Studies of Depression (CESD) Scale, with depression indicated by a CESD score
> 16.

Results—Mean (SD) age of participants was 62 (17) years, 49% were women, 30% were
African American and 33% had diabetes. There was no significant relationship between sleep
score and performance on any neurocognitive test (p>0.13, for all multivariable analyses). The
prevalence of depression increased from 16% in the highest quartile (best) of sleep score, to 31%
in the lowest quartile (worst) of sleep score. In multivariable analyses, each 1 SD increase in sleep
score was associated with a 2.18 (95% confidence interval, 1.07-3.29, p<0.001) lower CESD
score. Results were consistent when considering individual components of both the CESD and
sleep score.

Conclusions—Disturbances in sleep are associated with symptoms of depression but not
measures of cognitive function. Dialysis patients with disturbances in sleep should be screened for
depression.
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Introduction

Cognitive impairment is common in individuals with chronic kidney disease (CKD) (1),
with the prevalence of cognitive impairment increasing as kidney function declines. In
dialysis patients, cognitive impairment is associated with increased resource utilization,
worse quality of life and higher risks of hospitalization and all-cause mortality (2).
Depression is also common in dialysis patients, with studies suggesting a prevalence of
approximately 20%-40% (3-6). Similar to cognitive impairment, depression may impact
quality of life and is associated with adverse outcomes, including increased rates of
hospitalizations, cardiovascular disease and mortality (5, 6).

The etiology of cognitive impairment and depression in dialysis patients is likely
multifactorial (6), but abnormal sleep is a potential risk factor. Sleep disorders are highly
prevalent in hemodialysis patients and are associated with adverse outcomes (7). However,
there are few studies that have evaluated the relationship between sleep and either cognitive
impairment or depression in hemodialysis patients. A recent study in the general population
noted that sleep deprivation adversely affects cognitive function and the biological pathways
that support cognitive performance (8), while another study concluded that sleep deprivation
reduced attention and resulted in impaired central processing (9). In both peritoneal dialysis
and hemodialysis patients, Kutner et al reported associations between both depression and
sleep difficulty with lower levels of cognitive function, as assessed by screening questions
included in the cognitive function subscale of the Kidney Disease Quality of Life, Short
Form (KDQOL-CF) (10). In the current study we evaluated the association between sleep
and both cognitive function, ascertained using an extensive battery of established
neurocognitive tests, and depression.

Subjects and methods

Participants

All patients receiving hemodialysis at 5 Dialysis Clinic Inc. (DCI) units as well as one
hospital-based unit (St. Elizabeth’s Medical Center) in the greater Boston, Massachusetts,
area were screened for the Cognition and Vascular Disease in Dialysis Patients Study.
Eligibility criteria included English fluency, sufficient visual and auditory acuity to
complete cognitive testing, absence of preexisting advanced dementia or confusion (based
on provider testimony, medical chart review, or Mini-Mental State Examination (MMSE)
score < 10), medically stable condition without urgent non-access-related hospitalization
within 1 month, receipt of maintenance hemodialy-sis therapy for at least 1 month and
single-pool Kt/V >1.0. Demographic information was obtained through participant report,
medical charts and electronic medical records. Data on use of antidepressants
(heterotricyclic compounds, mono-amine oxidase inhibitors, selective serotonin reuptake
inhibitors, serotonin norepinephrine reuptake inhibitors, bupropi-on, mirtazapine,
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trazodone), antipsychaotics (first generation [typical], second generation [atypical]),
benzodiazepines and zolpidem were collected at the time of cognitive testing. The Tufts
Medical Center Human Investigation Review Board approved the study, and all participants
signed informed consent and research authorization forms.

Exposure: sleep quality assessment

Outcomes

Sleep disturbances were assessed using the sleep subscale of the Choices for Healthy
Outcomes in Caring for ESRD (CHOICE) Health Experience Questionnaire (CHEQ) (11).
The CHEQ is a patient-centered instrument that provides specific scores for domains
important to patients with end-stage renal disease (ESRD). The consistency and reliability of
the scale was based on a Cronbach’s a of 0.70, which measures the standardization of items
in a scale around a consistent variable. The assessments of sleep in the CHEQ were based on
sleep initiation (have trouble falling asleep), sleep maintenance (awaken during sleep and
have trouble falling asleep again) and sleep adequacy (get enough sleep to feel rested upon
waking in the morning). The sleep questions ask individuals to quantify their responses on a
6-point scale: (i) all of the time, (ii) most of the time, (iii) good bit of the time, (iv) some of
the time, (v) a little of the time and (vi) none of the time. The CHEQ sleep score was defined
as the sum of the raw values for the 3 sleep questions and then converted to a 100-point
scale, with a higher value indicating better sleep.

Cognitive Impairment—~Participants were administered a detailed battery of
neurocognitive tests by trained research assistants. To ensure quality and inter-rater
reliability, reassessment of research assistants by the study neuropsychologist (T.S.) with
either mock training sessions or witnessed testing of study participants occurred at 3- to 6-
month intervals. The neuropsycho-logical battery included well-validated and commonly
used cognitive tests that possess high inter- and intra-rater reliability, and many of the tests
have established age-, sex- and/ or education-matched normative scores. To limit participant
fatigue, all testing was completed during the first hour of hemodialysis. The tests
administrated included Mini-Mental State Examination (MMSE), North American Adult
Reading Test (NAART) (12), Trail Making Test A&B (TMT) (13), Wechsler Memory
Scale—I11 Word List Learning subtest (WMS-111) (14), Wechsler Adult Intelligence Scale-IlI
(WAIS-III) Block Design, Digit Span, and Digit Symbol-Coding Tasks (14), Controlled
Oral Word Association Test (COWAT) (15) and Mental Alternations Test (MAT) (16). The
overall battery assesses a broad range of functioning including global ability, verbal
intelligence, supraspan learning, auditory retention, visual retention, attention/mental
processing speed, visual construction/ fluid reasoning and motor speed (Tab. I).JAUTHORS:
please note: the style guidance for the J Nephrol indicates that all tables should be numbered
consecutively as cited in text.] In addition to using raw scores, neurocognitive performance
outcomes were evaluated with principal components analysis (17). For 15 individuals who
were missing results on 1 cognitive test (or 2 results if derived from the same test), single-
item imputation was performed using multivariable linear regression models based on
performance on other tests in the cognitive battery. Imputation results were incorporated to
derive the principal components analysis but were not used for evaluating performance on
individual cognitive tests. Principal component analysis with varimax rotation was used to
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derive composite scores for separate cognitive domains. Following application of this data-
reduction technique, 2 principal components with eigenvalues >1 were obtained. The first
component, with explained variance of 3.3 following rotation, consisted primarily of the
Trails A and B, Block Design, Digit Symbol-Coding, Digit Span, Mental Alternations and
COWAT tasks, and was considered to reflect executive functioning, attention and
processing speed. The second component, with explained variance of 3.5 following rotation,
consisted primarily of the Word List Learning Recall and Recognition tasks, also modestly
incorporated Digit Symbol-Coding and the COWAT tasks, and was interpreted as reflecting
memory.

Depression—Depression was evaluated using the Center for Epidemio-logical Studies of
Depression (CESD) Scale (Tab. I1) (18). For the purpose of analyses in the current study, we
did not include question number 11 of the CESD, as this question directly evaluates sleep.
Depression was defined as a score of =16; a value consistent with the presence of major
depression in the general population (18). Use of the CESD has been validated in both the
general population and dialysis patients (4). Depression was also divided into 4 subgroups
commonly used in CESD analyses, including “depression affect,” “positive affect,” “somatic
and retarded activity” and “interpersonal” (18).

Statistical analysis

Results

Baseline characteristics of dialysis patients with measures of sleep, cognitive function and
depression were compared using the chi-square test, t-test and ANOVA as appropriate.
Linear regression was used to explore the association between sleep and performance by
each principal component as well as individual cognitive tests, with principal component
scores and raw test scores serving as the dependent variables. Sleep scores were modeled
linearly with parameter estimates (B coefficients) calculated per 1 standard deviation (SD)
increase. Analyses where performance on the Trails B test was the outcome used Tobit
regression, censoring for failure to complete the task within 5 minutes (19). Models initially
adjusted for age, sex, race (African American vs. non—-African American), education (did
not graduate high school, high school graduate and/or 1 year of college, 2+ years of college)
and cause of ESRD. Subsequent models adjusted for other variables that differed in baseline
characteristics — namely, stroke and heart failure. In additional analyses, we evaluated the
association between sleep and either total CESD score or CESD components using linear
regression for continuous scores and logistic regression using a CESD cutpoint of >16
(depression). In these latter analyses, the sleep exposure term was evaluated both per SD
increase as well as in quartiles. We also evaluated the association between each sleep
question separately and the CESD score, using linear regression. All analyses were
performed using SAS, version 9.2 (SAS Institute, Cary, NC, USA). All hypothesis tests
were 2-sided, and differences were considered statistically significant at a p value of <0.05.

One hundred and sixty-eight individuals completed both the sleep questionnaire and the
neurocognitive battery, including the CESD. Mean (SD) age of participants was 62 (17)
years, 49% were women, 30% were African American, 33% had diabetes as the primary
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cause of kidney failure, 45% graduated high school while an additional 45% had at least 2
years of college, and the median dialysis vintage was 32 months (Tab. I11). Forty-two
patients (25%) had a symptom burden consistent with depression (Tab. IV). The prevalence
of depression increased from 16% in quartile 4, consisting of those with the best sleep score,
to 31% in quartile 1, comprising individuals with the worst sleep score. Demographics,
patient characteristics and medications overall were similar across sleep score quartiles,
although the prevalence of stroke was higher in those with better sleep score, and the
prevalence of heart failure was higher in those with worse sleep score. We noted no
significant relationship between sleep score and performance on neurocognitive tests in
either univariate or multivariable analyses (Tab. V). Both CESD scores and the prevalence
of depression were highest in those with the worst sleep score, and this relationship was
present in both univariate and multivariable analyses (Tab. VI). In multivariable analyses,
each 1 SD increase in sleep score was associated with a 2.18 (95% confidence interval [95%
Cl], 1.07-3.29, p<0.001) lower CESD score. In multivariable analysis, each 1 unit increase
in sleep initiation, sleep maintenance and sleep adequacy (higher score consistent with better
sleep), was associated with 1.34 (95% Cl, 0.67-2.00, p<0.001), 1.16 (95% ClI, 0.42-1.89,
p<0.002) and 0.72 (95% CI, 0.00-1.44, p= 0.051) lower CESD score, respectively. When
the subcomponents of CESD were considered, higher sleep score was associated with lower
“depression affect,” “somatic and retarded activity” and “interpersonal effect” (Tab. VI). We
also noted that better sleep score was associated with a trend toward lower prevalence of
depression in univariate and multivariable models in both quartile and continuous analyses
(Tab. VI1).

Discussion

Among maintenance hemodialysis patients, individuals with worse sleep have more
symptoms of depression but no apparent difference in performance on cognitive tests. These
results remained consistent in subgroup analyses and following multivariable adjustment,
suggesting that sleep does not have overt effects on cognitive function in hemodialysis
patients, but rather, that hemodialysis patients with sleep disturbances should be screened
for depression.

There are limited studies evaluating the relationship between sleep and cognitive function in
dialysis patients. Kutner et al studied the relationship between sleep disorders with cognitive
function using responses to the 3 questions comprising the KDQOL-CF to estimate
cognitive function in 2,286 dialysis patients included in the Dialysis Morbidity and
Mortality Study (DMMS) Wave 2 cohort (10). The authors noted that patients with lower
KDQOL-CF scores were more likely to report sleep difficulty. However, this study was
limited by relying on a single yes/no question to assess sleep and the KDQOL-CF to assess
cognitive function, an instrument with poor sensitivity and only modest specificity (20).

There are several reasons sleep may not be associated with cognitive impairment in our
study. First, it is possible that indeed no association exists between sleep and cognitive
function in dialysis patients. Second, it is possible that the prevalence of both sleep
abnormalities and cognitive impairment is so high that it is difficult to discern relationships
between these entities because there is an insufficient range in the exposure and outcome
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variables. The range of sleep scores in our study does not however support this premise.
Furthermore, we used multiple measures of cognitive function and noted no suggestion of a
relationship using any of these measures. Third, it is possible that both the sleep
questionnaire and the cognitive function battery are not sensitive enough to appreciate this
association.

We did observe a significant relationship between sleep and measures of depression. These
results were consistent when the sleep questions were considered separately and were
reproduced within 3 of the 4 CESD components, and also when depression was considered
as a dichotomous variable. These findings are consistent with prior reports that have used
other measures to assess sleep and depression in dialysis patients (21-23) as well as the
general population (24, 25). While we acknowledge that disordered sleep may be considered
a manifestation of depression, this does not detract from the importance of recognizing that
depression is more prevalent in dialysis patients with sleep abnormalities and that the latter
patients should therefore be screened more carefully for depression.

Our study has several strengths. First, we performed detailed neurocognitive testing, which
allowed us to evaluate the relationship between sleep and cognition using well- validated
tests of cognitive function. Second, both the CESD and CHEQ have been validated in
dialysis patients (4, 26). Third, although the dialysis patients evaluated in this study were
healthier than those not eligible for inclusion, the cohort recruited is not dissimilar from the
broader US dialysis population (27).

Our study also has several limitations. First, despite the fact that our assessment of sleep
includes more questions than several other studies (10), we did not perform a detailed sleep
evaluation and therefore were not able to evaluate objective components of sleep, such as
sleep quality, sleep latency, sleep duration and daytime dysfunction, in order to validate
participants’ self-assessments of their sleep. Third, cognitive testing was performed at the
start of the dialysis procedure. Although this in theory may affect the prevalence of
cognitive impairment, it should not bias toward affecting the relationship between sleep with
either cognitive function or depression. Fourth, we examined the association between sleep
and depressive effect rather than a current or prior diagnosis of depression. Therefore,
despite the fact that antidepressant medications may affect depressive symptoms, we did not
adjust for antidepressant use. Fifth, this is a cross-sectional study, precluding our ability to
ascribe cause and affect relationships and to evaluate whether sleep abnormalities lead to
depressive symptoms or vice versa.

In summary, these results demonstrate that patients with worse sleep are more likely to have
symptoms of depression but are not more likely to perform poorly on neurocognitive testing.
Future studies should evaluate these relationships in prospective longitudinal studies using
more detailed measures of sleep. In addition, hemodialysis patients with complaints of
abnormal sleep should be screened for depression.

J Nephrol. Author manuscript; available in PMC 2015 May 28.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rodriguez et al.

Page 7

Acknowledgments

Financial support: The study was funded through grants R25HL007785 (grant supporting L.R.), R21 DK068310
(M.J.S.), K23 DK71636 (D.E.W.), K24 DK078204 (M.J.S.), RO1 DK078204 (M.J.S.) and a Carl Gottschalk Career
Development award from the American Society of Nephrology (D.E.W.).

References

1.

Murray AM, Tupper DE, Knopman DS, et al. Cognitive impairment in hemodialysis patients is
common. Neurology. 2006; 67(2):216-223. [PubMed: 16864811]

. Kurella M, Mapes DL, Port FK, Chertow GM. Correlates and outcomes of dementia among dialysis

patients: the Dialysis Outcomes and Practice Patterns Study. Nephrol Dial Transplant. 2006; 21(9):
2543-2548. [PubMed: 16751655]

. Cukor D, Coplan J, Brown C, et al. Depression and anxiety in urban hemodialysis patients. Clin J

Am Soc Nephrol. 2007; 2(3):484-490. [PubMed: 17699455]

. Hedayati SS, Bosworth HB, Kuchibhatla M, Kimmel PL, Szczech LA. The predictive value of self-

report scales compared with physician diagnosis of depression in hemodialy-sis patients. Kidney
Int. 2006; 69(9):1662-1668. [PubMed: 16598203]

. Hedayati SS, Bosworth HB, Briley LP, et al. Death or hospitalization of patients on chronic

hemodialysis is associated with a physician-based diagnosis of depression. Kidney Int. 2008; 74(7):
930-936. [PubMed: 18580856]

. Chilcot J, Wellsted D, Da Silva-Gane M, Farrington K. Depression on dialysis. Nephron Clin Pract.

2008; 108(4):c256-c264. [PubMed: 18401193]

. Unruh M, Kurella Tamura M, Larive B, et al. Impact of sleep quality on cardiovascular outcomes in

hemodialysis patients: results from the frequent hemodialysis network study. Am J Nephrol. 2011,
33(5):398-406. [PubMed: 21474924]

. Waters F, Bucks RS. Neuropsychological effects of sleep loss: implication for neuropsychologists. J

Int Neuropsychol Soc. 2011:1-16.

. Ratcliff R, Van Dongen HP. Sleep deprivation affects multiple distinct cognitive processes. Psychon

Bull Rev. 2009; 16(4):742-751. [PubMed: 19648462]

10. Kutner NG, Zhang R, Huang Y, Bliwise DL. Association of sleep difficulty with Kidney Disease

11.

12.

13.

Quality of Life cognitive function score reported by patients who recently started dialysis. Clin J
Am Soc Nephrol. 2007; 2(2):284-289. [PubMed: 17699426]

Wu AW, Fink NE, Cagney KA, et al. Developing a health-related quality-of-life measure for end-
stage renal disease: the CHOICE Health Experience Questionnaire. Am J Kidney Dis. 2001; 37(1):
11-21. [PubMed: 11136162]

Blair JR, Spreen O. Predicting premorbid 1Q: a revision of the national adult reading test. Clin
Neuropsychol. 1989; 3(2):129-136.

Heaton, RK.; Grant, I.; Mathews, CG. Comprehensive norms for an expanded Halstead-Reitan
battery: demographic corrections, research findings, and clinical applications. Odessa, FL:
Psychological Assessment Resources Inc; 1991.

14. Tulsky, D.; Zhu, J.; Ledbetter, M., editors. Wechsler Memory Scale-Third Scale (WMS-I11):

15.

16.

17.

18.

technical manual. San Antonio, TX: Harcourt Brace & Company; 1997. Wechsler Adult
Intelligence Scale-Third Edition (WAIS-I111).

Benton, A.; Hamsher, K. Multilingual Aphasia Examination: manual of instructions. lowa City,
IA: University of lowa; 1978.

Salib E, McCarthy J. Mental Alternation Test (MAT): a rapid and valid screening tool for dementia
in primary care. Int J Geriatr Psychiatry. 2002; 17(12):1157-1161. [PubMed: 12461766]

Heyer NJ, Bittner AC Jr, Echeverria D. Analyzing multivariate neurobehavioral outcomes in
occupational studies: a comparison of approaches. Neurotoxicol Teratol. 1996; 18(4):401-406.
[PubMed: 8866530]

Radloff L. The CESD scale: a self-report depression scale for research in the general population.
Appl Psychol Meas. 1977; 1(3):385-401.

J Nephrol. Author manuscript; available in PMC 2015 May 28.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rodriguez et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8

Tobin J. Estimation for relationships with limited dependent variables. Econometrica. 1958; 26(1):
24-36.

Kurella M, Luan J, Yaffe K, Chertow GM. Validation of the Kidney Disease Quality of Life
(KDQOL) cognitive function subscale. Kidney Int. 2004; 66(6):2361-2367. [PubMed: 15569327]
Guney I, Biyik M, Yeksan M, et al. Sleep quality and depression in peritoneal dialysis patients.
Ren Fail. 2008; 30(10):1017-1022. [PubMed: 19016155]

Pai MF, Hsu SP, Yang SY, Ho TI, Lai CF, Peng YS. Sleep disturbance in chronic hemodialysis
patients: the impact of depression and anemia. Ren Fail. 2007; 29(6):673-677. [PubMed:
17763161]

Paparrigopoulos T, Theleritis C, Tzavara C, Papadaki A. Sleep disturbance in haemodialysis
patients is closely related to depression. Gen Hosp Psychiatry. 2009; 31(2):175-177. [PubMed:
19269539]

Brand S, Kirov R. Sleep and its importance in adolescence and in common adolescent somatic and
psychiatric conditions. Int J Gen Med. 2011; 4:425-442. [PubMed: 21731894]

Peppard PE, Szklo-Coxe M, Hla KM, Young T. Longitudinal association of sleep-related breathing
disorder and depression. Arch Intern Med. 2006; 166(16):1709-1715. [PubMed: 16983048]
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(4):802-810. [PubMed: 17699290]

Collins AJ, Foley RN, Herzog C, et al. Excerpts from the US Renal Data System 2009 annual data
report. Am J Kidney Dis. 2010; 55(1 Suppl 1):S1-420. A6-7.

J Nephrol. Author manuscript; available in PMC 2015 May 28.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Rodriguez et al.

TABLE |

COMPONENTS OF THE NEUROPSYCHIATRIC BATTERY

Page 9

Function assessed

Test

Scoring

Test details

Cognitive screen

Intelligence

Supraspan learning &
word recall

Visual construction &
fluid reasoning

Attention, mental
processing speed &
executive function

Depression

Mini-Mental State Examination

North American Adult Reading
Test

. *
Immediate Recall

Percent Retention™

Delayed Recognition*

Block DesignJr

Digit SymboI—CodingJr
Trail Making Test A

Trail Making Test B

Center for Epidemiological Studies

of Depression Scale

Number correct

128.7 — (0.89 x number
of errors)

Total initially correct

Percentage recall after
delay

Number of correctly
identified words

Number completed
weighted for time

Number of copied
symbols in 2 minutes
Time to completion

Time to completion

Four-point scale (0-3)

Thirty-point questionnaire that samples abilities
such as arithmetic, memory and orientation.

Estimation of verbal intelligence quotient that
requires subjects to read a list of 61 words out
loud.

A test of memory in which a list of 12 words is
presented during 4 trials, and retention of these
words is tested after a delay of 25 to 35
minutes. Calculated scores include immediate
recall (which is the sum of words recalled
during the 4 trials), percentage retention
[(delayed recall / trial 4 of immediate recall) x
100] and delayed recognition.

Subjects are required to reproduce de- picted
patterns using a set of colored blocks.

Symbols are decoded by matching a given
symbol to a digit provided in an answer key.

“Connect-the-dots” for a consecutive number
sequence from 1 to 25.

“Connect-the-dots” alternating betwe- en
numbers (1 to 13) and letters (A to L).

Twenty-question questionnaire that samples
self-analysis of past weekly mood

*
Derived from the Word List Learning subtest of the Wechsler Memory Scale—I11 (WMS-I11).

TFrom the WechslerfAUTHORS: please advise: correct edit?] Adult Intelligence Scale.
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