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Abstract

Background: Excessive daytime sleepiness (EDS) is prevalent in not only older adults, but
also patients with chronic kidney disease (CKD), and is associated with higher risks of

morbidity and mortality.

Aims: The aim of the present study is to determine associations between EDS and nutritional

status and serum nutrient levels in older patients with CKD.

Methods: This cross-sectional study included years 367 patients (aged >65 years) with CKD
(eGFR<60ml/min/1.73m? and/or >30 mg/day of albuminuria for >3 months). EDS was
recorded using the Epworth Sleepiness Scale (a score of >11). Malnutrition was diagnosed

according to the Minimal Nutritional Assesment (MNA) tool (a score of <17).

Results: The mean age was 81£7 years, and 248 (67%) were female. EDS was seen in 99
(26.9%) patients. Those with EDS had significantly lower MNA scores and more frequent
malnutrition than those without EDS (p<0.05). In multivariable analysis adjusted for age, sex,
cerebrovascular disease, dementia, drug counts, and number of urinations at night, and the
Charlson comorbidity index the relationship between malnutrition and EDS persisted (OR 2.58,
95% CI 1.38 -4.83, p=0.003). There was no significant difference between the presence of EDS

and serum levels or deficiencies of vitamin D, vitamin B, and folate (p>0.05).

Conclusions: EDS is associated with malnutrition in older patients with CKD. Therefore, EDS
and nutritional status should be evaluated together in clinical practice. However, future studies
are needed to determine the direction of the association between malnutrition and EDS and to

evaluate if dietary intervention can improve EDS.
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Introduction

Sleep disorders are common in patients with chronic kidney disease (CKD) [1], and
have been implicated as a possible risk factor for progression to severe CKD [2]. This is in part
related to negative effects of poor sleep quality on blood pressure [2, 3], glycemic control [2],
obesity [4], and chronobiologic changes in the sympathetic nervous system and renin-
angiotensin-aldosterone system [5]. Indeed, <5 hour and >8 hour sleep duration have been
found to be associated with progression to end-stage kidney disease among patients with CKD
[6]. Moreover, one prospective study found that hypoxemia-based measures of sleep apnea
were associated with increased mortality risk in patients with severe CKD (stages 4 and 5) [7].
Excessive daytime sleepiness (EDS) which refers to an increased tendency to fall asleep and
inability to stay awake during waking episodes is a common sleep symptom [8]. In a study
involving over 30,000 adults (mean age 46.6 years) from the United States, the prevalence of
EDS in 2012 was reported as 12.7% [9]. Importantly, EDS is frequently observed in older
adults, affecting approximately one-third of those aged 80 years or older [10]. Among older
adults, EDS is associated with a higher fall risk [11, 12], adiposity [13], metabolic syndrome
[14], depressive disorders [15], and a lower hand-grip strength [16]. Moreover, daytime
sleepiness has been reported to be associated with cardiovascular and overall mortality among

older adults [17].

CKD is most prevalent in older adults, and EDS is common in CKD patients [18].
Factors causing EDS in patients with CKD are not clear. In a preliminary study by Benz et al.
[19], correction of anemia with human recombinant erythropoietin improved sleep quality and
reduced daytime sleepiness in patients undergoing maintenance hemodialysis [19]. Another
study found that missing or shortening dialysis sessions were associated with more severe sleep

disturbances among maintenance hemodialysis patients [20]. Studies have also found that sleep
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apnea was improved with nocturnal hemodialysis [21, 22]. Taken together these studies
demonstrate that loss of kidney function and resulting disorders such as anemia may contribute
to an increased risk of EDS among patients with CKD. However, to the best of our knowledge
other causes of EDS in patients with CKD are not studied in detail. Several researches have
described significant associations between diet, macro-micronutrient intake and sleep
disturbances in the general population [23-27]. Malnutrition and micronutrient deficiencies are
common in patients with CKD [28], and undoubtedly refer to more unfavourable outcomes
[29]. Both EDS and malnutrition are common in CKD, and prior studies showed possible
associations between sleep and nutrition in non-CKD populations [30, 31]. CKD represents a
unique state for the tremendous increase in the risk of malnutrition. Determination of a possible
association between EDS and malnutrition among patients with CKD might be an opportunity
for treatment and/or prevention. In this study, we aimed to determine possible associations

between nutritional parameters and EDS in this specific patient population.

Methods
Participants

This cross-sectional study included 367 outpatients who were admitted to one geriatric
outpatient clinic in Turkey between January 2019 and March 2021. Older patients (=65 years)
with CKD were included. Exclusion criteria were as follows: end-stage kidney disease
(glomerular filtration rate of < 15 mL/min/1.73m?) or kidney replacement therapy, urinary tract
infection which may cause proteinuria and erroneously lead to a diagnosis of CKD, severe
dementia, active malignancy, fulminant hepatic failure and/or cirrhosis, severe heart failure
(class III or IV according to New York Heart Association functional classification), patients

who receive nutritional support, patients who receive treatments for daytime sleepiness, patients



with sleep disorders such as sleep apnoea syndrome, or central disorders of hypersomnolance
such as narcolepsy, or restless leg syndrome. Those who cannot undergo comprehensive

geriatric assessment due to their current clinical condition (e.g., delirium) were also excluded.

Data for age, sex, education, marital and living status, number of medications, comorbid
diseases (hypertension, diabetes mellitus, chronic obstructive pulmonary disease,
cerebrovascular disease, congestive heart failure, dementia) were obtained from electronic
medical records. Biochemical measurements were carried out by standard laboratory techniques
after venous puncture. CKD was defined as an estimated glomerular filtration rate (eGFR)
below 60 mL/min/1.73m? and/or albuminuria (>30 mg/day) for more than 3 months. eGFR
expressed as mL/min/1.73m? was estimated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula [32].Thus, patients with normal GFR but albuminuria of
over 30 mg/day were also qualified as to have CKD. GFR categories were defined according to

consensus guidelines [33].

Comprehensive Geriatric Assessment

The comorbidity burden was assessed using the Charlson Comorbidities Index [34].A
geriatrician interviewed the informants of each participant to obtain information on course of
participant’s cognitive functioning and activities of daily living over the past years, and
neurocognitive assessment was carried out on participants who may have cognitive impairment.
Dementia was diagnosed according to the Diagnostic and Statistical Manual of Mental
Disorders—Fifth Edition (DSM-5) major cognitive impairment diagnostic criteria [35]. All
patients with dementia underwent neuroimaging studies such as cranial magnetic resonance
imaging or computed tomography. The question, ‘‘Generally, during the past 30 days, how
many times do you usually urinate after you have gone to sleep at night until the time you got

up in the morning?’’ was used for nocturia [36]. Other tools of the comprehensive geriatric



assessment used in this study were the Geriatric Depression Scale (a score of >5 is accepted as
depression) [37], and Insomnia Severity Index (a score of >8 was considered as insomnia) [38].

Drug counts were recorded during the outpatient visit.

Definition of Excessive Daytime Sleepiness

EDS was assessed using the Epworth Sleepiness Scale (ESS).[39] It has also been used
in previous sleep studies in patients with CKD [40, 18]. The ESS is a 4-point Likert-style
questionnaire composed of eight items, in which the subject marks the possibility of napping in
routine situations, such as watching television, lying down to rest, and while being a passenger
in a vehicle. The scoring for each item varies from 0 (no chance of napping) to 3 (great
probability of napping). The total score is based on a scale of 0 to 24. A score of > 11 points
indicates EDS. Reliability and validation study of the tool was also carried out in the Turkish

language [41]. The informant-completed ESS was administered for patients with dementia [42].

Assessment of Nutritional Status

The Minimal Nutritional Assesement (MNA) is a validated instrument initially
developed to assess nutritional status in elderly patients and is mainly indicated for research
settings [43, 44]. It is a proven method for the evaluation of nutrition in patients with CKD [45].
The tool contains 18 items and evaluates 4 different aspects: anthropometric assessment (body
mass index, weight loss, and arm and calf circumferences); general assessment (lifestyle,
medication, mobility and presence of signs of depression or dementia); short dietary assessment
(number of meals, food and fluid intake and autonomy of feeding); and subjective assessment
(self-perception of health and nutrition). Patients divided in 3 groups using threshold values of
<17 for “malnourished”, 17-23.5 for “at risk of malnutrition”, and >24 for “normal nutritional

status” with a maximum total score of 30 points [43].



Laboratory findings

Blood samples were collected in the morning following a fasting time of > 8 hours. All samples
were studied on the visit day, at the same time with comprehensive geriatric assessment. Folate
and vitamin B12 levels were determined in serum with a homogenous chemiluminescent
immunoassay using BeckmanCoulter, Woerden, the Netherlands. These biochemical tests were
carried out on Diagnostic Modular Systems autoanalyzer (Beckman Coulter DXD 800) [46].
After blood sample collection, the gel tubes were centrifuged within 1 hour and the sera stored
at -20°C for serum vitamin D analysis. 25-(OH)-D was measured using a radioimmunoassay
method. Blood lipids including triglycerides (mg/dL), total cholesterol (mg/dL), low-density
lipoprotein cholesterol (LDL-C, mg/ dL) and high-density lipoprotein cholesterol (HDL-C,
mg/dL) were determined using Abbott Architecht c16000 auto-analyser (Abbott Diagnostics,

Abbott Park, IL, USA).
Statistics

Quantitative variables were presented as mean with standard derivations. Qualitative
variables are shown as proportions. Groups were compared for means using t test if variables
were normally distributed, Mann—Whitney U test was used for non normally distributed data.
For comparisons between proportions chi-squared tests or Fisher’s exact test were used, as
appropriate. Logistic regression analysis was used in order to identify independent predictors
of EDS. Results were expressed as odds ratios (ORs) and 95% confidence intervals (Cls). In
addition to age and sex, variables with a p value of <0.05 were included in the multivariate
regression model. The Statistical Package for the Social Sciences software version 22.0 (SPSS

Inc., Chicago, IL, USA) was used for statistical analyses.



Results

Of the 367 patients included, the mean age was 81£7 years, and 248 (67%) were female.
As comorbidities, 155 (42%) had diabetes mellitus, 277 (75%) had hypertension, and 130 (35%)
had dementia. The majority of patients had an eGFR of <60 mL/min/1.73 m?, while 23 (6.3%)
had an eGFR of >60 mL/min/1.73 m? and the diagnosis of CKD was based on albuminuria. The
number of patients in each CKD stage was as follows: 3 patients had stage 1 CKD (eGFR>90
mL/min/1.73 m?), 20 patients stage 2 (eGFR 60-89 mL/min/1.73 m?), 299 patients stage 3
(eGFR 30-59 mL/min/1.73 m?), and 45 patients stage 4 (¢GFR 15-29 mL/min/1.73 m?). Mean
eGFR of the cohort was 45+14 mL/min/1.73 m? and mean serum creatinine was 1.34+0.46

mg/dL.

EDS was seen in 26.9% (n=99) of the cohort. Among comorbidities, cerebrovascular
disease (19.1% vs 10%; p=0.021) and dementia (47.9% vs 30.9%; p=0.003) were more
common in the group with EDS. Malnutrition was detected in 37.3% (n=37) of the group with
EDS, and 16% (n=43) of the group with no EDS (p<0.001). Frequency of patients with
malnutrition, at risk of malnutrition, and with adequate nutrition in the EDS group were 37%,
39%, and 24%, respectively. These rates were 16%, 46%, and 38% in the non-EDS group,
respectively (Figure 1, p=0.001). Among biochemical measurements, serum creatinine levels
were found to be higher in the EDS group (1.4540.53 vs 1.294+0.42 mg/dL; p=0.012), but mean
eGFR levels were comparable. Serum levels of vitamin D, vitamin B12, folic acid, and lipids
(including total cholesterol, triglyceride, HDL-C, and LDL-C) were comparable across EDS
and non-EDS groups. There was no significant difference between these groups for the
frequency of deficiencies of vitamin D, vitamin B12, and folic acid. Demographic, clinic and
patient characteristics of the total cohort, and EDS and non-EDS groups were shown in Table

1.



Male sex, cerebrovascular disease, dementia, higher number of drugs, malnutrition, and higher
numbers of nocturia per night were associated with a higher risk of EDS in univariate analysis.
The significant association between malnutrition and EDS persisted in the multivariate
regression model (OR 2.58, 95% CI 1.38-4.83, p=0.003) after adjustments for age, sex,
cerebrovascular disease, dementia, Charlson comorbidity index, drug counts, and numbers of
urinations at night. Results of univariate and multivariate regression analysis are given in Table

2.

Discussion

In this cohort of older patients with CKD, the prevalance of EDS was as high as 26.9%.
EDS is more common among older adults [10], and in those who have CKD [18]. The
considerably high prevalence in our study is likely explained by the combination of an older
age and presence of CKD. The prevalance of EDS in our paper was highest among
malnourished patients. Malnutrition increased the risk of EDS by 2.58 times, independent of all
other variables which were significantly associated with EDS. We did not observe a relationship

between EDS and serum concentrations of vitamin D, vitamin B12, folate, and lipids.

In addition to malnutrition, male sex, dementia, and number of nocturia episodes were
other independent predictors of EDS in this cohort. Sex differences in EDS may change by age.
Among subjects who were >60 years of age, EDS was found to be more common in males (16%
vs 13.6%) in the study by Hayley and co-workers [11]. Another study by the same group found
that the prevalence was higher in females with an age of 20-29 than males with the same age
(14.7% vs 5.1%), while EDS was more common in older males than in older females [10]. The
overall prevalence was 10.4% for males and 13.6% for females. In a study from the National
Health and Nutrition Examination Survey (NHANES) data [47], which included adults with an
age of 18 or older, subjects with EDS were more likely to be younger females. Findings from

clinical and experimental studies support the role for sex steroids in sleep modulation [48]. This
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may be related to hormonal differences. Intake of soy isoflavone which has estrogen-like effects
was shown to be associated with a low risk of long sleep duration in both sexes and a low risk
of daytime falling asleep in women [49]. Additional mechanisms of sex disparities in sleep

disorders are yet to be clarified.

Dementia was one of the independent predictors of EDS in our study. Indeed, sleep
parameters and sleep disorders are associated with a higher risk of dementia, but also sleep can
be disturbed in dementia [50]. Importantly, sleep disturbances may be a sign of MCI [51], and
early dementia [52]. Moreover, sleep disturbances in dementia are associated with more
unfavorable outcomes including more severe cognitive decline, neuropsychiatric symptoms,
and poorer quality of life [50]. The association between cognitive impairment and sleep
duration was reported to be U-shaped, both short and long durations of sleep being associated
with cognitive impairments [53]. Effects of different types of cognitive disorders on different

sleep patterns may not be the same, and should be studied in more detail.

Studies which evaluate possible associations between drug counts and EDS are lacking.
In our study, drug counts was significantly associated with EDS in univariate analysis, while
there was a toward significance in the multivariate regression model. In addition to the drug
counts, the type of the drug (sedatives, anti-depressants, etc.) possibly affects sleep quality [54].
Nocturia, which is an initial presenting symptom of CKD, is also a well-recognized and
common cause of awakenings and is associated with daytime sleepiness [55]. Similar to the
general population, higher frequency of urinations per night was an independent predictor of

EDS in our CKD cohort, also.

The relationship between EDS and malnutrition is intriguing. This association remained
significant in multivariate analysis after adjustment for all other significantly associated
variables. Experimental studies have found that restriction of sleep time lead to lower levels of

leptin which is a satiety signal, and higher levels of ghrelin, an appetite stimulating hormone
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[47]. Restriction of sleep resulted with increased caloric intake without significant change in
energy expenditure resulting in weight gain in clinical studies [56-58]. Based on the association
of sleep symptoms with weight gain and cardiometabolic diseases, the study by Grandner and
colleagues aimed to demonstrate possible relationships between macro- and micronutrients and
sleep disorders [47]. Authors could show numerous associations between different nutrients and
different sleep symptoms. In another study by the same group [31], significant associations
were shown between many nutrient variables and sleep duration. Authors proposed that
possible mechanisms between diet and sleep may include appetite dysregulation, short/long
sleep and/or physiologic effects on sleep regulation. Moreover, EDS might have impact on
nutrition via altered time of intake [30]. Inversely, some foods may alter the availability of
tryptophan, and synthesis of serotonin and melatonin, which in turn promote sleep [59]. With
this study, we have shown that similar to the general population, significant association appears
to exist between some nutritional factors and EDS among older patients with CKD. Given the
cross-sectional design, we could not assess if malnutrition causes EDS, or vice versa. Current
literature supports that a bidirectional relationship may exist. Longitudunal studies are needed

to demonstrate the cause and effect relationship between nutritional state and EDS.

We could not confirm results some of previous papers who reported significant
associations between deficiencies of several micronutrients [23, 24]. The NHANES data
demonstrated many associations between intake of numerous nutrients with sleep symptoms
[47]. In this study, higher dietary potassium was associated with a lower risk of EDS. In another
paper by Cao and co-workers, it was shown that dietary magnesium intake may reduce the risk
of EDS in women [60]. In a study by McCarty et al., authors found that in patients without
vitamin D deficiency (25-OH-vitamin D > 20 ng/mL), Epworth sleepiness scale score was
inversely correlated with vitamin D concentration. Among the patients who had vitamin D

deficiency (25-OH-vitamin D < 20 ng/mL), Epworth sleepiness scale score was directly
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correlated with 25-OH vitamin D in black patients, but not in white patients. Moreover, EDS
itself may be a modifier for the effects of vitamin D. In a study from United Kingdom it was
shown that the relationship between serum vitamin D concentrations and incident type 2
diabetes mellitus was modified by overall sleep patterns [27], and daytime sleepiness was

reported to have the strongest interaction with 25-OH-vitamin D[61].

Our study contains a number of limitations. Firstly, our data were collected from clinical
records and documentation of any finding depends on clinical need. Secondly, due to the cross-
sectional design, a cause and effect relationship between EDS and malnutrition could not be
made. Third, only the ESS scale was used for EDS; hence, future studies should consider using
objective measures of sleep to diagnose daytime sleepiness, such as actigraphy. Thirdly,
possible underestimation of EDS by the Epworth Sleepiness Scale may be another limitation
[61], although it is a widely used and reliable method of assessing sleepiness among older
subjects. This was demonstrated in a study [62], which found that around 60% of patients and
their close relatives were not able to answer at least one question of ESS. Fourthly, EDS is a
symptom which especially in older patients frequently occurs due to multifactorial causes
including sleep disorders, underlying medical or psychiatric disorder, depression. We did not
include patients who were known to have sleep apnoea syndrome, narcolepsy, or restless leg
syndrome; however, patients were not specifically evaluated for possible existence of these
disorders. Lastly, there are studies showing that EDS may be related with mild cognitive
impairment [51], but our patients in our data were divided according to whether they had
dementia or not, thus we could not present the rate of mild cognitive impairment. Strengths of
our study include performing comprehensive geriatric assessments, some of which include
MNA and Epworth sleepiness scale in the same visit with laboratory evaluations. In addition,
the diagnosis of CKD was based on both eGFR and albuminuria. A few patients were regarded

as to have CKD based on albuminuria, despite an eGFR of >60 mL/min/1.73 m?. Another
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strength of our study is the use of insomnia severity index concurrently with the Epworth
sleepiness scale. The insomnia severity index score was quite comparable across groups, which
may indicate that a significant contribution of insufficient time sleep at night on EDS is not

likely in our sample.

There is a significant relationship between EDS and malnutrition in older patients with
CKD. Therefore, daytime sleepiness and nutritional status should be concurrently evaluated
during the assessment of those patients. While examining an older CKD patient with EDS,
malnutrition should also be questioned, similarly EDS should be checked in a patient with
malnutrition in the geriatric nephrology practice. Thus, it would be possible to manage both
conditions more effectively. Longitudinal studies and intervention trials are needed to elucidate
the complex pathophysiology of relationship between EDS and malnutrition among older adults

with CKD.
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Figure Legends

Figure 1. Among patients with excessive daytime sleepiness (EDS, left), the frequency malnutrition,
risk of malnutrition, and adequate nutrition was 38%, 40%, and 22%, respectively. In comparison,
patients without EDS (non-EDS, right), these rates were 16%, 46%, and 38%, respectively (Figure 1,

p=0.001).
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Tables

Table 1. General characteristics of the study sample, and patients with and without excessive daytime sleepiness.

Variable Total cohort EDS No EDS p-value
(N=367) (n=99) (n=268)

Age, years 81+7 82+6 81+7 0.201
Female sex 248 (68%) 50 (51%) 198 (74%) <0.001
Body-mass index, kg/m? 29.6+5.7 29.745.6 29.146.2 0.451
Arm circumference, cm 28.5+3.8 28+4.2 28.6+3.6 0.181
Calf circumference, cm 35.8+4.6 35+4.4 36+4.7 0.179
Number of drugs 6.84£3.4 7.54£3.3 6.5£3.4 0.008
Sedatives and/or anti-depressant drugs 72 0f 298 (24%) 21 of 78 (27%) 51 0f 220 (23%) 0.507
Epworth Sleepiness scale 7.1£6.5 15.9+4 .4 3.843.3 <0.001
Insomnia severity index 13.549.6 13.6+9.9 13.4+9.6 0.978
MNA score 20.8+5.1 18.8+5.7 22+4.6 <0.001
Malnutrition 80 (22%) 37 37%) 43 (16%) <0.001
At risk of malnutrition 160 (44%) 39 (39%) 121 (46%)
Nocturia 312 (85%) 76 (77%) 236 (88%) 0.622
Number of urinations per night 2.9+£2.3 3.3+£2.5 2.7£2.2 0.042
Depression 157 of 314 (50%) 40 of 72 (56%) 117 of 242 (48%) 0.283
Charlson comorbidity index 5.2+1.3 5.8+1.4 5.0+£1.1 <0.001
Comorbidities

Diabetes mellitus 155 (42%) 42 (42%) 113 (42%) 0.964
Hypertension 277 (75%) 73 (74%) 204 (76%) 0.638
Cerebrovascular disease 46 (13%) 19 (19%) 27 (10%) 0.021
Heart failure 65 (18%) 18 (18%) 47 (18%) 0.909
Dementia 130 (35%) 47 (47%) 83 (31%) 0.003
Chronic obstructive lung disease 44 (12%) 15 (15%) 29 (10%) 0.262
CKD stage 0.328

Stage 1 (90 mL/min/1.73m?) 3 (1%) 1 (1%) 2 (1%)

Stage 2 (60-89 mL/min/1.73m?) 20 (5%) 4 (4%) 16 (6%)

Stage 3 (30-59 mL/min/1.73m?) 299 (82%) 77 (78%) 222 (83%)

Stage 4 (15-29 mL/min/1.73m?) 45 (12%) 17 (17%) 28 (11%)
Serum creatinine, mg/dL 1.34+0.46 1.45+0.53 1.29+0.42 0.012
eGFR, mL/min/1.73m? 45+14 44+15 46+14 0.449
Hemoglobin, g/dL 12.3+5.1 11.8+1.8 12.4+5.9 0.219
Folic acid, ng/mL 7.4£5.6 7.7+£4.6 7.4+6 0.414
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Vitamin B12, pg/mL 523+440 5544474 516+434 0.861

Vitamin D, ng/mL 25+16 24+17 2615 0.127

Total cholesterol, mg/dL 205455 192+41 203+47 0.171

CKD: chronic kidney disease; eGFR:estimated glomerular filtration rate; MNA: mini nutritional risk assessment.
Table 2. Multivariate model of factors associated with excessive daytime sleepiness.

Variables Univariate Multivariate

OR 95% CI p OR 95% CI P

Age 1.02 0.99-1.06 0.230 1.01 0.96-1.04 0.998

Male sex 2.78 1.72-4.48 <0.001 2.53 1.46-4.41 0.001

Cerebrovascular 2.10 1.11-3.99 0.023 1.58 0.65-3.84 0.308

disease

Dementia 2.04 1.27-3.28 0.003 2.78 1.46-5.31 0.002

Charlson comorbidity 1.54 1.28-1.85 <0.001 1.12 0.85-1.48 0.430

index score (per

score)

Drug count (per drug) 1.09 1.02-1.17 0.016 1.08 0.99-1.17 0.083

Malnutrition (MNA 3.18 1.89-5.38 <0.001 2.58 1.38-4.83 0.003

of <17)

Number of urinations 1.11 1.00-1.23 0.044 1.15 1.03-1.29 0.015

at night
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