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Study Objectives: The impact of vitamin D on human health including sleep has been well described in adults. Its deficiency has been associated with
multiple sleep disorders such as decrease in sleep duration, worsening of sleep quality, and even OSA. Such correlation is less evident in the pediatric population.
In the current study, we examined the relationship between sleep architecture and vitamin D status in children referred to a sleep clinic.
Methods: This was a retrospective-cohort study in a tertiary care children’s hospital over a 1-year period. Children who underwent an in-laboratory overnight-
polysomnogram and had a 25-hydroxy vitamin D level obtained within 120 days of the sleep study were included. Patients with OSA or central sleep apnea were
excluded. Data from polysomnograms and Pediatric Sleep Questionnaires were collected and analyzed.
Results: A total of 39 patients (mean age, 6.6 years; 46% female) were included in the study. Twenty (51%) patients had vitamin D deficiency (25-hydroxy
vitamin D level < 30 ng/mL). Children with vitamin D deficiency had less total sleep time (470.3 minutes ± 35.6 vs 420.3 minutes ± 61.7; P =.004) and poorer sleep
efficiency (91.9% ± 5.6% vs 84.5% ± 9.5%; P = .015) compared with children with sufficient vitamin D. In addition, children with vitamin D deficiency had later
weekday bedtimes (21:02 PM ± 1:01 vs 20:19 PM ± 0:55; P =.037) and later weekend bedtimes (21:42 PM ± 0:59 vs 20:47 PM ± 1:08; P =.016) than children with
sufficient vitamin D, with a tendency for later wake time that did not reach statistical significance. The remainder of the polysomnogram findings and Pediatric
Sleep Questionnaire data were not different between the 2 groups.
Conclusions: Vitamin D deficiency in children was associated with objectively measured decreased sleep duration and poorer sleep efficiency. Furthermore,
vitamin D deficiency was associated with delayed bedtimes, suggesting that vitamin D and circadian rhythm could be related. Future prospective studies in children
would be helpful to learn if vitamin D deficiency leads to sleep disturbance or vice versa.
Keywords: vitamin D, sleep architecture, sleep duration, sleep efficiency, delayed sleep phase, circadian rhythm, children
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BRIEF SUMMARY
Current Knowledge/StudyRationale:Vitamin D deficiency in adults has been associated withmultiple sleep disorders such as decrease in sleep duration,
worsening of sleep quality, and even OSA. Such correlation is less evident in the pediatric population.
Study Impact: This study shows a positive association between vitamin D deficiency and sleep architecture and suggests a possible circadian influence,
with vitamin D deficiency associated with delayed sleep onset. These findings may have implications for clinicians caring for children with clinical
sleep problems.

INTRODUCTION

Vitamin D is an essential nutrient known to play an important
role in the growth and bone health of the human body. It is
ingested in the diet in the form of ergocalciferol (vitamin D2) or
produced in the skin by the action of ultraviolet light in the form
of cholecalciferol (vitamin D3). Both forms go through an
activation process in the liver to form 25-hydroxy vitamin D
(25-OH-vitD). Vitamin D deficiency is commonly assessed by
measuring 25-OH-vitD in the serum. Over the past 2 decades,
mounting evidence has shown the crucial role of vitamin D in
many other aspects of human health including immune modu-
lation, allergy, cardiovascular disease, cancer, infectious dis-
eases, glucose metabolism/insulin resistance, and even sleep.1–9

The discovery of vitamin D receptors in the brain sparked
research interest into the effect of vitamin D deficiency on a
widevariety of neurological disorders, including sleep disorders.10

One study that examined theU.S. National Health andNutrition
Examination Survey data found that low vitamin D levels were
associated with increased duration to fall asleep in adults.11

Subsequent epidemiological studies showed short sleep dura-
tion in association with vitamin D deficiency.12–15 This asso-
ciation with sleep duration remained even when sleep was
objectively assessed via actigraphy or polysomnography in
adults.16 Other studies showed worsening of sleep quality and
daytime sleepiness with vitamin D deficiency.17–19 Several
studies showed a strong correlation between vitamin D defi-
ciency and OSA, especially in adults. Continuous positive
airway pressure use in adult men with OSA affected vitamin D
homeostasis in 1 study.20–23 Some evidence has shown that
vitamin D therapy will improve sleep complaints in adults.24,25

Although there is increasing evidence of the association
between vitamin D deficiency and different sleep complaints
and disorders in adults, the correlation is less elucidated in
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children. In the current study, our aim was to describe sleep
characteristics associated with vitamin D deficiency in children
referred to a pediatric sleep clinic.

METHODS

This study was approved by the institutional review board.
Patients who underwent a polysomnogram (PSG) between
January 2016 and December 2016 and had serum 25-OH-vitD
testing within 120 days of the PSG were included in the study.
The following informationwas collected frompatients’ charts: age,
sex, race, body mass index z-score, 25-OH-vitD level, ferritin
level, season at the time of vitamin D testing (ie, winter, spring,
summer, or fall), and reason for the sleep study referral. PSG
data were pulled electronically from the PSG software. Patients
were excluded if they had an obstructive apnea-hypopnea index
of more than 2 events/h or central apnea-hypopnea index of
more than 5 events/h. Available Pediatric Sleep Questionnaire
data were also abstracted. Patients were considered vitamin
D–deficient if their 25-OH-vitD level was below 30 ng/mL.26

PSGs were performed in an American Academy of Sleep
Medicine–accredited pediatric sleep laboratory with at least 6
hours of recording time. The patients were allowed to fall asleep
spontaneously without the use of any sedating or hypnotic
medications. The following PSG parameters were measured
according to AASM guidelines: bilateral electro-oculogram, 6
channels of electroencephalogram (2 frontal, 2 occipital, and 2
central leads), chin and bilateral-legs electromyogram, chest
and abdominal wall movements by inductance plethysmogra-
phy, heart rate by electrocardiography, air flow by an oronasal
thermistor, nasal pressure transducer, nasal end tidal carbon
dioxide monitoring (also used to assess ventilation), arterial
pulse oxygen saturation by pulse oximetry, and a digital time-
synchronized video recording. All measures were digitized
using a commercially available system (Nihon Kohden-Poly-
smith acquisition software 11.0, Nihon Kohden, California).
The sleep technician followed patient behavior and confirmed
sleep position by the infrared camera inside the room. Sleep
studies were scored by a registered polysomnographic tech-
nologist and read by a board-certified sleep specialist based on
AASM scoring criteria.

Statistical analysis
Categorical variables were analyzed using contingency tables
where χ2 tests or Fisher exact tests were performed. Bivariate
correlations were examined via Pearson correlation. Statistical
comparisons for the means were done by t tests appropriately
corrected for nonequal variance where needed. P values < .05
were considered statistically significant. Summary data are
presented as mean ± standard deviation (SD) except where
otherwise noted. All analyses were performed using SPSS
software (version 24, IBM, USA).

RESULTS

A total of 39 childrenmet the criteria for inclusion. Children
ranged in age from 2–17 years, with an average age of 6.6

(SD = 3.8) years. Of the 39 participants, 18 (46%) were female.
The mean vitamin D level for the entire cohort was 33.3 ng/mL
(SD = 13.8), with 20 (51%) patients with vitamin D deficiency
(vitamin D < 30 ng/mL). The average time between the date of
the overnight sleep study and the date of sampling for vitamin D
level was 7.0 (SD = 67.1) days. Serum ferritin levels were also
available for patients, and the average level was 26.7 ug/mL
(SD = 15.0), which was closely aligned with our previously
published findings from our sleep center.27,28 The reasons for
participation in the sleep study were concern for sleep apnea
(71%), periodic limb movement disorder (5%), restless sleep
(10%), and daytime sleepiness (12%).

Participant and PSG characteristics according to vita-
min D status are provided in Table 1. There were no sig-
nificant differences between body mass index z-scores, ferritin
levels, sex distribution, race, season, reason for PSG, time
between sleep study and blood draw, or age in children with
vitamin D deficiency vs those without. Children with vitamin D
deficiency exhibited significantly less total sleep time (470.3
minutes ± 35.6 vs 420.3 minutes ± 61.7; P = .004) and poorer
sleep efficiency (91.9% ± 5.6% vs 84.5% ± 9.5%; P = .015)
compared with children with sufficient vitamin D levels. In
contrast, there were no significant between-group differences
in sleep latency, percentages of sleep stages N1, N2, N3, and R,
obstructive apnea-hypopnea index, central apnea index, oxygen
saturation mean, oxygen saturation nadir, percentage of end
tidal carbon dioxide > 50%, total arousal index, periodic limb
movement arousal index, periodic limb movement index,
or total limb movement index (all P > .2). Similar results
were found in the bivariate correlation analysis, with vitamin
D levels significantly associated with total sleep time (r = .362;
P = .023) and sleep efficiency (r = .396; P = .013) but no as-
sociation with any other examined variable. There were 27
Caucasian participants and 12 non-Caucasian participants, and
they did not differ in vitaminD level (33.6 ± 13.9 vs 32.6 ± 14.2;
P = .838). Likewise, vitamin D level did not differ by season
(df = 3; F = 1.3; P = .283). These characteristics, along with
participant age, were entered into a multivariable model to
assess the relationship with vitamin D level; in this model, age,
sex, race, season, and reason for PSG were all unrelated to
vitamin D level (all P > .5).

Data were also examined for the subset of individuals who
completed the sleep questionnaire (n ranged from 25–35
depending on symptom queried). In terms of reported sleep
complaints, there were no significant differences in the prev-
alence of restless sleep, restless legswhen in bed, growing pains
that were unexplained, growing pains that were worse in bed,
brief kicks of the legs, repeated kicks of the legs during sleep,
teeth grinding, enuresis, sleepwalking, nightmares, waking up
screaming, difficulty falling asleep, sleep latency, head banging
or body rocking, waking up more than twice per night, trouble
falling back to sleep, feeling unrefreshed in the morning,
problems with daytime sleepiness, teacher complaints of day-
time sleepiness, napping during the day, difficulty waking up in
the morning, or morning headache (all P > .05 via χ2). The only
difference in reported symptoms was in sleep talking, with
94% (16/17) of children with sufficient vitamin D reporting
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sleep talking compared with 61% (11/18) of children with vi-
tamin D deficiency (χ2 = 5.4; P = .020).

We examined parent-reported sleep schedules at home for
the 35 children with data available. Children with vitamin D
deficiency had later weekday bedtimes (21:02 PM ± 1:01 vs 20:
19 PM ± 0:55; P = .037) and weekend bedtimes (21:42 PM ± 0:59
vs 20:47 PM ± 1:08; P = .016) than children with sufficient
vitaminD levels (Figure 1). Although there was a trend for later
wake times in children with vitamin D deficiency than in
children with sufficient vitamin D during both weekdays
(7:18 AM ± 1:16 vs 6:42 AM ± 0:27; P = .075) and weekends
(8:10 AM ± 1:22 vs 7:33 AM ± 1:33; P = .231), this trend did not
meet statistical significance.

Several linear models were constructedwith vitaminD status
and participant age as predictors, and bedtime during both
weekdays (df = 1; F = 4.4; P = .042) and weekends (df = 1;
F = 5.5; P = .024) remained statistically significantly associated
with vitamin D status. Furthermore, significant associations were
foundbetweenvitaminDstatusandsleep time(beta= .537; t=3.9;
P < .001) and sleep efficiency (beta = .437; t = 2.8; P = .007) in a
regression model that included race and season. Similarly,
significant associations between vitamin D status and weekday
bedtime (beta = −.351; t = −2.0; P = .044) and weekend

bedtime (beta =−.402; t =−2.4;P = .021) remainedwithmodels
that included race and season. Wake time on weekdays
(beta = −.337; t = −1.9; P = .056) and weekends (beta = −.232;
t = −1.44; P = .161) did not meet significance.

DISCUSSION

In pediatric patients referred for sleep evaluation, this study
showed that vitamin D deficiency correlated with shorter sleep
duration and less sleep efficiency even after controlling for body
mass index and age. However, vitamin D deficiency was not
associated with the rest of the polysomnographic findings in-
cluding sleep stages, periodic limb movements, and arousal
index. In the patients who completed a Pediatric Sleep Ques-
tionnaire, vitamin D deficiency was associated with delayed
bedtime by almost an hour, and this was consistent on both
weekday and weekend nights. There was also a tendency for
these patients to wake up later, but this difference did not reach
statistical significance.

Most prior studies examining the association between vi-
tamin D deficiency and sleep characteristics have been con-
ducted in adults. Our current findings are supported by a study

Table 1—Participants and polysomnographic characteristics according to vitamin D deficiency status.

Characteristic
Serum 25-OH-vitD Categories

P
25-OH-vitD ≥ 30 ng/mL (n = 19) 25-OH-vitD < 30 ng/mL (n = 20)

Age, y 5.7 (3.0) 7.4 (4.34) .194

Sex, % female 47% (9/19) 45% (9/20) .882

Race, % Caucasian 79% (15/19) 60% (12/20) .200

BMI z-score .91 (1.1) .55 (1.4) .390

Time from PSG to blood draw, days 2.3 (58.0) −15.8 (75.1) .405

Serum ferritin 30.3 (18.1) 23.3 (10.7) .149

TST, minutes 470.3 (35.6) 420.3 (61.7) .004*

Sleep efficiency, % 91.9 (5.6) 84.5 (9.5) .015*

Sleep latency, minutes 19.1 (29.4) 18.3 (17.1) .914

Stage N1 sleep, %TST 4.2 (2.4) 5.3 (4.7) .386

Stage N2 sleep, %TST 43.9 (12.7) 42.7 (9.4) .733

Stage N3 sleep, %TST 34.1 (9.4) 34.0 (12.0) .958

Stage R sleep, %TST 18.5 (5.3) 18.7 (4.2) .920

OAHI, events/h .6 (.5) .7 (.4) .491

CAI, events/h .9 (.7) 1.1 (1.0) .629

O2 mean, % 96.4 (1.1) 96.5 (1.5) .856

O2 nadir, % 90.2 (3.4) 89.2 (5.2) .483

%EtCO2 > 50 1.9 (3.7) 6.1 (14.8) .233

Total AI, events/h 8.8 (2.6) 10.0 (7.1) .481

PLM AI, events/h 4.8 (2.6) 6.2 (5.0) .304

PLMI, events/h 3.1 (5.1) 5.1 (9.2) .352

Total LMI, events/h 10.3 (9.3) 13.4 (13.2) .405

Values are presented as mean (SD) unless otherwise indicated. *Indicate statistical significance P < .05 N for NREM and R for REM sleep stages. AI =
arousal index, BMI = body mass index, CAI = central apnea index, EtCO2 = end tidal carbon dioxide, LMI = limb movement index, O2 = oxygen saturation,
OAHI = obstructive apnea-hypopnea index, PLM = periodic limb movement, PLMI = Periodic limb movement index, PSG = polysomnogram, SD = standard
deviation, TST = total sleep time.
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conducted in 657 adult individuals that demonstrated an as-
sociation between vitamin D deficiency, OSA, and short sleep
duration defined as sleeping less than 6 hours; these findings
persisted even after controlling for age, sex, ethnicity, obesity,
smoking, hypertension, and diabetes.12 In another cohort of
2,966 elderly men who had actigraphy and vitamin D measures
(25-OH-vitD), participants with sleep duration of less than 5
hours were more likely to have vitamin D deficiency with an
odds ratio of 1.73 (1.02–2.92) for the groupwith 25-OH-vitD of
20–30 ng/mL and 2.15 (1.21–3.79) for the group with 25-OH-
vitD of less than 20 ng/mL.16 Furthermore, in that study, lower
serum 25-OH-vitD levels were associated with sleep efficiency
of less than 70% in multivariate adjusted models that included
age, season, body mass index, and physical and cognitive
function.16 Therapeutic trials of vitamin D supplementation in
adults have shown improvement in sleep duration and other
sleep quality measures.24,25,29

A recent study byYong et al14 even postulated that vitamin D
deficiency may have long-lasting effects on sleep duration.
They found that patients with low cord blood level of vitamin D
at birth have increased risk of short sleep trajectory (less
than 10.5 hours/night) in the preschool years (between ages 2
and 5–6 years).

The mechanisms by which vitamin D could affect sleep are
not completely understood. Animal studies have demonstrated
vitamin D receptors in brain areas that are also involved in sleep
regulation, such as the hypothalamus, raphe nuclei, and mid-
brain central gray; this overlap suggestions a role for vitamin D
in sleep regulation.30 This intersection is also the case in the
human brain, where vitamin D receptors are present in the same
structures.10 Therefore, vitamin D deficiency could directly

affect sleep by acting on these centers. In addition, vitamin D
deficiency could indirectly affect sleep duration and quality of
sleep by increasing the risk of chronic nonspecific musculo-
skeletal pain, which in turn could adversely affect sleep quality
and sleep duration.31

The finding of delayed bedtime by almost an hour in patients
with vitamin D deficiency is of great interest. This finding could
explain the decrease in sleep duration noted in patients with
vitamin D deficiency and may suggest that vitamin D status
serves as one of themodulators of circadian rhythm.Along these
lines, previous research showed that supplementation with high
doses of vitamin D negatively affects melatonin production.32

This effect may in turn affect circadian rhythmicity. Vitamin D
could also have a direct effect on vitamin D receptors in the supra-
chiasmatic nucleus, which is the master circadian clock in the brain.

Our study has several strengths and limitations. The dis-
turbance in sleep architecture and its relation to vitamin D
deficiency were objectively measured using an overnight diag-
nostic PSG. Vitamin D levels were obtained within consistent
timeframes of the PSG, and complete Pediatric Sleep Ques-
tionnaire reports were available for most of the patients. The
study’s major limitations are its retrospective nature, small
sample size, and inability to control for missing data such as
dietary intake, sunlight exposure, and socioeconomic factors.
Moreover, children were referred to a sleep clinic and therefore
at risk a priori of a sleep disorder. Another limitation of this
study is the association between vitamin D and sleep distur-
bance could be reciprocal where sleep disturbance may lead to
vitamin D deficiency by affecting duration of light exposure,
vitaminDmetabolism, or even vitaminDuptake. Larger studies
would also be able to better parse which factors are related to
vitamin D and various aspects of the sleep schedule; it may be
that bedtime is determined by external factors and that sleep
duration and sleep efficiency are more strongly determined by
intrinsic factors. Certainly, more large-scale studies in children
would better elucidate the association between vitamin D levels
and sleep. Nevertheless, we feel the results of our study are
applicable to sleep specialists caring for children.

In conclusion, this study suggests that vitamin D may play a
role in pediatric sleep, especially sleep duration and efficiency,
andmayhave a role in circadian rhythm.Further larger andmore
controlled studies are recommended to explore these possi-
bilities, whichmay be amajor factor in the sleep health, daytime
function, and school performance of children.

ABBREVIATIONS

AI, arousal index
BMI, body mass index
CAI, central apnea index
EtCO2, end tidal carbon dioxide
LMI, limb movement index
O2, oxygen saturation
OAHI, obstructive apnea-hypopnea index
PLM, periodic leg movements
PLMI, periodic limb movement in sleep index
PSG, polysomnogram

Figure 1—Mean bedtime during weekdays and weekends
according to vitamin D status.

Vitamin D deficiency defined as 25-OH-vitD < 30 ng/mL. *P < .05. Error
bars are 95% confidence interval.
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TST, total sleep time
25-OH-vitD, 25-hydroxy vitamin D
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