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Background: Vitamin D has been linked to sleep health in observational studies. Data from randomized
controlled trials (RCTs) with vitamin D is scarce.
Methods: This study presents the results of a secondary analysis of 189 vitamin D insufficient partici-
pants (47.1% women) in a previously performed RCT, of which 92 were randomized to vitamin D (100,000
IU (2500 mg) as a bolus dose followed by 20,000 IU (500 mg) per week), and 97 to placebo. At baseline and
after 4 months at the end of the study serum 25-hydroxyvitamin D (s-25(OH)D) was measured, and the
study questionnaire assessing sleep duration, daytime sleepiness, and symptoms of insomnia, was
completed.
Results: At baseline, mean s-25(OH)D was 35.0 ± 11.8 and 35.5 ± 13.3 nmol/L in the vitamin D and
placebo groups, respectively. After four months, we found no statistically significant differences between
the intervention groups in any of the assessed sleep outcomes, neither when stratified by sex, nor when
performed in subgroups based on baseline or end of study s-25(OH)D level or presence of sleep com-
plaints at baseline.
Conclusions: Wewere not able to demonstrate a significant effect of vitamin D supplementation on sleep
in this vitamin D insufficient population.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sleep is a universal, recurring, and reversible physiological state
with restorative and transformative effects, promoting optimal
health and well-being [1]. Growing evidence suggest that sleep
habits are important, modifiable risk factors for non-communicable
diseases [2] which may significantly impact quality of life and
overall health status. Specifically, poor sleep health has been
associated with metabolic [3], endocrine [4] and psychiatric [5]
diseases, as well as all-cause mortality [6]. Combined with high
treatment-related costs from increased health care utilization [7], it
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is therefore concerning that the prevalence of sleep disorders has
become epidemic [8].

A growing literature suggest a role of vitamin D in maintaining
optimal sleep [9e11], in addition to its well-established role in the
preservation of calcium and phosphorus homeostasis [12].
Expression of key enzymes required for vitamin D metabolism,
activation and degradation have been demonstrated in brain cells,
suggesting local production and regulation of vitamin D for auto-
and/or paracrine purposes [13,14]. In particular, this involves the
25-hydroxylases responsible for the conversion of vitamin D to its
main circulating metabolite 25-hydroxyvitamin D (25(OH)D), the
1a-hydroxylase responsible for the activating step forming the
vitamin D hormone 1,25-dihydroxyvitamin D (1,25(OH)2D),
capable of binding the vitamin D receptor (VDR), and the 24-
hydroxylase necessary in the first step of inactivation and degra-
dation of vitamin D. Notably, the expression of these enzymes was
found to be strongest in the hypothalamus and substantia nigra,
areas known to be involved in sleep regulation in humans [13].
Thus, as a fat-soluble, steroid hormone, capable of crossing the
blood brain barrier [15], it is plausible that vitamin D could exert
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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direct effects on brain cells in areas of the brain and brainstem
involved in the initiation, maintenance, and timing of sleep through
binding of the VDR expressed in these areas [13].

Although not yet fully elucidated, several actions of vitamin D
potentially involved in the regulatory mechanism of sleep have
been proposed. Experimental studies have indicated that vitamin D
might be involved in the regulation of central circadian clock genes
[13,16,17], as well as in the transduction of light signals that regu-
late circadian rhythms [18]. Moreover, vitamin D has been sug-
gested to play a pivotal role in the synthesis of the sleep hormone
melatonin [10,11] by regulating the expression of the tryptophan
hydroxylase (TPH)-2 [19]. TPH-2 converts tryptophan to 5-
hydroxytryptophan, which is further metabolized to serotonin,
serving as a main substrate for melatonin synthesis [20]. An
emerging literature also highlights an interrelation between
vitamin D, sleep, and pain [21,22]. Interestingly, in a recent study
among U.S. veterans with chronic pain, vitamin D supplementation
relieved both pain symptoms and improved sleep [23]. Whether
vitamin D represents an indirect role for improved sleep by alle-
viating pain symptoms or share interrelated pathways in the reg-
ulatory mechanisms of both sleep and pain, is currently unknown.

Several observational studies have reported an association be-
tween vitamin D deficiency and poor sleep health, including
increased risk of short sleep duration [24e26], daytime sleepiness
[27,28] and poor sleep quality [29,30]. Nevertheless, a causal link
has been difficult to demonstrate, as results from randomized
controlled trials (RCTs) are scarce. Previous supplementation trials
have shown contrasting results, as some have reported positive
effects of vitamin D on both sleep duration and sleep quality
[23,31], whereas others have reported deteriorated sleep quality
and increased need of sleep medications [32].

In 2015e2016, a large number of individuals with low serum
25(OH)D (s-25(OH)D) living in the municipality of Tromsø, North-
ern Norway, were invited to participate in an RCT with vitamin D
versus placebo. The primary aim of the study was to investigate the
effect of vitamin D supplementation on cardiovascular risk factors.
A sleep questionnaire was implemented to provide the opportunity
to also study the effect of vitamin D supplementation on sleep. Our
hypothesis was that supplementation with vitamin D would in-
crease or normalize sleep duration, reduce daytime sleepiness, and
increase recovery from inadequate sleep duration (ISD), excessive
daytime sleepiness (EDS) and insomnia.

2. Material and methods

2.1. Population and study design

A detailed description of the study design and results of the
main vitamin D intervention study (D-COR) have been published
elsewhere [33]. In summary, participants were recruited from the
seventh survey of the Tromsø Study (Tromsø7 2015e16), a
population-based health study conducted in the municipality of
Tromsø, Northern Norway [34]. In Tromsø7, all inhabitants aged 40
years and above (n ¼ 32,591) were invited to participate, of which
21,083 men and women aged 40e99 years attended (65% partici-
pation). Measurements of s-25(OH)D were successfully performed
in 20,922 participants, of which 1489 participants had s-25(OH)D
values < 42 nmol/L and age<80 years and thus were invited bymail
to participate in the vitamin D intervention study. In total, 639
individuals were screened by telephone for eligibility. Participants
in the main study were included consecutively between June 2015
and December 2016, resulting in 455 participants attending the
first visit at the Clinical Research Unit at the University Hospital of
North Norway. At the first (fasting) visit, participants were asked to
sign an informed consent form prior to clinical examinations,
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collection of medical history and blood samples. In total, 422 par-
ticipants were found eligible to participate in the main study,
allowing them to attend to the next visit within 2e5 days. The
study drugs (Dekristol cholecalciferol capsules (20,000 IU; 500 mg);
Mibe GmbH) or identical-looking placebo capsules containing
arachis oil (Ayanda GmbH & Co. KG) were distributed during the
second (non-fasting) visit, and the participants were instructed to
take five capsules as a loading dose followed by one capsuleweekly.
Also, the participants were asked not to take any vitamin D sup-
plements (including cod liver oil) during the intervention period.
After four months the third visit was performed, with examinations
identical to the first visit. A total of 411 participants attended the
fourth (and final) visit a few days later, at which final examinations
were performed and unused study medication was returned and
counted. Compliance was calculated as the ratio between capsules
used (capsules supplied minus capsules returned) and number of
weeks between the second and fourth visits. Adherence to treat-
ment and adverse events have been described in detail elsewhere
[33]. In short, the compliance was high (84e100%), no serious
study-related adverse events were recorded, and the number and
type of side effects did not differ between the groups. All partici-
pants and study personnel were blinded throughout the study.

The sleep questionnaire was implemented as part of the first
and third visit, about half-way into the inclusion in the main study
(from mid-April 2016), with the aim to investigate the effect of
vitamin D supplementation on sleep duration and daytime sleep-
iness, as well as the risk of ISD, EDS and insomnia. In total, 189
participants (92 given vitamin D and 97 given placebo) had both
baseline and end of study values for at least one sleep outcome and
were included in the present analysis. A flow diagram of the
participant inclusion is presented in Fig. 1.

2.2. Measurements

2.2.1. Serum analyses and anthropometric measurements
A detailed description of measurements is published previously

[33]. In short, non-fasting serum samples were collected, and
measurement of s-25(OH)D (nmol/L) was performed using an in-
house liquid chromatography with a tandem mass spectromy
(LC-MS/MS) method detecting both s-25(OH)D3 and s-25(OH)D2 -
the sum of which is presented as s-25(OH)D in the results. The LC-
MS/MS analysis was accredited by the Norwegian Accreditation
Authority, and the laboratory participates in an international
quality surveillance programme, namely the vitamin D external
quality assurance scheme (DEQAS), to ensure the analytical reli-
ability of the s-25(OH)D assays. Analyses of serum Calcium (s-Ca)
(mmol/L) were done using the Hitachi 917 (Roche Diagnostics),
with reagents from Boehringer-Mannheim. Plasma parathyroid
hormone (p-PTH) (pmol/L) was measured using an Immulite 2000
Intact PTH analyzer (Siemens Healthcare Diagnostics). Measure-
ments of height and weight were performed with participants
wearing light clothing without shoes, and body mass index (BMI)
was calculated as weight in kilograms (kg) divided by height in
meters squared (m2). All measurements were performed by trained
technicians.

2.2.2. Sleep measures and covariates
The study sleep questionnaire (Supplemental Fig. 1) was a

modified version of the sleep questionnaire used in Tromsø7, which
has been described in detail elsewhere [35]. In short, the present
questionnaire consisted of 18 items, including items to assess sleep
duration, the Epworth Sleepiness Scale (ESS) [36] to assess daytime
sleepiness, and central items from the Bergen Insomnia Scale (BIS)
[37] to assess symptoms of insomnia. Information regarding shift
work and sleep medication use was also registered. In the



Fig. 1. Flow diagram of the participant inclusion.
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following, a detailed description of the sleep items used in the
present study is given for each sleep outcome.

To assess sleep duration, the participants were asked to select
from pre-specified alternatives which best represented their
habitual bedtime, rise time and sleep onset latency (SOL) (ie, the
average minutes from bedtime to falling asleep). The participants
were asked to report values separately for weekends and weekdays
(Supplemental Fig. 1, questions 9e11), in which the latter was used
for the present analyses. Sleep duration was calculated by sub-
tracting SOL from time in bed (bedtime subtracted from rise time),
and for this purpose the following coding was specified: For par-
ticipants reporting rise time “before 5 am” or “after 11 am” the
value was set to 5 am and 11 am, respectively; bedtime “before 8
pm” or “after 2 am” was set to 8 pm and 2 am, respectively; SOL
“more than 60 min” was set to 60 min; and finally, for the SOL al-
ternatives “30e45 min” and “45e60 min”, the median value was
chosen (37.5 min and 52.5 min, respectively). Sleep duration was
dichotomized into ISD (<7 h or �9 h) and normal sleep duration
(7e9 h), in accordance with the recommendations for adults by the
National Sleep Foundation [38].

Daytime sleepiness was assessed using the ESS (Supplemental
Fig. 1, question 16), which is a validated tool assessing the proba-
bility of a person to fall asleep while engaging certain daily activ-
ities expressed as the sum of eight items (ESS-score), scored from
0 (no chance of napping) to 3 (great chance of napping) [36,39].
ESS-scores were then categorized in accordance with Johns et al.
[40] into normal daytime sleepiness (ESS-score�10) andmild (ESS-
score of 11e12), moderate (ESS-score 13e15), and severe EDS (ESS
score 16e24). For the present analyses, a dichotomous variable
(EDS yes/no) was used, inwhich EDSwas defined as an ESS-score of
>10 in accordance with Johns et al. [40].

To assess symptoms of insomnia, we used a slightly modified
version of the Bergen Insomnia Scale [37], as described in detail by
Sivertsen et al. [35]. In short, the original BIS assessed sleep pat-
terns during the last month, whereas according to the Diagnostic
and Statistical Manual for Mental Disorders, Fifth Edition (DSM-5)
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[41] and the International Classification of Sleep Disorders, Third
Edition (ICSD-3) [42] the minimum symptom duration for chronic
insomnia is three months. Also, non-restorative sleep is no longer
considered an obligate criterion for chronic insomnia. To accom-
modate these changes, our modified version of the BIS included a
question concerning sleep problem duration (Supplemental Fig. 1,
question 7), and the BIS item reflecting symptoms of non-
restorative sleep (Supplemental Fig. 1, question 4) was dis-
regarded. Thus, in the present study insomnia was defined as being
present if the participants reported: 1) at least one of three
nocturnal symptoms (prolonged sleep onset, difficulties main-
taining sleep and/or early morning awakening) �3 nights/week
(Supplemental Fig. 1, question 1e3), and 2) one or both of two
daytime symptoms (daytime sleepiness/tiredness and/or dissatis-
faction with sleep) �3 days/week (Supplemental Fig. 1, question
5e6), and 3) a duration of sleep problems for �3 months
(Supplemental Fig. 1, question 7).

In addition, antidepressant use (including antidepressant med-
ications, mood-stabilizing drugs, and benzodiazepines) was regis-
tered, and symptoms of mental distress were assessed using the
Beck Depression Inventory II (BDI-II) [43], as described in a previ-
ous publication [44].

2.3. Statistical analyses

Statistical analyses were performed using the SPSS software
version 27.0 (IBM Corp, Chicago, IL). Normal distribution was
evaluated by visual inspection of histograms and QeQ plots, in
combinationwith evaluation of kurtosis and skewness. Spearman's
rho was used to evaluate correlations at baseline. Comparisons of
baseline values between groups were performed using the Stu-
dents t-test for continuous variables and the Pearson's c-square
test for categorical variables. Although some deviations from the
normality-assumption of the t-tests were observed, the results did
not change with log-transformation or by running the non-
parametric ManneWhitney U-test.
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Baseline and end of study values of s-25(OH)D were compared
within the vitamin D and placebo groups using a paired samples
t-test.

To assess changes in the categorical sleep outcomes (ISD, EDS,
and insomnia), the participants changing from having the outcome
of interest at baseline to not having it at the final visit were cate-
gorized as “recovered”, whereas participants having the outcome at
the final visit without having it at the baseline visit were catego-
rized as to have “developed *outcome*“. Thereafter, changes be-
tween intervention groups were tested using Fisher's exact test, as
some of the variables tested showed expected cell count less than 5.

Continuous sleep outcomes (sleep duration and ESS-score)
were compared between the vitamin D and placebo groups at
the end of the study using a linear regression model with the end
of study value as the dependent variable, sex and intervention
group as fixed factors, and age and baseline values of the sleep
outcome as covariates in accordance with recommendations by
Vickers et al. [45].

As previous studies have reported sex-differences in sleep [46], all
analyses were performed sex-stratified. Because an effect of vitamin
D supplementation was expected to be most likely among partici-
pants reporting sleep difficulties (ie, classified with ISD, EDS, and/or
insomnia at baseline), we also performed subgroup analyses in these
groups. Based on recent recommendations regarding vitamin D
deficiency [47], subgroup analyses were also performed according to
baseline s-25(OH)D level (above or below 30 nmol/L). Finally,
adverse effects on sleep health with repletion of vitamin D were
reported during the intervention period [32]. Thus, to allow com-
parison, we performed subgroup analyses in participants according
to s-25(OH)D level at the end of study (above or below 80 nmol/L).

Data are presented as means and standard deviations, unless
otherwise specified. Two-sided tests were used for all comparisons,
and p-values <0.05 were considered statistically significant.

Power calculations were performed for the main endpoints of
the study (ie, cardiovascular risk factors), as previously described
[33]. Formal power calculations were not performed for the sec-
ondary endpoints regarding sleep.

2.4. Ethics

Written informed consent was obtained from all participants.
The D-COR study was approved by the Norwegian Regional Com-
mittee for Medical Research Ethics (REK NORD 2013/1464) and by
the Norwegian Medicines Agency (2013-003514-40). The study is
registered at ClinicalTrials.gov (NCT02750293).

3. Results

In total, 189 participants were included in the present analysis,
having both baseline and end of study values for at least one sleep
outcome, as illustrated in Fig. 1. Table 1 shows the baseline char-
acteristics for the included study participants. The 222 participants
from the main study who were not included in the present anal-
ysis did not significantly differ from the included with regards to
age, sex, BMI, or smoking status at baseline (data not shown) but
had slightly lower mean s-25(OH)D (32.6 ± 12.2 nmol/L v.
35.2 ± 12.6 nmol/L, p ¼ 0.03).

At baseline, there were no significant differences between the
vitamin D and placebo groups (Table 1). Overall, mean age among
the participants was 51.5 (range 40e79) years andmean s-25(OH)D
was 35.2 (range 12e71) nmol/L. Inclusion in relation to season was
similar in the two groups, with most of the participants being
included during the winter half-year (Supplemental Fig. 2). There
were no significant correlations between sleep duration or ESS-
score and age, BMI, s-Ca, p-PTH, or s-25(OH)D at baseline, and
4

neither the risk of ISD, EDS nor insomnia were associated with
baseline s-25(OH)D (data not shown).

At the end of the study, after four months, there were no sig-
nificant differences according to intervention group in sleep dura-
tion or ESS-score, nor in the recovery from ISD, EDS or insomnia,
both when including all participants, and when analysing men and
women separately (Tables 2 and 3).

Subgroup analyses regarding baseline and end of study s-
25(OH)D levels and baseline sleep status showed no significant
differences between the intervention groups neither in sleep
duration, nor in ESS-scores (Supplemental Table 1). Subgroup an-
alyses were not performed for the dichotomous outcomes (ISD, EDS
and insomnia) as there were too few events across subgroups.

There was a significant increase in s-25(OH)D at the end of the
study of about 51 nmol/L in the vitamin D group (p < 0.001) and a
significant decrease in the placebo group of about 7 nmol/L
(p < 0.001). At the end of the study, the p-PTH was significantly
lower in the vitamin D group than in the placebo group (p < 0.001),
whereas there was no difference in s-Ca between the intervention
groups (Table 4).

4. Discussion

In the present study we report the results from a secondary
analysis of 189 vitamin D insufficient participants in a previously
performed RCT. At the end of the study, after four months of
treatment, we found no significant effects of vitamin D supple-
mentation on mean sleep duration or mean ESS-score, nor on the
recovery from ISD, EDS or insomnia.

Our findings contrast with previous studies on the effect of
vitamin D supplementation on sleep health. In a prospective case
series from 2013, Huang et al. [23] reported a significant
improvement in sleep after 3 months supplementation with
vitamin D in 28 US veterans with chronic pain and low s-25(OH)D
(<30 ng/mL or <75 nmol/L). In an RCT from 2017, Majid et al. [31]
reported that 8 weeks supplementation with 50,000 IU vitamin D
significantly increased sleep duration, reduced sleep latency and
improved overall subjective sleep quality. However, the sample
sizes of these studies were smaller compared to our study, and
only one included a proper control group [31]. Nevertheless, the
average sleep duration was considerably shorter compared to the
present study, in which very few participants reported a sleep
duration <5 h. The findings in our study also contrast with
another vitamin D intervention study, in which Mason et al. [32]
reported that repletion of s-25(OH)D (�32 ng/mL or 80 nmol/L)
among postmenopausal women resulted in an overall worse sleep
quality, compared to those who remained insufficient. The results
of the present study did not indicate deteriorating effects on sleep
duration or ESS-scores, neither from vitamin D supplementation,
nor from repletion of s-25(OH)D status (above 80 nmol/L).

The present study has some limitations. The primary aim of the
main study was to evaluate the effect of vitamin D supplementa-
tion on cardiovascular risk factors. Thus, the inclusion criteria were
based on s-25(OH)D measurements in Tromsø7, and not according
to specific sleep characteristics. Moreover, the participants were all
informed of their vitamin D status through the invitation to
participate in themain study, which could potentially have affected
their probability of reporting sleep complaints on study visits. Also,
most participants were included during winter, which might
negatively affect sleep [48,49] and thus could have resulted in
higher prevalence of sleep complaints compared to the general
population. However, the observed prevalence of sleep complaints
in our study was comparable to those previously reported in the
Tromsø Study [35] and the importance of seasonal differences in
sleep is still a matter of debate [50]. In contrast with previous

http://ClinicalTrials.gov


Table 1
Baseline characteristics in participants with both baseline and end of study values for at least 1 sleep outcome, by sex and intervention group.

Overall Men Women

Vitamin D (n ¼ 92) Placebo (n ¼ 97) p-value Vitamin D (n ¼ 47) Placebo (n ¼ 53) p-value Vitamin D (n ¼ 45) Placebo (n ¼ 44) p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age, years 51.0 (9.0) 52.0 (8.6) 0.475b 51.2 (9.6) 51.7 (8.4) 0.755b 50.9 (8.4) 52.2 (8.8) 0.474b

Sex, % (n) 0.625a e e

Men 51.5 (47) 54.6 (53) e e e e

Women 48.9 (45) 45.4 (44) e e e e

Current smokers, % (n) 0.723a 0.358a 0.635a

Yes 19.6 (18) 21.6 (21) 17.0 (8) 24.5 (13) 22.2 (10) 18.2 (8)
No 80.4 (74) 78.4 (76) 83.0 (39) 75.5 (40) 77.8 (35) 81.8 (36)

Shift work, % (n) 0.796a 0.841a 0.973a

Yes 14.1 (13) 15.5 (15) 19.1 (9) 20.8 (11) 8.9 (4) 11.4 (5)
No 85.9 (79) 84.5 (82) 80.9 (38) 79.2 (42) 91.1 (41) 90.9 (39)

Sleep medication use, % (n) 0.313a 0.215a 0.699a

Yes, now or previously 5.4 (5) 9.3 (9) 2.1 (1) 7.5 (4) 8.9 (4) 11.4 (5)
No, never used 94.6 (87) 90.7 (88) 97.9 (46) 92.5 (49) 91.1 (41) 88.6 (39)

BMI, kg/m2 27.5 (4.2) 27.7 (4.3) 0.696b 28.1 (4.3) 28.2 (3.4) 0.942b 26.9 (4.2) 27.2 (5.1) 0.708b

s-25(OH)D, nmol/L 35.0 (11.8) 35.5 (13.3) 0.775b 36.5 (12.9) 36.1 (14.3) 0.880b 33.4 (10.4) 34.8 (12.1) 0.556b

s-Ca, mmol/L 2.28 (0.07) 2.29 (0.07) 0.286b 2.28 (0.07) 2.29 (0.06) 0.813b 2.27 (0.06) 2.28 (0.09) 0.248b

p-PTH, pmol/L 6.9 (2.1) 6.9 (2.0) 0.958b 6.6 (1.9) 6.9 (2.2) 0.414b 7.2 (2.3) 6.9 (1.7) 0.464b

Sleep durationc, minutes 412.0 (46.8) 419.8 (57.7) 0.309b 407.4 (48.8) 409.5 (53.8) 0.845b 416.6 (44.8) 432.6 (60.3) 0.160b

Sleep durationc, % (n) 0.577a 0.896a 0.337a

<5.0 h 2.2 (2) 2.1 (2) 2.2 (1) 3.8 (2) 2.2 (1) 0.0 (0)
5.0e6.9 h 53.8 (49) 51.0 (49) 58.7 (27) 58.5 (31) 48.9 (22) 41.9 (18)
7.0e8.9 h 44.0 (40) 44.8 (43) 39.1 (18) 37.7 (20) 48.9 (22) 53.5 (23)
�9.0 h 0.0 (0) 2.1 (2) 0.0 (0) 0.0 (0) 0.0 (0) 4.7 (2)

ISDc, % (n) 0.908a 0.887a 0.666a

Yes (<7 or �9 h) 56.0 (51) 55.2 (53) 60.9 (28) 62.3 (33) 51.1 (23) 46.5 (20)
No 44.0 (40) 44.8 (43) 39.1 (18) 37.7 (20) 48.9 (22) 53.5 (23)

ESS-scored 5.9 (3.0) 5.7 (2.9) 0.668b 5.8 (2.6) 5.8 (3.0) 0.948b 5.9 (3.4) 5.5 (2.8) 0.589b

ESS-scored, % (n) 0.058a 0.181a 0.310a

0e10 [Normal] 94.5 (86) 92.8 (90) 195.7 (45) 90.6 (48) 93.2 (41) 95.5 (42)
11e12 [Mild EDS] 2.2 (2) 7.2 (7) 2.1 (1) 9.4 (5) 2.3 (1) 4.5 (2)
13e15 [Moderate EDS] 3.3 (3) 0.0 (0) 2.1 (1) 0.0 (0) 4.5 (2) 0.0 (0)
16e24 [Severe EDS] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)

EDSd, % (n) 0.629a 0.311a 0.645a

Yes 5.5 (5) 7.2 (7) 4.3 (2) 9.4 (5) 6.8 (3) 4.5 (2)
No 94.5 (86) 92.8 (90) 95.7 (45) 90.6 (48) 93.2 (41) 95.5 (42)

Insomniae, % (n) 0.892a 0.967a 0.814a

Yes 18.0 (16) 18.8 (18) 19.6 (9) 19.2 (10) 16.3 (7) 18.2 (8)
No 82.0 (73) 81.3 (78) 80.4 (37) 80.8 (42) 83.7 (36) 81.8 (36)

BDI-II score 5.0 (4.8) 5.1 (5.4) 0.857b 5.0 (4.4) 3.9 (3.9) 0.208b 5.0 (5.3) 6.5 (6.7) 0.220b

BDI-II score, % (n) 0.319a 0.506a 0.163a

0e13 (minimal) 94.5 (86) 88.7 (86) 95.7 (44) 96.2 (51) 93.3 (42) 79.5 (35)
14e19 (mild) 3.3 (3) 8.2 (8) 2.2 (1) 3.8 (2) 4.4 (2) 13.6 (6)
20e28 (moderate) 2.2 (2) 3.1 (3) 2.2 (1) 0 (0) 2.2 (1) 6.8 (3)
�29 (severe)f e e e e e e

Antidepressant use, % (n) 0.462a 0.488a 0.717a

Yes, now or previously 6.5 (6) 4.1 (4) 4.3 (2) 1.9 (1) 8.9 (4) 6.8 (3)
No, never used 93.5 (86) 95.9 (93) 95.7 (45) 98.1 (52) 91.1 (41) 93.2 (41)

Abbreviations: n ¼ number of participants; SD ¼ standard deviation; BMI ¼ body mass index; s-Ca ¼ serum calcium; p-PTH ¼ plasma parathyroid hormone; s-25(OH)
D¼ serum 25-hydroxyvitamin D; ISD¼ inadequate sleep duration; ESS¼ epworth sleepiness scale; EDS¼ excessive daytime sleepiness; BDI-II¼ beck depression inventory II.
Values represent means (SD) if not otherwise specified. Each characteristic was compared between the vitamin D and the placebo group.
P-values <0.05 were considered significant.

a Pearson's c-square for categorical variables.
b Student's t-test for continuous variables.
c Baseline values available in (n ¼ 91) participants in the vitamin D group, and (n ¼ 96) in the placebo group.
d Baseline values available in (n ¼ 91) participants in the vitamin D group, and (n ¼ 97) in the placebo group.
e Baseline values available in (n ¼ 89) participants in the vitamin D group, and (n ¼ 96) in the placebo group.
f Not eligible for participation in the study.
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intervention studies [23,31,32], our study did not use the Pitts-
burgh Sleep Quality Index (PSQI) [51]. It cannot be excluded that
additional information from the PSQI (eg, afflictions of night sweat
and/or pain) could have changed the results of the present study.
Also, additional medical conditions and/or use of medications
(other than sleep medications and antidepressants) with the po-
tential to affect the sleep/wake cycle were not specifically asked for,
neither was cognitive behavioral therapy or other treatments of
sleep complaints. However, there were no between-groups differ-
ences regarding the assessed covariates at baseline (as shown in
5

Table 1), indicating a successful randomization procedure. Thus,
potential effects of unmeasured factors were most likely accom-
modated by randomly distributing them between intervention
groups. Also, we cannot exclude that our lack of findings was due to
the choice of sleep variables. In particular, we did not have objec-
tive sleep measures to complement the subjective sleep outcome
analyses. Moreover, the study duration was relatively short.
Because the study enrolled participants with low vitamin D levels,
four months were considered long enough to demonstrate an effect
on the main study endpoints, but also short enough to ethically



Table 2
Change of status regarding ISD, EDS and insomnia after four months intervention with vitamin D or placebo.

All participants (N ¼ 189) Men (n ¼ 100) Women (n ¼ 89)

Vitamin D Placebo p-value Vitamin D Placebo p-value Vitamin D Placebo p-value

% (n) % (n) % (n) % (n) % (n) % (n)

ISD (n ¼ 185) 0.558 0.638 1.000
Recovered 20.2 (18) 11.5 (11) 21.7 (10) 7.5 (4) 18.6 (8) 16.3 (7)
Developed ISD 11.2 (10) 10.4 (10) 8.7 (4) 5.7 (3) 14.0 (6) 16.3 (7)
No change 68.5 (61) 78.1 (75) 69.6 (32) 86.8 (46) 67.4 (29) 67.4 (29)

EDS (n ¼ 186) 1.000 0.333 1.000
Recovered 2.2 (2) 3.1 (3) 0.0 (0) 3.8 (2) 4.5 (2) 2.3 (1)
Developed EDS 2.2 (2) 1.0 (1) 2.2 (1) 0.0 (0) 2.3 (1) 2.3 (1)
No change 95.6 (86) 95.8 (92) 97.8 (45) 96.2 (50) 93.2 (41) 95.5 (42)

Insomnia (n ¼ 179) 1.000 1.000 1.000
Recovered 6.0 (5) 5.2 (5) 7.1 (3) 5.8 (3) 4.9 (2) 4.5 (2)
Developed insomnia 3.6 (3) 3.1 (3) 0.0 (0) 1.9 (1) 7.3 (3) 4.5 (2)
No change 90.4 (75) 91.7 (88) 92.9 (39) 92.3 (48) 87.8 (36) 90.9 (40)

Abbreviations: n ¼ number of participants; ISD ¼ inadequate sleep duration; EDS ¼ excessive daytime sleepiness. Recovery versus development of each outcome was
compared between the vitamin D and the placebo group using Fisher's exact test. P-values <0.05 were considered significant.

Table 3
Change in sleep duration and ESS-score after four months intervention with vitamin D or placebo.

Sleep durationc (minutes) ESS-scored

Vitamin D Placebo Difference (95% CI) p-value Vitamin D Placebo Difference (95% CI) p-value

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Overall 89 96 90 96
Baseline 412.3 (47.2) 419.8 (57.7) �7.5 (�22.9, 7.8) 5.8 (2.9) 5.6 (2.9) 0.2 (�0.7, 1.0)
End of study 420.1 (55.0) 419.7 (60.3) 0.4 (�16.3, 17.2) 5.5 (2.9) 5.6 (2.9) �0.1 (�0.9, 0.8)
Delta 7.8 (33.4) �0.1 (40.6) 7.9 (�2.9, 18.8) 0.149 �0.3 (1.8) �0.1 (2.0) �0.2 (�0.8, 0.3) 0.421
ANCOVA . . 6.9 (�3.6, 17.4) 0.196a . . �0.2 (�0.7, 0.3) 0.511a

Men 46 53 46 52
Baseline 407.4 (48.8) 409.5 (53.8) �2.0 (�22.6, 18.6) 5.7 (2.4) 5.7 (3.0) �0.0 (�1.1, 1.1)
End of study 416.1 (61.8) 406.3 (57.7) 9.8 (�14.0, 33.7) 5.5 (2.7) 6.2 (2.9) �0.7 (�1.8, 0.4)
Delta 8.7 (34.6) �3.2 (41.4) 11.8 (�3.5, 27.2) 0.129 �0.2 (1.7) 0.5 (2.1) �0.7 (�1.5, 0.1) 0.089
ANCOVA . . 11.9 (�3.3, 27.1) 0.125b . . �0.7 (�1.4, 0.1) 0.071b

Women 43 43 44 44
Baseline 417.5 (45.5) 432.6 (60.3) �15.0 (�38.0, 7.8) 5.9 (3.4) 5.5 (2.8) 0.4 (�1.0, 1.7)
End of study 424.4 (46.9) 436.2 (60.0) �11.8 (�34.9, 11.3) 5.5 (3.1) 4.8 (2.7) 0.7 (�0.5, 1.9)
Delta 6.9 (32.3) 3.7 (39.7) 3.2 (�12.2, 18.8) 0.678 �0.4 (1.9) �0.7 (1.6) 0.3 (�0.4, 1.1) 0.405
ANCOVA . . 0.6 (�14.1, 15.2) 0.936b . . 0.4 (�0.3, 1.1) 0.253b

Abbreviations: n ¼ number of participants; ESS ¼ epworth sleepiness scale; SD ¼ standard deviation; CI ¼ confidence interval; ANCOVA ¼ analysis of covariance.
Values represent means (SD) if not otherwise specified, and the significance level was set to p < 0.05 for all comparisons. Delta values (end of study value e baseline value)
were compared between the vitamin D and the placebo group using the Students t-test. The ANCOVA analyses were done comparing end of study values in the vitamin D v.
placebo group using linear regression.

a Baseline values, age, and sex as covariates.
b Baseline values and age as covariates.
c 185 participants had valid records of both baseline and last visit values and were included in the analyses.
d 186 participants had valid records of both baseline and last visit values and were included in the analyses.

Table 4
Baseline and end of study values in participants with records of both baseline and end of study values for at least 1 sleep outcome, by sex and intervention group.

Overall Men Women

Vitamin D (n ¼ 92) Placebo (n ¼ 97) p-value Vitamin D (n ¼ 47) Placebo (n ¼ 53) p-value Vitamin D (n ¼ 45) Placebo (n ¼ 44) p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMIBL, kg/m2 27.5 (4.2) 27.7 (4.3) 28.1 (4.3) 28.2 (3.4) 26.9 (4.2) 27.2 (5.1)
BMIEND, kg/m2 27.8 (4.2) 28.0 (4.4) 28.3 (4.3) 28.4 (3.6) 27.2 (4.2) 27.5 (5.3)
D BMI, kg/m2 0.3 (0.6) 0.3 (0.6) 0.925 0.23 (0.7) 0.20 (0.5) 0.815 0.28 (0.5) 0.31 (0.6) 0.856
s-CaBL, mmol/L 2.28 (0.07) 2.29 (0.07) 2.28 (0.07) 2.29 (0.06) 2.27 (0.06) 2.28 (0.09)
s-CaEND, mmol/L 2.28 (0.07) 2.27 (0.08) 2.28 (0.06) 2.28 (0.07) 2.28 (0.08) 2.26 (0.09)
D s-Ca, mmol/L 0.00 (0.07) �0.01 (0.07) 0.057 0.00 (0.05) �0.01 (0.06) 0.597 0.01 (0.08) �0.02 (0.08) 0.050
p-PTHBL, pmol/L 6.9 (2.1) 6.9 (2.0) 6.6 (1.9) 6.9 (2.2) 7.2 (2.3) 6.9 (1.7)
p-PTHEND, pmol/L 6.2 (1.8) 7.8 (2.4) 6.1 (1.7) 7.6 (2.6) 6.4 (1.9) 7.9 (2.0)
D p-PTH, pmol/L �0.7 (1.6) 0.8 (1.5) <0.001* �0.5 (1.3) 0.7 (1.7) <0.001* �0.8 (1.8) 1.0 (1.3) <0.001*
s-25(OH)DBL, nmol/L 35.0 (11.8) 35.5 (13.3) 36.5 (12.9) 36.1 (14.3) 33.4 (10.4) 34.8 (12.1)
s-25(OH)DEND, nmol/L 85.9 (19.8) 28.6 (8.9) 85.2 (21.9) 29.1 (9.2) 86.5 (17.5) 28.1 (8.7)
D s-25(OH)D, nmol/L 50.9 (22.4) �6.9 (10.9) <0.001* 48.7 (24.6) �7.0 (11.2) <0.001* 53.1 (19.9) �6.8 (10.66) <0.001*

Abbreviations: n ¼ number of participants; SD ¼ standard deviation; BL ¼ baseline; END ¼ end of study; BMI ¼ body mass index; s-Ca ¼ serum calcium; p-PTH ¼ plasma
parathyroid hormone; s-25(OH)D ¼ serum 25-hydroxyvitamin D. Values represent means (SD) if not otherwise specified. Delta values are presented as D and calculated as
(end of study value e baseline value). Each characteristic was compared between the vitamin D and the placebo group using Student's t-test. P-values <0.05 were considered
significant and are denoted *.
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defend postponing vitamin D supplementation of participants with
known vitamin D deficiency randomized to placebo. A longer
intervention period might have been needed to show an effect of
vitamin D, although notably the intervention period was consid-
erably shorter in the study by Majid et al. [31]. Finally, the sample
size of the present study was relatively small and separate power-
calculations regarding the secondary sleep outcomes were not
performed.

The present study also has strengths, including the use of a gold-
standard RCT-study design with strict inclusion criteria, including
only vitamin D insufficient participants at baseline. Moreover, the
questionnaire was based on previously validated sleep instruments
used in Tromsø7, albeit with minor modifications. Finally, the
vitamin D dosing regimen significantly increased s-25(OH)D in the
vitamin D group, and both adherence to treatment and compliance
were exceptionally high.

5. Conclusion

In conclusion, we were not able to demonstrate any significant
effect of vitamin D supplementation on various sleep outcomes in
this vitamin D insufficient population.
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