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Objective: To investigate the relation between serum 25-hydroxyvitamin D (s-25(OH)D) and subjective
sleep measures in an Arctic population (69�N).
Methods: Cross-sectional data was collected from 21,083 individuals (aged �40 years) participating in
the population based Tromsø Study: Tromsø7 (2015e2016). The present study included 20,438 partici-
pants, after having excluded respondents missing data on s-25(OH)D (n ¼ 161) and/or subjective sleep
measures (including sleep duration, insomnia, and daytime sleepiness)(n ¼ 490). Based on s-25(OH)D
(assessed using LC-MS/MS), participants were grouped as deficient (<30 nmol/L), insufficient (30
e49.9 nmol/L), sufficient (50e75 nmol/L), or high (>75 nmol/L). Sleep duration was grouped as inade-
quate (ISD) if < 7 or �9 h. Linear and logistic regression were used to calculate unstandardized b-values
and odds ratios [95% confidence intervals]. The analyses were adjusted for season, age, BMI, lifestyle
factors and relevant comorbidities.
Results: In both men and women, s-25(OH)D was positively associated with sleep duration, and
compared to the sufficient s-25(OH)D group, the insufficient s-25(OH)D group reported significantly
shorter sleep duration in both sexes. There was an increased odds of ISD in both men and women but
adjusted for confounding factors this was only significant in women (1.16 [1.03, 1.32], p ¼ .017). In men,
there were no significant associations between s-25(OH)D and the remaining sleep measures. Women in
the high s-25(OH)D group had lower ESS-scores (�0.28 [-0.47, �0.08], p ¼ .006), but higher odds of
insomnia (1.16 [1.01, 1.33], p ¼ .036) compared to women in the sufficient group.
Conclusions: In this Arctic population, a tenuous association was found between s-25(OH)D and sub-
jective sleep measures, predominantly in women.
© 2022 The Authors. 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 an essential component of human daily routine and
function. Adequate duration, timing, regularity, and quality of sleep
is required for several critical brain functions and influences many
systemic processes [1]. Sleep disturbances have been reported to
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increase the risk of both mental and somatic diseases, including
cardiovascular and cerebrovascular diseases, obesity, diabetes,
cancer, and depression [2]. Although sleep-demands show great
intra- and inter-individual variability depending on age, sex, and
environmental factors, adults are in general recommended 7e9 h of
sleep on a daily basis [1,3]. The proportion of adults not reaching
this goal is worryingly high [1]. Both environmental and societal
factors, such as an increased use of electronic devices and screen
time [4], as well as nonstandard working hours [5], may explain
some of the discrepancies between the amount of sleep recom-
mended and the amount of sleep obtained. However, additional
factors remain to be explored.

Vitamin D is one such factor. Besides its crucial role in
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maintenance of calcium and phosphorus homeostasis, vitamin D
has been increasingly recognized as a steroid prohormone that
exerts a variety of functions through its vitamin D receptor (VDR).
Over the last decade, emerging evidence have spoken in favour of
an association between vitamin D and sleep health [6,7], as vitamin
D deficiency is prevalent in populations with sleep complaints [8].
The sleep-wake cycle is regulated by the circadian-clock and hor-
mones produced by the hypothalamus [9]. A number of environ-
mental inputs modulate its functions, and vitamin D may possibly
play a role. The link is biologically plausible, as vitamin D metab-
olites are capable of crossing the blood brain barrier [10]. The VDR
has been found in areas of the human brain known to be involved in
the regulation of sleep, along with key enzymes required for
vitamin D metabolism [11]. Biological mechanisms through which
vitamin D may exert its effects on sleep have been suggested,
including regulation of circadian clock genes, alterations of mela-
tonin synthesis and through its role as an immune modulator
[12,13].

In observational studies, vitamin D has been associatedwith less
difficulty maintaining sleep [14]. Higher concentrations of serum
25-hydroxyvitamin D (s-25(OH)D), the main circulating vitamin D
metabolite, have been associated with longer and earlier night
sleep [15]. Moreover, vitamin D deficiency has been associated with
short sleep duration [16-23], poor self-reported sleep quality
[24,25], and an increased risk of daytime sleepiness [26,27]. How-
ever, none of these previous studies have been performed in pop-
ulations living in an Arctic area, in which the prevalence of both
insufficient sleep duration and insomnia has been reported as
worryingly high [28].

Thus, the aim of the present study was to examine the relation
between s-25(OH)D and self-reported sleep measures in a general
population living in the Arctic area of Northern Norway, where UVB
radiation is beyond the threshold for cutaneous vitamin D pro-
duction nearly half the year [29].

2. Materials and methods

2.1. The Tromsø Study: population and study design

The Tromsø Study is a longitudinal population-based health
study conducted in themunicipality of Tromsø in Northern Norway
[30]. Tromsø is geographically situated at 69� North, with extreme
variations in daylight throughout the year, including twomonths of
polar night during winter and two months of midnight sun during
summer. The Tromsø Study consists of seven repeated cross-
sectional surveys conducted between 1974 and 2016 (Tromsø
1eTromsø 7), to which total birth cohorts and random samples
have been invited. In Tromsø 7 (2015e2016), all inhabitants aged 40
years and above (N¼ 32,591) were invited, of which 21,083 women
and men aged 40e99 years participated (attendance rate 65%). The
participants were included consecutively between March 2015 and
November 2016. Data collection included questionnaires, biological
sampling, and clinical examinations, as described in detail below.

2.2. Data collection

2.2.1. Vitamin D and anthropometric measurements
Serum sampling was performed non-fasting and s-25(OH)Dwas

measured using the gold standard LC-MS/MS method at the
Department of Clinical Biochemistry, University Hospital of North
Norway. The analysis was accredited by the Norwegian Accredita-
tion Authority and the laboratory participates in the international
quality surveillance programme the vitamin D external quality
assurance scheme (DEQAS) to ensure the analytical reliability of the
25(OH)D assays. Subgroup classification of vitamin D status was
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done according to s-25(OH)D and performed in accordance with
recent recommendations [31,32]. Thus, vitamin D deficiency was
defined as s-25(OH)D values < 30 nmol/L, and vitamin D insuffi-
ciency as values from 30 nmol/L to 50 nmol/L. Values from 50
through 75 nmol/L were defined as sufficient, whereas
values > 75 nmol/L were defined as high.

Height and weight were measured with light clothing and
without shoes. Body mass index (BMI) was calculated as weight
(kilograms) divided by height squared (meter2). All measurements
were performed by trained technicians.
2.2.2. Self-reported sleep measures
Each participants completed an extensive questionnaire with

questions about habitual sleep traits to assess self-reported sleep
measures, including sleep duration, symptoms of insomnia, and
daytime sleepiness. The questionnairewas completed online before
the study visit or at the examination site, aided by the study
personnel as needed. The questionnaire items used to assess self-
reported sleep measures are summarized in Supplemental Fig. 1.

Sleep duration was calculated as time in bed (bedtime sub-
tracted from rise time) minus sleep onset latency. Sleep duration
was further dichotomized into normal (7e9 h) and inadequate
sleep duration (ISD) (<7 h or �9 h), in accordance with age-specific
recommendations [3].

Insomnia was assessed using a slightly modified version of the
Bergen Insomnia Scale (BIS) [33], adjusted to adhere with recent
guidelines on diagnosing insomnia, including the Diagnostic and.

Statistical Manual for Mental Disorders, Fifth Edition (DSM-5)
DSM-5 [34] and International Classification of Sleep Disorders,
Third Edition (ISCD-3) [35]. Insomnia was defined in accordance
with Sivertsen et al. [28] and categorized as present if the partici-
pants reported: 1) at least one of three nocturnal symptoms (pro-
longed sleep onset latency, difficulties maintaining sleep and/or
early morning awakening) �3 nights/week, and 2) one or both of
two daytime symptoms (daytime sleepiness/tiredness and/or
dissatisfactionwith sleep)�3 days/week, and 3) a duration of sleep
problems for �3 months.

Daytime sleepiness was assessed using the Epworth Sleepiness
Scale (ESS) [36]. The ESS is a 4-point Likert-scale questionnaire
composed of 8 items, in which the participant marks the proba-
bility of dozing while engaging certain daily activities. The score for
each item varies from 0 (no chance of dozing) to 3 (high chance of
dozing). The total score ranges from 0 to 24 points. Excessive
daytime sleepiness (EDS) was defined as an ESS score of >10, in
accordance with Johns et al. [37].
2.2.3. Covariates
Covariates were selected based on available empirical evidence,

summarized using a directed acyclic graph (DAG) (Supplemental
Fig. 2). The following information was obtained: BMI, smoking
status (current vs. not current), alcohol consumption (gram/day),
leisure time physical activity (sedentary/low vs. moderate/
vigorous), marital status (living with spouse yes/no), self-perceived
economy (difficult vs. average or good), shift work (yes/no),
obstructive sleep apnoea (OSA), cardiovascular disease (myocardial
infarction, stroke, atrial fibrillation, angina and/or heart failure),
cancer (current vs. not current) and/or presence of constant or
constantly reoccurring chronic pain during the last 3 months or
more (yes/no), and afflictions of night sweats (not at all/not so
much vs. sometimes/definitely), the latter in women only. Symp-
toms of psychological distress were assessed using the Hopkins
Symptoms Check List 10 (HSCL-10), with a HSCL-10-score cut-off of
�1.85 [38].
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2.3. Statistical analyses

Normal distribution was evaluated by visual inspection of his-
tograms and by determination of kurtosis and skewness. Contin-
uous data was presented as means and standard deviations.
Proportions were provided as number of participants and per-
centages. As previous studies have reported sex-differences in sleep
[39], all analyses were performed sex-stratified.

The prevalence of each categorical sleep measure (i.e., ISD,
insomnia and EDS) was compared between men and women using
the Pearson's Chi Square test. Differences across s-25(OH)D groups
were tested using the Pearson's Chi-square test for categorical
variables and one-way analysis of variance for continuous variables.
Mean s-25(OH)D was compared between men and women and
within each categorical sleep measure using the Student's t-test.

To identify a valid adjustment set for the statistical analyses,
DAGs were constructed using the DAGitty v3.0 software. The final
DAG (Supplemental Fig. 2) was selected through evaluation of
available empirical evidence. Multivariate binary logistic regression
was used to estimate odds ratios (ORs) and 95% confidence in-
tervals (CIs) for each categorical sleep measure, using s-25(OH)D as
a categorical predictor variable. Each s-25(OH)D group was
dichotomized and added to the regression model as an indepen-
dent variable, except the sufficient s-25(OH)D group which was
excluded to serve as a reference. In crude analyses, the ORs were
adjusted for month of serum sampling by adding each month as an
independent dummy variable (Model 1). In the final model (Model
2), potential confounders were added to the regression, including
month of serum sampling, age, BMI, smoking, alcohol intake, lei-
sure time physical activity, living with a spouse or partner, self-
perceived economy, shift work, OSA, psychological distress and
relevant comorbidities (including cardiovascular disease, cancer
and/or chronic pain during the last 3 months or more). In women,
the regression models were also adjusted for afflictions of night
sweat.

Multiple linear regression was used to model the relationship
between s-25(OH)D and the continuous sleep measures (i.e., sleep
duration and ESS-score). Using the same models as described for
the logistic regression analyses, each of the continuous sleep
measures were analysed with s-25(OH)D as a continuous and as a
categorical predictor variable in two separate analyses.

Relevant interactions, including [25(OH)D � sex], [25(OH)
D � age], [25(OH)D � BMI] and [25(OH)D � depression], were
tested by adding the multiplicative term of the two variables in
crude analyses. There were no significant interactions with s-
25(OH)D, except for sex when applied in the regression models
with insomnia as the dependent variable (p ¼ .012).

The statistical analyses were performed using SPSS software
version 27.0 (IBM Corp, Chicago, IL). All tests were performed two-
sided, and p-values < .05 were considered statistically significant.

2.4. Ethics

All of the participants provided written informed consent prior
to participating in the Tromsø Study. The present study was
approved by the Norwegian Committee for Medical and Health
Research Ethics (REC North ref. 2020/7614).

3. Results

3.1. Sample characteristics

Sample characteristics of the study population are shown in
Table 1. In the present study, the total sample consisted of 20,438
individuals after having excluded respondents missing s-25(OH)D
3

measurement (n ¼ 161) and/or without data on at least one sleep
measure (n ¼ 490). The participant inclusion is shown in Fig. 1. The
645 excluded participants were significantly older and more likely
to report comorbidities (including cardiovascular disease, a current
cancer diagnosis and/or chronic pain during the last 3 months or
more). The mean alcohol consumption was significantly lower
among the excluded participants, and theywere less likely to report
moderate or vigorous physical activity, living with a spouse or
partner, and having shift work, compared to the included partici-
pants. Characteristics of the excluded participants are also sum-
marized in Table 1.

3.2. Self-reported sleep measures

Included participants with missing data on a specific sleep
measurewere only excluded from the analyses for which data were
missing (sleep duration (n ¼ 1,241), insomnia (n ¼ 901), daytime
sleepiness (n ¼ 1,128)).

ISD was the most prevalent categorical sleep measure in both
sexes (Table 2), and the prevalence was significantly higher in men
compared to women (53.9% vs. 45.8%, p < .001). Participants with
ISD had significantly lower mean s-25(OH)D compared to those
reporting a normal sleep duration, in both men (59.2 ± 20.8 nmol/L
vs. 62.4 ± 21.4 nmol/L, p < .001) and women (64.6 ± 22.5 nmol/L vs.
66.9 ± 22.1 nmol/L, p < .001). In both sexes, a linear trend was
observed across s-25(OH)D groups, with a falling prevalence of ISD
from the group with the lowest to the highest s-25(OH)D (Table 2,
Fig. 2). In both sexes, the logistic regression adjusted for month of
serum sampling (Model 1), showed significantly higher odds of ISD
in the deficient and insufficient s-25(OH)D groups compared to the
sufficient group (Model 1, Table 3). The analysis showed lower odds
of ISD in the high s-25(OH)D group compared to the sufficient
group, although this finding was only significant in men (Model 1,
Table 3). With additional adjustment (Model 2), all estimates were
attenuated and remained statistically significant only in women
with insufficient s-25(OH)D (Model 2, Table 3). In both sexes, linear
regression adjusted for month of serum sampling (Model 1),
showed a positive association between the continuous s-25(OH)D
variable and sleep duration (unstandardized b for every 10 nmol/L
increase: 2.3min, p < .001, and 1.7min, p< .001, inmen andwomen
respectively). With additional adjustment for potential con-
founders (Model 2), the association with remained significant only
in women (unstandardized b for every 10 nmol/L increase: 0.6 min,
p ¼ .092 and .8 min, p ¼ .013, in men and women respectively). In
both sexes, a positive linear trend in sleep duration was also found
across s-25(OH)D groups (Table 4), although when the fully
adjusted model was applied the associationwas only significant for
the insufficient s-25(OH)D group, reporting significantly shorter
sleep duration compared to the sufficient group (Model 2, Table 4).

The prevalence of insomnia was significantly lower in men
compared to women (15.2% vs. 24.7%, p < .001). Menwith insomnia
had significantly lower mean s-25(OH)D compared to menwithout
insomnia (59.8 ± 21.8 nmol/L vs 61.0 ± 21.0 nmol/L, p ¼.047). In
contrast, women with insomnia had significantly higher mean s-
25(OH)D compared to women without (67.9 ± 23.2 nmol/L vs
65.5 ± 22.0 nmol/L, p < .001). In men, the prevalence of insomnia
did not differ significantly across s-25(OH)D groups (Table 2, Fig. 3)
and there were no significant associations with insomnia in either
s-25(OH)D group (Table 3). In women, the highest prevalence of
insomnia was seen in the high s-25(OH)D group (Table 2, Fig. 3).
Compared to women in the sufficient s-25(OH)D group, the odds of
insomnia was significantly higher among women in the high s-
25(OH)D group, regardless of the model used (Table 3).

The prevalence of EDS did not differ between men and women
(Table 2). Participants with EDS had significantly lower mean s-



Table 1
Participant characteristics. The Tromsø Study (Tromsø7: 2015e2016).

Overall Excluded Serum 25-hydroxyvitamin D (nmol/L) p-value

(N ¼ 20,438) (n ¼ 645) Deficient Insufficient Sufficient High for difference

<30 (2.2e29.9) 30.0e49.9 50.0e75.0 >75 (75.1e243.2)

(n ¼ 920) (n ¼ 4,854) (n ¼ 8,996) (n ¼ 5,668)

Sex, N (%) women 10,713 (52.4) 361 (56.0) 415 (45.1) 2,191 (45.1) 4,671 (51.9) 3,436 (60.6) .001a

Age, years (mean (SD)) 57.1 (11.3) 63.6 (13.9) * 51.1 (9.4) 53.6 (10.3) 57.3 (11.3) 60.7 (11.0) .001b

BMI, kg/m2 (mean (SD)) 27.3 (4.5) 27.7 (4.9) 28.9 (5.8) 28.1 (4.8) 27.3 (4.4) 26.4 (4.1) .001b

BMI-category .001a

<18.5 kg/m2 111 (0.5) 8 (1.3) 5 (0.5) 22 (0.5) 36 (0.4) 48 (0.8)
18.5e25 kg/m2 6,543 (32.1) 185 (29.0) 236 (25.7) 1,272 (26.3) 2,825 (31.5) 2,210 (39.1)
25e30 kg/m2 8,899 (43.7) 273 (42.8) 344 (37.5) 2,104 (43.5) 4,046 (45.1) 2,405 (42.5)
�30 kg/m2 4,829 (23.7) 172 (27.0) 332 (36.2) 1,438 (29.7) 2,068 (23.0) 991 (17.5)

s-25(OH)D, nmol/L (mean (SD)) 63.6 (22.0) 62.2 (24.1) 24.5 (4.5) 41.4 (5.5) 62.3 (7.1) 90.8 (14.6) .001b

Season .001a

Winter (OctobereMarch) 8,346 (40.8) 210 (43.4) 479 (52.1) 2,165 (44.6) 3,573 (39.7) 2,129 (37.6)
Summer (AprileSeptember) 12,092 (59.2) 274 (56.6) 441 (47.9) 2,689 (55.4) 5,423 (60.3) 3,539 (62.4)

Living with spouse (yes) 14,893 (77.1) 390 (67.9) * 567 (66.1) 3,560 (77.2) 6,680 (78.6) 4,086 (76.3) .001a

Self-perceived economy .001a

Average or good 19,652 (96.5) 328 (95.3) 842 (91.7) 4,626 (95.8) 8,707 (97.0) 5,477 (97.0)
Difficult 721 (3.5) 16 (4.7) 76 (8.3) 202 (4.2) 273 (3.0) 170 (3.0)

Current smoker (yes) 2,804 (13.8) 100 (15.9) 199 (21.8) 810 (16.8) 1,122 (12.6) 673 (12.0) .001a

Alcohol intake, g/day (mean (SD)) 11.4 (13.2) 7.9 (13.1) * 9.9 (14.2) 10.6 (12.8) 11.3 (13.2) 12.3 (13.4) .001b

Leisure time physical activity .001a

Sedentary or low 14,962 (75.6) 457 (79.8) * 736 (82.3) 3,662 (77.7) 6,558 (75.2) 4,006 (73.3)
Moderate or vigorous 4,835 (24.4) 116 (20.2) * 158 (17.7) 1,051 (22.3) 2,168 (24.8) 1,458 (26.7)

Shift work (yes) 2,061 (10.4) 17 (6.4) 107 (11.8) 530 (11.2) 936 (10.7) 488 (8.9) .001a

OSA (yes) 751 (3.7) 11 (3.6) 51 (5.6) 233 (4.8) 285 (3.2) 182 (3.2) .001a

CVD (yes) 2,586 (13.2) 138 (23.8) * 100 (11.3) 544 (11.7) 1,137 (13.1) 805 (14.9) .001a

Current cancer (yes) 375 (1.9) 29 (4.8) * 12 (1.3) 59 (1.2) 173 (2.0) 131 (2.4) .001a

Chronic pain ≥3 months or more (yes) 6,957 (37.5) 217 (42.0) * 352 (41.0) 1,648 (37.0) 3,016 (36.9) 1,941 (38.6) .033a

HSCL-10 ≥ 1.85 (yes) 1,705 (8.7) 17 (7.0) 108 (12.3) 448 (9.6) 712 (8.2) 437 (8.1) .001a

Night sweats (sometimes/definitely) 5,040 (48.1) 75 (42.4) 174 (43.1) 932 (43.3) 2,177 (47.5) 1,757 (52.5) .001a,c

Vitamin D supplement (yes) 4,323 (22.0) 75 (26.6) 54 (6.0) 445 (9.4) 1,896 (22.0) 1,928 (35.6) .001a

Abbreviations: SD ¼ standard deviation; BMI ¼ body mass index; s-25(OH)D ¼ serum 25-hydroxyvitamin D; OSA ¼ obstructive sleep apnoea; CVD ¼ cardiovascular disease;
HSCL-10¼Hopkins Symptoms Check List 10. Values are number of participants (% of participants in that category) if not otherwise specified. Each characteristic was compared
within each vitamin D group using.
Characteristics of excluded participants that were significantly different from the overall sample are denoted *.

a Pearson's Chi-square test for categorical variables.
b One-way analysis of variance for continuous variables.
c Including women only.

Fig. 1. Flow diagram of participant inclusion.
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25(OH)D as compared to participants without EDS, both in in men
(59.2 ± 21.2 nmol/L vs. 60.9 ± 21.1 nmol/L, p ¼.020) and in women
(66.2 ± 22.3 nmol/L vs. 64.5 ± 64.5 nmol/L, p ¼ .017). A linear trend
was observed across s-25(OH)D groups, with a falling prevalence of
EDS from the group with the lowest to the highest s-25(OH)D
group, which was more prominent in women compared to men
(Table 2, Fig. 4). In men, the logistic regression adjusted for month
of serum sampling (Model 1) showed significantly lower odds of
4

EDS in the high s-25(OH)D group compared to the sufficient group
(Model 1, Table 3). With additional adjustment (Model 2), the as-
sociation was attenuated and no longer statistically significant
(Model 2, Table 3). The linear regression showed no significant
associations between s-25(OH)D and ESS-scores in men, neither
adjusted for month of serum sampling (unstandardized b for every
10 nmol/L increase: 0.03 (�0.06, 0.01), p ¼ .137), nor with addi-
tional adjustment (unstandardized b for every 10 nmol/L increase:
0.02 (�0.02, 0.06), p ¼ .339). Using the categorical s-25(OH)D var-
iable did not change the results in men (Table 4). Inwomen, logistic
regression showed no significant associations between s-25(OH)D
group and the odds of EDS (Table 3). The linear regression adjusted
for month of serum sampling showed an inverse association be-
tween s-25(OH)D and ESS-scores in women (unstandardized b for
every 10 nmol/L increase: 0.09 (�0.12, �0.05), p < .001), which was
attenuated and no longer significant with additional adjustment
(unstandardized b for every 10 nmol/L increase: 0.01 (�0.03, 0.04),
p¼ .777). Adjusted for month of serum sampling (Model 1), women
in the high s-25(OH)D group had significantly lower ESS-scores
compared to women in the sufficient s-25(OH)D group (Model 1,
Table 4), and the difference remained significant with additional
adjustment (Model 2, Table 4).

Sensitivity analyses were performed stratifying the study pop-
ulation according to season of serum sampling, including a summer
group (April through September), and a winter group (October
through March). In men participating during winter, the fully



Table 2
Characteristics of sleep outcomes in men and women. The Tromsø Study (Tromsø7: 2015e2016).

Missing data Overall Serum 25-hydroxyvitamin D (nmol/L) p-value

(N ¼ 20,438) Deficient Insufficient Sufficient High

<30.0 (2.2e29.9) 30.0e49.9 50.0e75.0 >75.0 (75.1e243.2)

Men (n ¼ 9,725) (n ¼ 505) (n ¼ 2,663) (n ¼ 4,325) (n ¼ 2,232)
Sleep duration, minutes (mean (SD)) (n ¼ 503) 415.8 (64.6) 408.4 (76.3) 410.3 (65.6) 417.5 (62.9) 420.8 (63.1) <.001b

ISD (yes) 4,972 (53.9) 300 (61.1) 1,454 (57.5) 2,174 (53.0) 1,044 (49.7) <.001a

Sleep duration category <.001a

<5 h 324 (3.5) 24 (4.9) 104 (4.1) 132 (3.2) 64 (3.0)
5e7 h 4,497 (48.8) 263 (53.6) 1,312 (51.9) 1,975 (48.2) 947 (45.1)
7e9 h 4,250 (46.1) 191 (38.9) 1,075 (42.5) 1,927 (47.0) 1,057 (50.3)
>9 h 151 (1.6) 13 (2.6) 38 (1.5) 67 (1.6) 33 (1.6)

Insomnia (yes) (n ¼ 340) 1,423 (15.2) 89 (18.4) 408 (15.9) 604 (14.4) 322 (14.9) .071a

EDS (yes) (n ¼ 498) 995 (10.8) 52 (10.8) 298 (11.7) 458 (11.2) 187 (8.9) .015a

Women (n ¼ 10,713) (n ¼ 415) (n ¼ 2,191) (n ¼ 4,671) (n ¼ 3,436)

Sleep duration, minutes (mean (SD)) (n ¼ 738) 427.4 (66.2) 417.3 (68.3) 422.4 (61.3) 428.1 (64.9) 430.8 (70.4) <.001b

ISD (yes) 4,568 (45.8) 207 (52.8) 1,021 (49.5) 1,984 (45.3) 1,356 (43.2) <.001a

Sleep duration category <.001a

<5 h 280 (2.8) 15 (3.8) 55 (2.7) 117 (2.7) 93 (3.0)
5e7 h 3,977 (39.9) 178 (45.4) 912 (44.3) 1,731 (39.5) 1,156 (36.8)
7e9 h 5,407 (54.2) 185 (47.2) 1,040 (50.5) 2,397 (54.7) 1,785 (56.8)
>9 h 311 (3.1) 14 (3.6) 54 (2.6) 136 (3.1) 107 (3.4)

Insomnia (yes) (n ¼ 561) 2,507 (24.7) 88 (23.0) 493 (23.7) 1,038 (23.3) 888 (27.4) <.001a

EDS (yes) (n ¼ 630) 1,090 (10.8) 52 (13.2) 231 (11.2) 480 (10.9) 327 (10.2) .258a

Abbreviations: SD ¼ standard deviation; ISD: inadequate sleep duration; EDS ¼ excessive daytime sleepiness. Sleep duration was calculated as time in bed (calculated as self-
reported bedtime minus self-reported rise time) minus self-reported sleep onset latency. ISD was defined as sleeping <7 h or �9 h. Insomnia was defined as a) having
difficulties with initiating sleep, maintaining sleep and/or early morning awakening �3 nights per week, b) experiencing daytime sleepiness/tiredness and/or a predominant
complaint of dissatisfaction with sleep quantity or quality �3 days per week, and c) symptoms being present for �3 months. EDS was defined as an ESS-score (Epworth
Sleepiness Scale) of �10 points.Values are number of participants (% of participants in that category) if not otherwise specified. Each characteristic was compared within each
vitamin D group using.

a Pearson's Chi-square test for categorical variables.
b One-way analysis of variance for continuous variables.
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adjusted odds of ISD was significantly higher in both the deficient
and insufficient s-25(OH)D groups compared to the sufficient s-
25(OH)D group (Model 2, Supplemental Table 1), and both the
deficient and the insufficient s-25(OH)D groups reported signifi-
cantly shorter sleep duration compared to the sufficient group
(Model 2, Supplemental Table 2). With full adjustment, the results
in men participating during summer did not differ from the main
analyses in either sleep measure (Model 2, Supplemental
Tables 3e4). In women participating during winter, the results
did not differ from the main analyses (Model 2, Supplemental
Tables 1e2). In women participating during summer, the fully
adjusted odds of ISD was attenuated and no longer significant
(Model 2, Supplemental Tables 3e4). The association with
insomnia in women was attenuated and no longer significant in
either seasonal group when the fully adjusted model was applied
(Model 2, Supplemental Tables 1e4).
4. Discussion

To our knowledge, this is one of the largest studies to examine
the relation between s-25(OH)D and self-reported sleep measures,
and the first study to describe the association in an Arctic popula-
tion. In this cross-sectional analysis, a tenuous association was
found, predominantly in women. The results conflicted across the
different sleep measures and most comparisons were non-
significant with full adjustment for confounding factors.

Comparison with previous literature is complicated by the
substantial variation in methodology, definition of outcomes and
covariate adjustment across studies. A positive association between
25(OH)D and sleep duration, as found in some of our analyses, has
been reported by others [15,16,18-23], although null findings have
also been reported [40,41]. Moreover, a recentmeta-analysis byGao
5

et al. [7], summarizing data from nine observational studies on the
association between vitamin D and sleep [22e24,27,42e45], re-
ported that vitamin D deficiency was associated with shorter sleep
duration. Interestingly, a study by Bertisch et al. [17] found that s-
25(OH)D was associated with sleep duration when measured
objectively, but not whenmeasured using self-report. Whether this
may have explained some of the discrepancies in our study is un-
clear, as the analyses by Bertisch et al. [17] were not stratified by sex.

The results regarding insomnia in the present analysis conflicts
with previous reports of an inverse association between 25(OH)D
and sleep quality [7]. However, there are some important aspects
that should be considered when comparing these results: In the
meta-analysis by Gao et al. [7], only four of the included studies had
more than 1000 participants [16,22,24,46]. Only two of these
studies included data on sleep quality [24,46] and neither matched
the current study population of middle-aged and older (±40 years)
men and women. Surprisingly, the present study showed a higher
risk of insomnia in women in the high s-25(OH)D group compared
to womenwith sufficient s-25(OH)D. However, our study is not the
first observational study to have linked high s-25(OH)D to unfav-
ourable sleep outcomes. Shiue et al. [41] found in a cross-sectional
study that individuals with higher s-25(OH)D were more likely to
report sleep complaints. Moreover, Mason et al. [47] found in a
double-blind, placebo controlled RCT with vitamin D in 218 post-
menopausal women, that women who became vitamin D replete
(�32 ng/ml or 80 nmol/L) reported a deterioration in sleep quality.
In contrast, two recent double-blind placebo controlled RCTs
[48,49] found a positive effect of vitamin D to improve sleep quality.
The mean end-of-study 25(OH)D in the vitamin D groups of these
studies were 37.7 ng/ml (~94.2 nmol/L) [48] and 22 ng/ml
(~55 nmol/L) [49]. However, both studies had associated limitations
such as small sample sizes (<100 participants) and not using the



Fig. 2. Prevalence of inadequate sleep duration (ISD) across categories of serum 25-hydroxyvitamin D level in men and women. The Tromsø Study 2015e2016. Error bars represent
2 standard deviations.

Table 3
The odds ratio for having ISD, insomnia or EDS in men and women by serum 25-hydroxyvitamin D levels.

Serum 25-hydroxyvitamin D (nmol/L)

Deficiency Insufficiency Sufficient High

<30.0 (2.2e29.9) 30.0e49.9 50.0e75.0 >75.0 (75.1e243.2)

n OR (95% CI) p n OR (95% CI) p n OR (95% CI) n OR (95% CI) p

Men (n ¼ 9,725)
ISD
Model 1a 491 1.45 (1.19, 1.76) <.001 * 2,529 1.22 (1.10, 1.35) <.001 * 4,101 1.00 (Reference) 2,101 0.88 (0.80, 0.98) .021 *
Model 2b 403 1.16 (0.93, 1.44) .200 2,043 1.10 (0.98, 1.23) .122 3,279 1.00 (Reference) * 1,639 1.01 (0.89, 1.14) .889

Insomnia
Model 1a 484 1.28 (0.99, 1.64) .056 2,558 1.11 (0.97, 1.27) .145 4,189 1.00 (Reference) 2,154 1.06 (0.91, 1.22) .466
Model 2b 393 0.99 (0.72, 1.36) .953 2,045 1.00 (0.84, 1.18) .951 3,307 1.00 (Reference) 1,665 1.19 (0.99, 1.43) .062

EDS
Model 1a 480 1.00 (0.73, 1.36) .982 2,544 1.07 (0.91, 1.25) .409 4,105 1.00 (Reference) 2,098 0.78 (0.65, 0.93) .006 *
Model 2b 394 0.93 (0.65, 1.32) .681 2,057 1.04 (0.87, 1.25) .647 3,262 1.00 (Reference) 1,635 0.86 (0.70, 1.06) .148

Women (n ¼ 10,713)
ISD
Model 1a 392 1.40 (1.14, 1.73) .001 * 2,061 1.18 (1.07, 1.32) .002 * 4,381 1.00 (Reference) 3,139 0.93 (0.85, 1.02) .124
Model 2b,c 288 1.23 (0.95, 1.57) .111 1,574 1.16 (1.03, 1.32) .017 * 3,285 1.00 (Reference) 2,227 1.02 (0.91, 1.14) .766

Insomnia
Model 1a 382 0.97 (0.76, 1.24) .804 2,082 1.01 (0.89, 1.14) .869 4,448 1.00 (Reference) 3,240 1.25 (1.13, 1.38) <.001 *
Model 2b,c 276 0.84 (0.60, 1.17) .298 1,557 1.07 (0.92, 1.26) .388 3,289 1.00 (Reference) 2,256 1.16 (1.01, 1.33) .036 *

EDS
Model 1a 394 1.27 (0.93, 1.73) .126 2,063 1.05 (0.89, 1.24) .597 4,411 1.00 (Reference) 3,215 0.93 (0.80, 1.07) .306
Model 2b,c 287 1.01 (0.70, 1.45) .962 1,563 0.91 (0.75, 1.11) .354 3,274 1.00 (Reference) 2,259 1.05 (0.88, 1.25) .623

Abbreviations: OR ¼ odds ratio; CI ¼ confidence interval; ISD ¼ inadequate sleep duration; EDS ¼ excessive daytime sleepiness; HSCL-10 ¼ Hopkins Symptoms Check List 10.
Sleep duration was calculated as time in bed (calculated as self-reported bedtime minus self-reported rise time) minus self-reported sleep onset latency. ISD was defined as
sleeping <7 h or �9 h. Insomnia was defined as a) having difficulties with initiating sleep, maintaining sleep and/or early morning awakening �3 nights per week, b)
experiencing daytime sleepiness/tiredness and/or a predominant complaint of dissatisfaction with sleep quantity or quality�3 days per week, and c) symptoms being present
for �3 months. EDS was defined as an ESS-score (Epworth Sleepiness Scale) of �10 points. OR (95% CI) was calculated for each categorical sleep measure using binary logistic
regression with s-25(OH)D level as a categorical predictor variable.
Significant associations are denoted*.

a Adjusted for month of serum sampling.
b Adjusted formonth of serum sampling, age, BMI, smoking, alcohol intake, leisure time physical activity, livingwith a spouse or partner, self-perceived economy, shift work,

obstructive sleep apnoea, psychological distress (HSCL-10 � 1.85) or presence of other comorbidities (cardiovascular disease, current cancer and/or chronic pain during the
last 3 months or more).

c Adjusted for afflictions of night sweats in women, in addition to other variables.
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gold standard method LC-MS/MS to assess 25(OH)D. Also, analyses
to explore potential subgroup effects according to achieved 25(OH)
D were not performed.

In the present study, subgroup analyses according to season of
serum sampling indicated that the association between s-25(OH)D
and subjective sleep measures were restricted to men and women
participating during winter, except regarding the association
6

between s-25(OH)D and insomnia in women, which was non-
significant regardless of seasonal group. In corroboration with the
latter finding regarding insomnia, a previous analysis from the
Tromsø Study by Sivertsen et al. [50] concluded that the extreme
seasonal variations in daylight had little influence on self-reported
sleep measures.

Due to the considerable attention in mainstreammedia devoted



Table 4
Associations of serum 25 hydroxyvitamin D level with sleep duration and ESS-score.

Sleep duration (minutes) ESS-score

n Unstandardized b (95% CI) p-value n Unstandardized b (95% CI) p-value

Model 1a 9,222 9,227
Deficient (<30 nmol/L) �10.05 (-16.15, �3.95) .001 * �0.09 (-0.42, 0.25) .622
Insufficient (30e49 nmol/L) �7.23 (-10.95, �4.51) <.001 * 0.07 (-0.11, 0.25) .431
Sufficient (50e75 nmol/L) 1.00 (Reference) . 1.00 (Reference) .
High (>75 nmol/L) 3.50 (0.10, 6.90) .043 * �0.16 (-0.35, 0.03) .095
Model 2b 7,376 7,362
Deficient (<30 nmol/L) �4.83 (-11.37, 1.72) .148 �0.06 (-0.43, 0.31) .739
Insufficient (30e49 nmol/L) �6.55 (-10.01, �3.08) <.001 * 0.10 (-0.92, 0.30) .300
Sufficient (50e75 nmol/L) 1.00 (Reference) . 1.00 (Reference) .
High (>75 nmol/L) 2.72 (-0.98, 6.41) .149 �0.09 (-0.30, 0.11) .373
Model 1a 9,975 10,083
Deficient (<30 nmol/L) �9.14 (-16.01, �2.28) .009 * 0.20 (-0.18, 0.58) .298
Insufficient (30e49 nmol/L) �5.77 (-9.24, 2.29) .001 * 0.20 (0.00, 0.39) .047
Sufficient (50e75 nmol/L) 1.00 (Reference) . 1.00 (Reference) .
High (>75 nmol/L) 2.77 (-0.27, 5.81) .074 �0.23 (-0.39, �0.06) .009
Model 2b,c 7,391 7,398
Deficient (<30 nmol/L) �6.86 (-14.50, 0.78) 0.78 0.23 (-0.22, 0.67) .317
Insufficient (30e49 nmol/L) �6.62 (-10.42, �2.83) <.001 * 0.22 (-0.01, 0.44) .055
Sufficient (50e75 nmol/L) 1.00 (Reference) . 1.00 (Reference) .
High (>75 nmol/L) 2.28 (-1.13, 5.68) .198 �0.28 (-0.47, �0.08) .006

Abbreviations: CI¼ confidence interval; ESS¼ epworth sleepiness scale; s-25(OH)D¼ serum 25 hydroxyvitamin D. Sleep duration was calculated as time in bed (calculated as
self-reported bedtime minus self-reported rise time) minus self-reported sleep onset latency. ESS-scores were calculated as the sum of 8 items (scored from 0 to 3) assessing
the probability of napping in everyday situations. Unstandardized b -values (95% CI) are reported separately for each s-25(OH)D group (deficient, insufficient, sufficient, high)
and were calculated using multiple linear regression using the s-25(OH)D sufficient group as the reference category.
Significant associations are denoted*.

a Adjusted for month of serum sampling.
b Adjusted formonth of serum sampling, age, BMI, smoking, alcohol intake, leisure time physical activity, livingwith a spouse or partner, self-perceived economy, shift work,

obstructive sleep apnoea, psychological distress (Hopkins Symptoms Check List (HSCL-10) �1.85) or presence of other comorbidities (cardiovascular disease, current cancer
and/or chronic pain during the last 3 months or more).

c Adjusted for afflictions of night sweats in women, in addition to other variables.

Fig. 3. Prevalence of insomnia across categories of serum 25-hydroxyvitamin D level in men and women. The Tromsø Study 2015e2016. Error bars represent 2 standard deviations.
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to extra-skeletal effects of vitamin D, it cannot be excluded that an
increased odds of insomniawith higher s-25(OH)Dmight represent
reversed causation. It could be hypothesized that women with
insomnia may have been more likely to start taking a vitamin D
supplement in an attempt to improve their sleep problems. This
was partially seen in our study, as the proportion reporting to use a
vitamin D supplement was significantly higher among individuals
with insomnia compared to those without, in both sexes. However,
as there were more women than men with insomnia, the associa-
tionmay also have been significant inwomen simply because of the
higher prevalence, which increases the probability of finding a
statistically significant result. The analyses in the present study
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were not adjusted for vitamin D supplement use, as the aimwas to
estimate the association between self-reported sleep measures and
s-25(OH)D, regardless of the source.

With the exception of lower ESS-scores among women in the
high s-25(OH)D group compared to women in the sufficient s-
25(OH)D group, there were no associations between s-25(OH)D
and daytime sleepiness in the present study. This contrasts with
previous literature suggesting an inverse association between
vitamin D and sleepiness [26,27]. Yet, with appropriate covariate
adjustment, others have reported null findings [15,17].

The present study has somemethodological limitations. First, all
sleep measures were assessed using self-report, which has been



Fig. 4. Prevalence of excessive daytime sleepiness (EDS) across categories of serum 25-hydroxyvitamin D level in men and women. The Tromsø Study 2015e2016. Error bars
represent 2 standard deviations.
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reported to show less consistent findings than studies using
objective sleep measures [15]. Nevertheless, objective sleep mea-
surements may vary depending on the method used (i.e., whether
obtained using a gold standard polysomnography or based onmore
approximate methods such as actigraphy) [51]. Objective sleep
recordings are typically performed over a short period of time
(usually 1e7 days). Thus, such measurements represents a cross-
sectional estimate of an individual's sleep health, whereas the
focus of the present study was on habitual sleep traits. Second,
information regarding melatonin use was not available. Third, the
prevalence of vitamin D deficiency in the present study was low,
compromising the power to identify significant associations
(especially for subgroup analyses). Fourth, the study population
consisted of adults aged 40 years and older, living in an Arctic area
of Northern Norway. Extrapolation of the results to younger age-
groups or to populations living under different conditions might
not be appropriate. Also, data to analyse non-attenders was not
available, which could have increased the generalizability. Fifth,
DAGs were used to identify relevant confounding factors. However,
an important premise of DAGs lies explicitly in the name, empha-
sizing the existence of an acyclic relationship between the exposure
and the outcome. Many of the covariates treated as confounding
factors in our study could have been related to s-25(OH)D in an
indirect, or even bidirectional manner, for instance through varia-
tions in diet, BMI, physical activity, and reduced exposure to sun-
light. Finally, a cross-sectional study design as applied in the
present study cannot infer causal relationships. The only appro-
priateway to determinewhether the association between s-25(OH)
D and sleep health reflects a true causal relationship, rather than
confounding or reverse causation, is through well-designed RCTs
[52].

This study also has strengths, such as the large sample size of
more than 20,000 participants and the high attendance rate (65%),
both strengthening generalizability of the results. The categorical
sleep measures were adequately prevalent with regards to the
study's aim of detecting significant associations between s-25(OH)
D and self-reported sleep measures.

5. Conclusion

In conclusion, a tenuous association was found between s-
25(OH)D and self-reported sleep measures in this Arctic popula-
tion. The results conflicted according to sex, s-25(OH)D group and
sleep measure. Statistical significance was lost for most of the
8

comparisons when adjusted for confounding factors. Given the
cross-sectional design of the study, causal inferences regarding the
relationship between vitamin D and self-reported sleep measures
could not be drawn, and the effect of vitamin D supplementation on
sleep ought to be settled through RCTs.

Funding

This work was supported by grants from the North Norway
Regional Health Authorities (grant number SFP1277-16) and UiT
The Arctic University of Norway to perform analyses of s-25 (OH)D.
AUL received funding through the PhD Program at UiT The Arctic
University of Norway. The publication charges for this article were
funded through UiT The Arctic University of Norway's Publishing
Agreements. The funding body did not have a role in the design of
the study, data collection, analysis, interpretation of data or writing
of the manuscript.

CRediT authorship contribution statement

A.U. Larsen: Conceptualization, Methodology, Formal analysis,
Writing e original draft, Visualization. L.A. Hopstock: Methodol-
ogy, Investigation, Writing e review & editing. R. Jorde: Writing e

review & editing, Project administration. G. Grimnes: Methodol-
ogy, Writing e review & editing, Supervision.

Declarations of competing interest

The authors have no competing interests to declare.

Acknowledgements

The authors would like to thank all the participants and the staff
in the Tromsø Study. The authors also gratefully acknowledge the
contributions made by Børge Sivertsen providing the syntax for the
definition of the sleep duration and insomnia variables, by Sarah
Anne Cook providing the syntax for the definition of the alcohol
intake variable, and finally by Tom Wilsgaard providing valuable
insights regarding the statistical analyses.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.sleepx.2022.100056.

https://doi.org/10.1016/j.sleepx.2022.100056


A.U. Larsen, L.A. Hopstock, R. Jorde et al. Sleep Medicine: X 4 (2022) 100056
References

[1] Watson NF, Badr MS, Belenky G, et al. Joint consensus statement of the
American academy of sleep medicine and sleep research society on the rec-
ommended amount of sleep for a healthy adult: methodology and discussion.
J Clin Sleep Med 2015;11(8):931e52. https://doi.org/10.5664/jcsm.4758.

[2] Cappuccio FP, D'Elia L, Strazzullo P, et al. Sleep duration and all-cause mor-
tality: a systematic review and meta-analysis of prospective studies. Sleep
2010;33(5):585e92. https://doi.org/10.1093/sleep/33.5.585.

[3] Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foundation's
updated sleep duration recommendations: final report. Sleep Health
2015;1(4):233e43. https://doi.org/10.1016/j.sleh.2015.10.004.

[4] Hysing M, Pallesen S, Stormark KM, et al. Sleep and use of electronic devices in
adolescence: results from a large population-based study. BMJ Open
2015;5(1):e006748. https://doi.org/10.1136/bmjopen-2014-006748.

[5] Pallesen S, Sivertsen B, Nordhus IH, et al. A 10-year trend of insomnia prev-
alence in the adult Norwegian population. Sleep Med 2014;15(2):173e9.
https://doi.org/10.1016/j.sleep.2013.10.009.

[6] Scragg R, Sluyter JD. Is there proof of extraskeletal benefits from vitamin D
supplementation from recent mega trials of vitamin D? JBMR Plus 2021;5(1):
e10459. https://doi.org/10.1002/jbm4.10459.

[7] Gao Q, Kou T, Zhuang B, et al. The association between vitamin D deficiency
and sleep disorders: a systematic review and meta-analysis. Nutrients
2018;10(10):1395. https://doi.org/10.3390/nu10101395.

[8] Gominak SC, Stumpf WE. The world epidemic of sleep disorders is linked to
vitamin D deficiency. Med Hypotheses 2012;79(2):132e5. https://doi.org/
10.1016/j.mehy.2012.03.031.

[9] Saper CB, Cano G, Scammell TE. Homeostatic, circadian, and emotional regu-
lation of sleep. J Comp Neurol 2005;493(1):92e8. https://doi.org/10.1002/
cne.20770.

[10] Pardridge WM, Sakiyama R, Coty WA. Restricted transport of vitamin D and A
derivatives through the rat blood-brain barrier. J Neurochem 1985;44(4):
1138e41. https://doi.org/10.1111/j.1471-4159.1985.tb08735.x.

[11] Eyles DW, Smith S, Kinobe R, et al. Distribution of the vitamin D receptor and
1 alpha-hydroxylase in human brain. J Chem Neuroanat 2005;29(1):21e30.
https://doi.org/10.1016/j.jchemneu.2004.08.006.

[12] Romano F, Muscogiuri G, Di Benedetto E, et al. Vitamin D and sleep regulation:
is there a role for vitamin D? Curr Pharmaceut Des 2020;26(21):2492e6.
https://doi.org/10.2174/1381612826666200310145935.

[13] Calton EK, Keane KN, Newsholme P, et al. The impact of vitamin D levels on
inflammatory status: a systematic review of immune cell studies. PLoS One
2015;10(11):e0141770. https://doi.org/10.1371/journal.pone.0141770.

[14] Grandner MA, Jackson N, Gerstner JR, et al. Sleep symptoms associated with
intake of specific dietary nutrients. J Sleep Res 2014;23(1):22e34. https://
doi.org/10.1111/jsr.12084.

[15] Dogan-Sander E, Willenberg A, Batmaz _I, et al. Association of serum 25-
hydroxyvitamin D concentrations with sleep phenotypes in a German com-
munity sample. PLoS One 2019;14(7):e0219318. https://doi.org/10.1371/
journal.pone.0219318.

[16] Beydoun MA, Ng AE, Fanelli-Kuczmarski MT, et al. Vitamin D status and its
longitudinal association with changes in patterns of sleep among middle-aged
urban adults. J Affect Disord 2021;282:858e68. https://doi.org/10.1016/
j.jad.2020.12.145.

[17] Bertisch SM, Sillau S, de Boer IH, et al. 25-Hydroxyvitamin D concentration
and sleep duration and continuity: multi-ethnic study of atherosclerosis.
Sleep 2015;38(8):1305e11. https://doi.org/10.5665/sleep.4914.

[18] Doo M. The association between sleep duration and 25-hydroxyvitamin D
concentration with obesity in an elderly Korean population: a cross-sectional
study. Nutrients 2018;10(5):575. https://doi.org/10.3390/nu10050575Doo
2018.

[19] Kim JH, Chang JH, Kim DY, et al. Association between self-reported sleep
duration and serum vitamin D level in elderly Korean adults. J Am Geriatr Soc
2014;62(12):2327e32. https://doi.org/10.1111/jgs.13148.

[20] Kim SY, Lee MH, LimWJ, et al. Associations of 25-hydroxyvitamin D levels and
arthritis with sleep duration: the Korean national health and nutrition ex-
amination survey 2008-2014. Nat Sci Sleep 2020;12:883e94. https://doi.org/
10.2147/NSS.S275464.

[21] Liu X, Ke L, Ho J, et al. Sleep duration is associated with vitamin D deficiency in
older women living in Macao, China: a pilot cross-sectional study. PLoS One
2020;15(3):e0229642. https://doi.org/10.1371/journal.pone.0229642.

[22] Massa J, Stone KL, Wei EK, et al. Vitamin D and actigraphic sleep outcomes in
older community-dwelling men: the MrOS sleep study. Sleep 2015;38(2):
251e7. https://doi.org/10.5665/sleep.4408.

[23] Piovezan RD, Hirotsu C, Feres MC, et al. Obstructive sleep apnea and objective
short sleep duration are independently associated with the risk of serum
vitamin D deficiency. PLoS One 2017;12(7):e0180901. https://doi.org/
10.1371/journal.pone.0180901.

[24] Jung YS, Chae CH, Kim YO, et al. The relationship between serum vitamin D
levels and sleep quality in fixed day indoor field workers in the electronics
manufacturing industry in Korea. Ann Occup Environ Med 2017;29:25.
9

https://doi.org/10.1186/s40557-017-0187-7.
[25] Nakamura K, Hui SP, Ukawa S, Okada E, Nakagawa T, Okabe H, et al. Serum 25-

hydroxyvitamin D(3) levels and poor sleep quality in a Japanese population:
the DOSANCO Health Study. Sleep Med 2019;57:135e40. https://doi.org/
10.1016/j.sleep.2019.01.046.

[26] McCarty DE, Reddy A, Keigley Q, et al. Vitamin D, race, and excessive daytime
sleepiness. J Clin Sleep Med 2012;8(6):693e7. https://doi.org/10.5664/
jcsm.2266.

[27] Beydoun MA, Gamaldo AA, Canas JA, et al. Serum nutritional biomarkers and
their associations with sleep among US adults in recent national surveys. PLoS
One 2014;9(8):e103490. https://doi.org/10.1371/journal.pone.0103490.

[28] Sivertsen B, Pallesen S, Friborg O, et al. Sleep patterns and insomnia in a large
population-based study of middle-aged and older adults: the Tromsø study
2015-2016. J Sleep Res 2020;30(1):e13095. https://doi.org/10.1111/jsr.13095.

[29] Engelsen O, Brustad M, Aksnes L, et al. Daily duration of vitamin D synthesis in
human skin with relation to latitude, total ozone, altitude, ground cover,
aerosols and cloud thickness. Photochem Photobiol 2005;81(6):1287e90.
https://doi.org/10.1562/2004-11-19-RN-375.

[30] Jacobsen BK, Eggen AE, Mathiesen EB, et al. Cohort profile: the tromso study.
Int J Epidemiol 2012;41(4):961e7. https://doi.org/10.1093/ije/dyr049.

[31] Amrein K, Scherkl M, Hoffmann M, et al. Vitamin D deficiency 2.0: an update
on the current status worldwide. Eur J Clin Nutr 2020;74(11):1498e513.
https://doi.org/10.1038/s41430-020-0558-y.

[32] Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab 2011;96(7):1911e30. https://doi.org/
10.1210/jc.2011-0385.

[33] Pallesen S, Bjorvatn B, Nordhus IH, et al. A new scale for measuring insomnia:
the Bergen Insomnia Scale. Percept Mot Skills 2008;107(3):691e706. https://
doi.org/10.2466/pms.107.3.691-706.

[34] American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. fifth ed. Washington: American Psychiatric Association Publishing;
2013.

[35] American Academy of Sleep Medicin e. International classification of sleep
disorders (ICSD-3). third ed. Darien, IL: American Academy of Sleep Medicine;
2014.

[36] Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991;14(6):540e5. https://doi.org/10.1093/sleep/
14.6.540.

[37] Johns MW. The official website of the epworth sleepiness scale (ESS) and the
epworth sleepiness scale for children and adolecents (ESS-CHADS). 2016.
Retrieved on Feb 3rd 2021 from, http://www.epworthsleepinessscale.com/.

[38] Strand BH, Dalgard OS, Tambs K, et al. Measuring the mental health status of
the Norwegian population: a comparison of the instruments SCL-25, SCL-10,
SCL-5 and MHI-5 (SF-36). Nord J Psychiatr 2003;57(2):113e8. https://doi.org/
10.1080/08039480310000932.

[39] Mong JA, Cusmano DM. Sex differences in sleep: impact of biological sex and
sex steroids. Philos Trans R Soc Lond B Biol Sci 2016;371(1688):20150110.
https://doi.org/10.1098/rstb.2015.0110.

[40] Choi JH, Lee B, Lee JY, et al. Relationship between sleep duration, sun expo-
sure, and serum 25-hydroxyvitamin D status: a cross-sectional study. Sci Rep
2020;10(1):4168. https://doi.org/10.1038/s41598-020-61061-8.

[41] Shiue I. Low vitamin D levels in adults with longer time to fall asleep: US
NHANES, 2005- 2006. Int J Cardiol 2013;168(5):5074e5. https://doi.org/
10.1016/j.ijcard.2013.07.195.

[42] Carlander B, Puech-Cathala AM, Jaussent I, et al. Low vitamin D in narcolepsy
with cataplexy. PLoS One 2011;6(5):e20433. https://doi.org/10.1371/
journal.pone.0020433.

[43] Dauvilliers Y, Evangelista E, Lopez R, et al. Vitamin D deficiency in type 1
narcolepsy: a reappraisal. Sleep Med 2017;29:1e6. https://doi.org/10.1016/
j.sleep.2016.05.008.

[44] Ekinci RMK, Balci S, Serbes M, et al. Decreased serum vitamin B(12) and
vitamin D levels affect sleep quality in children with familial Mediterranean
fever. Rheumatol Int 2018;38(1):83e7. https://doi.org/10.1007/s00296-017-
3883-2.

[45] Gunduz S, Kosger H, Aldemir S, et al. Sleep deprivation in the last trimester of
pregnancy and inadequate vitamin D: is there a relationship? J Chin Med
Assoc 2016;79(1):34e8. https://doi.org/10.1016/j.jcma.2015.06.017.

[46] Cheng TS, Loy SL, Cheung YB, et al. Plasma vitamin D deficiency is associated
with poor sleep quality and night-time eating at mid-pregnancy in Singapore.
Nutrients 2017;9(4):340. https://doi.org/10.3390/nu9040340.

[47] Mason C, de Dieu Tapsoba J, Duggan C, et al. Repletion of vitamin D associated
with deterioration of sleep quality among postmenopausal women. Prev Med
2016;93:166e70. https://doi.org/10.1016/j.ypmed.2016.09.035.

[48] Majid MS, Ahmad HS, Bizhan H, Hosein HZM, Mohammad A. The effect of
vitamin D supplement on the score and quality of sleep in 20-50 year-old
people with sleep disorders compared with control group. Nutr Neurosci
2018;21(7):511e9. https://doi.org/10.1080/1028415X.2017.1317395.

[49] Ghaderi A, Banafshe HR, Motmaen M, Rasouli-Azad M, Bahmani F, Asemi Z.
Clinical trial of the effects of vitamin D supplementation on psychological

https://doi.org/10.5664/jcsm.4758
https://doi.org/10.1093/sleep/33.5.585
https://doi.org/10.1016/j.sleh.2015.10.004
https://doi.org/10.1136/bmjopen-2014-006748
https://doi.org/10.1016/j.sleep.2013.10.009
https://doi.org/10.1002/jbm4.10459
https://doi.org/10.3390/nu10101395
https://doi.org/10.1016/j.mehy.2012.03.031
https://doi.org/10.1016/j.mehy.2012.03.031
https://doi.org/10.1002/cne.20770
https://doi.org/10.1002/cne.20770
https://doi.org/10.1111/j.1471-4159.1985.tb08735.x
https://doi.org/10.1016/j.jchemneu.2004.08.006
https://doi.org/10.2174/1381612826666200310145935
https://doi.org/10.1371/journal.pone.0141770
https://doi.org/10.1111/jsr.12084
https://doi.org/10.1111/jsr.12084
https://doi.org/10.1371/journal.pone.0219318
https://doi.org/10.1371/journal.pone.0219318
https://doi.org/10.1016/j.jad.2020.12.145
https://doi.org/10.1016/j.jad.2020.12.145
https://doi.org/10.5665/sleep.4914
https://doi.org/10.3390/nu10050575Doo 2018
https://doi.org/10.3390/nu10050575Doo 2018
https://doi.org/10.1111/jgs.13148
https://doi.org/10.2147/NSS.S275464
https://doi.org/10.2147/NSS.S275464
https://doi.org/10.1371/journal.pone.0229642
https://doi.org/10.5665/sleep.4408
https://doi.org/10.1371/journal.pone.0180901
https://doi.org/10.1371/journal.pone.0180901
https://doi.org/10.1186/s40557-017-0187-7
https://doi.org/10.1016/j.sleep.2019.01.046
https://doi.org/10.1016/j.sleep.2019.01.046
https://doi.org/10.5664/jcsm.2266
https://doi.org/10.5664/jcsm.2266
https://doi.org/10.1371/journal.pone.0103490
https://doi.org/10.1111/jsr.13095
https://doi.org/10.1562/2004-11-19-RN-375
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.2466/pms.107.3.691-706
https://doi.org/10.2466/pms.107.3.691-706
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref34
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref34
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref34
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref35
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref35
http://refhub.elsevier.com/S2590-1427(22)00015-5/sref35
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
http://www.epworthsleepinessscale.com/
https://doi.org/10.1080/08039480310000932
https://doi.org/10.1080/08039480310000932
https://doi.org/10.1098/rstb.2015.0110
https://doi.org/10.1038/s41598-020-61061-8
https://doi.org/10.1016/j.ijcard.2013.07.195
https://doi.org/10.1016/j.ijcard.2013.07.195
https://doi.org/10.1371/journal.pone.0020433
https://doi.org/10.1371/journal.pone.0020433
https://doi.org/10.1016/j.sleep.2016.05.008
https://doi.org/10.1016/j.sleep.2016.05.008
https://doi.org/10.1007/s00296-017-3883-2
https://doi.org/10.1007/s00296-017-3883-2
https://doi.org/10.1016/j.jcma.2015.06.017
https://doi.org/10.3390/nu9040340
https://doi.org/10.1016/j.ypmed.2016.09.035
https://doi.org/10.1080/1028415X.2017.1317395


A.U. Larsen, L.A. Hopstock, R. Jorde et al. Sleep Medicine: X 4 (2022) 100056
symptoms and metabolic profiles in maintenance methadone treatment pa-
tients. Prog Neuro-Psychopharmacol Biol Psychiatry 2017;79(Pt B):84e9.
https://doi.org/10.1016/j.pnpbp.2017.06.016.

[50] Sivertsen B, Friborg O, Pallesen S, Vedaa Ø, Hopstock LA. Sleep in the land of
the midnight sun and polar night: the Tromsø study. Chronobiol Int 2020:
1e9. https://doi.org/10.1080/07420528.2020.1845191.
10
[51] Withrow D, Roth T, Koshorek G, et al. Relation between ambulatory actig-
raphy and laboratory polysomnography in insomnia practice and research.
J Sleep Res 2019;28(4):e12854. https://doi.org/10.1111/jsr.12854.

[52] Jorde R. RCTS are the only appropriate way to demonstrate the role of vitamin
D in health. J Steroid Biochem Mol Biol 2018;177:10e4. https://doi.org/
10.1016/j.jsbmb.2017.05.004.

https://doi.org/10.1016/j.pnpbp.2017.06.016
https://doi.org/10.1080/07420528.2020.1845191
https://doi.org/10.1111/jsr.12854
https://doi.org/10.1016/j.jsbmb.2017.05.004
https://doi.org/10.1016/j.jsbmb.2017.05.004

	Associations of serum 25-hydroxyvitamin D and subjective sleep measures in an arctic population: Insights from the populati ...
	1. Introduction
	2. Materials and methods
	2.1. The Tromsø Study: population and study design
	2.2. Data collection
	2.2.1. Vitamin D and anthropometric measurements
	2.2.2. Self-reported sleep measures
	2.2.3. Covariates

	2.3. Statistical analyses
	2.4. Ethics

	3. Results
	3.1. Sample characteristics
	3.2. Self-reported sleep measures

	4. Discussion
	5. Conclusion
	Funding
	CRediT authorship contribution statement
	Declarations of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


