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Study Objectives: Low serum vitamin D levels are known to be associated with working conditions and poor sleep, but precedent studies on this issue were
limited by the absence of objective sleep measurements or clear distinction between daytime and night shift work. Hence, we aimed to examine serum vitamin D
levels and sleep in daytime and night-shift workers using actigraphy.
Methods: A total of 412 night-shift and 432 daytime workers at Seoul National University Bundang Hospital was recruited. All participants completed
questionnaires regarding demographic and clinical characteristics. They underwent blood tests for serum vitamin D levels. Objective sleep data were obtained from
150 night-shift workers and 203 daytime workers using actigraphy.
Results: There was no significant difference in serum vitamin D levels between night-shift and daytime workers after controlling for possible confounders. In
daytime workers, vitamin D deficiency was closely related to shorter duration of total sleep time (odds ratio [OR]: 3.07, 95% confidence interval [CI]: 1.51–6.26,
P = .002) and higher risk of excessive daytime sleepiness (OR: 2.20, 95% CI: 1.30–3.74, P = .003). Deficient vitamin D was also associated with life quality
impairment regarding psychological health (OR: 1.83, 95% CI: 1.07–3.29, P =.028) and social relationship (OR: 1.78, 95% CI: 1.10–2.88, P =.020). However, in
night-shift workers, no significant association was observed between serum vitamin D level and sleep parameters, depressive/anxiety symptoms, or quality of life.
Conclusions:Themodest adverse impact of poor vitamin D status on sleep could be attenuated by substantial shift work-related sleep disturbances in night-shift
workers. Further studies might be needed to clarify the beneficial effect of vitamin D supplementation for improving sleep and daytime sleepiness in workers with
various working conditions.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Vitamin D deficiency can cause sleep disturbances, and working conditions such as night shift work may influence
serum vitamin D levels. However, the relationship among vitamin D, sleep, and working conditions is not yet clearly established.
Study Impact: Night-shift work was not associated with serum vitamin D level. Vitamin D deficiency was directly related to short sleep duration and
excessive daytime sleepiness in daytime workers, but not in night-shift workers. Our findings suggest that vitamin D optimization could be recommended
for better control of sleep problems among workers without night-shift work and that modification of shift work schedules might need to be considered
for night-shift workers.

INTRODUCTION

Vitamin D is photosynthesized in skin via exposure to ultra-
violet B (UV-B) in sunlight. It acts as a fat-soluble hormone
with numerous physiological functions. Inadequate vitamin D
is associated with various health problems including mus-
culoskeletal disorders,1 cardiovascular diseases,2 depression,3

and even cancers.4 Vitamin D also plays a crucial role in
sleep regulation. Several studies have demonstrated that vita-
min D receptors are expressed in brain regions related to the
sleep-wake cycle.5,6 Vitamin D deficiency has been linked to
sleep disorders.7 Gominak et al8 have suggested that the world
epidemic of sleep disorders could be related to insufficient
vitamin D. Moreover, a couple of studies have shown that
vitamin D administration can improve sleep quality,9,10

supporting a causal relationship between low vitamin D and
sleep disturbances.

Poor sleep has been reported to cause a substantial health
and economic burden at workplace, includingwork injury11 and
decreased productivity.12 Working conditions including work
schedules could be associated factors for work-related sleep
problems. They might also exert an influence on serum vitamin
D levels, thereby affecting sleep of the working population. In
particular, shift work with night shifts can be a risk factor for
vitamin D deficiency, because nighttime workers might have
less opportunity for sunlight exposure compared with daytime
workers. However, the association between night-shift work
and vitamin D status has not been clearly established yet.
Several studies have reported that serum vitamin D levels
of night-shift workers are lower than those of daytime
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workers.13–15 However, these studies did not consider con-
founding factors that might affect serum vitamin D levels,
such as age, sex, seasonal variation, or other blood parameters
related to vitamin D metabolism.

The direct relationship between vitamin D status and sleep
may also be affected by working conditions such as night-shift
work. To the best of our knowledge, only one study has
evaluated the triadic link among shift work, vitamin D status,
and sleep in shift workers. Park and his colleagues16 conducted
a study with a large number of full-time workers and found no
direct effect of vitamin D on sleep quality in those with shift
work. However, the authors evaluated sleep quality based on
self-report questionnaires without objective sleep data collec-
tion. In addition, shift workers with and without night shifts
were classified as a single “shift workers” category. Therefore,
further well-designed studies are required for clarifying the
effect of serum vitamin D level on sleep in relation to night
shift work.

Thus, the objective of the current study was to examine the
relationship between serum vitamin D levels and working
conditions and explore the impact of vitamin D level on sleep
in night-shift and daytime workers. To overcome methodo-
logical shortcomings of precedent studies, including the lack
of objective sleep assessments and no clear distinction be-
tween day and night shifts, this studywas performed based on a
large number of night-shift and daytime workers using acti-
graphic sleep measures.

METHODS

Study population
A total of 844 employees of SeoulNationalUniversity Bundang
Hospital (SNUBH) participated in the current study from
November 2017 to January 2019. Our study population com-
prised 412 shift workers and 432 daytime workers aged from
20 to 65 years. In this study, those who worked ≥ 6 night shifts
(working hours of 6:00 PM to 8:00 AM, 7:00 PM to 7:00 AM, or
10:00 PM to 7:00 AM) in amonthwere categorized as “night-shift
workers.” Fixed daytime workers (working hours of 9:00 AM to
6:00 PM) and shiftworkerswith 2-shiftwork schedules (working
hours of 7:00 AM to 3:00 PMor 2:00 PM to 10:00 PM)without night
shifts were defined as “daytime workers.” Those with any
psychiatric disorders or sleep disorders including sleep-related
breathing disorder and restless legs syndrome were excluded.
Participants with premorbid severe medical illness such as
malignancy, uncontrolled cardiovascular or cerebrovascular
disease, hepatic or renal impairment, and respiratory disease
were also excluded from the present study. Informed consent
was obtained from all participants. This study was approved by
the Institutional Review Board of SNUBH (B-1710/424-301).

Serum vitamin D measurement
Serum 25-hydroxyvitamin D [25(OH)D] concentration was
adopted as an indicator for serum vitamin D level because
it is widely used for assessing and monitoring vitamin D
conditions.17VitaminDdeficiencywas defined as serum25(OH)

D < 10 ng/mL, according to the definition by the World
Health Organization.18

Blood samples were collected during the daytime (from
10:00 AM to 2:00 PM), and they were properly processed and
transported to the testing institute (Seoul Clinical Laboratories,
Seoul, South Korea). Serum concentration of 25(OH)D was
measured using a chemiluminescent immunoassay method.
Vitamin D is metabolized in the liver and kidney. Vitamin D
metabolism is interconnected to serum calcium and phosphate.19

For this reason, serum levels of calcium, phosphate, creatinine,
blood urea nitrogen, alanine transaminase, aspartate amino-
transferase, alkaline phosphatase, total bilirubin, and gamma
glutamyl transpeptidase were also measured as confounding
variables. Additionally, seasonal variation of serum vitamin D
level was considered as a major confounder due to seasonal
difference in sunlight UV-B intensity. Our study participants
were categorized into 2 groups according to the season of
blood test: “spring and winter (December to May)” group and
“summer and autumn (June to November)” group. Precedent
studies have revealed that mean levels of serum 25(OH)D in
Korean adults are significantly higher in summer and autumn
compared with those in spring and winter.20,21

Demographic and clinical characteristics
Demographic and anthropometric data were obtained, includ-
ing age, sex, body mass index, marital status, education level,
current smoking status, drinking habits, caffeine consumption,
physical activity, and vitamin D supplementation. As for
drinking habits, participants were grouped as positive if they
had consumed any alcohol at least once a week.With regard to
physical activity, those who performed any kind of exercise
for at least 30 minutes each, twice a week were classified as
positive. In addition, medical comorbidities such as hyper-
tension, diabetes, gastrointestinal diseases, and chronic pain
were examined.

Clinical information was gathered through self-report ques-
tionnaires regarding sleep quality, daytime sleepiness, chronotypes,
depressive and anxiety symptoms, fatigue, resilience, and quality of
life. The Pittsburgh sleep-quality index (PSQI)was used to estimate
self-reported sleep quality. A total PSQI score > 5 is considered
to demonstrate self-reported poor sleep quality.22 Daytime
sleepiness was evaluated with Epworth Sleepiness Scale (ESS).
ESS scores of 11–24 represent excessive daytime sleepiness
(EDS).23 Chronotypes of participants were assessed with
Morningness–Eveningness Questionnaire (MEQ). Those with
MEQ scores of 59–86, 42–58, and 16–41 are defined as
morning, intermediate, and evening types, respectively.24

Hospital Anxiety and Depression Scale (HADS), which con-
sists of 14 items (7 items each for depression and anxiety), was
also used, with higher scores indicating severe symptoms of
anxiety and depression.25 The Fatigue Severity Scale (FSS) was
also adopted in this study, with global FSS score ≥ 36 meaning
abnormal fatigue level.26 The Connor–Davidson Resilience
Scale (CD-RISC)was used to evaluate psychological resilience.
Its total score ranges from 0 to 100, with higher scores reflecting
greater resilience.27 Quality of Life Scale abbreviated version
(QOL-BREF) was introduced for the assessment of quality of
daily life. TheQOL-BREF scale has 4 domains (physical health,
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psychological health, social relationship, and environmental
health). The score of each domain ranges from 0 to 100, with
higher scores denoting better life quality in the domain of
interest.28 Although there is no established cut-off point for
defining poor quality of life, a couple of studies have indi-
cated that a score of less than 60 can adequately detect life
quality impairment.29,30

Actigraphic sleep assessment
Of enrolled study participants, those who volunteered were
included for objective sleep assessments using wrist actig-
raphy. Participants were instructed to wear an accelerome-
ter (wGT3X-BT, ActiGraph, LLC, Pensacola, FL) on their
nondominant wrist for 14 consecutive days. During the period
of actigraphic recordings, individuals kept a daily sleep diary
of the time they spent in bed, which was considered as time in
bed. The wGT3X-BT estimated sleep-wake status by cap-
turing and recording physical activity. ActiLife 6 software
(ActiGraph, LLC, Pensacola, FL) was used to analyze raw
data and calculate the following 4 sleep parameters: total sleep
time (TST; the number of minutes spent asleep), sleep effi-
ciency (SE, the ratio of TST to time in bed), sleep onset latency
(the number of minutes taken to fall asleep), and wake after
sleep onset (WASO, the number of minutes of wakefulness
after sleep onset). A total of 376 participants underwent
actigraphic recordings. Data of participants who made proper
use of devices as instructed for at least 7 days were analyzed.
Finally, data from 150 night-shift workers and 203 daytime
workers were included for the analysis of objective sleep
estimates. According to sleep parameters from actigraphy,
3 types of sleep disturbances were defined as follows: TST ≤ 6
hours, SE ≤ 85%, and WASO ≥ 30 min. These cut-off values
were determined based on treatment goals of the practice
guideline for chronic insomnia disorders in adults.31

Statistical analysis
All statistical analyses were carried out using SPSS version
25.0 for Windows (SPSS, Chicago, IL). Two-tailed P value
of < .05 was considered statistically significant for all statistical
analyses. Demographic and clinical characteristics were com-
pared between 2 groups using independent t test for continuous
variables and chi-square test for categorical variables. Scores
of PSQI, ESS, MEQ, HADS, FSS, CD-RISC, and QOL-BREF
were analyzed by analysis of covariance. For evaluating dif-
ferences in serum vitamin D levels according to working
conditions and season of blood test, independent t test and
analysis of covariance adjusted for possible confounders were
used. To identify associated factors for vitamin D deficiency,
age, sex, season of blood test, current smoking status, drinking
habits, use of vitamin D supplement, and night shift work were
included as independent variables for multiple logistic re-
gression analysis. Partial correlation analysis controlling
for age and sex was also conducted to examine relation-
ships between serum vitamin D levels and scores of PSQI,
ESS, FSS, QOL-BREF, and objective sleep parameters by
actigraphy. Finally, odds ratios were determined for both
sleep disturbances and life quality impairments by vitamin D

deficiency bymultiple logistic regression analysis controlling
for potential covariates.

RESULTS

Demographic and clinical characteristics
Results of comparison of demographic and clinical information
between daytime workers and night-shift workers are described
in Table 1. Night-shift workers were female-dominant and
younger. They had less bodymass index and higher education
level. Proportions of being married and current smoker were
higher in daytime workers. They consumedmore caffeine and
less alcohol compared with those with night shifts. In addi-
tion, regular physical activity was more common in daytime
workers. As expected, night-shift workers experienced poorer
sleep quality, more severe degree of daytime sleepiness,
anxiety/depressive symptoms, fatigue, and worse quality of
life. They were at increased risk of self-reported poor sleep
quality (PSQI score > 5) and developing EDS (ESS score > 10).
Also, a circadian preference for evening and lower psycho-
logical resilience were more frequently found in night-shift
workers. With regard to objective sleep estimates, night-shift
workers showed greater WASO and lower SE compared with
daytime workers. However, there was no significant difference
between those with and without actigraphic assessments in age,
sex and serum vitamin D levels.

Serum vitamin D levels
Table 2 shows the comparison of vitamin D status between
daytime workers and night-shift workers. There was a signif-
icant difference in mean serum concentration of 25(OH)D
between the 2 groups. However, this significance was lost after
adjusting for possible confounders such as age, sex, season of
blood test, and other blood parameters. In addition, the prev-
alence of vitamin D deficiency did not differ substantially
between night-shift workers and daytime workers. Since vita-
min D supplement use was more common in daytime workers
comparedwith that in night-shift workers, 25(OH)D levelswere
examined after excluding those on vitamin D supplement for
additional analysis. Still, no significant difference was found in
serum 25(OH)D concentration between night-shift workers and
daytime workers after adjusting for confounders (14.06 ng/mL
vs 14.17 ng/mL, P = .847).

Figure 1 describes the differences of serum vitamin D levels
according to the season of blood test after controlling for age,
sex, serum levels of calcium, phosphate, creatinine, blood urea
nitrogen, alanine transaminase, aspartate aminotransferase,
alkaline phosphatase, total bilirubin, and gamma glutamyl
transpeptidase. In night-shift workers, themean serum25(OH)
D concentration of those who underwent blood tests during
spring and winter was significantly lower than that of those
with blood tests during summer and autumn (12.56 ng/mL vs
15.05 ng/mL, P < .001). Meanwhile, there was no significant
difference in serum vitamin D level according to the season
of blood test in daytime workers (15.01 ng/mL vs 14.90 ng/mL,
P= .898). In all participants, therewas a trend-level difference in
serum vitamin D level between participants with blood tests
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during winter and spring and those with blood tests during
summer and autumn (13.76 ng/mL vs 14.75 ng/mL, P = .055).

Night-shift work was not associated with vitamin D defi-
ciency (odds ratio [OR]: 0.81, 95% confidence interval [CI]:
0.59–1.12, P = .197) after multiple logistic regression analysis
using all participants. In contrast, blood test during spring
and winter season was found to be a risk factor for the de-
velopment of vitamin D deficiency with the same analysis
method (OR: 1.59, 95% CI: 1.14–2.21, P = .006).

Impacts of serum vitamin D on sleep and quality of life
Table 3 compares clinical factors between those with and
without vitamin D deficiency among daytime workers. Those
with deficient vitamin D showed shorter total sleep time and
more severe symptoms of daytime sleepiness. In addition,
they had higher proportion of those with short sleep duration
(TST ≤ 6 hours) (39.7% vs 23.0%) and EDS (28.1% vs 13.6%)

(Figure 2). They also reported more evening-type orientation
and worse life quality in domains of psychological health
and social relationship. Impacts of vitamin D deficiency
among night-shift workers are described in Table 4. No
significant difference was observed between the 2 groups in
all clinical parameters evaluated, including self-reported sleep
quality, actigraphy-measured sleep variables, and other psychiatric/
psychological characteristics.

Correlation analysis results revealed that age was directly
proportional to serum 25(OH)D level in both daytime workers
(r = .211,P< .001) andnight-shiftworkers (r = .103,P= .036). In
daytime workers, serum 25(OH)D concentration was sig-
nificantly correlated with objective total sleep time (r = .226,
P = .001) and the score of social relationship domain of
QOL-BREF (r = .105, P =.029). Also, a trend-level inverse
correlation was observed between serum vitamin D level and
the severity of daytime sleepiness (r = −.083, P = .085).

Table 1—Comparison of demographic and clinical characteristics between night-shift workers and daytime workers.

Characteristics Daytime Workers (n = 432) Night-Shift Workers (n = 412) P

Sex, male 43 (10.0) 25 (6.1) .038

Age, years 36.39 ± 11.38 29.02 ± 6.99 < .001

Body mass index, kg/m2 21.83 ± 2.82 21.08 ± 2.79 < .001

Marital status, married 212 (49.1) 91 (22.1) < .001

Education, college graduates 346 (80.1) 390 (94.7) < .001

Current smoking 24 (5.6) 6 (1.5) .001

Drinking 206 (47.7) 259 (62.9) < .001

Caffeine consumption, cups/day 1.29 ± .98 1.14 ± .85 .014

Physical activity 165 (38.2) 129 (31.3) .036

Medical comorbidities 72 (16.7) 59 (14.3) .347

PSQI*, score 6.17 ± .16 8.44 ± .16 < .001

Self-reported poor sleep quality (PSQI > 5) 209 (48.4) 325 (78.9) < .001

ESS*, score 7.85 ± .16 8.48 ± .16 .007

Excessive daytime sleepiness (ESS > 10) 80 (18.5) 124 (30.1) < .001

MEQ*, score 46.97 ± .36 42.75 ± .37 < .001

HADS*, score 10.95 ± .28 13.41 ± .29 < .001

FSS*, score 29.68 ± .54 34.78 ± .55 < .001

CD-RISC*, score 64.04 ± .68 61.92 ± .70 .036

QOL-BREF-physical health*, score 67.59 ± .73 61.50 ± .75 < .001

QOL-BREF-psychological health*, score 64.53 ± .76 61.14 ± .78 .003

QOL-BREF-social relationship*, score 65.09 ± .78 62.09 ± .80 .010

QOL-BREF-environmental health*, score 67.83 ± .70 64.33 ± .72 .001

Actigraphy*,†

Sleep onset latency, min 5.70 ± .29 5.60 ± .34 .834

Total sleep time, min 391.16 ± 3.05 399.52 ± 3.58 .085

Sleep efficiency, % 85.94 ± .33 83.94 ± .39 < .001

Wake after sleep onset, min 58.87 ± 1.67 70.47 ± 1.97 < .001

Data are presented as mean ± standard deviation for numerical data and number (percentage) for categorized data. *Data are presented as adjusted
means ± standard error. Analysis of covariance was performed after controlling for age and sex. †Analysis was performed for 150 night-shift workers and
203 daytime workers. CD-RISC = Connor–Davidson resilience scale, ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, HADS = Hospital
Anxiety and Depression Scale, MEQ = Morningness–Eveningness Questionnaire, PSQI = Pittsburgh Sleep Quality Index, QOL-BREF = Quality of Life
Scale Abbreviated Version.
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In contrast, among night shift workers, vitamin D status
exhibited no significant association with any sleep parameter
or life quality index after partial correlation analysis.

Table 5 presents adjusted odds ratios for sleep disturbances
and life quality impairments by vitamin D deficiency after
controlling for relevant factors that might affect sleep and
quality of life, respectively. In daytime workers, vitamin D
deficiency was significantly associated with increased risk

of EDS (OR: 2.20, 95% CI: 1.30–3.74, P = .003) and short sleep
duration (OR: 3.07, 95% CI: 1.51–6.26, P = .002). In this
group, vitamin D deficiency was observed to be a risk factor
for impaired quality of life related to psychological health
(OR: 1.83, 95%CI: 1.07–3.29, P = .028) and social relationship
(OR: 1.78, 95% CI: 1.10–2.88, P = .020). However, vitamin D
deficiency was not related to sleep disturbance or poor life
quality among night-shift workers.

DISCUSSION

The present study demonstrated that night shift work had no
noticeable association with vitamin D status since no difference
was observed in mean serum 25(OH)D concentration between
night-shift workers and daytime workers. With regard to the
relationship between serum vitamin D and sleep, vitamin D
deficiency was closely associated with sleep problems, in-
cluding excessive daytime sleepiness and short sleep duration
among daytime workers. Deficient vitamin D also resulted in
life quality impairments in participants without night shift
work. However, inadequate vitamin D had no direct effect on
sleep or quality of life in night-shift workers.

In our studypopulation, sleep problems, such as self-reported
poor sleep quality, sleepmaintenance difficulties, and excessive
daytime sleepiness, were more common among night-shift
workers. Night-shift workers also experienced more severe
depression, anxiety, fatigue, and impaired quality of life

Table 2—Comparison of serum vitamin D levels and other blood parameters between night-shift workers and daytime workers.

Characteristics Daytime Workers (n = 432) Night-Shift Workers (n = 412) P

25-hydroxyvitamin D, ng/mL

Crude model 14.95 ± 8.37 13.22 ± 5.79 < .001

Adjusted model 14.25 ± .36 13.96 ± .37 .597

Blood parameters

Calcium, mg/dL 9.41 ± .34 9.27 ± .34 < .001

Phosphate, mg/dL 3.79 ± .54 4.00 ± .65 < .001

Creatinine, mg/dL 0.68 ± .12 0.65 ± .10 .001

Blood urea nitrogen, mg/dL 12.46 ± 3.29 12.32 ± 2.82 .511

Alanine transaminase, IU/L 18.88 ± 13.47 16.57 ± 11.29 < .001

Aspartate aminotransferase, IU/L 22.17 ± 7.29 20.42 ± 5.46 .007

Alkaline phosphatase, IU/L 57.92 ± 17.69 53.37 ± 13.07 < .001

Total bilirubin, mg/dL 0.62 ± .22 0.64 ± .28 .247

Gamma glutamyl transpeptidase, IU/L 18.76 ± 17.73 14.50 ± 9.40 < .001

Season of blood test, n (%) < .001

Spring and winter (December to May) 247 (57.2) 300 (72.8)

Summer and autumn (June to November) 185 (42.8) 112 (27.2)

Vitamin D supplement use, n (%) 25 (5.8) 11 (2.7) .025

Vitamin D deficiency, n (%) 146 (33.8) 133 (32.3) .661

Data are presented as mean ± standard deviation (SD) for numerical data and number (percentage) for categorized data. Crude model: data are presented
as mean ± SD. Independent t test was performed. Adjusted model: data are presented as adjusted means ± standard error. Analysis of covariance was
performed after controlling for age, sex, season of blood test, serum levels of calcium, phosphate, creatinine, blood urea nitrogen, alanine transaminase,
aspartate aminotransferase, alkaline phosphatase, total bilirubin, and gamma glutamyl transpeptidase.

Figure 1—Differences of serum vitamin D levels according
to the season of blood test.
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compared with their day-working counterparts, although they
did not have additional diagnoses of depressive or anxiety
disorders because we excluded workers with any psychiatric
disorders. Many studies have documented harmful health conse-
quences of shift work, such as disturbed sleep/wakefulness,32

depression,16 anxiety,33 fatigue,34 and quality of life.35 Shift
work-induced circadian misalignment and stressful working

conditions may lead to chronic fatigue, anxiety, depression,
neuroticism, and sleep disorders.36

Our results regarding serum vitamin D levels were incon-
sistent with findings of previous studies, suggesting that shift
workmight correlatewith lowvitaminD status.13–15Differences
in statistical analysis methods could be a plausible explanation
for such discrepancy. As mentioned above, most of precedent
reports were based on the comparison of serum 25(OH)D
concentrations by crude analysis without adjusting for con-
founding variables such as age, sex, seasonal variation, or
factors related to vitamin D metabolism. Likewise, significant
relationship between night shift work and serum vitamin D
levels was found in the present study based on a crude analysis.
However, this relationship disappeared after controlling for
possible confounders. Similar to our findings, Itoh et al37 ob-
served no significant difference in serum 25(OH)D concen-
trations among Japanese workers with and without shift work
after adjusting for age. Nakamura and his colleagues38 also
found no impact of working night shifts on serum vitamin D
status after controlling for age and sunshine duration. Another
possible interpretation of our negative finding could be that the
influence of sex and agemay offset the impact of shift work on
vitamin D status. A large Korean population-based study
showed that women and young adults were more vulnerable
to vitamin D deficiency, possibly due to frequent use of
sunblock, dress style, and preference for indoor activity.21 Since
the majority of our study participants were young women

Table 3—Comparison of clinical characteristics between those with and without vitamin D deficiency among daytime workers.

Characteristics With Vitamin D Deficiency (n = 146) Without Vitamin D Deficiency (n = 286) P

Sex, male 7 (4.8) 36 (12.6) .010

Age*, years 34.60 ± 11.16 37.30 ± 11.41 .019

PSQI, score 6.29 ± .24 6.04 ± .17 .400

Self-reported poor sleep quality (PSQI > 5) 69 (47.3) 140 (49.0) .761

ESS, score 8.07 ± .24 7.36 ± .17 .018

Excessive daytime sleepiness (ESS > 10) 41 (28.1) 39 (13.6) < .001

MEQ, score 47.30 ± .59 48.79 ± .42 .042

HADS, score 11.21 ± .43 10.73 ± .31 .369

FSS, score 29.21 ± .90 27.86 ± .64 .225

CD-RISC, score 65.06 ± 1.13 64.64 ± .80 .763

QOL-BREF-physical health, score 66.04 ± 1.15 68.01 ± .81 .164

QOL-BREF-psychological health, score 62.53 ± 1.20 65.58 ± .85 .040

QOL-BREF-social relationship, score 61.84 ± 1.27 65.31 ± .91 .028

QOL-BREF-environmental health, score 66.33 ± 1.17 67.78 ± .83 .318

Actigraphy†

Sleep onset latency, min 5.05 ± .52 5.78 ± .37 .256

Total sleep time, min 375.20 ± 5.32 391.03 ± 3.76 .017

Sleep efficiency, % 85.76 ± .54 85.88 ± .38 .863

Wake after sleep onset, min 57.88 ± 2.67 58.82 ± 1.89 .775

Data are presented as adjusted means ± standard error for numerical data and number (percentage) for categorized data. Analysis of covariance
was performed after controlling for age and sex. *Data are presented as means ± standard deviation. †Analysis was performed for 203 daytime workers.
CD-RISC = Connor–Davidson resilience scale, ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, HADS = Hospital Anxiety and Depression
Scale, MEQ = Morningness–Eveningness Questionnaire, PSQI = Pittsburgh Sleep Quality Index, QOL-BREF = Quality of Life Scale Abbreviated Version.

Figure 2—Prevalence of excessive daytime sleepiness and
short sleep duration in daytime workers.
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under age 40 years, shift work-related differences in serum
vitamin D levels might have been attenuated due to underlying
prevailing low serum vitamin D in our study population.

This study revealed a significant seasonal difference in serum
vitaminD level among night-shift workers, in line with findings
from existing surveys based on the general adult population in
Korea.20,21 Interestingly, this seasonal variation was not found

among daytime workers. One hypothesis is that night-shift
workers might be more vulnerable to the effect of short
day-length in winter and spring since they already have less
opportunity for sunlight exposure than their daytime coun-
terparts. In addition, daytime workers might have spent less
time outside during summer day due to hot and humid weather,
which can attenuate the association between vitamin D and

Table 4—Comparison of clinical characteristics between those with and without vitamin D deficiency among night-shift workers.

Characteristics With Vitamin D Deficiency (n=133) Without Vitamin D Deficiency (n=279) P

Sex, male 4 (3.0) 21 (7.5) .072

Age*, years 29.84 ± 8.26 28.63 ± 6.28 .136

PSQI, score 8.28 ± .29 8.58 ± .20 .394

Self-reported poor sleep quality (PSQI > 5) 105 (78.9) 220 (78.9) 1.000

ESS, score 8.38 ± .29 8.91 ± .20 .137

Excessive daytime sleepiness (ESS > 10) 37 (27.8) 87 (31.2) .566

MEQ, score 41.31 ± .62 41.40 ± .43 .910

HADS, score 13.46 ± .53 13.47 ± .37 .988

FSS, score 35.47 ± .94 36.57 ± .65 .338

CD-RISC, score 60.42 ± 1.20 61.48 ± .83 .467

QOL-BREF-physical health, score 62.63 ± 1.37 61.33 ± .94 .437

QOL-BREF-psychological health, score 60.46 ± 1.40 61.43 ± .96 .570

QOL-BREF-social relationship, score 62.44 ± 1.39 63.40 ± .96 .572

QOL-BREF-environmental health, score 63.60 ± 1.23 65.52 ± .84 .198

Actigraphy†

Sleep onset latency, min 5.43 ± .60 5.97 ± .36 .444

Total sleep time, min 410.89 ± 6.32 405.41 ± 3.79 .460

Sleep efficiency, % 84.52 ± .77 83.91 ± .46 .497

Wake after sleep onset, min 70.40 ± 3.95 71.16 ± 2.37 .869

Data are presented as adjusted means ± standard error for numerical data and number (percentage) for categorized data. Analysis of covariance
was performed after controlling for age and sex. *Data are presented as means ± standard deviation. †Analysis was performed for 150 night-shift workers.
CD-RISC = Connor–Davidson resilience scale, ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, HADS = Hospital Anxiety and Depression
Scale, MEQ = Morningness–Eveningness Questionnaire, PSQI = Pittsburgh Sleep Quality Index, QOL-BREF = Quality of Life Scale Abbreviated Version.

Table 5—Adjusted odds ratios for sleep disturbances and life quality impairment by vitamin D deficiency.

Sleep Disturbances and Life Quality Impairment
Vitamin D Deficiency

Daytime Workers (n = 432) Night-Shift Workers (n = 412)

OR (95% CI) P OR (95% CI) P

Self-reported poor sleep quality (PSQI > 5) 0.78 (.50–1.22) .281 .98 (.55–1.74) .934

Excessive daytime sleepiness (ESS > 10) 2.20 (1.30–3.74) .003 .88 (.54–1.42) .592

Total sleep time ≤ 6 hours* 3.07 (1.51–6.26) .002 1.10 (.32–3.74) .879

Sleep efficiency ≤ 85%* 1.62 (.86–3.06) .137 .76 (.35–1.64) .489

Wake after sleep onset ≥ 30 min* 0.61 (.22–1.73) .352 .47 (.02–13.43) .659

QOL-BREF-psychological health score < 60† 1.83 (1.07–3.29) .028 1.07 (.60–1.91) .818

QOL-BREF-social relationship score < 60† 1.78 (1.10–2.88) .020 1.06 (.60–1.88) .844

Multiple logistic regression analysis was performed controlling for age, sex, body mass index, current smoking status, drinking habits, caffeine consumption,
physical activity, medical comorbidities, MEQ scores and HADS scores. *Analysis was performed for 150 night-shift workers and 203 daytime workers.
†Analysis was performed after controlling for age, sex, body mass index, current smoking status, drinking habits, physical activity, medical comorbidities,
CD-RISC = Connor–Davidson resilience scale, CI, confidence interval, ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, HADS = Hospital
Anxiety and Depression Scale, MEQ = Morningness–Eveningness Questionnaire, OR = odds ratio, PSQI = Pittsburgh Sleep Quality Index, QOL-BREF =
Quality of Life Scale Abbreviated Version.
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seasonal variation of UV-B intensity. Meanwhile, regarding a
diurnal rhythm of vitamin D, there is some evidence that the
serum vitamin D levels reach the peak at midday and decline in
the evening.39,40 However, we obtained all the blood samples
during the daytime and thereby the effects of circadian variation
of vitamin D might be minimal.

Daytimeworkers with vitamin D deficiency had an increased
risk of manifesting EDS in the present study. Inconsistent
with our findings, several studies have reported a significant
relationship between symptoms of daytime somnolence and
vitamin D. McCarty and colleagues41 revealed an inverse
correlation between 25(OH)D levels and sleepiness in those
with serum 25(OH)D ≥ 20 ng/mL. Another study based on a
large US adult population showed that serum vitamin D levels
are inversely associated with daytime sleepiness in adults.42

Also, 2 case studies showed therapeutic effects of vitamin D
supplementation for excessive daytime sleepiness in patients
with low serum vitamin D.43,44 Although the physiological
mechanism behind this relationship has not been clearly
established yet, EDS could be a phenomenon of immune
dysregulation due to insufficient vitamin D. Precedent studies
on this topic have suggested that effects of vitamin D on
components of inflammatory pathways, including tumor
necrosis factor-alpha, nuclear factor-kappa B, and prosta-
glandin D2, may decrease central nervous system homeo-
static sleep pressure.41,45,46

We discovered a positive correlation between serum vitamin
D levels and objectively measured total sleep time among
daytime workers. Consistent with this result, vitamin D defi-
ciencywas found to be an associated factor for a decrease in total
sleep time. A number of previous studies could support these
results. The improvement of self-reported sleep duration due to
vitamin D supplementation was observed in 20- to 50-year-old
peoplewith sleep disorders9 and chronic pain patients.10A study
ofMassa et al47 also verified the relationship between low serum
vitamin D and short sleep duration objectively measured by
actigraphy. In addition, a systemic review of 9 studies on this
issue indicated that vitamin D deficiency is linked to short
sleep duration.7

Contrary to our expectations, insufficient vitamin D had no
significant influence on sleep among night-shift workers. One
plausible explanation could be that considerable adverse effects
of night-shift work on sleep might have masked the modest
impact of inadequate serum vitamin D. Although there are nu-
merous reports dealing with shift work, sleep, and vitamin D, the
exact relationships among these 3 variables are not clearly
established yet. A pathway analysis demonstrated that while
shift work per se may cause both poor sleep quality and poor
vitamin D status, serum vitamin D levels were not correlated
with sleep quality among shift workers,16 supporting our results.
Furthermore, to the authors’ knowledge, the mean serum
25(OH)Dconcentrationof13.22ng/mL innight-shiftworkerswas
the lowest among all study samples in precedent studies on this
topic. Therefore, the relationship between vitamin D and sleep
quality might be attenuated due to these extraordinarily low
vitaminD levels in our study participants with night-shift work.

Our data suggested that vitaminDdeficiency could be associated
with life quality impairments concerning psychological health and

social relationship in daytime workers. Some previous studies
have found that vitamin D supplementation can improve self-
reported quality of life, such as mental health and social
functioning,10,48 supporting our results.One possible biological
mechanism of these findings could be that adequate vitamin D
can reduce psychological stress by downregulating inflam-
matory mediators such as nuclear factor-kappa B.49 However,
contrary to our findings, a recent systematic review focusing
on vitamin D and health-related quality of life reported that
long-term vitamin D supplementation has no beneficial effects
on quality of life.50 Further research is required to elucidate
the exact relationship between vitamin D and life quality.

This study has several limitations. First,we cannot generalize
our findings to all workers with and without night-shift work
since most of our study population were female health care
workers under age 40 years. In particular, nearly 70% of night-
shift workers in our study sample were female nurses in their
twenties. They could not represent night-shift workers in the
whole working population. Second, we could not obtain in-
formation on exposure to sunlight such as the amount of outdoor
activity and dietary intake of vitamin D. Hence, residual con-
founding effects of these potential covariates could affect our
results on serum vitamin D levels. Third, objective sleep data
were collected from thosewho volunteered and less than a half
of all participants underwent actigraphic assessment. Al-
thoughwe found no difference in basic demographics between
participants with and without objective sleep evaluation, se-
lection bias could not be ruled out. Finally, there were indi-
vidual differences in the frequency of night shifts during the
actigraphic recording among night-shift workers. These indi-
vidual differences in the frequency of night shifts could affect
the outcome of our analysis, but these differences might be
unavoidable in the real-world work setting.

In conclusion, there was no direct relationship between
night-shift work and serum vitamin D levels. Furthermore,
insufficient vitamin D was associated with sleep problems in
daytime workers, but not in night-shift workers. Shift work-related
sleep disturbances in night-shift workers may offset the adverse
effect of insufficient vitamin D on sleep. Considering adverse
impacts of vitamin D deficiency, vitamin D supplementation
should be highly recommended in workers with daytime
working hours. Moreover, in addition to the correction of
insufficient vitamin D, sleep-promoting shift work schedules
such as flexible working hours and less frequent night shifts
might be helpful for ameliorating sleep problems in night-
shift workers. Further studies are needed to clarify beneficial
effects of vitamin D optimization for improving sleep and
daytime sleepiness inworkerswith variousworking conditions.

ABBREVIATIONS

25(OH)D, 25-hydroxyvitamin D
CD-RISC, Connor–Davidson Resilience Scale
CI, confidence interval
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
FSS, Fatigue Severity Scale
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HADS, Hospital Anxiety and Depression Scale
MEQ, Morningness–Eveningness Questionnaire
OR, odds ratio
PSQI, Pittsburgh Sleep Quality Index
QOL-BREF, Quality of Life Scale Abbreviated Version
SE, sleep efficiency
SNUBH, Seoul National University Bundang Hospital
TST, total sleep time
UV-B, ultraviolet B
WASO, wake after sleep onset
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