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Is There an Association
Between Serum Levels of
Vitamin D, Sleep Quantity, and
Sleep Quality in Health Care
Workers?
Data From the Azar Cohort Study
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The association between serum vitamin D levels and sleep quantity and quality was evaluated
in this cross-sectional study, which was conducted on 1428 health care workers enrolled in
the health care worker cohort study. Demographic characteristics, anthropometry, blood pres-
sure, sleep quality using the Pittsburgh Sleep Questionnaire Inventory (PSQI), and serum levels
of 25(OH) vitamin D were noted. The prevalence of vitamin D insufficiency and deficiency in
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health care workers was 26.6% and 49.5%, respectively. Generally, 90.3% of the participants rated
their sleep as fairly good or very good and the mean PSQI score was 4.69 ± 2.5. Only a small
number of participants had sleep efficiency less than 65% (2.3%). There was no significant as-
sociation between vitamin D levels and PSQI components (P > .05), possibly because most
participants had good sleep quality. Key words: cohort study, health care worker, Pittsburgh
Sleep Questionnaire Inventory, sleep quality, sleep quantity, vitamin D

V ITAMIN D (25-hydroxy vitamin D
[25(OH)D]) deficiency is relatively

common in Europe, Canada, and the United
States, with about 5.9% to 13% and 24% to
40% of individuals having 25(OH)D levels
below 30 and 50 nmol/L, respectively.1-3 In
Iran, vitamin D deficiency rates vary from
30% to 90% among different age groups and
regions.4-6 Food sources of vitamin D are
limited, but vitamin D can be synthesized
endogenously in the skin by direct exposure
to sunlight. Factors such as high latitude,
dark skin pigments, old age, and sunscreen or
protective clothing can affect the production
of this vitamin.7 Vitamin D as a fat-soluble
vitamin plays a vital function in bone and
calcium homeostasis and possibly plays a
role in cancer, blood pressure, and blood
glucose control, as well as may impart
anti-inflammatory effects.8,9

Vitamin D has also been associated with
various aspects of quality of life, including
sleep quality.10 However, it was demonstrated
that sleep quality can decrease with increas-
ing vitamin D levels.11 A systematic review
has revealed mixed results on the effect of vi-
tamin D on sleep.12 The prevalence of poor
sleep quality is high among adults, represent-
ing a paramount public health concern.13-15

This issue is particularly prominent among
health care workers.16,17 Poor sleep qual-
ity can cause impaired physical and mental
health, cognitive decline, low quality of life,
and an increase in health care costs.18,19

Moreover, increased risk of work injury
and a negative correlation between anxiety
and sleep problems in health care work-
ers have been reported.20,21 Several sleep
quality-related problems like short sleep du-
ration, sleep fragmentation, and lower sleep
efficiency have been reported in associa-
tion with low vitamin D status in different

populations.22-24 Currently, there are contra-
dicting results of randomized controlled trials
evaluating the effects of vitamin D supple-
mentation on sleep quantity and quality.25,26

Due to the high prevalence of vitamin D defi-
ciency in Iran and worldwide, delineating an
association between vitamin D and quantity
and quality of sleep can be helpful in im-
plementing clinical and preventive practices.
This study aimed to evaluate the association
between serum vitamin D with sleep quan-
tity and quality using the validated Persian
version of the Pittsburgh Sleep Questionnaire
Inventory (PSQI)27 for the first time among
health care workers in Iran.

METHODS

Study design and population

This cross-sectional study used data from
health care workers enrolled in the Health
Care Worker Cohort study (AZAR cohort
study), which is a part of the PERSIAN
cohort.28 The Liver and Gastrointestinal Dis-
eases Research Center of Tabriz University of
Medical Sciences, Tabriz, Iran, conducted this
investigation.29 The institutional ethics com-
mittee approved the study protocol (Ethical
code: IR.TBZMED.REC.1400.619) and writ-
ten informed consent was obtained from all
participants.

This study was conducted on 1428 health
care workers of the Tabriz University of Med-
ical Sciences who were at the enrollment
phase of a health care worker cohort study
during 2019 to 2020. The participants were
selected from different parts of the university,
including schools, hospitals, health centers,
etc. Data were collected to monitor the
long-term health status of the participants in
a cross-sectional manner. Under a unique pro-
tocol, all questionnaires were completed and
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examinations were performed on the same
day at the same place.

Participants included full-time and long-
term contract employees aged 18 to 65 years
who were not pregnant or breastfeeding and
were not planning to retire within the next 5
years.

Demographic characteristics

Demographic characteristics were evalu-
ated using a questionnaire that included the
following items: age, gender, marital status,
and education level.

Measure of sleep

The PSQI was used to assess sleep qual-
ity, which was translated and validated in
Persian.27 This subjective scale features 19
multiple-choice questions concerning the
quality of sleep, the delay until falling asleep,
sleep problems, use of hypnotic drugs, and
interference with day-to-day activities due to
daytime sleepiness. The total score ranges
from 0 to 21 and is made up of 7 components
(each scored between 0 and 3). Total scores
above 5 indicate poor sleep quality.30 The
standard scoring system was used to calculate
the PSQI scores.30

Anthropometry and blood pressure

Weight, height, and waist circumference of
all participants were measured. Body mass in-
dex was calculated by dividing weight (kg) by
height (m) squared. The details regarding the
anthropometric measurements are reported
on the AZAR cohort profile.29 A trained nurse
measured each participant’s blood pressure
twice for each arm during a 2-minute interval
using a mercury sphygmomanometer (Rudolf
Richter; DE-72417; Germany). The subjects
rested for 10 minutes before the measure-
ments. The mean values were taken as the
systolic and diastolic blood pressures.

Assessment of 25(OH)D concentration

After overnight fasting for at least 12 hours,
blood specimens were drawn from each sub-
ject to assess the serum 25(OH)D level with
MONOBIND enzyme immunoassay kits (DI-
Asource KAP1921, Belgium).31 In line with

the standard ranges provided by the En-
docrine Society, serum 25(OH)D levels below
20 ng/mL were considered as vitamin D defi-
ciency, 20 to 30 ng/mL as insufficiency, and
above 30 ng/mL as sufficiency.32

Statistical analysis

SPSS version 11.5 (IBM, Chicago, Illinois)
software was used for all statistical analy-
ses. Quantitative variables were summarized
using the mean ± standard deviation or
median and checked for significant differ-
ences among the 3 study groups using the
Kruskal-Walis and 1-way analysis of variance
statistical tests. For categorical variables, fre-
quencies and percentages were presented
and the χ2 and Kruskal-Walis statistical tests
to determine significant differences among
the groups where appropriate. Ordinal logis-
tic regression was used to assess for any links
between PSQI components and vitamin D sta-
tus. Furthermore, crude and adjusted odds
ratios, along with their 95% confidence in-
tervals, were determined. Adjustments were
made for confounding variables such as age,
gender, education level, and marital status,
chronic diseases (diabetes, hypertension, is-
chemic heart diseases, and depression) with
vitamin D sufficiency (25(OH)D>30 ng/mL)
being used as the reference group. Statis-
tical significance was marked by P values
below .05.

RESULTS

As indicated in Table 1, the prevalence of
vitamin D deficiency and insufficiency in our
participants was 49.5% and 26.6%, respec-
tively. Vitamin D deficiency was significantly
higher in males than in females (57.6% vs
41.5%) (P < .001). Generally, 90.3% of the
participants rated their sleep as fairly good
or very good. We found that the rate of fairly
good or very good sleep quality among males
and females was different, such that males
had better sleep quality (92% vs 88.5%).

Of 1428 participants, nearly 96% did not
use any sleep medications. Across all partici-
pants, the mean PSQI score was 4.69 ± 2.5.
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Table 1. General Characteristics and Sleep Quality and Quantity of Participants Stratified by
Gender

Total Male Female
n (%) n (%) n (%) P Valuea

Education level <.001
Illiterate 29 (2) 23 (3.2) 6 (0.8)
Primary school 84 (5.9) 70 (9.7) 13 (1.8)
Diploma 256 (17.8) 166 (23.6) 90 (12.7)
College 1060 (74.1) 460 (64) 600 (84.7)

Marital status <.001
Not married 168 (11.8) 42 (5.8) 126 (17.8)
Married 1260 (88.2) 677 (94.2) 583 (82.2)

Medical history
Diabetes 50 (3.5) 32 (4.4) 18 (2.5) .06
Hypertension 140 (9.8) 76 (10.6) 64 (9) .37
Ischemic heart diseases 37 (2.6) 27 (3.8) 10 (1.4) .007
Depression 115 (8.1) 40 (5.6) 75 (10.7) .001

Vitamin D status <.001
Deficient (<20ng/ml) 708 (49.5) 414 (57.6) 294 (41.5)
Insufficient (20-29ng/ml) 380 (26.6) 177 (24.6) 203 (28.6)
Sufficient (≥30 ng/ml) 340 (23.8) 128 (17.8) 212 (29.9)

Subjective sleep quality (component 1) .069
Very good 393 (27.5) 190 (26.4) 203 (28.6)
Fairly good 897 (62.8) 472 (65.6) 425 (59.9)
Fairly bad 112 (7.8) 47 (6.5) 65 (9.2)
Very bad 26 (1.8) 10 (1.4) 16 (2.3)

Sleep Latency score (component 2) .014
0 (no difficulty) 691 (48.4) 369 (51.3) 322 (45.4)
1 515 (36.1) 245 (34.1) 270 (38.1)
2 161 (11.3) 84 (11.7) 77 (10.9)
3 (sever difficulty) 61 (4.3) 21 (2.9) 40 (5.6)

Sleep duration (hour) (component 3) 0.172
>7 210 (14.7) 106 (14.7) 104 (14.7)
6-7 548 (38.4) 294 (40.9) 254 (35.8)
5-6 542 (38) 262 (36.4) 280 (39.5)
<5 128 (9) 57 (7.9) 71 (10)

Habitual sleep efficiency
(component 4)

.007

>85% 1299 (91) 668 (92.9) 631 (89)
75-84% 72 (5) 35 (4.9) 37 (5.2)
65-74% 24 (1.7) 6 (0.8) 18 (2.5)
<65% 33 (2.3) 10 (1.4) 23 (3.2)

Sleep disturbances score
(component 5)

.023

0 (no difficulty) 340 (23.8) 183 (25.5) 157 (22.1)
1 972 (68.1) 492 (68.4) 480 (67.7)
2 111 (7.8) 43 (6) 68 (9.6)
3 (severe difficulty) 5 (0.4) 1 (0.1) 4 (0.6)

(continues )
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Table 1. General Characteristics and Sleep Quality and Quantity of Participants Stratified by
Gender (Continued)

Total Male Female
n (%) n (%) n (%) P Valuea

Use of hypnotic medication
(component 6)

.085

Not during the past month 1383 (96.8) 700 (97.4) 683 (96.3)
Less than once a week 15 (1.1) 9 (1.3) 6 (0.8)
Once or twice or more times a week 30 (2.1) 10 (1.3) 20 (2.9)

Day Time dysfunction score
(component 7)

.009

0 (no difficulty) 688 (48.2) 325 (45.2) 363 (51.2)
1 545 (38.2) 275 (38.2) 270 (38.1)
2 181 (12.7) 111 (15.4) 70 (9.9)
3 (severe difficulty) 14 (1) 8 (1.1) 6 (0.8)

Mean ± SD Mean ± SD Mean ± SD P valueb

Age (years) 42.50 ± 6.75 43.04 ± 7.33 41.95 ± 6.05 .003
Height (cm) 165.99 ± 9.52 172.85 ± 6.93 159.03 ± 6.16 <.001
Weight (kg) 76.79 ± 13.5 82.90 ± 13.16 70.57 ± 10.75 <.001
Waist circumference (cm) 95.48 ± 9.56 97.08 ± 9.12 93.85 ± 9.73 <.001
BMI (kg/m2) 27.81 ± 3.96 27.71 ± 3.91 27.91 ± 4.02 .324
Systolic blood pressure (mmHg) 110.96 ± 14.48 116.84 ± 13.96 105.01 ± 12.45 <.001
Diastolic blood pressure (mmHg) 76.24 ± 9.26 79.19 ± 8.96 73.25 ± 8.58 <.001

Global Score 4.69 ± 2.50 4.55 ± 2.25 4.84 ± 2.73 .029

Abbreviations: BMI, body mass index; SD, standard deviation.
aP value: χ2 test.
bP value: independent t test.

We observed that only a small number of par-
ticipants had sleep efficiency less than 65%
(2.3%).

Among the study participants, no sig-
nificant difference between the vitamin
D-deficient and non-deficient groups in terms
of the total PSQI score or PSQI component
scores (P > .05) was found. The related data
are presented in Table 2. According to ordinal
regression, there was no significant associa-
tion between different vitamin D levels and
PSQI components (Table 3).

DISCUSSION

The present study highlighted the high
prevalence of vitamin D deficiency among
health care workers; 49.5% of the participants
were vitamin D deficient, and 26.6% had in-

sufficient serum vitamin D levels. Vitamin
D deficiency and its related complications
and disorders are a global concern33,34 that
can lead to neurological disorders and affect
brain development.35,36 A previous study re-
ported that restless leg syndrome (RLS) is
strongly associated with vitamin D deficiency,
and the prevalence of sleep problems is high
in people with RLS.37 The expression and
activation of vitamin D receptors and vita-
min D-related enzymes are regulated in the
parts of the brain that are involved in reg-
ulating sleep.38,39 Romano et al. postulate
that vitamin D is most likely involved in
the sleep-wake cycles.40 Another suggested
mechanism for the involvement of vitamin D
in sleep regulation is its role in the conver-
sion of tryptophan to 5-hydroxytryptophan,
which is converted to serotonin to produce
melatonin.41
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Table 2. Comparison of Frequency, Mean, and Standard Deviation of Components of the
PSQI by Vitamin D Status

Vitamin D Status

Deficient
(n = 708)

(<20 ng/mL)

Insufficient
(n = 380)

(20–29
ng/mL)

Sufficient
(n = 340)

(≥30 ng/mL)
n (%) n (%) n (%) P Valuea

Subjective sleep quality (component 1) .314
Very good 204 (28.8) 102 (2.68) 87 (25.6)
Fairly good 441 (62.3) 243 (63.9) 213 (62.16)
Fairly bad 49 (6.9) 30 (7.9) 33 (9.7)
Very bad 14 (2) 5 (1.3) 7 (2.1)

Sleep latency score (componet 2) .333
0 (no difficulty) 355 (50.1) 173 (45.5) 163 (47.9)
1 245 (34.6) 140 (36.8) 130 (38.2)
2 77 (10.9) 52 (13.7) 32 (9.4)
3 (sever difficulty) 31 (4.4) 15 (24.6) 15 (4.4)

Sleep duration (hour) (component 3) .167
>7 112 (15.8) 56 (14.7) 42 (12.4)
6-7 262 (37) 157 (41.3) 129 (37.9)
5-6 266 (37.6) 143 (37.6) 133 (39.1)
<5 68 (9.6) 24 (6.3) 36 (10.6)

Habitual sleep efficiency (component 4) .428
>85% 647 (91.4) 348 (91.6) 304 (89.4)
75-84 39 (5.5) 20 (5.3) 13 (3.8)
65-74 7 (1) 9 (2.4) 8 (2.4)
<65 15 (2.1) 3 (0.8) 15 (4.1)

Sleep Disturbances score (component 6) .475
0 (no difficulty) 173 (24.4) 87 (22.9) 80 (23.5)
1 486 (68.6) 262 (68.9) 224 (65.9)
2 45 (6.4) 31 (8.2) 35 (10.3)
3 (sever difficulty) 4 (0.6) 0 (0) 1 (0.3)

Use of hypnotic medication (Component 6) .992
Not during the past month 686 (96.9) 368 (96.8) 329 (96.8)
Less than once a week 7 (1) 5 (1.3) 3 (0.9)
Once or twice or more times a week 15 (2.1) 7 (1.8) 8 (2.4)
Daytime dysfunction score (component 7) .057
0 (no difficulty) 317 (44.8) 198 (52.1) 173 (50.9)
1 289 (40.8) 128 (33.7) 128 (37.6)
2 93 (13.1) 52 (13.7) 36 (10.6)
3 (Sever difficulty) 9 (1.3) 2 (0.5) 3 (0.9)

mean ± SD mean ± SD mean ± SD

Subjective sleep quality 0.82 ± 0.63 0.83 ± 0.61 0.88 ± 0.65 .314
Median 1 1 1
Sleep latency 0.69 ± 0.83 0.76 ± 0.83 0.70 ± 0.81 .333
Median 0 1 1

(continues )
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Table 2. Comparison of Frequency, Mean, and Standard Deviation of Components of the
PSQI by Vitamin D Status (Continued)

mean ± SD mean ± SD mean ± SD

Sleep duration 1.40 ± 0.86 1.35 ± 0.80 1.47 ± 0.84 .167
Median 1 1 1

Habitual sleep efficiency 0.13 ± 0.51 0.12 ± 0.45 0.21 ± 0.69 .420
Median 0 0 0
Sleep disturbance 0.83 ± 0.54 0.85 ± 0.53 0.87 ± 0.57 .475
Median 1 1 1
Use of sleep medication 0.06 ± 0.39 0.06 ± 0.38 0.07 ± 0.44 .992
Median 0 0 0
Daytime dysfunction 0.70 ± 0.73 0.62 ± 0.73 0.61 ± 0.70 .057
Median 1 0 0
Global score 4.66 ± 2.47 4.61 ± 2.40 4.84 ± 2.67 .430b

Abbreviations: PSQI, Pittsburgh Sleep Questionnaire Inventory; SD, standard deviation.
aP value: Kruskal-Walis test.
bP value: 1-way analysis of variance.

Table 3. The Association Between Components of the PSQI With Vitamin D Status

Unadjusted OR
(95% CI) P Value

Adjusted ORa

(95% CI) P Value

Subjective sleep quality
Deficient (< 20 ng/mL) 0.814 (0.62-1.06) 0.12 0.81 (0.62- 1.07) .14
insufficient (20–29 ng/mL) 0.88 (0.65-1.18) 0.40 0.88 (0.65-1.19) .43
Sufficient (≥ 30 ng/mL) Reference

Sleep latency
Deficient (< 20 ng/mL) 0.95 (0.75-1.22) 0.728 1.01 (0.78-1.29) .931
insufficient (20–29 ng/mL) 1.14 (0.86-1.50) 0.34 1.19 (0.90-1.58) .203
Sufficient (≥ 30 ng/mL) Reference

Sleep duration
Deficient (< 20 ng/mL) 0.86 (0.68-1.10) 0.23 0.91 (0.71- 1.16) . 45
insufficient (20–29 ng/mL) 0.77 (0.59-1.01) 0.06 0.8 (0.59-1.02) .07
Sufficient (≥ 30 ng/mL) Reference

Sleep disturbance
Deficient (< 20 ng/mL) 0.85 (0.64-1.12) 0.24 0.90 (0.68-1.19) .48
insufficient (20–29 ng/mL) 0.94 (0.68-1.28) 0.70 0.95 (0.69-1.53) .79
Sufficient (≥ 30 ng/mL) Reference

Daytime dysfunction
Deficient (< 20 ng/mL) 1.27 (0.99-1.63) 0.05 1.19 (0.930-1.541) .16
insufficient (20–29 ng/mL) 1.00 (0.76-1.33) 0.96 0.97 (0.71-1.27) .74
Sufficient (≥30 ng/mL) Reference

Abbreviations: CI, confidence interval; OR, odds ratio; PSQI, Pittsburgh Sleep Questionnaire Inventory.
aAdjusted for age, gender, marital status, education level, and chronic diseases (diabetes, hypertension, ischemic heart
diseases, and depression).
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The findings of the current study about
the association between vitamin D with sleep
quantity and quality among health care work-
ers demonstrated that approximately 90% of
participants rated their sleep as fairly good
or very good. However, sleep problems are
common among health care workers and shift
workers.42 The results of regression indicated
no significant association between different
vitamin D levels and PSQI components, possi-
bly because most participants had good sleep
quality. Similarly, Kim et al43 demonstrated
that vitamin D level change was not a sig-
nificantly associated factor with sleep quality
among shift workers in a medical center.
Another study also did not reveal a signif-
icant association between serum 25(OH)D
levels and sleep quality.44 In addition, there
was no association between vitamin D and
measured sleep parameters in Asian and Cau-
casian postmenopausal women.23 Another
cross-sectional study conducted in 2021
found no association between vitamin D and
sleep quality among the general population.25

Nevertheless, in a study performed by
Bertisch et al22 among the general popula-
tion, people with vitamin D deficiency had
shorter sleep durations than people with suf-
ficient vitamin D status. Moreover, a study
reported a significant association between
low levels of serum 25(OH)D and poor sleep
quality (short sleep duration and low sleep ef-
ficiency) among older men; sleep parameters
were measured using an actigraph.24 There-
fore, concerning the association between
vitamin D and sleep quality, the results are
contradictory. Huiberts and Smolders12 found
inconsistent and even negative relationships
between serum vitamin D levels and sleep in-
dicators. However, our study did not show
any association between vitamin D and sleep
quality. This result may be because health
care workers are likely to fall asleep faster
and deeper due to fatigue from consecutive
shifts, which is probably why they report
good sleep quality; however, it should be
confirmed in future studies. It is noteworthy

that in a clinical trial, vitamin D supple-
mentation did not play a significant role in
sleep improvement in a vitamin D-insufficient
population.25

To the best of our knowledge, this is
the first study that evaluated the association
between serum vitamin D levels and sleep
quality among health care workers in Iran,
and the large sample size is a strength of
this study. Nonetheless, this study is limited
by its cross-sectional nature and reliance on
self-reported data on sleep quality, which
may be affected by the literacy and infor-
mation retrieval of the subjects. Also, all of
the possible confounding factors that might
have influenced an association between vita-
min D and sleep were not controlled. Due
to contradictory results in the literature, fur-
ther studies with larger sample sizes can help
elucidate the relationship between vitamin D
and sleep quality and quantity among health
care workers. Accordingly, policies can be
implemented in the field of educational and
therapeutic measures to improve the quality
of sleep and thus increase the efficiency and
effectiveness of services provided by health
care workers. Future studies are warranted
to establish these findings and reveal their
contributing factors.

CONCLUSION

The results of this study indicated a high
prevalence of vitamin D deficiency among
health care workers of Tabriz University of
Medical Sciences; however, there was no
significant association between serum vita-
min D levels with sleep quantity and quality.
Our findings may guide subsequent random-
ized clinical trials and assist in prioritizing
vitamin D interventions to increase its general
health effects in the population. Moreover,
because some studies have found an associ-
ation with sleep and vitamin D, it may be
beneficial to assess vitamin D levels in those
who report problems sleeping.
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