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Abstract

Objectives: To assess the association between night work and 25-hydroxy vitamin D (250HD) levels, and to evaluate effect
of potential risk factors on 250HD levels. Material and Methods: A total of 140 adult Jordanian employees were recruited.
Demographic, lifestyle and working patterns data were documented through a well-structured questionnaire. Vitamin D
status was assessed by measuring circulating concentrations of 250HD. Results: Mean 25OHD level was 23.8 ng/ml. No
significant difference was found in 250HD levels between the summer and winter (p = 0.46), or between males and females
(p = 0.35). The female night workers had significantly lower serum 250OHD levels compared to the female day workers
(p = 0.01). No significant difference in serum 250HD levels was found between the night and day male workers (p = 0.25).
The number of night shifts/month was negatively correlated with 250HD levels in both the males and females (p = 0.01
and p = 0.007, respectively). Age was positively correlated with 2SOHD levels in both the males and females (p = 0.02
and p = 0.001, respectively). Body mass index was negatively associated with 250HD levels in the whole sample (p = 0.03),
but not within each gender group (p = 0.21 for the males and p = 0.09 for the females). Smoking had no significant as-
sociation with 250HD levels (p = 0.99 for the males and p = 0.22 for the females). Conclusions: Our results suggest that
women working night shifts are at higher risk of 250HD deficiency, and, consequently, of other health problems linked
to 250HD deficiency. Int J Occup Med Environ Health 2016;29(5):859-870
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INTRODUCTION

Vitamin D, also known as cholecalciferol, is a fat soluble
vitamin, which plays a critical role in the maintenance of
normal blood levels of calcium and phosphorous [1,2].
It is rapidly metabolized in the liver to form 25-hy-
droxy vitamin D (250HD) [3]. Another hydroxylation
of 250HD takes place in the kidney through the action

of 1-alpha hydroxylase enzyme, to yield 1,25-dihydroxy vi-
tamin D (1,25DOHD), which is the most potent vitamin D
metabolite [3]. While 1,25DOHD is the most potent vi-
tamin D metabolite, levels of 250HD reflect the body’s
vitamin D stores more accurately [4].

A low 250HD level is a major public health issue, with
around one billion people worldwide affected [5]. Workers
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with 250HD deficiency often complain of fatigue, myal-
gia and muscle pain [6]. They reportedly think of these
symptoms as a result of their working intensity, and they
rarely associate it with 250HD deficiency [7]. The exact
definition of 250OHD deficiency is still controversial. Most
agree that < 20 ng/ml 250HD levels are considered to be
deficient, whereas 250HD levels of 21-29 ng/ml are con-
sidered to indicate insufficiency, and levels > 30 ng/ml are
considered to be sufficient [5,8-12]. A number of factors
have been found to be associated with low 250HD levels.
These factors include, among others, low sun exposure,
age, obesity, smoking, dress style in the case of women and
physical activity [5,13-20].

In the absence of adequate sun exposure, 250HD lev-
els may be insufficient to achieve the desired physiologic
role [5,21-24]. It is, therefore, anticipated that working at
night would affect employees’ level of sun exposure, and
subsequently, their 2S0OHD status. Approximately 20%
of working populations in developed countries are night
workers [25]. Although the role of such workers, includ-
ing: workers in healthcare, transportation and other in-
dustries, is vital, their working pattern can be associated
with various adverse health outcomes, such as: diabetes,
metabolic syndrome, cardiovascular diseases and other
conditions [26-32].

Several studies have shown that night work is associated
with the increasing incidence of different types of can-
cer, mainly breast cancer [33,34], but still the link be-
tween night work and breast cancer is insufficient [35].
It has been suggested that 1,25DOHD plays a role in
the increased risk of cancer associated with night-shift
work, where the reduction in melatonin concentra-
tions due to night shift work may reduce ligand-in-
duced transcriptional activity of the vitamin D recep-
tor (VDR)[36,37]. This reduction in VDR results in sup-
pressing the negative-growth regulation by 1,25DOHD,
which may increase cancer incidence [38]. It has been
found that 1,25DOHD is associated with reduction
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in cellular proliferation, and can also suppress can-
cer growth by induction of apoptosis or inhibition of
angiogenesis [39,40].

Also an increased risk of osteoporotic fractures among
night workers has been reported. A group in the United
States has revealed that night work for more than 20 years
is associated with an elevated risk of hip and wrist frac-
tures [27]. Due to 250OHD role in bone health, and its as-
sociation with the increased risk of osteopenia, osteopo-
rosis, and fractures in adults [5,41,42], this modest effect
of night work on fracture risk may suggest a link between
night work and 250HD deficiency.

The direct link between night work and the actual lev-
els of 250HD have been investigated in a few studies,
where it has been found that 250HD levels were signifi-
cantly lower in night workers than in day workers [43-46].
The main aim of this study is to assess the association
between night work and 25OHD levels among Jordanian
workers working in Jordan University Hospital (JUH) and
The University of Jordan including: nurses, physicians,
pharmacists and security officers. We also aimed at evalu-
ation of the effect of several risk factors on 250OHD status.

MATERIAL AND METHODS

Study design and data collection

This is a cross-sectional study that was conducted between
June-July (summer), and November-December (win-
ter) 2014. During the study period 160 adult employees,
who fulfilled the inclusion criteria, were contacted at Jor-
dan University Hospital and The University of Jordan.
Only 140 employees agreed to participate in the study and
to provide blood samples (response rate 88%) (Figure 1).
This study was conducted following the guidelines out-
lined in the Declaration of Helsinki. Verbal consent was
obtained from each participant, and an institutional re-
view board committee approval was sought from The Uni-
versity of Jordan. The sample was obtained using a conve-
nient sampling technique.
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Employees who fulfilled inclusion criteria
(N=160)

Night shift workers Day shift workers
(N=97) (N=63)

Refused to participates (N = 15)
— due to recent surgery (N =2)
— refuse to provide blood sample (N = 13)

Refused to participates (N = 5)
— pregnant (N =2)
—refuse to provide blood sample (N = 3)

Agreed to participate and provide blood sample Agreed to participate and provide blood sample
(N=82;84.5%) (N =5892%)

Employees included in the study
(N=140; 87.5%)

Fig. 1. Employees selection for the study

The study sample was recruited by well-trained assistants.
Information regarding demographic data, marital status,
educational level, working patterns, smoking habits and
the level of any physical activity was obtained using a struc-
tured questionnaire. Average numbers of night shift/
month were obtained from the administrative records for
all the employees. Then, the participants were categorized
into two groups based on their working pattern; day work-
ers (subjects working from 7:00 a.m. till 4:00 p.m. with-
out any shift work), and night workers (subjects working
from 4:00 p.m. till 7:00 a.m. at least 4 times per month for
at least 3 years). Blood samples were collected from all
the participants for the purpose of 20HD measurement.

Serum 250HD measurement

Blood samples (5 ml) for 250HD measurement were
drawn from the brachial vein from all the participants.
The samples were allowed to clot for 2 h at room tempera-
ture, and then the serum was separated by centrifugation
at a speed of 4000 rotations per minute (rpm) for 10 min
and divided into aliquot of 1 ml. Aliquots were frozen
at -80°C until 250OHD analysis was performed.

The serum samples were thawed in a dry bath at 37°C
immediately prior to the analysis. Then a 250HD level
in each sample was measured using the automated im-
munoassay technique (AIA-1800 analyzer, Tosoh, Ja-
pan). Each patient was given a sample cup number and
the result was printed referring to each sample cup
number; the level of 250HD was expressed in ng/ml.
For the levels and results that were lesser than func-
tional sensitivity, the results were reported and printed
as < 4 ng/ml.

Statistical analysis

All the data were entered and analyzed using SPSS 19
(SPSS, Inc., USA). Categorical variables were expressed
as frequencies and percentages, and continuous variables
were presented as means * standard deviation (M£SD).
Since the data were normally distributed as evident by
their skewness, kurtosis, histogram and the normal prob-
ability-probability plot (P-P plot), the independent
sample t-test was used to investigate any differences
in 250HD levels among the day and night workers.
The Chi* analysis was used to analyze categorical inde-
pendent variables.

A simple linear regression was used to identify any fac-
tors that may significantly affect 2S0OHD levels among
the study participants. Checking for outliers, normality,
linearity was performed by means of the methods de-
scribed by Tabachnick and Fidell (2013) [47]. For all statis-
tical analyses, a p-value of < (.05 was considered statisti-
cally significant. All the tests were two-tailed.

Due to occupational gender segregation reported in
the literature, all the analyses were conducted stratified
by gender [48].

RESULTS

One hundred forty Jordanian employees were recruited in
this study, from whom 82 were classified as night workers
and 58 as day workers. Fifty-seven percent of the sample
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Table 1. Demographic and clinical characteristics of the study group

Respondents
Variable males females total
(N =60) (N =80) (N = 140)

Age [years] (M=SD) 36%9 32+6 34+8
Occupation [n (%)]

medical field 33 (55) 66 (82) 99 (71)

other 27 (45) 14 (18) 41 (29)
Working pattern [n (%)]

night workers 47 (78) 35 (44) 82 (58)

day workers 13(22) 45 (56) 58 (41)
Educational levels [n (%)]

primary 1(1) 1(1) 2(1)

secondary 28 (47) 32 (40) 60 (43)

BSc 28 (47) 34 (55) 72 (51)

MSc 3(5) 3(4) 6(4)
Marital status [n (%)]

single 12(21) 21(27) 32 (24)

married 26 (79) 57(72) 100 (75)

divorced 0(0) 1(1) 1(1)
Active smoking [n (%)]

yes 28 (47) 6(8) 34 (24)

no 32(53) 74 (92) 106 (76)
Exercises™ [n (%)]

yes 28 (47) 19 (24) 47 (34)

no 32(53) 61 (76) 93 (66)
250HD [ng/ml] (M£SD) 23=10 25+15 24+13
250HD category [n (%)]

deficient (< 20 ng/ml) 30 (50) 37 (46) 67 (48)

insufficient (21-29 ng/ml) 19(32) 15(19) 34 (24)

sufficient (= 30 ng/ml) 11 (18) 28 (35) 39(28)

M - mean; SD - standard deviation; BSc - bachelor of science; MSc — master of science; 250HD - 25-hydroxy vitamin D.
* Exercise status is only considered positive in the subjects doing physical activity of any kind for at least 30 min per day, 3 times weekly.

were females; the mean age of the subjects was 34 years.
Seventy-five percent of the studied sample were married
and around 24% were smokers. Table 1 summarizes de-
mographic characteristics of the sample as a whole and for

each gender.
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Mean 250HD level among the study sample was
24 ng/ml. Forty-seven percent of the study subjects was
found to have 250HD deficiency, with levels < 20 ng/ml,
and around 24% had insufficient 250HD levels
(21-29 ng/ml) (Table 1). It was found that 250HD levels
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were not significantly different between the males and fe-
males; mean 250HD levels were 23 ng/ml and 25 ng/ml,
respectively (p = 0.35). No significant difference was
found in 250OHD levels between the summer and winter;
mean 250HD levels were 24 ng/ml and 22 ng/ml, respec-
tively (p = 0.46).

Table 2 shows 250HD profile among the study sample
based on a working pattern. The night workers had signifi-
cantly lower mean 250HD levels (21 ng/ml) compared to
the day workers (28 ng/ml) (p = 0.003), with over half of
them (55%) having deficient levels of 250HD compared
to 38% within the day work group. This effect was signifi-
cant both in the winter and in the summer.

The simple linear regression was used to identify any fac-
tors that may significantly affect 2SOHD levels among
the study participants (Table 3). The effect of age, night
work, number of night shift/month, exercise, smoking
and body mass index (BMI) on 250HD levels was in-
vestigated. The female night workers had significantly

lower 250HD levels compared to the day workers
(p = 0.01). On the contrary, there was no significant differ-
ence in 250HD levels between the male night and the day
workers (p = 0.25). The number of night shifts/month was
negatively correlated with 250HD levels in both the males
and females (p = 0.01 and p = 0.007, respectively), while
age was positively correlated with 250HD levels (p = 0.02
and p = 0.001, respectively).

Although the results showed no association be-
tween BMI and 250HD levels within each gender
group (p = 0.21 for males and p = 0.09 for females),
this association existed in the sample as a whole,
where a significant negative correlation between obe-
sity and 250HD levels was found (p = 0.03). Physi-
cal activity was shown to be negatively associated
with 250HD levels in the males (p = 0.03), but not in
the females (p = 0.42). Smoking had no significant as-
sociation with 2SOHD levels (p = 0.99 for the males
and p = 0.22 for the females) (Table 3).

Table 2. 25-Hydroxy vitamin D (250HD) profile among the study group based on a working pattern

Work time
Variable day night total p
(N =58) (N=282) (N = 140)

250HD [ng/ml] (M+SD)* 28=14 2112 24+13 0.003*
250HD category [n (%)]°

deficient (< 20 ng/ml) 22(38) 45 (55) 67 (48) 0.001*

insufficient (21-29 ng/ml) 10 (17) 24 (40) 34 (24)

sufficient (= 30 ng/ml) 26 (45) 13 (16) 39 (28)
Gender (M£SD)*

male 26+13 22+10 23%10 0.250

female 29+14 2015 25+15 0.010%
Season (M+SD)?

summer 28+15 21%13 24+14 0.010*

winter 28+10 18+4 22+9 0.020*

Abbreviations as in Table 1.

¢ Using independent sample t-test.

® Using Chi? test.

* Significant at 0.05 significance level.

[JOMEH 2016;29(5)
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Table 3. Simple linear regression analysis for factors affecting 25-hydroxy vitamin D (250HD) levels in the study group

250HD in blood
Parameter total females males
(N = 140) (N =80) (N =60)
p** P p** P p** P
Age 0.28 0.001* 0.37 0.001* 0.280 0.02*
Working pattern (1 - day workers, 2 — night workers) ~ -0.25 0.003* -0.28 0.010* -0.150 0.25
Night shifts/month -0.29 0.000% -0.30 0.007* -0.300 0.01*
Exercises (1 - yes, 2 - no) 0.06 0.450 -0.09 0.420 0.280 0.03*
Active smoking (1 - yes, 2 - no) 0.09 0.290 0.13 0.220 0.001 0.99
Body mass index (BMI) -0.17 0.030* -0.19 0.090 -0.160 0.21

[} - standardized beta coefficient.
* Significant at 0.05 significance level.

** When  is positive this means that there is direct relationship between 250HD level and independent variable, while negative p means that there

is inverse relationship between 250HD level and independent variable.

DISCUSSION

The main aim of this study was to investigate the as-
sociation between working patterns and 250HD lev-
els among Jordanian workers. The effect of other fac-
tors was also investigated. Our study sample presented
a mean serum 250HD level of 24 ng/ml (standard de-
viation (SD) = 13), indicating insufficient 250OHD lev-
els. The literature has reported a wide variation across
studies assessing mean 250HD levels among different
populations. A systematic review involving 195 stud-
ies conducted in 44 countries, has found that the mean
population-level of 250HD ranges 1.96-54.5 ng/ml,
with 88% of the studies reporting inadequate mean
values < 30 ng/ml [49].

In our sample, no significant difference was found
in 250HD levels between the summer and winter;
mean 250HD levels were 24 ng/ml (SD = 14) and
22 ng/ml (SD =9), respectively. This finding was incon-
sistent with previous findings that individuals could have
adequate 250HD levels in the summer months but sub-
optimal levels in the winter [50,51]. Since the latitude of
Amman (Jordan) is 31°N, cutaneous 250HD synthesis is
almost similar all year round, which can explain lack of
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significant difference in 250HD levels between the sum-
mer and winter in our results [52].

The association between 250HD levels and gender is con-
troversial. A previous study from Jordan has shown that
the prevalence of low 250OHD status (250HD < 30 ng/ml)
was 37% in females compared to 5% in males. Dress
style in the case of females was independently affect-
ing 250HD status; where women wearing hijab or niqab
were at higher risk of low 250HD levels than those
dressed as western women [20]. Despite this finding, our
results showed no significant difference in 250HD lev-
els between the males and females; mean 250HD levels
were 23 ng/ml (SD = 10) and 25 ng/ml (SD = 15) in the
males and females, respectively. Hypponen et al. have re-
ported, in a nationwide study, that in British adults the
association between gender and 250HD levels depended
on the month of measurement, showing lower 250HD
levels in females only during the summer and fall. They
have concluded that no consistent monthly sex differ-
ences were apparent during the winter and spring [53].

A study from Brazil has revealed no significant gender re-
lated differences in mean serum 250HD among the study
sample [54]. On the other hand, reports from China
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and Japan have shown that 250OHD deficiency is largely
attributed to female sex [18,55].

The overall night workers had significantly lower
mean 250HD levels (21 ng/ml, SD = 12) compared to
the day workers (28 ng/ml, SD = 14). This effect was sig-
nificant both in the winter and summer. However, no sig-
nificant difference in serum 250HD levels was found be-
tween the night and day male workers, while the female
night workers had lower serum 250HD levels compared
to the female day workers. This result was consistent
with previous findings [43-46]. Ward et al. have reported
that night work was associated with low 250HD lev-
els in females but not in males [43]. In addition, Oliv-
ieri et al. and Romano et al. have found that significantly
low 250HD levels were shown in night workers com-
pared to day workers [44,46]. On the other hand, a Ko-
rean study has shown that male, but not female, night
workers had significantly lower 250HD levels compared
to day male workers [45].

Maeda et al. have explored the relationship be-
tween 250HD levels and sun exposure, they collected
blood samples once at two different times in the winter
and summer from participants with different occupa-
tions [54]. This group have noticed that physicians, who
chiefly worked at night, presented significantly low-
er 250HD levels than other investigated workers. How-
ever, this was significant only in winter, which they have in-
terpreted as a result of more intense solar exposure, which
corrected 250HD levels in the summer when the differ-
ence disappeared.

In addition, in a case report, Plehwe and Carey have re-
ported a patient who experienced continuous night work
for 10 years with minimal sunlight exposure. He had pro-
found 250HD deficiency; 250HD level was < 12 nmol/l
(< 4.8 ng/ml). They referred this deficiency to multiple
risk factors for 250HD deficiency in this patient, which
among others included night work (pigmented skin, ha-
bitual and vegetarian diet) [24].

A higher risk of 250HD deficiency in subjects working
at night can be a result of the reduced solar ultravio-
let B (UVB) irradiance due to daytime sleeping as de-
scribed by the literature [53,56]. It is recommended that
the maximum daily 250HD levels are achievable through
casual midday/lunch hour sun exposure [17]. Due to their
working hours and daytime sleeping, most night workers
do not get exposed to adequate sunlight during this time
of the day, and as a result they may be at higher risk of de-
veloping 250HD deficiency. In our study, the number of
night shift/month was associated with lower 250HD lev-
els. This result was expected, since the workers with high-
er number of nights/month have lower duration of sun
exposure.

We investigated the effect of some risk factors
on 250HD levels. Our results showed a positive cor-
relation between age and serum 250HD levels for both
the males and females. Age was shown to be positively
associated with 25S0OHD levels in previous reports [15,55].
Lower serum 250HD levels in younger individuals has
been suggested to be associated with their lower fore-
arm bone mineral content [15]. On the contrary, other
studies have shown higher 250HD levels in younger
individuals [57,58].

The present study showed that higher BMI is associated
with lower basal 250HD in the sample as a whole. This
is consistent with the reported in the literature negative
association between 250HD levels and obesity [59-66].
This effect was not evident for each gender group; this
may be due to a small sample size in each group. Although
the mechanism underlying an increased risk of 250OHD
deficiency in obesity is uncertain, it has been suggested
that the metabolic clearance of 250HD levels may in-
crease in obesity. This clearance has been suggested to
be through enhanced uptake by adipose tissue [67], which
results in lower bioavailability of 250HD from cuta-
neous and dietary sources due to its deposition in body
fat compartments [59]. Other study has suggested that
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low 250HD levels in obese patients can be explained
by the dilution of 250OHD in the large fat mass of those
individuals [66].

Physical activity had no significant correlation with se-
rum 250HD levels for the sample as a whole; however,
the males with a sedentary lifestyle showed significantly
higher serum 25OHD levels. No significant association was
detected in the female workers. This result was inconsis-
tent with a previous study; which has shown that 250HD
deficiency is attributed to a sedentary lifestyle [13].
Smoking had no significant correlation with se-
rum 250HD levels in both the males and females. Our
results were in agreement with a previous study that has
shown no correlation between smoking and 250HD
levels [45]. On the other hand, other studies have shown
a significant correlation between 250HD deficiency
and smoking [18,68]. The relatively small prevalence
of smokers among our sample, along with the small
sample size might be attributed to the lack of statisti-
cal power to detect any association between smoking
and 250HD levels.

Finally, since low 250HD status is associated with an
increased risk of different diseases [5,33,34,41,42],
250HD supplementation to night workers has been
suggested to prevent such diseases and to improve their
health status [39]. However, health effects of long term
exposure to high levels of 250HD are largely unknown,
which necessitates appropriate monitoring while provid-
ing such supplements. It is also recommended to encour-
age this category of workers to have more adequate sun
exposure.

It is worth mentioning, that we are aware of some method-
ological weaknesses of our study, especially the relatively
small sample size of the study participants. The strict in-
clusion criteria of the night workers, where they had to be
working from 9:00 p.m. till 7:00 a.m. at least 4 times per
month, for at least 3 years, resulted in a limited number of
individuals meeting the inclusion criteria.

[JOMEH 2016;29(5)

CONCLUSIONS

In conclusion, our results showed that there is a nega-
tive association between 250HD levels and night work-
ing in females, but not in males. Higher numbers of night
shifts/month were associated with lower 250HD levels.
Reduced solar UVB irradiance due to daytime sleeping
can be one of the major causes of lower 250HD levels in
night workers. The imminent link between 25OHD levels
and cancer, diabetes, obesity, cardiovascular diseases and
other health problems, highlights the need for educational
programs targeting high risk groups, including night work-
ers. Supplements of 250HD can be of benefit to these
high risk groups.
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