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Abstract
Summary Physicians are indoor workers with low sun expo-
sure. The aim of this study was to compare serum 25-
hydroxyvitamin D(25(OH)D) levels among hospitalists and
community-based physicians. 25(OH)D levels among hospi-
talist physicians were significantly lower than those among
community-based physicians. Hospitalist physicians should
be considered for vitamin D deficiency screening and
replacement.
Introduction Vitamin D deficiency is now recognized as a
widespread phenomenon, even in a sunny, Mediterranean
country such as Israel. Physicians may be vulnerable to low
vitamin D levels due to long work hours and lack of sun
exposure.
Methods Forty-three physicians employed in a hospital and
38 physicians who work in the community in Jerusalem were
enrolled. Their serum 25(OH)D levels were measured, and a
questionnaire was filled to assess the risk of vitamin D
deficiency.
Results Mean serum levels of 25(OH)D among hospitalist
physicians were significantly lower than those among
community-based physicians (15±6 vs. 19.7±6 ng/ml, re-
spectively; p<0.00 l). Arab physicians had a lower
25(OH)D level compared to Jewish physicians (18.2±6.6 vs.

11.4±2.7 ng/ml; p<0.001). After exclusion of Arab physi-
cians from the analysis, 25(OH)D levels remained higher in
hospitalist compared to community-based physicians (15.9±6
vs. 20.4±6 ng/ml; p<0.004). The variables that were signifi-
cantly linked to low mean serum levels of 25(OH)D were as
follows: age, night shifts, daily sun exposure, and ethnic
origin.
Conclusion Hospitalist physicians are at greater risk for low
vitamin D levels than community-based physicians.
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Introduction

Vitamin D deficiency is now recognized as a widespread en-
tity. In the past few years, studies have suggested that low
vitamin D may be associated with osteoporosis, cancer, and
increased all-cause mortality [1, 2], while vitamin D supple-
mentation has been associated with reduced risk of cardiovas-
cular mortality [3]. This has raised interest in possible links
between vitamin D deficiency and diseases such as diabetes
mellitus, autoimmune disorders, malignancies, hypertension,
and other cardiovascular conditions [4].

In order to decrease the likelihood of morbidity related to
vitamin D deficiency, experts suggest screening for serum
vitamin D, specifically 25-hydroxy vitamin D (25(OH)D)
levels among those at highest risk for deficiency [5]. Individ-
uals at risk include those with limited exposure to sunlight,
low intake of dairy products, malabsorption, or malnutrition.
Young adults, specifically, may be at risk for inadequate
stores, especially in countries at northern latitudes and where
cultural norms preclude regular sun exposure [6]. Without

G. Munter and T. Levi-Vineberg equally contributed to this article.

G. Munter :N. Sylvetsky
Department of Internal Medicine and Endocrine Unit, Shaare Zedek
Medical Center, Jerusalem, Israel

T. Levi-Vineberg
Department of Ophthalmology, Shaare Zedek Medical Center,
Jerusalem, Israel

G. Munter (*)
Faculty of Medicine, Hebrew University, POB 3235,
91031 Jerusalem, Israel
e-mail: gmunter@szmc.org.il

Osteoporos Int
DOI 10.1007/s00198-015-3028-y



sufficient vitamin D stores, these people may fail to attain
peak bone mass, which is an important predicting factor for
osteoporosis.

Research also suggests a relationship between occupational
sun exposure and vitamin D levels with a significant differ-
ence between those working outdoors versus indoors [7]. Vi-
tamin D deficiency was found among young Israeli, ultra-
Orthodox Jews, who maintain a modest dress code and whose
occupations keep them indoors, thus minimizing skin expo-
sure. Physicians, in particular, may be vulnerable to low vita-
min D levels due to their long work hours and lack of sun
exposure.

The objectives of this study were to compare vitamin D
levels among hospital-based physicians versus community-
based family physicians, specifically in the winter months,
and to identify associated risk factors.

Materials and methods

Study participants

This study was conducted in Shaare Zedek Medical Cen-
ter, an 850-bed teaching hospital in Jerusalem. Blood
levels of 25(OH)D were obtained from a convenience
sample of 101 physicians, 20 of them took vitamin D
and/or multivitamin supplements and were excluded from
the study. Eighty-one physicians were included in the
study, 43 of whom worked at Shaare Zedek Medical
Center while the remaining 38 physicians were family
medicine practitioners. All individuals were enrolled
within a 5-day period.

Nutritional and lifestyle questionnaires

All participants completed a questionnaire designed to esti-
mate their vitamin D levels. The questions included demo-
graphic data, dietary intake, sun exposure, and work schedule
such as number of overnight shifts and general medical histo-
ry. The questionnaire was developed by Professor Michael
Hollick from Boston University.

Factors such as the participants’ sun exposure and their
dietary practices were examined in relation to vitamin D
levels. The quantitative variables tested included age, number
of glasses of milk consumed daily, and number of daily/
weekly working hours. The categorical variables included
gender, marital status, daily sun exposure (e.g., sunscreen us-
age), ethnic origin (Jewish/Arab), religious appearance (extent
of dress cover/exposure), working night shifts, chronic mal-
absorption, diarrhea in the past 2 weeks, and region of the
country where they lived.

Laboratory measurements

One blood sample was obtained from each participant by
study coordinators. Total 25(OH)D was determined with the
LXL instrument (DiaSorin, Italy) which uses chemilumines-
cence immunoassay technology [8]. According to the Institute
of Medicine, a serum 25(OH)D level of above 20 ng/ml was
considered normal, while 10–20 ng/ml was considered insuf-
ficient and below 10 ng/ml was deficient [9].

Data analysis

All statistical associations were determined with the chi-
square test, Fisher’s exact test, Student’s t test, and the
Mann-Whitney test as appropriate. In order to assess the
strength of relationship between quantified variables, the Pear-
son correlation test was used.

Results

Eighty-one doctors participated in the study, 38 community-
based physicians and 43 hospital-based physicians. The main
demographic and clinical characteristics of participants are
presented in Table 1. Hospital-based physicians were signifi-
cantly less sun exposed than community-based physicians.

In hospital-based physicians, vitamin D levels were signif-
icantly lower than in family physicians (15±6 vs. 19.7±
6 ng/ml; p<0.001). When stratified according to normal, suf-
ficient, and deficient vitamin D levels, the difference between
hospital- and community-based physicians remained statisti-
cally significant (p=0.012). Considering a cutoff of 20 ng/ml,
hospital-based physicians had a significantly higher frequency
of vitamin D deficiency than family physicians (77 vs. 68 %;
p<0.049). This difference remained at a cutoff of 10 ng/ml
(20.5 vs. 5 %; p<0.049). Age, daily sun exposure, working
night shifts, ethnic origin, and place of employment were
identified in univariate analysis as having a significant effect
on vitamin D levels in both hospital and community settings
(Table 2). Multivariate analysis revealed that the only variable
that had a significant association with vitamin D levels was the
ethnic origin (p=0.04). When different ethnic groups were
compared through matching, there was no significant differ-
ence between Ashkenazi and Sephardic Jews. However, when
matching was done between Jewish and Arab physicians,
levels of vitamin D were found to be significantly lower in
the Arab group both in and out of the hospital. Due to small
sample size, it was impossible to determine the association
between the following categorical variables and the levels of
vitamin D: daily omega-3 supplementation and malabsorption
disorders. A larger sample size is required to understand these
relationships further.

Osteoporos Int



In order to control for ethnicity and thus verify that the
difference in the vitamin D levels between the groups of phy-
sicians did not stem from ethnic differences, a subanalysis of
vitamin D levels only among the Jewish hospital and family
physicians was performed. The level of 25(OH)D in the Jew-
ish hospital-based physicians (n=34) was 15.9±6 vs. 20.4±
6 ng/ml in Jewish community-based family physicians (n=35)
(p=0.004). After stratification based on general vitamin
D level categories, there was still statistical significance
(p=0.003).

To determine whether there are additional variables that
might affect vitamin D levels other than the workplace, further
analysis was conducted of the subgroup of Jewish doctors. A
multivariant analysis was performed using the variables that
significantly affect the vitamin D levels among Jewish physi-
cians: the workplace, orthodox appearance, and daily expo-
sure to direct sun light. Using a two-way analysis of variance,
there were no variables that significantly affect vitamin D
levels other than the workplace (p=0.017).

Discussion

This study showed that physicians working in the hospital
have significantly lower vitamin D levels compared to physi-
cians working in the community. Although it is reasonable to
assume that the main risk factor for vitamin D deficiency
(limited sun exposure) exists in both groups, there was actu-
ally a significant disparity in vitamin D levels between these
groups. The control group consisted of family doctors which
is similar to the hospital-based physician population in terms
of academic level and indoor work environment.

An interesting finding was that the vitamin D levels were
higher among older physicians in both study populations as
compared to younger physicians. Since there are no studies in
the literature describing increases in vitamin D levels with age,
it is unlikely that the age difference contributes to the lower
vitamin D among hospital-based physicians.

Moreover, the hospital-based physicians report a signifi-
cantly lower daily sun exposure compared to the community
physicians. Daily sun exposure was found to be a significant
variable only in the univariate analysis, possibly because it is
self-reported and therefore subjective; we presume that if a
larger population size is used in the future, a multivariate
analysis will show this relationship is significant as well.
However, it is possible that working weekend shifts in the
hospital and more continuously during daylight hours, which
does not allow for adequate sun exposure, is the primary factor
differentiating the vitamin D levels between these two study
populations.

Vitamin D deficiency has been reported in physicians. A
study performed in Brazilian residents showed that 57 % of
individuals have 25(OH)D levels less than 20 ng/ml [10].
Similar results were reported from internal medicine residents
from Portland, Oregon [11], and a group of trainee doctors in
Boston [12]. The frequency of vitamin insufficiency in our
hospital-based physicians was 77 %. It is interesting to note
that Oregon is located in northern latitude than Jerusalem
(45.3° N vs. 31.4 N), and the frequency of vitamin D deficien-
cy would be expected to be higher.

VitaminD deficiency is frequent in Israel. The frequency of
25(OH)D less than 20 ng/ml in adults less than 40 years old in
the winter is around 47 % [13, 14]. Bedouins and Orthodox

Table 2 Categorical variables that were found significantly associated
with lower levels of 25(OH)D levels among participating physicians

Variables Number 25(OH)D
(mean±SD, ng/ml)

p value

Average daily sun exposure (min)

>15 35 19.4±6.7 0.007
<15 46 15.5±6.1

Overnight shifts

No 44 19.3±7.0 0.02
Yes 37 14.8±5.5

Ethnic group

Jewish 69 18.2±6.6 <0.001
Arab 12 11.4±2.7

Table 1 Demographic and clinical characteristics of participating
physicians

Variables Hospital-based
physicians, N (%)

Community-based
physicians, N (%)

p value

Sex

Male 31 (72) 17 (45) <0.012
Female 12 (28) 21 (55)

Age (mean±SD) 33±7.6 40±9.8 n.s.

Status

Married 30 (70) 35 (92) <0.01
Single 13 (30) 3 (8)

Ethnic origin

Jewish 34 (79) 35 (92) 0.10
Arab 9 (21) 3 (8)

Religious appearance 21 (49) 16 (42) n.s.

Using sunscreen 19 (44) 18 (47) n.s.

Sun exposure time (min)

<15 34 (79) 12 (32) <0.001
>15 9 (21) 26 (68)

Overnight shifts 34 (79) 3 (8) <0.001

25(OH)D levels
(ng/ml)

15.3±6.4 19.6±6.4

≤10 9 (20.5) 2 (5) <0.004

≤20 34 (77) 21 (57) <0.049

≤30 42 (95) 33 (89) <0.049

>30 4 (11) 2 (5) n.s.

n.s. not significant
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Jews are dressed modestly with less exposed skin to sun and,
consequently, are prone to a more severe vitamin D deficiency
[15–17]. Indoor workers have lower levels of 25(OH)D than
controls [17, 18]. Community-based physicians have similar
values as the general indoor workers, but hospital-based phy-
sicians are more vitamin D deficient.

Ethnic origin, Arab versus Jewish, is a significant risk fac-
tor for severe deficiency. The difference in ethnic origin was
not taken into consideration before the study and further anal-
ysis of only Jewish doctors was performed. The Arab physi-
cian group was not analyzed separately due to being small and
should be the subject of future studies. The propensity of the
Arab population in Israel to have a more severe form of vita-
min deficiency has been reported but not systematically inves-
tigated [12].

The strengths of our study are as follows: First, as opposed
to previous studies of doctors, we used a matched control
group. Second, the blood samples were taken within a 5-day
period and were tested in the same laboratory using the same
device.

Our study has several limitations: First, a relatively small
sample size was used. Second, some of the measures were
subjective, for example, daily sun exposure time and reporting
on religious, modest dress. Third, the study was carried out in
Jerusalem. Thus, the results relating to sun exposure, in par-
ticular, cannot be generalized to the remainder of Israel or to
other parts of the world.

In summary, our study shows that physicians working in
hospitals have lower levels of 25(OH)D compared to
community-based physicians. Arab physicians have lower
levels of 25(OH)D than Jewish physicians. Currently, there
is no recommendation for routine screening of the general
population for vitamin D deficiency except among those at
high risk. Identifying hospital-based physicians as a popula-
tion at high risk will allow for integration of screening and
treatment recommendations, which currently do not exist for
this group.
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