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Abstract

Background: The prevalence of low vitamin D status is increasing globally, and Lebanon is not spared. The
objectives of this study are to determine the prevalence and correlates of low vitamin D status, and to assess the
association between percent body fat and vitamin D status, independently of obesity.

Methods: A cross-sectional study was performed on NDU employees. Data on dietary intake, physical activity,
lifestyle, health status, and demographic variables were collected during a face-to-face interview. Anthropometric
measures (weight, height and waist circumference) were measured and body composition was assessed using the
bioelectrical impedance analysis (BIA) machine InBody 720 (Biospace, Seoul, Korea). The Nutritionist Pro diet analysis
software version 31.0 was used to estimate dietary intake of vitamin D. Serum 25 hydroxyvitamin D (25(OH)D) was
measured using enzyme linked immunosorbent assay kit (ELISA) (Calbiotech, Spring Valley, California, USA). Vitamin
D status was assessed according to the National Osteoporosis Foundation (sufficiency: = 75 nmol/L / 230 ng/mL)
and the Institute of Medicine cut-offs (adequacy: 250 nmol/L / 220 ng/mL). Statistical analyses were performed by
SPSS version 22.

Results: A total of 344 employees (50% Male) aged between 20 and 74 years participated in the study. More than
half of the participants were overweight and obese. Mean serum vitamin D concentrations were 28.2 £ 13.9 ng/mL.
Among participants, 37.5% of our study population had 25(0OH)D = 30 ng/mL, and 68.3% had 25(OH)D = 20 ng/mL.
Individuals with low vitamin D status had significantly higher percent body fat (PBF) (p < 0.005), and higher waist
circumference (WQ) (p =0.012) than in the sufficient group, however BMI did not differ by vitamin D status. Logjistic
regression analysis indicated that a 1% increase in body fat increases the odds of having 25(OH)D < 30 ng/mL by
8% while controlling for BMI and other confounders (p =0.019).

Conclusion: This study reinforces the need for regular screening for low vitamin D status in Lebanese adults,
particularly individuals at risk, including those with high risk WC, high PBF, who work indoors and have low vitamin
D intake, and recommending vitamin D supplementation if needed.
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Background

Vitamin D is a fat soluble compound that can be ob-
tained from two sources: primarily sunlight exposure
and diet (e.g: fatty fish, egg yolk, cod-liver, fortified
foods, and supplements) [1]. Vitamin D refers to vitamin
D, (ergocalciferol) or vitamin D3 (cholecalciferol) [1].

Measurement of serum 25 hydroxyvitamin D
(25(OH)D) concentration is the best indicator to assess
vitamin D status, since it indicates both endogenous
production and dietary vitamin D intake. The Institute
of Medicine (IOM) recommends concentrations of
25(OH)D to be >20 ng/mL (=50 nmol/L) [2], while other
institutes, such as the National Osteoporosis Foundation
(NOF) and the American Geriatrics Society (AGS) rec-
ommend concentrations of 25(OH)D to be > 30 ng/mL
(>75 nmol/L) [3]. The inconsistency in the definition of
healthy vitamin D status depends mainly on the health
outcome considered.

The prevalence of low vitamin D status is increas-
ing globally. Levels of 25(OH)D <10 ng/mL in adults
were most common in Asia (78%), compared to
Europe (2-30%), and North America (13%) [4]. Des-
pite the sunny weather in Lebanon, multiple studies
have reported a high prevalence of low vitamin D sta-
tus in the Lebanese population. For instance, Hoteit
et al., 2014 reported that 60% of Lebanese adults had
25(OH)D < 20 ng/mL [5], while Rachkidi and Aoun,
2015 reported a higher prevalence of low vitamin D
status among ambulatory patients (73.33%), using a
higher cutoff (25(OH)D < 30 ng/mL), [6].

Low serum vitamin D concentrations have been re-
ported among obese individuals [7]. The high prevalence
of low vitamin D status paralleled the pandemic of obesity
[8]. Both conditions, obesity and low vitamin D status,
have been implicated in the development of many chronic
diseases including type 2 diabetes, cancer, and cardiovas-
cular diseases [9]. Accordingly, more research is focusing
on the understanding of the relationship between vitamin
D status and obesity [8]. Studies in the Middle East asses-
sing this relationship are limited [10-12], even though
many countries in the Middle East reported high preva-
lence rates of low vitamin D status and obesity [5, 9, 13].
Gannage et al.,, 2010 showed that 25(OH)D was inversely
correlated with BMI (r=-0.18; p <0.01) and WC (r=-
0.19; p<0.01) among 381 Lebanese non-obese university
students. However, these results do not necessarily apply
to overweight and obese individuals in older age groups,
who are at higher risk of chronic disease [14]. Even though
the association between serum 25(OH)D levels and per-
cent body fat (PBF) has been explored in the literature,
this association has only been explored in the Arab region
in Emirati obese diabetic adults. One cross-sectional study
among 309 obese diabetic adults (age range: 30—
60 years) in UAE showed that the prevalence of
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25(OH)D < 50 nmol/L was 83.2%. Furthermore, serum
25(0OH)D correlated negatively with body mass index
(BMI) (r=-0.15, p<0.05), waist circumference (WC)
(r=-0.17, p<0.05), and fat mass (r=-0.16, p <0.05)
[10]. The results of this study cannot be generalized
to the general population, as the study participants
were diabetic and obese, and the relationship between
vitamin D status and obesity could be altered by dia-
betes. In other regions across the world, the results of
studies on the association between serum 25(OH)D
levels and PBF were inconsistent. This controversy in
the literature could be due to the fact that the corre-
lates and confounders (vitamin D intake, sun expos-
ure, sunscreen use, age, etc.) affecting the relationship
between vitamin D status and percentage body fat
(PBF) were not assessed thoroughly. Further, the asso-
ciation between obesity and vitamin D status could
also differ between gender and among different ethnic
groups [15-17]. There is a substantial body of evi-
dence supporting a genetic basis for low 25(OH)D
concentrations in the Middle East. It has been shown
previously that people from the Middle Eastern region
have a specific phenotype that exposes them to low
vitamin D status [18]. Therefore, the independent as-
sociation between vitamin D status and PBF still
needs further examination.

Accordingly, our objectives were to examine the associ-
ation of socio-demographic, lifestyle, dietary, and anthropo-
metric factors with vitamin D status, and to assess the
independent association between PBF and vitamin D status
among university employees in Lebanon. We hypothesized
that people with higher total PBF will have lower serum
vitamin D concentrations, independent of BML

To our knowledge, this study is the first to assess the
association between serum 25(OH)D concentrations and
PBF in Lebanon.

Methods

Study design and recruitment methods

A cross-sectional study was carried out on Notre Dame
University (NDU) employees, in the Zouk Mosbeh,
North, and Shouf campuses. Prior to the initiation of the
study, the study protocol was approved by the Institu-
tional Review Board of NDU.

Beginning in October 2016, an e-invite was sent to all
staff and faculty members of NDU to invite them to partici-
pate in the study. Following the e-invite, four nutritionists
visited all faculty and staff members in their offices to en-
courage participation. Of the 600 contacted employees in
the three NDU campuses, 360 accepted to participate and
were screened for eligibility. Exclusion criteria included
pregnancy, lactation, failure to complete the questionnaires,
and presence of a pacemaker or metal pieces in the partici-
pant’s body. Those who were found to be eligible (1 = 344)
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were asked to sign an informed consent form and then
contacted by the study investigators to arrange for a
30-min face-to-face interview. An identification number
was assigned to each participant. All questionnaires were
labeled using codes. The investigators maintained the list
associating names with codes and were in charge of keeping
it confidential.

Data collection procedures

During the 30-min face-to-face interview, trained nutri-
tionists filled out three questionnaires (background
questionnaire, short-form of the International Physical
Activity Questionnaire [IPAQ-short form] and food fre-
quency questionnaire [FFQ]). All questionnaires were
pre-tested using a sample of thirty NDU employees in
the three campuses. Revisions and corrections were per-
formed before initializing the study. The background
questionnaire assessed demographic (i.e income, age,
gender, marital status, etc.) and lifestyle variables (i.e sun
exposure practices, sunscreen use, smoking, alcohol in-
take, etc.). The IPAQ-short form was used to assess the
level of physical activity. IPAQ asks about three specific
types of activities: walking, moderate and vigorous phys-
ical activities and, time spent by an individual [19]. The
items were structured to provide separate scores on each
of these activities. Using the following values, Walking =
3.3 METs, Moderate PA = 4.0 METs and Vigorous PA =
8.0 METs, four continuous scores were calculated. These
scores were then added to calculate the total physical ac-
tivity score. Low-level, moderate-level and high-level PA
were defined by scores of less than 600 MET-minutes
per week, between 600 to less than 3000 MET-minutes
per week, and of 3000 or more MET-minutes per week,
respectively. The FFQ was comprised of 9 food items.
For each food item, participants were asked to mark
their frequency of intake of a designated serving/portion
size per day/week/month or rarely/never during the past
year. The FFQ included full-fat/low-fat dairy products,
eggs and egg-based dishes, fish, margarine, cheeses, and
ice cream. Dietary intake of vitamin D was assessed
using an adapted version of an existing prototype food
frequency questionnaire specific for assessment of vita-
min D intake that was developed by study investigators
[20]. The Nutritionist Pro diet analysis software, version
31.0 (Axxya Systems, Woodinville, WA, USA) was used
to generate estimates of dietary intake of vitamin D [21-
23]. Lebanese dishes and recipes were composed and en-
tered using this software according to the Middle-East
Food Composition Tables and the Canadian Nutrient
File [23]. At the end of the interview, study participants
were invited to the nutrition laboratory to collect an-
thropometric (height, WC, weight and body compos-
ition) and biochemical measurements after an overnight
fast. Height was measured to the nearest 0.1 cm
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according to the following protocol: no shoes, heels to-
gether, and head touching the stadiometer’s ruler aligned
horizontally. For WC measurement, a non-stretchable
tailor measuring tape was placed around the bare abdo-
men just above the hip bone and parallel to the floor.
Participants were asked to exhale, and measurement was
taken to the nearest centimeter at the midpoint between
the bottom of the rib cage and above the top of the iliac
crest during minimal respiration. WC values were classi-
fied as high risk/low risk for diseases, using the World
Health Organization (WHO) cutoffs for men >102 cm
and women > 88 cm [24]. Weight and body composition
were assessed using the bioelectrical impedance analysis
(BIA) machine InBody 720 (Biospace, Seoul, Korea). BIA
is widely used in research; it is quick, safe, and inexpen-
sive [25]. BIA measures body water, then estimates fat
mass and fat-free mass [26]. The BIA machine was
transported to different campuses for data collection,
and it was calibrated prior to its use. The participants
were asked to stand on the machine barefooted, without
wearing any metal/jewelry, after wiping hands and feet
with electrolyte wipes. BMI was calculated as: Weight
(kg)/ Height (m?). Underweight was defined as BMI
<185 kg/m? normal weight: 18.5-24.9 kg/m?, over-
weight: 25-29.9 kg/m?, and obese >30 kg/m? [24].

Upon the visit to the nutrition laboratory, a nurse col-
lected a fasting sample of blood. Samples collected at
the regional campuses were transported to the Zouk
Mosbeh campus on ice. Samples were stored at -20 °C
in the freezer for a maximum of 6 weeks before analysis.
Serum 25(OH)D concentrations were measured at the
Biology laboratory at NDU Zouk Mosbeh campus using
enzyme linked immunosorbent assay kit (ELISA) (Cal-
biotech, Spring Valley, California, USA), with an
intra-assay coefficient variation of 4.95% and an
inter-assay coefficient variation of 5.63%, and a sensitiv-
ity of 0.67 ng/mL.

Since there are no universal cutoff values for categoriz-
ing vitamin D status, serum 25(OH)D concentration was
compared to different cutoffs, specifically the Institute of
Medicine (IOM) and National Osteoporosis Foundation
(NOF). According to the IOM, serum 25(OH)D concen-
trations less than 12 ng/mL (<30 nmol/L) are associated
with vitamin D deficiency, concentrations between 12 to
less than 20 ng/mL (30 to < 50 nmol/L) are generally con-
sidered inadequate for bone and overall health in
healthy individuals, and serum 25(OH)D =20 ng/mL
(> 50 nmol/L) concentrations are considered ad-
equate [2]. However, the National Osteoporosis
Foundation (NOF) classifies the vitamin D status as
deficient if serum 25(OH)D levels are <20 ng/mL
(<50 nmol/L), insufficient if levels are >20-30 ng/
mL (>50-75 nmol/L), and sufficient if levels are >
30 ng/mL (>75 nmol/L) [3].
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Statistical analyses

Assuming that the prevalence rate of vitamin D deficiency
among Lebanese adults was 73% [5], the sample size was
calculated to be 303 individuals. Quantitative and qualitative
measurements were summarized as mean + standard devi-
ation and n (%), respectively. Comparisons of continuous
and categorical variables were performed using independent
sample T Test/Mann-Whitney-U-test and the chi square
test /Fisher’s exact test, respectively. Two logistic regression
models were used, where low vitamin D status (defined as
25(OH)D <30 ng/mL or<20 ng/mL) was used as the
dependent variable and PBF was used as the independent
variable, controlling for BMI, age, gender, sunlight exposure,
vitamin D intake, vitamin D supplements use, alcohol in-
take, intake of oral contraceptive pills (OCP), education,
sunscreen use, chronic illness status, income, physical activ-
ity, cholesterol, triglycerides, HDL, and LDL levels. Statistical
analyses were performed using the Statistical Package for
Social Sciences (SPSS) version 22 for Windows. A p-value of
less than 0.05 was considered statistically significant.

Results

A total of 344 subjects (50% men and 50% women) aged
between 20 and 74 years participated in the study. Charac-
teristics of the study population stratified by gender are
summarized in Table 1. The sample consisted mostly of
educated participants holding a university degree (78.2%),
married (65.4%), with an income of less than $4000 per
month (57.9%). The majority of study participants were
non-smokers (61.6%) and did not drink alcohol (74.1%).
More than half of the participants (64.2%) had a low level
of physical activity. Daily mean vitamin D intake was 2.2
+ 3.2 pg. Of the participants, 21.5% were taking vitamin D
supplements. More than one third of the participants were
of a healthy weight (35.5%), while the majority of partici-
pants were overweight and obese (64.0%). Men were older,
had lower PBEF, had a higher milk intake, reported higher
prevalence of medical morbidities, smoking and drinking,
overweight and obesity, spending > 60 mins in the sun,
and hypertriglyceridemia compared to women (p < 0.005).
However, men had a lower prevalence of sunscreen use
(4.1%) compared to women (54.1%, p < 0.005).

In the total sample, mean vitamin D serum concen-
tration was 28.2+13.9 ng/mL. There were no signifi-
cant differences between genders. Among study
participants, 37.5% had serum 25(OH)D concentrations
>30 ng/mL, 31.7% had serum 25(OH)D concentrations
<20 ng/mL. Further, 9.7% of participants had 25(OH)D
concentrations < 12 ng/mL. There was no significant
difference in vitamin D status between men and women
(Figs. 1 and 2).

The associations of socio-demographic, dietary, lifestyle,
and anthropometric factors with insufficient/sufficient
vitamin D status (defined as 25(OH)D <or>30 ng/ml)
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were presented in Table 2. In the total sample, vitamin D
intake, sun exposure, PBE, and WC were associated with
vitamin D status. Individuals with sufficient vitamin D sta-
tus had higher vitamin D intake (3.3 £ 5.7 pg) than in the
insufficient group (1.9 +2.0 pg) (p = 0.047). A higher per-
centage (41.0%) of those spending > 60 mins of daily sun
exposure had sufficient vitamin D status compared to
those spending <15 mins (21.4%, p =0.005). Among all
participants, the mean PBF was lower in those having suf-
ficient vitamin D status (27.2 +7.5%) compared to those
having insufficient status (31.2 +7.5%, p <0.005). Among
individuals having high risk WC, only 20.3% had sufficient
vitamin D status while 79.7% had insufficient vitamin D
status (p =0.012). In men, only sun exposure and PBF
were associated with vitamin D status. A higher percent-
age (42.6%) of those spending > 60 mins of daily sun ex-
posure had sufficient vitamin D status compared to those
spending <15 mins (20.4%, p = 0.028). In men, the mean
PBF was lower in those having sufficient vitamin D status
(25.6 £ 7.5%) compared to those having insufficient status
(28.3 £ 6.6%, p = 0.039). In women, vitamin D intake, al-
cohol intake, BMI, PBF, and WC were associated with
vitamin D status. Individuals with sufficient vitamin D
status (>30 ng/mL) had higher mean vitamin D in-
take (3.1+2.7 pg) than in the insufficient group (1.6
+1.7 pg) (p=0.006). Among female alcohol drinkers,
45.8% had sufficient vitamin D status compared to
20.6% of female alcohol non-drinkers (p=0.022).
Among obese women, 95.0% had insufficient vitamin
D status, while only 5.0% had sufficient vitamin D
status (p = 0.008). In women, the mean PBF was lower
in those having sufficient vitamin D status (29.3 +
7.0%) compared to those having insufficient status
(344 +7.0%, p=0.001). Among women having high risk
WC, 87.1% had insufficient vitamin D status, while only
12.9% had sulfficient vitamin D status (p = 0.003).

Socio-demographic, dietary, lifestyle, and anthropomet-
ric factors were not associated with adequate/inadequate
vitamin D status (defined as 25(OH)D <or>20 ng/ml)
(Data not shown).

Using multiple logistic regression analysis to examine
the association between body composition and insuffi-
cient vitamin D status (defined as 25(OHD < 30 ng/mL),
it was found that for each 1% increase in body fat, par-
ticipants were around 8% more likely to have insufficient
vitamin D status (p =0.019) while controlling for BMI,
age, gender, education, sunscreen use, vitamin D intake,
intake of vitamin D supplements, medical condition,
sunlight exposure, and intake of OCPs (Table 3). Using
multiple logistic regression analysis to examine the
association between body composition and inadequate
vitamin D status (defined as 25(OHD < 20 ng/mL), it
was shown that for each 1% increase in body fat, partici-
pants were around 6% more likely to have inadequate
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Table 1 Sample Characteristics (Socio-demographic, Dietary, Lifestyle, Anthropometric, and Biochemical factors) of Study Participants

Characteristic Total (n=344) Men (n=172) Women (n=172) P-value*
n or mean or median % or SD or IQR n or mean % or SD n or mean % or SD
Age (years) 426 115 456 121 395 10.2 0.000
Marital status
Single/ Separated/ Divorced 119 346 53 30.8 66 384 0.174
Married 225 654 119 69.2 106 61.6
Education level
High school 75 21.8 48 27.9° 27 15.7° 0.013
Bachelor degree 87 253 36 20.9° 51 296°
Graduate 182 529 88 51.2° 94 54.7°
Income ($)
<2250 112 326 61 35.5° 51 296° 0.033
2250-4000 87 253 33 19.2° 54 314°
> 4000 145 422 78 45.3° 67 39.0°

Medical morbidity

No 202 589 91 532 111 64.5 0.043
Yes 141 41.1 80 46.8 61 355
Vitamin D intake (ug) 13 [06-3.2] 25 4.0 20 20 0.209
Intake of vitamin D supplement, past 3 months
No 270 785 142 82.6 128 744 0.088
Yes 74 215 30 174 44 256

Alcohol drinking

No 255 741 112 65.1 143 83.1 0.000
Yes 89 259 60 349 29 169

Smoking
No 212 616 93 54.1 119 69.2 0.006
Yes 132 384 79 459 53 30.8

Daily exposure to direct sunlight 0.008
<15 mins 136 395 66 384° 70 40.7°
16-60 min 112 326 46 26.7° 66 384°
> 60 mins 96 279 60 34.9° 36 20.9°

Use sunscreen
No 244 709 165 95.9 79 459 0.000
Yes 100 29.1 7 4.1 93 54.1

Physical activity level

Low 221 64.2 103 599 118 686 0.115
Moderate/High 123 358 69.0 401 54 314

OCP' use
No 341 99.1 100 100 169 983 0.248
Yes 3 09 0 0 3 17

BMI?
Underweight 2 06 0 0.0°° 2 1.2%0 0.000
Normal 122 355 27 15.7° 95 552°
Overweight 130 378 86 50.0° 44 256°

Obese 90 26.2 59 34.3° 31 180°
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Table 1 Sample Characteristics (Socio-demographic, Dietary, Lifestyle, Anthropometric, and Biochemical factors) of Study Participants

(Continued)
Characteristic Total (n=344) Men (n=172) Women (n=172) P-value®
n or mean or median % or SD or IQR n or mean % or SD n or mean % or SD
Percent body fat 309 79 278 6.9 340 76 0.000
Waist circumference
Low risk® 170 494 85 494 85 494 1
High risk 174 50.6 87 506 87 506
Vitamin D concentration (ng/mL) 25.7 [18.2-25.7] 284 15.0 28.1 12.8 0.846

'Oral Contraceptive Pills
?Body Mass Index

3WC values were classified as high risk/low risk for diseases, using the World Health Organization (WHO) cutoffs for men > 102 cm and women > 88 cm [24]

“The P value reflects gender differences
Columns with superscripts without a common symbol differ, the P value is < 0.05

Comparisons of continuous and categorical variables were performed using independent sample T Test/Mann-Whitney-U-test and the chi square test /Fisher’s

exact test, respectively

vitamin D status while controlling for the same factors
in addition to alcohol intake and hypertriglyceridemia.
However, the association was found to be of borderline
significance (p = 0.054) (Table 4).

Discussion

The current study showed that low vitamin D status was
prevalent in Lebanese adults during fall, with more than
30 and 60% of participants having serum 25(OH)D con-
centrations <20 ng/mL and <30 ng/mL, respectively.
BMI was not associated with vitamin D status; however
PBF was associated with insufficient vitamin D status
using the NOF cutoffs.

Low vitamin D status has become a major problem
worldwide, even in sunny countries like Lebanon [27].
The prevalence of low vitamin D status reported in our
study (60%) was in line with the prevalence rates re-
ported in neighboring countries ranging from 57.6% in
Tehran [28] to up to 91% in Morocco [29]. The range of
prevalence rates varied among studies due to the differ-
ent study populations, education levels, season, BMI,
age, body composition, gender, and cutoffs for vitamin D
status. Our results were concordant with the prevalence

rate of 73.3% among 105 Lebanese adults (aged >
18 years) visiting outpatient clinics between April and
July reported by Rachkidi and Aoun, 2015 [6]. On the
other hand, Gannage et al. 2014, reported a higher
prevalence of 94.9% among employees in a university
hospital (n =329) [11]. In the latter study, data was col-
lected over a year; accordingly, some participants were
recruited in the winter season, which could increase the
likelihood of low vitamin D status. The seasonal vari-
ation in vitamin D concentration has been previously re-
ported in the literature [30]. Hoteit et al., 2014 reported
that 25(OH)D concentrations were lower in the winter
season (20.1 +9.2 ng/mL) among 9147 Lebanese outpa-
tients compared to 24.8 + 10.4 ng/mL in the fall season
[5]. The mean serum 25(OH)D concentration reported
in our study was 28.2 +13.9 ng/mL, which was similar
to the mean reported by Hoteit et al, 2014 during the
same season.

In our study, in bivariate analyses, longer duration of
sun exposure was associated with better vitamin D sta-
tus in the total sample and in men but not in women.
Due to highly pigmented skin, individuals of Middle
Eastern origin might need to spend more time in the
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sun to synthesize sufficient amounts of vitamin D en-
dogenously [31]. This justification is backed up by our
multivariate logistic analyses; since sun exposure >1 h
was protective against low vitamin D status, while sun ex-
posure between 16 and 60 min was not protective. It is
likely we did not observe this association in women in bi-
variate analyses, since around 54% of women were using
sunscreen, while only 4% of men were using sunscreen. It
is well established in the literature that sunscreen use can
block UVB light and reduce vitamin D synthesis signifi-
cantly [32]. The association between sun exposure and
vitamin D status is inconsistent in the literature, since
several factors may affect the cutaneous synthesis and
bioavailability of vitamin D, such as the time of day, the
use of sunscreen, and skin pigmentation [6, 32, 33]. These
factors could explain gender differences in our sample.

In bivariate analyses, vitamin D intake was associated
with vitamin D status in the total sample, and in women
but not in men. Women who had a sufficient status had
a higher vitamin D intake compared to women who had
an insufficient status; this same trend was observed in
men but did not reach statistical significance. Vitamin D
is obtained from two sources, diet and sun exposure [1].
While sun exposure was not associated with vitamin D
status in women due to the use of sunscreen, diet seems
to be the most important factor affecting vitamin D
status for women; however, the sun was the most im-
portant factor affecting vitamin D status for men [32].
However, in multivariate logistic regression, once all
confounders were controlled for, sun exposure, vitamin
D intake, and vitamin D supplements became protective
against low status, which is concordant with the litera-
ture [6, 25, 34].

Mean vitamin D intake (2.2 +3.2 pg/day) reported in
our study was similar to that reported by Rachkidi and
Aoun, 2015 (2.05 + 1.69 ug/day). Both studies show low
intakes of vitamin D compared to the DRI of 15 pg/day

[35]. It is important to point out that vitamin D is found
only in a few foods. Furthermore, the fortification of
milk in Lebanon is not mandatory compared to other
countries, such as the US and Canada [36]. In addition,
the consumption of milk was low in our sample (0.97 +
1.3 servings/day) which is below the recommendations
set by the Lebanese Food-Based Dietary Guidelines of 3
cups/day [37]. Old evidence suggested a high prevalence
of lactose intolerance in the Lebanese population; how-
ever, new evidence is lacking [38].

The association between alcohol intake and vitamin D
status was observed in women only; this has been previ-
ously reported in the literature [39—41]. In our sample,
women who drank alcohol had a higher prevalence of
sufficient vitamin D status compared to non-drinkers.
The relationship between alcohol intake and vitamin D
status is not well understood, and results are still incon-
clusive. It is likely that this relationship is affected by
confounders; especially that alcohol intake was not asso-
ciated with vitamin D status in multivariable analyses.

Measures of adiposity, including WC and PBEF, were
inversely associated with vitamin D status in all partici-
pants and in both genders, while BMI was inversely as-
sociated with vitamin D status in women only. The
association between BMI and vitamin D status is not al-
ways consistent in the literature [25], since BMI has
many limitations, as it does not necessarily reflect the
PBF [42]. The association of adiposity, measured by WC
and PBF, with serum 25(OH)D is usually stronger than
that with BMI [43]. In concordance with our results,
multiple studies showed that vitamin D concentrations
were significantly lower in both males and females with
high risk WC compared to low risk categories (p < 0.05)
[9, 11, 17].

Our study found a positive association between low
vitamin D status (25(OH)D < 30 ng/mL) and PBF, which
is also concordant with the literature [17, 25, 34, 44].
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Table 2 Associations of socio-demographic, dietary, lifestyle, anthropometric factors with Vitamin D status  among study

participants

Characteristic Total (n=268) Men (n=142) Women (n=126)

Insufficient  Sufficient P-value®> Insufficient Sufficient  P-value® Insufficient Sufficient  P-value®
Mean = SD / n (%)/ Median [IQR] Mean +SD / n (%) Mean +SD / n (%)

Age (years) 40 [33.0-51.0 43[350-51.0] 0593 458+123 421+112 0088 373+98 393+97 0320

Marital status 0.140 0.042 0976
Single/Separated/ Divorced 56 (65.9) 29 (34.1) 23 (57.5) 17 (42.5) 33 (73.3) 12 (26.7)

Married 138 (754) 45 (24.6) 77 (75.5) 25 (24.5) 61 (75.3) 20 (24.7)

Education level 0.793 0.551 0.231
High school 45 (70.3) 19 (29.7) 30 (68.2) 14 (31.8) 15 (75.0) 5(250)

Bachelor degree 52 (754) 17 (24.6) 20 (64.5) 11 (35.5) 32 (84.2) 6 (15.8)
Graduate 97 (71.9) 38 (28.1) 50 (74.6) 17 (254) 47 (69.1) 21 (30.9)

Income ($) 0.902 0.137 0.295
<2250 68 (70.8) 28 (29.2) 34 (61.8) 21 (38.2) 34 (829) 7(17.0)
2250-4000 51 (73.9) 18 (26.1) 23 (82.1) 5(17.9) 28 (68.3) 13 (31.7)
> 4000 75 (72.8) 28 (27.2) 43 (72.9) 16 (27.1) 32 (72.7) 12 (27.3)

Vitamin D intake (ug) 19+£20 33+£57 0.047 22+22 34+72 0.290 16+£1.7 31+£27 0.006

Alcohol drinking 0.095 0.964 0.022
No 145 (75.5) 47 (24.5) 64 (71.1) 26 (28.9) 81 (794) 21 (20.6)

Yes 49 (64.5) 27 (35.5) 36 (69.2) 16 (30.8) 13 (54.2) 11 (45.8)

Smoking 0.563 1 0480
No 122 (73.9) 43 (26.1) 55 (70.5) 23 (29.5) 67 (77.0) 20 (23.0)

Yes 72 (69.9) 31 (30.1) 45 (70.3) 19 (29.7) 27 (69.2) 12 (30.8)

Daily exposure to direct sunlight 0.005 0.028 0.206
<15 mins 81 (78.6)° 22 (21.4)° 43 (79.6)° 11 (204)° 38 (77.6) 11 (224)

16-60 min 64 (78.0)° 18 (22.0° 26 (765°° 8 (235" 38 (79.2) 10 (20.8)
> 60 mins 49 (59.0)° 34(41.00° 31 (574° 23 (426)° 18(621) 11379

Use sunscreen 0.744 0.670 0.185
No 142 (73.2) 52 (26.8) 95 (69.9) 41(30.1) 47 (81.0) 11 (19.0)

Yes 52 (70.3) 22 (29.7) 5(833) 1(16.7) 47 (69.1) 21 (30.9)

BMI" (Kg/m?) 0.242 0479 0.008
Underweight 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Normal 68 (68.0) 32 (32.0) 20 (76.9) 6 (23.1) 48 (649)° 26 (35.1)
Overweight 71.(71.7) 28 (28.3) 44 (65.7) 23 (34.3) 27 (84.4)° 5 (15.6)°
Obese 55 (79.7) 14 (20.3) 36 (73.5) 13 (26.5) 19 (950° 1 (508

Percent body fat 312175 272+75 0000 283166 256+£75 0039 344+70 293+£70 0001

Waist circumference risky 0.012 0.581 0.003
No 88 (65.2) 47 (34.8) 48 (67.6) 23 (324) 40 (62.5) 24 (37.5)

Yes? 106 (79.7) 27 (20.3) 52 (73.2) 19 (26.8) 54 (87.1) 8(129)

“The National Osteoporosis Foundation cutoffs were used to define vitamin D status (Sufficient: 25hydroxyvitamin D > 30 ng/mL and Insufficient: 25

hydroxyvitamin D < 30 ng/mL)

“Participants taking vitamin D supplements were excluded (n =75)

'Body Mass Index

2 <88 cm for women and < 102 cm for men [24]

3The P value reflects differences in vitamin D status

Columns with superscripts without a common symbol differ, the P value is < 0.05
Comparisons of continuous and categorical variables were performed using independent sample T Test/Mann-Whitney-U-test and the chi square test /Fisher’s

exact test, respectively
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Table 4 Multivariable logistic regression for body composition
and Vitamin D status (< 20 ng/mL) among study participants*

Characteristic Odds ~ 95% Cll Pvalue  Characteristic Odds  95% Cl P value
Foag)o Lower  Upper ESS)O Lower  Upper
Percent Body Fat 1.077  1.012 1.145 0.019 Percent Body Fat 1.062 0999 1.130 0.054
BMI' (kg/m?) 0969 0881 1066 0521 BMI' (kg/m?) 0935 0854 1024 0148
Age 0976 0.950 1004 0092 Age 0972 0944 1.000 0.049
Gender 0568  0.227 1419 0.226 Gender 0466 0.188 1.157 0.1
Education Education
Bachelor degree * High School ~ 1.007 0455 2229 0986 Bachelor degree * High School 0951 0442 2045 0.897
Graduate * High School 1059 0523 2.145 0.874 Graduate * High School 1113 0559 2214 0.761
Sunscreen Use 0827 0415 1.651 0.591 Sunscreen Use 0578 0286 1.167 0.126
Chronic Disease 1478  0.799 2735 0213 Chronic Disease 1036 0552 1.941 0913
Vitamin D intake (ug) 0837 0.746 0.941 0.003 Vitamin D Intake (ug) 0829 0717 0.958 0.011
Sun Exposure Sun Exposure
16-60 min * <15 mins 1271 0670 2413 0463 16-60 min * <15 mins 0914 0492 1.698 0.776
>60 mins * <15 mins 0485  0.258 0912 0.025 > 60 mins * < 15 mins 0.747 0396 1412 0.370
Use of OCP? 0346 0019 6.154 0470 Use of OCP? 2140 0122 37443  0.602
Vitamin D supplements 0084  0.042 0.169 0.000 Vitamin D Supplements 0.131 0052 0333 0.000
“The National Osteoporosis Foundation cutoffs were used to define vitamin D Alcohol Intake 0422 0222 0.801 0.008
status (Sufficient: 25hydroxyvitamin D > 30 ng/mL and Insufficient: 25 . . 5
hydroxyvitamin D <30 ng/mL) Hypertriglyceridemia 2189 1153 4157 0.017

'Body Mass Index
20Oral Contraceptive Pills

While this relationship is not fully understood, it is as-
sumed that since vitamin D is a fat soluble vitamin, it
might be sequestered in the excess adipose tissue of
obese adults and would be slowly released at negative
energy balance [17]. Further, a potential confounder is
that obesity is also linked to an unhealthy lifestyle, char-
acterized by less physical activity, less sun exposure and,
hence, lower vitamin D concentrations [45].

Using the IOM cutoffs to define vitamin D status as
inadequate (25(OH)D <20 ng/mL) the association be-
tween vitamin D status and PBF was observed but did
not reach statistical significance (p > 0.05). It is possible
that the association between vitamin D status and body
composition is not observed unless vitamin D concen-
trations are high, since NOF cutoffs are higher than
IOM cutoffs [2, 3].

The present study has some limitations that need to
be acknowledged. First, the study design was
cross-sectional, which does not allow drawing causal re-
lationships between vitamin D status and measures of
adiposity [46]. Second, the study was performed on em-
ployees from a private university in Lebanon, which
limits generalizability to the Lebanese population. In
addition, BIA was used for the assessment of body com-
position. The dual-energy x-ray absorptiometry (DEXA),
computed tomography (CT), and magnetic resonance

“The Institute of Medicine cutoffs were used to define vitamin D status
(Adequate: 25hydroxyvitamin D > 20 ng/mL and Inadequate: 25
hydroxyvitamin D < 20 ng/mL)

'Body Mass Index

20ral Contraceptive Pills

3>150 mg/dL [48]

imaging (MRI) are considered the gold standard imaging
modality for the precise estimation of amount of adipose
tissue in various body regions [16]. However, DEXA, CT
and MRI imaging are impractical for screening the gen-
eral population, since they are expensive and invasive
[34]. For the assessment of vitamin D concentration,
ELISA, the most commonly used technique, was used,
since it is simple and inexpensive, yet it is less reliable
than the gold standard technique, HPLC. HPLC is not
commonly used because of its complexity and limita-
tions including the need for specialized staff, the large
volume of blood required, and the longer turnaround
time [47]. Data was collected between mid-October to
mid-December, which means that we cannot compare
our results to studies performed in different seasons.
Vitamin D content of many foods listed in the FFQ were
not available in the Lebanese food composition tables;
instead, the Canadian Nutrient File was used to estimate
the vitamin D content of these foods.

To our knowledge, it is the first study in Lebanon to
assess the association between body composition and
vitamin D status, while controlling for BMI and other
important confounders [18].



Al Hayek et al. BMC Nutrition (2018) 4:31

Conclusion
Our results support our hypothesis confirming that PBF is
positively associated with low vitamin D status indepen-
dent of BMI in our sample of university employees. Ac-
cordingly, education about the importance of consuming
high sources of vitamin D is primordial, particularly since
living in a sunny country might undermine the need to
focus on diet, as Lebanese might believe that sun exposure
is sufficient to maintain healthy vitamin D status. Further,
this study reinforces the need for regular screening for
low vitamin D status in Lebanese adults, particularly
among individuals at risk, including those with high risk
WC, high PBE, who work indoors, and have low vitamin
D intake, and recommending vitamin D supplementation
if needed. As low vitamin D status has been recently asso-
ciated with many chronic diseases, a nationwide assess-
ment of vitamin D status is required among different age
and gender groups across different seasons to identify
whether the government needs to consider the fortifica-
tion of milk at the national level.

Moreover, cohort studies examining the association
between body fat and vitamin D are needed to address
the temporal relationship with vitamin D status.
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