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Abstract

Background Suboptimal 25-hydroxyvitamin D (250HD) during pregnancy can have adverse maternal and neonatal
outcomes.

Aim This study aimed to estimate the prevalence of vitamin D deficiency in pregnant females in Lebanon
and to identify its risk factors.

Methods This is a cross-sectional study involving pregnant females identified during their first-early second trimester
visit to obstetricians in two centers in Beirut. We collected blood samples, anthropometric measurements and lifestyle
data. We measured maternal serum 250HD and used the data to explore possible determinants of deficiency.

Results We tested 250HD levels of 548 females; 270 from American University of Beirut Medical Center and 278
from Bahman hospital. Mean age was 29+ 5 years and 41.5% were nulliparous. Mean serum 250HD was 15.4ng/

ml and 72.3% had levels < 20 ng/ml. Levels were significantly lower at Bahman hospital, 12.9ng/ml versus 18.1ng/ml
at American University of Beirut Medical Center, p-value 0.001. The risk of having 250HD < 20ng/ml was significantly
higher in females from Bahman hospital, those who were veiled, those who smoked and had higher pre-pregnancy
body mass index, with a trend for significance for early pregnancy body mass index. This risk decreased for older
females, those with higher education, employed females, and those screened during summer/fall. Multivariable logis-
tic regression showed that veiling and younger age were significant risk factors for 250HD <20 ng/ml.

Conclusion Vitamin D deficiency is prevalent in pregnant females from two centers in Beirut. Our findings emphasize
the importance of proper screening and supplementation of vitamin D to ensure adequacy throughout pregnancy.
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Introduction

Vitamin D deficiency is a global health concern, even in
countries with low latitude, where ample ultraviolet B
(UVB) radiation was presumed sufficient; and in indus-
trialized countries, where vitamin D food fortification
has long been implemented [1]. It has been extensively
investigated over the past years, because of increased evi-
dence for potential association with non-classical effects
extending beyond calcium and mineral homeostasis and
bone health [2, 3]. The prevalence of vitamin D defi-
ciency greatly varies worldwide. It is higher in develop-
ing countries [4] and in the Middle East and North Africa
(MENA) region, despite plentiful sunshine [5-7]. Hypo-
vitaminosis D, defined as 25-hydroxyvitamin D (250HD)
<20ng/ml, ranged between 54-96% in pregnant and
lactating females in the MENA region; and up to 94% of
neonates in Jordan [8].

Pregnant women may be at an increased risk of
depleted levels since vitamin D homeostasis is altered
to provide the optimal environment for the growing
fetus [9, 10]. However, the specific mechanisms under-
lying these adaptations are not fully understood and
pregnancy does not seem to affect serum 250HD lev-
els [11, 12]. Considering the dependance of the growing
fetus on maternal supplies of vitamin D and calcium for
proper bone development, inadequate intakes may pose
greater concern [13, 14]. Additionally, routine screening
and vitamin D supplementation, in case of deficiency,
for pregnant females are not a standard practice in many
countries leading to unrecognized and unadjusted defi-
ciency [15]. Hypovitaminosis D during pregnancy is
of particular interest due to its wide range of potential
adverse maternal and neonatal outcomes [16]. Several
studies reported associations between low vitamin D sta-
tus during pregnancy and maternal bone loss, increased
risk of recurrent miscarriages, preeclampsia, gestational
diabetes, and preterm birth [17-19]. Other studies have
concluded that low maternal 250HD might be related
to neonatal wheezing, small for gestational age, language
impairment, and induction of specific genomic pathways
relevant to autoimmune diseases in childhood [4, 20-22].

Vitamin D deficiency during pregnancy is multi-fac-
torial, as is the case in the general population [17]. Main
influencing factors are inadequate sun exposure and
insufficient dietary and supplemental intake of vitamin
D [23]. Lifestyle factors such as low education, lower
socio-economic status (SES), high adiposity levels and
clothing style can also affect serum 250HD levels [5-7,
24]. Supplementation may be indicated in certain high-
risk sub-groups of pregnant females [25]. Vitamin D
supplementation guidelines in pregnancy vary widely
and evidence for global recommendation remain insuffi-
cient. Currently, the World Health Organization (WHO)
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recommends that pregnant females should be encour-
aged to receive adequate nutrition and only those with
suspected deficiency; e.g. those with limited sunlight
exposure, may be supplemented with 200 IU/day [26].
The Institute of Medicine (IOM) advises maintaining a
circulating 250HD level of 20 ng/ml, recommending a
daily intake of 400—600 IU vitamin D which can be met
through diet alone without supplementation [27]. In
contrast, the Endocrine Society recommends empiric
vitamin D supplementation during pregnancy given its
potential to lower the risk of adverse outcomes such as
preeclampsia, intrauterine mortality, preterm birth, and
neonatal mortality [28]. Despite these facts, population
representative data from pregnant females, a most vul-
nerable sub-group, in the Middle East and especially in
Lebanon, remain limited [29-32]. Local data would be
instrumental to the development of guidelines on ade-
quate intake and thus supplementation, i.e. doses specific
for our populations [27, 28]. We conducted a randomized
controlled trial to explore the effect of varying doses of
vitamin D among pregnant females in greater Beirut
area. The objective of the current study is to examine the
prevalence and identify predictors of hypovitaminosis
D using the baseline information from pregnant female
subjects enrolled in the randomized controlled trial.

Methods

Study design

This study represents baseline cross-sectional data of
participants screened for a phase III double blind rand-
omized controlled trial of vitamin D supplementation
(NCT 02434380) [33]. Study participants were preg-
nant females in their first and early second trimesters
recruited from two centers: American University of Bei-
rut Medical Center (AUBMC), a tertiary referral center,
and Bahman (BH) affiliated Obstetric Clinics. The study
spanned over three years from screening until comple-
tion of randomization (June 30, 2015, till June 5, 2018).
The protocol was approved by the Institutional review
board (IRB) at the American University of Beirut (AUB).

Eligibility criteria

We included pregnant females (> 18 years and of gesta-
tional age < 17.5 weeks) from middle eastern origins (96%
were Lebanese, the remaining 4% were Syrian, Palestin-
ian, and Jordanian), not taking any vitamin D supplemen-
tation exceeding 200 IU daily. For those taking vitamin
D supplementation >200 IU daily, they were advised to
adjust prenatal multivitamin doses so that total vitamin
D supplementation does not exceed 1400 IU per week
(inclusive of trial vitamin D), in consultation with their
primary obstetrician.
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We excluded subjects taking supplementation exceed-
ing 600 IU/day. Females taking medications that might
interfere with vitamin D metabolism were excluded.
Additional exclusion criteria included having diseases
associated with abnormal bone and mineral metabolism,
renal stones, thyroid dysfunction, recent cancer diagno-
sis, diabetes or previous gestational diabetes and pres-
ence of fetal congenital malformations.

Data collection

Upon enrollment and after signing an informed written
consent, we collected blood samples during the screen-
ing visit and participants completed an interviewer-led
questionnaire. The questionnaire collected information
on participants’ age, parity, gravidity, education level,
employment status, area of residency, intake of concomi-
tant medications and supplements, calcium and vitamin
D supplementation (either as pure Vitamin D or part of
multivitamins), smoking and alcohol habits, clothing
style and medical history. We categorized the seasons of
blood collection as: Spring (April- June), Summer (July—
September), Autumn (October-December) and Winter
(January -March).

We evaluated dietary calcium and vitamin D intake
using an interviewer-administered, semi-quantitative
food frequency questionnaire, previously validated in
adolescents within our population [34]. It consisted of 38
items classified into six food groups, focusing on foods
rich in calcium and vitamin D. Participants reported their
typical food consumption in serving sizes. Cumulative
calcium and vitamin D intake from diets were then cal-
culated. Additionally, we gathered data on exercise hab-
its including type, activity level (strenuous, moderate and
gentle intensity), frequency (number of times if weekly)
and duration (min/day). The physical activity question-
naire was adapted from the International Physical Activ-
ity Questionnaire (2002) Short version “Short last 7 days
self-administered format’, designed for use in young and
middle-aged adults (15-69 years) [35]. We also measured
anthropometrics and vital signs and collected data on
pre-pregnancy weight (as self-reported by participants).

Sampling and biochemical parameters
We conducted the following laboratory tests during the
screening visit (11-17.5 weeks) : serum 250HD, calcium,
phosphate, magnesium, creatinine, thyroid stimulating
hormone (TSH), and total protein. Serum 250HD meas-
urement was centralized at AUBMC Clinical Chemistry
laboratory using the electro-chemiluminescence immu-
noassay (ECLIA) Roche Cobas 6000 analyzer.

The Roche Elecsys COBAS® is a vitamin D protein
binding assay that specifically detects D2 and D3, quan-
tifying 250HD levels in both serum and plasma. It has an

Page 3 of 10

analytical range of 3.0-70.0 ng/ml, with a cross reactiv-
ity of 92% to 250HD2 and 100% to 250HD3. At AUBMC
clinical chemistry laboratory, the intra-assay CV was
4.8-7.4%, and inter-assay CV was 2.4-3.2% for values
between 19.6—-36.7 ng/ml. The Clinical Chemistry labo-
ratory partakes in the quality assurance, evaluation, and
accreditation from the College of American Pathologists
(www.cap.org) and DEQAS (www.Deqas.org) and has
consistently performed against target values.

Definitions of vitamin D deficiency

We defined vitamin D deficiency, insufficiency, and suf-
ficiency as serum 250HD of <30 nmol/L (< 12 ng/mL),
30-50 nmol/L (12-20 ng/mL), and >50 nmol/L (> 20
ng/mL), respectively [27].

Statistical analysis

Based on the central limit theorem, we applied para-
metric tests considering our large sample size. Baseline
demographic characteristics were summarized using
frequencies and percentages for categorical variables
and mean +SD for continuous variables. We tabulated
descriptive baseline characteristics (clinical, anthropo-
metric, and biochemical) of the overall population and
performed independent t-test and ANOVA for continu-
ous variables and chi-square test for categorical variables.

We categorized body mass index (BMI) for the descrip-
tive analysis as: underweight (< 185 kg/m?), normal
weight (18-5-24-9 kg/m?), overweight (25-0-29-9 kg/
m?) or obese (> 30-0 kg/m?). However, in the regression
analysis, we utilized a dichotomous variable as proposed
by the WHO classifying normal BMI as <25 kg/m? and
overweight/obese as BMI >25 kg/m? [36]. In addition,
we grouped seasons of blood draw into two groups:
winter with spring and summer with fall for the logistic
regression analyses. To evaluate the adequacy of dietary
calcium and vitamin D intake, we categorized the esti-
mated values based on the IOM recommended dietary
intake (RDI) as inadequate (< 1000 mg/day and <600 IU/
day) and adequate (> 1000 mg/day and > 600 IU/day) for
calcium and vitamin D respectively [27]. We also re-clas-
sified levels of education as below college versus college
education in the regression models. We used analysis of
variance to compare multiple group means; for example,
in inspecting seasonal variation of vitamin D levels.

To identify predictors of vitamin D inadequacy,
defined as 250HD <20ng/ml, vs 250HD >20 ng/ml,
we performed univariable logistic regression in the
overall group. The predictors included center, age, ges-
tational age, season, parity, gravidity, pre-pregnancy &
early pregnancy BMI, education, occupation, smoking,
exercise, veiling, vitamin D supplementation and die-
tary vitamin D intake. We further examined potential
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determinants of vitamin D deficiency in multivariable
logistic regression model by including the significant
variables (p-value <0.05) identified in the univariable
analysis, those at p-value of 0.2 and those that were
consistently associated with our outcome, as identi-
fied in the literature (such as age, BMI, season, cloth-
ing style, vitamin D supplement intake, parity, and
exercise). Additionally, we carried out subgroup analy-
ses examining the correlation of these predictors with
250HD <20ng/ml in each center. A p-value of <0.05
was considered statistically significant, and it was not
corrected for multiplicity of testing. All values were
rounded to the nearest whole number in Tables 1 and
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2 (if suitable) and in text (except for p-values). Statis-
tical analysis was performed using SPSS V.23 (IBM,
Armonk, NY).

Results

General characteristics of the study population

Between July 2015 and June 2018, we prescreened 1600
pregnant females and enrolled a total of 552 partici-
pants of whom 548 had serum 250HD levels measured,
270 from AUBMC and 278 from BH (Appendix Fig. 1).
Table 1 details baseline clinical, anthropometric and bio-
chemical characteristics of the participants overall and
by center. The rate of missing data ranged from 5% for
parity to 24% for pre-pregnancy BMI. Missing data were
particularly high for exercise (58%) and dietary vitamin D

Table 1 Baseline Demographic Characteristics of participants- overall and by center

AUBMC® (270)N (%)  BH® (278) Total (548)
N (%) N (%)

Residency® Beirut 116 (51) 221 (88) 337 (70)

(BAHUEI;AZC) 228 Mount Lebanon 83 (36) 10 (4) 93(19)
South Lebanon 13(6) 16 (6) 29 (6)
North Lebanon 8 (4) 0(0) 8(2)
Akkar 1(0.4) 0(0) 1(0.2)
Baalbek 3(13) 5(2) 8(2
Nabatieh 4(2) 0(0) 4(0.8)

Season Winter: January-March 69 (26) 78 (29) 147 (27)
Autumn: October-December 63 (23) 70 (25) 133 (24)
Spring: April-June 75 (28) 83 (30) 158 (29)
Summer: July- September 63 (23) 47 (17) 110 (20)

Employment © 155 (64) 77 (30) 232 (47)

(AUBMC: 242, BH: 254)

Education © Below High School 10 (4) 46 (18) 56 (11)

g*HUE’;/‘:; 246 High School 30(12) 4719 77 (15)
College 206 (84) 161 (63) 367 (73)

Smoking ¢ 13 (5) 50 (20) 63(12)

(AUBMC: 261, BH: 247)

Smoking before pregnancy ¢ 63 (30) 124 (49) 187 (41)

(AUBMC: 208, BH: 251)

Alcohol consumption © 3(4) 0(0) 3(14)

(AUBMC: 82, BH: 139)

Exercise 8(11) 12(8) 20(9)

(AUBMC: 75, BH: 150)

Veiling © 56 (27) 224 (89) 280 (61)

(AUBMC: 206, BH: 253)

Parity © Nulliparous 136 (52) 78 (31) 214 (42)

(AUBMC: 262, BH: 254) Primiparous 87 (33) 79 (31) 166 (32)
Multiparous 39 (15) 97 (38) 136 (26)

Exact total of each variable is included in parentheses as there were missing data
@ American University of Beirut Medical center

b Bahman Hospital

€ variables significantly different between the two centers at p-value <0.05 using chi-square & independent t-test



Ajjour et al. Reproductive Health (2025) 22:158 Page 5 of 10
Table 2 Anthropometric & Biochemical characteristics of participants- overall and by center
AUBMC? (270) BH (278)° Total (548)
Mean =SD Mean +£SD Mean +SD
25(OH)D (ng/ml)¢ 18+9 13£8 15+9
Vit D category (IOM) N(%) ¢ Deficient 81 (30) 155 (56) 236 (43)
Insufficient 83(31) 77 (28) 160 (29)
Sufficient 106 (39) 46 (17) 152 (28)
Age ¢ 30+£5 29+£5 29+£5
Gestational age © 12 +1 1342 1341
BMI¢ at screening © 24 +4 25+5 25+4
BMI before pregnancy ¢ 23 +4 24 +5 24 +4
Total Supplemental Calcium/day 260 £219 242 +£136 247 £159
Total Supplemental Vitamin D/day € 534 £606 167 £149 419 +£536
Total dietary Calcium/day 581 +£250 586 £253 585 +251
Total dietary Vitamin D/day 87 £41 100 £67 98 +65
Calcium(mg/dL) ¢ 9+04 9405 9+04
Creatinine (mg/dL) ¢ 0.5+0.1 0.6 +0.1 05+0.1

@ American University of Beirut Medical Center
b Bahman Hospital
€ Institute of Medicine

9 Body mass index

¢ variables significantly different between the two centers at p-value < 0.05 using chi-square & independent t-test

intake (79%). The majority (70%) of participants resided
in Beirut. Mean population age was 29 +5 years (range
18-46) and the mean gestational age at screening was 13
weeks. Approximately 41% of participants were nullipa-
rous and 32% were primiparous (Table 1). The average
BMI of our cohort was 25 +4 kg/m? with almost half of
the studied population having normal BMI (57%), while
20% were overweight and 8% were obese. In addition,
only 9% reported exercising during pregnancy. A nota-
bly high proportion of participants did not smoke during
pregnancy (88%); although 28% of those reported halting
smoking only upon pregnancy. The mean serum 250HD
concentration in the overall sample was 15 +9 ng/ml
with 72% of participating females classified as vitamin
D insufficient/deficient. All participants had normal lev-
els of serum calcium, creatinine, phosphate, magnesium,
total protein, albumin, globulins and TSH.

Bi-center variability

The comparison of maternal baseline characteristics
between the two centers is presented in Tables 1 and 2.
Participants recruited from AUBMC were more likely
to be residing in Beirut, and the North region, and had
higher level of education compared to those from BH
(84% vs 63% college graduates). Mean serum 250HD
level was 18 £9 ng/ml at AUBMC, 5 ng/ml higher than
that of BH group (p < 0.001) (Table 2). Compared to those
at AUBMC, participants from BH were more likely to

be unemployed, smoked before and during pregnancy,
reported no alcohol consumption and included a higher
proportion of multiparous females (Table 1). More par-
ticipants from BH were veiled (p< 0.001) compared
to AUBMC and were taking lower doses of vitamin D
supplements (p< 0.001). In addition, they were slightly
younger (p< 0.001), had a higher self-reported pre-
pregnancy BMI (p= 0.01) as well as during their first-
early second trimester (p= 0.03). Mean dietary calcium
at study entry were comparable between the two groups
with total calcium/day of 581 +250 mg in AUBMC group
and 586 *253 mg/day in BH group. Similarly, dietary
vitamin D was 87 £41 IU/day at AUBMC versus 100 + 67
IU/day at BH. However, supplemental intake of vitamin
D was significantly higher in participants from AUBMC
(p<0.001) (Table 2).

Seasonal variations of vitamin D levels

Blood collection was evenly distributed across seasons
in the overall group (ranging from 20 to 27% per season),
and by center. In the overall group, we observed a sea-
sonal trend with levels reaching their peak in the sum-
mer 18 +10 ng/ml and a nadir in winter 14 +9 ng/ml (p=
0.019). Subgroup analyses revealed a parallel seasonal
trend for participants from AUBMC and a flatter pattern
for BH; although variation within each center was not
significant between seasons (Fig. 1). On average, mean
serum 250HD levels were below 20 ng/ml in the overall
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Fig. 1 Change in 250H D levels across seasons-overall and by center. *Significant difference in 250HD levels, between Summer and Winter seasons

in the overall group. p-value <0.05. NS not significant

group, and by center, in the fall, winter, and spring sea-
sons. Only females at AUBMC reached a mean level of 20
+11 ng/ml during the summer (Fig. 1).

Predictors of hypovitaminosis D
Univariable analysis of the association between potential
risk factors and 250HD <20ng/ml during early preg-
nancy identified several significant predictors. Key risk
factors included pre-pregnancy overweight/obesity (OR
1.9, CI: [1.2-3.2]), and a borderline significance for the
first-early second trimester BMI (OR 1.5, CI [0.9-2.3]).
Veiling (OR 3.8, CI [2.5-5.8]), smoking during pregnancy
(OR 2.08, CI [1.1-4.4]) in addition to being recruited
from BH (OR 3.3, CI [2.2-4.9]) were also significantly
associated with higher risk of having 250HD < 20ng/ml.

Conversely, protective factors included attaining higher
education (OR 0.3, CI [0.2-0.6]), older age (OR 0.9, CI
[0.89-0.96]) and being employed (OR 0.6, CI [0.4-0.9]).
Moreover, participants screened during summer/fall had
lower risk of being deficient-insufficient compared to
those screened in winter/spring season (OR 0.6, CI [0.4—
0.9]). Surprisingly, vitamin D supplementation at study
entry did not incur a protective effect against deficiency.
Other socio-demographic and lifestyle factors did not
show significant association with having 250HD <20ng/
ml.

We further examined potential determinants of vita-
min D deficiency in a multivariable logistic model

shown in Table 3. Compared to the univariable regres-
sion results, only age and veiling remained significant
predictors of vitamin D deficiency. Veiled participants
had approximately 5 times the odds of having deficiency-
insufficiency than non-veiled, and older females had 12%
lower odds of being deficient-insufficient. Other variables
such as seasonality and BMI lost their significance upon
the inclusion of age and veiling into the model (Table 3).
After applying the same multivariable model within
each center, clothing style was the only significant pre-
dictor in the model at AUBMC while older age was
significantly correlated with lower odds of deficiency-
insufficiency at BH (Appendix Tables 1a & 1b).

Discussion

Principal findings

We evaluated serum vitamin D status of 548 healthy
pregnant females in their first-early second trimester and
examined its association with several lifestyle and demo-
graphic factors. The mean concentration of 250HD was
15 +9 ng/ml (median 13.5 and interquartile range 13).
Although the study cohort was drawn from two hetero-
geneous centers, representing different SES, vitamin D
deficiency was common to both with 72% having levels
<20 ng/ml. Factors significantly associated with hypo-
vitaminosis D in our population at a univariable level
included study center, pre-pregnancy BMI (with a trend
to significance for first-early second trimester BMI), age,
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Table 3 Predictors of vitamin D inadequacy, defined as 250HD < 20 ng/ml in the multivariable analyses

Multivariate Model
Predictor B OR [95% Cl]
Age -0.13 0.88 [0.79-0.97]
Gestational Age 0.15 1.16 [0.85-1.58]
Center;: Bahman vs AUBMC (ref) 0.55 1.74 [0.51-5.73]
Season: Summer/Autumn vs winter/spring (ref) 0.27 1.31 [0.55-3.09]
Parity: Multiparous vs nulliparous (ref) -0.14 0.87 [0.35-2.27]
First trimester BMI: Overweight/Obese vs normal (ref) 061 1.85 [0.77-443]
Education: College vs below college (ref) -0.61 0.55 [0.18-1.59]
Working status: Working vs Not working (ref) -0.39 0.68 [0.26-1.72]
Smoking: Smoker vs non-smoker (ref) 036 143 [O 38-5. 29]
Physical activity: Exercise vs no exercise (ref) -0.72 0.49 [0.1 69]
Veiling: Veiled vs not veiled (ref) 1.55 4.72 [1.58-13. 65]
Vitamin D supplement: Taking vs not taking (ref) 0.19 1.21 [0.43-2.99]

Ref: reference group for categorical variables

season of screening, education, employment, smoking
and clothing style. However, only age and veiling were
significant variables in the multivariable model.

Results in the context of what is known

The observed prevalence of vitamin D deficiency is con-
sistent with the range detected in various epidemiologi-
cal studies from the Mediterranean and Arab region [8,
31, 37]. However, it exceeds global rates of deficiency in
pregnant females (54% with 250HD <50 nmol/L) [38]. It
also exceeds rates we reported in our general population,
where 37% of females and 44% of men were deficient [39].
Prevalence of hypovitaminosis D in regional multicenter
studies on pregnant females with sample sizes greater
than 300, revealed that 70-90% had serum 250HD <50
nmol/L (20 ng/ml), (Appendix Table 2) [29-32].

Rates of deficiency in our study varied between the two
centers; yet center did not emerge as a significant predic-
tor in the multivariable analysis. This variability could be
attributed to several notable differences in risk factors
between AUBMC and BH; mainly veiling, age, vitamin D
supplement intake and BMIL; however, only age and veil-
ing remained significant in the adjusted model.

Although seasonal variation in 250HD levels varied
across seasons in our study, with peak levels during sum-
mer (Fig. 1), season of screening did not maintain its sig-
nificance in the multivariable model. Seasonal effect is
linked to variation in sunlight exposure [40, 41], but this
may have been hindered by the concealed clothing style
in the MENA region [42]. Indeed, this was evident in our
study as veiling, a known risk factor for hypovitaminosis
D [7, 43] emerged as the significant and dominant pre-
dictor (p= 0.004) of deficiency in both univariable and
multivariable analyses. In a large study of 578 females

from KSA, whole body coverage, age, indoor nature of
work, multiparity, physical activity, sun exposure, and
educational status were significant predictors of vitamin
D deficiency in multivariable analyses [29].

Age was another predictive protective factor in our
study in the univariable and multivariable models with
older females showing lower risk of deficiency. This asso-
ciation has been reported in a study of pregnant females
in the United States but was only significant in univari-
able analyses [44]. Conversely, other studies conducted in
pregnant females have reported an association between
aging and increased risk of deficiency, in univariable anal-
yses [45, 46]. The association between age and increased
250HD deficiency could be explained by the aging of the
epigenome, loss of telomeres, or antioxidative effects of
vitamin D metabolites [47].

High BMI has been previously linked to vitamin D defi-
ciency in different populations [48, 49], but few studies
investigated this link during pregnancy, probably due to
the challenges of applying BMI cutoffs during pregnancy
[50-52]. Josefson et al. reported a 0.4ng/ml decrease in
maternal 250HD for every 1kg/m? increase in BMI in
a model adjusted for maternal age and field center [50].
In our population, an association between BMI and defi-
ciency risk was observed at the univariable level; with a
trend to significance (p-value 0.052). However, BMI lost
its significance in the multivariable model possibly due
to the introduction of veiling; since veiled females also
had significantly higher mean BMI (25.4 kg/m?) com-
pared to non-veiled females (23.4 kg/m?). Additionally,
the observed lower 250HD levels were associated with
pre-pregnancy BMI, ascertaining the effect of body fat on
vitamin D availability [53].
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Other lifestyle factors identified in our study as signifi-
cant at the univariable level were smoking, education and
employment. A Belgian cross-sectional study and the
Generation R study revealed that smoking was linked to
higher risk of deficiency in pregnancy [51, 54]. Moreo-
ver, education and SES may have significant influence on
deficiency rates as females with higher education or SES
may be more likely to use vitamin D supplements [29, 52,
55]. Paradoxically, use of vitamin D supplementation at
study entry in our population did not significantly pro-
tect against deficiency, as would have been expected [56].
This lack of effect could be because only 19% of partici-
pants were taking supplements. It is noteworthy that our
population did not reach the IOM recommended daily
intakes of calcium and vitamin D neither from supple-
ments nor from diet (total Ca 832 mg/day, total vitamin
D 517 IU/day).

Clinical and research implications

The evidence for a beneficial effect on maternal-offspring
outcomes is scarce, resulting in a lack of cohesive pre-
ventive public health strategies, regionally and globally.
Indeed, current recommendations are quite variable. The
IOM has set the recommended dietary allowance dur-
ing pregnancy at 600IU/day; while the Endocrine Society
suggests empiric supplementation for pregnant females
[27, 28]. The American College of Obstetricians and
Gynecologists (ACOG) suggests that 1,000-2,000 IU/day
is deemed safe for pregnant females with vitamin D defi-
ciency [57] while the WHO recommends a lower sup-
plemental intake of 200IU/day for pregnant females with
suspected deficiency [26]. In 2019 the position statement
of the European Calcified Tissue Society (ECTS) has rec-
ommended a 400—600 IU/day of vitamin D supplementa-
tion for all pregnant females [7].

Strengths and limitations
We acknowledge that the current study has some limita-
tions. An important caveat is that not all variables were
assessed consistently across all participants; this could
have mitigated the possible effects of some risk factors.
In addition, our study participants were recruited from
only two centers in Beirut area. Other potential determi-
nants such as level of sun exposure, skin color, and body
composition were not investigated. The food frequency
questionnaire, although validated in adolescents, was not
specifically validated in pregnant population [34], and
the activity questionnaire was adapted from one used in
young and middle-aged adults (15-69 years) [35].
Despite these limitations, our study has several impor-
tant strengths. It rigorously investigates prevalence of
hypovitaminosis D and systematically assesses its predic-
tors in a relatively large, and importantly representative,
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sample of females, from two centers in Lebanon, adjust-
ing for several significant predictors. Vitamin D levels
were assayed in the same laboratory with established
quality assurance protocols. Our findings are particularly
relevant to females from the region because of similari-
ties in culture and lifestyle, notoriously in clothing style,
a dominant predictor of hypovitaminosis D. In addition,
our post-hoc sample size calculations revealed that we
would need a sample size of 62 participants to detect a
significant difference between the observed 72% preva-
lence of hypovitaminosis D in our study group and
the anticipated prevalence of approximately 50%, as pub-
lished in the literature [38].

Conclusion

Hypovitaminosis D is prevalent among pregnant females
in Lebanon, findings explained by veiling and young age
on multivariable analyses. Early detection and preventive
supplementation may help mitigate the potential adverse
outcomes of hypovitaminosis D on maternal and neona-
tal health.
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