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Abstract: Background/Objectives: Women's reproductive and overall well-being are intricately associated to
vitamin D levels. In Morocco, vitamin D deficiency is a major issue for premenopausal women, yet little data
exists on their dietary intake of this nutrient. This study explores vitamin D dietary intake, socio-demographic
determinants, and its correlation with serum 25-hydroxyvitamin D [25(OH)D3] in premenopausal Moroccan
women. Methods: A cross-sectional study was conducted with 355 women aged 18-49 in Meknes, Morocco,
using validated questionnaires to assess dietary intake and sun exposure. Potential covariates such as physical
activity and BMI were also assessed . Serum 25(OH)D was measured via chemiluminescence immunoassay.
Chi-square tests and Spearman correlation were used to identify socio-demographic factors influencing
vitamin D intake. Linear and multivariate regression analysis determined the main predictors of serum
25(OH)D levels. Results :The median (interquartile range) vitamin D dietary intake was 2.8 (2.7) ug/day , with
less than 20% of women meeting the recommended 5 ug/day. Major dietary sources were fish (48%), dairy
(24.3%), and meat (9.4%), with fortified foods contributing only for 7%. Lower intake was linked to younger
age (p=0.004) and rural living (p=0.024). While no significant association was found between dietary intake and
serum 25(OH)D ((B(SE): 0.155(0.094), p=0.340 ) , sun exposure positively predicted serum levels(3(SE): 0.343
(0.128), p=0.008) , and BMI negatively affected them (3(SE): -1.128 (0.337), p=0.001). Conclusions: Our findings
highlight insufficient vitamin D intake among premenopausal Moroccan women, especially younger and rural
women. Nutritional interventions are needed to address this deficiency, promoting better dietary habits, sun
exposure, and healthy weight.

Keywords: dietary intake; food sources; food fortification; sociodemographic; serum 25-
hydroxyvitamin D; sun exposure; BMI ; premenopausal women

1. Introduction

Vitamin D is a group of fat-soluble steroid compounds of different origins, with similar chemical
structures and the same biological effects[1]. Often referred to as pro-hormone with complex
endocrine regulation[2], it plays a major role in controlling calcium and phosphate homeostasis,
normal bone growth and mineralization[3,4]. It is also crucial in the immune response, promoting an
anti-inflammatory state and maintaining the balance between pro- and anti-inflammatory activities
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[5]. Inadequate vitamin D status is associated with a wide range of health implications across
different age groups. In children, it can lead to growth retardation and rickets[4,6], while in adults,
it is linked to osteoporosis [4], and chronic conditions such as diabetes [7], autoimmune diseases [8],
psychiatric disorders [9], cardiovascular diseases [10] and cancers [11]. Additionally, adverse
pregnancy outcomes and complications in reproductive age are also connected to vitamin D
deficiency [12]. These health issues significantly impact quality of life, increase mortality rates, and
raise healthcare costs [13,14].

Uniquely, vitamin D can be synthesized endogenously by the human body [15] In response to
ultraviolet rays, at wavelengths between 290 and 315 nm, 7-dehydrocholesterol in the skin converts
to vitamin D3 [15]. A 20-minute whole-body exposure to summer sun can produce up to 250 pg of
vitamin D3, achieving the recommended serum level (230 ng/ml) of its metabolite, 25-
hydroxyvitamin D [25(OH)D]. However, skin photosynthesis of vitamin D is not always reliable due
to factors like seasonal variations, high latitude, atmospheric pollution and pigmented skin [16].
Additionally, sun exposure has become less viable due to the intentional avoidance of direct sunlight,
use of sunscreen, sedentary indoor lifestyles, and covering dress due to cultural or religious practices
[15,17,18].

As a result, vitamin D deficiency (VDD), has become a global pandemic[19-21], even in sunny
countries[4,22]. Over a third (34.22%) of Africans are vitamin D deficient, with a high prevalence of
severe deficiency (25(OH)D3 < 12 ng/ml) and worsening status in northern African countries [21]. A
recent meta-analysis estimated that hypovitaminosis D (25(OH)D3 < 30 ng/ml) affects up to 96% of
children, teenagers, and adult women in the Mediterranean, Middle East, and North Africa (MENA)
region. In this area, female sex is a significant risk factor for hypovitaminosis D [17]. Women are
disproportionately vulnerable to VDD not only due of physiological factors such as pregnancy,
lactation, and menopause [23] or unfavorable sun exposure behaviors[14] but also as result unhealthy
dietary pattern and evidently inadequate vitamin D intake[24,25].

Vitamin D3 (cholecalciferol) and vitamin D2 (ergocalciferol) are the predominant forms of
vitamin D in foods and are effective in maintaining vitamin D status [26,27]. Vitamin D2 is
synthesized by fungi, while vitamin D3 is found in animal sources, such as fatty fish and fish oil, egg
yolks, and red meat[28] . Despite this, achieving optimal plasma vitamin D levels through diet alone
is challenging. Food fortification is recognized as a viable approach to increase dietary vitamin D
intake and improve 25(OH)D levels in populations[29]. Fortification strategies vary by country, with
commonly fortified products including milk, yogurt, juices, and breakfast cereals[29]. surveys in the
US[30], Canada[31], and Europe[29,32] report high prevalence of inadequate vitamin D intake, with
exceptions in Scandinavian countries where fish consumption is high, and fortification policies are in
place[29,33,34]. Likewise, a previous, global review indicated that dietary supplement use may
contribute 6-47% of the average vitamin D intake in some of these countries[35].

In Morocco, 78.8% of women of reproductive age (WRA) are vitamin D deficient (25(OH)D <20
ng/ml), with over one-third (31.3%) severely deficient (25(OH)D < 10 ng/ml) according to the latest
national nutritional survey [36]. Despite the implementation of food fortification strategies 24 years
ago, vitamin D dietary intake and sources among the general population remain largely unexplored.
Previous research on vitamin D status in Moroccan women has largely concentrated on the influence
of sun exposure and lifestyle behaviors as primary determinants [37-39]. However, a single crosse
sectional study by Benhammou et al (2016), indicated that average vitamin D intake among 101
Moroccan women accounted for a mere 12.36% of the recommended daily allowance, reflecting the
potential adverse influence of Westernized dietary patterns on nutrient intake [40].

Therefore, our study aimed to address this gap by comprehensively exploring the components
of dietary vitamin D intake among Moroccan women of reproductive age investigating its potential
determinants and examining its association with vitamin D status. Addressing dietary habits could
offer a modifiable target for improving overall vitamin D status in this population.

2. Materials and Methods

2.1. Study Population
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We conducted a cross-sectional study involving women of reproductive age living in the
prefecture of Meknes, located in north-central Morocco between February and December 2022.
Participants were recruited from among apparently healthy women visiting private medical clinics
and laboratories collaborating in the study project.

The sample size was determined using Cochran's formula[41] for an estimate of VDD prevalence
(25(OH)D3 < 20 ng/ml) at 78.8% among WRA at the national level. A minimum sample size of 256
women was targeted. To increase the statistical power, 533 female participants were recruited, of
which 355 women met the inclusion criteria, completed the study questionnaires, and provided
written consent (see flow chart below)

C tional desi
= e A - =4 Fstimated  vitamin D daily
Simple size determination [ |\ 52 ]
Cochran's formula: 1L g intake(pg/day).
n=Z7Zp.q.fe? =263 \ O\ 1} i ﬁ-" A\ -Dietary intake adequacy according to
Recrutement : n =533 ‘ \ ) -, WHO/FAO, RI (5pg/day)
¥ -Food sources contribution in the total
Inclusion criteria: FFQ ofthenziffn::t?iznsum tion intake (%0)
-Women Aged of 18 and 49 years. p : P Sociodemographic determinants of
-Healthy women (78 food items) I o ah s )
Non pregnant and lactating Lifestyle characteristics (sun exposure vitamin em:y wtake (Comparison
S and physical activity, anthropometric nonparametric test)
“Women non involved in weight measures) Food sources contribution in daily
loss or diet programme that imply Sociodemographic characteristics intake by significant determinants (%)
changing of dietary habits (Gréber 25(0H)D serum -Association between vitamin D intake
etal . 2020) concentration creatinine and 25(0ID serum
-Women  not using  drugs concentration/VDD (pearson
ﬁzet‘afi;;l;gm math s Sesiamin D February - December 2022 correlation, linear regression model)

Study population Data collection Statistical analysis

Figure 1. Flow chart of the study design.

2.3. Questionnaires

Dietary intake was assessed using our previously developed and validated vitamin D food
frequency questionnaire (VitD-FFQ) with 78items food list[42]. Food sources containing high levels
of vitamin D are included in the list, along with fortified foods available at the local market. Four to
five quantities of consumption for each food item (expressed in g, ml, and domestic measures; slice,
tablespoon, or cap) and six frequencies of intake (monthly, weekly, and daily) have been inserted into
the FFQ to estimate the daily intake of vitamin D during the last month[42].

Total daily intake of vitamin D in pg/day was calculated by multiplying the amount reported in
the questionnaire by the corresponding value in the French/USDA composition tables as described
previously. For fortified foods, nutrient content information from the packages was employed. The
WHO/FAO vitamin D required intake of 5 pg/day for adult women was used to examine the
adequacy of our participants' intake[43].

Sun exposure behaviors were measured via our sun exposure questionnaire previously
validated with Moroccan women of childbearing age[44]. The scores assessed reflected the
determinants of the amount of vitamin D that can be produced under the skin after sun exposure,
namely frequency, duration, time slot and parts of the body routinely exposed to the sun, as well as
sun protection practices such as the use of sunscreens and the type of clothing worn. The classification
of was used to determine the skin phototype of the participants (type V & VI, type IIl & IV, type II,
type I) and thus adjust according to the estimated exposure score on a scale of 0.25 to 1. Participants
were subsequently classified according to their estimated scores as low (SES < 7.5 points), moderate
(SES=7.5 to 15), adequate (SES = 15 to 30), and high (SES > 30) [42,44]

To assess physical activity levels (PAQ), the short-form version of the International Physical
Activity Questionnaire (IPAQ-SF) was used, consisting of seven closed-ended questions, in relation
to activities done in the previous week [45], The participants' scores were classified into three NAPs;
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low intensity (< 600 MET min/week), moderate intensity (at least 600 MET-min/week) and
strenuous/vigorous (at least 3000 MET-min/week) [46].

The data collection process for each participant was conducted through a one-on-one interview
with a dietitian and nurses who also collected information on socio-demographic characteristics (age,
marital status, occupation, geographic location and education level).

2.3. Measures

Participants' weights and heights were performed with standard procedures, while participants
were scantily clad and without shoes. Anthropometric status was classified according to the WHO
BMI classification as follows: Underweight: BMI<18.5 kg/m2, Normal: BMI: 18.5-24.9 kg/m?,
Overweight: BMI 25-29.9 kg/m?, and Obese 30 kg/m? [46]

10 mL fasting venous blood was collected from each participant by a nurse and analysed on the
same day. Serum 25(OH)D was performed with a one-step electrochemiluminescence
immunochemical assay according to the manufacturer's instructions. Creatinine was performed
using an Abbott Architect ci4100 COBAS E411 Chemistry Analyzer.

VDD was defined as serum levels of 25(OH)D3 <20 ng/ml[47-49]while vitamin D insufficiency
was defined as levels between 20 and 30 ng/ml [47,49] Women with serum concentrations of
25(0OH)D3 >30 ng/mL were considered to have adequate levels [47,49].

In addition, since serum levels of 25-hydroxyvitamin D may be affected by kidney function[50]
, the Dietary Modification in Kidney Disease (MDRD) formula was used to assess participants' kidney
function [51] Only women with glomerular filtration rates greater than 60 ml/min/1.73 m2 were
included in the final analysis (Levey, 1999).

2.3. Ethics

All women participants give signed informed consent, and all surveys procedures were
conducted in accordance with the principles of the Declaration of Helsinki. The Biomedical Research
Ethics Committee of Moulay Ismail University (reference; No. 1/CERB-UMI/19) approved the study
protocol.

2.4. Statistical Analysis

The normality of the continuous data was assessed using the Kolmogorov-Smirnov and Shapiro
wilk tests (n>50) respectively. Not all variables were normally distributed, therefore only non-
parametric tests were applied. Descriptive analysis was performed, and data were presented in mean
and standard deviation in addition to median with interquartile rang for continuous variables and in
frequencies and percentages for categorical variables.

Participants were classified into subgroups based on their vitamin D intake adequacy. Kruskal-
Wallis and Bonferroni tests were used to compare estimated daily intake of vitamin D across
sociodemographic status subgroups, while the e-chi-square test/fisher exact test was used to measure
the difference in frequency for categorical variables.

The relationship of serum 25(OH)D3 with dietary vitamin D intake and sun exposure score was
depicted in scatter plots after log-transforming the variables to meet normality. Finally, we examined
the relationship by linear regression analysis. In the models, serum 25(OH)D3 was a dependent
variable, with dietary vitamin D intake and UV exposure simultaneously included as independent
variables. Other covariates were selected from factors possibly related to serum vitamin D
concentration by stepwise selection.

Data were analyzed using R package, statistical tests were two-sided, and p values of <0.05 were
considered statistically significant.

3. Results

The demographic characteristics of the study participants (n=355) are summarized in the Table
1. The median age of the participants was 29.0 years, with an interquartile range of 11.0 years. The
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age distribution’s indicating a predominance of young to middle-aged women 25.4% and 55.5%

respectively.

Table 1. Participants’ general characteristics estimated dietary vitamin D intake (n = 355).

Variables All participants (n=355)
Age (year). median (IQR) 29.0(11.0)
Age classe (n. %)
18-25 90(25.4)
26-36 197(55.5)
37-49 68(19.2)
Education (n. %)
Mliterate
<10 years (secondary college) 64(18.0)
>11years (university or higher) 166(46.8)
125(35.2)
Marital status (n. %)
Married 227(63.9)
Unmarried 128(36.1)
Employment (n. %)
Yes 157(44.2)
No 198(55.8)
Localization (n. %)
Urban 239(67.3)
Rural 116(32.7)
Vitamin D intake (pg/day) Mean (SD) 3.63(2.73)
Median (IQR) 2.87(2.76)
Intake adequacy (WHO/FAO RI) (n.%)
Adequate (25ug/day) 70 (19.72)
Low (<5pg/day) 285 (88.28)
BMI (Kg/m?) 25.7(6.2)
Normal weight 145 (40.8)
Underweight 5(1.4)
Overweight 133(37.5)
Obese 72(20.3)
25(OH)D (ng/ml) Mean (SD) 18.2(9.4)
Median (IQR) 15.7(12.4)
VD deficiency (25(OH)D<20ng.ml) 231(65.1)
VD Insufficiency (20<25(OH)D<30ng/ml) 82(23.1)
VD Sulfficiency (25(OH)D>30ng/ml) 42(11.8)
Sun exposure score Median (IQR) 15.9(10.5)
Sun expos.u]:‘e categories (n.%) 156 (43.9)
Insufficient-moderate 199(56.1)
Sufficient-high
Physical activity MET min/week, Median (IQR) 1778.2(1765.0)
Physical activity level categories (n.%)
Moderate-low 330(93.2)
High 24(6.8)
Season (n.%)
Summer 143(40.9)
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6
Autumn 86(24.2)
Winter 60(16.9)
Spring 66(18.6)

Abbreviations; IQR: interquartile range , MET : Metabolic Equivalent of Task.

In terms of education, a minor proportion of 18.0% were Illiterate. A more than a half of our
women participants were married (63.9%), unemployed (55.8), residing urban areas (67.3%) and
exhibiting overweight/obesity (57.8%).

The mean estimated vitamin D intake from food was 3.63 pug/day (+2.73) and the median intake,
was 2.87 pg/day (IQR: 2.76) which is lower than the required vitamin D intake established by the joint
WHO/FAO expert of 5ug/day(200IU/day). Only 19.72% of the participants meet the WHO/FAO
recommended intake for vitamin D (=5 pg/day), while the vast majority (80.28%) have intakes below
this threshold (88.28%). Only eight women were taken medical vitamin D supplementation and were
excluded from dietary analysis.

A The median level of 25(OH)D3 was 15.7 ng/ml with an interquartile range (IQR) of 12.4 ng/ml,
indicating a significant proportion (65.1%) of the participants that are vitamin D deficient
(25(OH)D3<20 ng/ml). The median physical activity level was 1778.2 MET-minutes/week, with a
broad IQR of 1765.0. The vast majority (93.2%) of our participants had moderate to low physical
activity levels, with only 6.8% that were engaged in high levels of physical activity. Lastly, the
seasonal distribution of participants showed a relatively highest representation of participants
recruited during the summer season (40.9%), followed by autumn (24.2%), spring (18.6%) and then
wintereven (16.9%).

The Figure 2 presents vitamin D intake food sources among the study participants. The primary
food source of the total intake was fish and sea products, contributing to 48%, followed by Milk, diary
products and beverages (24.39%). To a lesser extent, Meat, poultry and related products provide
9.40% while fortified oils and margarines and eggs consumption accounting for 6.27% and 6.23%
respectively of the total intake. Bakery and Moroccan sweet mostly prepared with eggs and fortified
oils account for 3.49% while other commercial fortified foods such as breakfast cereal and cacao
provide less than 2% of the intake.

Butter | 0.49%
Chocolat and cacao I 0.76%
Fortified Breakfest cereals I 0.97%
Backery and Moroccan. . 3.49%
Fortified oils and.. - 6.23%
Eggs N 6.27%
Meat, poultry and products - 9.40%
Diary products and. _ 24.39%
Fish and sea product _ 48.00 %

0.00 10.00 20.00 30.00 40.00 50.00
Figure 2. food sources contribution in the total estimated vitamin D intake.

The Table 2 illustrates the frequency of consumption for various food items categorized by their
respective food sources. Notable variations in consumption frequencies are observed across different
types of fish. Fatty fish, such as Sardin (either fresh/frozen or canned in tomato sauce), are
predominantly consumed by over half of the participants (54.2% and 50.98%, respectively) 1-3 times
per month, with a lesser proportion consuming them up to once a week (27.04% and 6.19%,
respectively). Conversely, other types of fish, such as Mackerel, white fish, canned Tuna/Mackerel,
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or Shellfish, are rarely consumed, with most women participants abstaining or consuming them less
than once per month (rangingfrom 85.35% for white fish to 91.54% for Shellfish).

Table 2. Percent frequency of consuming vitamin D in foods sources (n = 355).

1 YT
Never or less 1-3 times 1time per 2-4 days 5-6 days per

F I E
ood sources tems than once per  per Week  per week week very day
month month
Fatty fish fresh and frozen (Sardin) 18.76 54.2 27.04 0 0 0
Fatty fish fresh and frozen (Mackerel) 87.32 8.16 452 0 0 0
White fIS‘h. fresh and frozen (sole, 85.35 0 1239 226 0 0
. whiting, sea bream...)
Fish and sea . .
Sardine, canned in tomato sauce 42.83 50.98 6.19 0 0 0
products Tuna and mackerel, canned in
2 87.32 12.68 0 0 0 0
vegetable oil
Shellfish (calmer, scampi. Shrimps, 91.54 8.46 0 0 0 0
mussels)
Red meat (Beef, veal. sheep...) eaten —; o0 2056 1436 1661 481 0
with or without fat
Organ meats (kidney) 93.53 4.22 2.25 0 0 0
Meat products Organ meats (liver) 81.14 16.61 225 0 0 0
cat produe Poultry (chicken and turkey) 1436 619 4553 2253 1238 0
Smoked meats or charcuterie
(chorizo, salami, Ham, casheer, 84.79 8.45 3.50 3.26 0 0
mortadella. etc.)
Entire eggs Eggs (Pan-fried, crambled and boiled) 38.6 18.6 28.16 4.22 10.42 0
Cow milk vitamin ]? fOI:tlfled. farm- 124 0 205 245 20.85 40
fresh cow's milk
Milk drink. or drinking yogurt. 52.11 2507 1858 1.97 227 0
flavored or with fruit. sweetened
‘ Yogurt flavored or with fruit. 25.07 2295 2704 186 7,04 0
Dairy sweetened. non-reduced fat
Products and  Semi-hard cheese (Gouda. Edam. 81.12 816 816 256 0 0
beverages Munster)
Fresh cheese (ricotta. Mozarelle.) 95.8 4.2 0 0 0 0
Soft cheese (Camembert. Brie) 87.6 4.22 6.47 1.71 0 0
Melted cheese in portions or 0 281 2507 422 29.28 18.62
spreadable cubes
Cottage cheese natural or aromatic 93.8 2.25 2.25 0 17 0
Vegetable oil vitamin D fortified 22.82 0 0 0 0 77.18
Fat Products Margarine vitamin D fortified 45.63 0 4.22 24.78 4.22 21.15
Butter 42.81 4.22 2.25 22.81 4.22 23. 66
Breakfast Cereal vitamin D fortified 87.32 619 649 0 0 0
cereals
Chocolate  10clate bars (with milk or dark 70% ./ 1464 1042 422 425 0
cocoa minimum or with dried fruits)
Sweet cocoa or chocolate powder for
Cacao drinks, enriched with vitamins and 87.32 0 8.16 4.52 0 0
minerals
Ordinary homemade cake or
prepackaged Madeleine.
Backery and  Viennoiserie (krachel. chocolate
Moroccan bread, raisin bread, croissant.
biscuit brioche) 18.87 1042 417 6.47 22.54 0

Moroccan biscuits (thee dry biscuit,
Fekkas, date biscuit)

Rich vitamin D meat products, such as liver, are also rarely consumed by the majority (81.14%)
of participants. Poultry, particularly chicken and turkey, are more frequently consumed, with
approximately half of the participants consuming them once a week (45.53%). However, a similar
proportion (43.66%) either never or rarely consume red meat compared to 14.36% who consume it
once a week.
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Egg consumption frequencies are diverse regardless of the preparation method. More than a
third of participants consume eggs less frequently or never (38.6%), nearly a third consume eggs once
a week (28.56%), while 10.42% consume them more frequently, maximum, 5-6 times a week.

Cow milk, including vitamin D fortified, is consumed every day by a substantial proportion of
participants (40%). Melted cheese in portions is predominantly consumed 5 to 6 times a week and
every day by 29.28% and 18.62% of participants, respectively. Flavored or fruit yogurt is also
consumed, albeit less frequently, mostly once a week by 27.04% of participants.

Bakery products are predominantly consumed once a week by 41.7% of participants. A
significant proportion of participants (77.18%) consume fortified oil almost daily, while 22.82% do
not consume it. Specifically, near a half of participants (45.63%) do not consume fortified margarine,
while 21.15% consume it every day. Other vitamin D fortified and riche food sources such as breakfast
cereals, chocolate, and cacao are consumed less frequently or never by most of our women
participants.

Table 3 presents the correlation between dietary vitamin D intake and studies demographic
factors. A statistically significant relationship was found between vitamin D consumption and age (p
=0.002). Notably, young women (less than 36 years) were found to have lowest vitamin D intake than
the older one (p < 0.027).

Table 3. Socio-demographic determinant of vitamin D dietary intake in study participants (n=355).

Dietary intake (pg/d)
Characteristics Mean (SD) Median(IQR) P value Below P Value ¢
RI (n, %)
Age (years) 0.0042
Age classes (n. %) 3.32(2.58) 2.62(2.30) 0.0290 67(23.50) 0.146
18-25 3.58(2.73) 2.79(2.68) 160(56.10)
26-36 4.16(2.84) 3.67(3.25) 0.027¢ 58(20.40)
37-49
Education (%) 3.70(3.39) 2.79(2.92) 0.351 53(18.60) 0.219
Tlliterate 3.86(2.84) 2.93(2.11) 125(43.90)
<10 years (Secondary -college) 3.28(2.11) 2.87(2.64) 103(37.50)
>11years (University or higher)
Marital status 3.73(2.85) 2.93(2.84) 0.471 177(62.1) 0.219
Married 3.44(2.48) 2.63(2.73) 108(37.9)
Unmarried
Employment (%) 3.57(2.57) 2.82(2.83) 0.982 122(42.80) 0.278
Yes 3.67(2.84) 2.93(2.75) 163(57.20)
No
Localization 3.27(2.33) 2.73(2.46) 0.014° 193(67.70) 0.204
Rural 4.25(3.22) 3.18(3.93) 92(32.30)
Urban

Abbreviations; IQR: interquartile range , RI : recommanded intake. 2: Spearman correlation , *kruskul Wallis test
; ¢ pairwaiz comparaison, p adjusted for Bonferroni correction for multiple test ; 4: Chi-squar test. Significance
level: p <0.05.

Regarding education level, vitamin D intake exhibited slight variations, although these
differences did not reach statistical significance (p = 0.351). Similar observations were made regarding
the association between vitamin D intake and marital status and employment.
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Furthermore, urban women demonstrated significantly higher vitamin D intake compared to
their rural counterparts, with median intakes of 3.18 pg/day and 2.73 ug/day, respectively (p=0.014).

There was no difference in the distribution of vitamin D intake categories across participant
demographic determinants.

Chart (A)
100% 0,43% i iioi i iii,i
90% 6.31% i‘?:x 7,13% B Fat (Butter)
8,23% ’ 6,57%
80% hehy B Chocolat and cacao
8,75%
9,73% !
0
70% W Fortified Breakfest cereals
60% 23,60% 20,13%
29,520 B Backery and Moroccan biscuit

Fortified oils and margarines
Eggs

Meat,poultry and products
Milk, diary products and

beverages
M Fish and sea product

50%
40%
30%
20%
10%

0%

18-25years 26-35years 37-49years

Chart (B)
0,23% 0,52%
100% * o
2/A9% 1,51%
90% 6,20% 6,27% MW Fat (butter)
5,67% 6,88%
80% m Chocolat and cacao
26,14% 22,65% o
70% w Fortified Breakfest cereals
60% Back d M bi i
9,95% 8,86% M Backery and Moroccan biscuit

50%
Fortified oils and margarines
40%

Eggs
30%

Dia roducts and beverages
20% yp g

10% Meat, poultry and products

0% M Fish and sea product

Urbain Rural

Localization

Figure 3. food source of vitamin D by associated participants characteristics: Age (chart A), and
localization (chart B).

The consumption of vitamin D from dairy products, including fortified milk, progressively
decreases with age, thru breakfast cereals becoming non-consumed after the age of 35 years.
Conversely, there is a slight increase in the consumption of meat products and eggs among older
women. Additionally, fish and seafood products are more commonly consumed by women in the
middle age classed (65%).

Fish consumption is more common in rural areas compared to urban one (64% vs. 56%), while
meat products and fortified products such as dairy, cereal breakfast items, cacao, and chocolate are
more frequently consumed by urban women. Vitamin D intake from eggs, bakery products, and
Moroccan biscuits remains similar across both urban and rural areas. Dairy products, eggs, and
fortified oils and margarines are more commonly consumed in autumn and summer, while fish
consumption is lowest in autumn, highest in summer, and similar in both spring and winter. Meat
products, fortified oils and margarine, breakfast cereals, and bakery items are more frequently
consumed in spring and winter.

Figure 4 presents the correlation between dietary intake and sun exposure with serum 25(OH)D3
levels. Both, dietary vitamin D intake and the sun exposure score showed a weak linear correlation
to participant vitamin D levels with R>=0.010, p=0.031 and R?=0.010, p=0.031 respectively.
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Figure 4. Satter plot of vitamin D concentrations according to participants dietary intake (ug/day) and
sun exposure score.
Table 4. Predictors of 25(0OH)D3 levels in the study participants (n=355).
Unstandardized 95.0% Confidence Interval
Predicators Coefficients for t P value
B Std. Error Lower Bound Upper Bound
Dietary vitamin D
intake (ug/day) 0.155 0.094 1.108 1.204 0.030 0.340
Sun exposure 0.343 0.128 0.092 0.595 2.683 0.008
score
IMC (kg/m?) -1.128 0.337 -1.790 -0.466 -3.350 0.001

In the adjusted stepwise linear regression model with 25(OH)D as the dependent variable and
selecting significant covariates, vitamin D dietary intake had no significant effect on circulating
25(OH)D (B(SE): 0.155 (0.094), p=0.340). In contrast, the sun exposure score remained statistically
significant, with a positive effect (3(SE): 0.343 (0.128), p=0.008), indicating a moderate increase in
serum concentration per one-unit change in the estimated score. Furthermore, BMI was a strong
predictor of vitamin D levels (p=0.001) showing an inverse relationship with a potential reduction of
B(SE): -1.128 (0.337) in 25(OH)D levels for each one-unit increase in BMI.

4. Discussion

In this study, we reported important information regarding the current dietary intake and food
sources of vitamin D among Moroccan premenopausal women. The results showed that the
estimated vitamin D dietary intake is inadequate compared to nutritional requirements. The richest
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sources of vitamin D, including fortified foods, are insufficiently consumed, particularly by young
women and those living in rural areas, who exhibited significantly lower intakes in our sample.
Consequently, the prevalence of vitamin D insufficiency/deficiency was high, suggesting that
lifestyle factors, including sun exposure and BMI, have a greater influence on vitamin D
concentrations in our participants than dietary vitamin D intake.

Average intake

The average vitamin D intake from food was 3.63 (2.73) pg/day, which is in line to the mean
intake reported in women from countries with comparable dietary patterns and cultural practices,
such as Saudi Arabia (3.52 pg/day), Libya (3.9 pug/day), and Egypt (3.27 + 3.53 pg/day). A national
nutritional survey in Canada among the same age group showed a similar intake of 3.70 pg/day. The
European Prospective Investigation into Cancer and Nutrition (EPIC) study observed a slightly lower
intake of 3.3 pg/day among women in ten European countries (excluding supplements), with higher
estimates in northern regions like Norway, Sweden, and Denmark .

Nationally, Benhamou et al. reported a much lower vitamin D intake of 1.85 pg/day in 101
Moroccan women compared to our participants. Accurate comparison of vitamin D intake between
studies is challenging due to variations in dietary assessment methodologies [24,52]. We used a
vitamin D-specific item and a validated FFQ for Moroccan WRA whereas the cited study employed
an adapted FFQ focusing on adherence to the Mediterranean diet in populations from Palestine,
Spain, and Morocco, rather than on precise nutrient intake. Additionally, the two FFQs had different
time frames; one month for our assessment versus twelve months for the previous study potentially
leading to underestimation of daily vitamin D intake due to recall bias. Differences in age
classification and food composition tables also need to be considered.

Adequacy of intake and food sources:

International nutritional guidelines for evaluating vitamin D dietary intake adequacy have
sparked significant controversy. The Institute of Medicine, the European Food Safety Authority, and
the Endocrine Society state that a target vitamin D status corresponding to a blood level of 20 ng/mL
in adults of both sexes can be achieved with dietary vitamin D intakes of 15 pug/day (600 IU), assuming
minimal sun exposure. In contrast, Nordic countries, France, and the United Kingdom recommend
10 pg/day, while DACH countries recommend up to 20 pg/day[53]. Conversely, the WHO/FAO
assumes that dietary vitamin D requirements can be lower, even set to zero with regular UVB
sunlight exposure and adequate skin synthesis. They recommend an intake of 5 ug/day for the
general population aged 0 to 50 years, including pregnant and lactating women[43]. Moroccan
national recommendations, applied within the context of the food fortification policy, use the same
reference value of 5 pg/day [54]. Additionally, the Ministry of Health and Social Protection has
implemented oral supplementation of vitamin D2 for children, pregnant, and lactating women in
primary healthcare settings.

Despite these guidelines, our results indicate that the majority (88.28%) of the women in our
study did not meet the adequate level of 5 pg/day. The estimated intake would be considerably lower
if we refer to the Institute of Medicine's recommendation of 15 ug/day, representing only 19.33% of
the participants' vitamin D requirements. This finding reflects a common issue observed worldwide
among women, regardless of variations in nutrient requirements, seen in the Middle East[55,56],
North Africa[57,58], US[59], Canada[31], UK (Public health England and food standard agency ,
2020). In the EPIC study, the average vitamin D intake below current recommendations for a
significant proportion of the European female population (up to 98%) except in Nordic countries .
For instance, Finland's 2012 FINDIET national survey showed an average intake of 8.6 pg/day among
women, covering over 86% of their 10 ug vitamin D requirement, primarily due to systematic
fortification of dairy products, margarine, and fat spreads since 2010 [34].

In Morocco, few staple foods are vitamin D fortified on a voluntary basis. Ninety percent of
edible oils available in markets are fortified with vitamin D3 at a level of 7.5 ug/100g, intended to
supply 30% of daily vitamin D requirements [54,61]. Most commercial margarines contain the same
amount. Pasteurized cow milk used to be fortified with 0.85 pig/100 ml of vitamin D3, aiming to meet
17% of daily requirements, but most commercial milk now is half-skimmed and lack explicit
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fortification labels except for few brands of ultra-high-temperature and lactose-reduced milk. Some
other brands of plant-based milk, beverages, yogurts, and breakfast cereals label vitamin D content
exceeding 0.95 pg/100 ml. However, it is likely challenging for most individuals to achieve sufficient
vitamin D intake through current fortification practices alone. For example, to reach an intake of 5
pg/day, one would need to consume the equivalent of 4-5 tablespoons of margarine, 6 tablespoons of
edible oil, or 600 ml of fortified milk daily. Despite combined consumption, achieving the necessary
frequency and quantity is challenging and unlikely to benefit the general population.

Our analysis of vitamin D food sources confirmed that fortified items are not part of the
participants' daily consumption patterns. While 77.18% of participants consumed edible oil daily,
over 46% and 88% did not consume margarine or breakfast cereals, respectively. Consequently, these
foods contributed only 6.19% to the participants' total vitamin D intake. Dairy products, including
fortified milk, were consumed daily by 58.6% of women and accounted for 24.5% of total intake. The
high consumption of tea among Moroccan women (97.29%) has reduced the daily consumption
frequency of dairy beverages[36], limiting the benefit of bioavailable added vitamin D in these
products for improving 25(OH) D status.

The major food sources of vitamin D vary according to fortification practices. In countries with
mandatory fortification policies like the US, milk is a significant contributor to vitamin D intake
among women (39%). In Canada, fortified milk, soy beverages, and powdered milk contribute 27.1%
of intake, while margarine contributes 17.3%, and meat and alternatives contribute 17.8%[31]. In the
FINDIET study, fortified products contributed 38% of total vitamin D intake among young women,
primarily through dairy products and fat spreads, with fish contributing 18%[34]. The national
individual food consumption (INCA 3) study in France showed that vitamin D intake mainly comes
from meat, fish, eggs, and derived products (39%), with 25% from dairy[62]. The latest National Diet
and Nutrition Survey (SACN) in the UK indicates a higher percentage of contribution from meat and
meat products (25%), eggs and egg products (22%), and fish (17%), with notable contributions from
fortified cereals (16%) and lesser from dairy products (8%)[60].

In our study, fish consumption was the primary dietary source of vitamin D (48%), followed by
meat, poultry, and related products (9.4%) and eggs (6.27%). This reflects a Mediterranean diet
pattern characterized by plant-based foods, moderate fish and seafood consumption, and limited
meat intake. Our findings align with studies in northern Mediterranean areas like Libya[57],
Egypt[63], and Spain[64], where fish significantly contributes to women's vitamin D intake (63%,
56.26%, and 30.4%, respectively). Among fish, sardines, both fresh and canned, were the most
frequently consumed, followed by mackerel. Morocco, as the world's largest producer and exporter
of sardines[65], provides affordable and accessible sources rich in vitamin D3 (14 ug/100 g fresh, 12.5
ug/100 g grilled). Promoting fish consumption, particularly sardines, at an adequate frequency (one-
two servings per week) and with appropriate culinary techniques could significantly improve
vitamin D intake and 25(OH)D status in premenopausal [66] Moroccan women, potentially benefiting
bone mass and density[67] and health issues like breast cancer[68] and metabolic syndrome[69]
among many others.

Vitamin D dietary intake determinants

Related to determinants of vitamin D intake, special attention should be given to young and
rural women. Our analysis indicates that younger women (18-25 years) exhibit concerningly lower
intake and lower achievement rates of the recommended intake (RI). Their dietary patterns are more
inclined towards a Western diet, with a 14% reduction in fish consumption (36.73%) and higher intake
of dairy products and red meats or poultry (29%), contrasting with older women'’s dietary habits.
Accumulating evidence shows that the richest sources of vitamin D are frequently not included in
sufficient amounts in young women’s diets. In a study of 1,032 young Polish women aged 19-30 years,
95% had insufficient vitamin D intake, despite the strong association between consumption of fatty
fish (sardines, salmon, and tuna) and vitamin D intake (0.53, p<0.0001)[70]. Similarly, the 2003-2006
National Health and Nutrition Examination Survey (NHANES) reported the lowest vitamin D intake
in young female age groups (19-30 years). Brouzes et al. (2020) found similar results in 130 Egyptian
urban women aged 19-30, where intake was high in energy and sodium but showed a high prevalence
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of inadequate vitamin D intake (82%), along with other essential micronutrients like iron and
folate[63].

In another study, Zareif et al. (2018) showed that increased age was an independent determinant
of sufficient vitamin D intake in 257 premenopausal women in Jeddah, Saudi Arabia (p<0.001).
Middle-aged women (31-50 years) had higher intake of vitamin D-rich foods and supplements (44 %)
compared to younger women (20-30 years, 25%), who were at greater risk of deficiency[56]. However,
systematic supplementation of vitamin D is not a common practice in Morocco, apart from medical
prescriptions[71]. In our analysis, we could not conclude the impact of supplement use on total intake
due to limited information on the types of supplements consumed and the low number of
supplement users, who were excluded.

Regarding the influence of other sociodemographic factors on habitual vitamin D intake,
previous research suggests that higher education levels are positively associated with healthier diets,
better adherence to vitamin D dietary recommendations, and increased vitamin D intake [72-76]. In
contrast, we did not observe such an association in our sample. Although, illiterate women exhibited
slightly lower vitamin D intake compared to higher education level groups, this difference did not
reach statistical significance. One possible reason is the relatively small proportion of illiterate
participants in our study, accounting for only 18% of the sample.

Urban residency significantly contributes to higher vitamin D intake, with urban women more
inclined to consume animal-rich sources, including fish, meat-poultry, and dairy, compared to rural
women (54% vs. 46%, respectively). Similarly, a study in Lebanon found that rural residence
negatively impacted vitamin D intake, reflecting higher consumption of fortified milk, meats,
poultry, and sweets among urban dwellers. This finding is moroeovre in concert with local research,
reporting geographic disparities in food consumption and dietary habit [75,77], In rural Moroccan
populations, including WRA, access to fresh produce and nutrient-dense foods is limited due to
geographical distance from markets and the reduced availability of food variety [36,75]. Additionally,
the COVID-19 crisis has enlarged poverty and unemployment in rural household, leading to a
significant reduction in food consumption, specifically animal derived sources of vitamin D [78]

Predictors of serum 25(OH)D

Lastly, we investigated the association between estimated vitamin D dietary intake and
circulating 25(OH)D concentration. The average serum 25(OH)D concentration was 15.7 ng/mL
(#12.4), with only 11.8% of women having optimal levels, while the majority had either vitamin D
deficiency (65.1%) or insufficiency (23.1%). This highlights that vitamin D inadequacy is a significant
concern among Moroccan premenopausal women[36,79]. Despite this, dietary vitamin D intake in
our participants showed no significant effect on serum 25(OH)D levels, although a weak linear
correlation was noted in the initial analysis. Similarly, an observational study conducted in Spain
demonstrated that when dietary intake is inadequate, it does not exhibit a meaningful correlation
with serum 25(OH)D levels. Other reports have hypothesized that the relationship between vitamin
D intake and its biomarkers may not follow a simple linear pattern due to interindividual variations
in response[80]. It has been estimated that the response of serum 25(OH)D to 1 ug of vitamin D3
intake is inversely dependent on the basal 25(OH)D concentration [81]. Thus, we assume that even
with adequate dietary intake, the potential correlation in our sample may not have been observed,
particularly given the low baseline 25(OH)D levels in our sample. Vitamin D supplementation is
likely necessary, especially for women with low baseline 25(OH)D levels, to achieve and maintain
optimal vitamin D status.

Additionally, the sun exposure score was a positive predictor of participants' serum 25(OH)D3
levels, independent of other sociodemographic and lifestyle factors (p = 0.008). Each one-point
increase in the sun exposure score corresponded to a 0.343 ng/mL rise in 25(OH)D3 levels. Although
the observed effect was moderate, it aligns with findings from other studies that used a similar
scoring system to assess sun exposure behavior in women[82]. In contrast, studies using direct
measures of UV exposure with dosimeters reported that a 10-minute increase in UV exposure time,
particularly in the summer, was sufficient to increase participants' 25(OH)D by 0.47 ng/mL[83]. Thus,
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promoting UV light exposure as a crucial source of dermal vitamin D synthesis[15], would contribute
to improved 25(OH)D levels in our women participants.

Additionally, considering individual characteristics and lifestyle factors is important in
interpreting 25(OH)D concentrations. Increasing age was positively associated with higher 25(OH)D
levels, likely due to greater vitamin D intake and fish consumption. However, higher BMI was a
strong negative determinant of 25(OH)D levels ([3(SE): —1.128 (0.337)). This observation supports the
hypothesis that High content of body fat acts as a reservoir for lipid soluble vitamin D and increases
its sequestration, thus lead to low bioavailability [84] and inadequate vitamin D status at individual
level [85]. The high prevalence of overweight and obesity (57.8%) observed in our analysis further
justifies the need for future research to explore the role of diet, sun exposure, and other factors in
characterizing vitamin D status among obese Moroccan women, particularly in the context of the
double burden of malnutrition in our country.

Limits and strengths

There are some strengths and limitations in the presents study we need to address. We used
validated questionnaires, specifically designed to assess the main variables under study (food-
frequency questionnaire for vitamin D intake and sun exposure score questionnaire for sun exposure
behavior estimates), which adds accuracy to our analysis. This is the first initiative to simultaneously
evaluate the contributions of both endogenous (UV exposure) and exogenous (vitamin D intake)
sources to serum vitamin D concentration in the Moroccan context. In addition, we collected detailed
covariate data, allowing for adjustments for relevant confounding variables, which enhances the
reliability of our findings.

However, the sample size was based on a power calculation using vitamin D deficiency as the
primary endpoint in women living in the city of Meknes. Therefore, our results may not be
representative of all premenopausal women in Morocco. Furthermore, we did not apply the energy
adjusted intake in the analysis, as the used VitD-FFQ was not designed for energy assessment. Thus,
we focused on both continuous and categories comparison of the absolute vitamin D intake with
respect to socio-demographic characteristics.

5. Conclusions

In conclusion, the dietary intake of vitamin D among premenopausal Moroccan women is
insufficient to meet their requirements, with young women and rural dwellers being particularly at
risk. Current levels of vitamin D food fortification are inadequate to achieve the required intake or to
prevent widespread VDD among these women. To effectively address this issue, it is crucial to
identify suitable food vehicles, preferably staple foods, that can significantly enhance the vitamin D
intake of the target group. Fortifying wheat flour, a staple in Morocco, may be a cost-effective strategy
to reduce vitamin D deficiency[86]. A recent study have moreover, demonstrated the effectiveness of
milk fortification in improving vitamin D levels among children form rural region in Morocco [87].
Expanding mandatory milk fortification could similarly benefit young women and other vulnerable
populations. Furthermore, balancing the environmental advantage of sunlight viability alongside
increased dietary intake and addressing obesity could further enhance serum vitamin D levels in
premenopausal women in Morocco.
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