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Abstract

Introduction: Vitamin D plays a key role in phosphocalcic metabolism, in
normal functioning of the immune system and in the prevention of certain
forms of cancer. Systematic vitamin D supplementation has been imple-
mented in most Western countries, which has drastically reduced the preva-
lence of rickets. In Senegal, a country with enough sunshine, no large-scale
data exists on vitamin D deficiency in children. In addition, there are no guide-
lines from the Ministry of Health and Social Action (MoHSA) on vitamin D
supplementation. Our objective was to determine the prevalence of vitamin D
deficiency in children aged 6 to 59 months and to analyze the factors associ-
ated with it at the Institute of Social Pediatrics in Pikine-Guédiawaye, a suburb
of Dakar. Patients and Methods: This was a prospective, descriptive and an-
alytical cross-sectional study over a 3-month period (from January to March
2024) at the Institute of Social Pediatric (IPS) of Pikine-Guédiawaye. The
study population consisted of all children aged 6 to 59 months free from any
acute or chronic pathology, whose parents had agreed to answer the question-
naires after having consented and signed the consent and children who had
had a sample taken for vitamin D dosage. Results: We included 102 children,
35 of whom had vitamin D deficiency, i.e. a prevalence of 34.31% with a slight
male predominance (sex ratio 1.05). Infants aged 13 - 24 months were more
affected (41.67%), but the difference was not statistically significant (p-value
= 0.385). Patients with acute malnutrition had a significantly higher prevalence
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of vitamin D deficiency (54.17% of cases versus 28.38%) in those without acute
malnutrition (p = 0.02). On the other hand, chronic malnutrition, under-
weight and diversification foods were not significantly associated with vitamin
D deficiency (p of 0.60, 0.42 and 0.09 respectively). Conclusion: Vitamin de-
ficiency affects one-third of apparently healthy children under 5 and this de-
ficiency has no significant relationship with diversification foods. This sug-
gests that the observed vitamin D deficiencies are less related to diet than to
lack of sun exposure.
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1. Introduction

Vitamin D plays a major role in phosphocalcic metabolism, in the normal func-
tioning of the immune system and in the prevention of certain forms of cancer
[1]. It exists in several forms that belong to the sterol family [2] [3]. Vitamin D
deficiency is a global health problem and affects a billion children and adults
worldwide [4]. Although cases of rickets remain uncommon, pediatricians are of-
ten confronted with vitamin D deficiency, clinically symptomatic and more or less
severe [1]. Risk factors have been identified, such as exclusive breastfeeding with-
out vitamin D supplementation, insufficient exposure to the sun (clothing habits,
customs), hyperpigmented and thick skin, low levels of maternal vitamin D dur-
ing pregnancy, chronic diseases associated with fat malabsorption, etc. [2] [3] [5].
Systematic vitamin D supplementation has been implemented in most Western
countries, which has drastically reduced the prevalence of this condition [6] [7].
In developing countries, such as Senegal, micronutrient deficiencies are a major
public health issue. According to the Senegalese Committee for the Fortification of
Foods with Micronutrients (COSFAM), in 2018, 71% of children under 5 years of
age suffered from iron deficiency, 50.2% from folate deficiency and 12.1% from
vitamin A deficiency [8]. In Senegal, no large-scale factual data exist on vitamin
D deficiency in children. Despite the permanent sunshine throughout the year in
Senegal, where the population is predominantly pigmented and thick skin, studies
show that rickets due to vitamin D deficiency still poses serious health problems.
Thus, in a study carried out in 2022 on rickets at the Dakar University Hospital,
vitamin D deficiency represented 46.2% of the causes of rickets [9]. In addition,
there are no guidelines from the Ministry of Health and Social Action (MoHSA)
on vitamin D supplementation and few studies on rickets have been carried out.
In this context that we carried out this study to determine the prevalence of vita-
min D deficiency in children aged 6 to 59 months and to analyze factors associated
with it at the Institute of Social Pediatrics in Pikine-Guédiawaye, a suburb of Da-
kar.
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2. Patients and Methods
2.1. Type, Period and Study Population

This was a prospective, descriptive and analytical cross-sectional study that took
place from January 9 to March 18, 2024 at the Pediatric and Social Institute (IPS)
of Pikine-Guédiawaye. All children aged 6 to 59 months who consulted during the
study period and without any acute or chronic pathology were concerned. The
IPS is a university institute created on June 26, 1964 and oriented towards training
and research with a view to improving the health of mothers and children living
in disadvantaged areas. It contributes in Senegal to the development and imple-
mentation of community health care and primary health care, through opera-

tional research and training.

2.2. Inclusion Criteria

These were children whose parents had agreed to answer the questionnaires after
having consented and signed the consent; and children who had a sample taken

for vitamin D testing.

2.3. Non-Inclusion Criteria

Children whose parents did not sign the consent and those who did not have a

vitamin D test were not included.

2.4. Exclusion Criteria

All children with acute infectious or non-infectious pathology and all children

with underlying pathology were excluded from the study.

2.5. Parameters Studied and Definition of Operational Variables

The parameters studied were:

- Sociodemographic: age, sex, socioeconomic level, type of breastfeeding, dietary
diversification, family environment;

- Clinical: weight and height were expressed in standard derivations, brachial
perimeter (MUAC) in cm;

- Paraclinical: vitamin D testing. Vitamin D levels were considered normal if >30
ng/ml, deficient between 10 and 30 ng/ml and vitamin D deficiency < 10 ng/ml.

2.6. Data Entry and Statistical Analysis

Data entry and analysis as well as graphs were carried out using Microsoft Office
Excel 2019 and Epi info 7.6.2.0 software. The description of qualitative variables
was done with the calculation of frequencies (percentages) and quantitative vari-
ables were presented as means or medians with their ranges. Bivariate analysis was

carried out using the Chi-square test. The significant threshold was set at 0.05.

3. Results

Of the 338 children surveyed, 229 were sampled and 102 analyses were received.
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Among them, 35 had vitamin D deficiency, representing a prevalence of 34.31%.
The median age was 27.59 months [6 - 60 months]. The age group [13 - 24
months] was the most representative (Figure 1). The sex ratio, in favor of boys,

was 1.17.

Percentage (%)
40 37.25
35
30
25

18.63

20
15
10

6-12mo 13-24mo 25-36mo 49-60m0

Age (months)

Figure 1. Population distribution by age group.

Within the study population, 83 children (81.37%) lived in the large family
home. The majority of the study population had access to water and electricity

(Figure 2). The family environment was unfavorable in 15.30% of cases.
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Figure 2. Distribution of the population according to their family environment.

The socioeconomic level was low in 44% of children and very low in 26% of
children.

Before 6 months of life, 31% of children were exclusively breastfed and 51.96%
were predominantly breastfed (Table 1).
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Table 1. Distribution of children according to type of breastfeeding.

Breastfeeding mode Frequency Percentage (%)
Breastfeeding predominant 53 51.96
Exclusive breastfeeding 31 30.39
Mixed breastfeeding 18 17.65
Total 102 100.00

Mean age of diversification was 5.93 months [3 - 17 months]. Early and late
dietary diversification was noted in 7.01% and 18% of children, respectively.

In the study population, 29 children (28.43%) of the population had less than 3
meals per day.

Animal proteins represented the lowest proportion of diversification foods with
a rate of 7.84% (Table 2).

Table 2. Diversification products.

Diversification products Frequency Percentage (%)

Cereals 102 100

Dairy products 93 91.18

Fruits 86 84.31

Tubers 80 78.43

Vegetables 78 76.47

Legumes 61 59.80
Animal proteins 8 7.84

In our study, 32.65% of children had good dietary diversification (Table 3).

Table 3. Distribution of children according to food diversity.

Food diversity Frequency Percentage (%)
Good 32 32.65
Moderate 40 40.82
Poor 26 26.53
Total 98 100.00

Mean age of weaning was 18.75 months [6 - 27 months]. Nearly half of the chil-
dren (47.43%) were weaned before 16 months (Figure 3).

Age of weaning
Percentage (%)

still on breastfeeding _ 40.2
c1smo [ 72
21-24 mo _ 12.37

>24mo [ 206

0 10 20 30 40 50

Figure 3. Population distribution by age of weaning.
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The different forms of malnutrition, chronic or acute, and underweight were
present respectively in 23.53%, 22.55% and 18.63% of children (Table 4).

Table 4. Distribution according to nutritional status.

Nutritional status Modalities Frequency Percentage (%)
- Yes 24 23.53
Acute malnutrition
No 78 76.47
) - Yes 23 22.55
Chronic malnutrition
No 79 77.45
. Yes 19 18.63
Underweiht
No 83 81.37

Vitamin D deficiency was statistically associated with the presence of acute mal-
nutrition (p = 0.02) (Table 5).

Table 5. Factors associated with vitamin D deficiency.

Factors Vitamin D deficiency p-value
Yes No

Age (months) 0.38

6-12 6 (37.50) 10 (62.50)

13-24 15 (41.67) 21 (58.33)

>24 13 (27.66) 34 (72.34)
Socio-economic level 0.79

Low 24 (35.29) 44 (64.1)

Medium 8 (33.33) 16 (66.67)

High 3 (50) 3 (50)

Acute malnutrition 0.02*

Yes 13 (54.17) 11 (45.83)

No 21 (28.38) 53 (71.62)
Chronic malnutrition 0.60

Yes 7 (30.43) 16 (69.57)

No 28 (36.36) 49 (63.64)
Underweight 0.42

Yes 26 (32.50) 54 (67.50)

No 8 (42.11) 11 (57.89)
Consumption of dairy products 0.53

Yes 31 (34.07) 60 (65.93)

No 4 (44.44) 5 (55.56)

Consumption of vegetables

Yes 29 (38.16) 47 (61.84) 0.29

No 6 (26.09) 17 (73.91)
Consumption of tubers 0.53

Yes 28 (35.90) 50 (64.10)

No 6 (28.57) 15 (71.43)
Consumption of legumes 0.09

Yes 17 (28.81) 42 (71.19)

No 18 (45) 22 (55)

Consumption of fruits 0.57
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Continued
Yes 28 (33.33) 56 (66.67)
No 5 (41.67) 7 (58.33)
Consumption of animals proteins 0.33
Yes 4 (50) 4 (50)
No 30 (32.97) 61 (67.03)

*p-value < 0.05 the significance threshold set.

4. Discussion

In our study, more than one-third of apparently healthy children aged 6 to 59
months had vitamin D deficiency. Permanent sunshine did not prevent the occur-
rence of vitamin D deficiency in these children. This may be explained by the fact
that thick, pigmented skin opposes good vitamin D synthesis. Indeed, patients
with dark skin are also at risk of vitamin D deficiency because photosynthesis by
ultraviolet rays is hindered by melanin. The role of melanin as a protective screen
against the harmful effects of ultraviolet rays is not in favor of vitamin D synthesis
[10]. People with light skin synthesize up to six times more vitamin D than those
with dark skin, with the same sun exposure. A case-control study conducted in
Nigeria found higher vitamin D levels in albino patients than in those with pig-
mented skin [11]. This high prevalence of vitamin D deficiency is reported in
other similar studies conducted in Africa, particularly in Tanzania with a rate of
30% [12]. A literature review conducted in Africa highlighted a prevalence of
58.54% of vitamin D insufficiency, 34.18% of vitamin D deficiency and 17.31% of
severe vitamin D deficiency [13].

Lower prevalences of vitamin D levels below 50 nmol/L and below 30 nmol/L,
respectively, of 7.8 and 0.6%, were found in another study conducted in Kenya,
Uganda, Burkina Faso, Gambia and South Africa [14].

This high prevalence of vitamin D deficiency in Africa and particularly in Sen-
egal could be explained by the lack of vitamin D supplementation in children and
the consumption of foods that are not fortified or deficient in vitamin D. Foods
rich in vitamin D are fish such as salmon, horse mackerel, tuna, liver and eggs. In
our study, only 7.84% of children consumed products of animal origin. Improving
the vitamin D status of these children through systematic screening and supple-
mentation if necessary, or even systematic, could have beneficial effects far beyond
the skeletal sphere.

However, it is not certain that the levels of 25(OH)D considered “optimal” for
bone and mineral metabolism in Westerners are the same as those in African pop-
ulations. A cross-sectional study in the United States examined the relationships
between 25(OH)D and parathyroid hormone and bone mineral density (BMD)
showed that blacks and Mexican Americans had significantly lower 25(OH)D
concentrations and higher PTH concentrations than whites. BMD decreased sig-
nificantly when serum 25(OH)D and calcium intake decreased in whites and Mex-
ican Americans, but not in blacks. The impact of vitamin D deficiency (25(OH)D
<20 ng/ml) on PTH levels was modified by race/ethnicity [15]. Blacks have been
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reported to have lower serum 25(OH)D concentrations than whites [16]-[20], pri-
marily because increased skin pigmentation inhibits cutaneous synthesis of cho-
lecalciferol, the metabolic precursor of 25(OH)D [10]. This has led many re-
searchers to conclude that blacks are at higher risk of vitamin D deficiency than
whites [16]-[20] and, therefore, may also be at increased risk of developing asso-
ciated chronic diseases such as hypertension, diabetes, and cancer [21] [22].

It seems desirable to take into account the ethnic origin of children to better
assess vitamin D status.

Our study showed that vitamin D deficiency mainly affects infants aged 13 to
24 months with a prevalence of 41.67%. This age group corresponds to the wean-
ing age where the majority of infants have prolonged breastfeeding and without
vitamin D supplementation. In addition, breastfeeding was predominant, which,
coupled with the poverty of breast milk in vitamin D, promotes vitamin D defi-
ciency. In Senegal, supplementation is not systematic, neither in the mother nor
in the infant. The ANJE (Infant and Young Child Feeding) policy recommends
exclusive breastfeeding for six months then appropriate food diversification tak-
ing into account all micronutrients, including vitamin D [23]. Indeed, during di-
versification only 7.84% of children consumed animal proteins. However, we did
not find a significant relationship between vitamin D deficiency and diversifica-
tion foods. This suggests that the vitamin D deficiencies observed in this group
are less related to diet than to lack of sun exposure. Indeed, we are in a society
undergoing transformation where the lifestyle is becoming more Westernized
with lives in poorly lit, sun-soaked apartments; children go out less and less, are
transported to school by car.

Children with acute malnutrition had a higher risk of vitamin D compared to
non-malnourished children (54.17% vs. 28.38%). Ba, in his work, had found that
acute malnutrition was a risk factor associated with vitamin deficiency with an
OR = 3.36, 95% CI (1.28 to 8.80). On the other hand, chronic malnutrition and
underweight were not associated. Further studies are needed to study the relation-

ship between the different forms of malnutrition and vitamin D deficiency [24].
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