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KEYWORDS Abstract

Vitamin D; Objective: To estimate the prevalence of vitamin D deficiency and severe deficiency in children

Adolescent; and adolescents, in a large Brazilian sample.

25 Hydroxyvitamin D; Methodology: Results of 413,988 25(0H)D measurements in children and adolescents aged 0 to

Cholecalciferol; 18 years collected between 01/2014 and 10/2018 were obtained from the database of a

Rickets; Clinical Laboratory. In this population, 25 hydroxyvitamin D concentrations below 20 ng/mL are

Childhood considered deficient, and below 12 ng/mL as severe deficiency. All measurements were per-
formed by immunoassay and the results were distributed by gender, age group, seasonality, and
latitude.

Results: The mean of 25(0OH)D levels was 29.2 ng/mL with a standard deviation of 9.2 ng/mL. Of
the total samples, 0.8% had a concentration < 12 ng/mL, and 12.5% of the samples had a concen-
tration < 20 ng/mL, with a higher prevalence in females. Children under 2 years of age had the
lowest prevalence. The effects of latitude and seasonality were quite evident. In samples of
female adolescents from the southern region in winter, 36% of vitamin D deficiency and 5% of
severe deficiency were found.

Conclusion: In this large number of measurements of 25(OH)D in children and adolescents, 12.5%
had a deficiency and 0.8% had severe deficiency. A greater deficiency was observed among ado-
lescents, especially females, which raises questions about the need for supplementation during
this period of life.
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Introduction

Both in childhood and adolescence, vitamin D plays a fun-
damental role in the regulation of calcium and phospho-
rus homeostasis, mainly in mineralization and bone mass
acquisition, preventing the appearance of rickets." Its
sources can be through diet or, mainly, by skin synthesis
after exposure to ultraviolet light B (UVB - 291 at
315 nm).? After reaching the bloodstream, vitamin D is
transported by the vitamin D binding protein (DBP) to the
liver where it undergoes a first hydroxylation forming 25
hydroxyvitamin D [25(OH)D] or calcidiol, its main metab-
olite which is subsequently stored in the liver and body
fat and is used for individual assessment of vitamin D
status.>

Sunlight accounts for about 90 to 95% of the vitamin D
supply; whole foods that naturally contain a significant
amount of vitamin D are very limited, except for a few oily
fish and sun-dried mushrooms, which are not commonly con-
sumed by children and adolescents.” Season, latitude, time
of day, skin pigmentation, aging, sunscreen use, and atmo-
spheric pollution can all influence the cutaneous production
of vitamin D.*

The definition of vitamin D deficiency presents differen-
ces between the main groups of specialists. IOM defines vita-
min D deficiency as a level of 25 (OH) D < 20 ng/mL.° The
global consensus on the prevention and management of
nutritional rickets considers vitamin D as sufficient when the
level of 25(0OH)D is greater than 20 ng/mL (50 nmol/L) and
deficient with a risk of rickets when it is less than 12 ng/dL
(30 nmol/L).®

Numerous studies conducted worldwide have demon-
strated a high incidence of hypovitaminosis D among chil-
dren and adolescents.” The prevalence of serum 25(0OH)D
deficiency in this age group reaches 35% in the United King-
dom and 42% in the USA.”*® Brazil is a country with vast terri-
torial extension, crossed by the Equator, and 93% of its
territory lies in the southern hemisphere. It has a predomi-
nance of tropical climates, except for the southern region,
which has a subtropical climate. During the summer months,
the intensity of ultraviolet radiation is often found at
extreme levels across the country on cloudless days and at
noon. In the winter, northeastern states such as Pernambuco
and Bahia maintain high levels of ultraviolet radiation, but
in the southern and southeastern states such as Rio Grande
do Sul and Sao Paulo, a significant reduction is noted. Ara-
ntes et al., demonstrated that the concentration of 25 (OH)
D in adults in several Brazilian cities was significantly higher
in lower latitudes such as in the northeast of the country.’
Recently, Borba et al., evaluated 25(0OH)D levels in blood
samples from healthy adults, collected during the summer
in the states of Salvador, Sao Paulo and Curitiba. They
showed a high prevalence of vitamin D deficiency (15.3%)
even in the summer months in tropical and subtropical coun-
tries like Brazil."°

The recent shift in lifestyle habits, particularly after the
advent of technology, means that children and adolescents
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are spending more time engaged in indoor activities such as
using computers and smartphones. This trend may induce
potential health problems in this population.’’ Another
point to be evaluated is the recognition of the damage
caused by the sun’s rays on the skin and the use of
sunscreens. ' Both factors contribute to vitamin D deficiency
even in sunny countries like Brazil. However, limited data on
the prevalence of hypovitaminosis D are available among
Brazilian children and adolescents.

Therefore, the objective of this study was to estimate the
prevalence of 25 (OH) D deficiency and severe deficiency in a
large Brazilian sample of children and teenagers from north
to south of Brazil.

Materials and methods

Measurements of 25(0OH)D of children and adolescents
(aging from 0 to 18 years old) were obtained retrospec-
tively from the Fleury Groups examination database, a
supplemental health service, with branches in several Bra-
zilian states, collected between January 2014 and October
2018. Samples with a 25(0OH)D above 100 ng/mL and from
hospitalized patients were excluded. Samples for 25(0OH)D
measurements were collected according to the request
for routine testing by the assistant physician of the pro-
band. All the measurements of 25(0OH)D had been done by
chemiluminescence immunoassay (Liason, DiaSorin, Italy),
with intra e inter assay coefficient of variation of 6.0%
and 8.0%, respectively. External evaluation on DEQAS (the
Vitamin D External Quality Assessment Scheme) control
sera run for tandem mass spectrum in routine samples and
performed blind correlation with the results obtained
with the DiaSorin RIA kit. Over the duration analyses, the
25(0OH)D assay showed a mean (SD) bias of +5.7% for a
total of 30 controls.

The prevalence of 25(0OH)D deficiency and severe defi-
ciency were evaluated. Vitamin D deficiency was defined as
a 25(0H)D level of less than 20 ng/mL and severe deficiency
below 12 ng/mL.

The final dataset was stratified into four categories: i)
gender (male and female), ii) Brazilian city of sample col-
lection, iii) the bimester of sample collection, and iv) age
ranges. Data were collected from six cities located at dif-
ferent latitudes across the country: Recife (08°S), Salva-
dor (12°S), Rio de Janeiro (22°S), Sao Paulo (23°S),
Curitiba (25°S), and Porto Alegre (30°S). Blood collection
times were divided into bimesters: January/February,
March/April, May/June, July/August, September/October,
and November/December. Four age ranges were defined:
0—24 months, 2—6 years old, 7-10 years old, and
11-18 years old.

The Ethics Committee (CAAE 3543820.1.3001.5474)
approved the study, and the informed consent form
was waived because the data were anonymized. The
authors declare that they have no potential conflicts of
interest.
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Statistical analysis

Descriptive statistics are presented as median (25% - 75%),
mean (standard deviation) for continuous variables, and fre-
quencies with percentages for categorical variables. The
Shapiro and Kolmogorov-Smirnov test was used to assess the
normality of quantitative variables showing non-parametric
data. The Non-parametric ANOVA (Kruskal Wallis test) was
used to compare the means of the dependent. Considered
statistically significant p < 0.05. To analyze the results,
Python3.7 and Rstudio software were used.

Results

A total of 413,988 dosages of 25 (OH) D were evaluated, and
the mean was 29.2 ng/mL with a standard deviation (SD) of
9.2 ng/mL Of the total samples, 12.5% (n = 51,748) had vita-
min D deficiency, and among those, 0.8% (n = 3,312) had
severe deficiency. Both conditions were higher in females

14.5% and 0.8% than in males 10.5% and 0.7%, respectively
(p < 0.05).

The descriptive results and statistical analysis of the
mean and median values of 25(0OH)D for both sexes according
to age ranges, months of the year, and latitudes are shown in
Table 1.

Children under 2 years had the lowest prevalence of defi-
ciency (4.5%), which increased with age (Figure 1A). In the
group of female adolescents aged from 11 to 18 years, 20.1%
had vitamin D deficiency, and 1.5% of this group had severe
deficiency (Figure 1B). In the male group of the same age,
they had 16.8% and 1.3%, respectively (Figure 1C). When
this same group of girls was evaluated in the winter months
(July/August) in the southern region (between latitudes 25°
S and 30°S), 25(0OH)D deficiency levels 36% of the samples,
5% with concentration below 12 ng/mL and with a mean of
22.6 + 7.9 ng/mL. Cities in the northeastern region of the
country (Recife and Salvador) had a lower incidence of vita-
min D deficiency (9.2 and 6.9%, respectively) when com-
pared to cities in the southern region, such as Curitiba

Table 1 Descriptive statistical distribution of median and mean of 25(0H)D values for categorical variables across age, seasonal-
ity and latitude groups, all in both genders.
Sex N Median (25% - 75%) (ng/mL) Mean (SD) (ng/mL) P value
Age
0 to 24 months M 12,302 36 (30—43) 37.0(10.9)
F 11,190 35 (29-43) 36.2 (11.3)
2 to 6 years M 55,351 31 (26-37) 32.3(9.0)
F 55,064 31 (25-36) 31.5(8.8) P <0.05
7 to 10 years M 47,677 28 (24—34) 29.4 (8.4)
F 55,897 27 (23-33) 28.1(8.0)
11 to 18 years M 73,267 27 (22-32) 27.6 (8.8)
F 103,240 25 (21-31) 26.4 (8.7)
Bimester
Jan-Feb M 34,413 33 (27-40) 33.9(9.9)
F 40,319 31 (26—-38) 32.3(9.5)
Mar-Apr M 34,408 31 (26-37) 32.1(9,4)
F 41,759 29 (24—-36) 30.6 (9.1)
May-Jun M 30,863 28 (23-33) 28.7 (8.5)
F 36,547 26 (22—-32) 27.3 (8.5) P <0.05
Jul-Aug M 36,729 26 (22—-32) 27.1 (8.4)
F 44,512 25 (20—-30) 25.8 (8.3)
Sep -Oct M 28,643 28 (23-33) 28.5 (8.7)
F 34,335 26 (21-32) 26.9 (8.5)
Nov-Dec M 23,541 29 (24-35) 29.9 (8.8)
F 27,919 27 (22-33) 28.2 (8.7)
Latitude
Recife (08°S) M 11,681 29 (24-35) 31.1(9.1)
F 13,493 27 (22 -33) 29.2 (8.8)
Salvador (12°S) M 11,062 29 (24-35) 32.3(9.3)
F 12,472 28 (23-33) 30.4 (9.0)
Rio de Janeiro (22°5) M 31,689 30 (25-36) 30.1 (9.0)
F 38,164 28 (23-34) 28.6 (8.7) P <0.05
Sao Paulo (23°S) M 103,032 31 (26—38) 29.9 (9.3)
F 121,489 29 (24-35) 28.4(9.1)
Curitiba (25°S) M 9243 27 (22-33) 28.4 (9.0)
F 12,228 26 (21-32) 27.2 (9.1)
Porto Alegre (30°S) M 21,890 28 (23-35) 29.6 (9.7)
F 27,545 27 (22-34) 28.4 (9.5)
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Figure 1 Distribution graph of 25(0OH)D deficiency and severe deficiency separated by age, seasonality, latitude and sex.
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(17.1%) and Porto Alegre (15.3%) (Figure 1F). When the 25
(OH)D measurements were analyzed according to seasonal-
ity, in the winter months (July/August) deficiency was found
in 20.6% and severe deficiency in 1.66% of the total samples,
while in the summer months (Jan/Feb) the prevalence was
5.53% and 0.24%, respectively (Figure 1D). All percentage
comparisons showed a p-value < 0.05.

Discussion

This is a descriptive study of the epidemiology of vitamin D
deficiency in a large number of 25(0OH)D dosages performed
in children and adolescents from six different cities in Brazil
during the years 2014 to 2018.

There is no consensus on the ideal blood 25(0H)D level in
the pediatric population, but most authors agree that a 25
(OH)D concentration below 20 ng/mL is indicative of vitamin
D deficiency, while a 25(0OH)D concentration below 12 ng/mL
presents a risk of rickets and osteomalacia.’® In this large
sample, 12.5% were deficient, and 0.8% of them with severe
deficiency. Brazil has a large young population, with more
than 53,759,000 individuals with 18 years or less. If the
authors transfer our findings to the whole Brazilian young
population, there would be about 6720,000 with deficiency
and 430.000 with severe deficiency, numbers that should not
be negligible. ™

Similar results have also been observed in other pediatric
populations in South America. In Bogota (latitude 4.6°N),
Colombia, the prevalence of vitamin D deficiency among
girls aged 7 to 11 years was very similar to ours at 11.7%."”
In the USA, the prevalence of deficiency in children aged
1 to 11 years was slightly higher at 18%, with severe defi-
ciency at 1%."°
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WHO data shows a significant discrepancy in the preva-
lence of vitamin D deficiency across the world. Countries
such as Canada, China and Thailand evaluated 25(OH)D lev-
els in children aged 6 to 12 years throughout the year and
found a prevalence of deficiency of 24%, 47% and 54%,
respectively.”” The prevalence found in these countries is
significantly higher than ours, which stood at 10% for the
same age group (Figure 1A). In addition to geographic and
dietary characteristics that strongly influence 25(0OH)D con-
centrations, other aspects, such as skin color, clothing, and
lifestyle, must be taken into account to explain the differen-
ces in the prevalence of vitamin D deficiency found between
different countries.

Data on vitamin D status in the pediatric age group in the
Brazilian population are scarce. Melo Bacha et al. also evalu-
ated 25(0OH)D levels in 193,725 laboratory samples from chil-
dren aged 0 to 17 years in cities located between latitudes
14°S and 22°S, and found a prevalence of deficiency levels
of 10.5%, '® very similar to ours (11.3%), when analyzing the
25(0OH)D levels from cities located between latitudes 12°S
and 23°S. Bueno et al., however, showed a lower prevalence
of vitamin D deficiency (8.6%) in 58 children and adolescents
with short stature aged 4 to 18 years of both sexes living in
the city of Porto Alegre (latitude 30°S) throughout the year,
lower than the 15.3% the authors found in the same city.
This difference could be explained because they excluded
children who had some risk factors for vitamin D deficiency,
such as chronic diseases and use of some medications. "’

In the present study, the prevalence of vitamin D defi-
ciency increased with age, being three times more frequent
in adolescents than in young children. Among female adoles-
cents, 20.1% of 25(0OH)D measurements were within the
range of vitamin D deficiency, with 1.5% having severe defi-
ciency. When the group of girls aged 11 to 18 years were
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evaluated in the months of July/August in the southern
region, vitamin D deficiency reached 36% of the samples, of
which 5% had a vitamin D concentration below 12 ng/mL.
This represents about 820,000 female adolescents with vita-
min D deficiency, of whom 140,000 would be severely defi-
cient.? Santos et al. evaluated 25(0OH)D levels in girls aged
7 to 18 years throughout the year in cities in southern Brazil
and found an even higher prevalence of vitamin D deficiency,
36.3%. In the present study, the year-long prevalence of
vitamin D deficiency for this age group was 22,5%. This dif-
ference could be explained by the samplings. In Santos et
al., the girls were from public schools with lower income,
and none of them was taking supplementation. This may sug-
gest that vitamin D deficiency may be more evident in vul-
nerable groups. '

Other studies have also reported an increase in the preva-
lence of vitamin D deficiency during adolescence compared
to younger children. In Rio de Janeiro, Brazil, Leao et al.
also observed a significant decrease in 25(0OH)D levels in the
age group of 12 to 18 years when compared to the age group
of 1 to 11 years.? Similarly, this phenomenon was observed
in children and adolescents in a meta-analysis conducted on
several European cohorts, which included individuals aged 1
to 18 years. They reported a prevalence of vitamin D defi-
ciency ranging from 4 to 7% in the group of children aged 1
to 6 years old, and reaching 12 to 40% in the group of adoles-
cents aged 15 to 18 years old.?*

These findings are concerning because adolescence is a
critical period for bone mineral accumulation, with bone
formation predominating over bone resorption to allow for
bone growth. Many factors will influence bone mass gain dur-
ing growth, including genetic factors, sex, endocrine fac-
tors, nutritional factors (calcium, protein, and vitamin D),
mechanical forces, and exposure to risk factors such as alco-
hol and smoking.?* To achieve a good peak of bone mass
(PBM) at the end of skeletal maturation, it is essential to
maintain sufficient levels of vitamin D, which directly regu-
lates calcium and phosphorus homeostasis, critical elements
for normal bone mineralization.?* Puberty plays a key role in
the acquisition of PBM, as skeletal mass doubles between
the onset of puberty and adulthood. PBM is a lifelong deter-
minant of osteoporosis and fragility fractures.? Pan et al.,
demonstrated that in adolescents aged 12 to 19 years, 25
(OH)D levels have a positive correlation with total BMD.?®
Therefore maintaining normal levels of vitamin D and cal-
cium intake during this period of life seems to be an appro-
priate measure to reduce the risk of osteoporosis and
fractures in the future.

There are several causes for the increase in vitamin D
deficiency in adolescents, including school and work
demands leading to reduced opportunities for sun exposure,
as well as the group’s characteristic behavior of staying
indoors more often. Additionally, the authors can highlight
the increased prevalence of obesity in this age group, along
with the use of sunscreen and the lower intake of vitamin D
or supplements.

Vitamin D supplementation up to 2 years of age is a well-
established practice among Brazilian pediatricians. How-
ever, there is no consensus on supplementation beyond this
age. These results confirm this practice, showing a much
lower prevalence of vitamin D deficiency in children under
2 years of age (4.5% deficiency and 0.6% severe deficiency)
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compared to adolescents (18.4% deficiency and 1,4% severe
deficiency). The Brazilian Society of Pediatrics recommends
vitamin D supplementation with 400 IU/day for children up
to 1 year of age and 600 IU/day for children and adolescents
over 1 year of age who do not consume at least 600 IU of
vitamin D per day in their diet, have no regular sun expo-
sure, or have risk factor to vitamin D deficiency.?” Giustina
et al., at the Third International Vitamin D Conference in
2020, recommended supplementation of 400 to 600 IU of
vitamin D per day in the pediatric age group with the aim of
preventing rickets.’® Some European societies have recom-
mended vitamin D in children and adolescents during the
winter months or throughout the year if exposure to the sun
is reduced in other months.??3°

Some limitations of this study must be recognized. The
samples belong to a private health network population, and
the authors do not have information related to the use of
vitamin D supplementation, use of sunscreen, ethnicity, obe-
sity, or underlying diseases. So, generalization for the entire
Brazilian population in this age group must be done with cau-
tion. Despite this, some strengths should be highlighted,
such as the large number of 25(0H)D measurements, all
measured with the same methodology, in different age
groups, sex, latitudes and times of the year. Thus, the
results show a good view of the prevalence of vitamin D defi-
ciency in the children and adolescents.

Guiding more and safe sun exposure and/or vitamin D
supplementation for the studied pediatric and adolescent
populations is essential for skeletal growth and develop-
ment. But how far can we encourage increased sun expo-
sure? The application of sunscreens in childhood is a strong
recommendation from several scientific organizations aimed
at preventing sunburn and skin cancer.'? If exposure to sun-
light directly on the skin should be avoided in any situation,
as advocated by dermatology societies, based on the present
findings the authors encourage vitamin D supplementation
throughout longitudinal growth, especially for female ado-
lescents, even in a sunny country like Brazil.

Conclusion

The present study was the first to describe the concentration
of 25(0H)D in a representative number of samples from chil-
dren and adolescents in six different cities in a sunny coun-
try like Brazil. Even without information on the use of
supplementation or sunscreen, the presence of vitamin D
deficiency occurred in 11.7% of the samples, with 0.8% of
severe deficiency being more prevalent in the winter
months, in cities with greater latitude, and in older age. In
the group of female adolescents in the months of July/
August in the southern region, 36% of 25(0H)D dosages were
below 20 ng/mL and 5% below 12 ng/mL. Pediatricians
should be aware of the importance of vitamin D in the health
of children especially female adolescents. Encouraging
vitamin D supplementation in this group with regular recom-
mended doses (400 to 600 1U/daily) must be essential to pre-
vent osteoporosis and its consequences in the future of this
youth.
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