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Introduction: vitamin D deficiency is a cause of concern in Europe, especially in latitudes above the
40° N parallel, and several clinical factors are involved. Most prevalence studies in the paediatric
population in Spain have been carried out in latitudes with high sunlight exposure.

Materials and Methods: cross-sectional descriptive study in two periods (summer and winter seasons)
in healthy children aged 2 to 14 years between July 15,2013 and April 15, 2016, through data collection
and blood analysis (calcifediol, calcium, phosphorus) in a total of 603 children residing in La Garrotxa
(Girona) (latitude 42° N), an area in Catalonia with low sun exposure. We calculated prevalences and
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performed a multivariable regression analysis to determine the impact of different clinical variables.

Results: 31.86% of children had levels of vitamin D below 20 ng/mL that increased to 52.87% in winter.
Ethnicity, phototype and season of the year accounted for 53.2% of the observed variation.

Conclusions: childreninanarea of low solar radiation of Spain had a high prevalence of hypovitaminosis
D, especially in the winter, in those with dark skin phototypes and in certain ethnic groups.
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Resumen

Niveles de vitamina D en un area de baja radiacion solar del norte
de la peninsula ibérica

Introduccion: el déficit de vitamina D es motivo de preocupacion a nivel europeo, especialmente en
latitudes mas al norte del paralelo 40° N, y son varios los factores clinicos implicados. La mayor parte
de los estudios de prevalencia en poblacidn pedidtrica en Espafia se han realizado para latitudes con
alta exposicion solar.

Materiales y métodos: estudio descriptivo transversal en dos periodos estacionales diferenciados (ve-
rano e invierno) en nifios sanos de 2 a 14 afos entre el 15 de julio de 2013 y el 15 abril de 2016, median-
te recogida de datos y analitica sanguinea (calcidiol, calcio, fosforo) en un total de 603 nifios residentes
en la Garrotxa (Gerona) (latitud 42° N), una zona en Catalufia con baja radiacién solar. Se calcularon
prevalencias y una regresion multivariable para determinar la influencia de distintas variables clinicas.

Resultados: un 31,86% de los nifios presentaban niveles de vitamina D inferiores a 20 ng/ml, aumen-
tando al 52,87% en invierno. El grupo étnico, el fototipo o la estacion del afio justificaron el 53,2% de su
variabilidad.

Conclusiones: los nifos en dreas de baja radiacion solar presentan una alta prevalencia de hipovitami-
nosis D, especialmente en invierno, en fototipo de pieles oscuras y en algunos grupos étnicos.
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INTRODUCTION

Vitamin D deficiency has been a growing concern
in recent years. Although different criteria are ap-
plied by different countries or scientific societies,
a global consensus has been established that val-
ues greater than 20 ng/mL (50 nmol/L) is indica-
tive of sufficiency, values of 12-20 ng/mL of insuf-
ficiency and values of less than 12 ng/mL of
deficiency.* In Europe, 40.4% of the population is
believed to have insufficient vitamin D levels, a
percentage that increases during winter. In addi-
tion to rickets and musculoskeletal disorders as-
sociated with calcium and phosphorus metabo-
lism, vitamin D deficiency has been associated
with several cardiovascular, autoimmune, infec-
tious and neurologic diseases.? Limited sunlight
exposure, especially in regions at latitudes in ei-
ther extreme (more than 40° N or S), skin photo-
type (the more melanin, the less vitamin D pro-
duced) and cultural aspects can contribute to low
vitamin D levels.*

Catalonia is located above the 40th parallel N
and its northernmost comarcas (administrative
districts) are 42° N. The Pre-Pyrenees and the
Catalan Pyrinees, in addition to most of the co-
marcas in Gerona and the mountainous areas of
Camp de Tarragona and the Terres de I'Ebre are
the territories in Catalonia with the least solar

> similar to the

radiation exposure (Figure 1),
Spanish regions of Navarre or La Rioja or some
provinces in the regions of Aragon, Castilla y
Leon or Galicia, as well as other areas in Eu-
rope, like the north of Portugal, the south of
France, the centre of Italy Greece or the Bal-
kans (Figure 2).

Most studies on the prevalence of hypovitaminosis
D in Spain have been conducted in areas further
south with greater solar radiation exposure.® The
aim of our study was to assess vitamin D status in
a paediatric population with a lower level of sun-
light exposure as well as potential clinical predic-
tors.
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Figure 1. Daily total irradiation map of Catalonia,
annual mean (MJ/m?)

Source: Atlas de radiacio solar de Catalunya. Universitat
Politecnica de Catalunya i Institut Catala de I'Energia. 2000%°.

MATERIAL AND METHODS

We conducted a cross-sectional descriptive study
in healthy children over 2 separate seasonal peri-
ods (summer and winter) between July 15, 2013
and April 15, 2016. The geographical area from
which the sample was selected was the comarca
of Garrotxa, located at latitude 40° N in the Pre-
Pyrenees region of the Gerona province. The four
basic health zones of the comarca and the regional
hospital corresponding to the local paediatric care
catchment area participated in the study, in which
blood samples were analysed by chemilumines-
cent microparticle immunoassay for quantitative
measurement of 25-hydroxy vitamin D in human
serum and plasma samples.

The sample included healthy boys and girls resid-
ing in la Garrotxa aged 2 to 14 years who did not
meet any of the following exclusion criteria: mod-
erate or severe asthma (children with occasional
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Figure 2. Direct normal irradiation map of Europe, annual mean (kWh/m?)
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episodes of asthma were not excluded), renal or
hepatic failure, gastrointestinal disorders that
cause malabsorption, cystic fibrosis, endocrine or
metabolic disorders, skin disorders requiring pro-
longed treatment with corticosteroids, immuno-
suppression (due to disease or treatment), vegan
diet, ongoing treatment with vitamin D3 or obesi-
ty (body mass index [BMI] > 97" percentile).

After obtaining informed consent, we recorded the
age, sex, phototype (Fitzpatrick scale) weight,
height and BMI of the patients, data which were
anonymised. We also conducted blood chemistry
tests to measure the levels of calcium, phosphorus
and calcifediol or 25-hydroxi vitamin D, which was
the primary outcome under study.

We expressed the descriptive data as absolute fre-
quencies and percentages for categorical variables
and as minimum, maximum, mean and standard
deviation for quantitative variables. We assessed
the normality of quantitative variable distribu-

tions with the Shapiro-Wilk test. To compare quan-
titative variables in different groups, we used ANO-
VA or the nonparametric Kruskal-Wallis test,
depending on whether the data were normally
distributed. To compare categorical variables, we
used the Pearson chi-square test or the Fisher ex-
act test as applicable. We calculated correlation
coefficients for the association between vitamin D
and other variables. To assess the contribution of
the clinical variables to the variance in vitamin D
levels, we conducted a multiple regression analysis
using one-hot encoding to generate a new binary
variable for each category. We defined statistical
significance as p <0.05.

We entered the data for the study variables in a
Microsoft Access® database and then exported
them to the open-access software PSPP version
1.2.0-g0fb4db to carry out the statistical analysis.
At the same time, we used Julius.ai, an artificial
intelligence tool based on the OpenAl GPT-3
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framework for data handling, statistical analysis
and data interpretation.

The study protocl was evaluated and approved by
the Clinical Research Ethics Committee of the Hospi-
tal Universitario de Girona Josep Trueta (AC 89-13).

RESULTS

We recruited a total of 603 children whose charac-
teristics are described in Tables 1 and 2. The levels of
vitamin D followed a normal distribution (Figure 3).
We found values greater than 20 ng/mL (sufficien-
cy) in 68.33%, of 12toy 20 ng/mL (insufficiency) in
22.38% and o less than 12 ng/mL (deficiency) in
9.29%. There were no statistically significant differ-
ences in the characteristics of the sample between

the two study periods, except in the mean vitamin
D values in summer (29.40 ng/mL) versus winter
(19.05 ng/mL). In summer, the prevalences of suf-
ficiency, insufficiency and deficiency were 82.73%,
15.59% and 1.67%, respectively, while in winter
they were 47.13%, 31.97% and 20.90%. The mean
vitamin D level varied in association with the skin
phototype (Table 3), with a statistically significant
difference between children with light skin tones
(phototypes 1-3:30.24 ng/mL) and dark skin tones
(phototypes 4-6: 19.74 ng/mL) (p 0.008), and also
in association with ethnicity (Table 4). The coeffi-
cients for the correlations between the different
variables and the vitamin D level can be found in
Table 5. The multivariate regression analysis that
included independent clinical variables (age, sex,
weight, height, BMI, ethnicity, phototype, season)

Table 1. Frequency distributions of the sample

n %
Sex Female 281 46.6
Male 322 534
Season Summer 359 59.5
Winter 244 40.5
Ethnicity White/European 306 50.7
White/Latin American 42 7.0
Maghrebi/Arabian 63 10.4
Asian/Indian 73 121
Southeast Asian/China 14 2.3
Romani 2 0.3
Black/African 103 17.1
Phototype 1 13 22
2 130 21.6
3 228 37.8
4 98 16.3
5 33 55
6 101 16.7

Table 2. Descriptive analysis, range and means

Minimum Maximum Mean Standard deviation
Age (years) 2 14 7.95 3.48
Weight (kg) 91 80 28.74 1321
Height (cm) 82 182 126.85 2241
BMI 12.08 28 16.78 2.54
Calcium (mg/dL) 8.4 12.3 9.76 0.38
Phosphorus (mg/dL) 3.1 7.0 5.04 0.55
Vitamin D (ng/mL) 35 70.8 26.19 11.59
140 | RevPediatr Aten Primaria. 2024;26:26:137-45
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Figure 3. Histogram showing the distribution (n) of

vitamin D levels (ng/mL)

yielded a coefficient of determination (R?) of 0.532,
suggesting that 53.2% of the variance could be ex-
plained by these clinical variables. Of all these
variables, only the phototype, the ethnicity and the
season were statistically significant predictors. The
correlation coefficient for the association between
phototype and ethnicity was high (0.876225), so,
to rule out multicollinearity, we fitted another two
models, including only one of these variables in
each of them. The R? was 0.529 for the model that

included ethnicity and 0.448 for the model that
included the phototype.

DISCUSSION

Overall, 31.86% of previously healthy children and
adolescents in Garrotxa had insufficient vitamin D
levels (<20 ng/mL). A multicentre study conducted
in Spain that included children aged 8 to 13 years
residing in different latitudes (A Corufia, Barcelona,
Madrid, Seville and Valencia) found a global preva-
lence of 35%.”

The season of the year was associated with signifi-
cant differences in the prevalence of hypovita-
minosis, which increased in winter, when 52.87%
of the sample had levels below 20 ng/mL, and de-
creased to 17.27% in the summer. In Navarre (42°
N), in a study with a sample size and latitude that
were similar, hypovitaminosis was also found in
62.6% of the sample in winter and 20.0% in sum-
mer®; in Asturias (42-43° N), a little further north,
a prevalence of 71.8% was found in winter com-
pared to 34.5% in summer.? In contrast, studies
conducted further south (in smaller samples)
found lower prevalences: in Madrid (40° N), 51%
had values below 20 ng/mL in winter'?; in Zarago-

Table 3. Vitamin D levels by phototype

Phototype Mean (ng/mL) n Standard deviation
1 3043 13 10.99
2 30.54 130 10.51
3 30.06 228 11.20
4 22.96 98 11.68
5 20.25 33 5.84
6 16.44 101 6.75

Table 4. Vitamin D levels by ethnic group

Ethnicity Mean (ng/mL) n Standard deviation
White/European 32.68 306 1093
White/Latin American 26.01 42 6.65
Maghrebi/Arabian 20.45 63 6.83
Asian/Indian 17.98 73 840
Southeast Asian/China 25.20 14 6.90
Romani 25.40 2 0.42
Black/African 16.50 103 6.64
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Table 5. Correlation coefficients for the association with vitamin D

Correlation p value

Age 0.105402 0.00989987"
Ethnicity -0.545708 <0.0001"
Phototype -0.37943 <0.0001"
Weight 0.0652751 0.110802
Height 0.085449 0.0367056"
BMI 0.00530901 0.896918
Calcium 0.131348 0.00128538"
Phosphorus -0.103725 0.0111477*
*p<0,05

za (41° N), 29.2%, in winter and 25% in summert?;
in Cadiz (36° N) the prevalence of hypovitaminosis
in winter was 45.2%*2, and in Cordoba (37° N) hy-
povitaminosis was not detected in winter.*? This
association of hypovitaminosis D with the season
of the year and also in relation to latitude has also
been observed in European cohorts, with a lower
prevalence in the Mediterranean Basin.***¢

The concentration of vitamin D was positively cor-
related to age. This was consistent with the find-
ings of studies conducted in areas with greater
sunlight exposure: healthy newborns in Majorca
(60.8% with insufficient levels)'’, preterm infants
in Tarragona (50.0% with insufficient levels),*®
healthy infants aged 1 to 6 months (8.4% with lev-
els below 10 ng/mL)* or hospitalised children un-
der 2 years (24.3% with insufficient levels)? in Va-
lencia. There also seems to be a correlation
between maternal vitamin D levels and umbilical
cord blood levels.?*

As regards the BMI, it must be taken into account
that the sample excluded children with obesity.
This may have limited the ability to detect the neg-
ative correlation reported by other authors.*?

In la Garrotxa, the proportion of the population
who is not of Spanish origin has increased in re-
cent years (3.48% in 2000 compared to 13.38% in
2016), a phenomenon that has been observed in
similar proportion in the rest of Catalonia
(13.60%).>2 A study conducted in Salt (Girona),
where there is a greater percentage of children
from immigrant families compared to the average
in Catalonia (72% nonwhite participants)? found
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statistically significant differences in vitamin D
levels between ethnic groups.

The mathematical model based on clinical data
was able to predict 53.2% of the variation in vita-
min D levels, and the phototype, ethnicity and sea-
son of the year were the most important predic-
tors. Despite the expected overlap between
ethnicity and phototype, each of these variables
covered different aspects. In fact, ethnicity ex-
plained more of the variance. This finding could be
explained by cultural or religious factors, such as
the time spent indoors, clothing covering a greater
percentage of the body surface area®® or dietary
habits.

Still, the remaining variance could be due to other
factors that were not included in the model. Previ-
ous meta-analyses have found that individuals ex-
posed to tobacco smoke had significantly lower
vitamin D levels compared to those not exposed. **
It is estimated that the source of 80% to 90% of
vitamin D is sunlight exposure, but the rest could
be due to dietary intake, chiefly consumption of
fish, mushrooms and, to a lesser extent, some en-
riched dairy products.®® The percentage of time
that children spent out of doors is also key for
achieving these hours of sunlight exposure.*® Chil-
dren and adolescents who live in neighbourhoods
with more green spaces have higher levels of vita-
min D.?¢ Climate change is also a concern in regard
to the deleterious effects of exposure to more in-
tense sunlight radiation, and it can promote
changes in habits toward spending more time in-
doors or using sunscreen.?’
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Whether supplementation with exogenous vita-
min D is necessary beyond infancy is still under
debate.?® Supplementation in the first year of life
appears to contribute to optimal levels later on.*!
The identification of clinical factors that can serve
as predictors for the potential development of vi-
tamin D deficiency may be useful for establishing
strategies to address these deficits. Activities that
take place outdoors and in contact with nature,
with an environmental and sociocultural tenor, es-
pecially in winter, in addition to interventions
seeking to eliminate exposure to second-hand
smoke in the home, could be key in the approach
to the treatment and prevention of hypovitamino-
sis D in northern latitudes.

CONCLUSION

The prevalence of hypovitaminosis D in this area
with lower solar radiation exposure was higher
compared to studies conducted further south in
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