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Abstract

Background Vitamin D is involved in calcium homeostasis and bone metabolism, although its extra-skeletal actions
are also well-known. Low serum 25(0OH)D levels are common both in adults and children worldwide.

Methods The purpose of this cross-sectional study was to determine the distribution of 25(0OH)D levels in a cohort of
healthy Italian school-age children, aged 5-10 years, in relationship to determinants of vitamin D deficiency such as
season, BMI, gender, age and ethnicity.

Results The mean serum 25(0H) D level was 28.2 ng/mL; the prevalence of 25(0OH)D sufficiency (>30 ng/mL), insuf-
ficiency (20-30 ng/mL), deficiency (10-20 ng/mL) and severe deficiency (< 10 ng/mL) was 36%, 37%, 21% and 6% of
the study-group population, respectively. The lower serum 25(0OH)D values were observed during winter (21.6 ng/mL)
and spring (22.9 ng/mL), as compared to summer (46.7 ng/mL) (p <0.001). Higher BMI z-scores were associated with

lower 25(0OH)D level while no statistical difference was observed as related to gender and age groups.

Conclusions Healthy Italian schoolchildren show low 25(0OH)D levels, particularly during winter and spring time.
Seasonality, ethnicity and overweight/obesity were confirmed to influence the vitamin D status, thus indicating the
need for effective initiatives to support adequate vitamin D status in this population group.
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Introduction

Vitamin D is an essential nutrient for maintenance of
serum calcium and phosphorus homeostasis and its
fundamental role in bone mineralization and bone mass
acquisition during childhood is well-known [1]. Extra-
skeletal actions of vitamin D are also established, sug-
gesting a link between vitamin D deficiency and several

*Correspondence:

Tiziana Galeazzi

t.galeazzi@univpm.it

! Department of Pediatrics, Marche Polytechnic University, 60123 Ancona,
Italy

2 Azienda Ospedaliero Universitaria delle Marche, 60123 Ancona, Italy

® Department of Pediatrics, University La Sapienza, 00185 Rome, Italy

4 Center for Celiac Research, Mass General Hospital for Children, Boston,
MA 02114, USA

B BMC

chronic disorders, such as type 1 and type 2 diabetes,
connective tissue disorders, inflammatory bowel dis-
orders, chronic hepatitis, food allergies, celiac disease,
asthma and respiratory infections, and cancer [2-5].

The vitamin D supply is both exogenous and endog-
enous, with the latter representing the principal source.
The most notable dietary sources of vitamin D are fish
liver oils (especially cod), fatty fish (i.e. salmon, herring),
egg yolk, mushrooms and some dairy products (i.e. but-
ter, whole and fortified milk, cheese and yogurt). The
endogenous synthesis in the skin in response to ultravio-
let B irradiation is the most notable source of Vitamin D,
providing 90% of the total requirement, and it is highly
variable depending on age, skin pigmentation and area
of exposed skin, length and time of exposure and season
[6-8].
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The current Recommended Daily Allowance (RDA)
in U.S. and Europe (i.e. between 400 and 600 IU/die,
corresponding to 10-15 mcg/die) is readily achiev-
able through casual sun exposure in the midday lunch
hour at high latitudes and all the year at low latitudes
[9]. Once it is produced in the skin or ingested from the
diet, vitamin D is hydroxylated sequentially in liver and
kidney to its biologically active form 1,25-dihydroxy-
vitamin D (1,25(OH)D). This hormone interacts with
its receptors in the small intestine and in bone tissue
to regulate calcium and phosphate absorption [10].
Vitamin D nutritional status is defined by the measure-
ment of serum 25(OH)D concentrations, which is the
major circulating vitamin D metabolite, and the most
suitable indicator of vitamin D status with a half-life of
2-3 weeks [11, 12].

Although there are evidences for an increased risk
of rickets with serum levels of 25-hydroxyvitamin D
(25(OH)D) <10 ng/mL [6, 13], there has been contro-
versy about the optimal vitamin D levels required to
maintain bone health, as well as the thresholds of this
metabolite concentrations used to define deficiency or
insufficiency. In the last years a number of agencies [Ger-
man Nutrition Society, Dutch Health Ministry, Nordic
Council of Ministers (NORDEN), UK Scientific Advisory
Committee on Nutrition (SACN), European Food Safety
Authority (EFSA), European Society for Paediatric Gas-
troenterology Hepatology and Nutrition (ESPGHAN)]
[10, 14-18] revised the definition of vitamin D status,
proposing different cut-off levels for sufficiency (>20 ng/
mL or>30 ng/mL), insufficiency (10-20 ng/mL or
20-30 ng/mL), deficiency (10-20 ng/mL or <10 ng/mL),
severe deficiency (<10 ng/mL or<5 ng/mL). In particu-
lar, in 2018 a consensus of the Italian Pediatric Society
and the Italian Society of Preventive and Social Pediat-
rics (Societa Italiana di Pediatria Preventiva e Sociale,
SIPPS) suggested to define serum 25(OH)D threshold
for sufficiency at > 30 ng/mL and recommended vitamin
D supplementation in all infants in the first year of life,
independently of type of feeding [1].

Based on the vitamin D deficiency threshold of 20 ng/
mL (severe if < 10 ng/mL), this is a global health problem,
although the prevalence of low vitamin D status among
children shows a high degree of variability across stud-
ies and countries [19, 20]. Epidemiological studies show
a high prevalence of hypovitaminosis D (above 50%)
throughout Italy with adolescents being particularly at
risk [21, 22].

The aim of this study, conducted as a spin-off investiga-
tion from a mass screening study for celiac disease, was
to assess the distribution of 25(OH)D levels in a cohort
of healthy Italian school-age children living in the central
area of Italy (Ancona, latitude 43°35'56"76 N), in order to
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clarify normal vitamin D levels in a sample of children
belonging to the healthy general population.

Materials and methods

Study population

A sample of healthy Italian school-age children
(5—-10 years old), enrolled in a mass school screening for
celiac disease study conducted in Ancona between 2015
and 2017, was considered eligible and offered to par-
ticipate in this spin-off study [23]. Ancona is located in
Central Italy at latitude 43° 35’ 39 N, and, on average, has
around 2,220 sunshine hours per year. July is the sunni-
est month, and November has the lowest amount of sun-
shine. Diseases known to affect vitamin D metabolism,
and vitamin D supplementation in the 12 months prior
to the enrolment to the study were exclusion criteria. For
each child, anthropometric and clinical data (age, gender,
weight, height, BMI, ethnicity, residence, season of vita-
min D blood sampling) were recorded.

Ethnicity was categorized as Caucasian or non-Cauca-
sian (comprising African, Hispanic, and Asian). Growth
parameters were collected during clinical evaluation
before venous blood sampling by the same trained opera-
tor. Standing height was measured to the nearest 5 mm
using a wall-mounted stadiometer (SECA 220, Ger-
many); body weight was measured with a mechanical bal-
ance (SECA 200, Germany, 100 g of accuracy range). BMI
was expressed as weight (kg)/height (m2) and reported
also as Z-score. BMI categories were defined accord-
ing to the World Health Organization (WHO) stand-
ards, as follows: underweight, normal, overweight, and
obese (BMI < 5th, 5-85th, 85-95th, and > 95th percentile,
respectively) [24]. Residence was categorized as urban or
rural.

The study was conducted in accordance with the prin-
ciples of the Helsinki Declaration as revised in Fortaleza
2013 and the Institutional Review Board of the Polytech-
nic University of Marche (Ancona, Italy) approved this
study protocol (protocol number 214592).

Serum 25-hydroxyvitamin D determination

Total serum 25-hydroxyvitamin D (D2+4D3) level
[25(OH)D] was quantitatively determined by chemilu-
minescent-immunoassay (CLIA) (LIAISON, DiaSorin,
Italy), and expressed as ng/mL. According to the consen-
sus of the SIPPS [1], the following cut-offs were consid-
ered to define the vitamin D status: sufficiency > 30 ng/
mL, insufficiency 20-29 ng/mL, deficiency<20 ng/mL,
severe deficiency<10 ng/mL. The term hypovitamino-
sis D refers to serum 25(OH)D levels <30 ng/mL. Serum
calcium (Ca) and phosphate (P) levels were measured by
absorbance using Dimension Vista® System for CA and
PHOS (Siemens Healthcare Diagnostic, USA).
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Outcome measures

The primary outcome was the serum 25(OH)D level and
the percentage of children with vitamin D insufficiency
(<30 ng/mL, according to SIPPS). Secondary outcome
measures were: the correlation between serum 25(OH)
D level and age; the percentage of children with vitamin
D deficiency according to BMI, gender and ethnicity;
the variation of 25(OH)D level during the four seasons;
cumulative frequency distribution of serum 25(OH)D in
our healthy Italian children population.

Statistical analysis

Results are reported as mean =+ standard deviation (SD),
median (range) or percentages, as appropriate. The Stu-
dent’s t-test (for normally distributed data) or the Mann—
Whitney U-test (for non-normally distributed data) or
the one-way analysis of variance (ANOVA) were used
for comparisons. Differences in frequencies were evalu-
ated with the x2 test. A Multiple Regression Analysis was
performed to assess the predictive value of presumed risk
factors for hypovitaminosis D.

Statistical significance was set at p<0.05. GraphPad
Prism software (version 7, GraphPad Software, La Jolla,
CA, USA), IBM SPSS Statistic v.23.0 (SPSS Inc, Chicago,
Illinois, USA) and Microsoft EXCEL (v.2010; Microsoft
Corp Redmond, Washington) were used for the analysis.

Results

Out of the 1706 children serologically evaluated in the
original mass screening study, 470 accepted to partici-
pate in this spin-off study. The characteristics of the study
population are reported in Table 1.

The mean BMI was 17.9 kg/m2 (Z-score 0.504; 64th
percentile) and the prevalence of underweight, normal
weight, overweight and obesity was 3%, 62%, 20%, and
15%, respectively.

Overall, median 25(OH)D, Ca, P, and Ca/P serum levels
were 26.2 ng/mL, 9.3 mg/dL, 4.9 mg/mL and 1.9, respec-
tively; all these parameters yielded normal values in the
study population.

Vitamin D level has been evaluated on the basis of eth-
nicity, season of blood sampling and BMI and is reported
in Fig. 1, 2, 3, respectively. Median 25(OH)D level was
significantly lower among non-Caucasian than in Cauca-
sian children (p <0.0001) (Fig. 1).

Serum 25(OH)D levels were found to be significantly
higher in samples collected in summer, as compared to
samples collected in winter, spring and fall (mean val-
ues: 46.7 vs. 21.6, 22.9 and 24.2, respectively; p <0.0001),
(Fig. 2).

No differences were observed in seasonal fluctuation
between the two-ethnicity categories (data not shown).
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Table 1 Characteristics of the study population
Variable Total
sample
(N=470)
Age (years — mean £ SD) 81+£12
Weight (kg — mean +SD) 306+118
Height (cm — mean = SD) 1295488
BMI (kg/m2 — mean £ SD) 179445
Z-score BMI (mean %= SD) 0.50£11
BMI percentile (mean £ SD) 64+29.6
Gender N (%)
Male 247 (52.6)
Female 223 (47.4)
Ethnicity N (%)
Caucasian 425 (90.4)
Non-caucasian 45 (9.6)
Season of blood sample N (%)
Winter 167 (35.5)
Spring 114 (24.3)
Summer 111 (23.6)
Fall 78 (16.6)
[25(CH)D] (ng/mL; mean £ SD) 282494

Non-Caucasian children showed lower vitamin D values
than Caucasians, both as for median value of all seasons
(as reported in Fig. 1), and as values referring to the each
sampling seasons, but the seasonal trend remained simi-
lar for both groups.

Children with BMI>95 percentile had significant
higher prevalence of 25(OH)D deficiency (25(OH)
D<20 ng/mL) compared to their normal counterparts
with BMI 5- 85 percentile (»=0.036) (Fig. 3). The dis-
tribution of 25(0OH)D levels according to gender and age
showed no significant statistically differences (Fig. 4),
(Fig. 5).

In a multiple regression analysis vitamin D status was
predicted by season of blood sampling (»<0.0001), eth-
nicity (» <0.0001) and BMI percentiles groups (p=0.017),
(R2=0.464).

Vitamin D concentration was also analyzed in order to
obtain a distribution of percentiles (Fig. 6). The cumu-
lative frequency distribution of serum 25(OH)D in the
study children was also studied (Fig. 6).

Discussion

Several observational and cross-sectional studies on vita-
min D in children and adolescents in Europe are charac-
terized by high variability among the different countries
and by relatively high prevalence rates of deficiency
and insufficiency, explained in part by the different cut-
off values used and by the different laboratory assays
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Fig. 1 Serum 25-hydroxyvitamin D [25(0OH)D] distribution according to ethnicity. The category “Non-Caucasian” comprises children of African,
Hispanic, and Asian origins. Data are expressed as ng/mL. Median values are 11.5 ng/mL in the non-Caucasian subjects and 26.7 ng/mL in the
Caucasian subjects. The Caucasian subjects show the highest levels of 25(0OH)D (90.1 ng/mL vs 49.6 ng/mL), with the higher number of outliers.

Significance p values (p <0.005) are marked as (*)
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Fig. 2 Seasonal fluctuation in the median serum 25-hydroxyvitamin D [25(0H)D] distribution. Data are expressed as ng/mL. Median values are
21.7 ng/mL in winter, 22.9 ng/mL in spring, 25.7 ng/mL in autumn and 44.9 ng/mL in summer. The lowest levels of 25(OH)D were registered in
winter and spring with 3.9 ng/mL each. Summertime is the period with the highest median serum 25(OH)D level and interquartile range (IQR of
17.35); none of the participants presented a state of deficiency (25(0OH)D < 20 ng/mL) during summer. Significance p values (p <0.005) are marked

as (%)

performed. Furthermore most of these studies included
selected groups of children or adolescents recruited in
the hospital setting [21, 22, 25] and/or healthy adults
[26-29]. This cross-sectional study including a repre-
sentative sample of school-age children from an urban
area in Italy clearly shows a high prevalence of 25(OH)
D insufficiency in this age-group, with 63.8% of chil-
dren with 25(OH)D level below the desirable threshold
of 30 ng/mL, and a deficiency (25(OH)D <20 ng/mL) in
26,6% of children during at least some part of the year.
These results reflect the situation of the general pediatric

Italian population, since the study children were enrolled
in schools and not in clinical settings, without any selec-
tion or filtering process. These findings are consistent
with previous studies conducted in children from other
areas of Italy and Europe [21, 22, 30]. A systematic review
showed that, despite relative abundance of sunlight avail-
ability in the south Europe and east Mediterranean area,
the average prevalence of circulating 25(OH)D concen-
tration below 10 ng/mL ranged from 4 to 18%, while
25(0OH)D concentration below 20 ng/mL ranged from 35
to 75% [31]. A study conducted among schoolchildren in
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Fig.4 Serum 25-hydroxyvitamin D [25(0OH)D] distribution according to gender. Median values are 25.5 ng/mL in males, 26.7 ng/mL in females. IQR
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and 6 ng/mL and 90.1 ng/mL in females

Greece reported that the prevalence of 25(OH)D concen-
tration <12 ng/mL and <20 ng/mL was 5,2% and 52,5%,
respectively [32].

The situation is not different in other latitudes. A recent
study conducted in Polish children aged 9-13 years found
a vitamin D deficiency in the majority of them (64%), par-
ticularly after the winter period [33]. In the United King-
dom 35.1% of children and adolescents were vitamin D
insufficient (25(0OH)D concentration below <20 ng/ml),
while among Danish children this deficiency status was
found in 28.4% of them, and in one-fifth of Finnish Chil-
dren [34-38]. In the UK population serum vitamin D
levels were strongly associated with ethnic group. Mean

levels were double for white children (26,04 ng/ml) com-
pared with non-white children (12,82 ng/ml) [34].

A study conducted among native Dutch and first- and
second-generation non-Western immigrants showed
that half of the pediatric population examined had serum
25(OH)D levels below 20 ng/mL, with Non-Western
immigrants at increased risk for vitamin D deficiency
compared to their native Dutch peers [37]. Although
our study population was mainly of Caucasian ethnicity
(90%), we found an increased risk of vitamin D deficiency
in non-Caucasian children. The association between eth-
nicity and low vitamin D levels was confirmed in another
Italian study showing that children of African, North



Galeazzi et al. Italian Journal of Pediatrics (2023) 49:27
50%
2 40%
C
S
§ n=151
T 30%
o
)
s
S 20% n=82
c
)
|
ke]
T 10%
)
—
o
X
T 0%
6y 7y

m Sufficiency (25(OH)D > 30 ng/ml)
Deficiency (25(0OH)D 10-19 ng/ml)

Page 6 of 9

8y 9y 10y

u Insufficiency (25(OH)D 20-29 ng/ml)
Severe deficiency (25(OH)D < 10 ng/ml)

Fig. 5 Percentage of children by serum 25-hydroxyvitamin D [25(0H)D] level for age groups. The labels above each column refer to the number of
children in each age category. The age-range goes from 6 to 10 years. As expected for such a small age range, there are no significant differences on

the distribution of 25(OH)D levels compared by age

100
90
80
70
60
50
40
30
20
10

26,2

Cumulative frequency %

1.8

0 10 20 30 40

———

46,5

50 60 70 80 90 100

25(0OH)D (ng/mL)
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African and Indian descent had higher prevalence of vita-
min D deficiency than their white counterparts [22]. As
expected, season is a strong determinant of serum vita-
min D level, with winter and spring months representing
the period with the highest prevalence of vitamin D defi-
ciency and insufficiency, as also reported in other studies
[22, 32, 33, 38].

We found a significant vitamin D deficiency in obese
as compared to normal weight children (mean 25(OH)
D level: 23.6 vs. 29.1 ng/mL, p=0.023). The potential
harmful association between obesity and risk of vitamin

D deficiency among children is well known [39]. A pos-
sible explanation is that since vitamin D is fat soluble and
likely sequestered in lipid droplets of adipocytes when
stored, in individuals with obesity it may lead to low
levels of vitamin D in blood despite the large amounts
of vitamin D located in adipose tissue. Due to changes
in lifestyle, some authors even refer to the convergence
of two epidemics: obesity and vitamin D deficiency
[40]. A study conducted in southeastern United States
among adolescents, found a significant inverse correla-
tion between 25-hydroxyvitamin D level and all adiposity
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measurements, i.e. BMI percentile, waist circumference,
total fat mass, percentage of body fat, visceral adipose
tissue, and subcutaneous abdominal adipose tissue [41].
These data are also confirmed by other studies [34, 42].
In the present study, no significant differences in 25(OH)
D levels were observed between males and females.
These data are in contrast with other reports [30, 32],
that showed lower 25(OH)D levels in females. Moreover,
because all participants lived in urban area, it was not
possible to establish if vitamin D may be influenced by
the living area (urban or rural).

Other potentially influencing factors could be eating
habits, lifestyle, minutes of daily sun exposure, use of
sunscreens but they were not investigated in this study.

The main limitation of the study was the relatively small
sample size. Nevertheless, we would like to point out as
a strength that the present study investigated healthy
school-age children enrolled in schools and not in clinical
settings with a well-defined age-range.

Furthermore, in Italy vitamin D fortification of food is
not common as in other countries [38], an observation
that reduces a source of uncontrolled variation. Finally,
the blood sampling took place throughout the year, so
blood samplings captured the full range of seasonal vari-
ations. Almost all children were sufficient, even by Italian
standards, and while a few were insufficient, none was
deficient in summer. This is a reassuring message, even
if for the rest of the year the rate of deficiency (as defined
by the Italian Society for Preventive Pediatrics) is quite
high [43-46).

Conclusions

In conclusion, despite the southern latitude, our study
shows that the majority of Italian schoolchildren have
vitamin D deficiency (25(OH)D <20 ng/ml), particularly
during winter and spring time, in agreement with the
prevalence reported in other European pediatric popula-
tion. The most powerful determinants of vitamin D defi-
ciency are obesity, the ethnicity and the season. In terms
of prevention, it is important to encourage children to
implement their leisure time in outdoor physical activity
and daily sun exposure, paying attention to the need for
vitamin D supplementation during winter.

Abbreviations
1,25(0H)D  1,25-Dihydroxyvitamin D

25(0OH)D  25-Hydroxyvitamin D

NORDEN  Nordic council of ministers

SACN UK Scientific advisory committee on nutrition

EFSA European food safety authority

ESPGHAN  European society for paediatric gastroenterology hepatology and
nutrition

SIPPS Italian pediatric society and the italian society of preventive and

social pediatrics
BMI Body mass index

Page 7 of 9

Ca Calcium
P Phosphate
SD Standard deviation

Acknowledgements
Not applicable.

Author contributions

TG, S.G. and EF. conceptualized and designed the study, T.G. and L.M.
designed the data collection instruments and collected data, T.G., CM,, D.P
and S.Q. contributed to the data analysis, interpretation of data and and writ-
ing original draft preparation, T.G,, S.G. and E.F. contributed to data curation,
TG, S.Q. and D.P. contributed to writing—review and editing, C.C, EL. and
G.N.C. critically revised the manuscript and final approval of the version to be
published. All authors read and approved the final manuscript to supervision.

Funding
The authors received no specific funding for this work.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participates

All methods were performed in accordance with the ethical standards as laid
down in the Declaration of Helsinki and its later amendments or compara-
ble ethical standards. Ethical approval was and consent to partecipate was
obtained by the local Ethics Committee of Polytechnic University of Marche
(Ancona, Italy). Written informed consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 September 2022 Accepted: 30 January 2023
Published online: 22 February 2023

References

1. Saggese G, Vierucci F, Prodam F, Cardinale F, Cetin |, Chiappini E, et al. Vita-
min D in pediatric age: consensus of the Italian Pediatric Society and the
Italian Society of Preventive and Social Pediatrics, jointly with the Italian
Federation of Pediatricians. Ital J Pediatr. 2018;44(1):51. https://doi.org/10.
1186/513052-018-0488-7.

2. Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes.
The Lancet. 2016;387:2340-8. https://doi.org/10.1016/50140-6736(16)
30507-4.

3. Aranow C.Vitamin D and the Immune System. J Investig Med.
2011;59:881-6. https://doi.org/10.2310/JIM.0b013e31821b8755.

4. Lionetti E, Galeazzi T, Dominijanni V, Acquaviva |, Naspi Catassi G, lasevoli
M, et al. Lower Level of Plasma 25-Hydroxyvitamin D in Children at Diag-
nosis of Celiac Disease Compared with Healthy Subjects: A Case-Control
Study. J Pediatr. 2021;228:132-7. https://doi.org/10.1016/j jpeds.2020.08.
089.

5. Marino R, Misra M. Extra-Skeletal effects of vitamin D. Nutrients.
2019;11:1460-83. https://doi.org/10.3390/nu11071460.

6. Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K, et al. Global
Consensus Recommendations on Prevention and Management of Nutri-
tional Rickets. J Clin Endocrinol Metab. 2016;101:394-415. https://doi.org/
10.1210/jc.2015-2175.

7. Antonucci R, Locci C, Clemente MG, Chicconi E, Antonucci L. Vitamin D
deficiency in childhood: old lessons and current challenges. J Ped Endo-
crinol Metab. 2018;31:247-60. https://doi.org/10.1515/jpem-2017-0391.


https://doi.org/10.1186/s13052-018-0488-7
https://doi.org/10.1186/s13052-018-0488-7
https://doi.org/10.1016/S0140-6736(16)30507-4
https://doi.org/10.1016/S0140-6736(16)30507-4
https://doi.org/10.2310/JIM.0b013e31821b8755
https://doi.org/10.1016/j.jpeds.2020.08.089
https://doi.org/10.1016/j.jpeds.2020.08.089
https://doi.org/10.3390/nu11071460
https://doi.org/10.1210/jc.2015-2175
https://doi.org/10.1210/jc.2015-2175
https://doi.org/10.1515/jpem-2017-0391

Galeazzi et al. Italian Journal of Pediatrics

20.

21.

22.

23.

24.

25.

26.

27.

(2023) 49:27

PolzonettiV, Pucciarelli S, Vincenzetti S, Polidori P. Dietary Intake of vita-
min D from Dairy Products Reduces the Risk of Osteoporosis. Nutrients.
2020;10:1743-58. https://doi.org/10.3390/nu12061743.

Webb AR, Engelsen O. Ultraviolet Exposure Scenarios: Risks of Ery-
thema from Recommendations on Cutaneous vitamin D Synthesis.

In Sunlight, vitamin D and Skin Cancer, Reichrath, J,, Ed. Springer New
York, New York, NY, 2008, vol. 624, pp. 72-85. https://doi.org/10.1007/
978-0-387-77574-6_6.

Braegger C, Campoy C, ColombV, Decsi T, Domellof M, Fewtrell M, et al.
Vitamin D in the Healthy European Paediatric Population. J Ped Gastro-
enterol Nutr. 2013;56:692-701. https://doi.org/10.1097/MPG.0b013e3182
8f3c05.

. Holick MF, Vitamin D. Status: Measurement, Interpretation, and Clinical

Application. Ann Epidemiol. 2009;19:73-8. https://doi.org/10.1016/j.
annepidem.2007.12.001.

Zerwekh JE. The measurement of vitamin D: analytical aspects. Ann Clin
Biochem. 2004,41:272-81. https://doi.org/10.1258/0004563041201464.
Scientific Advisory Committee on Nutrition. Vitamin D and health. 2016.
1-304. Available at: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/537616/SACN_Vitam
in_D_and_Health_report.pdf.

European Food Safety Authority (EFSA) Panel on Dietetic Products Nutri-
tion and Allergies. Dietary reference values for vitamin D. EFSA J. 2016, 14.
e04547-1000.

New reference values for vitamin D. German Nutrition Society. Ann Nutr
Metab. 2012;60:241-6.

Evaluation of dietary reference values for vitamin D. Health Council of the
Netherlands, 2012/15E, Health Council of the Netherlands, The Hague.
Available at: https://www.healthcouncil.nl/documents/advisory-reports/
2012/09/26/evaluation-of-the-dietary-reference-values-for-vitamin-d.
Lamberg-Allardt C, Brustad M, Meyer HE, Steingrimsdottir L. Vitamin D

a systematic literature review for the 5th edition of the nordic nutrition

recommendations. Food Nutr Res. 2013;57:22671-702. https://doi.org/10.

3402/fnrv57i0.22671.

Draft vitamin D and Health report. Scientific Advisory Committee on
Nutrition (SACN), 2015. Available at: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/447402/
Draft_SACN_Vitamin_D_and_Health_Report.pdf

Nair R, Maseeh A. Vitamin D: The ‘sunshine’vitamin. J Pharmacol Pharma-
cother. 2012;3(2):118-26. https://doi.org/10.4103/0976-500X.95506.
Linden MA, de ON Freitas RGB, Hessel G, Marmo DB, Bellomo-Brandéo
MA. Definition of vitamin D deficiency in schoolchildren: systematic

review with meta-analysis. Arq Gastroenterol. 2019;56:425-30. https://doi.

0rg/10.1590/50004-2803.201900000-64.

Vierucci F, Del Pistoia M, Fanos M, Erba P, Saggese G. Prevalence of
hypovitaminosis D and predictors of vitamin D status in Italian healthy
adolescents. Ital J Pediatr. 2014;40:54-67. https://doi.org/10.1186/
1824-7288-40-54.

Franchi B, Piazza M, Sandri M, Tenero L, Comberiati P, Boner AL, Capristo
C. 25-hydroxyvitamin D serum level in children of different ethnicity
living in Italy. Eur J Pediatr. 2015;174:749-57. https://doi.org/10.1007/
s00431-014-2451-y.

Gatti S, Lionetti E, Balanzoni L, Verma AK, Galeazzi T, Gesuita R, et al. Celiac
Screening Team; Increased Prevalence of Celiac Disease in School-age
Children in Italy. Clin Gastroenterol Hepatol. 2020;18:596-603. https://doi.
0rg/10.1016/}.cgh.2019.06.013.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. 2007;85:660-7. https://doi.org/10.
2471/blt.07.043497.

Ciresi A, Ciccio F, Giordano C. High prevalence of hypovitaminosis D in
Sicilian children affected by growth hormone deficiency and its improve-
ment after 12 months of replacement treatment. J Endocrinol Invest.
2014;37:631-8. https://doi.org/10.1007/540618-014-0084-7.

Slater J, Larcombe L, Green C, Slivinski C, Singer M, Denechezhe L, et al.
Dietary intake of vitamin D in a northern Canadian Dené First Nation
community. Int J Circumpolar Health. 2013;5:20723-31. https://doi.org/
10.3402/ijch.v72i0.20723.

Cashman KD, Dowling KG, Skrabakové Z, Gonzalez-Gross M, Valtuefia J,
De Henauw S, et al. Vitamin D deficiency in Europe: pandemic? Am J Clin
Nutr. 2016;103:1033-44. https://doi.org/10.3945/ajcn.115.120873.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 8 of 9

Castiglione D, Platania A, Conti A, Falla M, D'Urso M, Marranzano M.
Dietary Micronutrient and Mineral Intake in the Mediterranean Healthy
Eating, Ageing, and Lifestyle (MEAL) Study. Antioxidants (Basel).
2018;23:79-96. https://doi.org/10.3390/antiox7070079.

Garcia-Dorta A, Medina-Vega L, Villacampa-Jiménez JJ, Herndndez-Dfaz
M, Bustabad-Reyes S, Gonzalez-Dévila E, et al. Baseline Levels of vitamin
D in a Healthy Population from a Region with High Solar Irradiation.
Nutrients. 2021;13:1647-59. https://doi.org/10.3390/nu13051647.
Gonzélez-Gross M, Valtuefa J, Breidenassel C, Moreno LA, Ferrari M, Kerst-
ing M, HELENA Study Group, et al. Vitamin D status among adolescents in
Europe: the Healthy Lifestyle in Europe by Nutrition in Adolescence study.
Br J Nutr. 2012;107:755-64. https://doi.org/10.1017/50007114511003527.
Manios Y, Moschonis G, Lambrinou CP, Tsoutsoulopoulou K, Binou P,
Karachaliou A, et al. A systematic review of vitamin D status in southern
European countries. Eur J Nutr. 2018;57:2001-36. https://doi.org/10.1007/
500394-017-1564-2.

Manios Y, Moschonis G, Hulshof T, Bourhis AS, Hull GLJ, Dowling KG, et al.
Prevalence of vitamin D deficiency and insufficiency among schoolchil-
dren in Greece: the role of sex, degree of urbanisation and seasonality. Br
JNutr. 2017;118:550-8. https://doi.org/10.1017/S0007114517002422.
Chlebna-Sokét D, Konstantynowicz J, Abramowicz P, Kulik-Rechberger

B, Niedziela M, Obuchowicz A, et al. Evidence of a significant vitamin D
deficiency among 9-13-year -old Polish children: results of a multi-
centre study. Eur J Nutr. 2019,58:2029-36. https://doi.org/10.1007/
s00394-018-1756-4.

Absoud M, Cummins C, Lim MJ, Wassmer E, Shaw N. Prevalence and Pre-
dictors of vitamin D Insufficiency in Children: A Great Britain Population
Based Study. PLoS ONE. 2011;6:€22179-85. https://doi.org/10.1371/journ
al.pone.0022179.

Petersen R, Damsgaard C, Dalskov SM, Serensen L, Hjorth M, Ritz C, et al.
Vitamin D status and its determinants during autumn in children at
northern latitudes: a cross-sectional analysis from the optimal well-being,
development and health for Danish children through a healthy New Nor-
dic Diet (OPUS) School Meal Study. Br J Nutr. 2016;115:239-50. https://
doi.org/10.1017/5000711451500433X.

Soininen S, Eloranta AM, Lindi V, Venaldinen T, Zaproudina N, Mahonen

A, Lakka TA. Determinants of serum 25-hydroxyvitamin D concentration
in Finnish children: the Physical Activity and Nutrition in Children (PANIC)
study. Br J Nutr. 2016;115:1080-91. https://doi.org/10.1017/5000711451
5005292.

Huibers MHW, Visser DH, Deckers MML, van Schoor NM, van Furth AM,
Wolf BHM. Vitamin D deficiency among native Dutch and first- and
second-generation non-Western immigrants. Eur J Pediatr. 2013;173:583-
8. https://doi.org/10.1007/500431-013-2198-x.

Farrar MD, Mughal MZ, Adams JE, Wilkinson J, Berry JL, Edwards L, Kift

R, Marjanovic E, Vail A, Webb AR, Rhodes LE. Sun Exposure Behavior,
Seasonal vitamin D Deficiency, and Relationship to Bone Health in Ado-
lescents. J Clin Endocrinol Metab. 2016;101(8):3105-13.

Mark S, Lambert M, Delvin EE, O'Loughlin J, Tremblay A, Gray-Donald

K. Higher vitamin D intake is needed to achieve serum 25(0OH)D levels
greater than 50 nmol/I in Québec youth at high risk of obesity. Eur J Clin
Nutr. 2011;65:486-92. https://doi.org/10.1038/ejcn.2011.5.

Fu Z, Xu G, ShuY, Xie Z, Lu C, Mo X. Serum 25-hydroxyvitamin D is associ-
ated with obesity and metabolic parameters in US children. Public Health
Nutr. 2020;23:1214-22. https://doi.org/10.1017/51368980019001137.
Cheng L. The Convergence of Two Epidemics: vitamin D Deficiency in
Obese School-aged Children. J Pediatr Nurs. 2018;38:20-6. https://doi.
0rg/10.1016/j.pedn.2017.10.005.

Dongy, Pollock N, Stallmann-Jorgensen IG, Gutin B, Lan L, Chen TC, et al.
Low 25-hydroxyvitamin D levels in adolescents: race, season, adiposity,
physical activity, and fitness. Pediatrics. 2010;125:1104-1111. https://doi.
0rg/10.1542/peds.2009-2055.

Bischofova S, Dofkova M, Blahova J, Kavrik R, Nevrla J, Rehurkova |,
Ruprich J. Dietary Intake of vitamin D in the Czech Population: A Com-
parison with Dietary Reference Values, Main Food Sources Identified by

a Total Diet Study. Nutrients. 2018,7:1452-66. https://doi.org/10.3390/
nu10101452.

Sette S, Le Donne C, Piccinelli R, Arcella D, Turrini A, Leclercq C. INRAN-
SCAI 2005-6 Study Group. The third Italian National Food Consumption
Survey, INRAN-SCAI 2005-06--part 1: nutrient intakes in Italy. Nutr Metab


https://doi.org/10.3390/nu12061743
https://doi.org/10.1007/978-0-387-77574-6_6
https://doi.org/10.1007/978-0-387-77574-6_6
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1097/MPG.0b013e31828f3c05
https://doi.org/10.1016/j.annepidem.2007.12.001
https://doi.org/10.1016/j.annepidem.2007.12.001
https://doi.org/10.1258/0004563041201464
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://www.healthcouncil.nl/documents/advisory-reports/2012/09/26/evaluation-of-the-dietary-reference-values-for-vitamin-d
https://www.healthcouncil.nl/documents/advisory-reports/2012/09/26/evaluation-of-the-dietary-reference-values-for-vitamin-d
https://doi.org/10.3402/fnr.v57i0.22671
https://doi.org/10.3402/fnr.v57i0.22671
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/447402/Draft_SACN_Vitamin_D_and_Health_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/447402/Draft_SACN_Vitamin_D_and_Health_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/447402/Draft_SACN_Vitamin_D_and_Health_Report.pdf
https://doi.org/10.4103/0976-500X.95506
https://doi.org/10.1590/s0004-2803.201900000-64
https://doi.org/10.1590/s0004-2803.201900000-64
https://doi.org/10.1186/1824-7288-40-54
https://doi.org/10.1186/1824-7288-40-54
https://doi.org/10.1007/s00431-014-2451-y
https://doi.org/10.1007/s00431-014-2451-y
https://doi.org/10.1016/j.cgh.2019.06.013
https://doi.org/10.1016/j.cgh.2019.06.013
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1007/s40618-014-0084-7
https://doi.org/10.3402/ijch.v72i0.20723
https://doi.org/10.3402/ijch.v72i0.20723
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.3390/antiox7070079
https://doi.org/10.3390/nu13051647
https://doi.org/10.1017/S0007114511003527
https://doi.org/10.1007/s00394-017-1564-2
https://doi.org/10.1007/s00394-017-1564-2
https://doi.org/10.1017/S0007114517002422
https://doi.org/10.1007/s00394-018-1756-4
https://doi.org/10.1007/s00394-018-1756-4
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1371/journal.pone.0022179
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S000711451500433X
https://doi.org/10.1017/S0007114515005292
https://doi.org/10.1017/S0007114515005292
https://doi.org/10.1007/s00431-013-2198-x
https://doi.org/10.1038/ejcn.2011.5
https://doi.org/10.1017/S1368980019001137
https://doi.org/10.1016/j.pedn.2017.10.005
https://doi.org/10.1016/j.pedn.2017.10.005
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.1542/peds.2009-2055
https://doi.org/10.3390/nu10101452
https://doi.org/10.3390/nu10101452

Galeazzi et al. Italian Journal of Pediatrics (2023) 49:27

Cardiovasc Dis. 2011;21:922-32. https://doi.org/10.1016/j.numecd.2010.
03.001.

45, Martone D, Roccaldo R, Censi L, Toti E, Catasta G, D’Addesa D, Carletti
C. ZOOM8 Study Group. Food consumption and nutrient intake in
Italian schoolchildren: results of the ZOOMS study. Int J Food Sci Nutr.
2013;64:700-5. https://doi.org/10.3109/09637486.2013.775226.

46. Marrone G, Rosso I, Moretti R, Valent F, Romanello C. Is vitamin D status
known among children living in Northern Italy?. Eur J Nutr. 2012;51:143—
9. https://doi.org/10.1007/500394-011-0200-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.numecd.2010.03.001
https://doi.org/10.1016/j.numecd.2010.03.001
https://doi.org/10.3109/09637486.2013.775226
https://doi.org/10.1007/s00394-011-0200-9

	Vitamin D status in healthy Italian school-age children: a single-center cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Serum 25-hydroxyvitamin D determination
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


