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Abstract

Purpose To assess vitamin D status in children aged
2-220 months in northeastern Italy (latitude 46°). Serum
25-hydroxyvitamin D (250HD) concentration was assessed
in 93 children afferent to the Pediatric Department of the
Hospital of Udine.

Methods Vitamin D status was defined as follows: suffi-
cient with serum 250HD between 50 and 250 nmol/l (level
4); insufficient between 37.5 and 50 nmol/l (level 3);
deficient less than 37.5 nmol/l (level 2); severely deficient
if less than 12.5 nmol/l (level 1). We investigated the
potential risk factors of vitamin D deficit.

Results  We found that six children (6.4%) had level 1, 36
(38.7%) had level 2, 9 (9.7%) had level 3, and only 45.2%
had sufficient level of 250HD. Immigrate children had a
higher risk for vitamin D deficiency if compared with
Italians: 75% of non-Italian children had an insufficient
250HD level compared with 47.0% of Italian children
(p = 0.0036). There was a marked seasonal effect on
250HD level: when plasma sample was withdrawn
between November and May, only 29.4% of children
showed sufficient vitamin D level, while 70.5% was
insufficient (p < 0.0001). Among the obese children, 9.0%
had sufficient level of 250HD with 90% being deficient
(p = 0.01). We did not find any significant difference in
vitamin D status among children in different age groups.
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Conclusion Vitamin D deficiency is common in children
living in northeastern Italy. The risk factors were winter
season for blood withdrawal, non-Caucasian race, and
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screening and educated about the need of sunlight
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Introduction

Nutritional rickets is known to be reemerged in certain
pediatric populations such as exclusively breast-fed and
dark-skinned infants due to the low vitamin D content of
breast milk (range: 15-50 international units (IU)/1 in a
vitamin D sufficient mother) and to the reduced vitamin D
synthesis of dark skin especially at high latitude with poor
sun exposition [1]. In fact, vitamin D can be synthesized
endogenously and factors affecting its cutaneous synthesis
include age, season, latitude, time of day, skin pigmenta-
tion, amount of skin exposed, and use of sunscreen. For this
reason in 2003, the American Academy of Pediatrics
(AAP) recommended prophylaxis with vitamin D (200 Ul/
day) in exclusively breast-fed infants or infants who did not
consume at least 500 ml of vitamin D fortified formula [2].
Rickets, however, is not limited to infancy and early
childhood, as evidenced by cases of rickets caused by
nutritional vitamin D deficiency being reported in adoles-
cents, so the last AAP guideline to prevent vitamin D
deficiency recommends an intake of 400 IU/day in infants,
children, and adolescents [3]. It should be noted that
Canadian Pediatric Society recommends a higher supple-
mentation (800 IU/day) in breast-fed infants during the
winter months [4].
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Many recent studies demonstrate that hypovitaminosis
D is common in the general US pediatric population,
also among children and adolescents probably due to the
predominantly indoor lifestyle, the low dietary vitamin D
intake, associated obesity, and extensive use of sunscreen
[5]. Few foods naturally contain vitamin D, and in Italy,
there are actually few fortified foods. Vitamin D insuf-
ficiency may have important health consequences
because of its role in the maintenance of normal bone
mass turnover. Two studies conducted in adolescent girls
in Finland suggested that lower vitamin D status corre-
lated with smaller gains in lumbar spine area bone
mineral density [6, 7]. Other studies have demonstrated
that vitamin D may confer protection against diabetes
mellitus type 1, hypertension, multiple sclerosis, and
cancer [5].

The serum 25-hydroxyvitamin D (250HD) is the most
common measured indicator of vitamin D status because it
reflects dietary intake from vitamin D2 and D3 together
with cutaneous synthesis of vitamin D3 [8].

To date, few studies have assessed vitamin D status
among Italian children, especially among those living at a
high latitude or immigrated [9]. The purpose of the present
study is to assess serum 250HD in children living in the
Italian province of Udine, northeastern Italy, (latitude 46°)
and to identify risk factors for vitamin D deficiency in
different age groups.

Methods

We conducted a prevalence study of vitamin D status
among children of the province of Udine (northeastern
Italy). We enrolled 93 children (aged 2-220 months)
afferent to the Pediatric Department (Day Hospital and
Ward) of the University Hospital of Udine from July 21,
2009, to June 14, 2010. Children were enrolled if they
attended our Day Hospital and Ward and had to undergo a
blood withdrawal for reasons other than the present survey.
Parents provided written consent to participate in the study.

All children underwent physical examination and per-
formed laboratory test of plasma 250HD level. Their
parents completed a standardized interview recording: race,
religion, country of birth, birthweight, type of feeding
during the first year (breast, formula milk, or mixed),
mother’s use of vitamin supplementation during preg-
nancy, child’s use of vitamin D supplementation, and daily
intake of cow milk (categorized as more or less than
200 ml per day).

Concentration of 250HD in EDTA was determined by
an immunoassay implemented on a Liaison automatic
analyzer (The Liaison 250H Vitamin D Total, DiaSorin
Inc., Stillwater, MN, USA). The Liaison total 250H assay
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is a direct competitive chemiluminescence immunoassay
(CLIA) for quantitative determination of total 250HD in
human serum (SRM 972, Level 1, standard reference
material from the National Institute of Standards and
Technology, NIST) [10]. Test within-batch precision
(CV%) is <5.5 and between-batch precision (CV%) is
<12.9. Vitamin D status was defined as follows: sufficient
with 250HD plasma concentration between 50 and
250 nmol/l  (20-100 ng/ml), or level 4; insufficient
between 37.5 and 50 nmol/l (15-20 ng/ml), or level 3;
deficient less than 37.5 nmol/l (15 ng/ml), or level 2;
severely deficient if less than 12.5 nmol/l (5 ng/ml), or
level 1 (Table 1). These reference ranges were used in
previous pediatric literature, on the basis of biomarkers
such as changes in alkaline phosphatase (ALP), bone
density, calcium absorption at varying vitamin D level, and
the presence of rickets [1].

Race was categorized as black, Caucasian, Indian, and
Hispanic-American. Regarding seasonality, although solar
winter comprises the period from November to February,
for the purpose of the study, winter was defined as the
period November—-May and summer as June—October.

Children were divided into the following age groups:
infants (1-23 months), children (2-12 years), and adoles-
cents (13-18 years).

Obesity was categorized on the basis of body mass index
(over 95°p) and ideal body weight (over 140%), defined by
using age and gender CDC centile curves on the basis of
pooled international data [11].

Statistical analyses

The characteristics of the study population were descri-
bed through frequency distributions for categorical vari-
ables and through means and standard deviations (SD),
medians, and range for continuous variables. To allow for
a computation of those measures, 250HD concentrations
below the detection limit of 10 nmol/l were assumed to
be equal to 10 nmol/l. The crude association of vitamin
D status and the other categorical variables was assessed
through chi-square test and Fisher’s exact test when the
expected number of counts in any cell of the contingency
tables was <5. The crude association of vitamin D status
and continuous variables was assessed through Wilco-
xon’s rank sums test (with 250HD concentration
dichotomized into sufficient (50-250 nmol/l) and insuf-
ficient (<50 nmol/l)) and Kruskal-Wallis test (with
250HD concentration divided in four levels) since all
continuous variables resulted not normally distributed
according to Shapiro-Wilk’s test. All p-values <0.05
were considered statistically significant. Multivariate
logistic regression analyses were performed to investigate
factors associated with insufficient vitamin D status, after
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ztzg;esimf)?:r(ftin;g)c s of the Characteristic Mean £+ SD Median Range
Age (months) 98.4 + 60.3 104.0 2-220
Neonatal weight (g) 3,133 £ 616.3 3,145.0 1,200-4,365
Breast feeding (months) 79 +£76 6.0 0-36
250HD (nmol/l) 56.5 + 39.1 44.0 10-184
250HD (num, %)
Level 1—severe deficiency (<12 nmol/l) 6 (6.4)
Level 2—deficiency (20-37.5 nmol/l) 36 (38.7)
Level 3—insufficiency (37.5-50 nmol/l) 9.7
Level 4—sufficiency (>50 nmol/l) 42 (45.2)
Sex (num, %)
Male 39 (41.9)
Female 54 (58.0)
Ethnicity (num, %)
White 80 (86.0)
Hispanic 1(1.0)
Black 9 (9.6)
Indian 3(3.2)
Religion (num, %)
Catholic 83 (89.2)
Muslim 9 (9.6)
Hindu 1 (1.0)
Months of study (num, %)
November-May 68 (63.0)
June—October 25 (26.9)
Pregnancy (num, %)
Normal 84 (89.2)
Pathological 9(9.7)
Delivery (num, %)
Term 77 (85.6)
Preterm 13 (14.4)
Mode of feeding (num, %)
Breast 64 (71.9)
Formula 15 (16.8)
Mixed 10 (11.3)
Vitamin D supplementation (prophylaxis) (num, %)
Yes 30 (33.3)
No 60 (66.7)
Obesity (num, %) 11 (11.8)
Reduced vitamin D absorption (num, %)
(TBC, celiac disease, hepatic disease, and drugs) 15 (16.1)
Cow milk: ml/day (num, %)
<200 ml 37 (43.0)
>200 ml 49 (56.9)
Iron deficiency (num, %) 18 (19.3)

adjusting for potential confounders. The association  Results
between 250HD concentration and each variable inclu-

ded in the logistic model was expressed in terms of odds  The participants’ characteristics and 250HD level are
ratio (OR) and 95% confidence interval (95% CI). presented in Table 1. Among those 93 children, the mean
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250HD concentration was 55.6 nmol/l (SD 39.1, median
44.0, range 10-184 nmol/l). Six children (6.4%) had level
1 (severe deficiency), 36 (38.7%) had level 2 (deficiency),
9 (9.7%) had level 3 (insufficiency), and 42 (45.2%) had
level 4 (sufficiency). Among those with sufficient level,
mean concentration was 90.9 nmol/l (SD 32.3, median 84,
range 51-184 nmol/l).

Race and country of birth

Among all children with 250OHD level under 50 nmol/l,
15.7% were black, 76.4% were Caucasian, 5.8% were
Indian, and 1.9% were Hispanic.

Vitamin D deficiency was found in all Indian children
(n =3), in 88% (n = 8) of dark-skinned children (with
44.4% having severe insufficiency, n = 4), compared with
48.7% (n = 39) of Caucasian children. Dark-skinned
infants had significantly lower plasma 250HD level than
light-skinned infants and, after adjusting for potential
confounders, were significantly more likely to have severe
deficiency (Table 2).

Immigrate children had a higher risk for vitamin D
deficiency if compared with Italians: 75% of non-Italian
children had an insufficient level of 250HD (20% with
level 1, 44% level 2, and 12% level 3) compared with
47.0% of Italian children (p = 0.0036).

Among children with 250HD in range of severe defi-
ciency, one l4-month-old infant from Morocco showed
clinical and radiological finding of rickets.

Season of blood withdrawal

There was a marked seasonal effect on 250HD levels, in fact
when the plasma sample was withdrawn between November
and May, only 29.4% (n = 20) of children showed sufficient
250HD level, while 70.5% (n = 48) was insufficient (6.4%
level 1, 36.6% level 2, and 8.6% level 3). In the period June—
October, 88% (n = 22) of children had normal levels and
only 12% (n = 3) were insufficient, none having severe
deficiency. Ninety-four percent of children (n = 48) whose
sample was recorded between November and May had level
of plasma 250HD under 50 nmol/l (Table 2, Fig. 1).

We found 250HD in the range of severe insufficiency
only during winter months.

Using 75 nmol/l as the cut off value for Vitamin D
sufficiency, we found that 28 children of our sample
(30.1%) were above this level (64% were sufficient during
summer period and only 17.6% during winter, p < 0.001).

Age groups

We did not find any significant difference regarding the level
of 250HD comparing children in different age groups.
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Obesity

Among all the obese children, only 9.0% (n = 1) had
sufficient level of 250HD with 90% (n = 10) being defi-
cient (p = 0.01). Dividing the sample of obese children by
250HD levels: 9.0% (n = 1) had level 1, 72.7% (n = 8)
had level 2, and 9.0% (n = 1) had level 3 (p = 0.02).

Cow milk

The amount of cow milk consumption per day was inver-
sely correlated with 250HD levels, with lower milk intake
in children with 250HD in the range of severe insuffi-
ciency (see Table 3), in particular, only 13.5% of children
with severe insufficiency (n = 5) consumed more than
200 ml of cow milk per day versus 35.1% of children
(n = 13) with sufficient 250HD level (p = 0.03). This
difference is no longer statistically significant when con-
sidering only two categories of 250HD level—sufficient/
insufficient.

No significant associations were observed between
plasma 250HD (neither as sufficient/insufficient nor by
four levels) and the following variables: sex, religion,
pregnancy (normal or pathological), gestational age, iron
deficiency, and the presence of causes of vitamin D mal-
absorption (hepatic disease, drugs, or celiac disease).

In multivariate analysis, we confirm that the factors
significantly associated with vitamin D deficit are winter
season for blood withdrawal, non-Caucasian race, and
obesity (see Table 4).

Quartiles

Using 250HD levels in quartiles (level 1: <25 nmol/l,
level 2: 2543 nmol/l, level 3: 44-82 nmol/l, level 4:
>83 nmol/l), we confirm a significant association between
low 250HD levels and non-Caucasian ethnicity
(p = 0.04), obesity (p = 0.02), and blood withdrawal in
winter season (p < 0.001). We found a significant associ-
ation with pathologic pregnancy and low 250HD levels
(»p = 0.03), but no more with cow milk consumption
(» = 0.35).

Discussion

This study provides data on the prevalence of 250HD
status and its correlates in a sample of children
2-220 months of age afferent to our Department of Pedi-
atric (Udine, Italy). It was expected to find some vitamin D
deficiency among children knowing to be at high risk
(dark-skinned, exclusively breast-fed infants that not
receive preformed vitamin D), but it was surprising the
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rltion to ethnicty and season OKD 250HD 2S0HD  2SOHD  ple
. Severe deficiency <  Deficiency > Insufficiency >  Sufficiency >

of blood withdrawal 12 nmol/l 20 e <37 nmoll 375e < 50 mmol/l
50 mmol/l
(N=16) (N = 36) (N=09) N = 42)
Ethnicity (frequency, %, col%, row%)
Caucasian 1 32 6 41 <0.0001
1.08 3441 6.45 44.09
16.67 88.89 66.77 97.62
1.25 40 7.5 51.25
Hispanic 0 0 1 0
0 0 1.08 0
0 0 11.11 0
0 0 100 0
Indian 1 2 0 0
1.08 2.15 0 0
16.67 5.56 0 0
33.33 66.67 0 0
N 4 2 2 1
4.3 2.15 2.15 1.08
66.67 5.56 22.22 2.38
44.44 22.22 22.22 11.11
Season of blood withdrawal (frequency, %, col%, row%)
November—-May 6 34 8 20 <0.0001
6.45 36.56 8.6 21.51
100 94.44 88.89 47.62
8.82 50 11.76 29.41
June—October 0 2 1 22
0 2.15 1.08 23.66
0 5.56 11.11 52.38
0 8 4 88
60 - Defoiont Consistent with previous studies [12, 13], we demonstrate
& Sufiicient that the risk of vitamin D deficiency is higher in dark-
50 skinned population, living at high latitudes, as the immi-
grates from India and Africa if compared with the white
40 children. Increased melanin in the skin has been shown to
< decrease the production of precursors of vitamin D per the
g 30 same dose of exposure to UV radiation.
g In our study, season strongly influences vitamin D
20 status, as observed in some studies performed in countries
at northern latitudes and in different age groups [14—18].
10 These data are the result of less skin production of vitamin
D during winter months and less sunlight exposure of the
children. In fact in winter months and with increasing
0 Winter Summer latitude, the number of ultraviolet (UV) radiation reaching

Fig. 1 250HD concentration in winter (November—-May) and in
summer (June—October). Chi-square, p < 0.0001

extent of the deficiency in children and adolescent. We
found a high prevalence of vitamin D deficiency (>50% of
our population) in our sample at different age groups.

the earth’s atmosphere is decreased, because the rays of
the sun enter the atmosphere at an oblique angle so that
UV-B photons pass through a greater distance of the
atmosphere and were more efficiently absorbed by ozone.
As a consequence, little vitamin D is produced in the skin
[19]. Moreover, during winter months, children spend
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Table 3 250HD levels in

relation to cow milk intake 250HD level (nmol/l) Children (num) i(;\;vnrriill; li)ntake (ml/day): P
1 (<12.5) 5 120.0 £ 44.7 0.05
2 (12.5-37.5) 34 221.4 £ 328.9
3 (37.5-50) 9 264.4 £ 137.3
4 (>50) 38 306.0 £ 266.3

Table 4 Association between vitamin D status and studied variables
in multivariable logistic regression analysis

OR 95% CI p-value
Children (vs. infants) 0.89 0.22 3.57 0.8769
Adolescents (vs. infants) 4.19 0.62 28.19 0.1405
Non-Caucasian race (vs. caucasian) 35.00 1.34 912.66 0.0326
Non-catholic religion (vs. catholic)  6.12 0.33 113.24  0.2233
Italian (vs. other) 1.05 0.18 6.00 0.9520
Malabsorption (yes vs. no) 1.23 0.20 7.40 0.8212
Obesity (yes vs. no) 39.47 1.17 >999.99 0.0405
Season (November—May) 26.77 4.73 151.52  0.0002

more time indoors and the amount of skin exposed to the
sun is lower.

We did not find any difference in the prevalence of
250HD in range of deficiency between infants, children,
and adolescent (15.6, 60.7 and 23.5%, respectively,
p = 0.3). Prescription of vitamin D supplementation by
Pediatricians did not appear to be a protective factor. Only
33.3% of our sample (n = 30) received vitamin D sup-
plementation, and this was limited to the first 12 months of
life. These data confirm the need to extend vitamin D
prophylaxis in all children until after the pubertal growth
spurt as suggested by the new AAP recommendations [4]
particularly in high-risk population.

Possible reasons for the prevalence of hypovitaminosis
D in children and adolescent include the following:
increased urbanization and air pollution, increased time
spent indoors, and extensive use of sunscreens—all these
factors leading to reduction in vitamin D skin synthesis—
but also less dietary intake of calcium and vitamin D
(unusual diet such as macrobiotic, use of beverages alter-
native to cow milk) [20].

We demonstrate an inverse association between cow
milk intake and 250HD deficit, although of limited sta-
tistical significance, concordant with other studies in which
the nutritional deficiency was attributed to the intake of
milk alternative (such as soy milk, cereals) that provide
little vitamin D and interfere with calcium uptake [21, 22].
A recent study found that American women with low milk
intake during childhood had a lower bone mass during
adulthood and a higher risk of fracture, suggesting skeletal
implication of this trend [23]. In Italy, the content of
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vitamin D in cow milk is 0.01-0.03 pg/100 ml in partially
skimmed milk and not skimmed milk, respectively [24].

As shown in recent studies, we confirm that obese
children were at higher risk of vitamin D deficit. These are
likely due to the decreased vitamin D bioavailability from
cutaneous and dietary sources because of its deposition in
body fat, and because obese children may have a more
sedentary, indoor lifestyle [25, 26].

A recent study [11] have demonstrated that 250HD
deficiency (defined as 250H level <15-20 ng/ml) was
associated with elevated PTH hormone level (>65 pg/ml),
thus confirming the importance of a sufficient vitamin D
status to maintain a normal bone metabolism, and with
other cardiovascular risk factors (hypertension and HDL
cholesterol level).

Consistent with other studies, non-white race and non-
Caucasian ethnicity was a strong predictor of 250HD
deficiency. This association was present even after
adjustment for potentially modifiable risk factors including
season, milk intake, and breast feeding. Increased melanin
in the skin decreases the production of vitamin D for the
same dose of exposure to UV radiation.

We found no difference in vitamin D status based on age
groups confirming that risk of vitamin D deficiency is not
only a problem of infants but also children and adolescence
should be supplemented especially in winter months and if
conducting an extremely sedentary lifestyle. Race and
season were the strongest predictors of 250HD status.

This study has several important limitations: we did not
measure calcium, phosphorus, ALP, and PTH, which might
have been useful to assess the biochemical consequences of
low 250HD levels. We collected only one sample of
250HD level, without repetition of the blood sample.
Previous studies, however, have observed suppression of
PTH at 250HD concentration between 30 and 50 nmol/l in
children aged 7-10 years and between 40 and 60 nmol/l in
adolescent [27, 28], so under our cut off of 50 nmol/l, we
would expect an elevation in PTH level. In addition, we
lack information about sun exposure, weekly outdoor
activities, sunscreen use, and use of milk alternative such
as soft drinks and juice. Finally, we performed a prevalence
study of children afferent to our Department of Pediatrics,
but the results may not be generalizable to the general
population living in the same area.
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Conclusion

In conclusion, low 250HD status was more common in
children living in Northern Italy during winter months.
Vitamin D deficiency is a problem spanning the age
spectrum, particularly among immigrates, dark-skinned
children resident in northern latitude, obese children, and
children with low cow milk consumption. These high-risk
groups should be targeted for screening for hypovitamin-
osis D. Further studies are needed to document the effects
of screening for and treatment of hypovitaminosis D and to
assess the importance of vitamin D prophylaxis also in
school children and adolescents. It is also important to
educate the general population about the need of sunlight
exposure and the minimal amount of time required to
synthesize vitamin D.
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