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ABSTRACT17

18
Aims: To analyze vitamin D status in a group of children living in Northeastern Italy cared by
a “family pediatrician”.
Study design: Cross-sectional study.
Place and Duration of Study: Pediatric primary care in a rural area near Padua (Italy, 45°N
latitude), between November 2010 and September 2012.
Methodology: The study was conducted with 113 children (41 girls and 72 boys), aged
between 1 and 15 years old. The serum level of 25-hydroxyvitamin D [25(OH)D] was
measured using a chemiluminescence immunoassay methodology. Serum 25(OH)D test
was included in a panel of laboratory tests ordered for different reasons. A correlation was
researched between 25(OH)D level and the following variables: class of age, gender,
ethnicity, skin colour, period of blood withdrawal, BMI category, results in other laboratory
tests and presence of comorbidity.
Results: Only 26,5% of children had a normal level of 25(OH)D (> 30 ng/ml); in 66,4% of all
patients 25(OH)D level was insufficient (10-29 ng/ml) while 7,1% of children had deficiency
(25(OH)D < 10 ng/ml). About 40% of all children had 25(OH)D < 20 ng/ml. Non-Italian
ethnicity, non-white skin and blood withdrawal in January-March and April-June were
significantly associated with hypovitaminosis D [25(OH)D < 30 ng/ml] at univariate level.
Both non-Italian ethnicity (P = 0.029) and period of blood withdrawal (P = 0.0062) were also
significant at multivariate analysis. The combination of chronic disease or non-white skin
could identify only 50% of children with 25(OH)D < 10 ng/ml and 29% of children with
25(OH) < 20 ng/ml.
It is of note that rates of hypovitaminosis D were higher in children with normal or low weight
than in overweight and obese children, even if this trend did not reach statistical significance.
Conclusion: We noted a high incidence of hypovitaminosis D in asymptomatic children
without risk factors. In our region cholecalciferol supplementation should be implemented for
all children between October and April. Cholecalciferol 1500 UI per day could be
appropriated for northeastern Italian children while non-white skinned children need higher
doses. Appropriate dose for children of Northern Italy is debated.
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22
1. INTRODUCTION23

24
Hypovitaminosis D is a common problem worldwide in children and adolescents [1-4], as25
well in adults [5-6], that places affected population at high risk for chronic diseases [7].26
Although severe vitamin D deficiency is rare, there is accumulating evidence of the frequent27
occurrence of subclinical vitamin D deficiency or insufficiency in otherwise healthy people [8-28
14]. To our knowledge there are only a few studies on children living in Northeastern Italy29
[15-17]: they have been conducted retrospectively [15] or examining patients afferent to a30
Pediatric Department [16] or asthmatic [17]. On this basis an analysis of vitamin D status31
was prospectively conducted measuring serum 25-hydroxyvitamin D [25(OH)D] in a group of32
children living near Padua in a primary care setting.33

34
35

2. MATERIALS AND METHODS36
37

2.1 Patients and methods38
39

A cross-sectional study was conducted in 113 children living in a rural area near Padua40
(Italy, 45°N latitude) and cared in office by a single family paediatrician. These patients41
represented 12% of about 900 children registered in his list. The 25(OH)D test was included42
in a panel of laboratory tests (lab tests) ordered for different reasons (suspected anemia,43
poor growth, fatigue, etc.) between November 2010 and September 2012. The children44
weren’t taking vitamin D before blood collection and there was no official policy of Italian45
National Health Service on vitamin D prophylaxis in children > 12 months. Children aged <46
12 months were excluded. In Italy they usually receive 400 IU cholecalciferol per day.47
The serum level of 25(OH)D was measured using a chemiluminescence immunoassay48
methodology. The laboratory normal minimum was 30 ng/ml; values of 29 ng/ml or less were49
considered as hypovitaminosis D: laboratory defined insufficiency as 10-29 ng/ml and50
deficiency as < 10 ng/ml.51
Levels above 100 ng/ml were considered as hypervitaminosis D. Toxicity (including52
hypercalcemia and hyperphosphatemia) generally occurs for serum levels of 25(OH)D53
greater than 150 ng/ml [18].54
Data collected on patients included age, gender, self-declared ethnicity, skin colour, body55
mass index (BMI), results of other lab tests and presence of comorbidity. Diet was not56
analyzed but none of the children was vegetarian. Children were divided into the following57
age groups: children between 1-5 years old (preschoolers), 6-10 years old (schoolers) and58
11-15 years old (adolescents). BMI was calculated and children were divided into 459
categories considering their BMI-for-age-and-gender percentile: underweight (BMI less than60
5th percentile) [19], healthy weight (BMI from 5th percentile to less than 85th percentile),61
overweight (BMI from 85th to less than 95th percentile) and obese (95th percentile or greater)62
[20].63

64
2.2 Statystical Analysis65

66
All data collected were analyzed and described using descriptive statistics. Absolute and67
percent frequencies were used for qualitative variables; mean, standard deviation (SD),68
range and median were used to summarize quantitative variables. Principal data were also69
stratified by level of 25(OH)D (< 10 ng/ml, 10-29 ng/ml, and > 30 ng/ml). Chi-squared70
(univariated analysis) test was used to determine the presence of a relationship between71
25(OH)D stratification groups (deficiency, insufficiency, and normal level) and the following72
variables: month of blood withdrawal, class of age, gender, ethnicity, skin colour, BMI73
category, results of other lab tests (e.g. haemoglobin, serum iron, serum cholesterol) and74
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presence of comorbidity. The linear correlation between quantitative variables (BMI and75
month of blood withdrawal) and 25(OH)D level was also tested by Pearson's correlation76
coefficient (). Multinomial logistic regression was used to test factors influencing the77
probability of hypovitaminosis D [25(OH)D < 30 ng/ml]. The analysis of variance (ANOVA)78
was used to verify the different level of 25(OH)D in different periods. Tests were considered79
significant at P < 0.05 level. SAS software (SAS Institute Inc., Cary, North Carolina, USA)80
was used for statistical analysis.81

82
83

3. RESULTS AND DISCUSSION84
85

3.1 Results86
87

3.1.1 Socio-Demographic characteristics88
89

Between November 2010 and September 2012, 25(OH)D level was measured in 11390
children. Their socio-demographic characteristics are represented in Table 1.91

92
Table 1. Socio-Demographic characteristics of 113 children93

94
Characteristics N.

Females / Males

1-5 years
6-10 years
11-15 years

41 / 72

53
37
23

Italians / Non Italians 91/22
White / Non white skinned 101/12

95
3.1.2 Prevalence of Hypovitaminosis D96

97
Values of serum 25(OH)D varied from 4 to 70 ng/ml; the mean level was 24.2 ng/ml (SD98
11,6 ng/ml; median 22.0 ng/ml; interquartile range 17-30 ng/ml). Only 30 children (26.5 %)99
had a normal level; in 75 children (66.4% of all patients) serum 25(OH)D was 10-29 ng/ml100
insufficient, and 8 children (7.1%) had 25(OH)D < 10 ng/ml vitamin D deficiency (Table 2).101

102
Table 2. Distribution of children by level of 25(OH)D103

104

25(OH)D level N. %

< 10 ng/ml

10-29 ng/ml

8

75

7.1

66.4
10-19
20-29

37
38

32.8
33.6

> 30 ng/ml 30 26.5

All 113 100
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105
3.1.3 Gender106

107
There were 41 females (36.3% of all patients) and 72 males (63.7%). No statistically108
significant difference was found between males and females regarding the levels of109
25(OH)D: 3 females (7.3% of females) and 5 males (6.9% of them) had 25(OH)D < 10 ng/ml110
vitamin D deficiency; 28 females (68.3% of them) and 47 males (65.3% of males) had111
25(OH)D 10-29 ng/ml vitamin D insufficiency. Only 10 females (24.4% of females) and 20112
males (27.8% of males) had a normal level of 25(OH)D (> 30 ng/ml) (Table 3 deleted).113

114
3.1.4 Age group115

116
53 children (46.9% of all patients) were 1-5 years old (preschoolers), 37 (32.7%) were 6-10117
years old (schoolers) and 23 (20.4%) were 11 years old or older (adolescents).118
Among preschoolers 11.3% had 25(OH)D < 10 ng/ml Vitamin D deficiency, 58.5% had119
25(OH)D 10-29 ng/ml were insufficient and 30.2% had a normal value of Vitamin D status120
[25(OH)D > 30 ng/ml]. In schoolers 25(OH)D < 10 ng/ml deficiency of Vitamin D was found121
only in 2.7%, 25(OH)D 10-29 ng/ml insufficiency in 75.7% and normal value in 21.6%. In the122
last group of age a similar distribution was found. The 69.8% of preschoolers had value of123
25(OH)D lower than normal range and a similar rate (76.7%) was found in older children (> 5124
y).125
Children aged 5 years or less had more frequently a level of 25(OH)D < 10 ng/ml comparing126
with older children other groups, even if there was not statistical significance (Table 3127
previously Table 4). We must however take into account that 5 among 6 of these children128
were withdrawn in January-April (see unit 3.6).129

130
Table 3. Relationship between age group and 25(OH)D level vitamin D status131

132

All
25(OH)D level

Deficiency
< 10 ng/ml

Insufficiency
10-29 ng/ml

Normal
> 30 ng/ml

N % col N % row N % row N % row

1 - 5 y 53 46.9 6 11.3 31 58.5 16 30.2

6 - 10 y 37 32.7 1 2.7 28 75.7 8 21.6

11 - 15 y 23 20.4 1 4.3 16 69.6 6 26.1

All 113 100.0 8 7.1 75 66.4 30 26.5

Chi-Square: P = 0.3785133
134

3.1.5 Body Mass Index135
136

Most of the children (71.7%) had normal BMI-for-age, with similar distribution for girls137
(65.9%) and boys (75%). A total of 15% of the children were overweight (26.8% of females138
and 8.3% of males) while another 4.4% were obese (2.4% of females and 5.6% of males).139
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A relatively small percentage (8.8%) of the children was underweight for age (4.9% and140
11.1% of the 72 boys and 41 girls, respectively) (Table 5 deleted).141
The distribution of BMI according to different age groups was the following: among142
preschoolers 15.1% were underweight, 75.5% had normal weight, 5.7% were overweight143
and 3.8% were obese; among children 6 years old or more, 3.3% were underweight, 68.3%144
had normal weight, 23.3% were overweight and 5% were obese (Table 6 deleted).145
The prevalence of deficiency, insufficiency and normal vitamin D serum level according to146
BMI groups is reported in Table 7 (deleted).147
Rates of hypovitaminosis D [25(OH)D < 30 ng/ml] were higher in children with low or normal148
weight (90% and 74.1% respectively) than in overweight and obese children (64.7% and149
60% respectively), but this trend did not reach statistical significance (P = 0.4661). No150
correlation was found between the two variables (=n.s.). We must take into account that 7151
among 9 of underweight children with hypovitaminosis D were withdrawn in January-April (n152
= 6) or in October-December (n = 1) (see unit 3.6).153

154
3.1.6 Ethnicity155

156
The population of the study was composed by children of different ethnicity: 91 of them were157
Italian (80.5%), 10 were African (8.8%), 9 were European (7.9%): Albanian (3 children),158
Moldovan and Romanian (2 children each), Czech and Spanish (1 child each); 2 were159
American (Central and South), and one child was Chinese. One of them was an adopted160
boy.161
Non-Italian children had a higher risk for 25(OH)D < 10 ng/ml vitamin D deficiency if162
compared with Italian children: 22.7% versus 3.3% (P = 0.0056) (Table 4 previously Table163
8).164

165
166

Table 4. Relationship between ethnicity and 25(OH)D level vitamin D status167
168

All
25(OH)D level

Deficiency
< 10 ng/ml

Insufficiency
10-29 ng/ml

Normal
> 30 ng/ml

N % col N % row N % row N % row

Italian 91 80.5 3 3.3 62 68.1 26 28.6

Non Italian 22 19.5 5 22.7* 13 59.1 4 18.2

All 113 100.0 8 7.1 75 66.4 30 26.5

Chi square: P = 0.0056.169
170
171

3.1.7 Skin colour172
173

The distribution of skin colour according to vitamin D status showed that there was a174
statistically significant relation between non-white skin and 25(OH)D < 10 ng/ml vitamin D175
deficiency (P = 0.0361) (Table 9 deleted, Fig. 1).176

177
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178

179
180

Fig. 1. Vitamin D status according to skin colour181
*Non-white children had a significantly higher rate of deficiency than white children182
(25.0% versus 5.0%; P = 0.0361).183

184
185

3.1.8 Period of blood withdrawl186
187

There was a seasonal effect on 25(OH)D levels that is represented in Figure 2.188
189

190
Fig. 2. 25(OH)D level according to period of blood withdrawl.191
Bend line: Quarterly trend. Broken line: monthly level.192
Analysis of variance: P = 0.0003193
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194
195

Children with 25(OH)D < 10 ng/ml were identified only in the first and in the second quarter196
of the year. When serum samples were withdrawn between January and March only 11.8%197
(4/34) of children showed a normal 25(OH)D level, while in 76.5% (26/34) it was 10-29 ng/ml198
insufficient and in 11.8% (4/34) it was < 10 ng/ml deficient. In the second period (April-June),199
a normal level of 25(OH)D was found in 26.7% of children (12/45); 25(OH)D was 10-29200
ng/ml in 64.4% of them (29/45) were insufficient and it was < 10 ng/ml in 8.9% (4/45) were201
deficient. Only samples withdrawn in the third quarter (July-September) showed mean202
concentrations of serum 25(OH)D > 30 ng/ml. The higher rate of children with normal203
25(OH)D, 50.0% (8/16), was found in the third period (July-September); the remaining 50%204
had 25(OH)D 10-29 ng/ml was insufficient. In the fourth quarter (October-December) 33.3%205
of children had normal 25(OH)D (6/18) and the remaining 66.7% had 25(OH)D 10-29 ng/ml206
was insufficient (12/18). A similar distribution was found in children whose sample was207
collected between September and December. Analysis of variance showed a statistically208
significant difference between periods of blood withdrawal (P = 0.0003).209

210
3.1.9 Serum 25(OH)D and other laboratory tests211

Serum 25(OH)D test was included in a larger panel of lab tests together with haemoglobin,212
white blood cells, serum iron, serum cholesterol and others. Parathyroid hormone (PTH),213
alkaline phosphatase, calcium and phosphorus were done only in a few children because214
this was not a structured study and its purpose wasn’t to analyze biochemical consequences215
of hypovitaminosis D.216
Eighty-two percent of the children with no alteration in other parameters had 25(OH)D under217
30 ng/ml compared with 66.7% of children with at least one value altered, among those218
considered, this difference being not statistically significant (P = 0.0668).219

220
3.1.10 Comorbidity221

In this study we considered the relationship between 25(OH)D stratification groups and the222
presence of comorbidity (Table 5 previously 10).223

224
225

Table 5. Distribution of comorbidity and vitamin D status226

25(OH)D
< 10 ng/ml

25(OH)D
10-29 ng/ml

25(OH)D
> 30 ng/ml All

N % row N % row N % row N % row
No comorbidity 5 10.2 30 61.2 14 28.6 49 43.4
Comorbidity 3 4.7 45 70.3 16 25.0 64 56.6
All 8 7.1 75 66.4 30 26.5 113 100.0

Chi-Square: P = 0.4335227
228

Only one out of our eight children with 25(OH)D < 10 ng/ml deficiency had a chronic illness229
(he was a coeliac and asthmatic boy). Among 45 children with 25(OH)D < 20 ng/ml there230
were 7 patients affected by a chronic disease (coeliac disease 3, epilepsy taking specific231
drugs 2, congenital hypothiroidism 1). The combination of chronic disease or non-white skin232
could identify 4/8 children (50%) with 25(OH)D < 10 ng/ml deficiency and 13/45 children233
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(29%) with 25(OH)D < 20 ng/ml. The same combination identified 7/12 children (58%) with234
25(OH)D 10 ng/ml or less that is another definition of deficiency [10].235
The most common comorbidity was atopic disease, that affected 22 children; the other236
comorbidities were neuropsychiatric disorders (6 children), anemia (5 children), metabolic237
disorders (5 children), skeletal disorders (4 children), chromosomal syndromes (3 children),238
hypersensitivity contact dermatitis (2 children), tumors (2 children), precocious puberty (2239
children), other conditions (10 children).240

241
3.1.11 Multivariate analysis242

243
Ethnicity and period (quarter of the year) of blood withdrawal, significant at univariate level,244
were also tested by multivariate analysis to verify the association with hypovitaminosis D.245
Both non-Italian ethnicity (P = 0.029) and period of blood withdrawal (P = 0.0062) were246
significantly associated to lower level of 25(OH)D.247

248
3.2 Discussion249

250
We studied a group of 113 children living in a rural area of Northeastern Italy (45°N latitude).251
All patients attended a single pediatrician office and had blood withdrawn for measurement252
of serum 25(OH)D, that is the best indicator of overall vitamin D status, because it reflects253
total vitamin D from dietary intake and sunlight exposure, as well as the conversion of254
vitamin D from adipose stores in the liver [21-24]. Prevalence of hypovitaminosis D in our255
region is similar to others of “vitamin D winter area” (latitudes above 37 degrees North and256
South) [8, 9, 25].257

258
3.2.1 Vitamin D status in children259

260
As reported in the literature, patients with vitamin D deficiency are much less frequent than261
those with insufficiency. Our prevalence of 7.1% deficient children is similar to that of general262
US population reported in NHANES Study 2001-2004 that found a rate of 9% [26]. It is also263
remarkable that two among three of our children had an insufficient vitamin D status, that is264
about the same as that shown in US children in the study mentioned above [26]. Moreover,265
about 40% 36% of our patients had serum 25(OH)D < 20 ng/ml, that is the cut-off recently266
suggested to diagnose vitamin D deficiency [10, 27-31] A similar prevalence of deficiency267
serum 25(OH)D < 20 ng/mL – 42% and 34.7% respectively – was reported in a sample of268
healthy US adolescents [11] and in a cohort of Spanish patients [12].269
The importance of these data is capital because 25(OH)D is a fundamental prehormone [32];270
in fact Vitamin D receptor is expressed in nearly all tissues and affects the transcription of271
over 900 genes in human cells [33], being critically important for the development, growth,272
and maintenance of a healthy body in humans.273

274
3.2.2 Risk factors for hypovitaminosis D275

276
In our group of children factors consistently associated with low vitamin D status included277
blood withdrawal in January-June, non-white skin colour and non-Italian ethnicity.278
Mean level of 25(OH)D was < 30 ng/ml in October-December and < 20 ng/ml in January-279
April. In other studies a high risk of hypovitaminosis D was found only in winter season [8,280
34], while in a population based study blood levels taken December-May in Great Britain had281
an Odd Ratio of 6.5 for vitamin D insufficiency in UK children [9]. The angle of sunlight282
during winter above 37 degrees latitude North is insufficient to stimulate the skin to make283
vitamin D, and this effect drifts in the early spring.284
In our group non-Italian children had a significantly higher rate of vitamin D deficiency and285
this was correlated with the presence of non-white skin, as reported in the literature [8, 9]. In286
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fact skin pigmentation blocks the absorption of ultraviolet sunlight and decreases vitamin D287
synthesis from photo-conversion of cutaneous 7-dehydrocholesterol. Nevertheless, it cannot288
be ruled out that the socioeconomic status rather than ethnicity or skin colour was289
responsible for this difference.290
Another risk factor of hypovitaminosis D is lack of sun exposure; we can find a typical291
example of this condition in adopted children due to prolonged institutionalization in pre-292
adoptive period [35].293
The relationship between hypovitaminosis D and BMI is controversal; for example it may be294
associated with overweight [8-10] or underweight [36], and the latter is also our experience:295
in fact 9 out of 10 underweight children had 25(OH)D < 30 ng/ml.296
Some authors had found higher rates of hypovitaminosis D in children with greater fat mass297
and higher BMI [8, 34, 37, 38]. In a study the prevalence of vitamin D deficiency increased298
significantly with BMI: it was 21% in healthy-weight, 29% in overweight, 34% in obese, and299
49% in severely obese children [39]. Because of vitamin D deposition in fatty tissue, it was300
suggested that the larger storage capacity in obese people may prevent 25(OH)D from301
circulating in the bloodstream [40]. Mechanism is probably more complex and includes other302
factors besides the decreased bioavailability, because hypovitaminosis D really precedes303
overweight [41]. Vitamin D status in underweight children with low serum 25(OH)D is304
probably different because these patients have both the circulating and the stored vitamin D305
levels poor. This depends in part on the limited quantity of vitamin D precursors in the skin306
due to the slim layer of fatty tissue. The fact that not always underweight children have307
hypovitaminosis D may be due in part to the different use of vitaminic supplements: in fact308
children classified as being underweight or at risk of underweight had a higher prevalence of309
use of vitamin D-containing supplements than did children classified as at risk of overweight310
or overweight [42].311
Some authors reported that adolescence is significantly associated with hypovitaminosis D312
[8, 9], while in our experience preschool children had more frequently a level of 25(OH)D <313
10 ng/ml comparing with older children, even if there was not statistical significance. The314
high frequency of vitamin D deficiency in preschool children This trend may depend in part315
on the higher rate of underweight children in this class of age (see Table 6) and in part on316
the fact that little children rarely go outdoors without parents surveillance.317
Other factors (e.g., estimated sunlight exposure, sunscreen use, diet, etc.) were not318
analyzed because the purpose of our “field-study” was to examine vitamin D status of319
children in a primary care setting and not to determine in detail the cause of the observed320
levels.321

322
3.2.3 To screen or not323

324
Dr. Holick suggested that only a few categories of patients should be screened for vitamin D325
deficiency/insufficiency and monitored for their 25(OH)D concentration while being treated326
with vitamin D, that are patients with malabsorption (inflammatory bowel disease, cystic327
fibrosis), and liver and kidney diseases; patients taking antiseizure medications,328
glucocorticoids, rifampicin, isoniazid or AIDS medications, patients with primary329
hyperparathyroidism or chronic granulomatous disorders [27]. On this basis, taking into330
account also coeliac disease, we would have 7 out of 8 children with vitamin D deficiency331
and 38/45 with 25(OH)D < 20 ng/ml undiagnosed. Considering the combination of chronic332
disease or non-white skin we would have missed 50% of children with 25(OH)D < 10 ng/ml333
and 71% of children with 25(OH)D < 20 ng/ml. Also lab tests other than 25(OH)D weren’t334
predictive of hypovitaminosis D: in fact a level of 25(OH)D < 30 ng/ml was relatively more335
frequent in children with no alteration in other lab tests. So neither clinical/demographic336
factors nor lab tests other than 25(OH)D could identify all children with hypovitaminosis D.337
Dr. Holick suggested that it could be more cost-effective to implement a vitamin D338
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supplementation program for all children and adults than to measure everybody’s serum339
25(OH)D [27] but the question now is how much vitamin D should be given.340

341
3.2.4 How much vitamin D must be given and when342

343
The dose to give as supplement depends both on baseline and target serum level of344
25(OH)D [43]. There is no general agreement on which level is needed for an optimal health345
condition, even if some medical societies had stated 20 ng/ml as the minimum desirable346
serum 25(OH)D level during evolutive age [28-31].347
A Recommended Dietary Allowance (RDA) of 600 IU per day ensures a 25(OH)D serum348
level of 20 ng/ml to 97-98% of population aged 1-18 years [30]. Moreover some authors349
suggested higher levels: 30 ng/ml [44, 45], 40 ng/ml [31, 46] or even 60 ng/ml to obtain the350
maximum health benefits [47, 31]. Some recommendations are derived from adults data,351
because little is still known about requirements of vitamin D in children. Some studies352
showed that 25(OH)D levels < 30 ng/ml are associated with bone demineralization [48] and353
an increase in PTH [49]. The target for optimal health depends on personal situations or life354
periods; the question is far more complex because the relationship between 25(OH)D level355
and effect on health can be nonlinear: emerging evidence suggests a U-shaped curve for356
several outcomes related to vitamin D in adults [30] and also in pediatric age [50]. In fact357
serum 25(OH)D levels above 50 ng/ml had potential risks for some outcomes [30].358
Assuming that most of our children had less or much less than the minimum desirable [44]359
and considering that for every 100 IU of vitamin D taken in, there is an increase of rough 1360
ng per milliliter in the serum level of 25(OH)D [51, 52], recommended doses of 600 IU per361
day [30, 53] probably offer no advantage when treating children with 25(OH)D < 10 ng/ml362
and even < 20 ng/ml. NHANES 2001-2006 data has demonstrated that 10% of children363
taking vitamin D supplements at doses 100-400 IU per day had a 25(OH)D level < 20 ng/ml364
and over 50% of children had a level < 30 ng/ml [1]. In an intervention study, 38% of365
peripubertal Finnish girls with vitamin D2 supplementation approximately 800 IU daily from366
October to January had moderate hypovitaminosis D [25(OH)D 8-15 ng/ml] after treatment367
[54].368
There is accumulating evidence to suggest that vitamin D intake should be in the range of at369
least 800-1,000 IU per day [50, 55]. The evidence-based recommendations by the Endocrine370
Society’s Clinical Practice Guidelines stated 400-1,000 IU for children, 1,500-2,000 IU for371
adults to maintain 25(OH)D concentrations of 40-60 ng/ml for preventing and treating vitamin372
D deficiency [49, 56]. Dr. Holick recommends 1,000-1,500 IU/day for children 1-10 years of373
age, and 1,500-2,000 IU/day for teenagers [22].374
While the Institute of Medicine Committee in 2011 recommended 600 IU vit D per day from 1375
to 70 years of age [30] and also Italian LARN revised 2012 recommended 600 IU per day as376
for children aged 1-17 years as for adults aged 18-74 years [57], recent guidelines of the377
Italian Society for Osteoporosis, Mineral Metabolism and Bone Diseases (SIOMMMS) [58]378
highlighted that healthy adults with no effective sun exposure should be supplemented with379
1,200 IU vitamin D per day. In our opinion children living in Northeastern Italy need about380
1,500 IU cholecalciferol per day from October to April, that is about a half of tolerable (safe)381
upper limit for vitamin D [30]; higher doses are probably necessary in non-white skinned382
children.383
Further studies are necessary in order to confirm vitamin D needs of Northern Italian384
children.385

386
387

4. CONCLUSION388
We noted a high incidence of hypovitaminosis D in asymptomatic children living in389
Northeastern Italy without risk factors. In our region cholecalciferol supplementation should390
be implemented for all children between October and April.391
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