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Vitamin D classic actions in the bone system

Vitamin D: Classic and Novel Actions. A Gil, Ann Nutr Metab 2018;72:87 



Prevention of rickets and osteomalacia in the UK: political action 
overdue. Uday S, Arch Dis Child 2018

Factors causing vitamin D deficiency in high-income countries such as 
the UK specifically include the following:

1. Latitude: lack of UVB radiation for at least 6 months of the year due to 
its geographical location.

2. Ethnicity: dark skin (Fitzpatrick skin type IV (light brown), V (dark 
brown) and VI (black)) massively reduces cutaneous synthesis of vitamin D.

3. Culture: covered clothing, low dietary vitamin D and calcium intake.

4. Sunscreen: excessive use of sunscreen due to fear of skin cancer
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Adherence rates for infant
vitamin D supplementation in
the first year of life in 
Europe, with UK reporting 
the lowest rates.

Good adherence (≥80% of 
infants supplemented) is 
indicated in green,

moderate adherence (79%–
50%) in orange and 

low adherence (<50%)
in red.



The vitamin D receptor (VDR), the nuclear hormone
receptor that mediates most if not all of the functions
of its preferred ligand 1,25 dihydroxyvitamin D                           
[1,25(OH)2D] or calcitriol, is found in most tissues
of the body. 

Indeed, many of these tissues also contain the enzyme, CYP27B1,
which converts the major circulating metabolite of vitamin D,         
25 hydroxyvitamin D (25OHD calcidiol) , to 1,25(OH)2D (calcitriol).

Thus, it has been suspected for some time that vitamin D exerts
its actions not only on classic tissues regulating calcium
homeostasis such as bone, gut and kidney but also on other tissues. 

Multiple Functions of Vitamin D



Overview of vitamin D and its interactions with cells of 
the immune system. Muehleisen B, JACI 2013;131:324-9.



Vitamin D novel actions in the immune system

Vitamin D: Classic and Novel Actions. A Gil, Ann Nutr Metab 2018;72:87 



Vitamin D and 
immune system. 
1α,25(OH)2D appears to 
influence susceptibility 

to and severity of 
infection via multiple 
mechanisms via the 
innate and adaptive

immune system.
Gröber U, 

Dermatoendocrinol. 
2013;5:331-47



Vitamin D, the Gut Microbiome, and the Hygiene Hypothesis. How 
Does Asthma Begin? S Weiss, AJCCM, 2015; 191:492

Interactions of vitamin D with the gut microbiome and the fetal 
immune system. Vitamin D up-regulates TGF-beta1 and IL-10, which 
will enhance Treg function and down-regulate CD4 T cells, reducing 
both Th1 and Th2 CD41 cell inflammation. 



Vitamin D, the Gut Microbiome, and the Hygiene Hypothesis. How 
Does Asthma Begin? S Weiss, AJCCM, 2015; 191:492

Vitamin D also enhances antigenic traffic between dendritic cells 
and Tregs. The gut microbiome is the primary source of antigen for 
Treg cell processing and may also influence the development of 
immunity in the fetus. Vitamin D controls the development of GALT 
and dendritic cell trafficking from the gut dendritic cells in the gut 
epithelium to the Tregs.





Vitamin D in pediatric age. Saggese et al. Italian Journal of Pediatrics (2018) 44:51
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Studi che hanno valutato l’associazione tra 
dermatite atopica e vitamina D



Correlation between serum 25-hydroxyvitamin D levels 
and severity of atopic dermatitis in children.

Peroni DG, Br J Dermatol. 2011;164:1078-82. 

Correlation between serum vitamin D 
levels and individual SCORAD values.

37 children (8 months and 
12 years) with AD,

SCORAD index, 

Serum levels of                                  
25-hydroxyvitamin D

sIgE to S. aureus
and to M. furfur



Serum Vitamin D levels and Vitamin D supplementation  
do not correlate with the severity of chronic eczema in 
children. Galli E, Eur Ann Allergy Clin Immunol. 2015;47(2):41-7.

89 children with chronic 
eczema divided into two 
groups according to the 
state of sensitization 
(YES/NO).

a daily oral Vitamin D3 
supplementation                         
(2000 IUs) 
for 3 months or                             
no supplementation.

1) Vitamin D concentrations in patients with 
moderate and severe eczema were not 
statistically different from Vitamin D 
concentration detected in the serum of 
patients with mild eczema. 

2) No correlation was found between                     
Vitamin D levels, total IgEs and SCORAD
index, both in the Sensitized and in the 
Not-Sensitized group. 

3) Vitamin D3 supplementation did not 
influence the SCORAD severity or the 
total IgEs concentration.



Altri studi che hanno valutato l’associazione tra 
dermatite atopica e vitamina D



Cord serum 25-hydroxyvitamin D and risk of early childhood
transient wheezing and atopic dermatitis. 

Baiz N, JACI; 2014; 133:147 

aim was to 
investigate in 

239 newborns the 

associations 
between cord 
serum 25(OH)D 
levels and 

asthma,wheezing, 
allergic rhinitis,
and atopic 
dermatitis in the 
offspring from 
birth to 5 years.

Adjusted associations between cord serum 25(OH)D 
levels and predicted probabilities of atopic dermatitis by 
age of 5 years



Low Retinol-Binding Protein and Vitamin D Levels Are Associated with Severe Outcomes 
in Children Hospitalized with Lower Respiratory Tract Infection and Respiratory 
Syncytial Virus or Human Metapneumovirus Detection. JL Hurwitz, J Pediatr 2017;187:323

VAD and VDD were commonly detected among children aged <5 years in Memphis 
hospitalized with LRTI and RSV and/or hMPV detection. 
Low vitamin levels were correlated with severe disease, supporting the continued 
evaluation of both vitamin A and D levels in US children



Vitamin D status is 
associated with 
treatment failure and 
duration of illness in 
Nepalese children with 
severe pneumonia.
Haugen J, Ped Res 
2017

Our findings indicate that 
low vitamin D status 
(25(OH)Do50 nmol/l) is an 
independent risk factor 
for treatment failure and 
delayed recovery from 
severe lower respiratory 
infections in children



Low cord-serum 25-hydroxyvitamin D levels are associated with poor lung function
performance and increased respiratory infection in infancy. 

Shen-Hao Lai. 2017, PLoS ONE 12(3):e0173268

122 mother-infant 
pairs were enrolled

Maternal and cord 
blood were collected
for determining the 
25(OH)D level. 

Questionnaires were 
recorded at birth and 
6 months of age. 

Infant lung function, 
including tidal 
breathing analysis, 
respiratory mechanics,
and forced tidal 
expiration, was tested 
at 6 months of age

Infants with low cord serum 25(OH)D levels have 
poorer lung function at 6 months of age compared 
with those with high levels. They also have a 
higher risk of a respiratory tract infection 
before this age.



 25–hydroxyvitamin D 
levels

 616 asthmatic children

 Vitamin D levels 
deficient (<20 ng/ml), 
insufficient                          
(≥20 and <30 ng/ml), and 
sufficient (≥30 ng/ml)

Vitamin D levels were significantly 
and inversely associated with:

1) total IgE and eosinophil count

2) any hospitalization in the previous 
year (p=0.03),

3) any use of  anti-inflammatory 
medications in the previous year 
(p=0.01), 

4) increased airway responsiveness
(p = 0.05).

Serum Vitamin D Levels and Markers of Severity               
of Childhood Asthma in Costa Rica
Brehm   Am J Respir Crit Care Med 2009;179:765



Vitamin D over the first decade and susceptibility to childhood allergy and 
asthma. Hollams, JACI; 2017;139:472

Asthma-, allergy-, and 
respiratory tract
infection–associated 
phenotypes (including 
pathogen 
identification) were 
characterized in a 
high-risk birth cohort.

Plasma 25(OH)D 
concentrations were 
quantified at birth and 
at clinical follow-ups at 
the ages of 0.5, 1, 2, 3, 
4, 5, and 10 years.

Relationships with 
clinical outcomes
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Asthma-, allergy-, and 
respiratory tract
infection–associated 
phenotypes (including 
pathogen 
identification) were 
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high-risk birth cohort.

Plasma 25(OH)D 
concentrations were 
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Vitamin D status through the first 10 years of life: A vital piece of the 
puzzle in asthma inception. Litonjua A, J Allergy Clin Immunol 2017;139:459

Adequate vitamin D 
status prenatally and 
throughout childhood 
in the prevention of 
asthma and
allergies. FVC, Forced 
vital capacity.
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Vitamin D supplementation during pregnancy and infancy reduces 
aeroallergen sensitization: a randomized controlled trial. 

Grant, Allergy 2016 

Woman/infant pairs were randomized to: placebo/placebo, 1000 
IU/400 IU or 2000 IU/800 IU. When the children were 18 months 
old, we measured sIgE and identified acute primary care visits



Effect of Vitamin D3 Supplementation During Pregnancy on Risk of 
Persistent Wheeze in the Offspring. Chawes, JAMA. 2016;315(4):353.

COPSAC study cohort.

Vitamin D3 (2400 IU/d; n=315) or matching placebo tablets (n=308) from 
pregnancy week 24 to 1 week postpartum. 

All women received 400 IU/d of vitamin D3 as part of usual pregnancy care. 

Age at onset of persistent wheeze in the first 3 years of life



Effect of Vitamin D3 Supplementation During Pregnancy on Risk of 
Persistent Wheeze in the Offspring. Chawes, JAMA. 2016;315(4):353.

Effect of Vitamin D3 Supplementation 
on Risk of Persistent Wheeze in 
Children in the COPSACThe use of 2800 IU/d of 

vitamin D3 during the third 
trimester of pregnancy 
compared with 400 IU/d did 
not result in a statistically 
significant reduced risk
of persistent wheeze in the 
offspring through age 3 years. 

However, interpretation of the
study is limited by a wide CI 
that includes a clinically 
important protective effect.



Effect of Prenatal Supplementation With Vitamin D on Asthma or 
Recurrent Wheezing in Offspring by Age 3 Years. 

Litonjua, JAMA. 2016;315(4):362

The Vitamin D Antenatal Asthma Reduction Trial 440 women were randomized to 
receive daily 4000 IU vitamin D plus 400 IU, and 436 women were randomized to 
receive a placebo plus a prenatal vitamin containing 400 IU vitamin D.  

Coprimary outcomes of (1) parental report of physician-diagnosed asthma or 
recurrent wheezing through 3 years of age and (2) third trimester maternal 25-
hydroxyvitamin D levels.



Effect of Prenatal Supplementation With Vitamin D on Asthma or 
Recurrent Wheezing in Offspring by Age 3 Years. 

Litonjua, JAMA. 2016;315(4):362

The Vitamin D Antenatal Asthma Reduction Trial 440 women were randomized to 
receive daily 4000 IU vitamin D plus 400 IU, and 436 women were randomized to 
receive a placebo plus a prenatal vitamin containing 400 IU vitamin D.  

Coprimary outcomes of (1) parental report of physician-diagnosed asthma or 
recurrent wheezing through 3 years of age and (2) third trimester maternal 25-
hydroxyvitamin D levels.

In pregnant women at risk of having 
a child with asthma, 

supplementation with 4400 IU/d of 
vitamin D compared with 400 IU/d 
significantly increased vitamin D 

levels in the women. The incidence 
of asthma and recurrent wheezing 

in their children at age 3 years was 
lower by 6.1%, but this did not 

meet statistical significance



Vitamin D and respiratory tract infections: A systematic 
review and meta-analysis of randomized controlled trials. 

Bergman P,  PLoS One 2013; 8:e65835

0.51

vitamin D supplemented in

OR for  respiratory 
tract infection

1.0 –

0.5 –

0.0 
daily doses    vs bolus doses 

0.86

P=0.01

meta-analysis of             
11 placebo-controlled 
studies 

5660 patients 
included





Vitamin D supplementation to prevent acute respiratory tract infections: 
systematic review and meta-analysis of individual participant data. 

Martineau AR, BMJ 2017;356:i6583



We think that they should be viewed as hypothesis generating 
only, requiring confirmation in well designed adequately powered 
randomised controlled trials.

Several very large such randomised controlled trials of vitamin
D supplements will report on the effects on respiratory 
infections within the next few years. 

These trials have not targeted individuals with very low serum 
concentrations of vitamin D, and there is still a need for trials 
in these population groups.



We think that they should be viewed as hypothesis generating 
only, requiring confirmation in well designed adequately powered 
randomised controlled trials.

Several very large such randomised controlled trials of vitamin
D supplements will report on the effects on respiratory 
infections within the next few years. 

These trials have not targeted individuals with very low serum 
concentrations of vitamin D, and there is still a need for trials 
in these population groups.

Should these results 
change clinical practice? 

Probably not. The
results are heterogeneous 

and not sufficiently 
applicable to the

general population.



But..



Martineau added, “Influenza vaccination programmes are 
motivated by the principle that, when a disease is common, even 
minor reductions in incidence can have significant public health 
benefits; vitamin D fortification programmes might well be 
motivated by the same principle, particularly given that ARI is a 
major cause of industrial absenteeism, health service use, and
antibiotic prescribing.

“We acknowledge that the general population may not be motivated to take 
supplements—this is why we highlight the importance of food fortification as 
an effective way to boost vitamin D status at a population level.”
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Do Current Fortification and Supplementation Programs Assure Adequate Intake of Fat-
Soluble Vitamins in Belgian Infants, Toddlers, Pregnant Women, and Lactating Women? 

Moyersoen, Nutrients 2018, 10, 223

By means of an 
online self-
administered
frequency 
questionnaire, this 
study aimed to 
evaluate the intake 
of vitamins A, D, E, 
and K in Belgian 
infants (n = 455), 
toddlers (n = 265), 
pregnant women 
(n = 161), and 
lactating women
(n = 165).



How should we give vitamin D supplementation? evaluation of the 
pediatricians’ knowledge in Turkey. 

Kara Elitok et al. Italian Journal of Pediatrics (2017) 43:95
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How should we give vitamin D supplementation? evaluation of the pediatricians’ knowledge 
in Turkey. Kara Elitok et al. Italian Journal of Pediatrics (2017) 43:95

The present study suggest 
that the knowledge of 
pediatricians about 
recommendation of 
vitamin D needs

to be enhanced by 
education programs
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