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Mechanisms of vitamin D immunomodulation
Moira Nat Rev Immunol 2008;8:685



Vitamin D status at birth: An important and potentially
modifiable determinant of atopic disease in childhood?  

Editorial Bacharier LB, JACI 2014;133:154

Vitamin D has been reported to:

1. affect the innate immune system through the induction of 
macrophage production of the antimicrobial peptides cathelicidin
and β-defensins

2. Enhance skin barrier function 
3. suppress Toll-like receptor production by monocytes
4. enhance IL-10 production by mast cells
5. inhibit dendritic cell activation and function induced by LPS
6. decrease TH1 cytokine production 
7. induce regulatory T cells 
8. inhibit B-lymphocyte function, resulting in diminished IgE

secretion
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Vitamin D levels in 18883 
participants ≥12 years in   
the Third National Health 
and Nutrition Examination 
Survey in the USA;

Symptoms suggestive of     
an URTI in the preceding 
few days.

Association between serum 25-hydroxyvitamin D level  
and upper respiratory tract infection in the Third 
National Health and Nutrition Examination Survey.

Ginde AA Arch Intern Med. 2009;169:384
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Association between serum 25-hydroxyvitamin D 
level and upper respiratory tract infection in the 
Third National Health and Nutrition Examination 

Survey. Ginde AA Arch Intern Med. 2009;169:384

Vitamin D levels in 
18883 participants 
≥12 years in the 
Third National 
Health and Nutrition 
Examination Survey    
in the USA;

Symptoms suggestive 
of an URTI in the 
preceding few days.

The association
between 25(OH)D 
level and URTI 

seemed to be stronger
in individuals with

asthma (OR,5.67) and 
chronic obstructive
pulmonary disease

(OR,2.26). 
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• At baseline, the median 
serum 25(OH)D level was       
7 ng/Ml;

•The median 25(OH)D levels 
of children in the control 
versus vitamin D groups was 
significantly different         
(7 vs 19 ng/mL; P < .001); 

 247 children who were 
assigned to daily ingestion 
of unfortified regular     
milk (control; n = 104)        
or milk fortified with 300 
IU of vitamin D (n = 143)        
(Jan-March);

 number of parent-reported 
ARIs over the past 3 
months.

Randomized trial of vitamin D supplementation          
and risk of acute respiratory infection in Mongolia

Camargo,  Pediatrics 2012;130(3):e561-7



• Compared with controls, 
children receiving vitamin D 
reported significantly fewer 
ARIs during the study period 
with rate ratio of 0.52          
(95% confidence interval: 
0.31-0.89).

 247 children who were 
assigned to daily ingestion 
of unfortified regular     
milk (control; n = 104)        
or milk fortified with 300 
IU of vitamin D (n = 143)        
(Jan-March);

 number of parent-reported 
ARIs over the past 3 
months.

Randomized trial of vitamin D supplementation          
and risk of acute respiratory infection in Mongolia

Camargo,  Pediatrics 2012;130(3):e561-7

Vitamin D 
supplementation 

significantly reduced 
the risk of ARIs in 

winter among 
Mongolian children          

with vitamin D   
deficiency.



Effect on the incidence of pneumonia of vitamin D
supplementation by quarterly bolus dose to infants 
in Kabul: a randomised controlled superiority trial.

Manaseki-Holland, Lancet 2012;379:1419

Background

• Vitamin D has a role in regulating immune function, and its 
deficiency is a suggested risk factor for childhood pneumonia. 

• Our aim was to assess whether oral supplementation of 
Vitamin D3 (cholecalciferol) reduce the incidence and severity 
of pneumonia  in a high-risk infant population.



Effect on the incidence of pneumonia of vitamin D
supplementation by quarterly bolus dose to infants 
in Kabul: a randomised controlled superiority trial.

Manaseki-Holland, Lancet 2012;379:1419

3046 children (1-11 mo);

 1524 children Vitamin D3

(oral 100.000 IU);

 1522 children placebo;

Administration once every      
3 mo for 18 mo.
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Potential links between the emerging risk factors           
for food allergy and vitamin D status

Vuillermin    CEA 2013;43:560 

Possible mechanisms by which the emerging food allergy risk 
factors may also be associated with low vitamin D status
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Vitamin D levels and food and environmental allergies in the United 
States: Results from the National Health and Nutrition 
Examination Survey 2005-2006. Sharief, JACI 2011;127:1195

25-hydroxyvitamin D 
deficiency (<15 
ng/mL) and 
insufficiency (15-29 
ng/mL) and allergic 
sensitization 
Serum IgE levels in a 
sample of
3136 children and 
adolescents and 3454 
adults in the National
Health and Nutrition 
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Vitamin D levels and food and environmental allergies in the United 
States: Results from the National Health and Nutrition 
Examination Survey 2005-2006. Sharief, JACI 2011;127:1195

25-hydroxyvitamin D 
deficiency (<15 
ng/mL) and 
insufficiency (15-29 
ng/mL) and allergic 
sensitization 
Serum IgE levels in a 
sample of
3136 children and 
adolescents and 3454 
adults in the National
Health and Nutrition 
Examination Survey 
2005-2006

In this nationally 
representative population, we 
found consistent associations 
between 25(OH)D deficiency 
and a higher prevalence for 
11 of 17 allergens tested in 
children and adolescents.

These associations were not 
seen in adults



Vitamin D insufficiency is associated with challenge-
prove food allergy in infants. K Allen, 2013;131:1109
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Serum 25-
hydroxyvitamin D levels 

Associations between 
serum 25-
hydroxyvitamin D and 
food allergy

Infants with vitamin D 
insufficiency

were more likely to have 
multiple food allergies (>2) 

rather than
a single food allergy

These results provide the 
first direct evidence that
vitamin D sufficiency may 
be an important protective 
factor for food allergy in 
the first year of life.



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.



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



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

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

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

Mean serum vitamin D levels in relation to 
different threshold values of AD severity.



The prevalence of allergic sensitization to staphylococcal superantigens
and to Malassezia furfur in children with mild, moderate and severe AD

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

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

Microorganism-induced
exacerbations in atopic
dermatitis: a possible

preventive role for Vitamin D?
Peroni et al. 

Allergy Asthma Proc 2015
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Random sample of 
2000 healthy Scottish 
pregnant women at 
approximately 12 wk 
gestation

Maternal vitamin D 
intake ascertained at 
32 wk of gestation 
with FFQ Ever

wheeze

In 5 year old children of mothers         
in the highest versus the lowest 

quintiles of vit D intake OR for
1 –

0

0.48

Persistent 
wheeze

Wheeze 
in previous 

year

0.35 0.33

Maternal vitamin D intake during pregnancy and early 
childhood wheezing. Devereux G, Am J Clin Nutr. 2007;85:853



High Prevalence of Vitamin D Deficiency among Inner-
City African American Youth with Asthma in Washington

Freishtat  J Pediatr 2010;156:948-52

 Urban African-American 
(AA) youth with asthma 
(=92) 

 control subjects without 
asthma (=21).

 25-hydroxyvitamin D 
insufficiency (<30 ng/mL) 
and deficiency (<20 ng/mL).
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 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



Effect of Vitamin D and Inhaled Corticosteroid
Treatment on Lung Function in Children

Chen Wu A., AJRCCM 2012; 186: 508–513

Change in prebronchodilator FEV1

Change in prebronchodilator
FEV1 % predicted

P = 0.0072

vitamin D sufficiency  (>30 ng/ml), insufficiency (20–30 ng/ml),   
deficiency (<20 ng/ml) 



Vitamin D supplementation in children may prevent 
asthma exacerbation triggered by acute respiratory 

infection. Majak P, J Allergy Clin Immunol 2011;127:1294

48 children (5-18 yrs)  
with newly diagnosed 
asthma and sensitive only  
to house dust mites

budesonide 800 µg/d 
administered as a dry 
powder and vitamin D 
placebo                                  
(steroid group, n = 24), or 
budesonide 800 µg/d and 
vitamin D3-500 IU 
(steroid + vit D group n=24).

Follow-up: 6 months



The effects of vitamin D supplementation on airway 
functions in mild to moderate persistent asthma

Arshi S, Ann All AI 2014
130 pts aged 10 to 50 yrs 
during a 24-week period. 

FEV1 and FEV1/FVC and serum 
vitamin D

before and 8 and 24 weeks 
after the intervention.

Both groups received asthma 
controllers (budesonide or 
budesonide plus formoterol)

Active group received vitamin D 
supplementation (100,000-U 
bolus intramuscularly plus 
50,000 U orally weekly) in 
addition to asthma controllers
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Effect of vitamin D3 on asthma treatment failures in adults 
with symptomatic asthma and lower vitamin D levels: the VIDA 
randomized clinical trial. Castro, JAMA 2014;311:2083

The VIDA (Vitamin D Add-on 
Therapy Enhances
Corticosteroid Responsiveness in 
Asthma) randomized, double-
blind, parallel,
placebo-controlled trial 

Adult patients with symptomatic 
asthma and a D3 <30 ng/mL

Oral vitamin D3 (100,000 IU 
once, then 4000 IU/d for 28 
weeks) or placebo was added to 
inhaled ciclesonide (320 µg/d). 

Primary outcome was time to 
first asthma
treatment failure

rate of first treatment failure during 28 wks 
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first asthma
treatment failure

overall dose (µg/d) of ciclesonide required to 
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Effect of vitamin D3 on asthma treatment failures in adults 
with symptomatic asthma and lower vitamin D levels: the VIDA 
randomized clinical trial. Castro, JAMA 2014;311:2083

The VIDA (Vitamin D Add-on 
Therapy Enhances
Corticosteroid Responsiveness in 
Asthma) randomized, double-
blind, parallel,
placebo-controlled trial 

Adult patients with symptomatic 
asthma and a D3 <30 ng/mL

Oral vitamin D3 (100,000 IU 
once, then 4000 IU/d for 28 
weeks) or placebo was added to 
inhaled ciclesonide (320 µg/d). 

Primary outcome was time to 
first asthma
treatment failure

overall dose (µg/d) of ciclesonide required to 
maintain asthma control

Vitamin D3 did not reduce the rate 
of first treatment 

failure or exacerbation in adults 
with persistent asthma and vitamin 
D insufficiency. These findings do 

not support a strategy of 
therapeutic vitamin D3

supplementation in patients with 
symptomatic asthma
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Vitamin D Deficiency
Holick NEJM 2007;357:266-81.

20 ng/mL = 50 nmol/L
30 ng/mL = 75 nmol/L
150 ng/mL = 374 nmol/L

To convert 25-OH vitamin D 
concentrations from ng/mL to 

nanomoles per liter, multiply by 2.496.



Vitamin D Treatment Strategies

Current recommendations for daily vitamin D supplementation: 

•200 IU for children and young adults, 

•400 IU for adults 51–70 years old, and 

•600 IU for adults older than 71 years of age

Are too low and do not maintain 25OHD at the desired level
for many individuals.
Recently, the American Academy of Pediatrics recommended 
increasing the dose to 400 IU for children.



Vitamin D and corticosteroids in asthma: synergy, interaction and 
potential therapeutic effects. A Litonjua, Expt Rev Respir Med 7, 101, 2013


