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Abstract

Being a tropical country, vitamin D deficiency was thought of uncommon in India, however, contrary to this belief recent
studies have shown its prevalence to be as high as 50-90%. Previous studies from India used older definitions (<30 ng/mL) for
defining vitamin D deficiency and insufficiency hence overestimated the association between vitamin D
insufficiency/deficiency and wheeze. Recent Indian as well as international guidelines redefined the vitamin D deficiency as
well as insufficiency as advocate using the same for ensuring uniformity. It was observed that lot of children visiting to
emergency with recurrent wheeze did not have any underlying etiology except low vitamin D levels, on the other hand many
children with even florid rickets doesn’t have wheeze. Hence based on above findings the present study was planned for
Clinical Evaluation of Levels of Vitamin D in Infants Suffered from Recurring Wheezing from Bihar Region.

The present study was planned in Department of Paediatrics, Darbhanga medical College and Hospital, Darbhanga, Bihar,
India. The study was conducted from March 2019 to August 2019. The 30 infants of age up to 24 months were enrolled in the
present study. The 15 cases were enrolled in Group A as study group having wheezing and remaining 15 cases were enrolled
in Group B as control group patients. Two different cut off levels were used in the study to categorize 25(0OH) D
concentrations. The levels above 30 ng/ml (75 mmol/L) were accepted as sufficient, the levels under< 20 ng/ml (50 nmol/L) as
vitamin D deficiency and under < 10 ng/ml as extreme deficient (25nmol/L).

The data generated from the present study concluded that no correlation between vitamin D levels and recurring puffed in
infants was found but this may be due to the few numbers of patients that we studied with. The current findings not express

important relationship among vitamin D level and recurring wheezing in the infants.
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Introduction

Vitamin D deficiency can result from inadequate exposure
to sunlight; malabsorption; accelerated catabolism from
certain medications; and, in infants, the minimal amount of
vitamin D found in breast milk. In children, vitamin D
deficiency can result in rickets, which presents as bowing of
the legs; in adults, it results in osteomalacia, which presents
as a poorly mineralized skeletal matrix.

Vitamin D is important for calcium homeostasis and for
optimal skeletal health. The major function of vitamin D is
to increase the efficiency of calcium absorption from the
small intestine. Heaney and colleagues demonstrated that
maximum calcium absorption occurs at levels of 25-
hydroxyvitamin D (25[OH] D) greater than 32 ng/mL 1,
Vitamin D also enhances the absorption of phosphorus from
the distal small bowel. Adequate calcium and phosphorus
absorption from the intestine is important for proper
mineralization of the bone. The second major function of
vitamin D is involvement in the maturation of osteoclasts,
which resorb calcium from the bones.

The term vitamin D refers to either vitamin D2 or vitamin
D3. Vitamin D3, also known as cholecalciferol, is either
made in the skin or obtained in the diet from fatty fish.
Vitamin D2, also known as ergocalciferol, is obtained from
irradiated fungi, such as yeast. Vitamin D2 and vitamin D3
are used to supplement food products or are contained in
multivitamins. (See Treatment and Medication.)

Past studies suggested that vitamin D3 may be more

effective than vitamin D2 in establishing normal vitamin D
stores. However, a study by Holick and colleagues
demonstrated that vitamin D2 and vitamin D3 appear to be
equipotent in raising 25(OH) D concentrations when they
are given in daily doses of 1000 U [,

Vitamin D deficiency during pregnancy affects offspring. In
a community-based study of 901 mother and offspring pairs,
researchers found that maternal vitamin D deficiency (serum
25-hydroxyvitamin D < 50 nmol/L) at 18 weeks' pregnancy
was associated with impaired lung development at age 6 in
offspring, neurocognitive difficulties at age 10, increased
risk of eating disorders in adolescence, and lower peak bone
mass at age 20. Findings suggest that vitamin D plays an
active role in fetal development, particularly the
development of the brain, lungs, and bones.

The production of vitamin D3 in the skin involves a series
of reactions initiating with 7-dehydrocholesterol. Upon
exposure to ultraviolet B (UVB) radiation between the
wavelengths of 290-315 nm, 7-dehydrocholesterol is
converted to previtamin D3, which is then converted to
vitamin D3 after a thermally induced isomerization reaction
in the skin. From the skin, newly formed vitamin D3 enters
the circulation by binding to vitamin D binding protein
(DBP). In order to become active, vitamin D requires 2
sequential hydroxylations to form 1, 25-dihydroxyvitamin D
(1, 25[OH] 2 D).

Vitamin D is initially hydroxylated in the 25 position by the
hepatic microsomal and/or mitochondrial enzyme vitamin D
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25-hydroxylase. The second hydroxylation occurs in the
kidney and is performed by the P450 enzyme 25-
hydroxyvitamin D-1 alpha-hydroxylase.

Upon entering the cell, the 1, 25(0OH) 2 D hormone binds to
the vitamin D receptor (VDR). The bound vitamin D
receptor then forms a heterodimer with the retinoic acid X
receptor (RXR). This heterodimer then goes to the nucleus
to bind deoxyribonucleic acid (DNA) and increases
transcription of vitamin D—related genes.

Inadequate circulating 25(0OH) D is associated with elevated
parathyroid hormone (PTH); this condition is called
secondary hyperparathyroidism. The rise in PTH may result
in increased mobilization of calcium from the bone, which
leads to decreased mineralization of the bone. Of note,
prolonged exposure to the sun does not cause vitamin D
toxicity. This is because after prolonged UVB radiation
exposure, the vitamin D made in the skin is further degraded
to the inactive vitamin D metabolites tachysterol and
lumisterol.

As strongly suggested by genetic, molecular, cellular, and
animal studies, extraskeletal effects related to vitamin D
signaling include roles in cell proliferation, immune and
muscle function, skin differentiation, and reproduction, with
vitamin D having vascular and metabolic actions as well.
Observational studies have pointed to a relationship between
poor vitamin D status and almost all diseases connected to
these extraskeletal influences. However, while randomized,
controlled trials and Mendelian randomization studies have
indicated that vitamin D supplementation can lower the
incidence of some disorders, only mixed conclusions on the
matter have been reached globally Bl

The treatment of vitamin D insufficiency can decrease the
risk of hip and nonvertebral fractures. A meta-analysis by
Boonen et al of postmenopausal women and of men aged 50
years or older reporting a risk of hip fracture found that oral
vitamin D supplementation reduced the risk of hip fractures
by 18% when vitamin D and calcium were taken together.
Most of the trials that demonstrated the antifracture efficacy
of vitamin D used approximately 800 IU of vitamin D3. The
minimum 25(0OH) D level at which antifracture efficacy was
observed was 30 ng/ml (74 nmol/L), suggesting a threshold
for optimal levels of 25(0OH) D for fracture protection.
Results from another meta-analysis, evaluating the efficacy
of oral vitamin D supplementation in the prevention of hip
and other nonvertebral bone fractures in individuals aged 65
years or older, indicated that vitamin D offers dose-
dependent fracture protection 38, The analysis, by Bischoff-
Ferrari et al, took into account 12 double-blind, randomized,
controlled trials (RCTs) for nonvertebral fractures (n =
42,279) and 8 RCTs for hip fractures (n = 40,886),
comparing the results obtained from the use of oral vitamin
D (with or without calcium) with those derived from the
administration of calcium alone and from placebo use.

In this study, doses of more than 400 1U/day were found to
reduce fractures by at least 20% in individuals aged 65 years
or older [, In contrast to the Boonen study, the investigators
maintained that these effects were independent of calcium
supplementation. Vitamin D insufficiency contributes to
osteoporosis by decreasing intestinal calcium absorption.
Treatment of vitamin D deficiency has been shown to
improve bone mineral density. An analysis of the Third
National Health and Nutrition Examination Survey
(NHANES I111) demonstrated a positive correlation between
circulating 25(OH) D levels and bone mineral density [
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Vitamin D supplementation has been associated with a
reduction in falls and improved muscle strength in the
elderly. A meta-analysis demonstrated that vitamin D
supplementation resulted in a reduction in falls of about
22% in ambulatory and institutionalized elderly subjects, as
compared with controls 3 41 Another meta-analysis
examining muscle strength associated with vitamin D
supplementation found significant improvement in reduced
postural sway, timed up-and-go test results, and lower
extremity strength in a pooled analysis of 13 studies 1.
Epidemiologic data suggest that vitamin D deficiency places
adults at risk for developing cancer [; these apparently
include breast, colon, and prostate cancer. Several studies
using cultured cancer cells in mice models have also
supported the notion that vitamin D prevents the growth of
cancers U], Larger, randomized clinical trials are underway
in humans to establish the role of vitamin D in the
prevention of cancers.

Vitamin D insufficiency may increase the risk for type | and
type Il diabetes mellitus. In NHANES IIl, lower vitamin D
status was associated with higher fasting glucose and 2-hour
glucose after an oral glucose tolerance test (8. Furthermore,
vitamin D supplementation in adults has been associated
with improved insulin sensitivity in several small, case-
control studies 1.

Joergensen et al determined that vitamin D deficiency in
type 1 diabetes may predict all causes of mortality but not
development of microvascular complications 29, The
contribution of vitamin D deficiency to mortality must be
mediated by nonvascular mechanisms. A study by Li et al
indicated that vitamin D deficiency (serum 25-
hydroxyvitamin D < 12 ng/mL) is related to an increased
stroke risk in adults, with an association also found between
higher vitamin D levels and a reduced stroke risk. The
study, on adults aged 20 years or older, found that evidence
for the relationship between high serum 25-hydroxyvitamin
D levels and decreased stroke risk was particularly strong
among females below age 50 years 14,

Low levels of vitamin D have also been linked to increased
cardiovascular disease (CVD) biomarkers in older adults. In
an observational study of 957 hypertensive older adults,
vitamin D deficiency (< 25 nmol/L) was associated with
higher levels of biomarkers linked with CVD and conditions
such as multiple sclerosis and rheumatoid arthritis 2 14,
Individuals deficient in vitamin D had significantly higher
levels of the inflammatory biomarkers interleukin-6 (I1L-6)
and C-reactive protein (CRP), and higher IL-6: IL-10 and
CRP: IL-10 ratios compared with subjects who had serum
vitamin D levels > 75 nmol/L [*2 23],

A meta-analysis evaluated the effect of vitamin D
supplementation (using a mean supplementation dosage of
about 500 1U daily) on all-cause mortality in 18 randomized
controlled trials and found a 7% relative risk reduction for
death [, Severe vitamin D deficiency (25(0OH) D < 10
ng/mL) has been associated with increased in-hospital
mortality in patients admitted for acute coronary syndrome.
[16]

A Cochrane Review of 50 randomized, controlled trials that
included more than 94,000 individuals, primarily elderly
women, found that vitamin D3 supplementation decreased
mortality. Other forms of vitamin D, including vitamin D2,
calcitriol, and alpha-calcidiol, did not reduce mortality 11,
A study by Manson et al to evaluate the efficacy of vitamin
D supplementation and omega-3 fatty acids in lowering the
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risk of invasive cancer and cardiovascular disease found no
such reduction associated with the administration of vitamin
D. The report, which included 25,871 participants (males
aged 50 years or older and females aged 55 years or older)
and had a median follow-up period of 5.3 years, determined
that compared with a placebo group, there was no decrease
in the incidence of breast, prostate, or colorectal cancer, or
in myocardial infarction, stroke, or cardiovascular-related
death, among subjects who consumed 2000 U per day in
supplementary vitamin D 81,

A wheeze is a continuous, coarse, whistling sound produced
in the respiratory airways during breathing. For wheezes to
occur, some part of the respiratory tree must be narrowed or
obstructed (for example narrowing of the lower respiratory
tract in an asthmatic attack), or airflow velocity within the
respiratory tree must be heightened. Wheezing is commonly
experienced by persons with a lung disease; the most
common cause of recurrent wheezing is asthma attacks,
though it can also be a symptom of lung cancer, congestive
heart failure, and certain types of heart diseases.

The differential diagnosis of wheezing is wide, and the
reason for wheezing in a given patient is determined by
considering the characteristics of the wheezes and the
historical and clinical findings made by the examining
physician.

Wheezes occupy different portions of the respiratory cycle
depending on the site of airway obstruction and its nature.
The fraction of the respiratory cycle during which a wheeze
is produced roughly corresponds to the degree of airway
obstruction. Bronchiolar disease usually causes wheezing
that occurs in the expiratory phase of respiration. As a rule,
extrathoracic airway obstruction produce inspiratory sounds.
Intrathoracic major airway obstruction produces inspiratory
as well as expiratory sounds. Distal airway obstruction
predominantly produces expiratory sounds 141,

The presence of expiratory phase wheezing signifies that the
patient's peak expiratory flow rate is less than 50% of
normal. Wheezing heard in the inspiratory phase, on the
other hand, is often a sign of a stiff stenosis, usually caused
by tumors, foreign bodies or scarring. This is especially true
if the wheeze is monotonal, occurs throughout the
inspiratory phase (i.e. is "holoinspiratory"), and is heard
more proximally, in the trachea. Inspiratory wheezing also
occurs in hypersensitivity pneumonitis. Wheezes heard at
the end of both expiratory and inspiratory phases usually
signify the periodic opening of deflated alveoli, as occurs in
some diseases that lead to collapse of parts of the lungs.

The location of the wheeze can also be an important clue to
the diagnosis. Diffuse processes that affect most parts of the
lungs are more likely to produce wheezing that may be
heard throughout the chest via a stethoscope. Localized
processes, such as the occlusion of a portion of the
respiratory tree, are more likely to produce wheezing at that
location, hence the sound will be loudest and radiate
outwardly. The pitch of a wheeze does not reliably predict
the degree of narrowing in the affected airway 20,

A special type of wheeze is stridor. Stridor — the word is
from the Latin, stridor — is a harsh, high-pitched, vibrating
sound that is heard in respiratory tract obstruction. Stridor
heard solely in the inspiratory phase of respiration usually
indicates an upper respiratory tract obstruction, "as with
aspiration of a foreign body (such as the fabled pediatric
peanut)." Stridor in the inspiratory phase is usually heard
with obstruction in the upper airways, such as the trachea,
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epiglottis, or larynx; because a block here means that no air
may reach either lung, this condition is a medical
emergency. Biphasic stridor (occurring during both the
inspiratory and expiratory phases) indicates narrowing at the
level of the glottis or subglottis, the point between the upper
and lower airways.

Being a tropical country, vitamin D deficiency was thought
of uncommon in India, however, contrary to this belief
recent studies have shown its prevalence to be as high as 50-
90%. Previous studies from India used older definitions
(<30 ng/mL) for defining vitamin D deficiency and
insufficiency hence overestimated the association between
vitamin D insufficiency/deficiency and wheeze. Recent
Indian as well as international guidelines redefined the
vitamin D deficiency as well as insufficiency as advocate
using the same for ensuring uniformity. It was observed that
lot of children visiting to emergency with recurrent wheeze
did not have any underlying etiology except low vitamin D
levels, on the other hand many children with even florid
rickets doesn’t have wheeze. Hence based on above findings
the present study was planned for Clinical Evaluation of
Levels of Vitamin D in Infants Suffered from Recurring
Wheezing from Bihar Region.

Methodology

The present study was planned in Department of Paediatrics,
Darbhanga medical College and Hospital, Darbhanga,
Bihar, India. The study was conducted from March 2019 to
August 2019. The 30 infants of age up to 24 months were
enrolled in the present study. The 15 cases were enrolled in
Group A as study group having wheezing and remaining 15
cases were enrolled in Group B as control group patients.
Two different cut off levels were used in the study to
categorize 25(0OH) D concentrations. The levels above 30
ng/ml (75 mmol/L) were accepted as sufficient, the levels
under< 20 ng/ml (50 nmol/L) as vitamin D deficiency and
under < 10 ng/ml as extreme deficient (25nmol/L).

All the patients were informed consents. The aim and the
objective of the present study were conveyed to them.
Approval of the institutional ethical committee was taken
prior to conduct of this study.

Following was the inclusion and exclusion criteria for the
present study.

Inclusion Criteria: Cases having wheezing.

Exclusion Criteria: Cases with history of congenital heart
disease, chronic lung disease, and immunodeficiency.

Results & Discussion

About one in every three children have at least one episode
of wheezing prior to their third birthday and cumulative
prevalence of wheeze is around 50% at six years of age.
Recurrent wheeze is defined as three or more episodes of
parentally reported wheeze in the past 12 months of life 24,
Its occurrence is quite common and is reported in 6.2% of
the Indian children ?2, Although there are many risk factors
responsible for the development of recurrent wheezing,
recently, vitamin D has gained significant interest. Studies
reported that low vitamin D levels even in cord blood may
be responsible for many childhood diseases [2,
Consequently, more studies reported the association of low
serum vitamin D levels and severe asthma in children 24,
Although there are many risk factors including infections
and allergy, for the development of recurrent wheezing 2°;
recently, vitamin D emerged as significant risk factor owing
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to its immunomodulatory propertie 26,

Table 1: Basic Details

Groups Group A Group B
Group of Wheezing Cases Control Cases
Age 7 — 18 months 8 — 16 months
Sex
Males 7 10
Females 8 5
Total Cases 15 15

Table 2: Comparison of Serum 25 (OH) D levels

Groups Group A Group B
Group of Wheezing Cases Control Cases
Vitamin D level (ng/ml
< 10 ng/ml 5 1
11— 20 ng/ml 4 4
21 — 30 ng/ml 3 7
> 31 ng/ml 2 3
Total Cases 15 15

In pediatric and adult populations, several trials have failed
to show a significant benefit of vitamin D supplementation
on respiratory outcomes, including asthma or upper
respiratory infections 1. In addition, in a study of
extremely preterm infants, vitamin D did not affect duration
of respiratory support 281, However, multiple observational
studies have shown an association between respiratory
disease and low vitamin D levels P9, In term infants,
differences in cord 25(0OH) D levels were associated with
meaningful differences in the risk of lower respiratory tract
infection with respiratory syncytial virus B% A recent
individual patient data meta-analysis found that
supplementation decreases respiratory infections,
particularly in vitamin D-deficient patients or those
receiving daily dosing B! 32, However, results of studies in
other populations should not be extrapolated to preterm
infants who may be in a critical developmental window with
regard to the effects of vitamin D on the pulmonary and
immune systems.

Wheezing is quite prevalent in pre-school children and
consequently, many children develop asthma [,
Insufficiency/ deficiency of vitamin D is widespread in all
parts of the world 4. 25(OH) D is the major stable and
circulating form of vitamin D with a half-life of 2-3 weeks
and its level is the best available indicators of vitamin D
status B3, Many cut-offs have been chosen to define
insufficiency/deficiency of vitamin D but most of the
guidelines meet consensus at a level of < 20 ng/mL, to label
as insufficient, this cut-off was chosen in concordance to
international standards. Vitamin D has an important role in
the lung development and regulation of innate and adaptive
immunity. A significant association exists between the
number of vitamin D receptors genes and the respiratory
syncytial virus bronchiolitis B, Conversely, serum 25(OH)
D levels are inversely related to respiratory viral infections
in children 381, So, there is enough evidence to conclude that
vitamin D plays an important role in respiratory diseases
like asthma and wheeze in children.

Vitamin D insufficiency has been implicated in a number of
immune related illnesses including multiple sclerosis, type 1
diabetes, and cancer 71, as well as respiratory diseases such
as asthma 281, In developing countries there is an association
between the risk of ALRI and both rickets and subclinical
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vitamin D deficiency in children %, The same association
has not been demonstrated elsewhere, but vitamin D
deficiency has been linked to ALRI severity in Canada and
the Middle East M. This variability could be secondary to
differences in study population and design. Additionally,
serum 25 hydroxy vitamin D is likely influenced by acute
illness and medical intervention, perhaps making it a less
reliable measure of pre-illness vitamin D status (4],

The results of the present study suggest that apart from
young infants (<6 kg), 400 1U/d would be inadequate to
achieve a level of intake above 80 IU/kg/day, and that a
more appropriate vitamin D dose might be better estimated
according to weight. In fact, in their position statement, the
Canadian Pediatric Society has suggested that infants and
young children may need a vitamin D intake up to 2.5
mcg/kg/d (100 1U/kg/d) in order to optimize their serum
25(0H) D levels. M3, Furthermore, a study correlating
vitamin D intake and serum levels suggested that vitamin D
supplementation in infants should consider their rapid body
weight increment “31, Finally, the 2011 Institute of Medicine
recommendations for vitamin D intake consider benefits for
bone health only but do suggest different dosing based on
age. In addition to recommended daily intakes of 400 and
600 IU for children under and over 1 year of age, the IOM
provides an upper limit for vitamin D intake based on 6
different pediatric age ranges [*41.

Clinically, serum calcifediol [25(OH) D] is used as a marker
of vitamin D level I, In various populations calcifediol
levels in cord blood are strongly correlated with maternal
levels during pregnancy 6], with maternal calcifediol as the
source of the fetal vitamin D pool 71, Vitamin D deficiency
in pregnant women and infants is common worldwide,
including both developed and developing countries, ranging
from 45 to 90% in pregnant women and 61-94% in infants.
1481 Based on growing epidemiological evidence, vitamin D
deficiency has been linked to an increased risk of respiratory
infections and asthma 191, However, it is still unclear if and
to what extent antenatal or early postnatal vitamin D
deficiency would affect the development of wheeze or
asthma later in life. Previous reviews on vitamin D
supplementation during pregnhancy have given conflicting
messages 0,

Several researches have established a relationship among
pregnant women with inferior vitamin D ingestion and an
advanced jeopardy of wheeze in offspring. In a recent
research, superior maternal circulating25 (OH) absorptions
in pregnancy were separately connected with inferiorperil of
lower respiratory infections in progeny in the first year of
life but no relationship was found with breathless at 1year or
4 year, or asthma at age 4-6 years 11, The authors have no
knowledge about the maternal vitamin D levels but suggest
that vitamin D levels of the infants hospitalized for serious
infections and recurrent wheezing should be followed
carefully. Recent studies have shown a potential physiologic
function of vitamin D inadaptable usual in born and
adaptive immunity 52,

Vitamin D metabolites contribute to defense at epithelial
surfaces by stimulating production of antimicrobial peptides
such as defensins and cathelicidin %1, Janssen et al. recently
showed significant associations of a number of innate
immunity genes (including the VDR) with the severity of
Respiratory Syncytial Virus (RSV) bronchiolitis 54, Roth et
al. found the association between two VDR gene
polymorphisms and ALR linjuvenile children B, Jartti et
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al. establish that serum 25(0OH) D levels were reversely
connected with RSV, Rhinovirus and multiple viral cause,
by contrast no association was found with other viral
infections 561, Taken together, these studies point out the
important role of vitamin D in the relation between
respiratory viruses and their link to recurring wheezing.

Conclusion

The data generated from the present study concluded that no
correlation between vitamin D levels and recurring puffed in
infants was found but this may be due to the few numbers of
patients that we studied with. The current findings not
express important relationship among vitamin D level and
recurring wheezing in the infants.

References

1.

10.

11.

12.

Heaney RP, Dowell MS, Hale CA, et al. Calcium
absorption varies within the reference range for serum
25-hydroxyvitamin D. J Am Coll Nutr. 2003;
22(2):142-6.

Holick MF, Biancuzzo RM, Chen TC, et al. Vitamin
D2 is as effective as vitamin D3 in maintaining
circulating concentrations of 25-hydroxyvitamin D. J
Clin Endocrinol Metab. 2008; 93(3):677-81.

Bouillon R, Marcocci C, Carmeliet G, et al. Skeletal
and extra-skeletal actions of vitamin D: current
evidence and outstanding questions. Endocr Rev, 2018.
Bischoff-Ferrari HA, Willett WC, Wong JB, et al.
Prevention of nonvertebral fractures with oral vitamin
D and dose dependency: a meta-analysis of randomized
controlled trials. Arch Intern Med. 2009; 169(6):551-
61.

Bischoff-Ferrari HA, Dietrich T, Orav EJ, et al.
Positive association between 25-hydroxy vitamin D
levels and bone mineral density: a population-based
study of younger and older adults. Am J Med. 2004;
116(9):634-9.

Muir SW, Montero-Odasso M. Effect of vitamin d
supplementation on muscle strength, gait and balance in
older adults: a systematic review and meta-analysis. J
Am Geriatr Soc. 2011; 59(12):2291-300.

Tangpricha V, Flanagan JN, Whitlatch LW, et al. 25-
hydroxyvitamin D-lalpha-hydroxylase in normal and
malignant colon tissue. Lancet. 2001; 357(9269):1673-
4. [Medline].

Mathieu C, Gysemans C, Giulietti A, et al. Vitamin D
and diabetes. Diabetologia. 2005; 48(7):1247-57.
[Medline].

Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin
D, ethnicity, and blood pressure in the Third National
Health and Nutrition Examination Survey. Am J
Hypertens. 2007; 20(7):713-9. [Medline].

Joergensen C, Hovind P, Schmedes A, Parving HH,
Rossing P. Vitamin d levels, microvascular
complications, and mortality in type 1 diabetes.
Diabetes Care. 2011; 34(5):1081-5. [Medline].

Li J, Lai H, Yang L, Zhu H, Chen S, Lai S, et al. Age
and Gender Differences in the Association between
Serum 25-Hydroxyvitamin D and Stroke in the General
US Population: The National Health and Nutrition
Examination Survey, 2001-2006. J Stroke Cerebrovasc
Dis. 2017; (11):2510-8. [Medline].

Busko M. Lack of Vitamin D Linked to CVD
Biomarkers, Inflammation. Medscape, 2014. [Full

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

http://www.medicalsciencejournal.com

Text].

Laird E, McNulty H, Ward M, et al. Vitamin D
deficiency is associated with inflammation in older
Irish adults. J Clin Endocrinol Metab. February, 2014.
Lee YH, Bae SC. Vitamin D level in rheumatoid
arthritis and its correlation with the disease activity: a
meta-analysis. Clin Exp Rheumatol, 2016. [Medline].
Autier P, Gandini S. Vitamin D supplementation and
total mortality: a meta-analysis of randomized
controlled trials. Arch Intern Med. 2007; 167(16):1730-
7. [Medline].

Correia LC, Sodré F, Garcia G, Sabino M, Brito M,
Kalil F, et al. Relation of Severe Deficiency of Vitamin
D to Cardiovascular Mortality During Acute Coronary
Syndromes. Am J Cardiol, 2012. [Medline].

Bjelakovic G, Gluud LL, Nikolova D, et al. Vitamin D
supplementation for prevention of mortality in adults.
Cochrane Database Syst Rev, 2011, CD007470.
Manson JE, Cook NR, Lee IM, et al. Vitamin D
Supplements and Prevention of Cancer and
Cardiovascular Disease. N Engl J Med. 2019;
380(1):33-44.

Ghai OP. Essential Pediatrics. CBS Publishers &
Distributors, 2014, p. 372. ISBN 978-81-239-2334-5.
Meslier N, Charbonneau G, Racineux JL. "Wheezes".
European Respiratory Journal. 1995; 8(11):1942-8.
d0i:10.1183/09031936.95.08111942. PMID 8620967.
Ly NP, Gold DR, Weiss ST, Celed6n JC. Recurrent
wheeze in early childhood and asthma among children
at risk for atopy. Pediatrics. 2006; 117:e1132-38.
Awasthi S, Kalra E, Roy S, Awasthi S. Prevalence and
risk factors of asthma and wheeze in school-going
children in Lucknow, North India. Indian Pediatr. 2004;
41:1205-10.

Camargo CA, Ingham T, Wickens K, Thadhani R,
Silvers KM, Epton MJ, et al. Cord-blood 25-
hydroxyvitamin D levels and risk of respiratory
infection, wheezing, and asthma. Pediatrics. 2011;
127:180-87.

Brehm JM, Celedon JC, Soto-Quiros ME, Avila L,
Hunninghake GM, Forno E, et al. Serum Vitamin D
levels and markers of severity of childhood asthma in
Costa Rica. Am J Respir Crit Care Med. 2009;
179:765-71.

Carroll KN, Wu P, Gebretsadik T, Griffin MR, Dupont
WD, Mitchel EF, et al. The severity-dependent
relationship of infant bronchiolitis on the risk and
morbidity of early childhood asthma. J Allergy Clin
Immunol. 2009; 123:1055-61. 1061.el.

Mansbach JM, Camargo CA. Bronchiolitis: lingering
questions about its definition and the potential role of
Vitamin D. Pediatrics. 2008; 122:177-79.
Manaseki-Holland S, Maroof Z, Bruce J, et al. Effect
on the incidence of pneumonia of vitamin D
supplementation by quarterly bolus dose to infants in
Kabul: a randomised controlled superiority trial.
Lancet. 2012; 379(9824):1419-1427.

Fort P, Salas AA, Nicola T, Craig CM, Carlo WA,
Ambalavanan N, et al. A comparison of 3 vitamin D
dosing regimens in extremely preterm infants: a
randomized controlled trial. J Pediatr. 2016; 174:132-
138.el.

Alyasin S, Momen T, Kashef S, Alipour A, Amin R.
The relationship between serum 25 hydroxy vitamin d

185


http://www.medicalsciencejournal.com/

International Journal of Medical and Health Research

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

levels and asthma in children. Allergy Asthma Immunol
Res. 2011; 3(4):251-255.

Belderbos ME, Houben ML, Wilbrink B, et al. Cord
blood vitamin D deficiency is associated with
respiratory syncytial virus bronchiolitis. Pediatrics.
2011; 127(6):e1513-e1520.

Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin
D supplementation to prevent acute respiratory tract
infections: systematic review and meta-analysis of
individual participant data. BMJ. 2017; 356:i6583.
Hollis BW, Wagner CL. Clinical review: the role of the
parent compound vitamin D with respect to metabolism
and function: why clinical dose intervals can affect
clinical outcomes. J Clin Endocrinol Metab. 2013;
98(12):4619-4628.

Khadilkar A, Khadilkar V, Chinnappa J, Rathi N,
Khadgawat R, Balasubramanian S, et al. Prevention and
Treatment of Vitamin D and Calcium Deficiency in
Children and Adolescents: Indian Academy of
Pediatrics (IAP) Guidelines. Indian Pediatr. 2017;
54:567-73.

Randev S, Kumar P, Guglani V. Vitamin D
supplementation in childhood-a review of guidelines.
Indian J Pediatr. 2018; 85:194-201.

Roth DE, Jones AB, Prosser C, Robinson JL, VVohra S.
Vitamin D receptor polymorphisms and the risk of
acute lower respiratory tract infection in early
childhood. J Infect Dis. 2008; 197:676-80.

Jartti T, Ruuskanen O, Mansbach JM, Vuorinen T,
Camargo CA. Low serum 25- hydroxyvitamin D levels
are associated with increased risk of viral coinfections
in wheezing children. J Allergy Clin Immunol. 2010;
126:1074-6. 1076.e1-4.

Fairfield KM, Fletcher RH. Vitamins for chronic
disease prevention in adults: scientific review. JAMA.
2002; 287:3116-26.

Camargo CA Jr, Rifas-Shiman SL, Litonjua AA, et al.
Maternal intake of vitamin D during pregnancy and risk
of recurrent wheeze in children at 3 y of age. Am J Clin
Nutr. 2007; 85:788-95.

Roth DE, Shah R, Black RE, et al. Vitamin D status
and acute lower respiratory infection in early childhood
in Sylhet, Bangladesh. Acta Paediatr. 2010; 99:389-93.
Banajeh SM. Nutritional rickets and vitamin D
deficiency--association with the outcomes of childhood
very severe pneumonia: a prospective cohort study.
Pediatr Pulmonol. 2009; 44:1207-15.

Krishnan A, Ochola J, Mundy J, et al. Acute fluid shifts
influence the assessment of serum vitamin D status in
critically ill patients. Crit Care. 2010; 14:R216.
Canadian Pediatric Society, First Nations and Inuit
Health Committee [Principal author: Godel J]. Vitamin
D supplementation: Recommendations for Canadian
mothers and infants. Paediatr Child Health. 2007;
12:583-98

Pludowski P, Socha P, Karczmarewicz E, et al. Vitamin
D supplementation and status in infants: a prospective
cohort observational study. J Pediatr Gastroenterol Nutr
2011; 53:93-9. [PubMed]

Ross AC, Manson JE, Abrams SA, et al. The 2011
report on dietary reference intakes for calcium and
vitamin D from the Institute of Medicine: what
clinicians need to know? J Clin Endocrinol Metab
2011; 96:53-8.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

http://www.medicalsciencejournal.com

Holick MF. Vitamin D deficiency. N Engl J Med. 2007;
357(3):266-81.

Halicioglu O, Aksit S, Koc F, Akman SA, Albudak E,
Yaprak I, et al. Vitamin D deficiency in pregnant
women and their neonates in spring time in western
Turkey. Paediatr Perinat Epidemiol. 2012; 26(1):53-60.
Salle BL, Delvin EE, Lapillonne A, Bishop NJ,
Glorieux FH. Perinatal metabolism of vitamin D. Am J
Clin Nutr. 2000; 71(5 Suppl):1317S-24S.

Vieth Streym S, Kristine Moller U, Rejnmark L,
Heickendorff L, Mosekilde L, Vestergaard P, et al.
Maternal and infant vitamin D status during the first 9
months of infant life-a cohort study. Eur J Clin Nutr.
2013; 67(10):1022-8.

Bozzetto S, Carraro S, Giordano G, Boner A, Baraldi E.
Asthma, allergy and respiratory infections: the vitamin
D hypothesis. Allergy. 2012; 67(1):10-7.

Nurmatov U, Devereux G, Sheikh A. Nutrients and
foods for the primary prevention of asthma and allergy:
systematic review and meta-analysis. J Allergy Clin
Immunol. 2011; 127(3):724-733. e721-730.

Morales E, Romieu I, Guerra S, et al. Maternal vitamin
D status in pregnancy and risk oflower respiratory tract
infections, wheezing, and asthma in offspring.
Epidemiology. 2012; 23:64-71.

Hewison M. Vitamin D, and the immune system: New
perspectives on an old theme. Endocrinol Metab N Am.
2010; 39:365-79.

Wang TT, Dabbas B, Laperriere D, et al. Direct and
indirect induction by 1,25-dihydroxyvitamin D3 of the
NOD2/CARD 15- defensingbeta2 innate immune
pathway defectiveinCrohn disease. J Biol Chem. 20110;
285:227-31.

Janssen R, Bont L, Siezen CL, et al. Genetic
susceptibility to respiratory syncytial virusbronchiolitis
is predominantly associated with innate immune genes.
J Infect Dis. 2007; 196:826-34.

Roth DE, Jones AB, Prosser C, Robinson JL, Vohra S.
Vitamin Dreceptorpolymorphisms and the risk of acute
lower respiratory tract infection in early childhood. J
Infect Dis. 2008; 197:676-80.

Jartti T, Ruuskanen O, Mansbach JM, Vuorinen T,
Camargo CA Jr. Low serum 25-hydroxyvitaminD
levels are associated with increased risk of viral
coinfectionsinwheezing children. J Allergy
Clinimmunol. 2010; 126:1074-6.

186


http://www.medicalsciencejournal.com/

