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Is There a Relationship between Clinical Symptoms of Asthmatic
Children and Serum Levels of Vitamin D and Zinc?

Astiml1 Cocuklarin Serum D Vitamini ve Cinko Diizeyleri ile Klinik
Bulgular1 Arasinda Bir iliski Var mi1?
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Abstract

Objectives: It is reported that deficiencies in vitamin D and zinc are associated with asthma. In this
study we aimed to investigate the relationship between clinic findings of asthmatic children and vitamin
D and zinc levels.

Materials and Methods: This prospective study included a total of 149 asthmatics and 97 healthy
children with an age range of 5 to 17 years. All of the participants were evaluated for serum levels of 25 -
hydroxyvitamin D (25(0OH)D) and zinc, dietary habits, the rate of respiratory tract infections, hospital
visits and levels of sunlight exposure.

Results: Serum vitamin D and zinc levels in asthmatic children (7.7+5.29 ng/ml), (64+16.3 mcg/dl) were
significantly lower than that in healthy children (12.3+12.87 ng/ml), (69+26.2 mcg/dl) (p< 0.015),
respectively. A relationship was detected between the frequency of infection and vitamin D level’s being
<1ong/ml (p < 0.001), while no relationship was detected between the frequency of infection and zinc
level. No relationship was detected between pulmonary function, nutrition and the levels of vitamin D
and zinc. However, a relationship was detected between vitamin D levels and exposure to sunlight.
Conclusion: Our results showed that asthmatic children had lower vitamin D and zinc levels than
healthy children. Very low levels of vitamin D were found to be associated with an increased rate of
infection and required more medication and hospitalization.
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Oz

Amag: Vitamin D ve ¢inko eksikliginin astim ile iliskili oldugu bildirilmektedir. Bu ¢alismada astimh
¢ocuklarin klinik bulgular: ile vitamin D ve ¢inko diizeyleri arasindaki iliskiyi arastirmayi istedik.
Materyal ve Metot: Bu prospektif calismaya yaslari 5-17 arasinda degisen 149 astimli ve 97 saghikl ¢ocuk
dahil edildi. Tim katihmailarin serum 25 hidroksivitamin D (25(OH)D) ve ¢inko diizeyleri 6l¢tldd, diyet
aligkanliklari, bir yildaki solunum yolu enfeksiyonu sikliklari, hastane bagvurulart ve giines isigina
maruziyet siireleri sorgulandi.

Bulgular: Astimli gocuklarin serum D vitamini ve ¢inko diizeyleri sirasiyla (7,7+5,29 ng/ml), (64+16,3
mcg/dl) saglikli ¢ocuklardan (12,3+12,87 ng/ml), (69+26,2 mcg/dl) belirgin sekilde diisiikk bulundu (p
<0,001) (p <0,015). Serum D vitamini diizeyinin 10ng/ml'nin altinda olmasi ile enfeksiyon siklig1 arasinda
iliski bulunurken cinko diizeyi ile iliski saptanmadi. Pulmoner fonksiyonlar, beslenme ile D vitamini
dlizeyi arasinda iligki saptanmadi. Ancak giinese maruziyet ile D vitamini diizeyi arasinda bir iliski
saptand1.

Sonug: Bizim sonuglarimiz astimli ¢ocuklarin saglikli ¢ocuklardan daha diisitk D vitamini ve ¢inko
diizeyine sahip oldugunu gostermektedir. D vitamininin ¢ok diistik diizeylerde olmasi artmis enfeksiyon
riski, daha ¢ok tedavi ihtiyaci ve hastane yatisi ile iligkili ulundu.

Anahtar kelimeler: Astimli ¢cocuk, vitamin D diizeyi, ¢inko duzeyi, klinik bulgular
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Introduction

Asthma is the most common chronic childhood disorder worldwide.' The prevalence of
asthma and allergic diseases in children has increased in recent years."> Environmental
factors, including infections, diet, passive smoking, closed environments, lack of
exercise, and socio-economic conditions, are implicated in the development of allergic
diseases. "> Individual factors associated with genetic characteristics are also
implicated, including genetic tendency, atopy, bronchial hyperreactivity, sex, and race.!

Environmental changes include modifications in the dietary habits and reduced
exposure to sun, leading to reduced circulating levels of vitamin D, which may account
for the rise in asthma prevalence.* However, vitamin D supplementation for rickets
prophylaxis appears to be responsible for the increased rate of asthma and atopic
disease.>% Deficiencies of micronutrients and vitamins involved in the immune system
maturation, may increase the asthma risk.>® Although the current epidemiological
evidence is poor, it is supported that vitamins A, D, and E, zinc, fruits and vegetables,
and a Mediterranean diet could be protective against asthma. ¢ There are reports on
the effects of vitamin D both on the development and prevention of asthma. . While
vitamin D contributes to allergy development through the regulatory T cells, it also
generates preventive effects through factors involved in bronchial smooth muscle
hypertrophy and hyperplasia.® Vitamin D reduces the prevalence and severity of
bacterial and viral infections of the respiratory tract by releasing proinflammatory
cytokines by stimulating the expression of antimicrobial peptides during such
infections.3"° Several studies report a link between asthma and low levels of vitamin
D."8 It is usually considered that vitamin D deficiency is correlated with severe asthma
attacks, poor asthma control, higher steroid doses, more doctor visits, and hospital
admissions.'48

The presence of zinc, an antioxidant element in the respiratory tract epithelium, and
its role in regulating cellular and humoral response in the immune system suggest its
probable effect in asthma pathogenesis and treatment. Vitamin D increases both the
absorption of zinc and its delivery to the bones. Reduced zinc intake may increase
atopy, and bronchial reactivity and thus allergic symptoms become evident. There is a
reverse link between the serum zinc levels and wheezing.” To contribute to the
literature, in this study, we aimed to investigate the relationship between vitamin D
with zinc levels in asthma patients considering dietary habits and other factors
associated with living conditions.

Materials and Methods

In this prospective study, the study group consisted of a total of 149 children with
asthma, aged 5 to 17 years, who were diagnosed by a pediatric allergy specialist in
accordance with the Global Initiative for Asthma (GINA) criteria. These children were
also followed up for at least one year at the Pediatric Allergy Department of
Cumbhuriyet University, School of Medicine, Sivas, Turkey. The patients were excluded
from this study if they were receiving daily or slow-release vitamin D or zinc
supplementation, or if they had antibody deficiency, chronic liver or kidney diseases or
malnutrition. The control group was comprised of 97 healthy children, aged 5 to 17
years, who were admitted to the general pediatric polyclinic. This study was approved
by the Ethics Board of the Faculty of Medicine of Cumhuriyet University according to
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Helsinki Declaration. The study procedure and aim of the present research were
explained to the participants’ parents, and a written informed consent was obtained
from each parent.

Assessment of children

Questions were asked to obtain participant information about the following: inhaled
steroid use and dose, number of respiratory tract diseases within the previous year, the
number of emergency admissions and hospitalizations, and the number of asthma
attacks and systemic steroid intake. We also obtained data relating to dietary habits,
family income levels and residency. Patients were subjected to the following tests:
whole blood count, total Ig E level, skin prick test, respiratory function test, and stool
parasite scans.

Measurements of serum 25-hydroxyvitamin D (25(OH)D) and zinc levels

For the serum 25(OH)D level assay, an enzyme-linked immunosorbent assay (ELISA)
kit (Cat. No.: K 2110, Immun diagnostik, Bensheim, Germany) was used. The results
were read by an Elisa plate reader at 450 nm and calculated as nmol/L'. Serum zinc
levels were measured by the direct colorimetric method using a serum zinc level assay
kit (Cat. No. 17640, Sentinel Diagnostic, Milan, Italy) in a Beckman Coulter Lx2o0.

Statistical analysis

Statistical analysis was performed using SPSS 15.0 statistical software (SPSS Inc.,
Chicago, IL, USA. The Pearson chi-square test (x*) was used to compare the differences
between the groups. The appropriate Kolmogorov-Smirnov test was used to analyze
the normal distribution of variables. The Mann-Whitney U test was used to analyze
abnormally distributed variables. Abnormally distributed continuous variables were
expressed in median (min-max), while categorical variables were presented in
frequency and percentage. The Spearman’s correlation analysis was used to analyze
ordinal and scale variables. A p-value of <o0.001 was considered statistically significant.

Results

Total of 149 patients, 83 were males and 66 were females with a mean age of 10.23 +
2.37 (range: 5 to 17) years. The healthy control group was comprised of a total of 51 age-
and sex-matched males and 46 females with a mean age of 9.32 + 2.41 (range: 5 to 17)
years. Demographic characteristics of the study population are presented in Table 1.

Table 1. Demographic characteristics of the study population

Children with asthma Healthy controls
(n: 149) (n: 97) p-value
Gender

Female 66 (44%) 46 (48%)

Male 83 (56%) 51 (52%) > 0:05
Age 10.23%2.37 0.32+2.41 > 0.05
Vitamin D (ng/ml) 7.7£5.29 12.3+12.87 0.001
Zinc (mcg/dl) 64+16.3 69+26.2 0.015
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The 25(OH)D levels in the asthmatic children were significantly lower than the healthy
children. The mean serum 25(OH)D levels of the asthmatic children were 7.7 + 5.29
ng/ml and 12.3 * 12.87 ng/ml for the control group. The 25(OH)D levels in 147 children
with asthma (98.65%) and 85 healthy children (87,62%) in the control group (n=97)
were under 20 ng/ml, which indicates a statistically significant difference between the
two groups (p=0.001, Table 1). The mean serum zinc levels of the asthmatic children
were 64 +16.30 pg/dL and 69 + 26.20 pg/dL for the control group (p=0.015, Table 1).

Annual hospital visit rate with RTI in asthmatic children was found out to be 3.6 times
higher than that of the control group. While there was no difference between vitamin
D levels lower than 1ong/ml and the prevalence of the RTI in children with asthma,
vitamin D levels <iong/ml in healthy children correlated with increasing prevalence of
infection compared to the children with a level of >10 ng/ml (p=0.001), (Table 2). No
correlation was found between the annual number of RTIs and serum zinc levels in the
asthmatic children and the control group (Table 2).

Hospital admittance of children with asthma due to acute asthma attack was 33.60%.
There was no relationship between the need for hospitalization and the levels of
vitamin D and zinc [(p=0,07), (p=0,25), respectively]. However, the vitamin D levels of
all hospitalized patients were less than 20 ng/ml, and the zinc levels of all patients who
needed more than one hospitalization were also lower.

Table 2. The relation between vitamin D and zinc levels with number of RTI of the
study population

Vitamin D | Vitamin D Zinc Zinc

<iong/ml | =1ong/ml p-value <7smcg/dl | =75smcg/dl p-value
Children with 121 28 112 (75.1%) 37
asthma n (%) (81.2%) (18.8%) 0.577 75 (24.8%) 0.737
Number of RTI 5.76+1.84 | 5.6%1.96 5.76+1.95 | 5.64+1.56
Control group n 30 67 56 41
(%) (30.9%) (69.1%) 0.001 (57%) (43%) 0.211
Number of RTI 1.93+0.25 | 1.38+0.52 1.5+0.53 1.63+0.48

Of the 50 patients who used systemic steroids for acute asthma attacks, the 25(OH)D
levels were <10 ng/ml in 43 patients (86%) and =10 ng/ml in seven patients (14%)

indicated no statistically significant difference (p=0,287).

The mean inhaled steroid dose of the asthmatic children was 177 + 94.11 pg, and the
mean steroid use duration of the patients was 2.36 + 2.12 years. No relation was found
between the 25(OH)D levels of these children and the steroid dose used (r=-0.009).

We also found no correlation between the 25(OH)D and zinc levels of the children
with asthma and their eosinophil counts, total IgE levels presence of atopy (Table 3),
the severity of asthma and respiratory function variables, including FEV1, FEV1/FVC,

PEF, MEF50, MEF25-75 (Table 4).

No relation was found between the levels of 25(OH)D and zinc and the amount of food
consumed: milk (>1 glass daily, 2 to 3 glasses weekly, <2 glasses weekly); yogurt (=1
portion daily, 2 to 3 portions weekly, <1 portion monthly); red meat (once daily, 3 to 4
times weekly, <3 times monthly); legumes (once a week, once a fortnight, once a
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month or less); fresh fruit and vegetables (=1 daily, 2 to 3 weekly, <1 monthly); fish
(once a week, once a fortnight, once a month); nuts (once a week, once a fortnight,
once a month or less).

Table 3. Association between vitamin D and zinc levels with eosinophil count, total Ig
E and presence of atopy of asthmatic children

Vitamin D (ng/ml) Zinc(mcg/dl)

<20 (n:47) >20 (n:2) <75 (n:am) > 75 (n:38)
Eosinophil count (mm3) 340%2903 220% 14.1 3402681 350+ 352
p 0.119 0.442
Total IgE (IU/ml) 217.1£262.2 15.5+9.19 110£245.3 143+302.6
p 0.127 0.574
Atopy (+) n:73 (48%) 7.9£7.04 - 62+16.87 -
Atopy (-) n:76 (52%) 7.5+2.37 - 66.5+ 15.83 -
P 0.725 0.434

Of the children with asthma, 50 (33.55%) were from low-income families, 81 (54.36%)
were from middle-income families, while 18 (12.08%) were from high-income families.
No significant correlation was detected between the income levels and vitamin D and
zinc levels (p=0.346). Of the children with asthma, 109 (73.15%) of the children were
living in urban areas, and 40 (26.85%) were living in rural areas. There was no
significant correlation between the residency and vitamin D and zinc levels (p= 0.388).

A significant relationship was observed between the vitamin levels of children and the
amount of sunlight in their homes: when the amount of time asthmatic children spend
outdoors on sunny days and the levels of vitamin 25(OH)D are examined, the level was
significantly lower for those who spent less than 30 minutes daily (p=0.001).

Table 4. Correlation analysis between vitamin D and zinc levels with respiratory
function parameters of asthmatic children

Xig;ﬁ;‘ D FEV1 FEV1/FVC PEF MEF50 | MEF25-75
<20 85.17£10.9 100.17+12.5 | 86.38+14.12 | 86.99+15.92 | 90.25+19.7
=20 80.5+6.36 103.00+21.21 | 85.00+4.24 | 85.5t2.12 | 88.00+5.65
r 0.481 0.621 0.864 0.889 0.851

Zinc (mcg/dl) FEV1 FEV1/FVC PEF MEF50 MEF25-75
<75 87+11.1 99+12.3 85+14.8 87+16.1 89+18.8
=75 84%9.9 100+£13.3 87.5+11.3 84.5+15.1 86.5+22.1
r 0.259 0.679 0.689 0.475 0.739

Discussion

While there are various studies that reported positive effects of vitamin D in asthma
pathogenesis.’3™® There are very few studies that assessed the relationship between the
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zinc levels and asthma.'25 As vitamin D deficiency increases globally due to changing
dietary habits, zinc deficiency also increases.

The present study was conducted in Sivas has shown that vitamin D and zinc levels in
children with asthma were lower than the control group. Previous studies of other
regions of Turkey reported that zinc and vitamin D deficiency was common in
asthmatic children. However, it is notable that, the existing studies in the literature did
not find out deficiency levels as low as those found in the present study.'9:>4

In a four-year cohort study, the Childhood Asthma Management Program, which
assessed a total of 1024 North American child with moderate to severe asthma, 35% of
the patients were observed to have insufficient vitamin D levels. In this patient
population, the risk of severe asthma attacks and the frequency of emergency visits
increased. The Third National Health and Nutrition Examination Survey demonstrated
that vitamin D increased the production of antimicrobial peptides, including
cathelicidin, and that a 25(OH)D level of <10 ng/ml constituted a high risk for upper
RTIs compared to those with =30 ng/ml.’> These findings are also consistent with our
study results where hospital visit rate with RTI in asthmatic children was found out to
be 3.6 times higher than that of the control group. Vitamin D levels less than 10 ng/ml
were also associated with an increased infection rate in healthy children, which
suggests that vitamin D deficiency is a contributing factor to the increased RTI rates
among children with asthma.

In the present study, Vitamin D levels of all patients who required systemic steroid
treatment were <10 ng/ml. A higher rate of RTIs in children with lower vitamin D
levels suggests that vitamin D deficiency may increase the attack frequency and need
for systemic steroids.

Studies demonstrated that asthmatic children with low vitamin D levels were more
susceptible to allergy, their lung function was poor, and that they received higher
doses of inhaled steroid, oral steroid, and long-acting B agonists.!*"'41518:2627 The
addition of dexamethasone and vitamin D to CD4+ T lymphocytes of steroid-resistant
asthmatic patients in culture media increased the interleukin (IL) -10 release from
these cells, thereby reducing the inflammatory response and contributing to the
success of the treatment.?®3°-In addition, several studies showed that asthma attacks
due to upper RTIs reduced in children in whom daily vitamin D supplementation was
given'. In a recently published meta-analysis identified 483 unique studies, eight of
which were eligible randomised controlled trials (total 1078 participants). They sought
individual participant data for each and obtained it for seven studies (955 participants).
Vitamin D supplementation reduced the rate of asthma exacerbation requiring
treatment with systemic corticosteroids among all participants (adjusted incidence
rate ratio [aIRR] 0-74, 95% CI 0-56-0-97; p=0-03; 955 participants in seven studies;
high-quality evidence).>*

In the present study, we found no statistically significant relationship between the
asthma severity and vitamin D levels and the respiratory functions. However, we had
no patients with severe asthma who needed high-dose steroids. As a result, we were
unable to form a different group composed of severe asthmatic patients. Additionally,
in 98.00% of the cases in our patient group, the levels of vitamin D were rather low:
only two patients had normal vitamin D levels. The prevalence of RTIs was 3.6 times
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higher in children with asthma than in healthy children, which suggests that vitamin D
deficiency is a contributing factor to the increased rate of RTIs.

While 10% of the vitamin D of the body comes from the food, 9o to 95% is synthesized
in the body following the exposure to solar radiation.?* Geographical latitude, length
of exposure to the sun, skin color, protective cosmetics, and clothing all influence
vitamin D synthesis.>* When the amount of time asthmatic children spent outdoors on
sunny days and the levels of vitamin 25(OH)D were examined, we also observed that
the 25(OH)D levels were significantly lower for those who spent less than 30 minutes
outdoors daily. The lack of many sunny days in Sivas, with a 39° 45" latitude, 37° o1’
longitude and altitude of 1,270 m, is considered the most important factor leading to
vitamin D insufficiency among children living in Sivas.

A study that involves pediatric cases showed that a diet rich in the fish and omega-3
fatty acid reduced the severity of existing asthma.’>5. We also assessed the eating
habits of our study population and found out no relationship between the levels of
vitamin D and zinc with consumption of milk, yoghurt, red meat, legumes, nuts,
vegetables, fruits, and fish. However, in the Sivas province, diet was predominantly
cereals, and fish consumption was much lower than recommended: only 10.00% of the
patients consumed fish once a week. These dietary habits may contribute to the
vitamin D deficiencies in the asthmatic patients and control group included in our
study.

In developing countries, zinc deficiency is common and manifests itself as a reduction
in the immune response and an increase in the rate of infections. Yilmaz et al. found
no relationship between the level of zinc and the duration, severity and control level of
asthma.”. However, the authors revealed that the erythrocyte zinc levels of children
hospitalized due to severe asthma attacks were significantly lower than those of
asthmatic patients who did not require hospitalization and lower than those of the
control group. In another placebo-controlled clinical study of eight weeks that
investigated the effects of zinc supplementation in children with asthma, 284 children
on inhaled steroids were allocated to receive zinc supplements (50 mg/day) (n=144) or
placebo (n=140)3*. The patients and controls had low initial serum zinc concentrations.
Following treatment, the mean serum zinc level in the patient group was significantly
higher than in the controls. The patient group showed significant improvements in
clinical symptoms, such as a cough, wheezing and dyspnea, and in all spirometry
parameters, including FVC, FEV1, and FEV1/FVC. In the present study, 76.00% of the
children who needed to be hospitalized once had insufficient zinc levels, and all
children who needed to be hospitalized twice also had insufficient zinc levels.
Furthermore, the number of RTIs was higher in asthmatic children with lower levels of
zinc than in children with normal zinc levels.

In conclusion, our study results showed that asthmatic children had lower vitamin D
and zinc levels, compared to the healthy children, and these patients visited hospital
more often and required more medication. In the light of these data, we believe that an
increased exposure to sunshine, vitamin D enrichment of commonly consumed foods
and increased consumption of food with vitamin D and high-zinc content could reduce
asthma attacks and frequency of infection in asthmatic children, ensuring the control
of the disease and reducing the number of emergency hospital visits and steroid use.
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Thus, we can conclude that asthmatic children should be evaluated regarding vitamin
D and zinc deficiency and supplementation.
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