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Abstract

Zinc deficiency has demonstrated an associ-
ation with the risk of asthma. This study aimed
to evaluate the efficacy of zinc supplementa-
tion in reducing the severity of childhood asth-
ma exacerbation. A number of 42 children with
asthma exacerbation admitted to the hospital
were randomized to receive either zinc bis-gly-
cinate (30 mg elemental zinc/day) or a placebo
in adjuvant to the standard treatment. The
pediatric respiratory assessment measure
(PRAM) was used to measure the asthma
severity. The primary outcome was a change in
asthma severity from the baseline to the end of
study. The study found that PRAM score in the
zinc group showed a more rapid decrease com-
pared to the control group at the 24-hour
(2.2+1.3 vs. 1.2+1.3; P=0.015) and 48-hour
(34£2.0 vs. 2.2+1.8; P=0.042) intervals. At
admission, overall mean serum zinc level was
63.8 ug/dL and 57.1% of children had zinc defi-
ciency with no difference in prevalence
between groups. PRAM scores did not differ
between children with low and normal zinc
status. In conclusion, zinc supplementation as
the adjuvant therapy to the standard treatment
during asthma exacerbation resulted in rapid
lessening of severity.

Introduction

Asthma is the most common chronic disor-
der of the airways in children, affecting
approximately 10% of children worldwide.! It is
responsible for varied economic burdens
including direct costs through consumption of
resources (e.g., hospitalizations, physician vis-
its, and medications), as well as indirect costs
through loss of productivity.

Asthma is a complex disease, the pathophys-
iology and pathogenesis of which are still not
fully understood. Airway inflammation is con-
sidered as one of the pathogenesis and patho-
physiology of asthma.2 The inflammatory
processes in the airways cause the limitation
of airflow and result in the clinical manifesta-
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tions of asthma such as recurrent episodes of
coughing, wheezing, breathlessness, chest
tightness and shortness of breath.3 A variety of
inflammatory cells including mast cells,
eosinophils, lymphocytes and neutrophils infil-
trate the airway epithelium and release many
pro-inflammatory mediators, leading to inflam-
matory responses, bronchospasm, airway
edema, acute and persistent inflammation and
airway remodeling.4 The activation of immune
cells leads to the release of several stored toxic
mediators, including free radicals and reactive
oxygen species.” The increase in oxidative
stress in asthma is associated with the decli-
nation of antioxidants which contributes to
oxidative damage to mitochondrial respiratory
chain complexes, leading to airway inflamma-
tion, vascular permeability, mucus hypersecre-
tion, smooth muscle contraction and epithelial
shedding.6.7 Since oxidative stress is involved
in the propagation of the inflammatory
response in asthma, the supplementation of
antioxidants has been proposed as one strate-
gy to combat this disorder.

Zinc is an essential trace element for
human metabolism, which contributes to
enzyme activities, protein structuring and the
regulation of gene expression. It also plays an
important role in the modulation of the
immune system as well as acting as an antiox-
idant, anti-inflammatory and anti-apoptosis.8-
11 Several studies observed the association
between low zinc statuses either in serum,
hair or sputum and asthma prevalence.12-17 A
small number of studies have been conducted
to evaluate the efficacy of zinc supplementa-
tion for improvement lung functions or clinical
symptoms of asthma during non-exacerbation;
however, the results were not consistent.18-20
Up to present, there is no report of zinc supple-
mentation improving the clinical severity dur-
ing asthmatic exacerbation. The aim of the
present study was to evaluate the efficacy of
the zinc amino acid chelate in reducing the
severity of asthma in children admitted to the
hospital due to asthma exacerbation.

Materials and Methods

Study design and subjects

A double-blinded randomized control trial
was conducted between January and
December 2015 in children aged 2-16 years
admitted to the pediatric unit of
Srinakharinwirot University Hospital with a
diagnosis of acute asthma exacerbation.
Decisions regarding admission and general
management of asthma were made, respec-
tively, by the emergency and attending physi-
cians.

The children who were eligible to partici-
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pate in the study were only those who had
asthma exacerbation as well as a background
of asthma defined as either: i) at least one pre-
vious episode of 3,-agonist-responsive wheeze
in a child two years of age or over; or ii) a prior
diagnosis of asthma, made by a pediatrician,
or clinician of comparable experience. An asth-
ma exacerbation was defined as those patients
who had one or all of the following clinical fea-
tures:2l dyspnea, wheeze, acute cough,
increase work of breathing, increased require-
ment for P,-agonist from baseline use, and
oxygen saturation <95%.

Excluded from the study were those patients
who: i) had underlying diseases such as bron-
chopulmonary dysplasia, congenital heart dis-
ease, renal disease, neurological disease,
immune deficiency and malignancy; ii)
already taking vitamin or mineral supplements
regularly or having allergy to them; or iii)
could not tolerate oral feeding.

The study was done according to the princi-
ples of the Declaration of Helsinki. The proto-
col was approved by the ethics committee of
the Srinakharinwirot University. Informed
written consent and assent were obtained from
parents or legal guardians and children,
respectively, before enrolment. Parents and

[page 63]



children were allowed to withdraw from the
study at any time and the reason for withdraw-
al was recorded. The zinc supplements and
placebo were purchased from the manufactur-
ing company. The company had not con-
tributed to the design of the study, the accrual
or analysis of the data, or in any processes
related to the study in any way. This study is
registered with the Thai Clinical Trials
Registry (TCTR20141212001).

Intervention

After enrolment, patients were randomized
to receive zinc supplementation or a placebo.
Randomization was done by a statistician who
was not involved in the implementation phase
of the study. The investigators, attending clini-
cians, children and parents were masked to
the intervention. The code of randomization
sequence was opened only after the study was
completed.

Participants in the zinc supplementation
group were given chelated zinc in the form of
zinc bis-glycinate (15 mg elemental zinc)
twice a day until their discharge from the hos-
pital and up to a maximum of 4 days. This was
supplied in powder form in single dose sachets
(Qualimed®, Bangkok, Thailand). The con-
tents of the sachet were dissolved in a glass of
water before administration. Participants in
the control group were given an ORS-based
placebo, which was prepared by the same man-
ufacturer and was in an identical package, and
had identical color and taste. Treatment of
asthma, observation and discharge decision
about the patients was done by their attending
physicians who were not involved in the imple-
mentation phase of the study.

Data collection and monitoring

Baseline, demographic characteristics and
clinical data were recorded by trained research
staff. Weight was measured to the nearest 100
g using an electronic scale and height was
measured to the nearest millimeter. Body mass
index (BMI) was calculated as the ratio of
weight/(height)? (kg/m2). The severity of asth-
ma exacerbation was assessed using the pedi-
atric respiratory assessment measure (PRAM)
score at baseline and again at 24-hour inter-
vals until the end of study by the same staff.2
Serum zinc levels were measured by flame
atomic absorption spectrometry at baseline
and at 4 days after supplementation (or before
discharged from hospital). The time of the
blood drawing and fasting status of patients
were recorded. Patients who had serum zinc
level less than the lower cutoffs regards to age,
sex, fasting status and time of day of blood col-
lection were defined as having zinc deficiency.
In summary, the lower cutoffs for serum zinc
concentrations were: i) age <10 years: morn-
ing non-fasting 65 ug/dL, afternoon 57 ug/dL;
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ii) females, age =10 years: morning fasting 70
ug/dL, morning non-fasting 66 ug/dL, after-
noon 59 pg/dL; and iii) males, age =10 years:
morning fasting 74 ug/dL, morning non-fast-
ing 70 ug/dL, afternoon 61 ug/dL.23 Open-
ended questions were asked to assess side
effects in both groups. Compliance to treat-
ment was assessed by the sum of drug intakes.

Outcome measurement

The primary outcome was change in severi-
ty of asthma assessed by PRAM score from the
baseline to the end of the study. The secondary
outcomes were change in serum zinc levels
from the baseline to the end of study and
prevalence of zinc deficiency.

Statistical analysis

The results were descriptively presented as
mean and standard deviation, median and
interquartile range, or frequency and percent-
age. The Pearson chi-square or the Fisher
exact test were used to compare proportion
between the groups. The normality of distribu-
tion was checked by Kolmogorov-Smirnov test.
Normally distributed continuous data were
compared using a student t-test whereas not-
normally distributed data were compared by
Mann-Whitney U-test. The change in serum
zinc levels from the baseline was assessed by
paired t-test and presented as means and 95%
confidence interval (CI). A P-value less than
0.05 was considered statistically significant.

Results

Forty-three children with acute asthma
exacerbation were approached to participate
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in this study. One subject declined to partici-
pate; therefore, a total of 42 patients were allo-
cated to two study groups (21 patients each in
the zinc group and the control group). All
patients (26, 61.9% boys) completed the
assigned treatment and were included in the
final analysis. Baseline demographic and clin-
ical characteristics are shown in Table 1. The
mean age, weight and BMI of the study group
were 6.5 years (range, 2.0-16.0 years), 26.2 kg
(range, 9.6-52.9 kg) and 17.75 kg/m? (range,
10.90-32.74 kg/m?), respectively. The frequen-
cy of clinical presentation was as follows: acute
cough in 40 patients (95.2%), wheezing in 39
patients (92.9%), increased work of breathing
in 37 patients (88.1%) and dyspnea in 32
patients (76.2%). There were no significant
differences in demographic and clinical char-
acteristics between groups.

At admission, the mean PRAM score of the
zinc supplementation group was comparable
with those of the placebo group (5.4+2.2 and
4.5+1.9, respectively; P=0.181). There were no
significant differences in receiving initial
medical treatment for asthma exacerbation
between groups. All patients in both groups
received the initial treatment of asthma exac-
erbation by inhaled salbutamol; moreover, 15
and 14 patients in the zinc supplementation
and placebo groups, respectively, had an add-
on therapy of inhaled ipratropium bromide
(P=1.000). Thirteen patients in the zinc group
and 17 patients in the control group received
systemic steroids as part of their treatment
(P=0.306).

The PRAM scores of both groups decreased
subsequently during treatment (Table 2).
There were no significant differences between
groups in PRAM scores at 24, 48, 72 and 96
hours after treatment; however, patients in the
zinc supplementation group had significant

Table 1. Demographic and clinical characteristics (values are meanzstandard deviation).

Boys, n (%) 16 (76.2) 10 (47.6) 0.111

Age, yr 5.9+2.7 72+3.3 0.152

Weight, median kg (IQR) 21.0 (14.3-282) 269 (19.4-39.7) 0.054

Body mass index, kg/m? 16.55+4.67 18.91+4.29 0.102

Clinical features

Dyspnea, n (%) 15 (71.4) 17 (81.0) 0.719
Wheezing, n (%) 19 (90.5) 20 (95.2) 1.000
Acute cough, n (%) 20 (95.2) 20 (95.2) 1.000
Increase of work of breathing, n (%) 19 (90.5) 18 (85.7) 1.000
Increased requirement for bronchodilator, n (%) 5 (23.8) 6 (28.6) 1.000
0, saturation, % 96.3+2.8 96.2+2.5 0.862
0, saturation <95%, n (%) 4 (19.0) 5 (23.8) 1.000
Body temperature, °C 37.5+0.8 37.5+0.7 0.888
Respiratory rate, per minute 32+9 32+6 0.967

IQR, Interquartile range.
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higher reduction of PRAM scores from their
baseline compared to the control group at 24
hours (2.2+1.3 vs. 1.2+1.3, respectively;
P=0.015) and at 48 hours (3.4+2.0 vs. 2.2+1.8,
respectively; P=0.042).

The mean serum zinc level upon admission
of the study population was 63.8+17.4 ug/dL.
There was no significant difference in serum
zinc level between the two groups (Table 3).
Overall prevalence of zinc deficiency in
patients with asthma exacerbation at admis-
sion was 57.1% (24 of 42 patients). The preva-
lence of zinc deficiency at admission was com-
parable between groups. Patients who had zinc
deficiency at admission had higher PRAM
severity scores than in patients who had nor-
mal zinc; however, the difference did not reach
statistically significance levels (5.3+2.1 wvs.
4.4+1.9, respectively; P=0.169). At the end of
the study, the mean serum zinc levels of the
study population was 87.1+33.6 ug/dL. Serum
zinc levels were significant increased from
their baseline in the zinc supplementation
group by 32.3 ug/dL (95% CI 14.2 to 50.5 ug/dL;
P=0.001) and the control group by 14.2 ug/dL
(95% CI 5.2 to 23.2 ug/dL; P=0.001); however,
there was no significant difference in the ris-
ing levels between groups. At the end of the
study, 8 (19.0%) patients still had low serum
zinc levels. Patients in the zinc supplementa-

tion group had a lower rate of zinc deficiency
than in the control group but the difference did
not reach statistical significance (9.5 vs.
28.6%, respectively; P=0.238).

Average hospital stay was comparable
between groups (3.9+1.3 days in the zinc sup-
plementation group vs. 4.1+1.0 days in the
control group; P=0.504). No major adverse
events were observed in any patient. One
patient in the zinc group reported mild nausea,
which subsided uneventfully after a day with-
out specific treatment. Compliance was good
and similar in both groups; 92.3% of assigned
medications were consumed in both groups.

Discussion

The present study demonstrates that chelat-
ed zinc supplementation (15 mg elemental
zinc) twice a day administered to children
admitted to the hospital with asthma exacerba-
tion significantly and rapidly decreased the
severity of the asthma in the first 48 hours
after admission. Approximately half (57%) of
the children with acute asthma exacerbation
had zinc deficiency. The majority of the
patients who received zinc supplementation
(90.5%) had normal zinc status at the end of

Table 2. Pediatric respiratory assessment measure severity scores during study.

Admission 54+2.2 45+1.9 0.181
24 hours 3.1+1.9 3.3+1.8 0.741
48 hours 3.2+1.2 2.3+18 0.429
72 hours 1.0£1.0 1.3£1.8 0.613
96 hours 1.0+0.9 1.3+2.7 0.656
At 24 hours 2.2+1.3 1.2+1.3 0.015
At 48 hours 3420 22«18 0.042
At 72 hours 44+2.2* 3.2+2.0 0.090
At 96 hours 3.9+1.7° 3.6+2.3 0.693

*n=18; °n=15; *n=14. PRAM, pediatric respiratory assessment measure.

Table 3. Serum zinc levels of the children with acute asthma exacerbation in the study.

Zinc levels at admission, ug/dL 62.9+13.7 64.8+20.7 0.734
Zinc deficiency, n (%) 12 (57.1) 12 (57.1) 1.000
Normal levels, n (%) 9 (42.9) 9 (42.9)
Zinc levels at the end, ug/dL, median (IQR)° 84.0 (70.0-97.5)  78.0 (61.5-95.0) 0.291
Zinc deficiency, n (%) 2(9.5) 6 (28.6) 0.238
Normal levels, n (%) 19 (90.5) 15 (71.4)

Values are meanz+standard deviation or n (%). °IQR, Interquartile range
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study. However, the study could not demon-
strate statistically significant differences in
serum zinc levels at the end of study between
the zinc supplementation and non-supplemen-
tation groups.

The present finding of the low zinc levels in
asthmatic patients is in agreement with previ-
ous studies.24 El-Kholy and colleagues found
that the mean serum zinc levels in children
aged 2-12 years suffering with bronchial asth-
ma was 70.3 ug/dL, which was lower than the
levels in the healthy controls.24 Later study by
Khanbabaee and colleagues also found that the
mean serum zinc level in pediatric asthma
patients was 70.5 ug/dL, and that 42% of
patients were hypozincemic.17 They found that
there was a significant association between
zinc level and severity of disease. Both studies
were conducted to evaluate zinc status, using a
cross-sectional study design, during non-exac-
erbation periods. In contrast, our finding of
low serum zinc levels was observed during
acute asthma exacerbation. The difference in
criteria using for diagnosis of hypozincemia
may contribute to the difference in prevalence
between studies. Rather than the fixed cutoff
levels for diagnosis as in other studies, the
present study interpreted the results of the
analysis based on the suggested reference data
for age, sex, time of day, and time since last
meal, as suggested by the International Zinc
Nutrition Consultation Group.25 Along with the
follow-up, zinc levels returned to normal at the
recovery phase, even in the non-supplementa-
tion group. This is consistent with the previ-
ous study and suggests that zinc has a rela-
tionship with severity of asthma.

There are few studies on the benefits of zinc
supplementation in asthma or airway hyperre-
sponsiveness.18,19.26 Morgan and colleagues
reported benefits of zinc supplementation
given prior to allergen exposure on decreased
airway hyperresponsiveness and serum IgE
levels in an animal model.26 Bitagi and col-
leagues reported the benefit of zinc supple-
mentation on pulmonary functions and spu-
tum inflammatory markers in children with
moderate persistent asthma.l8 Ghaffari and
colleagues found that the 50 mg zinc supple-
ment in children with asthma attending at out-
patient clinic yielded significant improve-
ments in clinical symptoms such as cough,
wheezing, dyspnea and pulmonary functions
during follow-up.19 However, Pouramjad and
colleagues reported the conflicting results that
zinc supplementation by dosage of 50 mg on
alternate days did not have any significant
beneficial effect on pulmonary function
parameters.20 The present study used zinc sup-
plementation on a daily basis but given in
lower dosage (30 mg of zinc/day) compared to
Ghaffari study.!® However, we found relatively
the same effectiveness in improving clinical
symptoms of asthma as in the previous study.
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The dosage of zinc in this study was approxi-
mately 3-4 times of the recommended daily
allowances as used for treatment of zinc defi-
ciency.2” As zinc is essential for multiple
aspects of metabolism and its daily require-
ment basis, this may explain the negative
results of alternate-day supplementation
employed by the Pouramjad study.20 A chelated
form of zinc, such as the one used in the pres-
ent study, is better absorbed than inorganic
forms, ensuring virtually no adverse effects,
very good compliance and effective blinding
and may have better systemic effects. The
present study used PRAM scores for assess-
ment of asthma severity and response to treat-
ment. PRAM score, an objective assessment for
asthma severity, is recognized for its appropri-
ateness in this context, ability to distinguish
across severity levels, good internal consisten-
cy, and inter-reliability for all pediatric age
groups.22 During acute asthma exacerbation, it
is nearly impossible to assess lung function
tests in young children by other methods such
as peak expiratory flow rate or spirometry
because of poor coordination, severity of ill-
ness and poor familiarity with the technique.22
Even though the present study found a signifi-
cant and rapid improvement in PRAM score in
the zinc supplementation in the first 48 hours
after admission, duration of admission and
severity score at the end were not significantly
different between groups. These findings may
be explained by how patients in both groups
received the same medical treatment for asth-
ma exacerbation as per the standard recom-
mendation for asthma management including
short acting (2-agonists, an inhaled anti-
cholinergic and systemic corticosteroids.28

The exact mechanisms of zinc in rapidly
reducing asthma severity are not clear, the
possible reasons include its usefulness as an
antioxidant, an organelle stabilizer, anti-apop-
totic agent and anti-inflammatory, involving T
cell cytokine expression, NF kappaB signaling
PPAR, COX-2 expression and down-regulation
iNOS.9-11 Zinc is essential and plays many
maintenance roles in cellular metabolism and
integrity, including airway epithelium. Mild
zinc deficiency has been reported to compli-
cate worsened airway inflammation and lung
functions.29 Zinc deficiency is common in
Thailand with an estimated prevalence of more
than 40%.2> The finding of high prevalence of
zinc deficiency in children with asthma exac-
erbation, and how zinc levels returned to nor-
mal in the recovery phase in the present study,
may suggest the possibility of further studies
on the benefits of the long-term zinc supple-
mentation for preventing asthma exacerba-
tion, especially in children with marginal zinc
deficiency like those found in Thailand.

The present study had some limitations. The
small sample size might not be sufficiently
large to detect modest benefits. However, the
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present study had detected some benefits of
faster reduction of severity of asthma exacer-
bation. This study did not evaluate dietary
intake of zinc. We assumed that the dietary
intake of zinc was similar between the two
groups, matched by randomization controlled
masked design. We measured the benefit out-
comes only until the end of supplementation.
We do not know whether the benefits would
have been sustained with a longer duration of
supplementation, or whether this would con-
tinue to provide protecting effects on asthma
exacerbation. Long-term prospective studies
are needed to evaluate the maximum benefits
against childhood asthma. We did not investi-
gate whether the beneficial effects on reduc-
tion of severity of asthma exacerbation was
from either the pharmacological effect of zinc
supplementation or the mixed effects of zinc
and medical treatment for asthma. For ethical
reasons, it was impossible to conduct the study
without the prescribed standard recommenda-
tion of medical treatment in children during
asthma exacerbation. We believe that both
treatments have synergistic effects, as zinc
helps to decrease airway inflammation, which
is one of the physiological characteristics of
asthma.3

Conclusions

The present study shows the zinc supple-
mentation (30 mg elemental zinc/day), as the
adjuvant therapy to the standard medical treat-
ment, results in rapid lessening of severity
during asthma exacerbation. However, the
study could not demonstrate significant differ-
ence in the duration of admission. There was
no significant adverse event with this treat-
ment.
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