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Effect of zinc supplementation in children with 
asthma: a randomized, placebo-controlled trial in 
northern Islamic Republic of Iran
J. Ghaffari,1 A. Khalilian,2 E. Salehifar,3 E. Khorasani 1 and M.S. Rezaii 1

ABSTRACT There are conflicting reports about the benefits of zinc supplements in childhood asthma. This study 
examined the effect of zinc supplementation in children with asthma attending an outpatient clinic in Sari, Islamic 
Republic of Iran. In a randomized, double-blind, placebo-controlled clinical trial over 8 weeks, 284 children on 
inhaled steroids were allocated to receive zinc supplements (50 mg/day) (n = 144) or placebo (n = 140). Cases and 
controls had low initial serum zinc concentrations [61.8 (SD 7.3) µg/dL and 60.9 (SD 4.3) µg/dL]. After treatment, 
mean serum zinc level in the case group was significantly higher [129 (SD 20.4) µg/dL] than in the controls [63 (SD 
8.6) µg/dL]. There were no significant differences in IgE levels before and after treatment. The case group showed 
significant improvements in clinical symptoms such as cough, wheezing and dyspnoea and in all spirometry 
parameters (FVC, FEV1 and FEV1/FVC).

1Department of Paediatrics, Antimicrobial Resistant Nosocomial Infection Research Center; 2Department of Statistics; 3Department of Pharmacology, 
Mazandaran University of Medical Sciences, Sari, Islamic Republic of Iran (Correspondence to M.S. Rezaii: drmsrezaii@yahoo.com).

Received: 01/06/13; accepted: 06/01/14

اة للحالات والشواهد في شمال جمهورية إيران الإسلامية أثر المقادير الداعمة من الزنك على الأطفال المصابين بالربو: دراسة معشَّ
جواد غفاري، عليرضا خليليان، إبراهيم صالحي فر، عفت خراساني، محمد صادق رضايي

الخلاصــة: إن هنــاك تقاريــر متضاربــة عــن منافــع المقاديــر الداعمــة مــن الزنــك عــى الأطفــال المصابــن بالربــو. وقــد تناولــت هــذه الدراســة تأثــير 
المقاديــر الداعمــة مــن الزنــك عــى الأطفــال المصابــن بالربــو ممــن يراجعــون العيــادات في "ســاري" في جمهوريــة إيــران الإســامية؛ وهــي دراســة 
ــاة للحــالات والشــواهد ومزدوجــة التعميــة اســتمرت أكثــر مــن ثمانيــة أســابيع وشــملت 284 طفــاً يعالجــون بالســتيروئيدات إنشــاقاً،  سريريــة مُعَشَّ
بعــد توزيعهــم إلى 144 طفــاً تلقــوا مقــداراً داعــمًا مــن الزنــك )50 ميــي غرام/يــوم( و 140 طفــاً شــاهداً. وقــد تبــن للباحثــن أن لــدى كل مــن 
أطفــال الحــالات والشــواهد مســتويات منخفضــة مــن الزنــك في البــدء )61.8 ± 7.3 مكروغرام/ديــي لــر للحــالات، و60.9 ± 4.3 مكروغــرام/

ديــي لــر للشــواهد(. أمــا بعــد المعالجــة فقــد أصبــح وســطي مســتوى الزنــك في المصــل في مجموعــة الحــالات 129 ± 20.4 ميــي غرام/ديــي لــر 
وهــو أعــى بمقــدار يُعتــدُّ بــه إحصائيــاً ممــا لــدى الشــواهد وهــو 63 ± 8.6 ميــي غرام/ديــي لــر. ولم يكــن هنــاك أي اختافــات يُعتــدُّ بهــا إحصائيــاً 
في مســتوى الغلوبولــن المناعــي E قبــل وبعــد المعالجــة. وأظهــرت مجموعــة الحــالات تحســناً في الأعــراض السريريــة مثــل الســعال والأزيــز وضيــق 
يّ في الثانيــة الأولى، والنســبة بــن الحجــم الزفــيري  ــة، والحجــم الزفــيري القَــسْرِ النفــس وجميــع نتائــج القياســات التنفســية )الســعة الحيويــة القسريَّ

ــة(. يّ في الثانيــة الأولى إلى الســعة الحيويــة القَسْريَّ القَــسْرِ

Effet de la supplémentation en zinc chez des enfants asthmatiques : essai randomisé et contrôlé par placebo 
dans le nord de la République islamique d'Iran

RÉSUMÉ Les informations concernant les bénéfices d'une supplémentation en zinc chez l'enfant asthmatique sont 
contradictoires. L'étude a examiné les effets d'une supplémentation en zinc chez des enfants asthmatiques suivis 
dans un service de consultations externes à Sari (République islamique d'Iran). Dans un essai clinique randomisé 
d'une durée de 8 semaines, en double aveugle et contrôlé contre placebo, 284 enfants sous corticostéroïdes 
inhalés ont été répartis entre un groupe recevant une supplémentation en zinc (50 mg/jour) (n = 144) et un groupe 
sous placebo (n = 140). Les cas comme les témoins présentaient des concentrations sériques en zinc initiales 
faibles [61,8 (E.T. 7,3) µg/dL et 60,9 (E.T. 4,3) µg/dL]. Après le traitement, la concentration sérique en zinc moyenne 
dans le groupe des cas était nettement supérieure [129 (E.T. 20,4) µg/dL] par rapport au groupe des témoins [63 
(E.T. 8,6) µg/dL]. Aucune différence significative n'a été observée dans les taux d'IgE avant et après le traitement. 
Dans le groupe des cas, des améliorations significatives des symptômes cliniques ont été observées, notamment 
la toux, les sifflements respiratoires, la dyspnée et tous les paramètres spirométriques (CVF, VEMS et VEMS/CVF).
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Introduction

Allergic disorders such as asthma, aller-
gic rhinitis, atopic dermatitis and even 
chronic urticaria have a high prevalence 
of morbidity, with significant effects 
on individuals’ quality of life and high 
economic costs for families and nations 
(1). Bronchial asthma is a chronic in-
flammatory disease of the respiratory 
tract system and is more common in 
children than adults (1). The prevalence 
of asthma varies in different regions of 
the world. In the Islamic Republic of 
Iran a meta-analysis has estimated the 
prevalence of asthma in the country 
overall to be about 7.6% (2), while in the 
north of the country, where this study 
was carried out, a prevalence of 12% was 
reported (3).

The reported prevalence of asthma 
has been increasing rapidly in recent 
decades. The etiology of asthma is not 
clear, and genetic and environmental 
factors have been implicated in its 
pathogenesis (4). One hypothesis for 
the increasing rates of asthma are low 
consumption of antioxidant foods 
or increased oxidative stress (1, 5, 6). 
Different studies suggested that trace 
elements might be involved in inflam-
matory processes such as asthma (1, 
4). Zinc levels have been shown to be 
low in the serum, hair and sputum of 
patients with asthma (1, 6–8). Trace 
elements such as selenium and zinc are 
essential components of antioxidant 
enzymes and are required to inhibit 
the production of the free radicals that 
are thought to aggravate asthma (8, 9). 
Zinc is involved in cell and tissue growth 
and plays an important role in DNA 
and protein synthesis. Furthermore zinc 
is an important element in oxidant/
antioxidant pathways and is believed to 
have a pivotal role in bronchial asthma 
pathways (1, 4, 10). Zinc is a modula-
tor of the immune system, decreasing 
the inflammatory response. It has been 
suggested that zinc deficiency could de-
crease the activity/levels of Th1 helper 
T-cells and increase the activity/levels 

of Th2 helper T-cells in asthma (11). 
Consumption of zinc-containing foods 
by mothers during pregnancy has been 
shown to be associated with a lower risk 
of wheeze and asthma in the child (12).

There are conflicting reports 
about the effect of zinc supplements 
on childhood asthma. In a study in the 
Islamic Republic of Iran Pouramjad et 
al. showed that zinc supplements had 
no effect on the clinical manifestations 
of asthma and on pulmonary function 
tests (13). In contrast Biltagi et el., 
in Egypt, showed that consumption 
of omega-3 fatty acid, vitamin C and 
zinc, singly or in combination, led to 
significant improvements in pulmonary 
function tests and sputum inflamma-
tory markers in placebo, self-controlled 
trials of children with asthma (14). The 
aim of the present study in Sari, Islamic 
Republic of Iran, was to examine the 
effect of zinc supplementation on clini-
cal symptoms and pulmonary function 
tests in children with asthma.

Methods

This study was a double-blind, rand-
omized, placebo-controlled clinical trial 
of the effect of zinc supplementation 
on clinical symptoms in zinc-deficient 
children with asthma in Sari, northern 
Islamic Republic of Iran.

Sample
The sample was selected from among 
patients attending the public outpatient 
allergy clinic at Mazandaran University 
of Medical Sciences between August 
2010 and May 2011. The sample size 
was calculated based on the results of 
previous studies (prevalence of asthma 
10%–12%). Patients were excluded if 
they had diabetes mellitus, liver or kid-
ney disease, infections or thyroid dys-
function, or clear clinical manifestations 
of zinc deficiency. We also excluded 
children who had been taking trace ele-
ments or vitamin supplements.

The diagnosis of moderate and/
or partly controlled bronchial asthma 
was made based on the child’s history, 
family history, physical examination and 
assessment by an allergist and clinical 
immunologist using Global Initiative 
for Asthma criteria (15). All patients in 
this study were using fixed inhaled ster-
oids (moderate dose of fluticasone). Of 
the 345 patients assessed for eligibility, 
30 did not meet the inclusion criteria, 
10 declined to participate and 5 were 
excluded for other reasons. The remain-
ing 300 patients were enrolled in the 
clinical trial and randomized to either 
the case (n = 155) or the control group 
(n = 145).

The study was approved by the 
ethics committee of Mazandaran Uni-
versity of Medical Sciences. Written 
informed consent was obtained from 
parents or guardians of the children. 
Because there were no clinical manifes-
tations of zinc deficiency in our patients, 
there was no ethical requirement to use 
zinc supplements in the control group.

Data collection
The patients’ clinical data were assessed 
by a researcher and a paediatrician. Both 
were blind to the treatment groups. 
Clinical symptoms (cough, wheezing, 
dyspnoea), spirometry indices and se-
rum zinc and IgE levels were recorded 
before and after the intervention.

Pulmonary function testing was 
performed by an expert technician for 
forced vital capacity (FVC), forced ex-
piratory volume in 1 second (FEV1) 
and FEV1/FVC. The measures were 
performed without the use of a bron-
chodilator.

A 5 mL sample of blood was taken 
from all patients. Blood was centrifuged 
at 2000 rpm for 15 minutes. Serum zinc 
level were measured by atomic absorp-
tion spectroscopy (Zeeman, Varian) 
and expressed in μg/dL. Complete 
blood count, eosinophil count and se-
rum total IgE level was performed for 
all patients.
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with zinc supplements compared with 
the control group. Zinc supplementa-
tion had a significant effective on all 
parameters of spirometry including 
FVC, FEV1 and FEV1/FVC ratio. For 
example FEV1/FVC ratio before and 
after the intervention was 73.1 (SD 3.6) 
and 83.4 (SD 4.7) respectively in the 
case group (P = 0.007) and 74.7 (SD 
3.9) and 77.8 (SD 4.6) respectively in 
the control group.

Discussion

Zinc and copper are required for opti-
mal activity of the immune system and 
it has been shown that low levels of 
these trace elements are important fac-
tors in acute and chronic inflammatory 
states such as bronchial asthma (16). 
However, the evidence regarding the 
clinical efficacy of zinc supplementation 
on children with asthma is conflicting. 
This study was therefore designed to 
examine the effects of zinc on clinical 
symptoms and spirometry parameters 
in bronchial asthma.

We demonstrated that zinc sup-
plementation at 50 mg/day for 8 weeks 
had a significant beneficial effect on 
both clinical symptoms and lung func-
tion in bronchial asthma patients. In 
other studies, the relationship between 
serum zinc and bronchial asthma re-
mains doubtful (6, 16, 17) or contro-
versial (18). In another study in the 

Intervention
After recruitment patients judged to 
have moderate asthma with associated 
zinc deficiency (< 70 µg/dL) according 
to the allergist and clinical immunolo-
gist were randomized by a paediatrician 
to the intervention (zinc supplements, 
50 mg/day) or control (placebo) 
group. Patients received the drug or 
placebo from the pharmacy and were 
blind to the treatment. Treatments con-
tinue for 8 weeks. Both groups received 
inhaled fluticasone spray. If a patient 
had unrelieved symptoms, they were 
advised to use a short-acting beta-2 
agonist (salbutamol).

Statistical analysis
Analysis was done to determine the 
clinical improvement and spirometry 
alteration between the 2 groups. All re-
sults are given as the mean and standard 
deviation (SD) value and data analysis 
was performed with SPSS software, 
version 17 statistical program. Data 
were analysed using paired t-test (for 
comparing before and after intervention 
data), independent-test (for compari-
son between the 2 groups) and the chi-
squared test (for qualitative variables). 
P-values < 0.05 were assumed to be 
statistically significant.

Results

Eligible patients
Table 1 shows the age and sex distribu-
tion of the 300 enrolled patients (155 
cases and 145 controls). There were 
more boys than girls (59% versus 41%). 
The mean age was 7.6 (SD 1.6) years 
and 7.8 (SD 0.5) years respectively in 
the case and control groups.

Of the 155 patients in the case 
group 11 did not receive the allocated 
intervention. After the intervention a 
further 4 children were lost to follow-
up and 6 discontinued treatments (of 
drug and decreased inhaler steroids). Of 
the 145 in the control group 5 did not 
receive the allocated intervention. After 

the intervention 3 were lost to follow-up 
and 4 discontinued the intervention (of 
placebo and decreased inhaler steroid). 
The data were therefore analysed for the 
144 cases and 140 controls who com-
pleted the study and not for the whole 
group on the basis of intention to treat.

Mean serum zinc levels
The mean serum zinc level was 61.8 
(SD 7.3) µg/dL and 60.9 (SD 4.3) µg/
dL in the case and control groups re-
spectively before treatment (Table 2). 
After treatment the serum mean levels 
of zinc increased to 129 (SD 20.4) µg/
dL in the case group compared with 63 
(SD 8.6) µg/dL in the controls, and this 
was a significant difference (P < 0.001). 
There was no significant difference in 
IgE levels in both groups before and 
after treatment (P < 0.05) (Table 2).

Clinical symptoms
Clinical symptoms evaluated in this 
study are shown in Table 3. There were 
significant improvements in the case 
group compared with the control group 
in all the clinical symptoms evaluated: 
cough [relative risk (RR) = 2.3; 95% CI: 
1.3–4.1] (P = 0.003), wheezing (RR = 
3.6; 95% CI: 1.8–7.4) (P < 0.001) and 
dyspnoea (RR = 4.2; 95% CI: 1.9–8.7) 
(P < 0.001).

Spirometry parameters
Table 4 shows the spirometry param-
eters before and after 8 weeks treatment 

Table 1 Sex and age of the enrolled case and control group patients with asthma

Variable Case group Control group Total

No. % No. % No. %

Total 144 100 140 100 284 100

Sex

Female 74 51 67 49 141 41

Male 70 48 73 51 143 59

Age (years)

5–10 88 61 82 59 170 60

11–15 56 49 58 41 114 40

Mean (SD) 7.6 (1.6) 7.8 (0.5) 7.8 (1.2)

SD = standard deviation.
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Islamic Republic of Iran Pouramjad et 
al. showed that zinc supplementation 
(50 mg every other day) had no signifi-
cant effect on respiratory factors such 
as spirometry (12). We used a higher 
dose of zinc sulphate (50 mg every day), 
however, which might explain the posi-
tive effect of zinc supplementation in 
our study. Furthermore, we evaluated 
both lung function and clinical symp-
toms. Biltagi et al. showed a positive 
effect not only of zinc supplementation 
but also supplementation with omega-3 
fatty acids and vitamin C in children 
with moderate asthma (14), and com-
bined therapy was more effective than 
single therapies.

Before the intervention all the asth-
matic children in our study had low of 
serum zinc concentrations (< 70 µg/
dL). Studies have suggested that aller-
gic diseases such as asthma, leukaemia 
and coronary artery ectasia are associ-
ated with deficiencies of trace elements 
such as selenium and zinc (14, 19, 20). 
Furthermore it has been shown that 

hair zinc levels are lower in children 
with recurrent wheeze compared with 
healthy controls and are negatively cor-
related with wheezing episodes in the 
last 6 months (21). Although erythro-
cyte zinc levels were not significantly 
decreased in asthma patients compared 
with a healthy group of children, there 
was a significant decrease in patients 
hospitalized with asthma attacks (22).

It has been suggested that zinc 
deficiency can reduce antioxidant 
function and lead to exacerbation of 
bronchial asthma. Soutar et al. reported 
that limitation of zinc intake was as-
sociated with a higher risk of asthma 
attacks (23). Therefore it seems that 
zinc could be an effective trace ele-
ment in bronchial asthma patients. It 
has been reported that zinc decreases 
the incidence and prevalence of acute 
respiratory tract infection and the sever-
ity of symptoms of the common cold 
(24, 25). El-Kholy et al. reported that 
adequate dietary intake of zinc and zinc 
supplementation might decrease the 

severity of asthmatic attacks (26). Ani-
mal studies also demonstrated that zinc 
supplements reduced inflammatory 
and airway hyper-responsiveness (27). 
Prasad et al. showed that zinc decreased 
oxidative stress and nuclear transcrip-
tion factor NF-κB activation in isolated 
mononuclear cells via induction of zinc 
finger protein A20 (28).

In the present study we were unable 
to evaluate bronchial epithelial levels 
of superoxide dismutase, an enzyme 
which is deficient in asthma patients, 
but has been hypothesized that zinc 
might increase the activity of the en-
zyme similar to inhaler steroids which 
have been used in these patients (29). 
Therefore, it is possible that zinc and 
inhaler steroids have synergistic effects.

Although in this study serum total 
IgE levels decreased in the case group 
after zinc treatment, the difference was 
not significant. It seems that changes 
in serum total IgE levels may not be an 
important factor in bronchial asthma 
patients. Nevertheless Morgan et al. 

Table 2 Mean serum zinc values and IgE levels before and after treatment for the case and control groups

Parameter Case group
(n = 144)

Control group
(n = 140)

Before After P-valuea Before After P-valuea

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Serum zinc (µg/dL) 61.8 (7.3) 129 (20.4) < 0.001 60.9 (4.3) 63 (8.6) 0.701

Serum IgE (IU/L) 119 (22) 106 (17) 0.423 109 (18) 103 (16) 0.648
aBefore versus after, paired t-test. 
SD = standard deviation.

Table 3 Clinical presentation in the case and control groups before and after treatment

Symptom Case group
(n = 144)

Control group
(n = 140)

Statistical analysis

Before After P-valuea Before After P-valuea RR (95% CI) P-valueb

No. % No. % No. % No. %

Cough 127 88 101 70 0.004 112 80 103 74 0.427 2.3 (1.3–4.1) 0.003

Wheezing 94 65 68 47 0.002 88 63 81 58 0.638 3.6 (1.8–7.4) < 0.001

Dyspnoea 56 39 35 24 0.003 57 41 49 35 0.537 4.2 (1.9–8.7) < 0.001

Partially controlled 
asthmac 144 100 73 51 < 0.001 140 100 112 80 0.261 2.0 (1.4–2.8) < 0.001

aBefore versus after, χ2-test; bCase versus control group, independent t-test. 
cDaytime symptoms more than twice/week; limitations of activities and nocturnal symptoms/activities; need for relief/rescue therapy more than twice/week; lung 
function (PEF or FEV1) < 80% of predicted or personal best. 
RR = relative risk; 95% CI = confidence interval.
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showed zinc supplementation de-
creased airways hyper-responsiveness 
and serum IgE levels in a mouse model 
of allergic airway inflammation, and 
suggested that zinc supplements might 
have an anti-inflammatory effect via 
inhibition of the NF-κB pathway which 
leads to a decrease of serum IgE levels 
(27). Lang et al.’s study showed that 
zinc supplementation caused decreased 
eosinophil and lymphocyte levels in the 
bronchoalveolar lavage of mice (30).
There were some limitations to our 
study. The sample size was small, there 
was no assessment of patients’ diet and 
no separate evaluation was made of 

cases of mild and severe asthma. We 
did not evaluate other antioxidants 
such as selenium and magnesium or 
inflammatory markers in respiratory 
tract secretions.

Conclusions

In this study we showed that zinc 
supplementation at 50 mg/day in 
children with moderate asthma with 
zinc deficiency  significantly improved 
both clinical symptoms and lung func-
tion. We recommend that any asthma 
patients with zinc deficiency use zinc 

supplements. Further studies with larger 
samples and cross-sectional methods 
are needed to further understanding the 
relationship between zinc supplement 
and bronchial asthma

Acknowledgements

Funding: this study was a resident thesis 
(Dr Effat Khorasani) supported by a 
financial grant from the Mazandaran 
University of Medical Sciences (thesis 
no. 1153). RCT registration number: 
IRCT 201105316660n1
Competing interests: None declared.

Table 4 Spirometry parameters in the case and control groups before and after treatment 

Parameter Case group
(n = 144)

Control group
(n = 140)

Before After P-valuea Before After P-valuea

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

FVC (L) 87.2 (3.4) 96.7 (5.6) < 0.001 86.1 (3.3) 93.4 (4.9) 0.649

FEV1 (L) 71.1 (3.8) 84.7 (3.9) 0.002 72.8 (4.2) 73.1 (4.2) 0.852

FEV1/FVC (FEV1%) 73.1 (3.6) 83.4 (4.7) 0.007 74.7 (3.9) 77.8 (4.6) 0.784
aBefore versus after, paired t-test. 
SD = standard deviation; FVC = forced vital capacity; FEV1 = forced expiratory volume in 1 second.
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