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Abstract

Background: During recent decades, there has been a dramatic increase in the prevalence of asthma in children. There is low-grade
quality evidence that breastfeeding and anemia are associated with a reduced risk of asthma in children up to 5 years of age.
Objectives: Regarding the high prevalence of anemia and asthma in Iranian children, we aimed to evaluate the risk factors for
asthma in children.
Methods: The present case-control study examined 110 children (55 cases and 55 controls) aged 3 to 12, admitted to Shahroud edu-
cational hospitals from March 2017 to February 2018. The children diagnosed based on the Global Initiative for Asthma criteria, by
a specialist physician, were selected as the case group and those admitted to other hospital wards for diseases (such as orthopedic
and nephrology), other than respiratory problems were selected as the control group. Multivariable logistic regression was used to
find asthma risk factors. P < 0.05 was considered statistically significant.
Results: Of 110 children, 63 (57.3%) were boy and mean (± standard deviation (SD)) age of the participants was 7.23 (± 4.17) years and
mean weight was 29.6 (± 21.6) kg. Most of the children (76.4%) were fed by breast milk during infancy. Mean (± SD) Hb in the case
group was 10.4 (± 2.5) g/dL and in the control group was 11.5 (± 2.3) g/dL (P = 0.01). The prevalence of anemia was 72.7% and 50.9% in
the case and control group, respectively (P < 0.001). After controlling for potential confounders, breastfeeding (OR breast milk only
vs. formula only = 2.23, P = 0.01), serum level of hemoglobin (OR = 0.13, P = 0.002) and ferritin (OR = 0.32, P = 0.04) were significantly
associated with the risk of asthma.
Conclusions: Our study found the role of low duration of breastfeeding and ferritin deficiency as a risk factor for development of
asthma in children. This finding emphasizes that iron supplementation along with breastfeeding in childhood may prevent asthma
and hence reduce the children’s mortality and morbidity rates associated with asthma.
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1. Background

Asthma is a chronic inflammatory disease with re-
versible airway obstruction, which causes wheezing,
breathlessness, chest tightness, and coughs (1). It is a
major cause of hospital admission and asthmatic attacks
that can be associated with mortality (2). In addition, it
is associated with several comorbidities that increase the
risk of disease exacerbation (3). Asthma involves 4.3% of
the world population, while the average annual asthma
prevalence is higher in children than adults (4). Despite
different prevalence rates reported, according to different

definitions, the prevalence of asthma is apparently higher
in Iran than in other countries, especially in children (5).
The high prevalence and the increasing trend in the past
few decades in Iran, necessitates paying more attention to
this disease in the country (6).

Although various pathophysiologies have been sug-
gested for the disease, including the role of allergy, in-
flammation, and genetic mutations, the definite etiology
of asthma is unclear (7). Generally, asthma is considered
a multifactorial disease and various genetic and environ-
mental factors are suggested to play a role in its incidence,
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attacks, and exacerbations (8, 9). For example, it has been
suggested that a family history of asthma and allergies sig-
nificantly influences the risk of asthma in children (7, 8).
In addition, to gastroesophageal reflux, air pollution, emo-
tional stress, and viruses, nutrients, such as vitamins (C
and B), and minerals (like magnesium, zinc, and selenium)
have been proposed to be involved in the pathophysiology
of asthma (10). It has been suggested that, low hemoglobin
(Hb) level is a risk factor for respiratory tract infections
(RTI) (11, 12) and iron supplementation has been shown to
reduce the mortality of RTI (13). Also, anemia is associated
with the inflammation in chronic obstructive pulmonary
disease (COPD) and affects patients’ mortality and quality
of their lives (14, 15). Nevertheless, there is little evidence
on the association between asthma and anemia (16). In ad-
dition, the available literature reported conflicting results:
although animal models suggest that systemic adminis-
tration of iron could suppress airway manifestations of al-
lergic asthma (17) and exhaled concentration of asthmatic
patients was lower than the healthy controls (18), another
case-control study indicated no difference in serum iron
level of asthmatic patients, compared with healthy sub-
jects (19).

2. Objectives

Because of the controversies in the results of studies
about the association between asthma and anemia and the
high disease burden of asthma (20), we aimed to investi-
gate the association between breastfeeding, anemia and
sociodemographic factors with the risk of asthma in Ira-
nian children. In case a positive association is found, a step
can be taken toward the reduction of asthma-related mor-
bidity/mortality by iron supplementation.

3. Methods

3.1. Study Design

The present case-control study examined 110 children,
admitted to Shahroud educational hospitals from March
2017 to February 2018. The protocol of the study was ap-
proved by the Ethics Committee of Shahroud University of
Medical Sciences (Code: IR.SHMU.REC.1395.86). Before pa-
tient selection, the design and objectives of the study were
explained to the parents and written informed consent
was obtained from them for participation of their children
in the study. All data were recorded and analyzed without
names and confidentiality of the data, as well as other eth-
ical issues, were met throughout the study, according to
Helsinki’s Declaration on human studies.

Sample size was priori calculated in order to detect an
increase in the risk of asthma among those with a history
of formula feeding as small as 2.4 times (odds ratio = 2.4)
of the risk for those with no breastfeeding. The alpha (a)
value and power were set at 0.05 (two sided) and 80% re-
spectively. Accordingly, the sample size of this study was
calculated at 55 children in each group, according to the
study by Ramakrishnan et. al., study (16).

The inclusion criteria for the case group consisted of
children, below the age of 12 year, who were admitted to
the respiratory ward of the selected hospitals with the di-
agnosis of asthma, based on Global Initiative for Asthma
(GINA) criteria (21) by a specialist physician, whose par-
ents gave consent for participation of their children in
the study. All patients who had stable vital signs were
recruited. The exclusion criteria consisted of other aller-
gies, sinusitis, cystic fibrosis, immunodeficiency, congeni-
tal/chronic pulmonary diseases, congenital malformation
of the chest wall, severe systemic disease, or any patient
requiring medical interventions or surgical procedure, re-
sulting in blood loss.

The inclusion criteria for the control group consisted
of children, aged < 12 years, with stable vital signs, who
were admitted to different wards of the same hospitals
for diseases (like orthopedic, nephrologic, etc.), other than
respiratory problems. The exclusion criteria of the control
group consisted of all the criteria mentioned for the case
group, in addition to no respiratory problems. The control
group was matched for sex and age with the case group.

The demographic characteristics of the study partici-
pants (including age, sex, height, and weight, as well as
the method of feeding during infancy) were recorded and
one blood sample (5 cc) was taken from each child in
the morning, and serum levels of Hb, ferritin, and iron
were measured. Hemoglobin (indexed in the CBC test)
was measured in the laboratory by Cell Counter set (Ce-
lena D1 Abbott; ABOOT Cell Dyn 3700, USA). Ferritin was
measured in the laboratory using ECLIA (electrochemilu-
minescence immunoassay analyzer) method (Ultra mea-
surement method; Cell Counter, SYSMEX KX21N, Japan) and
the Iron serum was measured in the laboratory using a
photometric method by Ferrozine method (a Transforma-
tion method; Ferrozine method, Pishtazteb diagnostics
Kit, Iran).

Body mass index (BMI) was calculated by the division
of weight (in kg) by the squared height (in meters) and re-
ported as kg/m2. According to the standard protocols, ane-
mia was considered Hb < 10.9 g/dL for the ages 4 - 6 years,
< 11.9 g/dL for the ages 5 - 12 years. Also, Anemia was consid-
ered ferritin < 10 ng/mL for the ages 4 - 6 years, < 15 ng/mL
for the ages 5 - 11 years, and < 20 ng/mL for the ages 11 - 14
years and higher, below the level according to the age (22).
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The collected data were compared between the groups ac-
cording to the diagnosis of anemia.

3.2. Statistical Analysis

The data were inserted into an excel sheet. For report-
ing the results, quantitative variables were presented as
mean ± standard deviation (SD) and categorical variables
by frequency (percentage). For the comparison of contin-
uous variables between the groups, t-test was used and for
that of categorical variables, chi-square test was used. To
find risk factors for asthma, and control the role of possible
role of confounder variables, and to measure the adjusted
association of each independent variable with the risk of
asthma, a multivariable logistic regression model was fit-
ted to the data using stepwise variable selection strategy.
The modeling procedure was started after collinearity be-
tween the independent variables was tested using variance
inflation factor index (VIF).

For the statistical analysis, the statistical software IBM
SPSS Statistics for Windows version 16.0 (IBM Corp., the
United States) was used. P values ≤ 0.05 were considered
statistically significant.

4. Results

Of 110 participants, 55 (50%) were assessed in the case
group and 55 (55%) in the control group. Of the total par-
ticipants, 63 (57.3%) were boys and the rest were girls and
the sex distribution of the participants was not different
between the groups (P > 0.05) (Table 1).

Mean (± SD) age of the participants was 7.23 (± 4.17)
years with a range of 3 - 12 years. Categorizing the age to <
4, 4 - 7, 8 - 11, and > 11 years showed that more than half of
the patients (51.8%) were in the age category of 4 - 7 years.

Mean (± SD) weight of the case group was 28.9 (± 24.8)
kg with a range of 9.5 to 45.5 kg and that of the control
group was 30.2 ± 23.5 kg with a range of 10.5 to 47.5 kg
without a significant difference between two groups (P =
0.085). Mean (± SD) height of the case group was 118.6 (±
21.7) cm with a range of 98.5 to 155.5 cm and that of the con-
trol group was 120.1 (± 22.6) cm with a range of 99.5 to 157.5
cm without significant difference (P = 0.115). Mean (± SD)
BMI of the case group was 19.88 (± 6.18) kg/m2 with a range
of 17.7 to 26.9 kg/m2 and that of the control group was 19.72
± 6.33 kg/m2 with a range of 18.2 to 27.3 kg/m2 without sig-
nificant difference (P = 0.103).

Most of the participants (65.5%) were the results of nor-
mal vaginal delivery, most (76.4%) were fed by breast milk
during infancy, and most lived in urban areas (77.3%). There
was a significant difference between the two groups in the
distribution of feeding method during infancy (P < 0.05),

while there was none in terms of delivery method and liv-
ing place (P > 0.05). The frequency of all demographic vari-
ables according to the study groups are shown in Table 1.

Mean (± SD) Hb in the case group was 10.4 (± 2.5) g/dL
and in the control group was 11.5 (± 2.3) g/dL (P = 0.01) (Ta-
ble 2). Mean (± SD) ferritin level was 26.6 (± 3.8) g/dL with
a significant difference between the groups and was signif-
icantly higher in the control group (P < 0.001). The results
of the laboratory measurements are shown in Table 2.

The prevalence of anemia (based on hemoglobin) was
61.8% in all participants (72.7% in the case group and 50.9%
in the control group) (P < 0.001) (Table 3). The prevalence
of anemia, based on ferritin level, is also shown in Table 3.
Also, the results showed a significant association between
the child’s sex (P = 0.033) and the type of infant feeding (P
= 0.017) with anemia.

As shown in Table 4, after controlling potential con-
founders, multivariable logistic regression shows that
breastfeeding (OR breast milk only vs. formula only = 2.23,
P = 0.01), serum level of hemoglobin (OR = 0.13, P = 0.002)
and ferritin (OR = 0.32, P = 0.04) were significantly associ-
ated with the risk of asthma. According to the results of
multivariable logistic regression, we found no statistically
significant association between sex, delivery method, and
residency or living place and the risk of asthma (P for all >
0.05).

5. Discussion

Our study supported the hypothesis that low duration
of breastfeeding and ferritin deficiency may play a sig-
nificant role in development of asthma in children. The
present study showed that the overall prevalence of ane-
mia was about 62%. This prevalence seems to be much
higher than the global prevalence of anemia in children
(43% - 47%) (23, 24). A recent Iranian report indicated the
prevalence of anemia in hospitalized children at 40% (25),
which is lower than the present study. Overall estimates
of anemia have been reported at 10.8% in children aged
2 - 6 years, and 15% in children aged 7 - 12 years (26), and
about 14% in the population younger than 18 (27), which is
much less than the present study. In the present study, the
prevalence of anemia in the control group was about 51%,
which is again higher than the previous reports, as men-
tioned above. This could be due to the significant differ-
ence in the prevalence of anemia in different provinces of
the country (28). As suggested, anemia depends on vari-
ous factors, such as the place of living (rural or urban) (29),
socioeconomic factors (30, 31), and breastfeeding (32). Al-
though one of the factors that may justify the high preva-
lence of anemia in the present study could be the fact that
most participants lived in urban areas, the prevalence of
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Table 1. Comparison of Demographic Variables Between the Study Groups

Variables Case Group, No. (%) Control Group, No. (%) Total P Valuea

Sex 0.085

Girl 31 (56.4) 32 (58.2) 63 (57.3)

Boy 24 (43.6) 23 (41.8) 47 (42.7)

Age category, y 0.012

< 4 6 (10.9) 5 (21.7) 11 (10)

4 - 7 27 (49.1) 30 (54.5) 57 (51.8)

8 - 11 13 (23.6) 13 (23.6) 24 (21.8)

> 11 9 (16.4) 9 (16.4) 18 (16.4)

Family history of asthma 0.054

No 42 (76.36%) 45 (81.81%)

Yes 13 (23.64%) 10 (18.19%)

Delivery method 0.108

Normal vaginal delivery 37 (67.3) 35 (63.6) 72 (65.5)

Cesarean delivery 18 (32.7) 20 (36.4) 38 (34.5)

Feeding method 0.03

Breast milk only 39 (70.9) 45 (81.8) 84 (76.4)

Formula only 5 (9.1) 3 (5.5) 8 (7.3)

Breast milk and formula 11 (20) 7 (12.7) 18 (16.4)

Living place 0.124

Urban 44 (80) 41 (74.5) 85 (77.3)

Rural 11 (20) 14 (25.5) 25 (22.7)

aThe results of chi-square test at significance level of 0.05.

Table 2. Comparison of Laboratory Tests Between the Case and Control Groups

Mean ± SD Minimum Maximum P Valuea

Hemoglobin, g/dL 0.015

Case group 10.4 ± 2.5 8.5 12.5

Control group 11.5 ± 2.3 8.8 12.0

Ferritin, g/dL < 0.001

Case group 24.9 ± 17.5 6.0 39

Control group 28.1 ± 19.3 11.0 45.0

aThe results of t-test at significance level of 0.05.

Table 3. Comparison Between the Study Groups in Terms of Hemoglobin and Ferritin Values

Variables Case Group, No. (%) Control Group, No. (%) Total P Valuea

With anemia 40 (72.7) 28 (50.9) 68 (61.8)
< 0.001

Without anemia 15 (27.3) 27 (49.1) 42 (38.2)

With anemia 24 (43.6) 15 (27.3) 39 (35.5)
0.023

Without anemia 31 (56.4) 40 (72.7) 71 (64.5)

aThe results of chi-square test at significance level of 0.05.

anemia cannot be compared easily among the studies, as
each study population selected might have different so-
cioeconomic status, use a specific nutrition, etc., resulting
in different reported data. According to the results of the
present study, children younger than 12 years hospitalized

in Shahroud hospitals had a significantly high prevalence
of anemia, which calls for the attention of policymakers to
this issue in this province.

A few studies have suggested that a longer duration of
breastfeeding can have protective effects against the de-
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Table 4. Adjusted Association Between the Study Variables and Risk of Asthma in
Children Aged 3 - 12 Years Old.

Variables
Multivariable Logistic Regression Model

OR 95% CI P Value

Breastfeeding

Breast milk
only

1a - -

Formula only 2.23 1.15, 4.73 0.01

Sex

Female 1 - -

Male 2.06 0.79, 4.32 0.09

Delivery method

Normal
vaginal
delivery

1 - -

Cesarean
delivery

1.21 0.48, 3.28 0.06

Residency

Urban 1 - -

Rural 1.07 0.63, 3.25 0.23

Serum level of
hemoglobinb

0.13 0.04, 0.34 0.002

Serum level of
ferritinb

0.32 0.09, 0.67 0.04

Family history of
asthma

No 1 - -

Yes 1.18 0.83 – 2.79 0.16

Abbreviations: 95% CI, 95% confidence interval; OR, odds ratios
aReference category
bThe variable was interred in to the medal as a continuous variable.

velopment of asthma in children. A national population-
based longitudinal survey of children and youth on a
sample of 331,100 children revealed that there is a dose-
response effect with breastfeeding duration and asthma
(33). Also, In line with our findings, results of a systematic
review and meta-analysis of 42 articles on the association
between breastfeeding and asthma and allergies shows
that more duration of breastfeeding compare to less dura-
tion was associated with reduced risk of asthma for chil-
dren aged 5 - 18 years, and this protection association was
more significant in low/medium-income countries (34).

The comparison of 55 asthmatic children with 55 con-
trols in the present study indicated a significantly higher
prevalence of anemia and a lower mean serum level of Hb.
These results are in line with another case–control study
on children, indicating a higher prevalence of anemia in
the children with asthma than that of the matched con-
trol group. In this study, mean Hb levels was 10.58 g/dL

in the asthmatic group and 11.75 in the control group (35),
which is very close to the mean Hb levels in the children
of our study (10.4 g/dL in the case group and 11.5 g/dL in
the control group). Also, in a prospective cohort study on
100 outpatient children aged 6 - 16 years, the results indi-
cated a significantly higher prevalence of asthma in chil-
dren with iron deficiency anemia and a positive correla-
tion between Hb levels and pulmonary function parame-
ters (FEV1, FVC, FEV1/FVC, and PEF) in this group (36), which
is in line with the results of the present study. Further
research has proven the role of mothers’ anemia on the
higher risk of asthma in their children, which indicates the
significant association of anemia and asthma, not only in
the patients but also in their next-generation (37), which is
in line with the results of the present study, emphasizes the
importance of treating anemia for prevention of asthma.
This effect can be justified by the role of Hb in oxygen,
carbon dioxide, and nitric oxide transport (38); thus, dys-
function of Hb by anemia may affect asthma by disturb-
ing the oxygen pressure stability in tissues. The results
of the present study emphasize the significance of paying
more attention to anemia in Iranian children, especially
in Shahroud, which along with severe anemia-associated
complications and the disease burden (39); also, affects the
prevalence of asthma.

Another important finding of the present study was
significantly higher mean serum level of ferritin in the
control group, compared with the asthmatic patients. An-
other study on women in the United States indicated that
a higher serum level of ferritin was associated with de-
creased odds of asthma (40), which is in line with the re-
sults of the present study. In the study by Bener et al., fer-
ritin was identified as a significant predictor of asthma af-
ter adjustment for other variables (35), which confirms the
results of the present study. Eissa et al. also indicated a
positive correlation between ferritin levels and pulmonary
function parameters (FEV1, FVC, FEV1/FVC, and PEF) in chil-
dren with iron deficiency anemia (36), which is consistent
with the results of the present study. These studies, along
with the results of the present study, indicate the signifi-
cant role of iron in asthma. Considering the high preva-
lence of iron deficiency in Iranian children (41), and de-
spite the efforts of health evolutionary plans, supplemen-
tation of iron seems an important measure to be consid-
ered by policymakers, which along with other benefits,
may also reduce the prevalence of asthma.

Along with the strengths of the present study, it might
be affected by several limitations. One of the main limita-
tions of the present study was the case-control design of
the study. In this study, the control group was matched
with the case group in terms of age and the results showed
significant difference between the groups in age distribu-
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tion. In addition, non-random sampling might affect the
results. Lastly, data on some socio-economic status of the
family, and history of respiratory tract infection or past his-
tory of atopy in early childhood were not available, which
should be considered a limitation of this study.

Altogether, as the sample was selected from one
province, the results of this study could not be generalized
to all Iranian children. Future cohort or randomized clin-
ical trials, with a larger sample size and selection of sam-
ples from different provinces, can add new findings to the
results of the present study and provide researchers with a
wider view toward this issue.

5.1. Conclusions

The results of the present study indicated that breast-
feeding, serum level of hemoglobin and ferritin were sig-
nificantly associated with the risk of asthma in children.
We found that breastfeeding was the most important pre-
ventive factor for the risk of asthma. In addition, the re-
sults indicated a higher prevalence of anemia and lower
Hb levels in children with asthma, compared with the con-
trol group, which shows the role of iron as a risk factor
of asthma in children. This finding emphasizes the sig-
nificant effect of some modifiable factors on the risk of
asthma. Further studies on the effect of iron supplementa-
tion on reducing the asthmatic attacks, exacerbations, or
symptoms are required.
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