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Purpose: To investigate whether the degree of asthma control is associated with anemia in
pediatric patients.

Patients and Methods: A cross-sectional study was performed using a dataset from the
Health Insurance Reviews & Assessment Service (HIRA) of South Korea in 2016, which
included children and adolescent patients diagnosed with asthma. Binary logistic regression
was used to assess the association between asthma control and the prevalence of anemia.
Results: A total of 236,429 patients under 18 years old were included in the study, including
233,975 patients with controlled and 2454 with uncontrolled asthma. Binary logistic regres-
sion after adjustment for confounding factors showed that patients with uncontrolled asthma
had a 2.64-fold higher prevalence of anemia than those with well-controlled asthma (OR =
2.64, 95% CI: 2.16-3.22). While there was no effect of gender on the results, there was
a statistically significant association between the prevalence of anemia and asthma control in
patients under 13 years old.

Conclusion: These findings suggest that the prevalence of anemia is inversely correlated
with asthma control in pediatric patients. Further studies are necessary to obtain pathophy-
siological insight into the relationship between severe inflammatory diseases and anemia.
Keywords: pediatric, asthma, anemia, anemia of inflammation, iron deficiency anemia

Introduction
Anemia in children is generally defined as a hemoglobin concentration less than the
5th percentile for age. Chronic inflammatory diseases are thought to generate
anemia of inflammation (AI). Several studies suggest that up to 40% of all anemias
worldwide can be considered Al or combined anemias with important Al
contributions.>* This causes an impairment of the immune-mediated regulation of
hepcidin and several cytokines, which play a major role in iron homeostasis,
accelerate the turnover of red blood cells (RBC), and affect the activity of ery-
thropoietin (EPO), thereby reducing hemoglobin and iron levels.*”” The prevalence
of AI is high in patients with systemic infection, inflammatory disease, or
malignancy.**'* Old age can also be a risk factor for inflammatory anemia.''*
Iron deficiency anemia (IDA), which accounts for the highest prevalence of
anemia, exhibits low iron and hemoglobin levels as in Al, and there is no single
way to differentiate between Al and IDA."'>' Therefore, it is difficult to distinguish
between the two types of anemia to diagnose anemia in patients in clinical settings.
Nevertheless, it is important to evaluate the underlying disease (or risk factors) and
hematologic characteristics of the patients to distinguish IDA from Al since these
two diseases have different treatment approaches.”
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Asthma is one of the common allergic diseases caused
by a disturbance of the immune system,” and this chronic
inflammatory condition can cause systemic inflammation.®
Asthma also has a high prevalence in pediatric patients,
unlike other chronic inflammatory diseases.'”'® Both ane-
mia and asthma are high-prevalence diseases in children
and have a negative impact on children’s growth, comor-
bidities, and health-related quality of life.'” ' Several
studies have recently shown the association of asthma
with the increased prevalence of anemia.’”>* Previous
studies reported that not only asthma, but also atopic
dermatitis, allergic rhinitis, and food allergies were corre-
lated with the prevalence of anemia.”* >* No studies, how-
ever, have been conducted on whether severe or
uncontrolled asthma could increase the prevalence of
anemia.

We hypothesized that patients with uncontrolled
asthma were more likely to have an active inflammatory
condition, which may increase the prevalence of anemia.
In a previous study, the correlation between asthma and
anemia in children was more pronounced than in adults
and elderly patients.?* This led us to consider the associa-
tion between atopic disease and Al in pediatric patients in
a clinical setting. Therefore, this study aimed to evaluate
whether the prevalence of anemia in pediatric asthma
patients differed according to asthma control.

Patients and Methods
Study Subjects

Nearly all (98%) Koreans are enrolled in the universal
health insurance system, and all medical information is
reported to the Health Insurance Review & Assessment
Service (HIRA). In this study, 10% (~1,100,000) of the
patients under the age of 20 provided by the HIRA were
analyzed using a dataset constructed by random stratifica-
tion based on age and sex (HIRA-PPS-2016).%> The sam-
ple dataset provided by HIRA is cross-sectional claims
data and is provided after removing the patient’s personal
identifiable information in accordance with the personal
information protection regulations of Korea. We included
patients younger than 18 years and patients prescribed
asthma medications with a diagnosis of asthma. Patients
diagnosed with anemia other than IDA or Al were
excluded. The Korean Standard Classification of Disease
and Cause of Death-7 (KCD-7) was used for disease

diagnosis.

Definition of Disease

In South Korea, since diagnostic codes must be entered when
prescribing medication or a procedure and there is no refill
system, there are no missing values for claims data. Patients
diagnosed with asthma (J45.X) and/or worsening asthma (J46.
X) and who were prescribed asthma medications were defined
as asthma patients. We classified the uncontrolled asthma
group as those with frequent exacerbations (>2/year) requiring
oral corticosteroids (OCS), and/or serious exacerbations
requiring hospitalization exacerbation of at least once a year,
and the remaining were defined as the controlled asthma
group. KCD-7 codes are based on the International
Classification of Diseases (ICD)-10, modified and supplemen-
ted to suit the prevalence of diseases in Korea. IDA and Al
were defined as D50.X and D63.8 respectively, and medica-
tion for asthma is shown in Table 1.

Confounders

We used confounding factors to analyze the association
between the prevalence of atopic disease and anemia that
were used in our previous study (Table 2).* These dis-
eases were extracted based on previous studies suggesting
that the prevalence of IDA/AI could be increased. The
patient’s age, health insurance type and sex were included
in the confounding factors.

Statistical Analysis

Binary logistic regression was carried out by applying inverse
probability of treatment weighting (IPTW) using the propen-
sity score. To calculate the propensity score, we used
a multivariable logistic regression model to estimate the prob-
ability of each patient, including confounders. After applying
the propensity score weights, the evaluation of the disturbance
factors in the two groups was made with the variance ratio.
The closer the variance ratio is to 1.0, the similar the char-
acteristics of the two groups. The disturbing factor character-
istics in the two groups were evaluated as statistically similar
when the variance ratio ranged from 0.5 to 2.0.%° Odds ratio
(OR) with 95% confidence interval (CI) were reported for the
association between anemia and asthma severity. Subgroup
analysis was performed according to age group (children:
under 13 years old, adolescents: 13 years or older and under
18 years old), gender, and types of health insurance. All
statistical analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). This study was approved by
the Institutional Review Board of Dongduk Women’s
University (IRB No. DDWU2008-01).
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Table | The List of ATC Codes of Asthma Medication in the Study
Category Medication ATC Code
Selective beta-2-adrenoreceptor agonists Salbutamol RO3AC02
Fenoterol RO3AC04
Tulobuterol RO3ACI |
Formoterol RO3ACI3
Clenbuterol RO3ACI4
Procaterol RO3ACI6
Indacaterol RO3ACI8
Adrenergics in combination with corticosteroids or other drugs, Salmeterol and fluticasone RO3AKO06
excl. anticholinergics Formoterol and budesonide RO3AKO07
Formoterol and beclometasone RO3AKO08
Vilanterol RO3AKI0
Adrenergics in combination with anticholinergics incl. triple Vilanterol RO3ALO3
combinations with corticosteroids Indacaterol and glycopyrronium bromide RO3AL04
Formoterol and aclidinium bromide RO3ALO5
Olodaterol and tiotropium bromide RO3ALO6
Glucocorticoids for obstructive airway disease, inhalants Beclometasone RO3BAOI
Budesonide RO3BAO02
Betamethasone RO3BAO04
Fluticasone RO3BAO5
Triamcinolone RO3BA06
Ciclesonide RO3BAO0S8
Anticholinergics for obstructive airway disease, inhalants Ipratropium bromide RO3BBOI
Tiotropium bromide RO3BB04
Aclidinium bromide RO3BBO5
Glycopyrronium bromide RO3BB06
Umeclidinium bromide RO3BB07
Antiallergic agents, excl. corticosteroids for obstructive airway Bambuterol RO3CCI2
disease, inhalants Clenbuterol and ambroxol R03CCé63
Other systemic drugs for obstructive airway diseases Theophylline RO3DA04
Aminophylline RO3DAO05
Theobromine RO3DA07
Doxofylline RO3DAI |
Roflumilast RO3DX07
Betamethasone HO2ABOI
Deflazacort HO02ABI3
Dexamethasone HO02AB02
Fludrocortisone HO02AA02
Hydrocortisone HO02AB09
Methylprednisolone HO02AB04
Paramethasone HO02ABO5
Prednisolone HO02AB06
Prednisone HO02AB07
Triamcinolone HO02AB08
Journal of Asthma and Allergy 2021:14 https: 745

Dove!


https://www.dovepress.com
https://www.dovepress.com

Chang et al

Dove

Table 2 The List of KCD-7 Diagnostic Codes of Diseases in the Study

Category KCD-7
Asthma Asthma J45.X
Asthma exacerbation J46.X
Anemia Iron deficiency anemia D50.X
Anemia of inflammation D63.8
Confounders
Systemic infection Meningitis A87.X, A39.X
BJI M00.X, M0O1.X, M02.X, M03.X
Sepsis A40.X, A41.X
Hepatitis BI5.X, Bl6.X, BI7.X, BI18.X, BI9.X
CKD N18.X
HF 150.X
DM E10.X, EI1.X, EI2.X, EI3.X, EI4.X
Mental disorder Depression F32.X, F33.X
Anxiety F40.X, F41.X, F93.X, F06.4
Chronic inflammation PUD K25.X, K26.X, K27.X
COPD J42.X, J43.X, J44.X
SLE M32.X
RA M05.X, M06.X, M08.0
IBD K51.X, K50.X
Cancer CXX.X

Abbreviations: BJl, bone and joint infection, CKD, chronic kidney disease, HF, heart failure, DM, diabetes mellitus, PUD, peptic ulcer disease, COPD, chronic obstructive
pulmonary disease, SLE, systemic lupus erythematosus, RA, rheumatoid arthritis, IBD, irritable bowel disease.

Results

Patient Characteristics

The HIRA-PPS-2016 dataset included 1,004,866 patients.
A total of 236,429 patients were included in this study,
excluding 148,459 patients over 18 years old, patients
diagnosed with asthma and not prescribed asthma medica-
tion (610,323 patients), and patients diagnosed with ane-
mia other than IDA/AI (9655 patients) (Figure 1). There
were 233,975 patients in the controlled asthma group and
2454 in the uncontrolled asthma group. After IPTW, con-
founding factors were more similarly distributed in the two
groups (Table 3). The variance ratio of all confounding
diseases became close to 1 after IPTW application.

Association Between Anemia and Asthma
Control

Even after adjustment for confounding factors, the preva-
lence of anemia (IDA/AI) was 2.64-times higher in
patients with uncontrolled asthma compared to patients

with well-controlled asthma (OR = 2.64, 95% CI: 2.16—
3.22; p < 0.001) (Table 4). The association was significant
in both male pediatric patients (OR = 2.66, 95% CI: 2.04—
3.46; p <0.001) and female patients (OR = 2.61, 95% CI:
1.92-3.56; p < 0.001). As a result of subgroup analysis
according to age group, the prevalence of anemia was
statistically significant only in patients under 12 years of
age according to asthma control. In the analysis according
to health insurance eligibility, the prevalence of anemia
was higher in patients with uncontrolled asthma compared
to those with asthma control in patients under the health
insurance program (Table 5).

Discussion

The prevalence of anemia in the uncontrolled or severe
asthma group was higher than that of the well-controlled
and/or mild asthma patients. In this study, the effects of
confounding factors other than asthma control were
adjusted by propensity score weighting. In the previous
study, the prevalence of anemia in children with asthma
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Figure | Flow diagram for study subject inclusion.

Uncontrolled asthma
group

n=2454

Abbreviations: HIRA, Health Insurance Review & Assessment Service; IDA, iron deficiency anemia; Al, anemia of inflammation.

was found to be higher than those in children without
asthma. Our research team, however, was able to show
that uncontrolled asthma patients had a higher risk of
anemia among pediatric asthma patients. The association
between anemia and asthma control was not statistically
significant in adolescents. The prevalence of anemia in
adolescent asthma patients was lower than that of younger
children. Dugdale’s study suggested that adolescent
patients had an anemia prevalence of about 6% in the
developed country.”” About 2.1% of adolescent asthma
patients were diagnosed with anemia in our study, which
was very low compared to previous studies. According to
Statistics Korea, when the age group was classified by
S-year intervals, the average number of annual outpatient

clinic visits per person for 15 to 19-year-old patients was

8.3, which was much lower than the average number of
18.0 among all ages.”® This might have been due to
a reduced anemia diagnosis rate in the adolescent group.
A subgroup analysis of patients in the medical aid program
also showed no association between asthma control and
anemia. In this group, the association between asthma
prevalence and anemia was not revealed.”* This, as in
the previous study, may also be a result of different pat-
terns of use of medical service in the patients under med-
ical aid program.

Regarding a relationship between pathophysiology of
asthma and anemia, it is unclear how the immune
responses in severe and/or uncontrolled asthma is asso-
ciated with anemia development. A potential hypothesis is
that heterogeneous cytokine milieu in the severe asthma
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Table 3 Baseline Characteristics of Subjects Before and After Inverse Probability of Treatment Weighting

Frequency, n (%) Variance Ratio
Controlled Asthma Group | Uncontrolled Asthma Group Before Weighting | After Weighting
(n= 233,975) (n= 2,454)
Age group 1.0989 0.9839
Children (<12) 203,369 (86.92) 2,344 (95.52)
Adolescents (212, <18) 30,606 (13.08) 110 (4.48)
Sex 1.0432 1.0001
Male 125,027 (53.44) 1,368 (55.75)
Female 108,948 (46.56) 1,086 (44.25)
Insurance Type 0.9950 1.0000
Health insurance 229,488 (98.08) 2,395 (97.60)
Medical aid 4,487 (1.92) 59 (2.40)
Systemic infection
Meningitis 768 (0.33) 6 (0.24) 0.7448 0.9999
BJI 224 (0.10) 1 (0.04) 0.4256 0.9940
Sepsis 1,883 (0.80) 46 (1.87) 2.3291 0.9975
HEP 1,367 (0.58) 41 (1.67) 2.8596 0.9987
CKD 14 (0.01) | (0.04) 6.8103 0.9998
HF 294 (0.13) 6 (0.24) 1.9458 0.9820
DM 988 (0.42) 14 (0.57) 1.3511 0.9906
Chronic inflammation
PUD 3,839 (1.64) 28 (1.14) 0.6954 0.9947
COPD 6,201 (2.65) 67 (2.73) 1.0301 0.9973
SLE 70 (0.03) 4 (0.16) 5.4484 0.9897
RA 336 (0.14) 5 (0.20) 1.4188 0.9927
IBD 81 (0.03) 2 (0.08) 2.3541 0.9998
Cancer 322 (0.14) 2 (0.08) 0.5922 0.9893
Mental disorders
Depression 727 (0.31) 8 (0.33) 1.0491 0.9954
Anxiety 1,697 (0.73) 13 (0.53) 0.7304 1.0037

Abbreviations: BJl, bone and joint infection, CKD, chronic kidney disease, HF, heart failure, DM, diabetes mellitus, PUD, peptic ulcer disease, COPD, chronic obstructive
pulmonary disease, SLE, systemic lupus erythematosus, RA, rheumatoid arthritis, IBD, irritable bowel disease.

Table 4 Association Between Asthma Severity and Anemia in Pediatric Patients After Adjusting with Propensity Score Weighting

Asthma Group Anemia, n (%) OR (95% CI) OR,4j (95% CI) P value
Controlled asthma 9,818 (4.20) | [Reference] | [Reference] <0.001
Uncontrolled asthma 355 (14.47) 3.86 (3.454.33) 2.64 (2.16-3.22) <0.001

Abbreviations: OR, odds ratio; OR,4, odds ratio after adjusting with propensity score weighting.

might be related to anemia development. Asthma is pre-
dominantly mediated by T helper 2 (Th2) or innate type 2
immune responses, which provides biomarkers and targets
for therapeutics such as anti-IgE or anti-IL-5.%° Although
less studied, emerging evidences suggest that a varying

array of cytokines, derived from T cells and epithelial
cells, is observed in conjunction with Th2 cytokines in
patients with severe disease. Inflammatory cytokines
including IL-17 or IFNy was reported to be more prevalent
in chronic severe asthma than in mild or moderate
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Table 5 Association Between Asthma Severity and Anemia in Subgroups After IPTW
Characteristics of Patients Asthma Group Anemia Patients, OR (95% CI) | P value | OR.q; (95% CI) | P value
n (%)
Age Children Controlled asthma 9,171 (4.51) | [Reference] | [Reference]
(<12 years)
Uncontrolled asthma 346 (14.76) | 3.67 (3.27-4.12) | < 0.001 2.65 (2.16-3.24) | < 0.001
Adolescents Controlled asthma 647 (2.11) | [Reference]
(212, <18 years)
Uncontrolled asthma 9(8.18) | 4.13 (2.08-8.20) | < 0.001 | 3.59 (0.69-18.76) 0.130
Gender Male Controlled asthma 5261 (4.21) | [Reference]
Uncontrolled asthma 206 (15.06) | 4.04 (3.47—4.69) | <0.001 2.66 (2.04-3.46) | < 0.001
Female Controlled asthma 4,557 (4.18) | [Reference]
Uncontrolled asthma 149 (13.72) | 3.64 (3.06—4.34) | < 0.001 2.61 (1.92-3.56) | < 0.001
Insurance type | Health insurance | Controlled asthma 9649 (4.20) | [Reference]
Uncontrolled asthma 348 (14.53) | 3.87 (3.45—4.35) | < 0.00I 2.64 (2.16-3.24) | < 0.001
Medical aid Controlled asthma 169 (3.77) | [Reference]
Uncontrolled asthma 7 (11.86) | 3.44 (1.54-7.69) 0.003 2.41 (0.60-9.63) 0.214

Abbreviation: OR, odds ratio; OR,4, odds ratio after adjusting with propensity score weighting.

asthma.*! Patients with higher IL-6 concentrations were
reported to have severe asthma.’® The amount of TNFa
was increased in the airways of patients with severe ster-
oid-resistant asthma, but the results of TNFo inhibition for
improving lung function were not consistent.”* > Elderly
or obese patients, who often have systemic inflammation,
also showed more severe asthma.’®*” In addition, it has
been suggested that various cytokines including TNFa,
IFNy or IL-6 can contribute to anemia by reducing gen-
eration, lifespan or phagocytosis of erythrocytes,
respectively.®® ** IL-6 was shown to stimulate the produc-
tion of hepcidin by hepatocytes, which interferes with iron
homeostasis.*'*> However, there are limitations in apply-
ing this potential role of inflammatory cytokines to pedia-
tric population since pediatric diseases develop during
maturation of tissues (ie lung) and immune system.
Analyses of severe pediatric asthma are also very limited
while the mechanism of asthma has been extensively stu-
died for adults. Nonetheless, recent studies have suggested
a presence of multiple cytokines in parallel with Th2
signatures in severe pediatric asthma. IFNy" T cells was
found and inflammatory cytokines such as IL-1 and IL-6
was highly expressed in the lower airways of children with
severe asthma.”*** It has been shown that high level of
serum IL-17 and IL-17" T cells were associated with

severe asthma in children.*>*® In addition, Caffarelli’s

study demonstrated that pediatric obese patients had
a high prevalence of asthma, high hepcidin levels, and
low iron levels.*? In obese children, inflammation is acti-
vated, which interferes with iron homeostasis, leading to
anemia.*’ Although it is possible that a heterogeneity of
cytokines in severe asthma and inflammatory status may
mediate anemia development in pediatric population,
further studies are required to dissect the mechanisms
with respect to immunophenotype of uncontrolled severe
asthma with anemia.

A previous study reported an association between
maternal anemia and increased asthma in children.*® The
precise causality between anemia and asthma is not yet
elucidated. However, at least in uncontrolled asthma
patients, it is possible that the asthmatic condition allows
several multiple mediators to aggravate Al and vice versa,
implying a mutual association of anemia and asthmatic
conditions. In this study, the increased risk of Al in the
uncontrolled asthma group compared to controlled asthma
showed the probability of this interconnection with anemia
mediators.

In general, Al has different treatment approaches and
responses compared to IDA. In particular, hepcidin was
reported as an important indicator in the response to treat-
ment for AL*>' No study has examined the hepcidin
levels in asthma patients directly. We generally do not
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monitor asthma patients for anemia, and no guidelines
recommend it. However, anemia negatively affects pedia-
tric patients’ growth and is associated with cognitive
abnormalities and poor quality of life.'®'" In addition, in
the case of Al the treatment or control of the underlying
disease takes precedence over the treatment of anemia by
simply administering iron or EPO.'? In addition, it was
reported that in patients with high hepcidin levels, an
index that could distinguish between Al and IDA, was
whether the administration of EPO or iron for the treat-
ment of anemia resulted in low or no response.'*'
Therefore, it might be recommended to monitor and treat
anemia since the incidence of anemia may increase in
pediatric patients with uncontrolled asthma.

This study had several limitations. First, the assump-
tion of the increased risk of Al in pediatric patients with
uncontrolled asthma was indirectly shown by the associa-
tion between uncontrolled asthma and IDA/AI. Although
the increased pro-inflammatory cytokines in systemic
inflammation could explain the relationship, the mechan-
ism of action needs to be better understood. In addition, as
patients diagnosed with IDA were included in the analysis,
the effects of patients with isolated IDA cannot be ruled
out in this condition. Third, it was a cross-sectional study,
and thus, we could not determine a causative relationship
between uncontrolled asthma and anemia directly, which
prevented the demonstration of a possible mechanism of
mutual interaction. Lastly, the limitation of classifying the
control of asthma symptoms or the definition of anemia
based on KCD-7 and/or prescribed drugs was that the lab
values such as hepcidin were not confirmed and classified.
Nevertheless, this study had several strengths. As far as we
know, this was the first extensive study to show that
uncontrolled asthma could be linked with IDA/AI in
pediatric groups. This suggests that uncontrolled asthma
could be associated with anemia, similar to other systemic
inflammatory disorders. Moreover, we also used diagnos-
tic code, not self-reports, for disease definitions, making
the data for analysis more objective. Finally, the use of
a large dataset could facilitate extrapolation into the entire
Korean pediatric population.

Conclusion

Uncontrolled asthma was associated with an increased odds
of anemia (IDA/AI) in pediatric patients enrolled in the
National Health Insurance Service of Korea. Childhood
asthma in school-age children was associated with higher
odds of anemia. Further studies are needed to clarify the

determinants of the association between uncontrolled asthma
and anemia. Also, a distinction between IDA and Al may be
required to better understand the cause of anemia in pediatric
patients with inflammatory disease.
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