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Purpose: Asthma can cause a systemic inflammatory response, and anemia of chronic disease (ACD) is known to be caused by other
disorders with a chronic inflammatory state. However, it is unclear whether the incidence of anemia is increased in patients with
asthma. The objective of this study was to compare the incidence of anemia in patients with asthma and healthy adults.

Patients and Methods: This retrospective cohort study included patients newly diagnosed with asthma at Seoul National University
Hospital from 2010 to 2017. Patients with comorbidities before the first visit (index date) that may increase anemia risk were excluded.
Cox regression models adjusting for patient age, sex, and obesity were used to compare anemia hazard ratios (HRs) between asthma
patients (n=1354) and healthy adults (n=1731).

Results: This study included 3085 patients. During 5-y follow-up, anemia occurred in 203 (15.0%) patients with asthma and 79
(4.6%) healthy adults. Compared with healthy adults, the HR for anemia after adjusting for age, sex, and obesity was 4.06 (95% CI:
2.70-6.09) in patients with asthma. In patients aged 18-64.9 y, the adjusted HR of anemia was 3.27 (95% CI: 2.12-5.04) in patients
with asthma, compared to healthy patients. In patients >65 y, this adjusted HR was 5.56 (95% CI: 1.31-23.67).

Conclusion: The risk of anemia was increased in patients with asthma after adjusting for sex, age, and obesity and excluding
comorbidities that can cause anemia. These results suggest the need for regular monitoring for anemia in patients with asthma.
Keywords: anemia, asthma, inflammation, anemia of chronic disease

Introduction
Asthma is a well-known cause of systemic inflammatory response,' and anemia of chronic disease (ACD) is caused by
diseases inducing a chronic inflammatory state.* ACD (also called anemia of inflammation) is the result of immune-
mediated dysregulation of hepcidin and several cytokines that play an important role in iron homeostasis. ACD is
associated with proliferating red blood cell (RBC) progenitors that can accelerate the turnover of RBCs and affect the
activity of erythropoietin.>

ACD and iron deficiency anemia (IDA) have similar hematologic characteristics, including low hemoglobin and
serum iron levels. However, the mechanism, treatment, and degree of treatment response differ between these two types
of anemia.” While the risk of ACD is higher in patients with chronic obstructive pulmonary disease (COPD), malignancy,
or chronic heart failure,* '! it is unclear whether the risk is increased in patients with asthma. It is essential to evaluate
whether the risk of developing ACD is elevated in patients with asthma, similar to other chronic diseases.

Drury et al have shown a correlation between anemia and atopic diseases, including asthma, in children.'? Our prior

studies suggested that the prevalence of anemia is high in patients with asthma'>'*

and that the prevalence of anemia is
higher in patients with poor asthma control than in patients with well-controlled asthma symptoms.'*> However, all of
these previous studies were cross-sectional. Although these findings suggested an association between anemia and
asthma, their study design did not allow the determination of whether the relationship is causal.

We hypothesized that the systemic inflammatory state of asthma could increase the risk of developing ACD.

Therefore, we conducted a cohort study to compare the incidence of anemia in patients with asthma and healthy adults.
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Materials and Methods
Study Subjects

Adults 18 years or older were divided into two groups: asthma patients and healthy adults. The asthma patient group
included patients who met all of the following criteria: 1) first diagnosed with asthma at the Department of Internal
Medicine in Seoul National University Hospital from January 1, 2010 to December 31, 2017 (the date of diagnosis was
considered the index date); 2) visited the Department of Internal Medicine for at least 3 years after the index date, with
medical records available for four or more visits during this time; 3) medical records available from Seoul National
University Hospital during the 2 years before the index date; 4) at least three available complete blood cell count (CBC)
test results obtained after the index date.

The healthy adult control group included individuals who satisfied all of these criteria: 1) health checkups from
January 1, 2010 to December 31, 2017 at the Seoul National University Hospital Healthcare System Gangnam Center,
with no asthma diagnosis (the index date was considered the first examination date); 2) medical examination records
available for the 2 years before the index date; 3) normal pulmonary function test results, with a forced expiratory
volume in 1 s (FEV1)/forced vital capacity > 70% and an FEV1 > 80%); and 4) more than 3 years of available medical
examination records and CBC test results after the index date.

We excluded patients diagnosed within 2 years before or at the index date with anemia or a disease that might
increase the risk of ACD or IDA. These diseases included the following: 1) systemic infection (meningitis [International
Classification of Diseases (ICD)-10 A87.X, A39.X], sepsis [A40.X, A41.X], tuberculosis [A15.X-A19.X], or human
immunodeficiency virus disease [B20.X-B24.X]); 2) hepatitis (B15.X—19.X); 3) chronic kidney disease (CKD; N18.X);
(4) heart failure (I150.X); (5) diabetes (E10.X—E14.X); (6) chronic inflammatory disease (COPD [J42.X, J43.X, J44.X],
systemic lupus erythematosus [M32.X], or rheumatoid arthritis [M05.X, M06.X, M08.0]); and (7) malignant tumor
(CXX.X). In addition, patients with an aspartate aminotransferase or alanine aminotransferase level 100 U/L or higher or
an estimated glomerular filtration rate less than 60 mL/min/1.73 m* on the index date were excluded. The study protocol
was approved by the Institutional Review Board of Seoul National University Hospital (approval no. H-2110-164-1266).
The Board waived the requirement for informed consent because of the study’s design (retrospective cohort study). This
study complied with the Declaration of Helsinki and was performed according to ethics committee approval, including
maintaining all the patients’ information confidentiality.

Definition of Disease and Study Outcome

Asthma was defined as the presence of one or more respiratory symptoms (eg, cough, shortness of breath, wheezing) and
one or more of the following: 1) FEV1 of 12% or more and increased by more than 200 mL after bronchodilator; 2)
positive bronchial provocation test (eg, methacholine, mannitol, exercise, aspirin); or 3) FEV1 increased by more than
12% and more than 200 mL after starting asthma treatment, compared to before treatment.

The study outcome was anemia. Anemia was defined as a hemoglobin level below the lower limit of the normal range
(13.6 g/dL for men, 11.9 g/dL for women) and a low hematocrit level (< 40% for men, < 35% for women) or low RBC
count (4.2x10%puL for men, 3.8x10%uL for women). Other diseases besides asthma and anemia were defined based on
a physician’s diagnosis or the patient’s self-report of being diagnosed with the disease.

Follow-Up

Patients were censored when diagnosed with systemic infection, hepatitis, CKD, diabetes, chronic inflammatory disease,
or malignancy, whichever occurred first. For patients who were not censored, we terminated the follow-up at a maximum
of 60 months or December 31, 2021, whichever occurred earlier.

Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the effect of potential outcome misclassification by restricting the
analysis to individuals with persistent anemia, which was defined as two consecutive anemia diagnoses at least 3 months
apart.
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Statistical Analysis

In this study, we compared the distributions of demographic and clinical characteristics between the two groups (asthma
patients and healthy adults) and calculated the incidence of anemia. A Cox regression model was used to estimate the
hazard ratio (HR) for anemia by comparing asthma and healthy adults and their corresponding 95% confidence intervals
(Cls) adjusted for covariates (age, sex, and obesity). All statistical analyses were performed using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA). Results were deemed statistically significant if the p-value was less than 0.05.

Results

Subject Characteristics

A total of 1802 adult patients were first diagnosed with asthma at the Seoul National University Hospital during the study
period. Of these, 1354 patients were included in the asthma patient group after excluding 448 patients who were
diagnosed with anemia before or at the index date or who had a potential confounding factor (abnormal renal function or
liver enzymes or a disease diagnosis listed as exclusion criteria in the Methods). For the healthy adult group, 14,436
subjects underwent health checkups at Seoul National University Hospital Healthcare System Gangnam Center during
the study period. After excluding 12,705 individuals with anemia or a potential confounding factor (as in the asthma
group), 1731 adults were included in the final healthy adults group (Figure 1).

Males accounted for 68.4% of patients with asthma, whereas females accounted for 63.4% of healthy adults. The
number of adults younger than 65 years was 1657 (95.7%) in the healthy adults group and 1009 (74.5%) in the asthma
patients group. The number of obese subjects was 499 (36.9%) in the asthma patients group and 485 (28.0%) in the
healthy adults group (Table 1).

Risk of Anemia in Asthma Patients Compared to Healthy Adults

When considering all patients, anemia occurred in 203 (15.0%) of the 1354 patients with asthma and 79 (4.6%) of the
1731 healthy adults. Compared with healthy adults, the HR for anemia in the asthma patients group was 4.06 (95% CI:
2.70-6.09), after adjusting for age, sex, and obesity as covariates. Age was also significantly associated with anemia (HR:
1.02 [95% CI: 1.01-1.03]), but sex and obesity were not statistically significant risk factors for anemia (Table 2).

[ Healthy adults ] [ Asthma patients

Adults had health Patients with first
checked-ups diagnosed asthma
n= 14,436 n= 1,802

(n=12,603)

Subjects with
confounding di
(n=323)
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Asthma patients
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disease disease
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v
Healthy adults Asthma patients
n=1,731 n= 1,354
Figure | Flow diagram for study subject inclusion.
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Table | Characteristics of Study Subjects

Characteristics Healthy Adults (n = 1731) | Asthma Patients (n = 1354)
Age group
Adult (= I8 and < 65 y) 1657 (95.7) 1009 (74.52)
Elderly (= 65 y) 74 (4.3) 345 (25.48)
Sex
Male 634 (36.6) 926 (68.39)
Female 1097 (63.4) 428 (31.61)
Obesity
Non-obese (BMI < 25.0 kg/m?) | 1246 (72.0) 855 (63.15)
Obese (BMI = 25.0 kg/m?) 485 (28.0) 499 (36.85)

Note: Data are presented as numbers (%).
Abbreviation: BMI|, body mass index.

Table 2 The Risk of Anemia According to the Presence of Asthma and Other Potential
Risk Factors

Characteristics Hazard Ratio | 95% Confidence Interval | P value
Asthma

Healthy adults Reference -

Asthma patients 4.056 2.703-6.087 < 0.001
Age 1.015 1.006—1.026 0.003
Sex

Male Reference -

Female 1.028 0.744-1.420 0.877
Obesity

Non-obese (BMI < 25.0 kg/m?) | Reference -

Obese (BMI = 25.0 kg/m?) 0.835 0.604—1.155 0.279

Abbreviation: BMI, body mass index.

When considering patients 18 to 65 years of age, anemia occurred in 122 (12.1%) of 1009 asthma patients and 76 (4.6%) of
1657 healthy adults. The rate ratio was 1.82 times in patients with asthma, compared to healthy patients. The adjusted HR for
anemia was 3.27 (95% CI: 2.12-5.04) in the asthma patients group. In patients over 65 years of age, the rate ratio was 4.68 in
patients with asthma, compared to healthy adults. The risk of anemia was higher in these older patients than in the younger adults,
with an adjusted HR of 5.56 (95% CI: 1.31-23.67) in patients with asthma. In healthy adults, the risk of anemia did not vary with
age, with similar incidence rates in the younger and older groups. By contrast, in the asthma patients group, the incidence of
anemia in older patients was more than double the incidence in younger patients (Table 3).

Sensitivity Analysis

In the sensitivity analysis of only patients who met the criteria for diagnosis of anemia on two consecutive occasions, the
risk of anemia was higher in patients with asthma than in healthy adults. The HR for anemia adjusted for age, gender, and
obesity in the asthma patients group was 9.32 (95% CI: 4.16-20.89), which was statistically significant (Table 4).
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Table 3 Age-Stratified Risk of Anemia According to the Presence of Asthma
Groups Total Number Person- | Incidence Rate | Unadjusted P value | Adjusted HRY P value
Number | of Anemia | Time,y | per 1000 Ratio | HR (95% CI) (95% CI)
Cases Person-
Years
Adults (= 18 and < 65 y)
Healthy adults 1657 76 4941 15.38 - Reference Reference
Asthma patients | 1009 122 4359 27.98 1.82 3.71 (2.45-5.60) | <0.001 3.27 (2.12-5.04) | <0.001
Elderly (= 65 y)
Healthy adults 74 3 224 13.39 - Reference Reference
Asthma patients | 345 8l 1292 62.69 4.68 4.72 (1.15-19.39) | 0.031 5.56 (1.31-23.67) | 0.020

Note: TAdjusted for age, sex, and obesity.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

Table 4 Sensitivity Analysis for the Risk of Persistent Anemia’ According to the Presence of Asthma

Group Total Number of Unadjusted HR | P value | Adjusted HR ¥ | P value
Number | Persistent (95% CI) (95% CI)
Anemia Cases
Healthy adults 1731 7 Reference Reference
Asthma patients | 1354 67 9.33 (4.28-20.34) | <0.001 9.32 (4.16-20.89) | <0.001

Notes: "Two consecutive anemia diagnoses 2 3 months apart. iAdjusted for age, sex, and obesity.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

Discussion

In this study, 203 (15.0%) of 1354 asthma patients developed anemia. The risk of developing anemia within 5 years
(60 months) was 4.06 times higher in adults with asthma than in healthy adults. In a previous study, the prevalence of
anemia in adults with asthma was 1.25 times higher than that in patients without asthma,'® similar to the results of the
present study. Since this study excluded all patients with other diseases that may increase the risk of anemia, the
results of this study may provide a more accurate estimate of the true risk of anemia in patients with asthma. It should
also be noted that our results reflected the incidence of anemia, not the prevalence of anemia in patients with asthma.
Our sensitivity analysis further confirmed that the risk of anemia was increased in patients with asthma.

The pathophysiologic mechanisms by which asthma can lead to anemia are unclear. The primary pathogenesis of asthma
involves T helper 2 (Th2) or innate type 2 immune responses. Interleukin (IL)-4, IL-5, IL-13, and eosinophil infiltration
may also play an important role. However, several mechanisms have been proposed for non-Th2-mediated asthma. First,
the Th17 pathway promotes neutrophil infiltration of airways and increases IL-17 and IL-6 secretion.'®'” In addition, it has
been demonstrated that interferon (IFN)-y secretion is enhanced in Th1-mediated asthma.'® IL-1p and tumor necrosis factor
(TNF)-a secretion and inflammation are also activated because of airway epithelial cell damage.'®* The mechanism by
which these inflammation inducible cytokines induce ACD has been well described by Guenter.* TNF-a can reduce the
half-life of RBCs and impair the responsiveness of progenitor cells to erythropoietin. IFN-y can promote divalent metal
transporter 1 (DMT1) synthesis and impair progenitor cells’ responsiveness to erythropoietin, leading to anemia.?' IL-6 can
also increase hepcidin levels and cause ferritin transcription, suggesting a mechanism that may lead to ACD.® Thus, anemia
in asthma may be caused by an imbalance of several different cytokines.

It is known that C-reactive protein (CRP), IL-6, and IFNy levels are increased in patients with COPD, which can lead
to a systemic inflammatory state and cause ACD.>*** In patients with CKD, increased serum CRP and IL-6 levels
secondary to decreased renal function are also known to cause an inflammatory condition.?® Furthermore, elevated IL-1
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and TNF-a levels have been reported in animals without renal function.”” In patients with rheumatoid arthritis, the
severity of symptoms is positively correlated with hepcidin levels.”®?° Increased levels of hepcidin accompanying
chronic diseases could induce anemia. If cytokine changes similar to those seen in these other chronic diseases also
occur in asthma, they may contribute to the occurrence of ACD in patients with asthma.

Immune activation or inflammation in patients with asthma and iron deficiency are correlated. Macrophages are
present in all tissues and function to support and restore tissue homeostasis balance.*® In addition, it serves as a sensor for
iron demand in tissues and a supply of iron as an essential trace element.*® These iron-handling features determine anti-
inflammatory and inflammatory status.’' Several studies have found an association between iron deficiency and atopic
disease. Eventually, prolonged immune activation will lead to functional iron deficiency®* and, over time, will develop
into ACD.*® The study by Shaheen reported that these direct links between asthma and iron deficiency are apparent.**

Anemia is an important risk factor for cardiovascular disease and mortality.*>*® Especially in older individuals,
anemia has a major negative impact on the quality of life and survival rate.>” Asthma can also reduce quality of life and
increase morbidity and mortality.*®? If the risk of developing ACD increases in patients with asthma, it is important to
incorporate the detection and management or treatment of anemia in the overall medical care of these patients.** In ACD
(unlike IDA), hemoglobin levels usually do not decrease below 7 g/dL, and RBCs are typically normocytic and
normochromic.**° Therefore, the diagnosis of anemia in patients with asthma can be easily overlooked in clinical
practice. However, our confirmed that the risk of developing anemia was increased when patients with asthma were
followed for approximately 5 years. Thus, periodic blood tests for anemia are necessary for asthma patients. If anemia is
detected, it is important to distinguish between ACD and IDA, as the therapeutic approaches differ between these two
types.

This study has several limitations. First, Seoul National University Hospital is one of the largest hospitals in Korea.
Therefore, patients with asthma in this study might have had more severe symptoms than the general population of
patients with asthma. Also, even if patients seemed to be diagnosed with asthma for the first time at our hospital, we
cannot be sure that they were not previously diagnosed with the disorder at another hospital. Second, it was not possible
to evaluate confounding factors other than diseases excluded from this study because of the lack of available data on
other factors. Third, the characteristics of the asthma patients group and healthy adults group were very different. As only
patients without other underlying diseases were included in the control group, this group was relatively younger and
contained more women than the asthma patients group.

Nevertheless, this study has several strengths. First, it is the first study to present the results of long-term follow-up on
the risk of anemia in patients with asthma. Second, to the best of our knowledge, all previous studies examined the
prevalence, not incidence, of anemia in patients with asthma. By focusing on incidence, our study provides information
about a possible causal relationship between asthma and anemia. Finally, anemia was diagnosed solely on blood test
results, not the patient’s self-report or a physician’s diagnosis.

Conclusion

The risk of anemia was increased in adults with asthma. This result was obtained after adjusting for patient sex, age, and
obesity and excluding patients with other diseases that can increase the risk of anemia. The results of this study suggest
that patients with asthma should undergo regular testing for the presence of anemia to allow early detection and initiation
of treatment. Further studies on the mechanism of ACD development in patients with asthma are required. Such studies
will help further our understanding of the chronic and systemic inflammatory responses of this patient population.

Abbreviations

ACD, anemia of chronic disease; CBC, complete blood cell count; Cis, confidence intervals; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DMT]1, divalent metal transporter 1;
FEV1, forced expiratory volume in 1 s; ICD, International Classification of Diseases; IDA, iron deficiency anemia; IFN,
interferon; IL, interleukin; RBC, red blood cell; Th2, T helper 2; TNF, tumor necrosis factor.
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