Original Article

The Relationship Between Urinary Bromotyrosine Levels and
Eosinophils in Asthma and Non-Asthma Patients
at Harum Melati Clinic, Pringsewu, Lampung, Indonesia

Dimas Trend Pinaka Baladika,” Retno Ariza Soeprihatini Soemarwoto,” Syazili Mustofa,? Faisal Yunus,®
Diyan Ekawati,” Adityo Wibowo*

Department of Pulmonology and Respiratory Medicine, Faculty of Medicine, Lampung University,
dr. H. Abdul Moeloek Hospital, Bandar Lampung, Indonesia
2Department of Biochemistry, Physiology and Molecular Biology, Faculty of Medicine, Lampung University,
dr. H. Abdul Moeloek Hospital, Bandar Lampung, Indonesia
3Department of Pulmonology and Respiratory Medicine,
Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

4Department of Pulmonology and Respiratory Medicine, Faculty of Medicine, Juntendo University, Tokyo, Japan

Abstract

Background: In the era of personalized medicine, biomarkers have become an important tool for
detecting and predicting asthma episodes over the last decade, one of them is urinary
bromotyrosine. It has several advantages as a potential biomarker for asthma, including its stability
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and the practicality of noninvasive urine sampling. Therefore, this study aims to investigate further dr. H. Abdul Moeloek Hospital, Bandar

the role of urinary bromotyrosine levels and their correlation with eosinophil levels in asthma

patients.

Methods: This is an analytical observational study with a cross-sectional design. From May to
December 2023, the study involved 82 patients from the Harum Melati Clinic in Pringsewu,
Lampung, Indonesia. The participants underwent spirometry, differential leukocyte count, urinalysis,
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and chest X-rays. The severity of asthma obstruction was classified into asthmatic (n=72) as the
case group, with non-asthmatic patients (n=10) serving as the control group. Urinary bromotyrosine

levels were tested using the 3-BrY ELISA Kit EU3112. J Respirol Indones. 2026

Vol. 46 No. 2: 99-104

Results: Urinary bromotyrosine levels were significantly higher in asthma patients compared to the
https://doi.org/10.36497/jri.v46i2.940

non-asthma group (154.11 ng/mL vs. 11.87 ng/mL; P=0.0001). Furthermore, elevated eosinophil

levels in asthma patients showed a strong correlation coefficient (0.307) with higher urinary
bromotyrosine levels, indicating statistical significance (P=0.005).

Conclusion: This study found a significant difference in urinary bromotyrosine levels between

asthmatic and non-asthmatic participants. There was a strong correlation between elevated .
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eosinophil counts in patients with asthma and increased urinary bromotyrosine levels.
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INTRODUCTION

Asthma is a prevalent non-communicable
disease that greatly affects quality of life. The high
number of asthma-related medical visits indicates
chronic inflammation in the lower airways, which
predisposes individuals to airway
hyperresponsiveness and obstruction. If not properly
managed, this condition can trigger exacerbations.

Worldwide, as reported by the World Health
Organization (WHO) in 2021, an estimated 262
million people are affected by asthma, with an
estimated 461,000 deaths attributed to the disease.’

In Indonesia, based on the 2018 Riskesdas, the
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prevalence of asthma was 2.4%, with a relapse
proportion of 57.5%.2 Furthermore, a study by
Soemarwoto et al in 2019 found that the prevalence
of asthma among elementary school children in urban
areas of Bandar Lampung, aged 10-17 years, was
11.5%, with a history of allergic rhinitis reported in
41.1% of cases.?

In the era of personalized medicine, the use of
biomarkers for diagnosing and predicting asthma
attacks has become an essential approach over the
past decade.* Recent evidence also emphasizes the
importance of phenotype- and endotype-based
approaches in asthma management and biomarker-
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guided therapy.5 A valid biomarker should possess
several key characteristics, such as the ability to
distinguish between disease and health with high
positive predictive value and negative predictive
value, provide information about disease prognosis,
monitor treatment outcomes, be reproducible,
analytically measurable with good performance, and
cost-effective.®

Biomarkers in asthma are useful for assessing
and studying exacerbations, but their primary
function is to identify patients at increased risk of
exacerbations.® In children and the elderly, the
primary challenge is identifying biomarkers in
samples that are easier to collect. One of the most
easily obtainable samples from patients is urine,
which contains various metabolic byproducts,
including bromotyrosine (Br-Tyr).”

Bromotyrosine serves as a promising
biomarker due to its stability and the ease of non-
invasive urine sample collection.” Research by
Wedes et al has demonstrated that eosinophils
produce strong brominated oxidants, such as
hypobromous acid, in the airways of asthma patients,
which are activated by pro-inflammatory mediators.
During respiratory inflammation, eosinophil activation
leads to the release of granule proteins, including
eosinophil peroxidase. Studies have shown that
eosinophil peroxidase utilizes hydrogen peroxide,
generated by superoxide dismutase, as a response
to protect cells from oxidative stress. With the
assistance of bromide binding, it forms reactive
brominators, such as hypobromous acid, a highly
potent antimicrobial oxidant that can brominate
tyrosine protein residues to form 3-bromotyrosine,
which is subsequently excreted in the urine.®

Research on the correlation between Br-Tyr
and asthma has been conducted previously,
including a 2011 study by Wedes et al that focused
specifically on a pediatric population.® Additionally, in
2015, Cowan et al also compared the roles of
biomarkers, including exhaled nitric oxide fraction
(FeENO), sputum eosinophils, and urinary Br-Tyr
levels, in response to corticosteroid therapy in
asthma patients.® Therefore, this study aims to
investigate further the role of urinary Br-Tyr levels
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and their correlation with eosinophil levels in asthma
patients, particularly in adults.

METHODS

This study is an observational analytic study
with a cross-sectional design, which was conducted
from May 2023 to December 2023 at Harum Melati
Clinic, Pringsewu, Lampung, Indonesia. The study
involved 82 patients, with 72 patients having asthma
and 10 patients without asthma. This study used a
consecutive sampling method. All asthma patients
who attended Harum Melati Clinic, Pringsewu,
Lampung, during the study period and fulfilled the
inclusion criteria were recruited consecutively until
the target sample size was reached. While the
control group consisted of non-asthmatic subjects
recruited from the same clinical setting during the
same study period, a smaller number was intentional
as a baseline comparator, so can evaluate urinary
Br-Tyr levels among asthma patients receiving
montelukast therapy and combination therapy.

The study subjects included patients with
intermittent, mild persistent, or moderate persistent
asthma who were not experiencing exacerbations
during outpatient visits. Eligible participants of the
inclusion criteria were newly diagnosed asthma
patients or those with a prior physician diagnosis of
asthma or those with a history of controlled asthma
with  spirometry findings showing a reduced
FEV4«/FVC ratio (<0.75) and/or significant
bronchodilator reversibility (increase in FEV1 212%
and 2200 mL) based on the Global Initiative for
Asthma (GINA) criteria.

Participants were excluded if they had acute
respiratory infections at the time of sampling, chronic
pulmonary diseases other than asthma (such as
chronic  obstructive  pulmonary disease or
bronchiectasis), systemic inflammatory or
autoimmune diseases, renal or hepatic impairment,
pregnancy, orincomplete clinical and laboratory data.
In addition, participants who had received
medications that could influence inflammatory or
oxidative stress markers within the past three months
were excluded. These medications included
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antihistamines, systemic corticosteroids, inhaled
corticosteroids, and other immunomodulatory or anti-
allergic drugs. Meanwhile, asthma control status was
assessed clinically by the treating physician based on
symptom evaluation, as no standardized asthma
control questionnaire (e.g., ACT) was used.

The samples collected were urine spot
samples obtained after a two-hour accumulation in
the bladder to minimize variations in urinary
creatinine levels. The collected urine had to be
centrifuged at 2000 rpm for 10 minutes before
analysis. The centrifuged urine samples were then
analyzed by Enzyme-Linked Immunosorbent Assay
(ELISA) to measure the absorbance of urinary Br-Tyr
metabolites. In addition, study subjects also
underwent chest X-rays, complete blood count tests,
and spirometry.

The data were subsequently analyzed using
SPSS (Statistical Product and Service Solution)
version 26.0. Continuous variables were presented
as meantSD and median (minimum-—maximum),
while categorical variables were presented as
frequencies and percentages. Clarified the statistical
tests also used for continuous and categorical
variables, including the use of the independent t-test,
Mann-Whitney U test, chi-square test, and Fisher’s
exact test where appropriate.

RESULTS

This study included 82 patients who met the
inclusion and exclusion criteria, with 10 in the non-
asthma group and 72 in the asthma group. The mean
age of asthma patients was 39.67+18.10 years, while
the mean age of the non-asthma group was
35.20%4.18 years, with a narrower age range (31-44
years), indicating that the non-asthma group was
more homogeneous in age. The majority of asthma
patients were female (66.7%), whereas the majority
of the non-asthma group were male (70%).

The distribution of educational levels showed
that most asthma patients had completed high school
or vocational education (38.9%). Meanwhile, all non-
asthmatic participants had a diploma degree (D3).

Lower levels of education may affect patients'
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understanding of therapy and adherence to
treatment. The average body mass index (BMI) of
asthma patients was within the normal range
(22.051£4.80 kg/m?), as was that of the non-asthma
group (21.891+2.34 kg/m?3). The greater variation in
BMI values within the asthma group may indicate
differences in lifestyle patterns and levels of physical
activity.

Table 1. Participant Characteristics.

Group
Variable Asthma Non-asthma P
(n=72) (n=10)

Age (years)

Mean+SD 39.67£18.10 35.20+4.18 0.324

Median (Min-Max)  41.0 (6-69) 33.50 (31-44) ’
Sex

Men 24 (33.3%) 7 (70.0% 0.025

Women 48 (66.7%) 3 (30.0%)
Education

Elementary School 17 (23.6%) 0 (0.0%)
Junior High School 8 (11.1%) 0 (0.0%)

High School 28 (38.9%) 0 (0.0%) 0.0001*
Diploma 4 (5.6%) 10 (100%)
Bachelor 15 (20.8%) 0 (0.0%)
Body Mass Index (kg/m2)
MeantSD 22.05+4.80 21.89+2.34

22.65 227 0.346
(10.10-35.40) (18.60-24.50)

Allergen & environmental triggers

Median (Min-Max)

Weather 8 (11.1%) 0 (0.0%)

Dust 9 (12.5%) 0 (0.0%) 0.152
Smoke 9 (12.5%) 0 (0.0%)

Unknown 46 (63.9%) 10 (100%)

Brinkman Index

Mild 7(9.7%) 0 (0.0%)

Moderate 0 (0.0%) 0 (0.0%) 0.303
Severe 0 (0.0%) 0 (0.0%)
Non-smoker 65 (90.3%) 10 (100%)

Note: *significant P<0.05

The majority of participants in the asthma group
were unaware of their allergy triggers (63.9%), while
the rest reported triggers to weather conditions
(11.1%), dust (12.5%), and smoke (12.5%). In
contrast, all individuals in the non-asthma group had
no history of allergies. This indicates that allergies
and environmental triggers are a significant risk factor
in the development of asthma, and awareness of
allergy triggers is crucial for successful therapy. Most
asthma patients (90.3%) and all individuals in the
non-asthma group were non-smokers. The absence
of heavy smokers in this study may reduce potential
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bias from exposure to cigarette smoke, which is
known to increase oxidative stress and airway
inflammation.

Table 2. Laboratory Examination Results.
Asthma Non-Asthma

Variable (n=72) (n=10) P

Eosinophil (%)

Mean+SD 5.85+3.21 1.60+0.51 0.0001*

Median (Min-Max) 5.00 (1-15) 2.00 (1-2)
Neutrophil (%)

Mean+SD 57.75+£9.99 56.50+6.80

Median (MinMax) 5090, ) 0771
Bromotyrosine (ng/ml)

Mean+SD 154.11+£136.09 11.87+11.07

0.0001*

Median (Min-Max) 126.95 10.81
(0.30 — 548.70) (0.30-32.60)

Note: *significant P<0.05

Blood and urine test results showed that the
asthma group had a mean eosinophil level of
5.85+3.21%, with a median of 5.00%. In contrast, the
non-asthma group had a lower mean eosinophil level
of 1.60+0.51%, with a median of 2.00%. This
difference was statistically significant (P=0.0001).

The mean neutrophil level in the asthma group
was 57.751£9.99%, with a median of 58.00%, whereas
the non-asthma group had a mean of 56.50+6.80%,
with a median of 57.50%. However, this difference
was not statistically significant (P=0.771).

The mean urinary Br-Tyr level in the asthma
group was 154.11+£136.09 ng/mL. In contrast, the
non-asthma group had a mean of 11.87+11.07 ng/mL
(P=0.0001), indicating a significant difference
between asthma patients and healthy individuals.

Table 3. Correlation Test Results of Urinary Br-Tyr Levels with
Eosinophils and Neutrophils.

Correlation

Variable oy P
coefficient
Br-Tyr Levels with Eosinophils +0.307 0.005*
Br-Tyr Levels with Neutrophils -0.020 0.860

Note: *significant P<0.05

Spearman's correlation analysis demonstrated
a positive association between urinary Br-Tyr levels
and eosinophil count (r=+0.307; P=0.005), indicating
a weak-to-moderate association. This suggests that
an increase in urinary Br-Tyr levels is associated with
a higher eosinophil count. In contrast, the correlation
coefficient for neutrophils was -0.020, indicating no
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significant relationship between urinary Br-Tyr levels
and neutrophil count (P=0.860).

DISCUSSIONS

In asthma patients, airway inflammation is
typically associated with increased activity of
inflammatory cells and the release of inflammatory
mediators, such as leukotrienes. This inflammatory
process contributes to enhanced oxidative stress,
which may lead to elevated urinary Br-Tyr levels. In
contrast, non-asthmatic individuals generally exhibit
lower levels of inflammation and oxidative stress,
resulting in lower urinary Br-Tyr levels. The significant
difference observed between the two groups in this
study reflects disparities in inflammatory burden and
oxidative stress.'® Because Br-Tyr is a biomarker of
oxidative stress generated through eosinophil
activity, particularly via eosinophil peroxidase-
mediated reactions.®°

In asthma, chronic airway inflammation leads
to eosinophil activation and increased production of
reactive oxidant species, thereby elevating Br-Tyr
levels. The findings of this study, demonstrating
significantly higher urinary Br-Tyr levels in asthma
patients compared to non-asthma patients, are
consistent with previous studies reporting elevated
oxidative stress markers in asthma. Prior research
has shown that Br-Tyr levels are elevated in patients
with eosinophilic airway inflammation and may serve
as a non-invasive biomarker reflecting disease
activity and oxidative imbalance.'®"

Several studies have also demonstrated that
urinary  Br-Tyr correlates with  eosinophilic
inflammation and asthma severity, supporting its role
as a marker of type 2 airway inflammation. For
instance, earlier investigations reported that higher
Br-Tyr levels were associated with increased
eosinophil counts and poorer asthma control,
suggesting its potential utility in monitoring disease
progression and inflammatory status.’?> These
findings are in line with the present study, which
identified a positive correlation between urinary Br-
Tyr levels and eosinophil counts.
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Need to know, environmental factors such as
allergen exposure, air pollution, and smoking may
also further exacerbate oxidative stress in asthma
patients, contributing to increased Br-Tyr levels. But
non-asthmatic individuals tend to maintain a more
stable oxidative balance, so preventing significant
increases in Br-Tyr. Variations in Br-Tyr levels may
also be influenced by factors such as treatment
status, degree of inflammation, and individual
metabolic differences."

The correlation between urinary Br-Tyr levels
and eosinophil counts (r=+0.307) indicates a positive
weak-to-moderate  association, suggesting that
increased eosinophilic activity is associated with
greater oxidative stress. From a clinical perspective,
this finding highlights the potential role of urinary Br-
Tyr as a non-invasive biomarker for assessing
eosinophilic inflammation in asthma patients.'

Measurement of urinary Br-Tyr may provide
additional information beyond routine blood
eosinophil counts, particularly in evaluating airway
inflammation and monitoring response to therapy.
Recent studies have highlighted the growing role of
non-invasive biomarkers in guiding asthma treatment
and precision medicine approaches.' Furthermore, it
may help identify patients with eosinophilic
phenotypes who are more likely to benefit from
targeted anti-inflammatory treatments.®

In contrast, the absence of a significant
correlation between Br-Tyr levels and neutrophil
counts suggests that Br-Tyr is more specifically
associated with eosinophil-driven inflammation rather
than neutrophilic pathways. Neutrophils are typically
involved in non-allergic inflammatory responses and
infections, and their role in asthma is less prominent
compared to eosinophils. Previous studies have
similarly reported that neutrophilic inflammation
represents a distinct asthma phenotype that may not
be reflected in Br-Tyr levels.®

LIMITATION

Urinary Br-Tyr biomarker levels are known to
increase in asthma  patients experiencing
exacerbations during hospitalization, making the
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timing of sample collection a significant factor in
variation in results. However, in this study, samples
were collected from patients with outpatient asthma,
and no interventions or treatments were administered
to the subjects. Therefore, some other variables that
are not researched may influence urinary Br-Tyr
biomarker levels in this study.

CONCLUSION

There was a significant difference in urinary
Br-Tyr levels between asthma and non-asthma
patients. In addition, eosinophil levels in asthma
patients showed a statistically significant positive
correlation with urinary Br-Tyr levels, indicating a
weak-to-moderate association. These findings
suggest that urinary Br-Tyr may serve as a non-
invasive biomarker for assessing eosinophilic
inflammation and oxidative stress in asthma patients.
Clinically, measurement of urinary Br-Tyr has the
potential to complement conventional markers such
as blood eosinophil counts, aid in the evaluation of
disease activity, and support monitoring of treatment
response, particularly in patients with eosinophilic
asthma phenotypes.

ACKNOWLEDGMENTS

The authors confirm that this manuscript is an
original work and has not been published or
submitted for publication elsewhere.

CONFLICT OF INTEREST

The authors declare no conflicts of interest that
could influence the content of this manuscript.
FUNDING

None.

REFERENCES

1. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi
M, Abbasifard M, et al. Global burden of 369
diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis

103



10.

11.

12.

104

Dimas Trend Pinaka Baladika: The Relationship Between Urinary Bromotyrosine Levels and Eosinophils

for the Global Burden of Disease Study 2019.
The Lancet. 2020;396(10258):1204—-22.
Kementerian Kesehatan RI. Laporan Nasional
Riskesdas 2018. Laporan Nasional Riskesdas
2018. Jakarta; 2018.

Soemarwoto RA, Mustofa S, Rusmini H,
Febriani A, Muslimah N. Relationship between
allergic rhinitis and asthma in the elementary
school children in Bandar Lampung, Indonesia.
In: Paediatric asthma and allergy. European
Respiratory Society; 2020. p. 670.

Tiotiu A. Biomarkers in asthma: state of the art.
Asthma Res Pract. 2018;4:10.

Porsbjerg C, Melén E, Lehtimaki L, Shaw D.
Asthma. The Lancet. 2023;401(10379):858-73.
Popovi¢-Grle S, Stajduhar A, Lampalo M, Rnjak
D. Biomarkers in Different Asthma Phenotypes.
Genes (Basel). 2021;12(6):801.

Mani AR, Moreno JC, Visser TJ, Moore KP. The
metabolism and de-bromination of
bromotyrosine in vivo. Free Radic Biol Med.
2016;90:243-51.

Wedes SH, Wu W, Comhair SAA, McDowell
KM, DiDonato JA, Erzurum SC, et al. Urinary
Bromotyrosine Measures Asthma Control and
Predicts Asthma Exacerbations in Children. J
Pediatr. 2011;159(2):248-255.e1.

Cowan DC, Taylor DR, Peterson LE, Cowan
JO, Palmay R, Williamson A, et al. Biomarker-
based asthma phenotypes of corticosteroid
response. Journal of Allergy and Clinical
Immunology. 2015;135(4):877-883.e1.

Carr TF, Kraft M. Use of biomarkers to identify
phenotypes and endotypes of severe asthma.
Annals of Allergy, Asthma & Immunology.
2018;121(4):414-20.
doi:10.1016/j.anai.2018.07.029

Sabir M, Tan YY, Aris A, Mani AR. The role of
endogenous bromotyrosine in health and
disease. Free Radic Res. 2019;53(9-10):1019—
34.

di Palmo E, Cantarelli E, Catelli A, Ricci G,
Gallucci M, Miniaci A, et al. The Predictive Role
of Biomarkers and Genetics in Childhood

13.

14.

15.

16.

Asthma Exacerbations. Int J Mol Sci.
2021;22(9):4651.

Meteran H, Sivapalan P, Steehr Jensen JU.
Treatment Response Biomarkers in Asthma
and COPD. Diagnostics. 2021;11(9):1668.
Bonnesen B, Jensen JUS, Mathioudakis AG,
Corlateanu A, Sivapalan P. Promising
treatment biomarkers in asthma. Frontiers in
Drug Safety and Regulation. 2023;3:1291471.
Diamant Z, Vijverberg S, Alving K, Bakirtas A,
Bjermer L, Custovic A, et al. Toward clinically
applicable biomarkers for asthma: An EAACI
position paper. Allergy. 2019;74(10):1835-51.
D'’Amato G, Vitale C, Molino A, Stanziola A,
Sanduzzi A, Vatrella A, et al. Asthma-related

deaths. Multidiscip Respir Med. 2016;11:37.

J Respir Indo Vol. 46 No. 2, 2026



