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Background: Asthma severity is influenced by various 
immunomodulators; however, the specific roles of thyroid 
hormones and endothelin in childhood asthma in the 
South Indian population remain unexplored.
Purpose: This study investigated the impact of thyroid 
hormone and endothelin levels on asthma control among 
children in South India.
Methods: We divided 90 subjects aged 10–15 years into 3 
groups as categorized by the Global Initiative for Asthma 
guidelines: 30 healthy children, 30 patients with well-
controlled asthma, and 30 patients with poorly controlled 
asthma. Fasting blood samples were collected to analyze 
endothelin levels and thyroid function. Pulmonary func
tion tests were performed using a portable spirometer to 
assess forced expiratory volume in 1 second (FEV1), forced 
vital capacity (FVC), and the FEV1/FVC ratio.
Results: Thyroid-stimulating hormone (TSH) levels were 
significantly elevated in the well-controlled (4.66±1.91 
mIU/L) and poorly controlled (6.51±4.04 mIU/L) asthma 
groups versus the control group (P<0.001). Similarly, 
endothelin levels showed a marked increase (4.65±0.38 pg/
mL vs. 18.51±6.13 pg/mL), with the poorly controlled group 
exhibiting the highest levels (P<0.001). A strong negative 
correlation was observed between FEV1/FVC% and se
rum endothelin levels (r=-0.76) on a Pearson correlation 
analysis.
Conclusion: This study revealed a strong association 
between endothelin levels, the FEV1/FVC ratio, and TSH 
levels. These findings suggest that serum endothelin level 
could serve as a potential surrogate marker of asthma 
severity.
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Key message
Question: What are the roles of thyroid hormones and 

endothelin in South Indian children with asthma?
Finding: Thyroid hormone and endothelin levels were 

significantly elevated in South Indian children with 
asthma; poorly controlled cases exhibited the highest 
levels. Elevated thyroid-stimulating hormone and endo
thelin levels were correlated with asthma severity.

Meaning: Serum endothelin is a potential surrogate 
marker for asthma severity that could aid the assess
ment and management of childhood asthma.

Introduction

Asthma, a chronic lung disease characterized by bron
chial inflammation, has emerged as a significant public 
health concern globally, affecting approximately 300 
million individuals worldwide. In India alone, 35 million 
people suffer from asthma, posing substantial challenges 
in lung care, particularly among school children, where 
it can impact education and quality of life.1) Research has 
elucidated complex mechanisms underlying asthma, yet 
further investigation is necessary to mitigate associated 
complications. Notably, evidence suggests that effective 
asthma management is intricately linked to non-respira
tory comorbidities, such as hormonal homeostasis, speci
fically the pituitary-thyroid axis. Both asthma and thyroid 
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dysregulation share common lung inflammation and 
immunological pathways.2) Moreover, corticosteroid-bas
ed asthma treatments can influence thyroid hormone 
synthesis and metabolism, highlighting the importance 
of considering the interplay between asthma and thyroid 
function in clinical management.

Beyond hormonal influences, endothelin-1 (ET-1), a po
tent vasoconstrictor produced by various cells, has been 
identified as a predictor of several morbidities, including 
stroke and cardiovascular diseases (CVDs).3) Notably, 
elevated endothelin levels have been linked to increased 
airway obstruction and asthma severity, suggesting its 
potential as a biomarker for disease progression.4) Al
though studies have investigated the role of thyroid-
stimulating hormone (TSH) status in adult asthma popula
tions, data on pediatric populations, particularly in South 
India, remain scarce.5) Furthermore, the relationship 
between serum endothelin levels and TSH levels in child
ren is largely unexplored. This study aims to address this 
knowledge gap by comparing and associating serum 
levels of endothelin and thyroid hormones in children 
with and without asthma, focusing on the pediatric South 
Indian population over a period of 2 years.

Methods

This cross-sectional study was conducted by the De
partment of Biochemistry in collaboration with the De
partment of Paediatrics at a tertiary care hospital, follow
ing approval from the Institutional Research and Ethics 
Committees. A total of 60 pediatric asthma patients, aged 
10–15 years, were enrolled over a period of 2 years. At the 
time of diagnosis, all participants were on some form of 
maintenance therapy but had a history of irregular treat
ment adherence.

Patients were classified into 2 groups based on their 
Asthma Control Test (ACT) scores: well-controlled asthma 
(ACT score 20–25, n=30), and poorly controlled asthma (ACT 
score 5–15, n=30). The ACT is a standardized questionnaire 
assessing asthma symptoms, reliever medication use, 
and the patient’s self-assessed control over the past 4 
weeks. An ACT score of 16–19 indicates not well-controlled 
asthma, but for this study, only patients with scores in 
the well-controlled and poorly controlled categories were 
included. Partly controlled asthma patients representing 
an intermediate and heterogeneous group were excluded 
to avoid overlapping categories.

Study participants were stratified with reference to 
thyroid function. Those with TSH between 0.4 and 4.0 mU/ 
L and free T4 between 0.8 and 1.8 ng/dL were classified as 
euthyroid. Subjects exhibiting subclinical hypothyroidism 

were defined by a mildly elevated TSH (5.0–10.0 mU/L) 
in conjunction with normal free T4 (0.8–1.8 ng/dL) and 
total T4 (5.0–12.0 µg/dL) levels. Overt hypothyroidism was 
diagnosed in participants with TSH exceeding 10.0 mU/L 
and reduced free T4 (<0.8 ng/dL) and total T4 (<5.0 µg/
dL).6) Subjects with other lung diseases (bronchiectasis, 
emphysema, infective bronchitis) and Chronic illnesses 
(hypertension, diabetes, renal failure, cyanotic heart dis
eases, known thyroid disorders and other endocrine 
disorders) were excluded. Thirty age- and sex-matched 
healthy individuals served as controls. Written informed 
consent was obtained from parents/guardians. Waist and 
hip circumference were measured using standardized 
measuring tape and waist-hip ratio (WHR) was calculated 
from the measured values. Body mass index (BMI) was 
calculated using the formula (weight in kg/height in m2). 
Pulmonary function test was performed by a trained 
technician in the pulmonology department who was 
experienced in spirometry and handling pediatric sub
jects. The study subjects were seated with a nose clip in 
place. To ensure reproducibility the test was repeated 3 
times and the best of the 3 were taken. Pulmonary func
tion tests were measured using a portable spirometer 
(MIR Winspiro Spirobank II), assessing forced expiratory 
volume in 1 second (FEV1), forced vital capacity (FVC), and 
FEV1/FVC ratio. MIR Winspiro Spirobank II spirometer 
uses an integrated Global Lung Initiative 2012 reference 
equation for calculating the predictive values of FEV1, FVC 
and FEV1/FVC ratio.7) This equation takes into account the 
age, sex, height and ethnicity of the study participants. The 
spirometer automatically calculated z scores and percent 
predicted values and this was used to categorize patients 
based on standardized cutoff. Under aseptic precautions, 
2 mL of blood sample was collected. The levels of serum 
ET-1 were determined using a specific and sensitive com
mercially available enzyme-linked immunosorbent assay 
according to manufacturer’s instructions (Bioassay Tech
nology Laboratory, China) systems and thyroid hormones 
were measured using Chemiluminescence. The data was 
expressed as mean±standard deviation. One-way analysis 
of variance was used to compare the study parameters. 
Pearson correlation analysis evaluated relationships 
between pulmonary function tests, endothelin levels, and 
thyroid function tests. IBM SPSS Statistics ver. 20.0 (IBM 
Co., USA) was used for analysis, and a P value <0.05 was 
considered statistically significant.

Results

The mean age of the study population was 13.79±1.65 
years. Asthma subjects had higher BMI and higher WHR 
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compared to non-asthmatic controls (Table 1). Poorly 
controlled asthma subjects showed significant reductions 
in pulmonary function (FEV1, FVC, FEV1/FVC ratio). Serum 
endothelin levels were significantly higher in poorly 
controlled asthma patients (P<0.001). Poorly controlled 
asthma patients had significantly increased TSH levels 
and decreased T4 levels (P<0.001) compared to well-con
trolled and healthy subjects. Furthermore, the serum 
T3 level does not show any significant results among the 
study subjects. Furthermore, asthma control and thyroid 
hormone status showed a significant positive association. 
The prevalence of euthyroid status decreased from 96.67% 
in controls to 66.67% in poorly controlled asthma patients. 
Conversely, subclinical hypothyroidism increased from 
3.33% in controls to 20% in poorly controlled asthma 
patients, and overt hypothyroidism rose from 0% to 13.33% 
(Table 2).

Endothelin levels exhibited a significant negative cor
relation with pulmonary function indices, including 
FEV1% (r=-0.83), FVC% (r=-0.82), and FEV1/FVC (r=-0.79) 
(Fig. 1). Similarly, TSH levels showed a strong negative cor
relation with FEV1% (r=-0.51), FVC% (r=-0.41), and FEV1/
FVC (r=-0.56) (Fig. 2) Additionally, TSH levels showed a 
strong positive association with endothelin levels (r=0.41), 
while endothelin levels were significantly negatively cor
related with T4 levels (r=-0.56).

Receiver operating characteristic analysis of serum 
ET-1 in asthma control demonstrated an optimal cutoff 
of 6.7 pg/mL, achieving an area under the curve of 0.98 
for excellent diagnostic accuracy; at this threshold, sen
sitivity reached 97% and specificity was 87%, (Fig. 3) indi
cating strong potential for ET 1 as a clinical biomarker to 
distinguish well controlled from poorly controlled asth
ma. These findings suggest a potential interplay between 
endothelin-mediated vascular or systemic effects and 
thyroid function, which may collectively influence pulmo
nary performance.

Discussion

There are increased endothelin levels and increased risk 
of hypothyroidism in poorly controlled asthma than well-
controlled asthma in the pediatric population. Asthma is 

Table 1. General characteristics, lung function, and biochemical evaluation results, and medications of patients with well- or poorly 
controlled asthma versus healthy controls

Parameters Healthy control (N=30)
Asthma cases (N=60)

P value
Well- controlled (N=30) Poorly controlled (N=30)

Age (yr) 13.47±1.7 14.03±1.67 13.87±1.6 0.40
BMI (kg/m2) 22.47±1.70 21.09± 0.99 26.14±1.05 0.001
WHR 0.83±0.53 0.85±0.14 0.92±0.02 0.001
Predicted FEV1 (L) 4.24±0.47 4.45±0.66 4.38±0.57 0.39
Predicted FVC (L) 4.98±0.57 5.21±0.79 5.14±0.69 0.41
Predicted FEV1/FVC 85.31±0.01 85.34±0.01 85.33 ±0.01 0.96
FEV1 % 91.73±2.69 81.59±5.18 60.52±4.29 0.001
FVC % 97.14±2.19 92.83±2.82 82.98±2.75 0.001
FEV1/FVC 94.46±2.95 87.84±3.98 72.94±4.79 0.001
Z score 2.68±0.93 0.73±1.21 -3.63±1.38 0.001
Endothelin 1 (pg/mL) 2.38±0.64 4.65±0.38 18.51±6.13 0.001
TSH (mIU/L) 3.55±0.91 4.66±1.91 6.51±4.04 0.001
T3 (pmol/L) 3.01±0.61 3.17±0.7 2.98±1.1 0.64
T4 (ng/dL) 1.59±0.27 1.53±0.28 1.01±0.34 0.001
Medications used Low-dose inhaled corticosteroids

Low-dose inhaled steroid + formoterol as 
needed.

Leukotriene receptor antagonists
Short-acting β2-agonists e.g., salbutamol 

as needed

Medium- to high-dose inhaled cortico
steroids

Long-acting β2-agonists
Leukotriene receptor antagonist
Oral corticosteroids – in exacerbations 

or severe persistent cases
Values are presented as mean±standard deviation.
BMI, body mass index; WHR, waist-to-hip ratio; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; TSH, thyroid-stimulating hormone; T3, 
triiodothyronine; T4, tetraiodothyronine. 
Boldface indicates a statistically significant difference with P<0.05.

Table 2. Thyroid status by study group

Thyroid status Control 
(N=30)

Well-
controlled 

asthma 
(N=30)

Poorly 
controlled 

asthma 
(N=30)

P value

Euthyroid status 29 (96.67) 27 (90.00) 20 (66.67) 0.023
Subclinical hypothyroidism 1 (3.33) 2 (6.67) 6 (20.00) 0.017
Overt hypothyroidism 0 (0) 1 (3.33) 4 (13.33) 0.002
Values are presented as number (%).
Boldface indicates a statistically significant difference with P<0.05.
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mation, can lead to chronic hypoxia, potentially triggering 
a cascade of biochemical changes that increase the risk of 
future complications which often remain under-evaluat
ed. The consequences are alarming, as CVD is the leading 
cause of death worldwide. In India, asthma management 
is suboptimal, with 82% of patients with early symptoms 
and 70% with severe asthma receiving inadequate care 
due to various factors, including variable symptom pre
sentation, healthcare provider workload, and limited 
resources, particularly in primary healthcare settings. 

a multifaceted disorder encompassing diverse endotypes 
and phenotypes. Notably, childhood asthma differs signi
ficantly from adult-onset asthma in terms of triggers and 
inflammatory pathways. This study examined the serum 
levels of endothelin and thyroid hormones in child
ren with and without asthma and on the association of 
endothelin levels and thyroid focusing on the pediatric 
South Indian population. Early identification and interven
tion can potentially mitigate morbidity and mortality 
associated with cardiovascular complications. 7,8)

Asthma, characterized by hyperresponsive lung inflam
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Fig. 1. Correlation between pulmonary function and serum endothelin 
levels in pediatric asthma. (A) Increased endothelin levels were 
associated with a lower FVC%. (B) A significant inverse correlation 
was observed between FEV1/FVC ratio and serum endothelin. (C) 
Inverse correlation between serum endothelin and FEV1%. This 
pattern suggests that ET-1 may contribute to airway inflammation, 
bronchoconstriction, and remodeling, leading to measurable declines 
in lung function. ET-1 is a potent vasoconstrictor and proinflammatory 
mediator, as shown by the observed physiological impairment in these 
children with asthma.22) ET-1, endothelin-1; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity.
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Fig. 2. Correlation between thyroid hormone and pulmonary function 
test results in pediatric patients with asthma. (A) A weak inverse 
correlation was observed between FVC and TSH, suggesting that higher 
TSH levels may be modestly associated with reduced lung function. 
(B) An inverse relationship between FEV1/FVC ratio and TSH levels in 
pediatric patients with asthma. (C) A significant inverse correlation 
was observed as FEV1% decreased. Elevated TSH, often indicative of 
subclinical or overt hypothyroidism, appeared to be correlated with 
worsening pulmonary function in children with asthma, potentially due 
to its effects on respiratory muscle strength, airway inflammation, or 
systemic metabolism.15) FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; TSH, thyroid-stimulating hormone.
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Furthermore, access to diagnostic spirometry, the gold 
standard for asthma diagnosis, is often impractical in 
resource-constrained settings, exacerbating the issue.9,10)

Thyroid hormones profoundly impact metabolism and 
cardiovascular function, influencing cardiac contractility 
and electrical activity. Alterations in thyroid hormone 
levels can lead to significant cardiovascular complications. 
Our study revealed a substantial proportion of asthma 
patients with subclinical and overt hypothyroidism, exhi
biting a negative correlation with lung function tests. This 
aligns with existing research indicating a link between 
asthma and increased hypothyroidism risk.2) A study 
done by Eliseeva et al.11) in 51 children showed subclinical 
hypothyroidism was prevalent in bronchial asthma. 
Liu et al.12) found that maternal hypothyroidism may 
increase the risk of asthma in children. Sundaram et alet 
al.13) reported that hyperthyroidism complicates asthma 
treatment. Notably, our study found no cases of hyper
thyroidism, contrasting with the findings of Sundaram 
et al.13) Kim14) developed a predictive model for the de
velopment of childhood asthma as a valuable tool for 
clinical diagnosis of disease.

Altered thyroid hormone sensitivity impairs pulmonary 
function, affecting respiratory muscles, membrane flui
dity, and neurochemical transmission. This disruption 

may compromise immunological function through chro
nic inflammation, oxidative stress, and metabolic dysre
gulation, as thyroid hormones regulate key enzymes.15)

The pathogenesis of asthma and hypothyroidism in
volves complex immune mechanisms. While asthma is 
typically associated with Th2-mediated inflammation, 
recent research has identified non-Th2 asthma subtypes 
involving alternative pathways. Key immune cells impli
cated in asthma development include Th1 cells and Th17 
cells which contribute to hypothyroidism pathogenesis 
through inflammatory pathways. Notably, non-Th2 asth
ma subtypes have emerged, highlighting diverse immu
nological mechanisms beyond traditional Th2-mediated 
responses.16)

ET-1, is a potent vasoconstrictor and broncho constrictor 
with diverse physiological and pathological roles. ET-1 is a 
peptide produced by various cells, including endothelial 
cells, vascular smooth-muscle cells, and bronchial epi
thelial cells. Notably, bronchial epithelial cells from asth
matic patients exhibit increased ET-1 expression. Elevated 
ET-1 levels have been detected in the airways of asthmatic 
individuals, where it contributes to several pathological 
processes, including stimulating mucus secretion and 
airway edema, promoting smooth-muscle cell growth 
(mitogenesis) and enhancing bronchial hyper-responsive
ness. Furthermore, ET-1 is believed to exert proinflamma
tory effects in the airways by acting as a chemoattractant 
and upregulating other inflammatory mediator, such as 
interleukins IL-6 and IL-8. Recent research has highlighted 
its contribution to disease, leading to the development of 
endothelin receptor antagonists for therapeutic use.17)

Endothelin drives tissue remodeling by promoting ex
tracellular matrix synthesis, myofibroblast differentiation, 
and mesenchymal cell proliferation. They also contribute 
to asthma-induced cardiac remodeling.18) Endothelin 
exhibits differential effects on alveolar macrophages con
tingent upon disease severity.19) Serum ET-1 levels in adult 
asthmatics are normal in between attacks, but they are 
high during acute attacks. These elevated levels are inver
sely correlated with airflow measurements and decrease 
with treatment. The FEV1/FVC ratio and plasma ET-1 
levels were shown to be significantly correlated negatively 
(P<0.01). These findings imply that the degree of acute 
asthma may be reflected in circulating ET-1 levels.20) In 
our study, we used serum endothelin for differentiating 
well-controlled and poorly controlled in comparison 
with healthy control with the optimum cuff of 6.7 pg/mL 
with sensitivity of 97% and specificity of 87%. Our results 
corroborate Aoki T's earlier findings, demonstrating endo
thelin's involvement in asthma severity however endo
thelin receptor antagonists fail to exhibit substantial 
therapeutic benefits, warranting further investigation.21) 

ROC curve

Fig. 3. Receiver operating characteristic (ROC) analysis showing the 
diagnostic accuracy of endothelin-1 (ET-1) at distinguishing between 
well-controlled and poorly controlled asthma. A serum ET-1 level of 6.7 
pg/mL (area under the curve, 0.98) effectively differentiated between 
subjects with well-controlled and poorly controlled asthma with high 
sensitivity (97%) and specificity (87%). These findings suggest that ET-1 
level could offer meaningful support for assessing asthma control 
status and potentially enhance clinical decision-making in pediatric 
asthma management.11,16)
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