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Introduction
Asthma is the most frequent chronic respira-
tory disease1, with almost 1 in 8 children and 
1 in 12 adults affected2. Since 2016, the Glob-
al initiative for asthma (GINA) has stated that 
asthma is a heterogeneous disease3. Asthma 
phenotyping is needed for a more precise pa-
tient approach and a better understanding 
of asthma diversity. Asthma heterogeneity is 
seen in diverse clinical presentations, different 
responses to treatment, and different patho-
physiological features and findings due to var-
ious pathogenic mechanisms, which lead to 
multiple asthma phenotypes. 

Phenotype is by definition an observ-
able disease characteristic which is the re-
sult of gene-environment interaction. These 
characteristics can be disease symptoms, trig-
gers, body shape and weight, age of asthma 
onset, etiology, atopic status, response to the 
smoking habit, laboratory findings, biomark-
ers, lung function parameters and presence of 
chronic airflow obstruction, bronchodilator 
reversibility, reaction to drugs or substances, 
response to treatment, level of asthma con-
trol, number of exacerbations, severity and 
speed of asthma deterioration, need for hos-
pitalization or intensive care unit treatment, 
including mechanical ventilation, duration 
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Abstract 
Asthma is the most common chronic respiratory disease, affecting both children and adults. 
It is an umbrella term, encompassing multiple phenotypes. Asthma phenotypes may also be 
identified as clusters of measurements from different dimensions of the disease, and are part-
ly genetically determined. The mechanisms leading to the disease are complex and it is still a 
challenge to choose suitable biomarkers, which have become especially important with the in-
troduction of biological asthma treatment. Asthma can be broadly divided into T2-high and 
T2-low molecular endotypes. Early-onset asthma is typical of allergic phenotype and has so 
far been the most extensively investigated. The prevalence of adult-onset asthma  i si increas-
ing because of the ageing population. This asthma phenotype can be  divided into two types 
considering the existence of eosinophilic inflammation. Various other asthma phenotypes, for 
instance, exercise-induced, and obesity or smoking-associated asthma, should be taken into ac-
count when evaluating the patient. Severe asthma,with the prevalence of 5-10% of all asthma 
patients, remains a clinical challenge. Various biomarkers are thus under investigation in the 
hope of helping researchers and clinicians in better disease evaluation since the individual ap-
proach and personalized medicine are imperative. 
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of quiescent state of asthma, involvement of 
upper respiratory airways and/or nasal pol-
yps etc. The topic concerning asthma phe-
notypes is very important as personalized, 
individually tailored treatment adjusted to 
the understanding of underlying phenotype 
mechanisms yields much better results in 
asthma patients4,5.

Asthma phenotype description dates 
from the mid-20th century, with Rackeman’s 
idea from 1947 about extrinsic and intrinsic 
asthma, emphasizing the triggering role of al-
lergens in asthma6. After the enthusiasm for 
inhaled corticosteroid treatment in asthma in 
the’80s of the previous century, and the intro-
duction of LABAs (long acting beta agonists) 
in asthma treatment in the ‘90s7, with much 
better achievements in asthma control, the 
first decade of the new millennium brought a 
rise in the asthma heterogeneity awareness8.

However, observable characteristics are 
not enough, because of many overlapping 
symptoms of the disease, so the common un-
derlying pathophysiological mechanism in 
asthma is important. Due to these facts, a new 
term was developed - asthma endotypes9.

Biomarkers are specific measurable dis-
ease characteristics. These are quantifiable 
factors distinguishing between physiological 
and pathological processes and could be used 
as a pathway for therapy selection and ther-
apeutic response monitoring10. The mecha-
nisms leading to the disease are complex and it 
is still a challenge to choose suitable biomark-
ers to adequately stratify patients, which be-
came especially important with the introduc-
tion of biologicals in asthma treatment11. The 
key point is biomarkers for the endotypic (and 
phenotypic) criteria. The right combination 
of various biomarkers in different phenotypes 
is under investigation hoping to help research-
ers and clinicians in better disease evaluation 
since the individual approach and personal-
ized medicine are imperative11,12. Today, de-
fining a severe asthma phenotype is a pro-
cess based on a biomarker-driven approach10. 

There is no perfect biomarker, and unlike for 
some other disorders, biomarkers for asth-
ma are less precise, and still not completely 
known. Generally, based on these markers, 
asthma can be divided into two groups, T2-
high asthma, and T2-low (or non-T2) asth-
ma11,10.

Continuous improvement of asthma phe-
notypes and their identification has led to an 
individualized, targeted approach in asthma 
therapy, especially in severe cases. Biomarkers 
are the key to understanding and recognizing 
phenotypes, and accordingly the key to thera-
py and treatment assessment.

Type 2 high-inflammation asthma is 
characterized by eosinophilic airway inflam-
mation, while type 2 low-inflammation asth-
ma includes neutrophilic and paucigranulo-
cytic asthma. A larger proportion of cases of 
severe asthma are type 2-high asthma17,18. 

A high level of type 2 cytokines is charac-
teristic of T2-high asthma, and those areIL-5, 
IL-4, IL-13, IL-25, IL-33, and thymic stro-
mal lymphopoietin (TSLP). Biomarkers of 
type 2 inflammation have proven valuable for 
endotyping in asthma17,18.

Biomarker: Type 2 Inflammation

Blood Eosinophils
Eosinophils are specialized leukocytes pro-
duced in the bone marrow, primarily found in 
tissues and in the respiratory system, airway 
mucosa, and airways, which promote inflam-
mation by releasing an abundance of inflam-
matory mediators. These mediators, together 
with those released from T2 cells, cause eosin-
ophilic inflammation, bronchoconstriction, 
and airway remodelling. Blood eosinophil 
counts are a potential surrogate biomarker 
for eosinophilic inflammation in asthma and 
are relatively easy to obtain. However, their 
levels depend on the time of sampling (high-
est at midnight, lowest at midday), time since 
eating, exercise, and therapy (corticosteroids 
reduce eosinophilia)13. Although studies of 
blood eosinophil count, as predictors of high 
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sputum eosinophils in eosinophilic asthma, 
have yielded somewhat mixed results, blood 
eosinophil counts have been useful in the se-
lection of patients for eosinophil-targeting 
agents. The exact cut-off value is still debat-
able, but the cut-off used in the clinical tri-
als to define high blood eosinophil counts has 
ranged between 150 and 300 cells/μL. Some 
studies showed that patients with eosinophil 
counts above 300 cells/_L have more frequent 
exacerbations and acute respiratory events13. 

Markers of Eosinophil Activation
The predominant mediators in the eosinophil 
granules are cytotoxic cationic proteins, such 
as eosinophil cationic protein (ECP), and eo-
sinophil-derived neurotoxin (EDN), major 
basic protein (MBP), and reactive oxygen spe-
cies (ROS). Some of these mediators can be 
measured in blood and used as a guide in bet-
ter asthma clustering, but also as a potential 
treatment target. High ECP levels are detect-
ed in the blood and sputum of severe asthma 
patients (mostly atopic), compared to those 
with non-severe asthma. ECP is associat-
ed with bronchospasm and airway resistance 
and is elevated in asthma exacerbation, and 
its levels are reduced after therapy induction. 
It is assumed that ECP can be used as a mark-
er for corticosteroid induction and dosage, but 
this needs to be confirmed. EDN is another 
marker of eosinophilic disease and persistent 
airflow limitation in severe asthma patients; it 
can be measured in serum, urine, and other 
body fluids14-16.

Periostin
Periostin is an extracellular matrix protein se-
creted by bronchial epithelial cells and lung fi-
broblasts in response to Th2 cytokines, IL-13, 
and IL-4. 

In addition to its role in cell prolifera-
tion, invasion and angiogenesis, periostin also 
plays a significant role in the development of 
inflammatory processes, as well as the devel-
opment of the T2 phenotype19,20. The exact 

mechanism and role of periostin in the patho-
physiology of asthma are still unclear. Mouse 
models suggest that periostin plays a role in 
mucus production, eosinophil recruitment, 
and subepithelial fibrosis.

In a recent study conducted by Taka-
hashi et al., it was presented that serum per-
iostin levels were good predictors of blood eo-
sinophilia (r = 0.36), which could mean that 
periostin levels serve as a biomarker of eosino-
philic airway inflammation21,22.

50 ng/L is considered the cut-off in most 
studies while values above 50 ng/L are con-
sidered high periostin levels. The limitation 
of periostin is that it is also secreted by oste-
oblasts and the levels can be elevated in some 
tumours (brain tumours, bony metastasis), 
and growing children23.

Dipeptidyl Peptidase-4 - DPP4
Dipeptidyl peptidase-4 (DPP-4) is expressed 
in a variety of lung epithelial and endotheli-
al cells and submucosal glands, however, the 
role in the pathophysiology of asthma is un-
certain. DPP-4 can be found in bronchoalve-
olar lavage (BAL) and correlates with airway 
inflammation in rat models. Studies relat-
ed to DPP-4 are limited; IL-13 is thought to 
stimulate DPP-4 production, and, like peri-
ostin, DPP-4 can be measured in serum and 
can be used as a guide to induce anti-IL-13 
therapy18,24.

Immunoglobulin E
An utterly important predominant biomark-
er in patients with asthma is allergen specific 
IgE. IgE is a product of B lymphocytes in re-
action to a foreign antigen25. Serum IgE levels 
have been shown to correlate with the severi-
ty of asthma. In the case of severe asthma ex-
acerbations, total IgE levels rise, after which 
they fall, and stable levels are reached within 
1-1.5 months after the onset of severe exacer-
bations26. Different specific immunoglobulin 
E and their interactions may be an impor-
tant causal mechanism in the development 
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of asthma27. Nevertheless, with the advent of 
targeted asthma therapy, it gained a key role 
in tailoring individual therapy as well as mon-
itoring its effectiveness. Depending on blood 
levels, total IgE may also indicate other co-
morbidities (including allergic bronchopul-
monary aspergillosis, certain primary im-
munodeficiencies, infections and infestations 
(parasites), inflammatory diseases, and ma-
lignancies)28.

Fractional Exhaled Nitric Oxide 
Concentration (FeNO)
Fractional exhaled Nitric Oxide (FeNO) is 
used to detect active airway eosinophilic in-
flammation, measured by solely non-invasive 
tests35.

Due to its immense importance in the 
differential diagnostic process, fractional ex-
haled nitric oxide concentration (FeNO) has 
a distinctive role among all biomarkers. Ni-
tric oxide (NO) is normally found in exhaled 
breath while patients with asthma often ex-
hibit higher levels of NO in their exhaled 
breath, which is thought to be due to the up-
regulation of inducible nitric oxide synthase 
(NOS2) in airway epithelial cells, the enzyme 
in charge of epithelial NO production36. Giv-
en that NO levels can be measured relative-
ly easily, and the test itself is non-invasive and 
easily repeatable, FeNO has enormous poten-
tial in everyday clinical practice.

The American Thoracic Society recom-
mends clinically significant cut-off points for 
FeNO: (1) <25 ppb (<20 ppb in children), and 
(2) >50 ppb (>35 ppb in children)37.

FeNO is a biomarker of T2 response (or 
airway eosinophilia) but does not correlate 
with sputum eosinophils. A FeNO level >50 
ppb suggests a steroid-responsive inflamma-
tion, while patients with a FeNO level around 
25 ppb are less likely to respond to steroids37.

A recent study by Price et al., found that 
people with a combination of high FeNO 
and high blood eosinophils were prone to a 

notably increased risk of severe exacerbations 
in the year preceding FeNO measurement38.

A recent study by Brooks, Massanari, 
Hanania and Weiner found that the imple-
mentation of FeNO into pre-omalizumab 
treatment assessment decreases the expected 
per-patient cost by almost 50% from the mo-
ment of omalizumab initiation into therapy, 
and the same trend continues during the first 
year of the omalizumab treatment. Authors 
point to the obvious benefit of using FeNO 
for detecting omalizumab responders (prior 
to initiating a 12-week trial of omalizumab)39.

Induced Sputum and Airway Inflammation 
Studies have demonstrated the usefulness of 
induced sputum to guide asthma treatment 
and showed that normalizing airway eosino-
philic inflammation allowed better control of 
asthma with reduced exacerbations and hos-
pital admissions29. The technique of induced 
sputum that allows non-invasive collection 
of airway cells is considered the gold stand-
ard to identify inflammatory asthma phe-
notype30. In one study performed using in-
duced sputum, it was shown that compared 
to the paucigranulocytic phenotype, eosino-
philic, neutrophilic and mixed granulocyt-
ic phenotypes were characterised by a poorer 
lung function. Eosinophilic phenotype exhib-
ited a higher frequency of atopy, higher lev-
els of IgE, higher bronchial hyperresponsive-
ness to methacholine, higher FeNO levels and 
lower asthma control compared to paucigran-
ulocytic. The mixed granulocytic phenotype 
had higher levels of fibrinogen, the lowest lung 
function and the highest degree of bronchi-
al hyperresponsiveness to methacholine31. As 
far as the sputum neutrophilic phenotype is 
concerned, there was a weak correlation be-
tween sputum and blood neutrophil count 
taken in percentage. In a study conducted by 
Ntontsi et al., it was found that paucigranu-
locytic asthma was most likely to be a benign 
asthma type, related to good treatment re-
sponse32. Smokers did not have a significantly 
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higher proportion of neutrophils in their spu-
tum than ex-smokers or never smokers30. In-
dependent predictors of sputum eosinophil 
count ≥3% were the percentage of blood eo-
sinophils, low FEV1/FVC, and high FENO 
and IgE levels. A cut-off value of 220/mm3 
or 3% for blood eosinophils performed equal-
ly to FeNO50 ppb to identify the presence of 
a sputum eosinophil count ≥3%. Independent 
predictors of sputum neutrophilia were ad-
vanced age and high FRC, while blood neu-
trophil count was not31. Sputum eosinophils 
>3% can only distinguish eosinophilic vs neu-
trophilic, mixed or paucigranulocytes asthma 
phenotype33. Using blood eosinophilia per se 
as a biomarker for eosinophilic asthma is dif-
ficult due to the daily fluctuations of blood eo-
sinophils, with or without treatment34. In the 
study by Agache et al., serum IL-5 and IL-13 
were identified as the best blood eosinophilia 
predictors, with a good reproducibility at re-
peated testing after 6 weeks34.

Conclusion
Asthma is a complex heterogeneous condi-
tion, and under this broad term, severe asth-
ma itself covers several subgroups with spe-
cific characteristics, symptom profiles and 
biochemical mechanisms of the disease. A 
biomarker is objectively measured and eval-
uated as an indicator of normal biological 
processes, pathogenic processes, or pharma-
cologic responses to a therapeutic interven-
tion. In severe asthma, biomarkers could be 
used for diagnosis of phenotype or endotype, 
can also be predictive of clinical outcomes 
or response to therapy, and may be dynamic 
with time or therapy. Fully determining phe-
notype or endotype of severe asthma will re-
quire the interpretation of combinations of 
commercially available biomarkers. Today, 
defining a severe asthma endotype is a pro-
cess based on a biomarker-driven approach. 
There is no perfect biomarker. Biomarkers for 
asthma are less precise, and still not complete-
ly known. With no perfect biomarkers, there 

is no perfect endotype classification. Multiple 
biomarkers are superior to a single biomark-
er. Despite significant improvement in asthma 
understanding, there is still a long way to go 
to resolve the asthma problem in most persons 
suffering from asthma syndrome.

References
1.	 Soriano JB, Abajobir AA, Abate KH, 

et al. Global, regional, and nation-
al deaths, prevalence, disability-adjust-
ed life years, and years lived with disa-
bility for chronic obstructive pulmonary 
disease and asthma, 1990-2015: a sys-
tematic analysis for the Global Burden 
of Disease Study 2015. Lancet Respir 
Med. 2017 Sep;5(9):691-706.

2.	 Lambrecht BN, Hammad H. The im-
munology of asthma. Nat Immunol. 
2015 Jan;16(1):45-56.

3.	 Reddel HK, Bateman ED, Becker A, et 
al. A summary of the new GINA strat-
egy: a roadmap to asthma control. Eur 
Respir J. 2015 Sep;46(3):622-39.

4.	 Fajt ML, Wenzel SE. Asthma phe-
notypes and the use of biologic med-
ications in asthma and allergic dis-
ease: the next steps toward personal-
ized care. J Allergy Clin Immunol. 2015 
Feb;135(2):299-310; quiz 311.

5.	 Chung KF. Precision medicine in asth-
ma: linking phenotypes to targeted 
treatments. Curr Opin Pulm Med. 2018 
Jan;24(1):4-10.

6.	 Rackemann FM. A working classi-
fication of asthma. Am J Med. 1947 
Nov;3(5):601-6.

7.	 Greening AP, Ind PW, Northfield M, 
et al. Added salmeterol versus high-
er-dose corticosteroid in asthma patients 
with symptoms on existing inhaled cor-
ticosteroid. Allen & Hanburys Limit-
ed UK Study Group. Lancet. 1994 Jul 
23;344(8917):219-24.

8.	 A plea to abandon asthma as a dis-
ease concept. Lancet. 2006 Aug 



se
v

e
r

e
 a

st
h

m
a

 f
o

r
u

m
 1

: s
e

v
e

r
e

 a
st

h
m

a
 - 

b
a

si
c

 a
n

d
 c

l
in

ic
a

l
 v

ie
w

s

88

26;368(9537):705. doi: 10.1016/S0140-
6736(06)69257-X.

9.	 Lotvall J, Akdis CA, Bacharier LB, et 
al. Asthma endotypes: a new approach 
to classification of disease entities with-
in the asthma syndrome. J Allergy Clin 
Immunol. 2011 Feb;127(2):355-60.

10.	 Tiotiu A. Biomarkers in asthma: state 
of the art. Asthma Res Pract. 2018 Dec 
21;4:10. doi: 10.1186/s40733-018-0047-
4.

11.	 Fajt ML, Wenzel SE. Asthma phe-
notypes and the use of biologic med-
ications in asthma and allergic dis-
ease: the next steps toward personal-
ized care. J Allergy Clin Immunol. 2015 
Feb;135(2):299-310.

12.	 Chung KF. Precision medicine in asth-
ma: linking phenotypes to targeted 
treatments. Curr Opin Pulm Med. 2018 
Jan;24(1):4-10.

13.	 Kuruvilla ME, Lee FE, Lee GB. Un-
derstanding Asthma Phenotypes, En-
dotypes, and Mechanisms of Dis-
ease. Clin Rev Allergy Immunol. 2019 
Apr;56(2):219-33. 

14.	 Chung, KF, Israel E, Gibson PG, edi-
tors. Severe Asthma. Sheffield: Europe-
an Respiratory Society; c2019. (Europe-
an respiratory monograph; 84).

15.	 Berry A, Busse WW. Biomarkers in 
asthmatic patients: Has their time come 
to direct treatment? J Allergy Clin Im-
munol. 2016 May;137(5):1317-24.

16.	 (16)   Wan XC, Woodruff PG. Biomark-
ers in Severe Asthma. Immunol Allergy 
Clin North Am. 2016 Aug;36(3):547-57.

17.	 Pavord ID, Afzalnia S, Menzies-Gow 
A, et al. The current and future role of 
biomarkers in type 2 cytokine-mediated 
asthma management. Clin Exp Allergy. 
2017 Feb;47(2):148-60.

18.	 Syabbalo N. Biomarkers for Diagnosis 
and Management of Eosinophilic Asth-
ma. Ann Clin Med Res. 2020;1(1):1003.

19.	 Li W., Gao P, Zhi Y, et al. Perios-
tin: Its role in asthma and its poten-

tial as a diagnostic or therapeutictarget. 
Respir Res. 2015 May 17;16(1):57. doi: 
10.1186/s12931-015-0218-2.

20.	 Bentley JK, Chen Q, Hong JY, et al. 
Periostin is required for maximal air-
waysinflammation and hyperrespon-
siveness in mice. J Allergy Clin Immu-
nol. 2014 Dec;134(6):1433-42. 

21.	 Takahashi K, Meguro K, Kawashima 
H, et al. Serum periostin levels serve as 
a biomarker for both eosinophilic air-
way inflammation and fixed airflow 
limitation in well-controlled asthmatics. 
J Asthma. 2019 Mar;56(3):236-43. 

22.	 Wagener AH, de Nijs SB, Lutter R et 
al. External validation of blood eosin-
ophils, FE(NO) and serum periostin 
as surrogates for sputum eosinophils in 
asthma. Thorax. 2015 Feb;70(2):115-
20. 

23.	 Berry A, Busse WW. Biomarkers in 
asthmatic patients: Has their time come 
to direct treatment? J Allergy Clin Im-
munol. 2016 May;137(5):1317-24. 

24.	 Wan XC, Woodruff PG. Biomarkers in 
Severe Asthma. Immunol Allergy Clin 
North Am. 2016 Aug;36(3):547-57. 

25.	 Rath N, Raje N, Rosenwasser L. Immu-
noglobulin E as a Biomarker in Asthma. 
Immunol. Allergy Clin North Am. 2018 
Nov;38(4):587-97.

26.	 Semprini R, Shortt N, Ebmeier S, et al. 
Change in biomarkers of type-2 inflam-
mation following severe exacerbations 
of asthma. Thorax. 2019 Jan;74(1):95-
8.

27.	 Fontanella S, Frainay C, Murray CS 
et al. Machine learning to identi-
fy pairwise interactions between spe-
cific IgE antibodies and their associ-
ation with asthma: A cross-section-
al analysis within a population-based 
birth cohort. PLoSMed. 2018 Nov 
13;15(11):e1002691. doi: 10.1371/jour-
nal.pmed.1002691.

28.	 Mayo Clinic Laboratories. TEST ID: 
IGE [Internet]. [place unknown]: Mayo 



b
io

m
a

r
k

e
r

s 
in

 s
e

v
e

r
e

 a
st

h
m

a

89

36.	 Bommarito L, Migliore E, Bugiani M, 
et al. Exhaled nitric oxide in a popu-
lation sample of adults. Respiration. 
2008;75(4):386-92.

37.	 Dweik RA, Boggs PB, Erzurum SC, 
et al. An official ATS clinical practice 
guideline: Interpretation of exhaled ni-
tric oxide levels (FENO) for clinical ap-
plications. Am J Respir Crit Care Med. 
2011 Sep 1;184(5):602-15. 

38.	 Price DB, Bosnic-Anticevich S, Pavord 
ID, et al. Association of elevated frac-
tional exhaled nitric oxide concentra-
tion and blood eosinophil count with se-
vere asthma exacerbations. Clin Transl 
Allergy. 2019 Aug 21;9:41. doi: 10.1186/
s13601-019-0282-7.

39.	 Brooks EA, Massanari M, Hanania NA, 
et al. Cost-effectiveness of fractional ex-
haled nitric oxide (FeNO) measurement 
in predicting response to omalizumab 
in asthma.  Clinicoecon Outcomes Res. 
2019 Apr 17;11:301-7.

Foundation for Medical Education and 
Research; c1995-2022 [cited 2022 Mar 
12]. Available from: https://www.may-
ocliniclabs.com/test-catalog/Clini-
cal+and+Interpretive/8159.

29.	 Jayaram L, Pizzichini MM, Cook RJ, 
et al. Determining asthma treatment by 
monitoring sputum cell counts: effect 
on exacerbations. Eur Respir J. 2006 
Mar;27(3):483-94.

30.	 Schleich FN, Manise M, Sele J, et al. 
Distribution of sputum cellular pheno-
type in a large asthma cohort: predict-
ing factors for eosinophilic vs neutro-
philic inflammation. BMC Pulm Med. 
2013 Feb 26;13:11. doi: 10.1186/1471-
2466-13-11.

31.	 Zaihra T, Walsh CJ, Ahmed S, et al. 
Phenotyping of difficult asthma using 
longitudinal physiological and biomark-
er measurements reveals significant dif-
ferences in stability between clusters. 
BMC Pulm Med. 2016 May 10;16(1):74. 
doi: 10.1186/s12890-016-0232-2.

32.	 Ntontsi P, Loukides S, Bakakos P, et al. 
Clinical, functional and inflammato-
ry characteristics in patients with pauci-
granulocytic stable asthma: Compari-
son with different sputum phenotypes. 
Allergy. 2017 Nov;72(11):1761-7.

33.	 Korevaar DA, Westerhof GA, Wang J, 
et al. Diagnostic accuracy of minimally 
invasive markers for detection of airway 
eosinophilia in asthma: a systematic re-
view and meta-analysis. Lancet Respir 
Med. 2015 Apr;3(4):290-300.

34.	 Agache I, Akdis C, Jutel M, et al. Un-
tangling asthma phenotypes and endo-
types. Allergy. 2012 Jul;67(7):835-46.

35.	 Neelamegan R, Saka V, Tamilarasu K, 
et al. Clinical Utility of Fractional ex-
haled Nitric Oxide (FeNO) as a Bio-
marker to Predict Severity of Disease 
and Response to Inhaled Corticosteroid 
(ICS) in Asthma Patients. J Clin Diagn 
Res. 2016 Dec;10(12):FC01-FC6. doi: 
10.7860/JCDR/2016/20656.8950.




