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XapaKrepucTUKa NpeAUKTOPOB TAXKENOro TeYeHUs Srackser
pasnuyHbix ¢peHoTunoB T2-aHao0TUNA
6poHXManbHON acTMbI

M.P. XakumMoBa, A.P. Baneesa, H.LL. Kypmaesa, 0.B. CkopoxoakuHa

KasaHckuit rocyaapcTBeHHbIA MeAULMHCKMIA YHUBEpcuTeT, KasaHb, Poccuiickas Qepepaums

AHHOTALINA

06ocHoBaHMe. CornacHo 3NMAEMMONOTMYECKUM AaHHBIM, TSEnas GpoHxuanbHas actMa otMmeuvaetcs Y 5-10% naumeHToB
¥ npencTaBnseT coboii 3HaUMMoe coLManbHO-3KOHOMMYECKOe bpeMs 1S cUCTeMbI 34paBOOXPaHEHUS.

Lilenb — npoBecTu cpaBHUTENbHBIA aHANM3 KIMHWYECKUX 0COBEHHOCTel annepryeckoro W Heannepruyeckoro GeHoTUNnoB
T2-3np0TMNa BPOHXMaNLHOW acTMbl U ONpefenuTb Haubonee 3HaUUMble NPeaUKTOPbI TAXENOro Te4eHUs 3aboneBaHus.
Matepuanbl u Metoabl. 06cnegoBaHo 150 6onbHbIX BpoHXManbHOM acTMoi B Bo3pacTe oT 18 o 65 net, U3 HUX B Uccnepo-
BaHWe BKJIOYEH 61 maumeHT ¢ T2-3HpoTnoM 3aboneBaHus. [luarHo3 BpoHxManbHoW acTMbl YCTaHaBIMBANCS Ha OCHOBe 06-
LLEK/MHUYECKUX U anjieprofiormyeckux MeToA0B McCnefoBaHus. B KayecTBe npeAnKTOpPOB TSKENOro TeueHus 3aboneBaHus
paccMaTpuBanucb heHoTUN BPOHXMANbHO acTMbl, MOJT, BO3PACT (B TOM YMUCNe NOXWION), 0bLLee KONMYeCTBO LHEBHbIX/HOY-
HbIX CUMMTOMOB B HE[EN0, KOIMYECTBO 0D0CTPEHNH, TPEBYIOLLMX Ha3HAYeHUs CUCTEMHBIX [TIOKOKOPTUKOCTEPOMIOB W roC-
nuTanu3aumii, 06bEM QopcrpoBaHHOro Bbioxa 3a nepsylo cekyHay (ODB;, NpoLIeHT OT [OMKHbBIX BEMYMH), MHAEKC MacChbl
Tena (kr/m2), Hannume conyTCTBYIOLLE NATOMOMK, KyPEHUE, CEHCMBMIN3aLMSA K HeMHDEKLIMOHHBIM ajiepreHaM, abconioTHoe
KO/INYeCTBO 3031HO(KUN0B NepubepuyecKon KpoBM.

Pe3ynbratbl. ChopMupoBaHbl 2 rpynnbl: NauMeHTbl ¢ anneprideckuM (n=34; rpynna 1) u Heanneprudeckum (n=27; rpynna 2)
deHotMnom T2-3HK0TMNA BpOHXMaNbHOM acTMb. [TpoBeEHHBIA 0AHO(AKTOPHBIN aHanM3 NOKasa, YTo y NaLMeHTOoB rpynmbl 2
WwaHc bonee TsENOro TeueHus bbin B cpesHeM B 3,14 [95% AU 1,09-9,58] pasa Beiwe, yeM B rpynne 1. HesaBucuMo ot de-
HOTUNa BPOHXMANbHOM acTMbI, YBEIMYEHME 00LLEro Yncna AHEBHBIX/HOYHBIX CUMMTOMOB B HefieMio, Yicna Tpebytolumx Ha-
3HaYeHUs CUCTEMHBIX TNIIOKOKOPTUKOCTEPOMAOB 0D0CTPEHUIA, YMCa rocnUTau3aLmin U3-3a 060CTPeHUN BbiNo cTaTUCTUue-
CKM 3HAUYMMO accoummpoBaHo ¢ bonee TAXKENOW cTeneHblo BpoHxManbHoW acTMbl B cpegHeM B 1,05 [95% OM 1,01-1,11],
1,21 [95% AN 1,05-1,45], 3,46 [95% [IM 1,68-10,19] n 4 [95% AN 1,75-12,32] pa3a cooTBeTcTBEHHO. CHIKeHne ODB, aBns-
10Cb CTaTUCTUYECKM 3HAYMMbIM NPeMKTOPOM bonee TXENOro TeueHus bpoHxmansHom actmbl (OLL 0,96 [95% AW 0,93-0,99]).
MHoroaKTopHbIA aHanK3 BbISIBUM, YTO TONIbKO BO3PAcT MaUMEHTa Ha MOMEHT 0CMOTPa, YBEIMUEHUE YNCNA HOYHBIX CUMMTO-
MOB 1 HU3Koe 3HauyeHne ODB,; accoLmMmpoBaHbl C TAXENLIM TeyeHeM BpOHXMUANbHON acTMbl.

3aknouenune. Annepruyeckuii u Heannepruyeckun deHotunbl T2-3HA0TMNA BPOHXMANbHOW acTMbl UMEKT OnpefeNEHHbIe
KIIMHUYECKUE pasNinyms, KOTOpble BO3MOXKHO OMPEAENUTb Ha 3Tane aHanu3a KIMHUKO-aHaMHECTUYECKWX [LaHHbIX.

KnioueBble cnoBa: 6p0HXMaJ'IbHaFI aCTMa; dJEHOTMI'IbI; TAKENas 6p0HXMaJ'IbHaFI aCT™Ma; NpeauKTopbl.
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Severity predictors of different phenotypes
of T2 asthma endotype

Milyausha R. Khakimova, Alina R. Valeeva, Naira Sh. Kurmaeva, Olesya V. Skorokhodkina

Kazan State Medical University, Kazan, Russian Federation

ABSTRACT

BACKGROUND: Epidemiological studies have showed that severe asthma is observed in 5-10% of patients. It is considered
as a major social and economic burden for the healthcare system.

AIM: to perform a comparative analysis of clinical features of allergic and non-allergic phenotypes of T2 asthma and determine
the most important predictors of severity.

MATERIALS AND METHODS: We studied 150 patients with asthma (ages 18-65). Of these, 61 were diagnosed with T2 endotype
of asthma. Clinical examination and allergy testing were performed. The potential predictors of severe asthma included: asthma
phenotype, gender, age (including elderly age), daytime/nocturnal symptoms per week, asthma exacerbations that required
systemic corticosteroid therapy and hospitalisations, the volume of forced exhalation in the first second (FEV,; % of predicted
value), body mass index (kg/m?), concomitant diseases, smoking status, sensitization to non-infectious allergens and blood
eosinophil count.

RESULTS: Group 1 included 34 patients with allergic phenotype of asthma, group 2 — 27 patients with non-allergic phenotype
of T2 endotype of asthma. Univariate analyses revealed that subjects with non-allergic asthma were likely to have severe
asthma (OR=3.14 [95% Cl: 1.09-9.58]. Increased daytime symptoms per week, nocturnal symptoms per week, exacerbations
that require systemic corticosteroids and hospitalisation were associated with asthma severity (OR=1.05 [95% CI: 1.01-1.11],
1.21195% Cl: 1.05-1.45], 3.46 [95% Cl: 1.68-10.19], 4 [95% CI: 1.75-12.32] and 4 [95% Cl: 1.75-12.32], respectively), regardless
of the disease phenotype. Lower FEV, was associated with severe asthma (OR=0.96 [95% CI: 0.93-0.99]. Multivariate analysis
showed that age, increased frequency of nocturnal symptoms, and lower FEV, were associated with severe asthma.
CONCLUSION: The certain clinical differences of allergic and non-allergic asthma could be revealed when analyzing anamnestic
data and clinical findings. Increased frequency of nocturnal symptoms, decreased FEV, and age are the most significant
predictors of severe T2 endotype of asthma.
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BACKGROUND

Asthma is a heterogeneous disease pathogenetically
based on chronic airway inflammation [1]. Asthma endotypes
are classified into two depending on the inflammation type:
T2 endotype with eosinophilic inflammation development
and non-T2 endotype with neutrophilic or paucigranulocytic
inflammation development [2]. Asthma endotype is a
disease subtype that has various phenotypes. Further,
50-80% of asthma patients have T2 endotype [3], particularly
patients with severe asthma. The current Russian clinical
guidelines consider severe asthma as a separate asthma
phenotype. Severe asthma remains uncontrolled despite
patient adherence to optimized therapy and treatment of
concomitant pathologies, and high doses of corticosteroids
(CS) are required to control the disease [2].

Epidemiological studies have indicated that severe
asthma is observed in 5%-10% of asthma patients. However,
severe asthma is the most critical socioeconomic burden for
healthcare systems worldwide. Approximately 50% of the
funds intended for treating asthma are generally spent on
severe asthma treatment [4, 5]. Nagase et al. [6] have shown
that medical expenses for the treatment of patients with severe
uncontrolled asthma per year in Japan averaged US $8.346,
which was significantly higher than in groups of patients
with mild and moderate asthma. Furthermore, treatment
costs for patients with uncontrolled severe asthma in Mexico
were significantly higher compared with the treatment costs
for patients with controlled asthma, with each exacerbation
increasing costs by US $350 [7]. In Russia, the economic cost
of asthma treatment is 13.7 billion rubles/year. This cost is
associated with exacerbation treatment, accounting for the
largest share of the cost to patients themselves [8].

Factors increasing the risk of asthma exacerbations
have been identified: the lack of asthma control; the lack
of adherence to prescribed therapy; decrease in forced
expiratory volume in the first second (FEV, <60% of the project
values); smoking; contact with trigger allergens; sputum and
peripheral blood eosinophilia; one or more exacerbations
over the past year; and concomitant diseases, such as
rhinosinusitis, obesity, food allergies, and gastroesophageal
reflux disease [2]. However, studies that aimed at identifying
predictors of severe asthma are limited. Indicators, such as
gender [9], old age [10], increased nitric oxide concentration
in exhaled air, and absolute number of eosinophils in
peripheral blood, can be predictors of severe asthma [11].
The identification of predictors of severe asthma will help
clinical practitioners to timely determine the phenotype of
severe asthma in a particular patient and make a personalized
approach to the treatment strategy. Thus, research in this
area remains relevant.

Therefore, this study aimed to conduct a comparative
analysis of the clinical features of allergic and nonallergic
phenotypes of T2-endotype asthma and determine predictors
of severe asthma.
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MATERIALS AND METHODS
Study design

An observational single-center cross-sectional case-
control study was conducted.

Eligibility criteria

Inclusion criteria: patient aged 18—65 years; established
clinical diagnosis of allergic or nonallergic phenotypes of
T2-endotype asthma.

Exclusion criteria: allergen immunotherapy and/or
biological therapy at the time of examination; medical records
of these treatments received before the study.

Conditions

General clinical and allergological assessment was
performed in the Republican Center for Clinical Immunology
of the Republican Clinical Hospital of the Ministry of Health
of the Republic of Tatarstan, Kazan.

Study duration
The study occurred from November 2019 to August 2022.

Description of medical intervention

We examined 150 patients with asthma aged
18—65 years, including 61 patients with T2-endotype
asthma who enrolled in the study.

Asthma was diagnosed based on the diagnostic
algorithm presented in the current clinical guidelines.

Examination included general clinical methods (general
blood count with white blood cell differential and eosinophil
count; spirometry with a bronchodilator test), specific
allergy diagnostic methods (patient’s allergy history,
skin prick tests with inhalant allergens), and enzyme
immunoassay to monitor total and specific IgE levels.
Asthma control was assessed using the Asthma Control
Test (ACT).

Main study outcomes

The study analyzed clinical symptoms and features of
asthma in patients with allergic and nonallergic phenotypes
of T2-endotype asthma and identified predictors of severe
asthma based on the developed prognostic model.

Additional study outcomes
There were no additional study outcomes.

Subgroup analysis

Following general clinical and allergological examination,
the patients were divided into two groups: group 1, 34 patients
with allergic asthma phenotype, and group 2, 27 patients with
nonallergic phenotype of T2-endotype asthma. Subsequently,
clinical and laboratory data were analyzed, and a prognostic
model of severe asthma was developed.
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Methods for recording outcomes

To record outcomes, we developed an individual patient
record, which contained data from the general clinical and
specific allergological examinations.

Ethical review

The study was approved by the local ethics committee of
the FSBEI HE Kazan State Medical University of the Ministry
of Health of Russia (protocol no. 4; dated April 28, 2020).

Statistical analysis

Sample size was not previously calculated. Statistical
analysis and visualization of the obtained data were
performed using the statistical computing environment
R 4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria) and Statistica 12.0 (StatSoft, TIBCO, USA).
The normality test was conducted with the Shapiro-Wilk
W-test. Descriptive analysis included calculation of median
and quartiles (Me [Q;; Qs]) for non-normally distributed
parameters. Comparative analysis was performed using
the Mann-Whitney U test. p=0.05 indicated statistical
significance.

Proportional odds models were used to analyze the
association of asthma severity with possible predictors.
Proportional odds ratio with corresponding 95% confidence
intervals (95% Cl) was used as an estimate of the effect
size. Proportional odds models, including interactions
between covariates, were utilized to establish differences
in the effects of predictors on asthma severity according to
asthma phenotype. The following indicators were considered
as predictors of severe asthma: asthma phenotype; gender;
age, including elderly age [12]; total number of daytime/
nighttime symptoms per week; the number of exacerbations
requiring systemic corticosteroids (CS) and hospitalizations;
FEV, (% of the project values); body mass index (kg/m?);
concomitant pathology (allergic rhinitis, allergic conjunctivitis,
rhinosinusitis with nasal polyps); hypersensitivity to
nonsteroidal anti-inflammatory drugs; smoking; sensitization
to the main groups of inhalant allergens; and peripheral
blood eosinophil count. The association was considered
statistically significant with p <0.05.

Stepwise selection (exclusion method) of variables into
the multivariate prognostic model was performed using
Akaike information criterion. Selected predictors were
included in a proportional odds model without interactions.
Multicollinearity was assessed using variance inflation
factor (VIF) values. Nagelkerke's pseudo-R2, C-index, and
Somers’ Dxy were evaluated as model characteristics.

RESULTS

Objects (participants) of the study

The study included 61 patients aged 18—65 years with allergic
and nonallergic phenotypes of T2-endotype asthma. Group 1
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included 34 patients with allergic asthma, of whom 15 (44.1%)
were male and 19 (55.9%) were female. The median age of
group 1 was 27 [20, 43] years. Group 2 included 27 patients
with nonallergic phenotype of T2-endotype asthma, of which
6 (22.2%) were male and 21 (77.8%) were female. The median
age of group 2 was 53 years [39, 58]. The clinical characteristics
of patients from both groups are presented in Table. 1.

Main results of the study

Our results revealed clinical and anamnestic differences
between patients in two studied groups. Patients with allergic
phenotype of asthma were significantly younger than those
with nonallergic phenotype. The disease onset in the group
with allergic phenotype was registered at an earlier age.
Additionally, patients with allergic asthma were more likely
to have a family history of allergic diseases and asthma
(p=0.001) (Table 1).

Moreover, the groups differed in the range of
comorbidities. Concomitant allergic rhinitis was diagnosed
in 32 (94.1%) patients with allergic phenotype of asthma, of
whom 12 patients also had allergic conjunctivitis. In turn,
11 (40.7%) patients with nonallergic asthma were diagnosed
with rhinosinusitis with nasal polyps, whereas 6 patients had
hypersensitivity to nonsteroidal anti-inflammatory drugs.

Allergy testing revealed sensitization to inhalant allergens
in all patients with allergic asthma (Fig. 1). Monosensitization
was confirmed in 11 (32.4%) patients and polysensitization in
23 (67.7%) patients (p=0.002) (Fig. 1). No allergic sensitization
was found in group 2, in contrast to group 1.

In both groups, patients had high peripheral blood
eosinophil count (291.8 [140.6; 516.5] and 286.0 cells/pl [170.0;
451.0], respectively), indicating eosinophilic inflammation,
a characteristic of patients with T2-endotype asthma.
Furthermore, high IgE in the blood serum were detected
only in patients with allergic asthma phenotype (251.5 [165.2;
496.1] and 61.0 IU/ml [24.0; 84.1], respectively; p=0.0001).

Moreover, the patients in both groups had different
frequencies of daytime and nighttime asthma symptoms.
Patients with nonallergic phenotype had higher frequency of
both daytime and nighttime asthma attacks (Table 1). However,
the number of patients with exacerbations requiring the
administration of systemic CS and subsequent hospitalization
in the year preceding observation did not differ significantly
(p=0.520). Pulmonary function tests showed significantly
lower FEV, value (% of the project values) in patients with
nonallergic phenotype of asthma than in patients with allergic
phenotype of asthma. The FEV, median was 79.0% [62.5;
90.0] and 93.0 % [63.3; 111.0], respectively (p=0.02).

The number of patients with severe asthma was
significantly higher in the group with nonallergic phenotype
of T2-endotype asthma (n=13, 48.2%; p=0.039). Conversely,
the number of patients with moderate asthma was higher in
the group with allergic phenotype of asthma (Fig. 2).

According to clinical guidelines, anti-inflammatory
therapy is crucial for asthma patients. Analysis of the
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Table 1. Clinical characteristics of patients with allergic and non-allergic phenotypes of T2 endotype of asthma

Allergic Nonallergic
Indicator phenotype phenotype p
n=34 (%) n=27 (%)

Sex:
« Male, abs. (%) 15 (44.1) 6(22.2) -
« Female, abs. (%) 19 (55.9) 21 (77.8)
Age, years, Me [Q;; Q] 27 [20; 43] 53 [39; 58] 0.00004
Age at the time of onset of asthma, years, Me [Q;; Q] 18 [9; 31] 41 [36; 50] 0.00004
Concomitant pathology (%):
« allergic rhinitis 20 (58.8) 0(0)
« allergic rhinitis + allergic conjunctivitis 12 (35.3) 0(0) -
« chronic sinusitis with nasal polyps 0(0) 5(18.5)
« chronic sinusitis with nasal polyps + hypersensitivity to NSAIDs 0(0) 6 (22.2)
Family history of asthma, abs. (%) 15 (44.1) 6 (22.2) 0.001
Family history of allergic diseases, abs. (%) 19 (55.9) 0(0) 0.001
Body mass index (kg/m?), Me [Q;; Q;] 23.4[20.3; 27.1] 270 [23.9; 32.2] 0.0098
Total number of symptoms per week, Me [Q;; Q4]:
« daytime 6.0 [1.0; 13.5] 10.5 [7,0; 20.75] 0.018
* nighttime 010; 21 31[0;7] 0.008
FEV, (% of project values), Me [Q1; Q3] 93.0 [63.3; 111.0] 79.0 [62.5; 90.0] 0.020
Number of patients who had exacerbations requiring the use of corticosteroids 9 (265) 10 (370) 0.520

and were hospitalized during the previous year; abs. (%)

Note: Statistical significance of difference between groups 1 and 2 was calculated using the Mann—Whitney U test. NSAIDs: nonsteroidal
anti-inflammatory drugs; FEV1: forced expiratory volume in 1 second; sCS: systemic corticosteroids.

controller therapy prescribed to the observed patients
revealed that a larger number of patients with nonallergic
phenotype of asthma (57.9%) received the maximum amount
of drug therapy corresponding to the 4th and 5th stages of
Global Initiative for Asthma owing to severe asthma. The
number of patients receiving inhaled corticosteroids (iCS) in
medium or high doses along with long-acting B2-agonists
(LABAs) and systemic corticosteroids (sCS) or iCS along with
LABAs and long-acting anticholinergics (LABAs) and sGCS
was significantly higher in group 2 (n=5, 18.5%, versus n=2,
5.9%, respectively; p=0.001). Moreover, patients with allergic
phenotype of asthma predominantly received treatment with
low doses of inhaled corticosteroids/LABAs (Fig. 3).

However, in 10 (52.6%) patients in group 1 and
14 (73.7%) patients in group 2, asthma remained uncontrolled,
as confirmed by ACT. Concurrently, the median in group 2 was
lower than that in group 1 (7 [6; 14.5] and 18 [9.5; 23] points,
respectively, p=0.047).

At the time of examination, 15 (44.1%) patients with
allergic phenotype of asthma and 8 (29.6%) patients with
nonallergic phenotype of T2-endotype asthma did not receive
controller therapy (p=0.021), which in a significant number
of cases was associated with low adherence to prescribed
treatment or the fact that the diagnosis of asthma was first
established during the study.

The next stage of our study was to identify predictors of
severe asthma. The following parameters were considered

DOl https://doiorg/10.36691/RJA148T4

as predictors: asthma phenotype, gender, age (including the
elderly), total number of daytime symptoms per week, total
number of nighttime symptoms per week, the number of
exacerbations requiring the use of CS and hospitalizations,
FEV, (% of the project values), body mass index (kg/m?),
concomitant pathology (allergic rhinitis, allergic conjunctivitis,
rhinosinusitis with nasal polyps, hypersensitivity to
nonsteroidal anti-inflammatory drugs), smoking, identified
sensitization to the main groups of inhalant allergens, and
absolute number of peripheral blood eosinophils.

A univariate analysis showed that asthma phenotype is
a predictor of disease severity. For example, in patients with
nonallergic phenotype of T2-endotype asthma, the chance
of a more severe course was on average 3.14 [95% Cl,
1.09-9.58] times higher compared to patients with allergic
phenotype of asthma. Further, the identified sensitization
was associated with a milder course of asthma (0.3 [95% CI,
0.1-0.85], p=0.026), as were concomitant diseases, such as
allergic rhinitis and allergic conjunctivitis (OR, 0.29 [95% CI
0.09-0.84], p=0.026, and 0.16 [95% Cl, 0.03-0.61], p=0.013,
respectively). We found that an increase in patient age by
each year was associated with an increase in the odds of a
more severe course of asthma by an average of 1.06 times
(95% CI, 1.02-1.11; p=0.002). Nonetheless, the older age
of the patient was associated with an increase in the odds
of a more severe course by 5.31 times (95% Cl, 1.31-27.2;
p=0.026). Regardless of asthma phenotype, increases in the
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Fig. 1. Sensitization profile in patients with allergic asthma, n (%).

total number of daytime symptoms per week, total number
of nighttime symptoms per week, number of exacerbations
requiring the use of CS, and number of hospitalizations
because of exacerbations were associated with more
severe asthma by an average of 1.05 (95% CI, 1.01-1.11),
1.21 (95% Cl, 1.05-1.45), 3.46 (95% Cl, 1.68-10.19), and
4 [95% CI, 1.75-12.32] times, respectively. In addition, a
decrease in FEV, was a predictor of a more severe disease
(OR, 0.96 [95% Cl, 0.93-0.99)).

Subsequently, we compiled a multifactorial model
of predictors of severe asthma. This model showed that
variables such as the patient’s age at the time of examination,
an increase in the number of nighttime symptoms, and a low
FEV, value are associated with severe asthma (Table 2).

Adverse events
No adverse events were observed.

DISCUSSION

Summary of the main outcome of the study

We performed a comparative analysis of the clinical
features of allergic and nonallergic phenotypes of
T2-endotype asthma. Significant predictors of severe asthma
were identified using the proportional odds model.
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Clinical and anamnestic differences were found between
the allergic and nonallergic phenotypes of T2-endotype
asthma. Patients with an allergic phenotype of asthma were
younger at the time of disease onset compared to those
with nonallergic phenotype of asthma. Similar results were
reported by Pakkasela et al. [13], who in a cross-sectional
study showed that patients with nonallergic phenotype of
asthma were older than patients with allergic phenotype of
asthma at the time of diagnosis. Additionally, only patients
with allergic phenotype of asthma had a family history
of atopic diseases in our study, which is consistent with
literature data [14, 15].

A family history of asthma and other allergic diseases
is directly linked to the development of asthma in patients
[1, 16]. While the probability of asthma in a child is 25%, if
one of the parents has an allergic disease, it increases to
40% in children whose parents both have allergic diseases
[15]. Moreover, in patients with allergic phenotype of asthma
polysensitization to inhalant allergens prevails (67.7%;
p=0.002). Similar data were revealed by Burte et al. [17],
who have reported polysensitization in 65% of patients with
asthma and allergic rhinitis. Considering the pathogenesis
of chronic inflammation in the bronchial mucosa in allergic
phenotype of asthma, increased IgE was noted only in group
1 patients. This finding was consistent with that of other
studies [18, 19].

Furthermore, patients in groups 1 and 2 differed by the
range of concomitant pathologies. In patients with allergic
phenotype of asthma, allergic rhinitis and its combination with
allergic conjunctivitis prevailed, which is fully consistent with
the results of epidemiological studies, showing that 40-90%
of patients with asthma have symptoms of allergic rhinitis
[20]. Conversely, in the group of patients with nonallergic
phenotype of T2-endotype asthma, a significant number of
patients (40.7%) had chronic sinusitis with nasal polyps,
often combined with hypersensitivity to nonsteroidal anti-
inflammatory drugs. This observation is consistent with that
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of previous studies, according to which 45-76% of patients
with chronic sinusitis with nasal polyps have symptoms of
asthma, and in 14% of cases, chronic sinusitis with nasal
polyps is linked to hypersensitivity to nonsteroidal anti-
inflammatory drugs [21-23]. However, Hakansson et al.
[24], upon comparing individual parameters characterizing
various asthma phenotypes in patients with chronic sinusitis
with nasal polyps, have shown no relationship between atopy
and chronic sinusitis with nasal polyps. Some studies have
revealed that nonallergic phenotype of T2-endotype asthma
was most often associated with central obesity [13, 25]. Our
analysis also revealed a high body mass index in patients
with nonallergic phenotype of asthma.

A subsequent univariate analysis showed that patients
with nonallergic phenotype of T2-endotype asthma have
a higher chance of developing severe asthma. This group
included a higher number of patients with severe asthma
and lower FEV; numbers compared to patients with allergic
phenotype of asthma. An increase in the frequency of daytime
and nighttime asthma symptoms was higher in patients with
nonallergic phenotype of asthma, whereas the number of
exacerbations requiring systemic CSs and hospitalizations
were comparable in both groups. We found that an increase
in FEV, was associated with a decrease in the chances of
a more severe course of asthma (p=0.004), regardless of
asthma phenotype. In general, similar data were obtained
by other researchers who noted a more severe course of
nonallergic phenotype of T2-endotype asthma and a more
significant decrease in pulmonary function indicators in
this category of patients [13, 26, 27]. Suruki et al. [28] have
shown that patients with severe asthma have a higher risk
of developing exacerbations. In addition, some studies have
determined a relationship between the severity of nonallergic
phenotype of T2-endotype asthma and chronic sinusitis
with nasal polyps and hypersensitivity to nonsteroidal anti-
inflammatory drugs [23, 29]. However, we were unable to
identify such a relationship.

As we previously noted, in the group of patients with
allergic phenotype of asthma, the proportion of patients with
severe asthma was smaller compared to patients in group
2, where the proportion of patients with asthma of moderate
severity was greater. Further, concomitant diseases (allergic

Table 2. Main predictors of asthma severity
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iCS/LABA
M iCS as monotherapy

Fig. 3. Controller medication characteristics; iCS: inhaled corticosteroids;
LABA: long-acting f2 agonists; sCS: systemic corticosteroids; LAMA:
long-acting muscarinic antagonists.

rhinitis and allergic conjunctivitis) were not associated with
an increased chance of developing a severe course of asthma,
which is generally consistent with the data of Toppila Salmi
et al. [9]. Moreover, this concomitant pathology in our study
increased the chances of developing a mild course of asthma.

Gender and age of patients are found to be predictors of
severe asthma [9, 30]. We have shown that elderly patients
have an increased risk of developing severe asthma. However,
our univariate analysis did not show a significant effect of the
patient’s gender on the risk of developing severe asthma,
although in the literature there is evidence of a more severe
course of asthma in women, which is associated with the
influence of ovarian hormones (estrogen and progesterone)
on T2 inflammation [31].

Finally, high levels of peripheral blood eosinophils
are also a predictor of severe asthma [32, 33]. Studies by
Casciano [34] and Oppenheimer [35] have shown that the
severity of asthma can be associated with a high level of
peripheral blood eosinophils. In our study, patients in both
groups had increased levels of peripheral blood eosinophils.

Predictor OR [95% ClI] p VIF
Age at the time of examination, years 1.08 [1.02; 1.14] 0.006 1.17
Absolute number of eosinophils in peripheral blood 1.07 [0.84; 1.37] 0.567 2.89
Number of exacerbations requiring hospitalization 2.98 [0.38; 23.62] 0.301 2.15
Total number of nighttime symptoms per week 1.42 [1.01; 2.00] 0.041 1.31
FEV, (% from project value) 0.96 [0.92; 0.99] 0.03 1.13
Exacerbations requiring the use of corticosteroids 1.19 [0.3; 4.62] 0.807 3.08

Note: FEV,: forced expiratory volume in 1 s; CS: corticosteroids; OR: odds ratio; Cl: confidence interval; VIF: variance inflation factor.
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However, univariate analysis revealed that an absolute
number of eosinophils do not increase the risk of developing
severe asthma.

At the final stage of the study, we conducted a
multivariate analysis of predictors of severe asthma. The
following parameters were studied as independent variables
by selection with exclusion based on the Akaike information
criterion: age of patients at the time of examination, absolute
number of eosinophils, number of hospitalizations for
exacerbations, number of exacerbations requiring the use of
systemic CS, total number of night symptoms per week, and
FEV, (percent of project values). Analysis showed that the
absolute number of peripheral blood eosinophils, the number
of hospitalizations for exacerbations, and exacerbations
requiring the use of systemic CS did not increase the risk
of severe asthma. In turn, the patient’s age at the time
of examination, an increase in the number of nighttime
symptoms, and a low FEV, are reliable criteria for the
increased risk of severe asthma.

Study limitations
The study was limited by the small sample size.

CONCLUSION

Allergic and nonallergic phenotypes of T2-endotype
asthma have clinical differences, which can be determined
during analysis of clinical and anamnestic data. Patients
with nonallergic phenotype of T2-endotype asthma are
characterized by the late onset of the disease, absence of
clinically significant sensitization, and concomitant pathology
in the form of rhinosinusitis with nasal polyps, combined with
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