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Abstract: The study goal was to identify specificities of small airways dysfunction development (SAD) in patients with mild asthma.
Material and Methods — The study involved 114 patients with mild asthma. Depending on the condition of their small airways, the
patients were split among two groups: Group 1 of 94 patients with asthma without SAD (82.5%); Group 2 of 20 patients with asthma and
SAD (17.5%). The control group consisted of 25 volunteers. SAD was diagnosed by the presence of air trapping and hyperinflation.

Results — SAD was diagnosed in 17.5% of patients with mild asthma. The development of SAD was observed in 80% of asthma patients
with ailment duration of over 5 years and family history of asthma. Obesity was diagnosed 1.7 times more often in patients with SAD
compared with those without it. Food allergy, allergic rhinitis, allergic conjunctivitis, urticaria and bronchial obstruction were identified two
or more times more often in patients with SAD compared with those without it. Among all patients with mild asthma and SAD, bronchial
obstruction was detected in 55% of cases.

Conclusion — The development of SAD in the presence of mild asthma is characteristic for patients with ailment duration over 5 years,
family history of asthma, obesity, predominant sensitization to food allergens, and concomitant non-pulmonary allergic diseases. Bronchial

obstruction is not the obligatory feature of SAD development in presence of mild asthma.
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Introduction

Currently, asthma remains among global public health
concerns. It has been reported that uncontrolled asthma
accounted of over 50% of all asthma cases [1]. Mild asthma is
diagnosed in approximately 50-70% of asthmatic patients. Despite
the fact that mild asthma is not the matter for significant concern
on behalf of a clinician and a patient, cases of severe asthma
exacerbation and even status asthmaticus are often detected [2].

Traditionally, asthma has been viewed as a disease of large
and medium bronchi, but there is currently convincing evidence of
a contribution of the small airways to asthma pathogenesis [3, 4].
It is known that, in addition to central bronchi, the small airways
(i.e., the bronchi with an inner diameter of under 2 mm), are also
involved in asthma [5].

The vast majority of patients with severe asthma exhibit small
airways dysfunction (SAD), which is currently considered a
pathogenetic component of the disease [6, 7]. The presence of
SAD can predetermine the uncontrolled course of asthma, which
makes it an important target for therapy [8]. The role of the small
airway in asthma pathophysiology is a subject of ongoing
clarification. It remains unknown whether all asthma patients have
SAD or there is, so to speak, an asthma phenotype with SAD [9].

Most studies demonstrating changes in the peripheral airways
have been performed in the presence of severe asthma. An
assessment of the small airway condition at early stages of this
ailment is of great importance for the patients with normal values
of basic pulmonary function tests and without pronounced clinical
symptoms. The factors determining the development of SAD in
patients with mild asthma remain unclear.

The goal of our study was to identify specificities of SAD
development in patients with mild asthma.

Material and Methods
Study design

The design of our research was a single-center prospective
comparative study. The study involved 114 subjects with partly
controlled mild asthma who were examined and treated at the
Clinical Division of Research Institute of Medical Climatology and
Rehabilitation Therapy (Vladivostok, Russian Federation) over the
period of 2018-2019. The control group consisted of 25 volunteers
without bronchopulmonary pathology.

Asthma was diagnosed sensu the classification and the criteria
of the international consensus on asthma diagnosing and
treatment (GINA) [10]. The criteria for partly controlled asthma
were the presence of one or two of the following symptoms over
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the past four weeks: daytime asthma manifestations more than pulmonary function analysis after salbutamol (400 pg) inhalation
twice a week; nighttime awakening caused by asthma; taking was carried out to assess the reversibility of airway obstruction.
short-acting PB2-agonists (bronchodilators) more than twice a
week; any restrictions of activity due to asthma. The ACQ-5 test
(Asthma Control Questionnaire) was used to determine the level
asthma management; the scores ranged 0.75-1.5, which implied
the presence of partly controlled asthma [10].

Analysis of pulmonary function

Pulmonary function testing was conducted on MasterScreen
Body equipment (Germany). Vital capacity (VC), inspiratory
capacity (IC), forced vital capacity (FVC), forced expiratory volume
in 1 second (FEV,), the ratio of FEV; and VC (FEV,/VC), the ratio of
FEV, and FVC (FEV,/FVC), maximal expiratory flow at 25% of FVC
(MEF;5), maximal expiratory flow at 50% of FVC (MEFs,), maximal
expiratory flow at 75% of FVC (MEF,), and maximal mid-
expiratory flow (MMEF,s.;5) were monitored by spirometry. The
static lung volumes and capacities, such as functional residual

The inclusion criteria for the study involved non-smoking
patients with partly controlled mild asthma. The exclusion criteria
encompassed smoking patients with asthma, uncontrolled asthma,
chronic obstructive pulmonary disease, occupational diseases of
bronchopulmonary system, and disorders of internal organs at the
stage of decompensation.

All asthma patients received basic therapy with a fixed capacity measured by plethysmography (FRCplet), residual volume
combination of a low-dose inhaled glucocorticoid (budesonide: (RV), total lung capacity (TLC), the ratio of RV and TLC (RV/TLC),
200-400 pg/day) and a long-acting B2-agonist (formoterol) (steps 1 inhalation resistance (R;,) and exhalation resistance (R.,) were

and 2 of GINA-2019). The study was conducted in accordance with measured using body plethysmography.
the Declaration of Helsinki (2013) and was approved by the Ethics
Committee at the Institute of Medical Climatology and
Rehabilitation Therapy. All participants have signed a written
informed consent.

When analyzing lung volumes, we used the predicted values
calculated according to ATS/ERS recommendations (2005). The
data are expressed as percentages of predicted values (obtained
value/predicted value x 100%) [11].

Small airways dysfunction was diagnosed by the presence of
air trapping (an increase in RV and RV/TLC ratio above 140% and
125% of predicted values, respectively), as well as by the presence
of hyperinflation (an increase in FRCplet above 120% of predicted
value) [12].

The following single-visit procedures were performed in
patients with asthma: physical examination by a pulmonologist,
filling out an ACQ-5 questionnaire, spirometry, and body
plethysmography. Pulmonary function analysis was performed in
accordance with the requirements of the European Respiratory
Society (ERS) and the American Thoracic Society (ATS). The

Table 1. Clinical characteristics of asthma patients vs. condition of small airways

Parameters Control group, Asthma without small airway Asthma with small airway
n=25 dysfunction (group 1), n=94 dysfunction (group 2), n=20
Ageyears 380041067 811357 45111908
Gender
a) male 14 (56%) 35 (37%) 9 (45%)
_bifemale @) o f 59(63%) ] 11(55%) .
_Body mass index (BMI), kg/m” 24594338 27.54¢596 2901514
Weight
a) normal weight or overweight (BMI 18.5-29.9 kg/m’) 25 (100%) 64 (68%) 9 (45%)
_b) class 1 obesity (BMI30.0-34.99 ke/m’) ... 30(32%) 11(55%) ...
Duration of asthma:
a) 1-5 years - 52 (55%) 4 (20%)
BI>Syears 4208 16(80%)
Family history of asthma:
a) no - 38 (40%) 4 (20%)
OYES S6(60%) ... 16(80%) .
Allergy:
a) household 60 (64%) 15 (75%)
b) pollen 48 (51%) 15 (75%)
¢) food ) 18 (19%) 7 (35%)
d) drug 15 (16%) 3 (15%)
ceMfungal 209) e,
Non-pulmonary allergic diseases:
a) allergic rhinitis 33 (35%) 14 (70%)
b) allergic conjunctivitis ) 7 (7%) 3(15%)
ourticaria 8% . S(25%) ...
Bronchial obstruction:
a) no - 75 (80%) 9 (45%)
b) yes 19 (20%) 11 (55%)
ACQ-5, scores - 1.2(0.8,1.4) 1.4(1.1,1.5)

Data are presented as a mean and standard deviation (normal distribution), or a median with lower and upper quartiles (distributions other than normal); x?
expected > x? critical; x* expected = 99.004, x? critical = 76.201; p<0,001.
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Table 2. Pulmonary function parameters of asthma patients vs. condition of small airways

Pulmonary
parameters

nction
functi Control group, n=25

Asthma without small airway
dysfunction (group 1), n=94

Asthma with small airway dysfunction
(group 2), n=20

VC, % of predicted

IC, % of predicted
FVC, % of predicted
FEV,, % of predicted
FEV1/VC, %

FEV1/FVC, %

MEF;s, % of predicted
MEFso, % of predicted
MEF,s, % of predicted
MMEF3s.75, % of predicted
Rin, kPa*s/I

Rex, kPa*s/I

108.41 (98.05,119.71)
108.92 (93.05,120.05)
107.41 (99.65,119.52)
104.91 (95.05,111.25)
75.98 (72.81, 83.27)
79.39 (74.85, 84.75)
96.21 (87.21, 108.31)
83.52 (66.71, 108.25)
50.71 (41.61, 79.15)
75.91 (58.95, 92.85)
0.17(0.13, 0.21)
0.23(0.15, 0.29)

110.95(102.23,120.91)
113.20 (100.63,130.63)
110.71 (103.01, 120.05)
98.95 (91.12, 110.81)
79.03 (71.96, 88.78)
76.87 (72.04, 80.45) (p=0.012)
89.51 (72.05, 110.03) (p=0.041)
66.92 (50.43, 84.65) (p=0.001)
45.12 (33.73, 64.25) (p=0.042)
61.13 (45.71, 76.25) (p=0.007)
0.20(0.14, 0.27)
0.28(0.21, 0.35)

93.69 (82.28, 102.41) (p<0.001, p;<0.001)
95.32 (88.21, 107.95) (p;=0.005)
93.35 (80.58; 99.21) (p<0.001, p;<0.001)
75.55 (65.28, 82.81) (p<0.001, p;<0.001)
67.89 (56.97, 76.01) (p=0.002, p;<0.001)
66.69 (61.63, 74.83) (p=0.001, p;=0.023)
47.15 (30.23, 66.23) (p<0.001, p;<0.001)
31.55 (23.65, 58.28) (p<0.001, p;<0.001)
27.32(16.38, 61.83) (p=0.012, p;=0.041)
26.15 (19.83, 56.32) (p<0.001, p;=0.002)
0.30(0.18, 0.51) (p=0.005, p;=0.042)
0.44 (0.21, 0.98) (p=0.005, p;=0.034)

FRCpier, % Of predicted
RV, % of predicted
TLC, % of predicted
RV/TLC, %

106.90 (93.85,120.65)
98.01 (85.20, 114.11)
98.02 (92.25, 110.10)
91.82 (87.42,100.01)

99.65 (88.33,114.78)
99.95 (89.85, 112.51)
104.51 (96.03, 111.32)
97.12 (81.75, 107.53)

129.42(106.83,146.3) (p<0.001, p;<0.001)
150.31 (142.28,175.58) (p<0.001, p;<0.001)
109.05 (100.38,115.25) (p=0.032)
39.25 (131.18,147.35) (p<0.001, p;<0.001)

Data are presented as medians with lower and upper quartiles (non-normal distributions); p — statistical significance of differences between the asthma
groups and the control group; p; — statistical significance of differences between Group 1 and Group 2.

Statistical analysis

Statistical analysis was performed using the Statistica 6.1
software for Windows. For assessing normality of distributions of
quantitative variables in groups, we employed Kolmogorov-
Smirnov, Shapiro-Wilk and Pearson’s chi-square (x?) tests.
Descriptive statistics are presented as means and standard
deviations (for normally distributed variables), or medians with
lower and upper quartiles (non-normal distributions). Statistical
differences between parameters were tested using the Student’s
t-test (for normal distribution), or else Mann-Whitney and
Kolmogorov-Smirnov criteria (for distributions other than normal).
A p-value<0.05 was considered statistically significant.

Results

Depending on the functional state of small airways (Table 1),
the asthma patients were split among two groups: Group 1
included 94 asthma patients without SAD (82.5%) and Group 2
contained 20 asthma patients with SAD (17.5%).

The clinical characteristics of asthma patients are presented in
Table 1. The significance of differences between the groups of
patients with mild asthma with and without SAD was assessed
using the x? test. When comparing the observed chi-square value
with the critical chi-square value (99.004>76.201), statistically
significant differences in the frequencies of studied parameters
between Group 1 and Group 2 were established (p<0.001). The
development of SAD was mainly observed in subjects with mild
asthma (Group 2) with disease duration of over 5 years (80% of
cases) and asthma patients with a family history of asthma (80% of
cases). Obese patients accounted for 55% of asthma patients in
Group 2 and just 32% of asthma patients in Group 1. Most
asthmatic patients in groups 1 and 2 had a sensitization to
household (64% and 75% of cases, respectively) and pollen (51%
and 75% of cases, correspondingly) allergens. The patients with
SAD exhibited food allergy almost twice as frequently as patients
without SAD. Non-pulmonary allergic diseases, such as allergic
rhinitis, allergic conjunctivitis, and urticaria were diagnosed in the
patients with SAD at more than twice the rate of the patients
without it.

In this study, bronchial obstruction was detected in 55% of
patients with mild asthma and SAD (Group 2), while patients with
mild asthma but without SAD (Group 1) were 2.7 times (20%) less
likely to have this diagnosis. It should be emphasized that 45% of
patients in Group 2 and 80% of patients in Group 1 did not have
any signs of bronchial obstruction.

It should be highlighted that the pulmonary function
parameters, assessed by spirometry and body plethysmography in
Group 1, were within the range of predicted values (Table 2). Yet,
compared with the control group, bronchial patency parameters
were significantly reduced, including FEV,/FVC by 3.2% (p=0.012),
MEFs by 7.0% (p=0.041); MEFso, MEF,5 and MMEF,s.s by 19.9%
(p=0.001), 11.0% (p=0.042), and 19.5% (p=0.007), respectively.

According to spirometry, the asthma patients with SAD (Group
2) displayed mild obstruction, characterized by decrease in FEV,,
FEV,/VC and FEV,/FVC (75.55%, 67.89% and 66.69% of their
predicted values, correspondingly). As expected, the above-
mentioned parameters of pulmonary function in these patients
were significantly decreased by 28% (p<0.001), 10.6% (p=0.002)
and 16% (p=0.001) relative to the control group. The maximal
expiratory flow parameters, such as MEF;s5, MEF5,, MEF,s and
MMEF,5_75, in these groups were 2 (p<0.001), 2.6 (p<0.001), 1.8
(p=0.01) and 2.9 (p<0.001) times lower, respectively, than the
control values. Airway resistance in the asthma patients with SAD
was amplified by 1.8 times (p=0.005) during inspiration and by 1.9
times (p=0.005) during expiration, compared with the control
group. The established changes in the pulmonary function
parameters in Group 2 have indicated mild generalized bronchial
obstruction.

A comparative analysis of the pulmonary function parameters
in mild asthma patients with different conditions of small airways
(Group 1 and Group 2) has shown a significant decline in all
spirometric parameters in the patients with SAD. The patients in
the Group 2 versus Group 1 had reduced values of FVC (by 15.7%,
p<0.001), FEV; (by 23.7%, p<0.001), FEV,/VC (by 14.1%, p<0.001),
and FEV,/FVC (by 13.2%, p=0.023). The maximal expiratory flow
parameters, specifically MEF;s, MEFsq, MEF,5 and MMEF,s.;5, were
also significantly decreased by 1.9 times (p<0.001), 2.1 times
(p<0.001), 1.6 times (p=0.041) and 2.3 times (p=0.002),
correspondingly. According to body plethysmography, airway
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resistance in Group 2 was enlarged 1.5 times (p=0.042) during
inspiration and 1.6 times (p=0.034) in the course of expiration,
which was typical for proximal bronchial obstruction. Therefore,
patients with SAD had impaired pulmonary function of both
central and peripheral parts of the tracheobronchial tree.

Discussion

In our study, signs of SAD, specifically, air trapping (RV and
RV/TLC over 140% and 125% of predicted values, respectively) and
hyperinflation (FRCplet over 120% of predicted level) were
identified in 17.5% of patients with mild asthma. According to
available published data, the prevalence of SAD detected by body
plethysmography among adults with asthma is 20-64% [5].
Peripheral airways are difficult to access. In this regard, there are
no multipurpose methods of peripheral airways and distal lungs
evaluation in the presence of asthma [3, 8].

Published data on the development of SAD in mild asthma is
lacking. In our study, we have established that SAD development
was observed mainly in patients with mild asthma (Group 2) with
presence of a family history of asthma and ailment duration of
over five years (Table 1). Obesity and food allergy were more
common in patients with SAD (1.7 and 1.8 times, correspondingly,
versus patients without SAD). Non-pulmonary allergic diseases,
such as allergic rhinitis, allergic conjunctivitis and urticaria, were
diagnosed two or more times more often in patients with SAD
versus patients without it.

We discovered that SAD in patients with mild asthma (Group
2) was accompanied by bronchial obstruction in 55% of cases,
which exceeded the same parameter in Group 1 by 2.7 times
(Table 1). In this study, SAD in mild asthma was diagnosed not only
in the patients with bronchial obstruction, but also in those with
normal values of pulmonary function parameters. Our finding of
SAD in 45% of patients with mild asthma but no signs of impaired
bronchial patency implied the need for timely SAD diagnosis in
order to develop the personalized treatment strategy. The
established frequency of impaired bronchial patency in patients
with SAD indicated that bronchial obstruction in mild asthma was
not an obligatory feature of SAD development. It is also worth
pointing out that the phenotype of bronchial asthma with SAD
includes the patients with asthma, SAD, normal FEV1 values and
uncontrolled course of the disease [13].

The presence of SAD, confirmed by body plethysmography and
reduction in a mean value of FEV1 to 75.55% of its predicted value,
identified by spirometry (Table 2) in patients of Group 2, indicated
a mild distal obstruction. Airway resistance, assessed by body
plethysmography, was moderately augmented during expiration,
which was characteristic of a proximal obstruction. Our data
provided evidence of mild generalized bronchial obstruction
development in patients with mild asthma and SAD. According to
available publications, distal airways dysfunction in asthma
patients was not always associated with bronchial obstruction
because contribution of small airways to the total airflow
resistance did not conventionally exceed 10%. The contribution of
small airways to amplified resistance was greatly enhanced by the
airway lumina narrowing [14].

Statistically significant decline in FVC and MMEF,s.5 values,
detected in patients of Group 2, compared with the Group 1, is an
indirect evidence for the presence of SAD (Table 2). FVC reduction
is presumably an indicator of air trapping [14, 15]. It has been
discovered that pulmonary function impairment in severe asthma

patients was caused by the air traps, measured indirectly by FVC
reduction, and their severity prevailed over the severity of
bronchial obstruction, determined by FEV,/FVC. However,
significant air trapping has not been detected in non-severe
asthma — even in the presence of a significant bronchial
obstruction [5, 19].

As reported by Marseglia G.L. et al., spirometric parameter
MMEF,5_75 is most often considered an indicator of small airways
obstruction [16]. Nevertheless, changes in MMEF,s.;5 are variable
and depend on the severity of central airway obstruction and lung
volume [17]. Another study demonstrated no correlation between
the inflammation of small airways and MMEF,s.;5 [17]. The
established MMEF,.;5 reduction in our study, against the
background of a mild obstruction, favors the explanation that this
parameter may be one of the indicators of small airways
obstruction. The findings of Yuan H. et al. suggested the possibility
of using MMEF,575 as a marker of early SAD in patients with a
cough-variant asthma with a normal FEV1 [18].

Among all flow-volume parameters in patients with asthma,
RV is the most sensitive; it often deviates from the norm and is the
last to return to a normal level in response to adequate therapy
[20]. Increased RV is an indirect indicator of air trapping [20, 21].
According to the published results, TLC is also elevated in asthma,
but it can be within its normal range of values at the initial stages
of the disease. Due to typically increased TLC in patients with
obstructive disorders and large variability of RV, the RV/TLC ratio
may be more useful for assessing an increase in RV [19, 22]. In our
study, statistically significant reduction in VC and IC, detected by
spirometry, was characteristic for asthma patients with SAD versus
those without it (Table 2). These parameters are conventionally
used to calculate the total lung capacity (TLC=VC+RV and
TLC=IC+FRCplet). Consequently, if TLC values are normal, a decline
of VC (identified from spirometric data) indirectly indicates an
enlargement of RV and formation of air traps, whereas a decrease
in IC reflects an upsurge in FRCplet and development of pulmonary
hyperinflation. We observed normal values of TLC in all subjects,
but it was statistically significantly higher in Group 2 than in the
control group (Table 2). Thus, the results of our study have
confirmed that IC values allowed for indirect estimates of
intrathoracic volume or FRCplet, which complied with the
literature data [10]. The IC values decline with the development of
a lung hyperinflation, while TLC remains within its normal range or
increases.

Hence, SAD in patients with mild asthma was diagnosed in
normal pulmonary function rather than in generalized bronchial
obstruction alone. The mechanism of SAD development in the
presence of mild asthma requires further research.

Conclusion

Small airways dysfunction (SAD) in patients with partly
controlled mild asthma was detected in 17.5% of cases. Among
patients with a mild asthma, SAD prevails in those with a family
history of asthma, and also with obesity, concomitant allergic
diseases (allergic rhinitis, allergic conjunctivitis, urticaria), and
predominant sensitization to food allergens. The development of
SAD in patients with mild asthma does not depend on the
presence or absence of bronchial obstruction. Timely diagnosis of
SAD in patients with mild asthma and the use of extra-fine
inhalation agents reaching the distal airways would make it
possible to achieve better disease control.
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