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The aim of the investigation was to assess the relationship of ACQ-5 and ACT-C indices and spirographic parameters in children with
bronchial asthma (BA), reveal confidential intervals of these parameters typical for different levels of BA control. The BA levels were determined
according to these questionnaires.

Materials and Methods. We examined 130 patients aged from 5 to 11 years with primarily atopic BA and different control level of the disease.
In addition to routine examination, all children underwent the tests to determine BA control level using Asthma control questionnaire — 5
(ACQ-5) and Childhood Asthma control test (ACT-C). Spirographic examination was performed using Master-Screen Pneumo (Jaeger, Germany).
Bronchial hyperresponsiveness was studied in tests with physical load (veloergometer Kettler AX1). The test with bronchial spasmolytic was
used in children with exacerbation of the disease.

Results. According to ACQ-5, 90 children had complete control of the disease symptoms (ACQ-5<0.75 scores), 17 children — partial
control (0.75<ACQ-5<1.5 scores), and 23 children — no BA control (ACQ-5>1.5 scores). According to ACT-C, in the same children, 95 children
had controlled BA course (ACT-C=20 scores), 35 patients — lack of control (ACT-C<19). The correlation between ACQ-5 and ACT-C was
-0.62, when p<0.00001.

The control level assessment according to ACQ-5 showed the average values of forced expiratory volume in 1 s (FEV1) in patients with
complete BA control to be 98.99+10.56%, with partial control — 91.53+10.94%, with no control — 72.56+7.17%, p<0.00001. The correlation
between ACQ-5 and FEV1 was -0.7, when p<0.00001.

The control level estimated by ACT-C showed the average values of FEV1 in patients with the achieved BA control to be 95.78+12.38%, with
the lack of control — 85.99+17.08%; p=0.0007. The correlation between ACT-C and FEV1 was 0.37, when p<0.00001.

We assessed the intensity of bronchial responsiveness estimated by the tests with physical load or with bronchial spasmolytics (taking
into consideration initial clinical status and spirogram findings) in 40 patients. As BA control level decreased, there was found the bronchial
responsiveness rising. The correlation between ACQ-5 and the intensity of bronchial responsiveness was —0.55, when p=0.0001, that exceeded
the correlation relationship between ACT-C and this parameter (R=0.33; p=0.03).

Conclusion. When diagnosing BA control level, one should take into consideration that spirographic parameters, as well as the intensity
of bronchial responsiveness in the conditions of modern pharmacotherapy, demonstrate closer correlation with ACQ-5 indices compared to
ACT-C.
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At the present stage, the aim of treatment of bronchial comprehensive methods of diagnosing BA control level in
asthma (BA) in children is gaining control over the individual patients are still absent. Partly, it is accounted
symptoms and course of the disease, realized mainly for by different approaches to the definition of the very
during the basic anti-inflammatory therapy [1, 2]. Despite  term “bronchial asthma control”, which is especially
close attention of investigators to the problem, reliable and  clearly seen in the selection of the time interval (period)
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Table 1

Correlation (R, p) between the scale values of ACQ-5
and ACT/ACT-C in patients with BA and objective parameters
(according to the literature published)

a week); the main drawback of them is the possibility
of subjective assessment;

2) functional — evaluation of the airway patency
and bronchial hyperreactivity using spirography,

and peakflowmetry; among the disadvantages is the

Ll DL FEV BHR L) CLEL need to perform forced expiration maneuver, which
ACQ-5 Adults p>0.05 p>0.05 p>0.05 (4] requires the cooperation of the patient and medical
ACQ-5  Adults _ _ p>0.05 5] professional (a child can effectively fulfil spirography
when he is over 6);
ACT Adults R=0.22 - R=031 (6] 3) inflammator)y biomarkers — evaluation of the
ACT-C  Children p=0.003 — p>0.05 [7] cellular composition of sputum and induced sputum,
ACT-C  Children R=0.34;p=0.022 — R=-0.51; p<0.001 [8] detection of nitric oxide metabolites in the exhaled air
ACT  Adults  R=0.18;p=0.025 — R=—0.21: p=0.007 [9] and in the condensate of the exhaled air, and other
parameters; difficulty of finding a universal biomarker
ACT Adults R=0.19; p<0.01 R=-0.16; p=0.01 [10]

of inflammation in asthma is the chief drawback, as

Here: FEV1 is forced expiration volume in 1 s; BHR — bronchial  inflammation in asthma may have some phenotypical

hyperreactivity; FENO — exhaled nitric oxide.

during which the control level of the illness is suggested
to be assessed. In the latest guidelines of “An Official
American Thoracic Society/European Respiratory Society
Statement: Asthma Control and Exacerbations” the spread
of time intervals for control level assessment varies from 1
week to 1 month [3].

Besides, BA currently is considered to be a heterogenic
ailment, the basis of which is a combination of several
pathogenetic processes. They are as follows:

A. Bronchial obstruction (edema of the bronchial mucous
membrane, hyperproduction of sputum, spasm of the
bronchial smooth muscles, formation of the inflammatory
infiltrate in the bronchial walls). Diagnosing obstruction
availability and intensity is presently carried on according
to the clinical data and external respiration parameters,
obtained spirographically using “forced expiration”
maneuver.

B. Bronchial hyperreactivity (changes of the bronchus
caliber affected by various stimuli including cold air,
allergens, strong odors, etc.). Diagnosis is based on history-
taking and objective examination findings, alterations of
spirographic parameters under provocation tests with
bronchocosrictors and physical load, tests with bronchial
spasmolytics.

C. Chronic allergic inflammation — a key pathogenetic
process in BA, influencing the formation of both bronchial
obstruction and bronchial hyperreactivity. Topical signs
of eosinophilic inflammation (sputum, induced sputum),
increase of nitric oxide content in the exhaled air, its
metabolites in the exhaled air condensate and some others
are taken into account in practical work in diagnosing the
disease.

In recent years due to a complicated pathogenesis of
asthma a complex approach to diagnosis of the disease
control level is being developed, which must include the
assessment of the following parameters:

1) clinical, including valid questionnaires for evaluation
of the disease intensity and the character of its course
(the most common of which are ACT-C, ACT, ACQ-5,
being mainly different in the time interval of parameter
assessment: ACT and ACT-C covering a month, ACQ-5 —
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features (predominantly eosinophilic, predominantly

neutrophilic). The content of various biomarkers

depends not only on the inflammation intensity, but
also on the prevailing phenotypic inflammation mechanism
in an individual patient.

None of the above approaches is universal, and
correlation between separate objective parameters and
control level, which are differently evaluated by specialists,
is often not reliable, which is reflected by the results of
scanty investigations (Table 1).

Thus, data on associative relations of BA control
level, evaluated by ACQ-5 and ACT-C (ACT) scales, and
parameters of objective examinations of the patients with
BA are rather controversial. Investigations comparing
correlation of the data of the two questionnaires and
objective parameters, carried out in the same patient group,
are absent. In this connection, comparison of correlation of
the test findings of clinical evaluation of BA control level and
objective parameters of control level, primarily functional,
is believed to be of considerable value.

The aim of the investigation was to assess the
relationship of ACQ-5 and ACT-C indices and spirographic
parameters in children with bronchial asthma, reveal
confidential intervals of these parameters typical for different
levels of bronchial asthma control, determined according to
these questionnaires.

Materials and Methods. 130 patients aged from 5 to 11
years mainly with atopic BA and different control levels of
the disease have been examined. All children underwent
treatment according to the stage of the illness and its
severity following standard recommendations [2]. Of them
25 children with intermittent, mainly, pollen BA were not
given basic therapy at the time of investigation ( they were
provided with allergen-specific immunotherapy by causative
allergens), however antihistaminic preparations of the last
generation were used in the treatment complex. 45 patients
were taking Singulair in the doses pertaining to their age,
36 — combined medications of inhaled corticosteroid and
long term p2-agonist (Seretide — 24, Symbicort — 12).
24 more children were undergoing complex therapy due
to exacerbation including inhalations of short-term p2-
antagonists via nebulizer.

Standard clinical, allergological, immunological and
functional examination was performed for all patients,
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as well as testing to determine BA control level using the
scales of Asthma control questionnaire — 5 (ACQ-5) [11]
(Dept of Clinical Epidemiology and Biostatistics, McMaster
University Faculty of Health Sciences, Hamilton, Ontario,
Canada) and Childhood Asthma control test (ACT-C)
[12] (National Jewish Medical and Research Center and
the University of Colorado School of Medicine, Denver,
USA).

Spirographic investigations were carried out using
Master-Screen Pneumo (Jaeger, Germany). Parameters
were assessed by comparison with a standard norm [13].

Bronchial hyperreactivity (BHR) was studied by the tests
with physical load (pedaling veloergometer Kettler AX1,
(Germany) with a speed 60 rev./min. and a load 1W/kg of the
body weight for 5 min). Dynamics of spirographic values at
the fifth minute after the load was compared with that of the
preload ones. Exercise tests were used in children whose
reference spirogram values were within accepted norm
[14]. When reference spirogram parameters reduced below
the norm, as well as in children treated for exacerbation
of the disease, BHR determination in the loading test was
not conducted. In these patients tests on reversibility of
bronchial obstruction with bronchial spasmolytics (inhalation
of 200 pg of salbutamol — a dosed aerosol — via a spacer)
was performed: reference spirographic parameters were
compared with the values of spirogram, recorded in 20
minutes after the broncholytics inhalation. Changes of
spirographic parameters were evaluated by the formula
(A-B)/B (%), where B — reference values of spirographic
parameter, A — parameter value after the test with a
physical load or broncholytic.

In statistical analysis changes of FEV1 caused by the
abovementioned stimuli (physical exercise, broncholytics)
were processed in one data array, changes in FEV1 under
the influence of broncholytics being taken with a sign
opposite to that of the obtained result (multiplied by —1).

Data are presented in the form of M+CD, where M
is mean, CD — standard deviation. Program Package
Statgraphics plus was used for statistical analysis.

Results and Discussion. According to the assessment
data of ACQ-5 test in 90 children at the time of examination
full control of the disease symptoms was noted (ACQ-5
<0.75 scores, mean value of the test 0.23+0.25 scores).
In 17 partial control was diagnosed (ACQ-5 ranged from
0.75 to 1.5 scores, mean value 0.89+0.16 scores), while in
23 BA control was absent (ACQ-5 more than 1.5 scores,
mean value 2.62+0.93 scores). While assessing the same
children by ACT-C test the controlled BA course (ACT-
C=20 scores) was noted in 95 children, lack of control
(ACT-C=<19) in 35 patients. Correlation between the two
given tests was —0.62, when p<0.00001.

Comparison of BA control level assessments using the
two tests (ACQ-5 and ACT-C) is shown in Fig.1.

Of 90 children with achieved disease control, diagnosed
with the help of ACQ-5 test, BA course considered as
controlled in ACTC-test was assessed in 75 children,
and in 15 patients ACT-C test results showed no disease
control. Among 17 children with partial symptom control
level (according to ACQ-5 test), BA controlled course
by ACT-C test was diagnosed in 14 patients, absence of

Functional Control Monitoring in Bronchial Asthma in Children

CLINICAL MEDICINE

80

70—

60—

50—

40—
30—

20+—

The number of children, %

—

ACQ-5>1.5

0 ‘ .
ACQ-5<0.75 0.75<ACQ-5<1.5

O —ACT-C 20; o0—ACT-C 19

Comparison of BA control level assessments using ACQ-5 and
ACT-C

control — in 3 children. Of 23 patients with no BA symptom
control, judging by ACQ-5 scale, the course of the disease
was assessed as controlled by ACT-C test in 6 patients, the
absence of control was diagnosed in 17.

If we combine the groups of patients with partial
control and no symptom control according to ACQ-5 test,
coincidence of BA control level assessments by ACQ-5
and ACT-C tests occurred in 73% of patients (95 of 130),
noncoincidence was in 27% of patients (35 of 130).

Mean values of FEV1 in patients with complete control
of BA symptoms, assessed by ACQ-5 test, amounted to
98.99+10.56%, in patients with partial control 91.53+10.94,
in patients with no control they were 72.56+7.17% of the
standard figures. Differences between the groups are
statistically significant, F=50.22; p<0.00001. Coefficient
of correlation in the studies of ACQ-5 and FEV1 value
relationship is rather high and made -0.70 (F=92.7;
p<0.00001) in this sample. Similar statistics of FEV1 in
children with various BA control level determined by ACQ-
5 and ACT-C tests is presented in Tables 2 and 3.

Assessment of control level according to ACT-C test
gave mean values of 95.78+12.38 for FEV1 in patients
with achieved control, with no control — 85.99+17.08%
of the standard norm. Differences between the groups are
statistically significant, t=11.96; p=0.0007. Coefficient of
correlation in the study of the relationship of ACT-C test
values and those of FEV1 in this sample was 0.37 (F=20.34;
p=0.0000). Correlation between ACT-C and FEV1 test
values in this investigation is close to the findings obtained
in the studies of G.L. Piacentini et al. [8].

Thus, revealed correlation between FEV1 and ACQ-5
scale values is significantly more pronounced than between
FEV1 and ACT-C test values. Considering the fact that
ACQ-5 shows the intensity of disease symptoms covering
a week interval, while ACT-C — a month period, changes
of FEV1 in children asthma are believed to be sufficiently
dynamic.

In 40 patients the intensity evaluation of BHR was made.
It was estimated by the tests with physical load or with
bronchial spasmolytics (taking into account initial clinical
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Table 2

Statistical data on FEV1 level (% of the standard norm)
in children with various asthma control level, assessed
by ACQ-5 scale

Values ACO-5<0,75 0,75<AC0-5<1,5 ACQ-5>1,5
Mean 98.99 89.31 70.25
SD 10.56 10.86 14.04
Median 99.0 90.0 7227
Minimum-Maximum  80.00-121.10  76.00-107.00  34.00-93.29
95% Cl 96.86-101.12  84.36-94.25  65.58-75.91

H e r e: SD is standard deviation; Cl — confidential interval.

Table 3

Statistical data on FEV1 level (% of the standard norm)
in children with various asthma control level, estimated
by ACT-C scale

Values ACT-C=20 ACT-C<19
Mean 96.05 84.75
SD 12.39 18.27
Median 98.0 82.70
Minimum-Maximum 61.00-121.10 34.00-117.51
95% Cl 93.57-98.54 78.47-91.02
Table 4

The effect of tests with physical load and broncholytics
(with a reversed sign) on FEV1 changes taking into account
ACQ-5 and ACT-C scale values

The values of tests Change FEV1, % Statistics
ACQ-5<0.75 —6.77+6.93 F=4.55
0.75<ACQ-5<1.5 -10.57+9.09 p=0.017
ACQ-5<1.5 -18.67+13.69

ACT-C=20 —-6.88 £ 6.74 F=6.05
ACT-C<19 -14.27+12.07 p=0.02

status and spirogram findings). The obtained results (Table
4) demonstrate the growth of BHR with the decrease of
BA control characteristics. The data are comparable in the
assessment of the control level using both ACQ-5 and ACT-
C tests, BHR in patients with the achieved BA control not
exceeding 10%, which is actually a variant of norm. When
control is absent, mean values of BHR are observed to run
beyond the permissible ones, no matter what assessment
method was used.

Coefficient of correlation of ACQ-5 test values and BHR
intensity was —0.55 with p=0.0001, which exceeds correlation
between ACT-C values and BHR parameters, the coefficient
of correlation between which was 0.33 with p=0.03.

Thus, in diagnosing BA control level in children it should
be taken into consideration that spirographic parameters,
as well as BHR intensity in the condition of modern
pharmacotherapy demonstrate much closer correlation with
ACQ-5 test values than with ACT-C test. This, probably
reflects relatively rapid dynamics of functional parameters
in children with BA and shows that functional methods
may be used with a high degree of confidence for making
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objective evaluation of the patient’s condition in a relatively
“short-term” perspective (weeks)

95% confidence intervals for FEV1 typical for the level
of complete BA symptom control make 96.89-101.12%,
for the level of partial control they are 84.36-94.25%, for
no control 65.58-75.91% (control level assessed by ACQ-
5 test). Data of the confidence intervals may be applied in
practice for additional objective evaluation of the current
control level of bronchial asthma in children.

Conclusion. Statistically significant correlation between
FEV1 and values of the tests used for diagnosing the
level of disease control are established in children with
asthma. In this case the correlation relationship between
FEV1 and ACQ-5 scale values, showing the intensity of
disease symptoms during a week preceding questioning,
surpasses the correlation between FEV1 and values of
ACT-C test reflecting specific clinical signs of BA during
a month before questioning. Intensity of FEV1 changes
under the influence of different stimuli (physical exercises
and broncholytics) also has more significant associative
relations with the values of ACQ-5 test than with the
findings of ACT-C test.

The dynamics of changes of spirographic parameters,
as well as the values of the tests with physical load and
the tests on reversibility of bronchial obstruction with
broncholytics gives the advantage in diagnosing relatively
short-term processes (closer to a week) in children. Making
objective assessment for long-term processes (closer
to a month) requires, probably, searching for additional
diagnostic methods.
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