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Abstract

Background. Asthma control test (ACT) is a simple, quick and accurate tool to assess asthma control. The present
study was designed to investigate the correlation between, ACT, spirometry variables and markers of airway
inflammation.

Methods. Seventy-five patients with bronchial asthma underwent baseline spirometry, fractional exhaled nitric
oxide (FeNO), serum total immunoglobulin E (TIgE), high-sensitivity C-reactive protein (hs-CRP) and interleukin
(IL)-6, IL-10 and IL-13 measurements. After four weeks, patients were followed up with the same set of investigations.
ACT questionnaire was completed without any directions.

Results. Of 75 patients, bronchial asthma was controlled poorly in 18, well in 35 and totally controlled in 22. The
forced expiratory volume in one second (FEV,) (%) at the second visit was lowest in the poorly control group
(76.94+14.20 versus 84.06+11.95 versus 91.50+10.66; p<0.002). The ratio of FEV, to forced vital capacity (FVC) at the
second visit showed lowest values (71.99+10.59 versus 77.70+9.05 versus 85.77+8.37; p<0.001) in patients with poorly
control asthma. Notably, the change in FeNO, TIgE and IL-6 levels in two visits reached significant levels (p<0.05).
Using the step-wise method for regression analysis, AFeNO, FEV /FVC and ATIgE level explain a substantial amount
of the variance in the ACT score (F[1, 71] = 33.70, p<0.001, R* = 0.58, R?, djusted = 0.57). The negative correlation of
AFeNO and ATIgE and positive correlation of FEV /FVC at the second visit with statistical significance at p<0.001.

Conclusion. The present study emphasises on combined approach including clinical features (ACT), spirometry
variable (FEV,/FVC) and airway inflammatory markers (FeNO) for documenting the precise control of asthma
at the follow-up visit. [Indian J Chest Dis Allied Sci 2018;60:239-244]
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Introduction airway inflammation is reflected by increased exhaled
NO levels.? Also, higher prevalence of uncontrolled
asthma has been observed in patients with increased
immunoglobulin E (IgE) than in those with decreased
or unchanged IgE.* Interleukin (IL)-10, an anti-
inflammatory cytokine, is deficient in asthma
patients.”> On the contrary, IL-13, a pleiotropic TH2
cytokine, that has been shown to be central to the
pathogenesis of asthma.® Asthmatic patients have
increased levels of IL-6, a pro-inflammatory cytokine.”
There exist a strong association between high-
airflow limitation and side effects of the treatment.' sensitivity C-reactive protein (hs-CRP) values and

Asthma is a chronic inflammatory disease and respiratory symptoms, such as wheeze,
association of uncontrolled asthma with increased breathlessness after exertion, and nocturnal cough.?

Bronchial asthma is a heterogeneous disease,
characterised by chronic airway inflammation and
chronic respiratory illness affecting 1%-18% of the
population in different countries.! The prevalence of
asthma in Indian adults has varied from 1%-11% while
in children it ranged from 2.3%-11.9%.> Current
guidelines suggest that the primary goal of asthma
treatment should to achieve good symptom control,
and to minimise future risk of exacerbations, fixed
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The Asthma Control Test (ACT) has been shown
to have reliable internal consistency, validity and
responsiveness. It is a simple, quick and accurate tool
for assessing asthma control and can easily be
incorporated into the routine assessment of patients
with asthma. Thus, enabling health-care professionals
to more quickly identify patients, whose asthma
control can be improved, enabling changes to their
management to be made, and thereby, improve
outcomes.’ Several studies have put on view a
significant correlation between ACT score and
clinical, functional, and biological markers of
asthma.'”? On the contrary, studies™ have shown
a weak correlation of ACT to pulmonary function
and biomarkers of airway inflammation. There is a
paucity of data regarding the correlation of ACT scores
with functional and biological parameters from India.
Hence, the present study was undertaken to
investigate the relationship if any, between the ACT
score, spirometry, and inflammatory variables.

Material and Methods

All patients gave a written informed consent to take
part in the study. The Institutional Ethics Committee
approved the study protocol. Patients (n=75) newly
diagnosed to have bronchial asthma between 2014-15
were prospectively studied; all received treatment was
as per Global Initiative for Asthma (GINA) guidelines.'
All patients underwent baseline spirometry, fractional
exhaled nitric oxide (FeNO) test, and serum samples were
obtained for measuring serum total IgE (TIgE), hs-CRP
and interleukin (IL)-6, IL-10 and IL-13. After four weeks,
patients were followed up for spirometry and FeNO
level measurements. The blood samples were redrawn
for the assessment of TIgE, hs-CRP and IL-6, IL-10 and
IL-13. Furthermore, patients received a short
explanation of ACT, and they were requested to fill the
ACT questionnaire without any directions.

Pulmonary function testing

Pulmonary function testing (PFT) was performed on
a dry, rolling-seal spirometer of the Benchmark model
lung function machine (P.K. Morgan, Kent, UK).
Maximal expiratory flow volume curves were
obtained as per the American Thoracic Society (ATS)
recommendations.’® Dynamic lung volumes, like
forced vital capacity (FVC) and forced expiratory
volume in one second (FEV,) were measured as per
guidelines.’ The bronchodilator testing was done 20
minutes after 400mg inhaled salbutamol, according
to ATS recommendations.'®

Measurement of exhaled nitric oxide

The measurements of FeNO and nasal nitric oxide
were performed using NIOX chemiluminescence
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analyser (Aerocrine AB, Solna, Sweden) by the 2005
ATS/European  Respiratory  Society = (ERS)
recommendations.” The patient has inserted the
mouth-piece, inhaled through the mouth to total lung
capacity (TLC) and then immediately exhaled at a
constant flow rate (50 mL/s) to residual volume
without breath holding. The duration of exhalation
had to be sufficient (>4 seconds in subjects <12 years
and >6 seconds in subjects >12 years). Repeated and
reproducible exhalations were performed to obtain
at least two NO plateau values that agreed within
10% of each other. The mean level of two reproducible
recordings used as the result value.

TIgE, hs-CRP, and interleukin measurement

Serum TIgE was estimated by enzyme-linked
immunosorbent assay (ELISA) method using
MINILYSER - TECAN, Austria, Calbiotech kit as per
manufacturer’s instructions. Similarly, hs-CRP levels
were assessed by ELISA method using the ACCUBIND
automated analyser. Serum IL-6, IL-10, IL-13 were
measured using commercially available RayBio
Human ELISA Kits.

Asthma Control Test

All 75 patients were evaluated after one month of
treatment using the ACT, a patient-completed
questionnaire of five items with five response options
investigating limitations at work or school due to
asthma, the presence of day-time or night-time
symptoms, the use of rescue medications, and the
subjective perception of the level of asthma control
during the previous four weeks. Depending on ACT
score, the patients were categorised into three groups,
total control (ACT = 25), well controlled (ACT = 20-
24), and poorly controlled (ACT <19).2

Statistical Analysis

Data analysis was performed using Statistical Package
for the Social Sciences (SPSS, version 22.0) for
Windows (SPSS, Chicago, IL, USA). Data examined
for distribution and homogeneity of variances was
checked before applying parametric tests. The
comparison among three ACT groups was made using
analysis of variance (ANOVA) (normal distribution
data) and Kruskal-Wallis test (non-normal
distribution data). The relationship between ACT
score and other variables performed using the model
of linear regression (normal distribution) and or
Spearman’s rank correlation (non-normally distributed
data). The multiple regression analysis executed to
identify the independent variable affecting the ACT
score. Statistical significance set at 5% level (p<0.05).
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Results

The study group comprised of 75 subjects (43 males,
mean age 22.5+8.2 years). The description of various
spirometry and inflammatory markers values at first
visit is shown in table 1. Four weeks later at second
visit, after initiation of treatment, patients were
categorised into three sub-groups according to ACT
score. Bronchial asthma was controlled poorly in 18,
well in 35 and totally in 22 (Table 2). Spirometry
performance by the patients in the second visit
categorised according to ACT score, is outlined in
table 3.

Table 1. Demographic, spirometry and inflammatory
characteristics of the patients (n=75) with bronchial asthma at
first visit

Age (years) (mean+SD) 22.5+8.2
Sex: Male/Female 43/32
BMI (Kg/m?) (mean+SD) 23.0+3.6
Kuppuswamy score 3. 6£1.0
FEV, (L) (mean%SD) 2.48+0.68
FEV, (%) (meanxSD) 78.81+1.62
FVC (L) (meantSD) 3.24+0.93
FVC (%) (mean+SD) 91.27+1.20
FEV /FVC (mean+SD) 76.06+1.16
FeNO 36.2+29.8
hs-CRP 12.9+1.5
Serum Total IgE 495.2+54.2
1L-10 24.2+2.4
IL-6 23.7£3.1
IL-13 18.6+2.2

Definition of abbreviations: SD=Standard deviation; BMI=Body
mass index; FEV =Forced expiratory volume in one second;
FVC=Forced vital capacity; FeNO=Fraction of exhaled nitric oxide;
hs-CRP=high-sensitivity C-reactive protein; IgE=Immunoglobulin E;
IL=Interleukin

Table 2. Demographic distribution of asthmatic patients (n=75)
on the basis of Asthma Control Test score

Variable Poor Well Total p-value
Control Control Control
(ACT (ACT (ACT 25)
<19) 24-20) (n=22)
(n=18) (n=35)
ACT score 17.67+1.28 22.63+1.35 25 0.0001
(mean=SD)
Age (years) 26.2+7.7 22.9+8.7 18.9+6.3  0.017
(mean=SD)
Sex
Male/Female 10/8 20/15 12/10 0.051
BMI (Kg/m?) 24.2+2.9 23.0+4.0 21.8¢3.1 0.109
(mean=SD)
Kuppuswamy 3.7+1.1 3.4%1.0 3.7+0.9 0.476

score

Definition of abbreviations: ACT=Asthma Control Test;
SD=Standard deviation; BMI=Body mass index
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The FEV % at the 2nd visit was lowest in poorly
control asthma group (76.94+14.20 versus 84.06+11.95
versus 91.50+10.66; p<0.002). Also, the FEV /FVC ratio
at second visit showed significantly lower values
(71.99£10.59 wversus 77.70+9.05 versus 85.77+8.37;
p<0.001) in patients with poorly control of asthma
in comparison to other two groups. Notably, the
changes in FeNO, TIgE and IL-6 levels in two visit
reached significant levels (Table 4).

Table 3. Spirometry variables documented at 2nd visit classified
according to ACT score

Variable Poor Well Total p-value
Control Control Control
(ACT (ACT (ACT 25)
<19) 24-20) (n=22)
(n=18) (n=35)
FEV, (L) 2.54+0.54  2.58+0.70  2.68+0.66 0.911
(mean=SD)
FEV, (% pred) 76.94+14.20 84.06+11.95 91.50+10.66 0.002
(mean=SD)
FVC (L) 3.43+1.07 3.28+0.94  3.18+0.78 0.698
(mean=SD)
FVC (% pred) 90.17+14.42 92.29+11.32 95.14+8.67  0.389
(mean=SD)
FEV /FVC 71.99+10.59 77.70+9.05 85.77+8.37  0.001
AFEV, (L) 0.17£0.55  0.10+0.32  0.17+0.26 0.802
(mean+SD)
AFEV, (%) 3.89+4.26  3.29+8.25  10.77+£21.01 0.173
(mean=SD)
AFVC (L) 0.04+£0.09  0.02+0.17  0.08+0.15 0.279
(mean=SD)
AFVC (%) 1.22+2.66  0.43+6.32  3.27+6.30 0.266
(mean=SD)
AFEV /FVC  1.61£3.29  2.74+6.24  2.95+8.29 0.776

Definition of abbreviations: ACT=Asthma Control Test; SD=Standard
deviation; FEV =Forced expiratory volume in one second;
FVC=Forced vital capacity

Table 4. Difference in inflammatory markers recorded at 1st
and 2nd visit classified according to ACT score

Variable Poor Well Total p-value
Control Control Control
(ACT (ACT (ACT 25)
<19) 24-20) (n=22)
(n=18) (n=35)
AFeNO (ppb) 44.28+37.12 7.25+28.47 -18.06+20.66 0.0001
(mean=SD)
Ahs-CRP -1.13+£2.03  -0.76+1.64 1.99+1.6 0.731
(mean=SD)
AS.TIgE 475.83+ -124.37+  -127.05% 0.0001
(mean=SD) 394.93 561.66 224.60
AIL-10 -14.53+2.56 -3.03+2.48 3.13+2.80 0.057
(mean=SD)
AIL-6 29.24+5.31 31.16+4.31 35.17+1.76 0.236
(mean=SD)
AIL-13 -4.23+2.96  -6.47+2.51 -8.94t1.64 0.460
(mean=SD)

Definition of abbreviations: ACT=Asthma control test; SD=Standard
deviation; FeNO=Fraction of exhaled nitric oxide; ppb=Parts per
billion; hs-CRP=High-sensitivity C-reactive protein; S.TIgE=Serum
total immunoglobulin E; IL=Interleukin
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Significant inverse correlation was observed
between ACT score and age, body mass index (BMI),
FEV %, AFeNO and ATIgE (Table 5). Furthermore,
significant positive correlations of FEV,/FVC at the
second visit with ACT score was observed (Table 5).
Table 5. Correlation between different demographic, spirometry

and inflammatory marker level and ACT score in asthma
patients (n=35).

Variable ACT Score
r p
Age -0.326 <0.004
BMI (Kg/m?) -0.244 <0.035
FEV, (%) -0.406 <0.004
AFeNO -0.621 <0.0001
rho P
FEVl/FVC 0.509 <0.0001
AS.TIgE -0.467 <0.0001

r and rho represent the correlation coefficient using parametric
and non-parametric analysis.

Definition of abbreviations: ACT=Asthma Control Test; BMI=Body
mass index; FEV =Forced expiratory volume in one second;
FeNO=Fraction of exhaled nitric oxide; FVC=Forced vital

capacity; S.TIgE=Serum total immunoglobulin E

The multiple regression analysis using step-wise
method was performed to identify the independent
variables affecting ACT score (Table 6). An analysis of
standard residuals was carried out, which showed that
the data contained no outliers (Standard residual
minimum = -2.527, standard residual maximum = 1.988).
The data met the assumption of independent errors
(Durbin-Watson value = 2.31).

Table 6. Results from multiple linear regression analysis using
step-wise method.

Variable Mean+SD Correlation Multiple
with ACT Regression

Weights

B B
ACT score  22.13+2.93
AFeNO 8.71+£36.50 -0.621* -0.010*  -0.490
FEV /FVC 78.70+£10.47 0.486* 0.024* 0.344
AS.TIgE 18.89+531.68 -0.396* 0.000* -0.295
*=p<0.001

Definition of abbreviations: ACT=Asthma Control Test;
FeNO=Fraction of exhaled nitric oxide; FEV =Forced expiratory
volume in one second; FVC=Forced vital capacity;
S.TIgE=Serum total immunoglobulin E

The histogram of standardised residuals indicated
that the data contained approximately normally
distributed errors, as did the normal P-P plot of
standardised residuals, which showed points that
were not completely on the line, but close. The data
also met the assumption of non-zero variances. Using
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the step-wise method it was observed that AFeNO,
FEV /FVC and ATIgE level explain a significant amount
of the variance in the ACT score (F[1, 71] = 33.70,
p <0.001, R* = 0.58, R?, . ., = 0.57). The negative
correlation of AFeNO and ATIgE and positive
correlation of FEV /FVC at the second visit with
statistical significance at p<0.001.

Discussion

Bronchial asthma is a chronic inflammatory disorder
of the airways, manifesting as recurrent episodes of
wheezing, breathlessness, chest tightness, and cough;
delineated by bronchial hyperresponsiveness and
variable airflow obstruction that is often reversible
either spontaneously or with treatment. Control of
asthma is a condition in which none of the
manifestations of the active disease are present.
However, manifestations are at clinical, physiological,
pathological, immunological and even molecular
level. Whereas relief from symptoms along with
freedom from acute exacerbations points to an
excellent response to treatment, assessment of
activity limitation is a critical component of control.'

The literature suggests that asthma control in the
general population is inadequate. Laforest et 4l in
their evaluation of the impact of patient
characteristics on asthma control, reported smoking,
female sex and BMI as independent determinants of
asthma control. In the present study, patients with
a high BMI were more likely to have their asthma
inadequately controlled. The above findings
attributed to the effect of obesity on lung mechanisms,
like reduced functional residual capacity (FRC) and
tidal volume, which promotes further airway
narrowing and exacerbation in patients with asthma.?

Fractional exhaled nitric oxide measurement is a
non-invasive, simple and well-accepted method as
a clinical biomarker for the assessment of airway
inflammation.” Sipple et al* reported a significant
correlation of FeNO with measures of asthma control,
such as daily use of f2-agonists, symptom scores of
the prior two weeks, and reversibility of airway
obstruction. Jones et al® reported a single measure of
exhaled nitric oxide, along with a change in exhaled
nitric oxide, were predictive of loss of asthma control
following steroid withdrawal. Senna ef al** evaluated
27 newly diagnosed asthmatics in Italy and reported
an excellent correlation between ACT score and FeNO
(r=0.7, p=0.001). Ricciardolo et al*® surveyed FeNO
levels and asthma control in 363 subjects and reported
that FeNO values >25 ppb (parts per billion) were
associated with poorly controlled asthma [odds ratio
(OR) 3.71], asthma signs (OR 3.5) and symptoms
(OR 1.79). A FeNO cut-off value of 29.9 ppb was
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reasonably predictive of (area under curve [AUC] 0.7)
poorly controlled asthma. However, the study failed
to establish a significant correlation between ACT
and FeNO.” Similarly, other studies reported no
relationship between ACT and FeNO."** The present
study displayed significantly higher FeNO values in
poorly controlled compared to both good and totally
controlled asthmatics. The study also established the
significant correlation of change in FeNO values from
baseline and ACT (p<0.001). Thus FeNO, especially
change in FeNO levels could be a practice in routine
for the objective assessment and documentation of
the airway inflammation in patients with poorly
controlled asthma.

Lung function and symptoms assessment denote
the core measure of asthma control. FEV, has a critical
role, as it is a strong independent predictor of future
risk and exacerbations.! Leblanc et al*, reported
dependency with statistical significance between FEV,
or FEF,, ., and ACT scores, according to the GINA
classification (p=0.001 and 0.034, respectively).
Nathan ef al’ too documented a good correlation
between ACT and FEV,. On the contrary, literature
also reports the poor correlation of ACT with
pulmonary function.'” Statistical analysis of the
present study documented the significantly lower
values of FEV,% and FEV /FVC (p=0.002 and p=0.001,
respectively) performed at the second visit in patients
with no control of asthma in comparison to good and
total control asthma groups. The FEV % showed a
negative correlation with ACT score while multiple
regression models documented positive correlation
of FEV /FVC with ACT score. Thus, signifying the
importance of lesser airway obstruction with better
individual control of asthma. The present finding
strengthens the need for the assessment of pulmonary
functions at follow-up visits to objectively document
the asthma control.

Immunoglobulin E is a crucial factor for the
development of bronchial hyperresponsiveness in
asthmatics.” Epidemiological studies documented
higher total IgE level in asthma patients, particularly
in children than in non-asthmatics.*®* de Marco et al®
reported a high level of IgE as a strong predictor of
moderate-to-severe asthma. Tanaka et al in their
longitudinal evaluation of 154 asthma patients
reported that 34.1% of the patients with increased
IgE had uncontrolled asthma, compared with 12.7%
and 10.0% of patients with decreased and unchanged
IgE, respectively (p<0.01).*! These results suggest that
a longitudinal increase in IgE is associated with poor
asthma control. Similarly, Maneechotesuwan et al*?
reported the logarithm of total serum IgE was
significantly higher in patients with uncontrolled
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allergic asthma than in those with well-controlled
disease (p < 0.0001). The present study too documented
change in serum TIgE levels significantly correlated
with ACT score, with the highest change, recorded in
no control asthmatics. Thus, serial follow-up
measurements of TIgE may predict the asthma control.

The serum inflammatory markers including hs-CRP,
IL-6, IL-10, and IL-13 recorded in the present study,
and no significant correlation documented either of
them with ACT score. Sigari et al* too reported no
association between hs-CRP and ACT among 100
asthmatics in Iran. However, there is a paucity of data
regarding the importance of change in the levels of
other serum inflammatory markers and asthma control.

Conclusions

The present study by statistical analysis proposes
documentation of AFeNO, FEVI/FVC and ATIgE levels
in follow-up visits to explain a significant amount
of the variance in the ACT score. Furthermore, the
findings of the present study highlight the
importance of a combined approach including clinical
features (ACT), spirometry variable (FEV,/FVC) and
airway inflammatory markers (FeNO) for
documenting the precise control of asthma at follow-up
visits and preventing future exacerbations. The small
sample size is a potential limitation of the study, and
hence, a larger population-based study would
highlight the strength of the present study.
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