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Background: There is a dearth of data on prospectively recorded symptoms in patients with
uncontrolled asthma. Asthma symptoms and exacerbation rate are commonly thought to be
associated. The aim of this study was to analyse asthma symptoms of cough, wheeze, chest
tightness and breathlessness in an uncontrolled asthma cohort. We also examined the effect of
maintenance and reliever therapy (MART) on these symptoms and its effect on exacerbation rate.
Methods: Adults with uncontrolled asthma electronically recorded their asthma

symptom severity scores twice-daily over a period of 48 weeks following randomisation to
beclometasone/formoterol twice daily plus pro re nata (prn) salbutamol or MART. Subjects
with symptom scores of =2 (ranging from 0 to 3 for each symptom) were considered more
symptomatic, whereas those below a score of 2 were considered less severe. The influence
treatment on exacerbation frequency and symptom profiles were then correlated.

Results: Of the 1701 subjects in the analyses, 1403 were symptomatic with =100 symptom
episodes for one symptom. The remaining 298 subjects were classified as pauci-symptomatic.
There was poor association between the frequency and symptom severity score for each
symptom. Surprisingly, wheeze was the least reported symptom. Females were more likely
to be polysymptomatic. MART compared with prn salbutamol markedly attenuated severe
asthma exacerbations. This effect was most notable in subjects with fewer symptoms.

Conclusions:

n uncontrolled asthma, there is a poor correlation between reported symptoms

and exacerbation frequency. This post hoc analysis suggests that MART should not be reserved for
symptomatic subjects but achieves the greatest benefit in pauci-symptomatic patients with asthma.
Trial registration: ClinicalTrials.gov identifier: NCT00861926

Keywords: asthma, asthma symptoms, beclometasone/formoterol, breathlessness, chest
tightness, cough, maintenance and reliever therapy, wheeze
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Introduction

Asthma is characterised by variable airflow limita-
tion and respiratory symptoms.! It is a heteroge-
neous condition in which the observed phenotypes
and underlying pathobiological mechanisms
(endotypes) are multifaceted as a result of multi-
ple host and environmental interactions.? The
picture may be further complicated by the pres-
ence of other comorbidities, and early life allergen
sensitisation and smoking.?”7

Over the years, our understanding of the heteroge-
neity of asthma immunology has progressed; such as

the identification of sputum inflammatory cell phe-
notypes and transcriptomic profiles of high and low
type-2 immunity.81° Haldar and colleagues used
multivariate techniques to classify asthma popula-
tions based on symptoms, age of asthma and body
mass index (BMI), as well as eosinophilic inflamma-
tion.!! The clusters identified phenotypes of asthma
that had differing responses to therapy. Other symp-
tom-based phenotypes in addition to patient-related
factors have also been identified in the literature.!?

In recent years, a disparity between asthma symptoms
and exacerbation frequency has been suggeseted.!?
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The current approach to asthma management,
which considers symptoms and exacerbations as
synonymous, has been increasingly questioned as
an overgeneralization in this multifactorial and
heterogeneous condition.!> Hence, a mechanis-
tic-based approach of the identification of the
mechanisms or traits that are treatable has been
proposed rather than adopting a one-size-fits-all
stepwise approach.

There is a lack of research into individual asthma
symptoms in the literature. In patients with
uncontrolled asthma, we have recently shown
that, whilst symptoms of cough and wheeze were
highly correlated, patients who were cough-pre-
dominant were largely overweight females whilst
those who were wheeze-predominant were older
males.12 In the current analysis, we evaluate the
symptoms of dyspnoea and chest tightness and
compare them to cough and wheeze in a large
group of uncontrolled asthmatic subjects. We
examine the effect of as required reliever therapy
versus maintenance and reliever therapy (MART)
on these symptoms. We hypothesised that an
asthma symptom-based phenotype may be asso-
ciated with asthma exacerbation frequency, and
hence suggest optimal management of any identi-
fying symptom-based treatable traits.

Methods

We conducted a post hoc analysis of the diurnal
daily symptom scores recorded in all the subjects
recruited in a double-blind, multi-centre ran-
domised proof-of-concept study assessing the
efficacy of exacerbation reduction using daily
beclometasone/formoterol and as required [pro re
nata (prn)] salbutamol compared with beclo-
metasone/formoterol as MART.14 This pharma-
designed (Chiesi Farmaceutici) trial recruited
uncontrolled adult asthmatics who were previous
or never-smokers and were symptomatic despite
being on their conventional medication. The pri-
mary and secondary, as well as safety, endpoints
of the study have been reported previously.!* The
study protocol was approved by the institutional
review board at each site and by the central and
local ethics committees according to the coun-
try’s law. Written consent was obtained from all
patients. Data from this study give us the oppor-
tunity to explore the relationship between symp-
toms and exacerbations in uncontrolled asthma
patients.

The study subjects were provided with electronic
devices (Spirotel; Medical International Research,
Rome, Italy) capable of contemporaneously
recording asthma symptoms on a twice-daily basis
prior to conducting their peak flow measurements
(PEF). The four asthma-related symptoms
reported were cough, wheeze, chest tightness and
dyspnoea. Each symptom was rated on a four
point scale (0-3). Additionally, for the purposes of
the analyses, each symptom episode was defined
as an occasion when a symptom of any severity
was recorded in the electronic diary. Details of the
methodology of the primary study, as well as an
initial assessment of two of these symptoms (cough
and wheeze), have been reported previously.1%14

Patient selection and severity scores

For the purposes of the current analyses, we
defined a pauci-symptomatic patient as one who
had <100 episodes of any one of the four symp-
toms recorded in the study period. This was to
censor the data and provide a true picture of the
symptom severity. Additionally, a severity score
of =2 was considered to represent more severe
symptoms.

The data was then subdivided into quartiles
depending on the number of episodes recorded.

Statistical methods

Continuously distributed data was summarised
by the median (25th/75th percentiles); categori-
cal data by n (%). The incidence of symptomatic
asthma exacerbations was analysed by Poisson
regression (further details are provided the
Appendix). Pearson’s correlation coefficient (r)
was used to assess the degree of linear relation-
ships on the scatter plots. Given that this is sec-
ondary analysis of an existing dataset, p-values
(nominally set at 5%, two-tailed) were used spar-
ingly. The data was analysed using StataCorp
(Stata Statistical Software, release 10, Stata
Corporation, 2007, College Station, TX, USA).

Results

Population sample

A total of 1701 asthmatics made up the intention-
to-treat (ITT) population, of whom 1403 (82%)
were ‘symptomatic’ (defined as =100 symptom
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Figure 1. Venn diagram of the ITT population in the study (n=1701) for the presence or absence of each

symptoms reported.
ITT, intention to treat.

episodes) for at least one of four symptoms
(cough, wheeze, breathless, chest tightness)
(Figure 1). The distribution of the symptoms
were similar across all four symptom groups
(Appendix Table Al). The characteristics of the
symptomatic patients were: median age of
50years (40, 58); median BMI (kg/m?2) of 26.8
(23.9, 29.8); 340 (24%) patients had a BMI=30
kg/m?2; median forced expiratory volume in 1s
(FEV1; % predicted) of 72.2(65.8, 79.1); and
867 (62%) were women.

The remaining 18% (n=298) of the patients were
considered pauci-symptomatic. Their character-
istics were: median age of 42 (29, 55) years;
median BMI (kg/m?) of 25.5 (22.8, 28.6); 55
(18%) patients had a BMI=30kg/m?2; median
FEV1 (% predicted) of 72.6 (66.7, 79.7); and
182 (61%) were women. Unsurprisingly, the
number of episodes scoring zero were approxi-
mately twice that in the pauci-symptomatic group
compared with the symptomatic (i.e. with a
symptom score of =2). There was no obvious
pattern as to which symptom was scored zero.

Symptomatic severity scores

Severity of symptoms was measured on a 4-point
scale as described previously. The majority scored
symptoms as mild irrespective of symptom
(Figure 2a—d). Distribution quartiles are plotted
along with severity cut-point of 2 or more.
The correlation between frequency and severity
symptom was low (Pearson’s r 0.18-0.23).
Characteristics of those with a severity score =2
are given in Table 1.

We looked at the frequency of asthmatics with
one, two, three or four symptoms with a severity
score =2 (Appendix Table 2). The proportion of
women was 57%, 67%, 79% and 71% with one,
two, three or all four symptoms, respectively
(p=0.046). There was no obvious pattern with
age, BMI or FEV1.

Treatment and severe exacerbation rates

Symptomatic patients. There were 294 severe
exacerbations in symptomatic patients, contribut-
ing to an incidence rate of 0.26 [95% confidence

journals.sagepub.com/home/taj

JB Morjaria, AS Rigby et al.


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

84 84
« r=0.18 & r=0.18
.
84 o 8 * -
= - . i e e *o ., ° = R 4&.. P A " -
® i ¥ M e, g ® o LORS S “
P &8s, . 4
g" - . . > e 3 F) 2 3 .
§8 :, ..‘: Y it go .0%. .. - #:35 L 3
33 ] . 4 . oo o 8] F} o o
aa;m o 3% e o . .s §m LI Y * o ° % 0. L4 :
= 22 o one ° . = = S e
& . Lo L] L O3
58 ] . e 52 . LN
35 oo % o ° ¥ L]
2 L) . rs N .
= 5 e % . ED o - )
=5 . See e 81 A .
© .| ’. & o o ° . Y & e
=1 % . o 8e §
] J [} 3o v g ) L ] . o ‘e U
. oo ]
S | [V BN . A ] ft 4 . .
e T T v
é 25 3 2 25 3
Cough severity average Wheeze severity average
(a) (b)
24
r=0.23 @ r=0.18
.
=3 8 ° °
= ® o oyt = (% 4 %’. . .
L
3 . I. .8 P . s
et e o o 2@ ° o t. e
< 3 3 . ¥ 4 .
2o L] L] ° 38 . 5 & ® .
58 ) ® : S .. e e e ® "
2. * g P o o o
g?r - ® o ‘_g)%’ . s ° . « .
(1= - * 2o ®e,® 4 o
8 > . o8 ! ° o
. . g ®
1 = 8 LA
& @ & . . . L]
.o'..: S o
8 g .
- T T b T
25 3 25 3

2
Breathless sevenity average

(©)

2
Chest tightness average

(d)

Figure 2. Quartiles of symptom episode frequency and severity (a) cough, (b) wheeze, (c) breathless and (d)
chest tightness. Cut-point severity =2 indicated by dashed line. Pearson’s correlation coefficient (r) top right

hand side.

interval (CI): 0.23, 0.29] per-person-years. The
incidence rate in MART was (0.21, 95%
CI=0.18, 0.25) and prn salbutamol (0.30, 95%
CI: 0.26, 0.35) per-person-years. These were sta-
tistically different [incident rate ratio (IRR) =1.42,
p»=0.003]. Patients in quartile 4 had the highest
exacerbation rate (0.29) but there was no linear
relationship with increasing quartiles 1 (0.24), 2
(0.25) and 3 (0.25) and severe exacerbation fre-
quency (Table 2).

Pauci-symptomatic patients. There were 32
severe exacerbations in asymptomatic patients
contributing to an incidence rate of 0.19 (95%
CI: 0.13, 0.27) per-person-years. The incidence
rate in MART was (0.10, 95% CI: 0.05, 0.20)
and prn salbutamol (0.28, 95% CI: 0.19, 0.42)
per-person-years. These were statistically differ-
ent (IRR=2.82; p=0.011). There was a greater
distinction between MART and prn salbutamol

in the lowest quartile of severe exacerbations
(Table 2).

Discussion

This is the first report of prospectively recorded
twice-daily symptom scores in patients with
uncontrolled asthma over a period of 1 year.

From the current analyses, the vast majority of
uncontrolled asthmatics reported few, if any,
symptoms. This contrasts to prior retrospec-
tive studies that report a high symptom load.!>
A possible explanation for this disparity may
be attributed to some element of recall bias in
the retrospective analyses. When we examined
individual symptoms, patients who were poly-
symptomatic were predominantly females.
This phenotype has been previously described,!!
and we and others have suggested that this may
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be due an increased afferent neuronal airway
sensitivity.12.16,17

Table 1. Patient characteristics based on symptom
episode severity cut-point =2.

Cough (n=81)

Age (years) 53 (47, 60)
BMI (kg/m?) 26.3 (23, 29.8)
Sex (F) 69%

Wheeze (n=57)

Age [years) 54 (49, 60)
BMI (kg/m?) 27.3 (23, 31.3)
Sex (F) 746%
Breathless (n=100)

Age (years) 56 (49, 61)
BMI (kg/m?) 26.9 (23.9, 31.5)
Sex (F) 67%

Chest tightness (n=68)

Age (years) 54.5 (47, 60.5)
BMI (kg/m?) 28.4(23.6, 60.5)
Sex (F) 79%

BMI, body mass index; F, female; n, number or patients;
kg/m?, kilogram/metres squared.

Surprisingly, wheezing was the least reported of
symptoms, with cough and breathlessness being
the predominant in this patient cohort. This
suggests that the main driver of symptoms may
be heightened airway sensation rather than
bronchoconstriction.!® In support of this, we
found that patients who were highly sympto-
matic in one domain tended to also be sympto-
matic in the other three domains. It is widely
recognised that cough and bronchoconstriction
have different neurophysiological mechanisms.
Thus, the presence of polysymptomatic patients
would suggest a global increase in airway sensi-
tivity rather than a specific mechanism for each
symptom.

Whilst there was a relationship between symp-
toms and exacerbation rate, this was weak, with
polysymptomatic patients being approximately
one-fifth more susceptible to exacerbations than
pauci-symptomatic patients. Within the sympto-
matic patients, there appeared to be a little rela-
tionship on the exacerbation rate to the number
of symptom episodes. Thus, in uncontrolled
asthma requiring inhaled corticosteroids (ICS)
and long-acting B2 agonists (LABA), there
seems to be a weak relationship between symp-
toms and increasing severe exacerbation rates.
This observation calls into question the uncer-
tainty associated with patient-related outcomes
and the relevance of symptom diaries in the pre-
diction of exacerbations in patients with uncon-
trolled asthma.

Table 2. Incidence of severe exacerbations by total symptom episode quartiles, and by treatment.

Symptomatic patients (n=1403)

Quartile All MART prn IRR p-value
Salbutamol

Q1 0.26 0.19 0.31 1.63 0.05
Q2 0.24 0.12 0.35 2.82 <0.001
Q3 0.25 0.19 0.29 1.50 0.09
Q4 0.29 0.32 0.25 0.79 0.28
Pauci-symptomatic patients (n=298)

- 0.19 0.10 0.28 2.82 0.011

NB: No significant difference between Q1 and Q4 (Q1=lowest, Q4 =highest) noted in the symptomatic patients. The pauci-

symptomatic patient group was not subdivided into quartiles.

IRR, incident rate ratio (compares treatment groups within a quartile]; MART, maintenance and reliever therapy; prn, pro

re nata (as needed); Q, quartile.
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We then went on to compare the effect of treat-
ment on severe exacerbation rates. The effect of
MART compared with prn salbutamol was shown
to cause a highly significant attenuation in severe
exacerbation rate. Indeed, it appeared that the
reduction in rate of severe exacerbations was sig-
nificantly greater in patients with fewer symptoms.
In the more symptomatic (Q4), the relationship
became insignificant. Thus, in contrast to current
practice, where MART tends to be reserved for
patients who are polysymptomatic, it should be
offered to all patients at risk of exacerbations,
irrespective of their symptom profile. This disso-
ciation between improvement in symptoms and
reduction in exacerbation rates with MART has
previously been reported with another ICS/
LABA combination: budesonide/formoterol.!?
More recently, in patients with mild asthma, exac-
erbation rates were found to be similar with prn
budesonide-formoterol when compared with rou-
tine twice-daily budesonide, whereas symptom
control was found to be superior in the regular ICS
maintenance regime.?? We suggest that regular
anti-inflammatory therapy attenuates both symp-
toms and exacerbation rates, whereas the addition
of formoterol has little effect on the symptom pro-
file but reduces the exacerbation rate by up to one-
third, particularly in those with fewer symptoms.

There are some limitations to our observations.
The reported symptoms were collected subjec-
tively and may represent over- or under-reporting
dependent on the individual patient’s perception
of their asthma. Whilst objective assessments are
available for cough, we are unable to objectively
assess the other three domains to provide surety
in the measurement of each metric. Thus, until
improved and easy-to-conduct objective symp-
tom assessments become available, subjective
reporting remains our only strategy for assessing
asthma symptoms. Uncontrolled asthma patients
were recruited onto the study and randomised to
beclometasone/formoterol twice daily plus prn
salbutamol or MART. Hence, there is no reason
to believe that there was any different in either
adherence or inhalation technique between the
two groups as they were randomly recruited,
although we acknowledge that these patient
parameters were not studied at the time.

Our analyses of twice-daily symptom scores in
uncontrolled asthma patients over 1year has
revealed a surprising disconnect between symp-
toms and exacerbation rates. The therapeutic

implications of the findings are that MART
should be used irrespective of the patients’ symp-
tom profile, and there is a case for dropping the
previous paradigm of two puffs twice a day.
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