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ARTICLE INFO ABSTRACT

Keywords (MeSH): Background: Asthma prevalence is 339 million globally. ‘Severe asthma’ (SA) comprises subjects with uncon-
Afthma trolled asthma despite proper management.

D;lsease management Objectives: To compare asthma from diverse ethnicities and environments.

;i:;ll(;tril; :: Methods: A cross-sectional analysis of two adult cohorts, a Brazilian (ProAR) and a European (U-BIOPRED). U-

Cohort studies BIOPRED comprised of 311 non-smoking with Severe Asthma (SAn), 110 smokers or ex-smokers with SA (SAs)

Cross sectional study and 88 mild to moderate asthmatics (MMA) while ProAR included 544 SA and 452 MMA. Although these projects
were independent, there were similarities in objectives and methodology, with ProAR adopting operating pro-
cedures of U-BIOPRED.
Results: Among SA subjects, age, weight, proportion of former smokers and FEV; pre-bronchodilator were
similar. The proportion of SA with a positive skin prick tests (SPT) to aeroallergens, the scores of sino-nasal
symptoms and quality of life were comparable. In addition, blood eosinophil counts (EOS) and the % of sub-
jects with EOS > 300 cells/ul were not different. The Europeans with SA however, were more severe with a
greater proportion of continuous oral corticosteroids (OCS), worse symptoms and more frequent exacerbations.
FEV;/FVC pre- and post-bronchodilator were lower among the Europeans. The MMA cohorts were less com-
parable in control and treatment, but similar in the proportion of allergic rhinitis, gastroesophageal reflux disease
and EOS >3%.
Conclusions: ProAR and U-BIOPRED cohorts, with varying severity, ethnicity and environment have similarities,
which provide the basis for global external validation of asthma phenotypes. This should stimulate collaboration
between asthma consortia with the aim of understanding SA, which will lead to better management.

Under-diagnosis and under-treatment of asthma present a serious health
problem particularly in low and middle-income countries [2] where
access to preventive healthcare facilities may be challenging resulting in
patients treating their asthma when it worsens with hospital admissions
and emergency room visits. In Salvador City, for example, the Pro-
gramme for Control of Asthma in Bahia (ProAR) was established in 2003
to provide care for patients with severe asthma (SA) who previously had
limited preventive healthcare support — an intervention that resulted in

1. Introduction

In 2016, the world-wide asthma prevalence has been estimated to be
339 million individuals, with approximately 420,000 people dying
prematurely from asthma each year®. Its prevalence varies geographi-
cally, with its incidence plateauing in high income countries while in
low to middle income countries, it has been increasing [1].
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Abbreviations

ACQ Asthma Control Questionnaire

AQLQ  Asthma Quality of Life Questionnaire

BIOAIR The study of longitudinal assessment of clinical course and
BIOmarkers in Severe Chronic AIRway disease

BMI Body Mass Index

COREA The Cohort for Reality and Evolution of adult Asthma in
Korea

CT scan Computerized tomography

ENFUMOSA The European Network for Understanding Mechanisms
of Severe Asthma

ESS Epworth Sleepiness Scale

FeNO Exhaled fraction of nitric oxide

GORD  Gastroesophageal Reflux Disease

HADS  Hospital Anxiety and Depression Scale
ICU Intensive care unit

IQR Interquartile range

MARS  Medication Adherence Report Scale
MMA Mild to moderate asthma

U-BIOPRED Unbiased Biomarkers for the Prediction of Respiratory
Disease Outcomes

ProAR Programme for Control of Asthma in Bahia (Brazil)
SA Severe asthma

SAn Severe asthma non-smoking

SAs Smokers or ex-smokers with severe asthma

SARP The Severe Asthma Research Programme (USA)

SNOT20 Sino-nasal symptom score
SPT Skin prick tests
WHO World Health Organization

a citywide rapid reduction in hospitalisations [3].

Severe asthma comprises of several disease endotypes with different
clinical and pathophysiological characteristics that result in symptoms
of cough, wheeze, breathlessness and tightness in the chest, often
recurrent and severe enough to characterize asthma attacks or exacer-
bations [4]. While several options for treatments are available for
asthma, there is an unmet need for more effective treatments, to improve
symptoms, avoid exacerbations and prevent lung function decline for SA
[5]. SA cohorts have now been followed up in different locations
worldwide, with the aim of improving our understanding of asthma and
in particular of severe asthma. The more recent cohorts include the
ProAR [3] Cohort from Salvador in Brazil and the European U-BIOPRED
Cohort (Unbiased Biomarkers for the Prediction of Respiratory Disease
Outcomes) [6], which were preceded by others such as ENFUMOSA [7]
(The European Network for Understanding Mechanisms of Severe
Asthma), BIOAIR [8], The Severe Asthma Research Programme (SARP)
in the United States of America [9], The Severe Asthma Cohort of
WESSEX, in the United Kingdom [10], and The Cohort for Reality and
Evolution of adult Asthma in Korea [11] (COREA) to name but a few.
Bringing them together to determine similarities and differences in
symptoms, lung function and inflammatory patterns may enable vali-
dation of previous findings from bio-clinical phenotyping of individual
cohorts and may also indicate differences that will inform our under-
standing of risk factors, mechanisms of disease, treatments, environment
and ultimately leading to improvements in management.

To address the issue of phenotypic variability and heterogeneity, the
U-BIOPRED project was set up in 2009 as a public—private partnership
within the framework of the Innovative Medicines Initiative, with
engagement from academia, the pharmaceutical industry and patient
groups. U-BIOPRED represents a European Union consortium of 20 ac-
ademic institutions, 11 pharmaceutical companies and six patient or-
ganisations, working together with the objective of improving the
understanding of asthma mechanisms. The adult patients with SA, were
compared with patients with mild to moderate asthma (MMA) and
healthy controls from 11 European countries, in terms of patient-
reported outcomes, lung function, blood and airway inflammatory
measurements [6]. The aim of U-BIOPRED was to identify
multi-dimensional phenotypes of severe asthma and new treatment
targets.

From 2003, a cohort with previously-untreated severe asthma, as
defined by the NIH EPR-2 in 1997 [12] and subsequently reiterated by
an expert panel to The World Health Organization (WHO) in 2009 [13],
was enrolled by the Programme for Control of Asthma in Bahia (ProAR)
[3], in Brazil, with continuing follow-up. Good clinical management and
access to proper treatment was unavailable in the public health system
in the City of Salvador (3 million inhabitants), prior to 2002. Four
reference clinics were subsequently made available, offering specialized

secondary care and treatment free of charge to patients with severe
asthma. From 2013, a sample of subjects of the ProAR SA cohort was
compared, in a case control study, to subjects with mild to moderate
(MMA) and controls with no asthma, from the same community, to
investigate risk factors, phenotypes and biomarkers of severity.

The purpose of this report is to compare baseline demographic,
clinical and spirometric characteristics of the participants of U-BIOPRED
(European) and ProAR (Brazilian) SA and MMA cohorts, looking for
similarities that might allow validation of research findings, and dif-
ferences that could help to build an understanding of specific pheno-
types associated with diverse genetic and environmental factors.

2. Patients and methods

This was a cross sectional comparative analysis of patients with
asthma from two distinct cohorts of adults. Details of the cohorts can be
found in the Online supplement. Briefly, the sample of European sub-
jects with asthma from U-BIOPRED comprised 311 adults with severe
asthma, non-smoking (SAn), 110 adult smokers or ex-smokers with se-
vere asthma (SAs) and 88 adult non-smokers with MMA. Subjects >18
years old were recruited from 16 clinical centres in 11 European coun-
tries. Prior to enrolment participants were required to have been under
follow-up by a respiratory physician for at least 6 months, in which
assessments had been undertaken to optimise asthma control and
medication adherence. In short, severe asthma was defined in U-BIO-
PRED as a disease requiring high doses of inhaled corticosteroids
(>1,000 pg of Fluticasone Propionate) combined with other controller
medication (LABA, LAMA, Theophyline, Leucotriene Antagonists or oral
corticosteroids) to achieve control, or that remains uncontrolled in spite
of optimal therapy, after issues of adherence, inhaler technique and
treatment of comorbidities have all been addressed. Subjects with MMA
were non-smokers for at least 12 months, with less than 5 pack-year
smoking history and controlled or partially controlled asthma symp-
toms, as defined by GINA, whilst receiving a dose of <500 pg fluticasone
propionate/day or equivalent [6]. The sample of Brazilian subjects from
ProAR included 544 adults from a cohort with previously-untreated SA
(upon enrolment in the cohort) together with 452 adults, invited from
the same communities by public advertisement and classified as having
MMA by a doctor’s interview at the time of the present study [14]. The
classification of MMA was based on current concepts of severity,
including subjects with intermittent symptoms and no regular treatment
or low dose of controller medications, upon evaluation by a specialist.
The Brazilian subjects with SA were a sample of the ProAR outpatient
asthma cohort constituted from 2003 as a reference centre and main-
tained with provision of free medication and multidisciplinary care in a
public clinic, selected by a double specialist audit to validate their
diagnosis, exclude other relevant respiratory or systemic condition that
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could interfere with the assessment of asthma control (eg. lung scars,
cancer, psychiatric and neurological disorders). The definition of severe
asthma for the Brazilian sample was based on much older criteria, as its
follow up started from 2003. It is a cohort of subjects with
previously-untreated severe asthma, as defined by the NIH EPR-2 in
1997 [12]. These subjects had uncontrolled asthma upon their enrol-
ment, in the past. The classification did not take into consideration the
previous treatment. For the purpose of the present study, the sample of
patients with severe asthma from ProAR was evaluated from 2013 to
2015, from 6 months to 12 years after the enrolment in the cohort. The
projects were independent in their conception, proposal and funding,
but shared many similarities in terms of execution, and the study of
ProAR has in general adopted the standard operating procedures of
U-BIOPRED. Both samples of severe asthma, the European and the
Brazilian, were picked up from centres of reference for severe asthma
assessible to all, being the best representation of the communities they
are located one can get.

All investigations in U-BIOPRED were performed according to
standardised operating procedures available in the online supplement of
the initial manuscript [6], which were shared and adopted by the ProAR
Study group for the common procedures to strengthen cross cohort
comparability. For ProAR, the information included in this comparative
analysis comprised of demography, age of onset of asthma, history of
smoking and exposure to smoke, history of exacerbations and hospital
admissions in the last 12 months, intensive care unit (ICU) admissions
due to asthma ever, weight, medication use, spirometry, skin prick test
(SPT), white blood cell counts, serum total IgE, depression,
gastroesophageal-reflux disease (GORD), chronic rhinitis, scores of
sleepiness, sino-nasal symptoms, asthma control and quality of life. The
instruments and procedures for these data collection are described in the
online supplementary information appendix of this manuscript. Infor-
mation on diet and nutrition, oral health, stress, resilience, domestic and
community violence, induced sputum and nasal lavage fluids, genetics
and immunological phenotyping were collected and are under analysis
but have not been included in this report.

The studies were approved by the ethics committee for each
participating clinical institution and adhered to the standards set by
International Conference on Harmonisation and Good Clinical Practice.
All participants gave written and signed informed consent.

2.1. Analysis

Continuously-distributed data were either summarized using
mean + SE if symmetrical, or median (interquartile range) values if they
were not. Nonsymmetrical variables exhibiting a positive skew were log-
transformed prior to association testing. Missing data were not imputed.
Cross-cohort comparisons were made using the Kruskall-Wallis Test for
continuous variables. Discrete variables were summarized using per-
centages, and cross-cohort comparisons were made using the Chi-square
Test. No adjustment for multiple testing was applied as the analyses
were considered exploratory. Analyses were performed using R version
2.15.2 (R Core Team, 2012; www.r-project.org) or STATA® (College
Station, USA).

3. Results
3.1. Criteria used for severe asthma

The classification of asthma severity of the 544 individuals recruited
to ProAR SA cohort, corresponds to a proposal presented to WHO by
experts in 2009 [13], which divides SA into 3 categories: (i) untreated
severe asthma, (ii) difficult-to-treat severe asthma, and (iii)
treatment-resistant severe asthma. The majority of subjects from ProAR
SA Cohort (89%) are in the difficult-to-treat category, while in the
U-BIOPRED cohort using the WHO definition all subjects were in the
treatment-resistant category.
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3.2. General characteristics

Some of the general characteristics of the two groups were remark-
ably similar notwithstanding the aforementioned distinct categorization
of severity. For the SA subjects, the age was similar across the two co-
horts, as were the Body Mass Index (BMI), proportion of former smokers
(Table 1) and FEV1% pre-bronchodilator (Table 2). Suplementary On-
line Table 2 shows also other comparable observations across the U-
BIOPRED and ProAR SA Cohorts: the sino-nasal symptom (SNOT20)
score was similar, so were the Asthma Related Quality of Life (AQLQ)
scores. Table 3 shows that the proportion of SA subjects with allergic
rhinitis was similar between the cohorts, as was the proportion of
atopics defined by a positive SPT. The average number of blood eosin-
ophils and the % of subjects with a blood eosinophil counts >300 cells/
pl across cohorts were also similar. Subjects of the MMA samples from
Brazil and Europe are less comparable in age (Table 1) and treatment
(Table 1 online supplement), yet they present notable similarities: the
rate of ever-smokers was similar, and BMI was not different (Table 1).
The proportion of subjects with MMA presenting allergic rhinitis was
comparable between groups, as was the percentage of subjects with
GORD and with a blood count >3% eosinophils (Table 3). The most
relevant differences between the South American and the European
cohorts were as follows: (i) the age of onset was lower in Brazil in both
cohorts, (ii) the burden of smoking (pack-years) was higher among the
U-BIOPRED SA cohort than the Brazilian SA Cohort (Table 1), (iii)
FEV1% post-BD and FVC % Pre-BD and post-BD were higher among the
Europeans, whereas FEV,/FVC pre and post-BD were lower in the
comparisons of SA and MMA across cohorts (Table 2), and (iv) the
proportion of females was higher in the Brazilian cohorts of any severity
(Table 1). The proportion of Afro-descendants among the Brazilian co-
horts was above 90%.

The age of onset, which was higher among the Europeans, also
differed by severity and gender, with a trend of being higher in SA and,
among subjects with SA, in females of both cohorts (Fig. 1). Neverthe-
less, the shape of the curves in both study groups and severities was
unimodal, decreasing until about 38 years of age where U-BIOPRED
displays late onset disease representing about 35% or 22% of the pop-
ulation in the SA and MMA respectively (Fig. 1 online supplement). This
is in contrast to 17% of the ProAR SA population with such late onset,
and 10% or the ProAR MMA group.

Interestingly, the proportion of ProAR patients reporting previous
exposure to household air pollution from wood stoves, was 64.3% for
SA, but only 36% for MMA, suggesting this is a relevant risk factor for
severe asthma in Brazil, but likely uncommon in Europe although this
was not enquired in U-BIOPRED.

Lung function parameters were, as expected, worse in the SA versus
the MMA for U-BIOPRED and ProAR (Table 2). Reversibility was greater
in the U-BIOPRED cohort whether subjects had SA or MMA. However,
the lung function characteristics commonly used to define Asthma COPD
Overlap (ACO) namely a post-bronchodilator FEV;/FVC < 70% and
FEV; < 80%, showed similar high proportions in the SA Brazilian and
European cohorts, and similar but lower proportions in the MMA
cohorts.

3.3. History of exacerbations

Table 4 presents data on the history of severe exacerbations and
hospitalizations due to asthma in the last 12 months, and ICU admission
due to asthma ever. The U-BIOPRED SA cohort consistently looked
worse on any exacerbation parameters studied. A comparison in the
frequency distribution of severe exacerbations indicated that less sub-
jects had experienced an exacerbation in the ProAR SA cohort (Fig. 2
online supplement). However, a small minority (5%) of ProAR subjects
experienced over 9 severe asthma exacerbations per year.
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Table 1

Respiratory Medicine 161 (2020) 105817

General characteristics of the subjects of the severe and mild to moderate asthma study groups from the European and the Brazilian samples.

Severity Severe Asthma Mild-Moderate Asthma

Cohort European Brazilian P-value European Brazilian P-value
U-BIOPRED (n = 421) ProAR (n =544) U-BIOPRED (n = 88) ProAR (n=452)

Age (years) mean (SE) [N] 51.9 (0.7) [421] 51.9 (0.6) [544] 0.4099 41.7 (1.7), [88] 36.8 (0.6), [452] 0.0109

Age of onset (years)* median (IQR) [N] 26 (9-42) [411] 10 (2-25) [543] p <0.001 14 (6-32), [83] 7 (1-18), [439] <0.001

Females n/N (%) 261/421 (62.0) 444/544 (81.6) p <0.001 44/88 (50%) 350/452 (77.4%) <0.001

BMI (Kg/m?) mean (SE) [N] 29.2 (0.3) [421] 29.0 (0.2) [544] 0.9137 25.7 (0.5), [88] 27.1 (0.3), [451] 0.097

Smoking ever n/N (%) 157/421 (37.3) 150/544 (27.6) 0.0017 13/88 (14.8%) 83/452 (18.4%) 0.5134

Current smoking n/N (%) 42/421 (10.0) 5/544 (0.9) p <0.001 0/88 16/452 (3.5%) 0.1476

Number of pack/years median (IQR) [N] 12.5 (4-21) [157] 5 (2-18) [149] p <0.001 4 (1-4) [13] 1.2 (1-8) [81] 1

SE — standard error of the mean; N or n — number of observations; IQR - interquartile range; BMI — body mass index. *In U-BIOPRED the age of onset considered was the
age of the initial diagnosis. In ProAR the age of onset was considered the age the symptoms of asthma had started.

Table 2

Spirometric measurements of subjects of the severe and mild to moderate asthma cohorts from the European and the Brazilian samples.

Severity Severe Asthma Mild-Moderate Asthma
Cohort European Brazilian P-value  European Brazilian P-value
U-BIOPRED (n =421) ProAR (n = 544) U-BIOPRED (n = 88) ProAR (n=452)

FEV,% predicted Pre-BD, mean (SE) [N] 66.2 (1.0) [417] 63.5 (0.8) [537] 0.075 89.01 (1.91) [85] 80.95 (0.71) [447] p <0.001
FVC % predicted Pre-BD, mean (SE) [N] 87.3 (0.9) [417] 78.8 (0.7) [537] <0.001 104.63 (2.07) [85] 84.3 (0.63) [447] p <0.001
FEV1/FVC % Pre-BD mean (SE) [N] 63.0 (1.0) [415] 65.0 (0.0) [537] 0.001 72.0 (1.0) [85] 80.0 (0.0) [447] p <0.001
FEV;/FVC % Post-BD mean (SE) [N] 66.0 (1.0) [417] 68.0 (0.0) [535] 0.052 77.0 (0.01) [85] 84.0 (0) [445] p <0.001
FEV; Increase > 200 ml and >12% after BD. n/N (%) 209/415 (50.4) 162/535 (30.3) <0.001 33/85 (38.82) 101/445 (22.7) 0.0027
FEV; Post-BD/FVC <70%, FEV,% predicted <80%. n/N (%) 190/417 (45.6) 267/535 (49.9) 0.206 4/85 (4.71) 27/445 (6.07) 0.8119

SE — standard error of the mean; N or n — number of observations.

Table 3

Common comorbidities, biomarkers of atopy and blood cell counts of individuals with asthma from the European and Brazilian samples.
Severity Severe Asthma Mild-Moderate Asthma
Cohort European Brazilian P-value European Brazilian P-value

U-BIOPRED (n =421) ProAR (n =544) U-BIOPRED (n = 88) ProAR (n =452)

Allergic Rhinitis, n/N (%) 208/378 (55.0) 299/491 (60.9) 0.095 42/70 (60) 264/413 (63.9) 0.6201
Nonallergic Rhinitis, n/N (%) 59/385 (15.32) 168/491 (34.22) <0.001 8/72 (11.11) 111/414 (26.81) 0.0067
SPT positive to any aeroallergen, n/N (%) 273/419 (65.2) 313/491 (63.8) 0.659 NA 287/414 (69.32) NA
GORD diagnosis®, n/N (%) 161/421 (38.2) 264/544 (48.5) 0.002 5/88 (5.68) 36/452 (7.96) 0.6033
Total IgE (IU/mL), mean (SE) [N] 321.57 (31.5) [406] 533.38 (29.8) [533] 0.001 289.8 (64.13) [85] 444.89 (29.05) [447] p<0.001
Blood neutrophils %, mean (SE) [N] 63.1 (0.6) [408] 55.1 (0.5) [540] <0.001 57.54 (0.86) [88] 54.54 (0.54) [449] 0.0131
Blood eosinophils %, mean (SE) [N] 3.9 (0.2) [408] 5.0 (0.2) [540] <0.001 3.84 (0.3) [88] 4.65 (0.16) [449] 0.0172
Blood eosinophils N. Mean (SE) [N] 322.87 (21.35) [406] 323.55 (12.44) [540] 0.070 233.48 (18.07) [88] 297.15 (11.36) [449] 0.0169
Proportion with eosinophils > 300/pl, n/N (%) 157/406 (38.67) 206/540 (38.15) 0.9237 23/88 (26.14) 179/449 (39.87) 0.0208

# GORD (Gastroesophageal reflux diseases) diagnosed by a physician and/or current prescription of a proton pump inhibitor.

3.4. Patient reported outcomes

Patient reported outcomes (PRO’s) are presented in Suplementary
Online Table 2. Overall there were worse PROs among the Brazilians for
both SA and MMA cohorts. There were some similarities in scores in SA
but not in MMA. The Asthma Control Questionnaire (ACQ) with 5 or 6
questions indicated that the status of control of asthma was significantly
worse in the SA and the MMA groups of U-BIOPRED compared to ProAR
with clinically meaningful differences of >0.5 for the SA comparison. As
shown in Fig. 2, there was a higher proportion of moderate to severe
depression in both ProAR cohorts than in their U-BIOPRED comparators.
The frequency distribution of sleepiness of both study groups, according
to the Epworth Sleepiness Scale (ESS), is presented in (Supplementary
online Fig. 3). Subjects from the Brazilian group more often had mod-
erate and severe sleepiness than those from U-BIOPRED in both SA and
MMA cohorts.

Table 3 depicts common comorbidities, biomarkers of atopy and
blood cell counts of individuals with asthma from U-BIOPRED and
ProAR. Allergic rhinitis was equally frequent across U-BIOPRED and
ProAR, in SA and MMA, affecting the majority of subjects in all study
groups. Positive skin prick tests (SPT) to any aeroallergen were

remarkably similar in SA across the continents, affecting some two
thirds of subjects (65.2% in U-BIOPRED and 63.8% in ProAR). For MMA,
the proportion of SPT-positive (69.3%) in ProAR was comparable to
those of the SA groups. This was not conducted for U-BIOPRED in the
MMA group. Symptoms of GORD were more common among the SA in
U-BIOPRED, but a diagnosis of gastroesophageal reflux disease was
more frequent in ProAR; GORD diagnosis were lower in the MMA
compared to the SA in both cohorts. Patients in Brazil had significantly
higher T2-inflammation biomarkers, (total serum IgE, absolute numbers
and % of blood eosinophils) whether SA or MMA and the values for SA
trend to be higher than for MMA. Absolute numbers and proportion of
neutrophils were different between the SA cohorts, being higher in U-
BIOPRED subjects, but for the MMA only the proportion was higher in
Europe. The proportion of individuals with eosinophils above 3%
differed between the SA cohorts, being somewhat higher in Brazil, but
not in the MMA cohorts. Applying the threshold for blood eosinophil
counts of 300 cells/ul, ProAR MMA had a higher proportion of subjects
above the cut-off than the U-BIOPRED MMA; however, the proportions
in the SA cohorts were almost equal.

A markedly different pattern was observed in the use of medication,
as presented in Supplementary online Table 1. Whereas many of subjects
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Fig. 1. Jitter plots showing a comparison of the distribution of the age of onset of asthma in the subjects of a Brazilian (ProAR) and a European (U-BIOPRED) severe
asthma cohort (SA) and their respective mild to moderate asthma control cohorts (MMA). In U-BIOPRED the age of onset considered was the age of the initial
diagnosis, whereas In ProAR, the age of onset was the age the symptoms of asthma had started.

Table 4

History of severe exacerbations, hospitalizations in the last 12 months, intensive
Care Unit admission due to asthma ever and regular use of oral corticosteroids,
of individuals of the European and Brazilian samples of severe asthma.

Severity Severe Asthma
Cohort European Brazilian P-value
U-BIOPRED ProAR
(n=421) (n=544)
Total number of severe asthma 1050 1106 NA
exacerbations® in the last 12 months
[n]
Number of severe exacerbations per 2(1_3) [420] 1(0.3) <0.001
patient/year [Median (IQR)] [544]
Proportion of subjects with >2 severe 264/421 227/544 <0.001
exacerbation in the last 12 months (62.71) (41.73)
Proportion of subjects with no severe 79/421 212/544 <0.001
exacerbation in the last 12 months (18.76) (38.97)
Proportion of subjects hospitalized due ~ 69/337 27/544 <0.001
to asthma in the last 12 months (20.47) (4.96)
Proportion of subjects with a history of ~ 98/416 94/544 0.0199
ICU admission due to asthma ever (23.56) (17.28)

 Severe exacerbations defined as exacerbations requiring a course of systemic
corticosteroids >3 days and/or emergency room visit and/or hospital
admission.

in U-BIOPRED SA used anti-muscarinics, either short or long acting,
patients from ProAR were treated mainly with a combination of long
acting beta 2-agonist and inhaled corticosteroid with short acting beta 2
agonists as needed for asthma control. Furthermore, 45.5% of the U-
BIOPRED SA cohort used oral corticosteroid regularly, but none of the
patients from ProAR cohort did at the time of the evaluation. Even more
substantial treatment differences were observed in the MMA patients
where treatment with inhaled corticosteroids was used by the majority
of U-BIOPRED (99%) but less than 1% in ProAR and short acting beta-
agonists were used by 77% in U-BIOPRED compared to 7.3% in
ProAR. Fig. 3 presents the frequency distribution of asthma control ac-
cording the ACQ-5 scores and indicates a higher proportion of patients
from U-BIOPRED SA were uncontrolled despite using oral corticoste-
roids. Again, for the MMA, a higher proportion of U-BIOPRED patients
were not well-controlled, despite using more medication.

4. Discussion

The goal of this analysis was to investigate the degrees of similarity
and diversity in clinical phenotypes in two asthma populations of very
different ethnic and socio-environmental characteristics, one Brazilian
and the other European.

Most subjects in the ProAR cohorts are Afro-Brazilians, whereas the
U-BIOPRED cohorts are largely composed of Caucasians. The climate in
Salvador da Bahia, Brazil, is tropical, warm and humid all year around,
as opposed to the temperate climatic zone of Europe. The socioeconomic
conditions are also very different. The sample of Brazilians comprise
exclusively users of the public health system, which belong to the lower
socioeconomic strata. These subjects live in overcrowded poor neigh-
bourhoods in a large urban centre of 3 million inhabitants. The treat-
ment history also differs between the two continents.

In spite of all these differences and of disparities in medical care, as
well as in the definition of severe asthma applied to these cohorts,
remarkable similarities were reported herein in major clinical charac-
teristics of the SA cohorts, namely age, BMI, FEV pre.pp, proportion of
atopy, scores of nasal symptoms, quality of life and blood eosinophil
counts. In the SA cohorts, these observations indicate there is truly a
disease named asthma, which expresses itself in a certain syndromic
pattern, no matter how diverse the combination of genetics and envi-
ronment might be. This empirical evidence argues against the recent
proposition of classifying asthma into treatable traits for better man-
agement [4]. We do not propose that asthma is a homogeneous disease.
We recognize it as being heterogeneous and comprising of different
phenotypes but there are sufficient characteristics that are common
between phenotypes and populations to support its status as a disease
entity.

Differences in age of onset between the Europeans and Brazilian may
be explained, at least in part, by the varied criteria used to define asthma
onset. In ProAR, it was the onset of symptoms while in U-BIOPRED it
was the time the diagnosis was made. Among patients with SA in both
continents, we found a trend among females for a later onset of severe
asthma than males, that was not observed in the MMA cohorts.

The proportion of female participants was greater in both ProAR
Cohorts, which may be due to the women attributing more time for their
health concerns in Brazil. The use of daily oral corticosteroid therapy
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was frequent in U-BIOPRED SA, but virtually non-existent in ProAR SA
at the time of this evaluation. Doctors and patients in ProAR are
constantly trying to avoid prolonged regular use of oral corticosteroids,
even when the disease is not fully controlled. In comparison with the U-
BIOPRED severe asthma cohort, the Brazilians had a less severe disease,
which explains in part the lower usage of oral corticosteroids. Anyway,
the observations reported herein warrant a revision of their manage-
ment strategies to include oral corticosteroids and immunobiologics in
those at risk of frequent exacerbations. Despite taking adequate treat-
ment, U-BIOPRED participants still had more exacerbations and higher

ACQ scores suggesting that overall the U-BIOPRED cohort had pro-
gressive, more active and severe disease. Lung function parameters
(FEV; and FVC ,epp) were lower in ProAR SA and MMA cohorts, as
compared to U-BIOPRED, but FEV,/FVC was lower in U-BIOPRED. The
lower values among the Brazilians may be due to a technical artefact, in
that the reference equations used in Brazil assume a similar ethnic mix of
participants across the country, whereas in Salvador da Bahia, the pro-
portion of Afro-descendance is much higher than the rest of Brazil. It is
well established Afro-descendants have lower lung volumes as
compared to Caucasians of the same gender, age and height [16].
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Indeed, we have confirmed this observation in a healthy non-asthmatic
control group (N =452) from the same community. Furthermore, a
novel equation for lung function prediction of Afro-Brazilians confirms
the values are lower than a previous equation derived from a sample of
white Brazilians [17]. The lower FEV;/FVC among the Europeans likely
reflects more severe airflow limitation, which is congruent with other
observations from the U-BIOPRED groups.

Among the Brazilians, 64% of those with SA and 36% with MMA
have been exposed to household pollution of wood burning for cooking,
which is a problem of larger dimension than tobacco smoking in this
sample and has just been recently reported [18]. Within the SA patients,
11% U-BIOPRED and 24% ProAR show signs of moderate to severe
depression compared to 0% U-BIOPRED and 16% ProAR MMA samples.
We have no data to inform an interpretation of these discordant obser-
vations, which could be explained in part by the different instruments
used for assessment of depression. We speculate this may also be related
to poverty among the Brazilians, as 9% of our control group with no
asthma had moderate to severe depression.

Among the T2 biomarkers: total IgE levels were higher in both ProAR
cohorts, but eosinophil blood counts were similar between the cohorts
despite the occurrence of helminths in Brazil, particularly among un-
derserved communities, which have been reported to raise blood
eosinophil numbers [19]. In the ProAR cohort only about 3% of par-
ticipants had helminths detected in their stools. In the U-BIOPRED co-
horts raised eosinophils persist despite the use of OCS and/or ICS, which
are reported to reduce blood eosinophils and increase neutrophils [20,
21]. The neutrophil numbers are higher in U-BIOPRED SA, perhaps due
to the number of participants taking oral steroids daily. The blood cell
counts may also differ between the cohorts due to the ethnic diversity.
White blood counts are reportedly lower in Afro-descendants [22].
Medication use for ProAR control cohort of MMA was minimal, with few
patients on any treatment. These individuals were not recruited from
asthma clinics, but directly from the community, many of which did not
know their symptoms were caused by asthma. The majority of subjects
with MMA from Brazil had intermittent symptoms. As for the use of
short acting beta 2 agonist bronchodilators, much lower in ProAR Co-
horts, the reason for the difference may be that it was noted only for
individuals taking these medications regularly. In Salvador — Brazil,
there is no re-imbursement for long-acting anti-muscarinic compounds,
so no participants took them, unlike in U-BIOPRED. In SA, ICS/LABA use
is similar between the cohorts due to re-imbursement in Brazil.

This study has the advantage that these two large severe asthma
populations have been well characterised using standard clinical defi-
nitions and instruments. As there are differences in the ethnicities and
the environment which cannot be controlled, every effort was made to
ensure the data was collected and reported as harmonized as possible.
By studying the characteristics of patients of all levels of the severity
spectrum from two diverse settings, we hope to have contributed to the
understanding of the boundaries of heterogeneity of the disease and to
inform decisions on innovative approaches to improve early diagnosis
and phenotyping, control symptoms and lung function, and reduce
asthma exacerbations, the major cause of asthma morbidity and mor-
tality. The strenght of the study is the comparison of two different
asthma populations with findings of many similarities, despite different
ethnic and socioeconomic characteristics.

Population based studies of severe asthma according to current
criteria are extremely difficult as the definition requires a series of as-
sessments, step up of treatment and reassessments, including investi-
gation of co-morbidities, adherence, proper inhaler technique and
environmental exposure. Nevertheless, a retrospective study using a
Dutch pharmacy database, estimated 3.6% of asthmatic adults qualified
for a diagnosis of severe refractory asthma, representing 10.4 patients
per 10,000 inhabitants [23]. No such studies have been reported in
Brazil to date. There are multiple reports of reduced rates of hospital
admissions due to asthma throughout the world, which suggests better
control. However, as the estimates of prevalence are scarce, it is even
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more inaccurate to estimate trends on prevalence of severe asthma. A
decline in hospital admissions can be a result of earlier diagnosis, better
treatment and control, but not necessarily a reduced proportion of se-
vere asthma.

We acknowledge the limitations of our analysis. The criteria for the
definition of a case with severe asthma were very different. While in
Brazil the criterion was that proposed by NIH [12] some 20 year ago,
which was current when the cohort was established, the European cri-
terion, is much strict and aligned to more recent definitions proposed by
the European Respiratory Society and American Thoracic Society. There
is language and interpretation variability across observations. The
health system, access to care and medication is very diverse and
normality ranges may vary for blood counts and lung function, two of
the most objective measures we had, in relation to ethnicity. In the
samples of ProAR <10% of subjects are white, as opposed to the white
majority in the European study. Poverty and low schooling are also
factors affecting disproportionally the Brazilians. All of these discrep-
ancies are likely to influence the differences observed between the
ProAR and U-BIOPRED cohorts. Some other inequalities might be rele-
vant. For example, exposure to household air pollution, warm humid
weather, poor hygienic conditions and parasites in Brazil, and the
frequent use of OCS in U-BIOPRED. The high proportion of reported
previous exposure to household air pollution in the ProAR SA cohort, not
seen in U-BIOPRED, pinpoints a specific risk factor for severe asthma in
Brazil. Except for urban traffic, air pollution is not a major problem in
Salvador, which is located in a peninsula (surrounded by the sea) and
has no industry. Exposure to certain helminth infections and poor hy-
gienic conditions have been associated with modulation of allergies, but
not so clearly with a reduction in asthma frequency or severity [24]. On
the contrary, we have demonstrated lack of hygiene and infections are
associated with risk of nonatopic wheezing in children of underserved
areas of Salvador [25]. Moreover, among the patients of this study, the
frequency of a positive stool examination to helminths was <3%.
Therefore, one cannot expect a significant effect of helminths in atten-
uating asthma in the Brazilian sample. The same would apply to blood
eosinophil counts. A preliminary analysis of the no asthma control group
indicates the median blood eosinophil count is 152 cells/pl, confirming
current helminth infections is likely not relevant. There are also some
differences in management of these cohorts due to variations in clinical
practices worldwide, and some of the definitions used. To a large extent
this was minimised by sharing standard operating procedures across the
cohorts. Both of the cohorts were well characterised at the clinical level,
with U-BIOPRED being further characterised at the molecular level [26].

Taking into consideration the obvious environmental, social and
individual heterogeneity across the Brazilian and European asthma co-
horts compared in this report, in addition to the differences in the severe
asthma definition, we find the similarities described on major clinical
characteristics, lung function and biomarkers, particularly in the SA
groups, are remarkable and indicate no matter what are the underlying
gene-environment processes, the disease phenotypes are similar.

5. Conclusion

In summary, two cohorts of asthma from different continents, of
varied severity, ethnicities and socioeconomic status, present remark-
able demographic, clinical, spirometric and phenotypic similarities,
providing the basis for global external validation of severe and mild to
moderate asthma phenotypes by scientific collaboration. It may also
stimulate the development of worldwide consortia to work together to
refine the comparisons to the molecular level aiming to better under-
stand treatment resistant severe asthma and search for more effective
treatment strategies.
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