Original Article

Potential Severe Asthma Hidden in UK Primary Care
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What is already known about this topic? Primary care physicians are often reticent to refer patients with asthma to
specialist care, because they are working under the expectation that all asthma can be managed effectively in primary
care and/or are unaware of the beneﬁts of referral.
What does this article add to our knowledge? There are large numbers of patients with asthma in the United Kingdom
with potential severe asthma (8%) who are managed long-term in primary care who may be eligible for referral to specialist
care.
How does this study impact current management guidelines? Our ﬁndings may help primary care physicians
recognize those with hidden severe asthma in their care. These patients would beneﬁt from a structured assessment by
their primary care physician, with possible referral to specialist care.
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Abbreviations used
BEC- blood eosinophil count
GINA- Global INitiative for Asthma
ICS- inhaled corticosteroid
ISAR- International Severe Asthma Registry
LABA- long-acting b2-agonist
PSA- potential severe asthma
OCS- oral corticosteroid
OPCRD- Optimum Patient Care Research Database
UKSAR- UK Severe Asthma Registry

BACKGROUND: Severe asthma may be underrecognized in
primary care.
OBJECTIVE: Identify and quantify patients with potential
severe asthma (PSA) in UK primary care, the proportion not
referred, and compare primary care patients with PSA with
patients with conﬁrmed severe asthma from UK tertiary care.
METHODS: This was a historical cohort study including
patients from the Optimum Patient Care Research Database
(aged ‡16 years, active asthma diagnosis pre-2014) and UK
patients in the International Severe Asthma Registry (UK-ISAR
aged ‡18 years, conﬁrmed severe asthma in tertiary care). In the
OPCRD, PSA was deﬁned as Global INitiative for Asthma 2018
step 4 treatment and 2 or more exacerbations/y or at Global
INitiative for Asthma step 5. The proportion of these patients
and their referral status in the last year were quantiﬁed. Demographic and clinical characteristics of groups were compared.
RESULTS: Of 207,557 Optimum Patient Care Research
Database patients with asthma, 16,409 (8%) had PSA. Of
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these, 72% had no referral/specialist review in the past year.
Referred patients with PSA tended to have greater prevalence
of inhaled corticosteroid/long-acting b2-agonist add-ons (54.1
vs 39.8%), and experienced signiﬁcantly (P < .001) more exacerbations per year (median, 3 vs 2/y), worse asthma control,
and worse lung function (% predicted postbronchodilator
FEV1/forced vital capacity, 0.69 vs 0.72) versus nonreferred
patients. Conﬁrmed patients with severe asthma (ie, UK patients in the International Severe Asthma Registry) were
younger (51 vs 65 years; P < .001), and signiﬁcantly (P < .001)
more likely to have uncontrolled asthma (91.4% vs 62.5%), a
higher exacerbation rate (4/y [initial assessment] vs 3/y), use
inhaled corticosteroid/long-acting b2-agonist add-ons (67.7%
vs 54.1%), and have nasal polyposis (24.2% vs 6.8) than
referred patients with PSA.
CONCLUSIONS: Large numbers of patients with PSA in the
United Kingdom are underrecognized in primary care. These
patients would beneﬁt from a more systematic assessment in
primary care and possible specialist referral. Ó 2020 The
Authors. Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology. This
is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). ( J
Allergy Clin Immunol Pract 2021;9:1612-23)
Key words: Optimum Patient Care Research Database; International Severe Asthma Registry; Potential severe asthma; Referral;
Tertiary care
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INTRODUCTION
Appropriate and timely review of patients with difﬁcult-totreat asthma in specialist care is a key aspect of asthma
management, improving outcomes and access to additional
health care resources and advanced therapies.1,2 A specialist care
review facilitates an accurate diagnosis, permits identiﬁcation and
control of comorbidities, triggers, poor adherence and inhaler
technique, determination of speciﬁc asthma phenotypes, and
diagnosis of severe asthma.3,4 Although much of this can be done
in primary care using a structured approach to review patients
with uncontrolled asthma,5 that is often not the case. Asthma
management guidelines provide guidance on when patients with
asthma should be reviewed.6 However, despite these guidelines,
failure to refer for specialist consultation is evident.7,8 Indeed, the
National Review of Asthma Deaths reported that 19% of deaths
attributable to asthma in the United Kingdom were associated
with potentially avoidable factors related to access to specialist
care, such as failure to refer or delayed referral.9 Certainly those
suspected of having severe asthma should be reviewed in
specialist care, but how are these patients with potential severe
asthma (PSA) identiﬁed?
The true size of the severe asthma population remains
unknown. It could be overestimated—a reﬂection of incorrect
inhaler use and poor medication adherence.10-12 However, it
may be underestimated because of differences in deﬁnition and
diagnostic practices around the world, or it may be a function of
how asthma is managed nationally. For example, there may be
downward pressure on primary care not to make referrals or
some other form of disincentive to refer. Alternatively, patients
with severe asthma may have been previously discharged from
specialist care back to primary care and managed with long-term
maintenance or recurrent courses of oral corticosteroids (OCSs)
or at Global INitiative for Asthma (GINA) 20184 step 4 treatment with frequent exacerbations. There is a need to identify and
understand this potential “hidden” primary care severe asthma
population, because these patients may beneﬁt from specialist
review and specialist treatments (eg, biologic therapy) but be
unable to access it in primary care.
To shed light on this issue, one approach is to identify PSA in
a primary care electronic health records database and compare
these patients to those with a specialist-conﬁrmed severe asthma
diagnosis in the same country. This approach requires existing
primary and tertiary care databases with sufﬁcient numbers of
patients and a consistent deﬁnition of severe asthma. Data
should be anonymized and of high quality, and variables
collected should be similar between databases to facilitate crosscomparison. This situation exists in the United Kingdom,
home to both the Optimum Patient Care Research Database
(OPCRD)13 and the UK Severe Asthma Registry
(UKSAR), included in the International Severe Asthma Registry
(ISAR).14
The OPCRD is a primary care electronic health care records
database. It comprises medical records of more than 9.7 million
patients (as of April 2020) from more than 700 general practices
across the United Kingdom (w13.2% of the total UK population) and integrates with all UK clinical systems (EMIS, TPP
SystmOne, InPS Vision, Microtest Evolution).13 ISAR is the ﬁrst
global, adult, severe asthma registry.14 It is a multicenter,
multinational, observational initiative based in tertiary care that
collects a standardized set of variables (agreed by Delphi
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consensus) prospectively and retrospectively on patients with
severe asthma.15-18
The aims of this study were to (1) identify patients with PSA
managed in UK primary care, (2) estimate how many of these
may be effectively “hidden” (ie, not reviewed or currently
managed in specialist care), and (3) compare the demographic
and clinical characteristics of patients with PSA with those of
patients with a conﬁrmed severe diagnosis managed in regional
specialist centers in the United Kingdom and included in ISAR.

METHODS
Study design
This was a historical cohort study, using data from the OPCRD13
and from UK patients in ISAR.14 Patients in primary care with PSA
(see patient cohort deﬁnitions) were identiﬁed from the OPCRD.
Asthma-related outcome measures within the OPCRD have been
validated using patient-reported outcomes.19 Patients in tertiary care
with conﬁrmed severe asthma were those registered in the UKSAR
and included in the ISAR (http://isaregistries.org/). UKSAR has
received ethics approval to provide deidentiﬁed data to ISAR in
compliance with UK-speciﬁc international data transfer laws and
legislation.17,18 ISAR captures 95 core variables agreed by Delphi
consensus.15 The current study protocol was approved by the
Anonymised Data Ethics Protocols And Transparency committee
(ADEPT0319) and registered with the European Union electronic
Register of Post-Authorization studies (EUPAS28611).20

Inclusion criteria
Patients included from the OPCRD (ie, primary care) were
required to be 16 years or older, have an active current diagnosis of
asthma (before 2014 and no subsequent recorded asthma resolved
Read Code after the latest asthma diagnosis), have received 1 or
more asthma medication during the 1-year follow-up period, and
have 1 or more year of data from 2014 onward (to align with the
ISAR data collection period). Patients with physician-conﬁrmed
diagnosis of other respiratory conditions were excluded. Those
with a conﬁrmed severe asthma diagnosis included all UK patients
registered in ISAR. Inclusion in ISAR requires that patients are 18
years or older and are receiving GINA (2018)4 step 5 treatment or
have uncontrolled asthma at GINA 2018 step 4 (eg, 2 exacerbations/y). These patients have been assessed by a specialist to ensure
correct diagnosis and optimum management (including identiﬁcation of triggers, drug therapy, correct use of device(s), adherence, and
comorbidities).

Patient cohort definitions
The following patient cohorts were deﬁned:
1. PSA reviewed/referred from the OPCRD cohort. These were
patients (aged 16 years) in primary care receiving GINA 20184
step 4 treatment and experiencing 2 or more exacerbations/y or
receiving GINA 2018 step 5 treatment and who had been
reviewed by, or received a referral to, a respiratory specialist in the
last year.
2. PSA NOT reviewed/referred from the OPCRD cohort. As for
above, but these patients had not been reviewed by, or referred to,
a respiratory specialist in the last year.
3. Conﬁrmed patients with severe asthma from the ISAR cohort.
Patients (aged 18 years) managed in regional specialist centers,
registered in the UKSAR and included in ISAR.
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TABLE I. Description of key outcome variables presented
Variable

Comorbidities

Exacerbation
Asthma control

Adherence

Description

 For UK-ISAR, comorbidities are captured in
free text, and so are likely underreported
(particularly when compared with the patients’
long-term primary care record)
 OPCRD: comorbidities are coded
 Worsening of asthma requiring systemic
corticosteroids
 OPCRD: assessed 5 ways:
1. Royal College of Physicians questionnaire21
2. Asthma Control Test22
3. Risk Domain Asthma Control19
4. Overall Asthma Control
5. Short-acting b2-agonist use
 UK-ISAR: assessed by the Asthma Control
Questionnaire23
 OPCRD: assessed using the medication
possession ratio, with good adherence to
treatment deﬁned as a ratio 70% (based on
ICS prescription reﬁlls).24
 UK-ISAR: assessed by asking the question, “is
there evidence of poor adherence?” during
systematic assessments, which was answered
as “clinical impression,” “prescription records,” “objective measures,” or “no.”

Study outcomes
OPCRD patients with active asthma (aged 16 years) with 1 or
more asthma medication were categorized according to GINA 20184
treatment step and number of exacerbations experienced/y. The
proportion of patients in the OPCRD with PSA (with/without
specialist review/referral in the last year) was quantiﬁed. Demographic and clinical characteristics were described for each patient
cohort, using data from the latest available year for all outcomes.
Demographic outcomes included age, sex, race, body mass index,
and smoking history. Clinical outcomes included exacerbations/y,
asthma control, lung function, asthma treatments, adherence,
comorbidities (ie, allergic rhinitis, eczema, nasal polyps), and blood
eosinophil count (BEC). Deﬁnitions of outcomes assessed are
presented in Table I (full details in Table E1 in this article’s Online
Repository at www.jaci-inpractice.org).

Statistics
Primary analyses. OPCRD data were assessed using Stata
MP/6 version 15.1 (StataCorp LLC, College Station, Texas) and
data for UK patients in the International Severe Asthma Registry
(UK-ISAR) using Stata version 14 (College Station, Texas) or SAS
version 9.4/9.5 (Cary, NC). Descriptive statistics for demographic
and clinical characteristics for each patient cohort from the OPCRD
and UK-ISAR were provided for continuous and categorical variables as either n (%) or mean (95% CI) and median (25th, 75th
percentile), as appropriate. Mean values were compared using a t
test, median values using Wilcoxon-Mann-Whitney, and categorical values suing c2 or Fishers exact for variables with small (ie, <5)
values. A P value of less than .05 was considered statistically signiﬁcant. The proportion of patients with PSA (n, %) (1) referred/
reviewed in the last year and (2) not referred/reviewed in the last
year was also calculated. Referral was deﬁned as a referral code in
OPCRD to a respiratory specialist.
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Sensitivity analyses. The proportion of patients with 0, 1, 2,
3, 4, and 5 or more exacerbations/y was calculated for the PSA
referred patient cohort, for those 16 years and older and 18 years
and older, in the year before a referral to better understand referral
drivers. In addition, for those OPCRD patients who were not
referred/reviewed in the last year, a post hoc analysis was conducted
to quantify the proportion of patients not referred/reviewed ever
during the OPCRD look-back period (mean, 19.2 years; 95% CI,
19.1-19.3). Finally, the demographic and clinical characteristics of
patients in each OPCRD cohort were described for patients 18
years and older and for those with a more than 5-year OPCRD
look-back period. The former analysis was conducted to align with
UK-ISAR age inclusion criterion and to facilitate cross-comparison
between OPCRD and ISAR data. The latter analysis was a
sensitivity analysis to determine whether the look-back period had
an impact on demographic and clinical characteristic outcomes.
Highest BEC recorded was also assessed for each patient cohort
post hoc.
RESULTS
Study population
From an initial 900,785 patients in the OPCRD with a
diagnosis of asthma before 2014 (and no other respiratory
diagnosis), 207,557 patients met all inclusion criteria and were
included in the analysis (Figure 1). Overall, 17.5%, 41.6%, and
2.6% of patients were receiving treatment at GINA 20184 step
3, 4, and 5, respectively. The number of exacerbations per year
increased with treatment step (Figure 2). As expected, most
patients receiving GINA step 5 treatment experienced 2 or
more exacerbations/y, but many patients at lower GINA
steps also experienced multiple exacerbations per year. A
summary of asthma treatment by GINA 20184 step is provided
in Table E2 in this article’s Online Repository at www.jaciinpractice.org.
Quantification and referral status of patients with
PSA managed in UK primary care
A total of 8% (16,409 of 207,557) of patients with active
asthma in UK primary care (aged 16 years) were found to
have PSA (Figure 3); or 4% of patients (16,409 of 416,125) if
one considers all patients (aged 16 years) with a diagnosis of
asthma (not necessarily active). Overall, 10,963 of these 16,409
patients were at GINA 2018 step 4 and 2 or more exacerbations
and 5446 were at GINA 2018 step 5. Of the 8% of
patients with PSA, 72% (11,741 of 16,4096) had not been
reviewed by or referred to a specialist in the past year; 56%
(9,113) had no record of specialist referral or review ever during
the OPCRD look-back period (mean, 19.2 years; 95% CI,
19.1-19.3). The remaining 16% of patients (n ¼ 2628) had
been referred or reviewed in specialist care, but more than 1
year ago (mean time since last review, 1.89 years) (Figure 3; see
Figure E1 in this article’s Online Repository at www.jaciinpractice.org).
There were other patient cohorts within the OPCRD active
asthma population that, despite not meeting the strict PSA
criteria, nevertheless continued to experience 2 or more exacerbations/y at GINA 2018 step 3 (1%; n ¼ 1,889 of 207,557) or
were at GINA 2018 step 4 with 0 exacerbation/y (29%; 60,425
of 207,557) or 1 exacerbation/y (7%; n ¼ 14,917 of 207,557).
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FIGURE 1. OPCRD subject disposition.

FIGURE 2. Number of exacerbations experienced by OPCRD patients (n ¼ 207,557) by GINA 2018 treatment step.

Demographic and clinical characteristics
Characteristics of patients with PSA in primary
care. Patients with PSA managed in UK primary care tended to
be female, in their 60s, and overweight/obese (Table II). More
than 70% of them were current or ex-smokers. These patients
exhibited signiﬁcant morbidity. Lung function was poor. More
than 50% of patients had evidence of irreversible obstruction
(ie, postbronchodilator FEV1/forced vital capacity <0.7), and
more than 60% of patients had a postbronchodilator peak
expiratory ﬂow rate less than 80% predicted. Although patients

with PSA experienced a median of 2 to 3 exacerbations/y
(Table II), not all patients with PSA experienced multiple
exacerbations/y prereferral (Figure 4). Most had poorly
controlled disease (>60% of patients were prescribed 4 shortacting b2-agonist inhalers in the past year), despite treatment
with ICS/long-acting b2-agonist (ICS/LABA) (>40% patients)
and add-on therapy (ie, leukotriene receptor antagonist and/or
long-acting muscarinic receptor antagonist) for more than 40%
of patients (Table II; Figure 5). Multimorbidity was also a feature
of this population, most commonly allergic rhinitis and eczema
(one-third of patients for each) (Table II).
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FIGURE 3. Proportion of patients with active asthma (age 16 years) managed in UK primary care with potential severe disease and their
referral status. *During the OPCRD look-back period (mean, 19.2 years; 95% CI, 19.1-19.3).

Characteristics of patients with PSA in primary care
not referred/reviewed in specialist care. Compared
with patients with PSA who were referred to or reviewed by a
specialist in the preceding year, those without a referral/review
experienced signiﬁcantly fewer exacerbations (median 2 vs 3/y;
P < .001) in the last year (after referral) and had fewer prescriptions for add-ons to ICS/LABA therapy (39.8% vs 54.1% of
patients; Figure 5). However, many referred patients with PSA
(45.3%) experienced 0 exacerbations before referral (Figure 4).
There was no signiﬁcant difference in postbronchodilator FEV1/
forced vital capacity ratios between patients with PSA with and
without a referral/review. Although patients with PSA without a
referral/review also experienced signiﬁcantly (P < .001) worse
asthma control and lung function, were more likely (P < .001)
to suffer from allergic rhinitis and anxiety/depression, and were
less likely (P < .05) to have chronic rhinitis, diabetes, osteoporosis, and heart failure compared with referred patients with PSA,
these differences were small (Table II; see Figure E2 in this article’s Online Repository at www.jaci-inpractice.org).
PSA in primary care vs confirmed severe asthma in
tertiary care. Compared with patients with PSA (aged 18
years) in primary care who were referred/reviewed by a specialist
in the preceding year, patients with conﬁrmed severe asthma
(aged 18 years) managed in tertiary care were signiﬁcantly
(P < .001) younger, signiﬁcantly (P < .001) more likely to have
never smoked and to be of wider race diversity (Table II),
reported more exacerbations and frequency (at ﬁrst assessment)
(Table II; Figure 4), have uncontrolled asthma (Table II;

Figure E2), be prescribed add-ons to ICS/LABA therapy
(Figure 5), and have nasal polyps and anxiety/depression, but less
likely to have AR or eczema (Table II). Interestingly, those in
tertiary care and referred patients with PSA from primary care
had almost identical lung function and the proportions of
patients with irreversible obstruction were similar in both groups.
A total of 55% of patients with severe asthma managed in tertiary
care were treated with biologics (Table II).

Sensitivity analyses
The results were similar for OPCRD cohorts 18 years or older
(vs 16 years) and did not markedly differ from those with an
OPCRD look-back period of more than 5 years (see Table E3 in
this article’s Online Repository at www.jaci-inpractice.org).
DISCUSSION
In this study we have introduced a classiﬁcation of PSA for
patients with asthma managed in primary care and quantiﬁed
this population in the UK on the basis of well-deﬁned primary
care electronic medical records, described their demographic and
clinical characteristics, and analyzed the respiratory specialist
referral/review landscape. Using this approach, 8% of patients
with active asthma managed in UK primary care had strong
evidence of severe asthma and could beneﬁt from referral to/review by an asthma specialist. However, 72% had neither been
referred nor received specialist care for over a year, and 56% of
patients had never been referred to or reviewed by a specialist
from their inclusion in the OPCRD (mean, 19 years look-back
period). Other primary care patient cohorts were also
identiﬁed; patients with active asthma at GINA 2018 step 4
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TABLE II. Demographic and clinical characteristics of patients with PSA (aged 16 years) in UK primary care (OPCRD) vs those UK
patients with confirmed severe asthma in tertiary care (UK-ISAR)
Primary care (OPCRD)

Population

Primary care (OPCRD)

Tertiary care (UK-ISAR)

PSA reviewed/referred in
specialist care in last
year (age ‡18 y)

Confirmed severe
asthma (age ‡18 y)

N ¼ 4,634

N ¼ 714

PSA not reviewed or
referred in specialist
care (age ‡16 y)

PSA reviewed/referred
in specialist care in last
year (age ‡16 y)

N ¼ 11,741

N ¼ 4,668

62 (62.0-62.7)
65 (51, 76)

63 (62.1-63.2)
65 (51, 76)

NS

63 (62.4-63.4)
65 (51, 76)

50 (48.8-50.8)
51 (40, 60)

7,672 (65.3)
N ¼ 5,093
3,144 (61.7)
46 (0.9)
1 (0.0)
22 (0.4)
1,880 (36.9)
N ¼ 10,417
29.2 (29.1-29.4)
28.2 (24.3, 33.1)

3,040 (65.1)
N ¼ 2,984
1,821 (61.0)
47 (1.6)
2 (0.1)
14 (0.5)
1,100 (36.9)
N ¼ 3,962
29.4 (29.2-29.7)
28.3 (24.2, 33.3)

NS
NS

3,019 (65.1)
N ¼ 2,961
1,806 (61.0)
46 (1.5)
2 (0.1)
14 (0.5)
1,093 (36.9)
N ¼ 3,933
29.5 (29.2-29.7)
28.3 (24.2, 33.4)

458 (64.1)

30.7 (30.2-31.3)
29.5 (25.8, 34.6)

321 (3.1)

133 (3.4)

130 (3.3)

5 (0.7)

2,743 (26.2)

1,039 (26.2)

1,026 (26.1)

144 (20.2)

3,249 (31.0)

1,192 (30.1)

1,186 (30.1)

226 (31.6)

4,104 (39.2)
N ¼ 11,674
2,945 (25.2)
2,459 (21.1)
6,270 (53.7)

1,598 (40.3)
N ¼ 4,637
1,021 (22.0)
914 (19.7)
2,702 (58.3)

1,591 (40.5)
N ¼ 4,603
1,001 (21.7)
910 (19.8)
2,692 (58.5)

339 (47.5)
N ¼ 712
492 (69.1)
29 (4.1)
191 (26.8)

P value

P value

Demographic
characteristic
Age (y)
Mean (95% CI)
Median (25th, 75th
percentile)
Female, n (%)
Race, n (%)
White
Black
Asian
Other
Unknown
Body mass index
Mean (95% CI)
Median (25th, 75th
percentile)
Underweight
(<18.5), n (%)
Normal weight
(18.5-<25), n (%)
Overweight (25<30), n (%)
Obese (30), n (%)
Smoking status, n (%)
Never
Current
Ex-smoker
Exacerbations
Exacerbations/y (after
referral)
Mean (95% CI)
Median (25th, 75th
percentile)
Asthma control
Asthma control RCP, n
(%)
Controlled
Partial control
Not controlled
Asthma control ACT, n
(%)
Well controlled
Reasonably
Not controlled
Asthma control RDAC,
n (%)
Controlled
Not controlled
Asthma control OAC, n
(%)

.001

NS

.001

488 (68.3)
50 (7.0)
82 (11.5)
94 (13.2)
0 (0.0)
NS

.001
2.36 (2.33-2.39)
2 (2, 3)

3.22 (3.15-3.28)
3 (2, 4)

N ¼ 5,000

N ¼ 2,941

2,312 (46.2)
—
2,688 (53.8%)
N ¼ 664

1,015 (34.5)
—
1,926 (65.5%)
N ¼ 448

58 (8.7)
262 (39.5)
344 (51.8)

19 (4.2)
151 (33.7)
278 (62.1)

NS
.001

.001

.001
3.21 (3.15-3.28)
2 (3,4)

5.13 (4.83-5.44)*
4 (2, 7)

.001

N ¼ 2,920

—

.001

1,008 (34.5)
—
1,912 (65.5%)
N ¼ 445

—
—
—
N ¼ 690†

19 (4.3)
148 (33.2)
278 (62.5)

33 (4.8)
26 (3.8)
631 (91.4)

330 (7.1)
4,304 (92.9)

—
—

.001

.001
1,586 (13.5)
10,155 (86.5)

337 (7.2)
4,331 (92.8)
.001

—
—
(continued)
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TABLE II. (Continued)
Primary care (OPCRD)

Population

Controlled
Not controlled
SABA use, n (%)
<4 inhalers
4 inhalers (not
controlled)
Lung function
% predicted
postbronchodilator
FEV1
Mean (95% CI)
Patients with
postbronchodilator
FEV1 >80%, n (%)
% predicted
postbronchodilator
FVC
Mean (95% CI)
Postbronchodilator
FEV1/FVCz
Mean (95% CI)
<0.70, %
% predicted PEF rate
Mean (95% CI)
80%, n (%)
BEC
Median BEC (25th,
75th percentile)
Median highest BEC
(25th, 75th
percentile)
Other treatments, n (%)
Theophylline
Biologics
Adherence, n (%)
70% MPR of ICS
Comorbidities, n (%)jj
Allergic rhinitis
Chronic rhinosinusitis
Eczema
Nasal polyps
Anxiety/depression
Diabetes
GERD
Osteoporosis
Heart failure

Primary care (OPCRD)

Tertiary care (UK-ISAR)

PSA reviewed/referred in
specialist care in last
year (age ‡18 y)

Confirmed severe
asthma (age ‡18 y)

144 (3.1)
4,490 (96.9)

—
—

1,424 (30.7)
3,210 (69.3)

—
—

N ¼ 2,398

N ¼ 653

NS

0.69 (0.68-0.70)
2,236 (48.3)

0.70 (0.68-0.72)
—

—

N ¼ 1,931

.001

N ¼ 1,926

N ¼ 643

NS

0.85 (0.84-0.85)
N ¼ 5,249

0.82 (0.81-0.83)
N ¼ 2,503

NS

0.82 (0.81-0.83)
N ¼ 1,709

0.87 (0.85-0.88)
N ¼ 697

NS

0.78 (0.72-0.90)
52.4
N ¼ 2,498
0.75 (0.74-0.76)
964 (38.3)

0.78 (0.72-0.92)
53.4
N ¼ 1,678
0.73 (0.72-0.74)
636 (37.6)

0.78 (0.72-0.90)
53.4
N ¼ 1,678
0.73 (0.72-0.74)
629 (37.5)

0.66 (0.65-0.68)
56.4
—

—

N ¼ 11,147
230 (152-350)

N ¼ 4,458
231 (154-343)

N ¼ 4,442
231 (154-343)

N ¼ 712
NA

—

260 (160-400)

270 (170-400)

270 (170-400)

278 (269-287)

NS

935 (8.0)
0 (0.0)

640 (13.7)
19 (0.2)

NS

636 (13.7)
10 (0.2)

173 (24.2)
393 (55.0)

NS

N ¼ 4,303
5,176 (51.6)

N ¼ 4,303
2,416 (56.1)

.001

N ¼ 4,279
2,403 (56.2)

N ¼ 708x
520 (73.4)

.001

3,660 (31.2)
495 (4.2)
3,822 (32.5)
801 (6.8)
191 (1.6)
1,058 (9.0)
2,324 (19.7)
928 (7.9)
424 (3.6)

1,245 (26.7)
241 (5.2)
1,456 (31.3)
317 (6.8)
39 (0.8)
585 (12.6)
970 (20.7)
431 (9.3)
212 (4.6)

.001
.05
NS
NS
.001
.001
NS
.05
.05

1,238 (26.7)
239 (5.1)
1,445 (31.2)
316 (6.8)
39 (0.8)
585 (12.6)
968 (20.8)
431 (9.3)
212 (4.6)

33 (4.6)
NA
20 (2.8)
173 (24.2)
20 (2.8)
2 (0.3)
NA
2 (0.3)
1 (0.1)

.001
—
.001
.001
.001
.001
NS
.001
.001

PSA not reviewed or
referred in specialist
care (age ‡16 y)

PSA reviewed/referred
in specialist care in last
year (age ‡16 y)

928 (7.9)
10,813 (92.1)

150 (3.2)
4,518 (96.8)

4,284 (36.5)
7,457 (63.5)

1,428 (30.6)
3,240 (69.4)

N ¼ 5,149

N ¼ 2,405

0.72 (0.71-0.72)
6,599 (56.2)

0.69 (0.68-0.70)
2,256 (48.4)

N ¼ 4,021

P value

—

.001

.001

NS

NS

P value

NS

ACT, Asthma Control Test; FVC, forced vital capacity; MPR, medication possession ratio; NA, not applicable/available; NS, not signiﬁcant; OAC, overall asthma control; PEF,
peak expiratory ﬂow; RCP, Royal College of Physicians; RDAC, Risk Domain Asthma Control; SABA, short-acting b2-agonist.
*At ﬁrst assessment.
†Assessed by the Asthma Control Questionnaire.
zAge-standardized FEV1/FVC ratios.
xAdherence assessed via the probe question, “is there evidence of poor adherence.”
jjOPCRD: based on having a diagnosis at any point in time; ISAR: patient self-reported.
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FIGURE 4. Proportion of patients in each cohort according to number of exacerbations experienced per year. UK-ISAR, UK patients in the
ISAR. *For those patients referred to specialist care, the exacerbation rate is the rate in the year before referral.

FIGURE 5. Proportion of patients in each cohort on a multiple asthma treatment regimen. LAMA, Long-acting muscarinic receptor
antagonist; LTRA, leukotriene receptor antagonist; UK-ISAR, UK patients in the ISAR.

treatment but experienced 0 exacerbation/y (29%). These
patients may be overtreated and could beneﬁt from treatment
step-down pending review of control status. Furthermore, 8% of
patients were either receiving GINA 2018 step 3 treatment with
2 or more exacerbations/y or receiving GINA 2018 step 4
treatment with 1 exacerbation/y. This group should be
considered for careful assessment/reassessment in primary care to

determine whether a specialist referral/review is warranted, but
further research is needed to conﬁrm this.
Patients with PSA managed in UK primary care tended to be
female, in their 60s, either current or ex-smokers, and
characterized by high rescue short-acting b2-agonist use, add-on
medications to ICS/LABA therapy, poor lung function and
asthma control, frequent exacerbations, and high
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multimorbidity rates (Table II; see Table E4 in this article’s
Online Repository at www.jaci-inpractice.org). Taken together,
these characteristics may help primary care physicians recognize
those with hidden severe asthma in their care, and prompt
referral. Although the older age and smoking history of patients
with PSA may have suggested that some of them had chronic
obstructive pulmonary disease or asthma-chronic obstructive
pulmonary disease overlap, the mean FEV1/forced vital capacity
ratio was 0.78, higher than that reported in the ISAR cohort
(0.66) where asthma has been conﬁrmed. In either case, it is
important to refer these patients with PSA to conﬁrm an asthma
diagnosis, exclude chronic obstructive pulmonary disease,
manage comorbidities, and treat appropriately. Furthermore,
the low rate of current/ex-smokers in the conﬁrmed severe
asthma ISAR cohort may indicate a bias against referring
smokers to severe asthma services. These clinical characteristics
match very well with those reported for patients with severe
asthma managed in secondary and tertiary care in other countries,25-27 and in the UKSAR,28 providing conﬁdence in the
deﬁnition of PSA used in our study. For example, a survey of
104 French pulmonologists, including information from 1502
patients with severe asthma managed in secondary care, found
that these patients were typically in their 50s, more frequently
female, had poorly controlled asthma (despite common ICS
therapy add-ons, eg, leukotriene receptor antagonist and anticholinergics), a high OCS burden, and commonly presented
with ear, nose, and throat comorbidities and a high BEC.25
Similarly, in the United Kingdom, patients with severe asthma
had signiﬁcantly higher comorbidity rates than those with mild
to moderate disease, for conditions associated with systemic
corticosteroid exposure (eg, type II diabetes mellitus, osteoporosis, dyspeptic disorders, and cataracts).28 However, in the
current study, although patients with asthma referred to tertiary
care were at the severe end of the primary care asthma population, their asthma was not as severe as those managed in tertiary
care (ie, UK-ISAR). This is most likely driven by the National
Institute for Health and Care Excellence requirement for 4 or
more exacerbations in the previous 12 months to qualify for
biologic therapy.
In the current study, only 28% of patients in the PSA group
had received specialist care in the previous year. The fate of these
patients warrants further study (eg, % referred back to primary
care; % with severe asthma conﬁrmed). The use of more asthma
therapies, including triple and quadruple therapy regimens,
appeared to be the main driver of referral/review. Interestingly,
asthma control status, lung function, ICS adherence (measured
by medication possession ratio), and BEC proﬁle did not
markedly differ between those with and without a referral.
Furthermore, exacerbation rate was not a referral driver for all
patients with PSA, because many of those referred had not
experienced an exacerbation in the year before referral. Other
studies conducted in the United Kingdom have shown a similar
reticence to refer to specialist care.7,9 The Observational cohort
study to investigate the unmet need and time waiting for referral
for specialist opinion in adult asthma in England study found
that of 19,837 patients with asthma (age 18-65 years) eligible for
referral in the United Kingdom according to British Thoracic
Society/Scottish Intercollegiate Guidelines Network 2016
criteria,28 only 4% were referred during follow-up, with a median waiting time to specialist care of 2.4 years.7 In addition, the
National Review of Asthma Deaths report (2014) found that of
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patients who had died because of asthma in the United
Kingdom, 47% had not been under specialist supervision during
the 12 months before death.9 Similar ﬁndings have been reported
in other countries.8,29-31 For example, the Prevalence, characteristics and management of frequently exacerbating asthma patients: an observational study in Sweden that included 790
patients with severe asthma in primary care in Sweden found that
more than half of these patients had poor asthma control, but 4
of 5 patients had no contact with secondary care in the previous
year.30 Similarly, results from the Asthma Insight and Management Survey conducted in the United States in 2009 including
2500 patients with asthma found that 48% had never visited a
specialist (although some of these may have had mild disease).8
These data indicate an apparent reluctance to refer (and/or be
referred), but further work is needed to understand this behavior.
Possible reasons for lack of referral include clinical inertia;
underestimation of asthma severity and the long-term effects
of OCS, high-dose ICS, and high use of short-acting b2agonist32,33; lack of a conﬁrmed asthma diagnosis (many primary
care physicians do not perform conﬁrmatory spirometry);
perception that asthma is a primary care disease; and lack of
awareness, both of newer treatments available at specialist care
(eg, biologics) and of asthma referral guidelines.6 Other barriers
include high referral hurdles (ie, only those with very severe
disease qualify), lack of coordination between different parts of
the health care system,34 patient attitudes/expectations,35
ﬁnancial pressures,36 and underresourcing; currently, there are
1.86 adult respiratory physicians/100,00 people in the
United Kingdom compared with the European average of 4.4/
100,000.37
Numerous guidelines are available that provide guidance on
when a patient with asthma should be referred to a
specialist.4,28,38 According to the British Thoracic Society
guidelines (2016),28 adults with asthma should be referred to
specialist care in cases of diagnostic uncertainty, if they are high
risk (eg, marked blood eosinophilia, poor response to asthma
treatment at GINA step 4, and/or suffer a severe asthma
exacerbation), if they have a high corticosteroid burden (eg, on
high-dose ICS or continuous/frequent use of OCS), and if
biologics are considered. More than half the patients with PSA in
the current study had never received a specialist referral/review
(since inclusion in OPCRD), despite meeting these criteria,
suggesting there remains a high prevalence of hidden severe
asthma in the United Kingdom. Unfortunately, in real life, patients with severe asthma often experience several exacerbations
and emergency department admissions before specialist
referral,6,9 and referral can be further delayed by long waiting
times.7 For example, the average time since last referral (for those
patients with PSA who were referred) was 1.89 years in our
study. During this time patients may not receive optimal therapy
for asthma or may be poorly adherent to an optimal treatment
regimen and are often prescribed maintenance OCS or repeated
steroid bursts to treat exacerbations, with potential deleterious
effects.39,40 Although both ICS and OCS have a positive impact
on controlling symptoms and exacerbations,41,42 cumulative
OCS use is associated with increased risk of acute and chronic
adverse events (eg, increased risk of diabetes and osteoporosis),43
increased health care resource use, and increased costs.39 Indeed,
a recently published Swedish study found that the total health
care cost was 3 times greater for patients taking OCS regularly
(V5615) and twice as high for patients taking OCS
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intermittently (V2948), compared with non-OCS users
(V1980).44 Similarly, in the United Kingdom, general practice
average annual costs for adverse outcomes and asthma were 42%
greater for patients with active asthma exposed to systemic
corticosteroids (vs those who were not).45
The beneﬁts of a timely and appropriate referral/review by an
asthma specialist are well documented, and include a diagnostic
review, treatment optimization (including immunotherapy and
biologics and improved adherence), and improved selfmanagement education (eg, inhaler technique). Specialist
review of difﬁcult-to-treat and severe asthma has been associated not only with an improvement in asthma control, quality
of life, lung function, and exacerbation rate but also with
reduced OCS burden.46,47 Higher costs associated with
specialist review could, thus, be offset against these beneﬁts.
However, not all patients with uncontrolled asthma on
standard-of-care therapy should be referred or have severe
asthma. This is evident in the current study by observed
differences in the demographic and clinical characteristics of
patients with PSA who were referred from primary care in the
last year and those with a conﬁrmed severe asthma diagnosis
managed in tertiary care. Before referral, primary care physicians should play a key role in “referral triage,” assessing their
patients with asthma using a structured methodology (eg,
Smoking status, Inhaler technique, Monitoring, Pharmacotherapy, Lifestyle, Education, Support approach)5 and selecting
only those with an accurate asthma diagnosis who continue to
have poor control despite guideline-directed therapy, good
adherence and inhaler technique, and appropriate management
of any comorbidities.5,48 Such an approach would avoid unnecessary treatment step-up, streamline asthma assessment at
the primary care level, and optimize referrals to specialist care.
Shared decision making should be encouraged to facilitate
patient-centered care that ensures patients with severe asthma
get the right treatment, at the right time, and for the right
reason(s).
One limitation of the current study is the use of prescription
data to deﬁne PSA with the assumptions that medications were
(1) prescribed correctly in line with GINA 2018 recommendations and (2) taken as directed. Furthermore, OCS burden
was not used to deﬁne severity due to difﬁculties in differentiating between long-term and acute use in the OPCRD. In
addition, although the presence of a referral code in the OPCRD
provided a clear indication of the referral status of patients (and
time since last referral), no data were captured on the reason(s)
for referral, pathway to referral (eg, from primary care and A&E
department), and/or whether the patient attended. Knowledge
of referral reasons would allow cross-reference with British
Thoracic Society/Scottish Intercollegiate Guidelines Network
referral criteria28 to assess compliance with recommendations.
Knowledge of the referral pathway and “did not attend”
prevalence could provide a more accurate estimation of the true
prevalence of hidden severe asthma in UK primary care. Finally,
information on the type of respiratory specialist referred to (and
their level of asthma expertise) is not captured by OPCRD. To
counterbalance these limitations, it should be noted that,
because of its size, the OPRCD enabled us to identify and study
a large cohort of patients with PSA managed in UK primary
care. Data contained within the OPCRD come from electronic
medical records and have been used frequently for observational
research.49-51 These data provide a snapshot of patients with
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asthma managed in real life in practices all over the United
Kingdom. Finally, by virtue of the number of disease-speciﬁc
variables collected by OPRCD, we were able to compare
patient cohorts using a comprehensive list of demographic and
clinical characteristics.

CONCLUSIONS
There are large numbers of patients with asthma in the United
Kingdom with PSA who are managed long-term in primary care
who, after specialist assessment, may be eligible for biologic
therapy. These patients would beneﬁt from a structured assessment by their primary care physician (Smoking status, Inhaler
technique, Monitoring, Pharmacotherapy, Lifestyle, Education,
Support),5 with referral to specialist care if appropriate. A standard national asthma template would be useful to facilitate a
structured asthma review at the primary care level (with input
from other health care providers, eg, pharmacists and asthma
nurses) to help identify those patients who would most beneﬁt
from specialist review. Further work is necessary to determine
reasons for, and barriers to, specialist referral in the United
Kingdom, how many of those patients referred have severe
asthma, and the fate of patients discharged from specialist care, or
who continue to be managed long-term in primary care.
Combining primary and tertiary care data in severe asthma
registries is one way to answer these questions. This would enable
better monitoring of patients over their disease life cycle, facilitate tracking through the health care system—from primary to
tertiary care and back again—improve communication between
primary physicians and tertiary specialists, and improve the
quality of care for patients with severe asthma.
REFERENCES
1. Erickson S, Tolstykh I, Selby JV, Mendoza G, Iribarren C, Eisner MD. The
impact of allergy and pulmonary specialist care on emergency asthma utilization
in a large managed care organization. Health Serv Res 2005;40:1443-65.
2. American College of Allergy, Asthma and Immunology. Asthma management
and the allergist: better outcomes at lower cost. Available from: https://college.
acaai.org/sites/default/ﬁles/Resources/BlueBook/acaai_allergistsbluebook_f.pdf.
Accessed January 6, 2021.
3. National Institute for Health and Care Excellence. Asthma Quality Standard;
2013. Available from: https://www.nice.org.uk/guidance/qs25/resources/
asthma-pdf-2098547456965. Accessed January 6, 2021.
4. Global Initiative for Asthma Management and Prevention (GINA). Global
strategy for asthma management and prevention; 2018. Available from: https://
ginasthma.org/wp-content/uploads/2019/01/2018-GINA.pdf. Accessed July 12,
2018.
5. Ryan D, Murphy A, Ställberg B, Baxter N, Heaney LG. “SIMPLES”: a
structured primary care approach to adults with difﬁcult asthma. Prim Care
Respir J 2013;22:365-73.
6. Price D, Bjermer L, Bergin DA, Martinez R. Asthma referrals: a key component
of asthma management that needs to be addressed. J Asthma Allergy 2017;10:
209-23.
7. Blakey JD, Gayle A, Slater MG, Jones GH, Baldwin M. Observational cohort
study to investigate the unmet need and time waiting for referral for specialist
opinion in adult asthma in England (UNTWIST asthma). BMJ Open 2019;9:
e031740.
8. Murphy KR, Meltzer EO, Blaiss MS, Nathan RA, Stoloff SW, Doherty DE.
Asthma management and control in the United States: results of the 2009
Asthma Insight and Management survey. Allergy Asthma Proc 2012;33:
54-64.
9. Royal College of Physicians. Why asthma still kills: the National review of
asthma deaths (NRAD); 2014. Available from: https://www.rcplondon.ac.uk/
projects/outputs/why-asthma-still-kills. Accessed January 6, 2021.
10. Hekking P-PW, Wener RR, Amelink M, Zwinderman AH, Bouvy ML, Bel EH.
The prevalence of severe refractory asthma. J Allergy Clin Immunol 2015;135:
896-902.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 9, NUMBER 4

11. Gamble J, Stevenson M, McClean E, Heaney LG. The prevalence of
nonadherence in difﬁcult asthma. Am J Respir Crit Care Med 2009;180:
817-22.
12. Murphy AC, Proeschal A, Brightling CE, Wardlaw AJ, Pavord I, Bradding P,
et al. The relationship between clinical outcomes and medication adherence in
difﬁcult-to-control asthma. Thorax 2012;67:751-3.
13. Optimum Patient Care Research Database. Available from: https://opcrd.co.uk/
our-database/. Accessed January 6, 2021.
14. International Severe Asthma Registry. Available from: http://isaregistries.org/.
Accessed January 6, 2021.
15. Bulathsinhala L, Eleangovan N, Heaney LG, Menzies-Gow A, Gibson PG,
Peters M, et al. Development of the International Severe Asthma Registry
(ISAR): a modiﬁed Delphi study. J Allergy Clin Immunol Pract 2019;7:
578-588.e2.
16. FitzGerald JM, Tran TN, Alacqua M, Altraja A, Backer V, Bjermer L, et al.
International Severe Asthma Registry (ISAR): protocol for a global registry.
BMC Med Res Methodol 2020;20:212.
17. Wang E, Wechsler ME, Tran TN, Heaney LG, Jones RC, Menzies-Gow AN,
et al. Characterization of severe asthma worldwide: data from the International
Severe Asthma Registry (ISAR). Chest 2020;157:805-14.
18. ISAR Study Group. International Severe Asthma Registry (ISAR): mission
statement. Chest 2020;157:805-14.
19. Colice G, Chisholm A, Dima AL, Reddel HK, Burden A, Martin RJ, et al.
Performance of database-derived severe exacerbations and asthma control
measures in asthma: responsiveness and predictive utility in a UK primary care
database with linked questionnaire data. Pragmat Obs Res 2018;9:29-42.
20. European Network of Centres for Pharmacology and Pharmacovigilance.
Available from: http://www.encepp.eu/structure/index. Accessed January 6,
2021.
21. Thomas M, Gruffydd-Jones K, Stonham C, Ward S, Macfarlane TV. Assessing
asthma control in routine clinical practice: use of the Royal College of
Physicians “3 questions”. Prim Care Respir J 2009;18:83-8.
22. Al Moamary MS, Al-Kordi AG, Al Ghobain MO, Tamim HM. Utilization and
responsiveness of the asthma control test (ACT) at the initiation of therapy
for patients with asthma: a randomized controlled trial. BMC Pulm Med 2012;
12:14.
23. Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development and
validation of a questionnaire to measure asthma control. Eur Respir J 1999;14:
902-7.
24. Papi A, Ryan D, Soriano JB, Chrystyn H, Bjermer L, Rodríguez-Roisin R, et al.
Relationship of inhaled corticosteroid adherence to asthma exacerbations in
patients with moderate-to-severe asthma. J Allergy Clin Immunol Pract 2018;6:
1989-1998.e3.
25. Portel L, Parrat E, Nocent-Ejnaini C, Mangiapan G, Prud’homme A, Oster JP,
et al. FASE-CPHG study: a panoramic snapshot of difﬁcult-to-treat, severe
asthma in French nonacademic hospitals. ERJ Open Res 2019;5:00069-2019.
26. Nyenhuis SM, Akkoyun E, Liu L, Schatz M, Casale TB. Real world assessment
of asthma control and severity in children, adolescents, and adults with asthma:
relationships to care settings and co-morbidities. J Allergy Clin Immunol Pract
2020;8:989-996.e1.
27. Sweeney J, Patterson CC, Menzies-Gow A, Niven RM, Mansur AH,
Bucknall C, et al. Comorbidity in severe asthma requiring systemic corticosteroid therapy: cross-sectional data from the Optimum Patient Care Research
Database and the British Thoracic Difﬁcult Asthma Registry. Thorax 2016;71:
339-46.
28. British Thoracic Society. BTS/SIGN British guideline on the management
of asthma. 2016. Available from: https://www.brit-thoracic.org.uk/standardsof-care/guidelines/btssign-british-guideline-on-the-management-of-asthma/.
Accessed January 6, 2021.
29. von Bülow A, Kriegbaum M, Backer V, Porsbjerg C. The prevalence of severe
asthma and low asthma control among Danish adults. J Allergy Clin Immunol
Pract 2014;2:759-67.
30. Larsson K, Ställberg B, Lisspers K, Telg G, Johansson G, Thuresson M, et al.
Prevalence and management of severe asthma in primary care: an observational
cohort study in Sweden (PACEHR). Respir Res 2018;19:12.

RYAN ET AL

1623

31. Azzi EA, Kritikos V, Peters MJ, Price DB, Srour P, Cvetkovski B, et al. Understanding reliever overuse in patients purchasing over-the-counter short-acting
beta2 agonists: an Australian community pharmacy-based survey. BMJ Open
2019;9:e028995.
32. Volmer T, Effenberger T, Trautner C, Buhl R. Consequences of long-term oral
corticosteroid therapy and its side-effects in severe asthma in adults: a focused
review of the impact data in the literature. Eur Respir J 2018;52:1800703.
33. Cabrera CS, Nan C, Lindarck N, Beekman MJHI, Arnetorp S, van der Valk RJP.
SABINA: global programme to evaluate prescriptions and clinical outcomes
related to short-acting b2-agonist use in asthma. Eur Respir J 2020;55:1901858.
34. Orozco-Beltrán D, Carratalá-Munuera C, Arriero JM, Campo P, MartínezMoragón E, Molina J, et al. Management and referral of patients with severe and
poorly controlled asthma in primary care. Fam Pract 2016;33:678-83.
35. Sastre J, Fabbri LM, Price D, Wahn UH, Bousquet J, Fish JE, et al. Insights,
attitudes, and perceptions about asthma and its treatment: a multinational survey
of patients from Europe and Canada. World Allergy Organ J 2016;9:13.
36. Cabana MD, Ebel BE, Cooper-Patrick L, Powe NR, Rubin HR, Rand CS.
Barriers pediatricians face when using asthma practice guidelines. Arch Pediatr
Adolesc Med 2000;154:685-93.
37. European Respiratory Society. Medical respiratory specialists. In: Gibson GJ,
Loddenkemper R, Sibille Y, Lundbäck B, editors. European Lung White Book.
European Respiratory Society; 2013. Available from: https://www.erswhitebook.
org/chapters/medical-respiratoryspecialists/. Accessed January 6, 2021.
38. Blanco Aparicio M, Delgado Romero J, Molina París J, Tomás Gómez J,
Gómez Ruiz F, Álvarez Gutiérrez FJ, et al. Referral criteria for asthma:
consensus document. J Investig Allergol Clin Immunol 2019;29:422-30.
39. Bleecker ER, Menzies-Gow AN, Price DB, Bourdin A, Sweet S, Martin AL,
et al. Systematic literature review of systemic corticosteroid use for asthma
management. Am J Respir Crit Care Med 2020;201:276-93.
40. Chung LP, Upham JW, Bardin PG, Hew M. Rational oral corticosteroid use in
adult severe asthma: a narrative review. Respirology 2020;25:161-72.
41. Colice G, Martin RJ, Israel E, Roche N, Barnes N, Burden A, et al. Asthma
outcomes and costs of therapy with extraﬁne beclomethasone and ﬂuticasone.
J Allergy Clin Immunol 2013;132:45-54.
42. Ramsahai JM, Wark PA. Appropriate use of oral corticosteroids for severe
asthma. Med J Aust 2018;209:S18-21.
43. Price DB, Trudo F, Voorham J, Xu X, Kerkhof M, Ling ZJJ, et al. Adverse
outcomes from initiation of systemic corticosteroids for asthma: long-term
observational study. J Asthma Allergy 2018;11:193-204.
44. Janson C, Lisspers K, Ställberg B, Johansson G, Telg G, Thuresson M, et al.
Health care resource utilization and cost for asthma patients regularly treated
with oral corticosteroids—a Swedish observational cohort study (PACEHR).
Respir Res 2018;19:168.
45. Voorham J, Xu X, Price DB, Golam S, Davis J, Ling ZJJ, et al. Healthcare
resource utilization and costs associated with incremental systemic
corticosteroid exposure in asthma. Allergy 2019;74:273-83.
46. Denton E, Lee Bhb J, Tay T, Radhakrishna N, Hore-Lacy F, Mackay A, et al.
Systematic assessment for difﬁcult and severe asthma improves outcomes and
halves oral corticosteroid burden independent of monoclonal biologic use.
J Allergy Clin Immunol Pract 2020;8:1616-24.
47. Gibeon D, Heaney LG, Brightling CE, Niven R, Mansur AH, Chaudhuri R,
et al. Dedicated severe asthma services improve health-care use and quality of
life. Chest 2015;148:870-6.
48. Menzies-Gow A, Canonica G-W, Winders TA, Correia de Sousa J, Upham JW,
Fink-Wagner A-H. A charter to improve patient care in severe asthma. Adv Ther
2018;35:1485-96.
49. Thomas M, Kocevar VS, Zhang Q, Yin DD, Price D. Asthma-related health care
resource use among asthmatic children with and without concomitant allergic
rhinitis. Pediatrics 2005;115:129-34.
50. Price D, Zhang Q, Kocevar VS, Yin DD, Thomas M. Effect of a concomitant
diagnosis of allergic rhinitis on asthma-related health care use by adults. Clin
Exp Allergy 2005;35:282-7.
51. Price DB, Scadding G, Bachert C, Saleh H, Nasser S, Carter V, et al. UK
prescribing practices as proxy markers of unmet need in allergic rhinitis: a
retrospective observational study. NPJ Prim Care Respir Med 2016;26:16033.

1623.e1

RYAN ET AL

ONLINE REPOSITORY
Appendix
Optimum Patient Care Research Database. At the time
this study was conducted, OPCRD contained anonymous, longitudinal records from June 1930 to March 2019. Quality of care
for patients with asthma is encouraged for General Practitioner
practices in the United Kingdom through the quality and outcomes framework initiative, by incentivizing collection of key
clinical metrics (including asthma review and assessment of asthma
control).E1 OPCRD beneﬁts from a long retrospective period
(mean time in the database is 13 years, going back to birth for
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summary diagnostic data in 44% of cases), and contains linked
patient-completed respiratory questionnaires for approximately
10% of patients with asthma included.E2 The OPCRD is
approved by the UK National Health Service for clinical research
use (Research Ethics Committee reference 15/EM/0150).
The OPCRD is approved by the Health Research Authority
for clinical research use and governed by the Anonymized Data
Ethics and Protocols Transparency Committee.E3 The Anonymized Data Ethics and Protocols Transparency Committee is an
independent body of experts and regulators commissioned by the
Respiratory Effectiveness Group to govern the standard of
research conducted on internationally recognized databases.E4
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TABLE E1. Definition of demographic and clinical outcomes
Variable name

Demographic outcomes
Age
Sex
Ethnicity

Height
BMI

Smoking status

Clinical characteristics
No. of exacerbations
Exacerbation in the year
Asthma control

Description

Age in years
Deﬁned at the start of the most recent year of data
Female or male
Patients classiﬁed by ethnicity as categorized within clinical records as speciﬁed by the GLI 2012
deﬁnitions.E5 Categorized as
 Caucasian
 Black
 South East Asian
 North East Asian
 Not speciﬁed
Deﬁned as the patient’s most recent height data recorded in their clinical records
The ratio of weight (kg) to height2 (m2).
Deﬁned by either a BMI recorded as part of the patient’s clinical record or calculated using the most recent
height and weight data.
Categorized as
 underweight (<18.5 kg/m2)
 normal weight (18.5 kg/m2 and <25 kg/m2)
 overweight (25 kg/m2 and <30 kg/m2)
 obese (30 kg/m2)
Patient’s most recent smoking status.
Deﬁned by most recent patient’s clinical smoking recording. Patients’ records with a “never” recording
after ex or current will be disregarded.
Categorized as
 Nonsmoker
 Current smoker
 Ex-smoker
No. of asthma exacerbations requiring OCSs during the study period
A count of exacerbations/y
OPCRD Patients
1. RCP Asthma 3-Questions.E6
Deﬁned by clinical records of RCP control within the latest year of data. Patients are classiﬁed as having
poor control if 2 or 3 of the measures denote poor control or if patients experience difﬁculty sleeping
because of their asthma symptoms
2. ACTE7
Deﬁned by clinical records using the ACT questionnaire within the latest year of data.
 ACT score 19—Not controlled
 ACT score 20-24—Reasonably controlled
 ACT score 25—Controlled
3. Control measured by SABA use: Use of >3.65 SABA canisters in a year indicates poor asthma controlE8
4. Risk Domain Asthma Control: Uncontrolled if any of the following occur in a 12-mo assessment periodE9:
 Primary care exacerbation Read Code
 Acute use of OCS with evidence of lower respiratory tract consultation
 Antibiotics prescribed with evidence of lower respiratory tract consultation

BEC

ISAR patients
Categorized according to the ACQ.E10 The 7-item ACQ was developed to measure the primary goals of asthma
management as identiﬁed by international guidelines.
Categorized as:
 ACQ score 0.75—Controlled
 ACQ score >0.75-1.25—Partial control
 ACQ score >1.25—Not controlled
BEC (average) measured in cells per liter (109/L) recorded within the last year of data, not within 14 d of an
OCS prescription.
Categorized as
 0.15
 >0.15-0.3
 >0.3-0.45
 >0.45
(continued)
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TABLE E1. (Continued)
Variable name

FEV1 (taken at the same
time as an asthma
review)
% Predicted FEV1
FVC (taken at the same
time as an asthma
review)
% Predicted FVC
FEV1/FVC ratio (taken at
the same time as an
asthma review)
PEF (taken at the same time
as an asthma review)
% Predicted PEF

FENO test

MPR (surrogate marker for
adherence in OPCRD
only)
Adherence in ISAR

Respiratory treatments

Comorbidities (all
comorbidities are
considered at any point
in time except for
anxiety/depression,
which is considered only
if within the last year)

Description

Maximum forced expiratory volume (FEV1) in the ﬁrst second of expiration within the last 5 y of available
data
Predicted value of FEV1 standardized according to ethnicity, age, sex, and height using GLI 2012
Maximum FVC within the last 5 y of available data

Predicted value of FVC standardized according to ethnicity, age, sex, and height using GLI 2012
Measured FEV1 as a ratio of measured FVC

PEF (L/min) recorded using Read Code within the last year of available data
Predicted value of PEF standardized according to ethnicity, age, sex, and height.
Categorized as
 % Predicted PEF—0%-50%
 % Predicted PEF—>50%-80%
 % Predicted PEF—>80%
Measurements of FENO concentration in exhaled breath, measured in ppb at a ﬂow rate of 50 mL/s within the
last 5 y of available data. Categorized as
 low (<25 ppb)
 intermediate (25-50 ppb)
 high (>50 ppb)
Good adherence to treatment deﬁned as an MPR 70%, measure based on ICS prescription reﬁlls

In response to the question, “Is there evidence of poor adherence?,” which is answered as either
 clinical impression
 prescription records
 objective measures (eg, evidence of FENO suppression) or
 no
 ICS/LABA
 ICS/LABA/LTRA
 ICS/LABA/LAMA
 ICS/LABA/LAMA/LTRA
 SABA
 Theophylline
 Biologic treatments
 Allergic rhinitis
 Eczema
 Nasal polyps
 Anxiety/depression
 Diabetes
 Osteoporosis
 Heart failure

ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; BMI, body mass index; FENO, fractional exhaled nitric oxide; FVC, forced vital capacity; LAMA, long-acting
muscarinic receptor antagonist; LTRA, leukotriene receptor antagonist; MPR, medication possession ratio; PEF, peak expiratory ﬂow; ppb, parts per billion; RCP, Royal College
of Physicians; SABA, short-acting b2-agonist.
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TABLE E2. Summary of asthma treatments by GINA (2018) step
GINA (2018)
treatment step

Asthma treatment

Step 2







Step 3



Step 1





Step 4

Step 5










Only b-agonist or
Only muscarinic agonist
Low-dose ICS without other controllers or
LTRA without other controllers or
Low-dose theophylline all without other
controllers
Medium- or high-dose ICS without other
controllers or
Low-dose ICS/LABA or
Low-dose ICS/LAMA or
Low-dose ICS (without LABA/LAMA) and/
or theophylline or
LABA and/or LAMA (without ICS) or
LTRA plus theophylline (without ICS)
Medium- or high-dose ICS/LABA or
Medium- or high-dose ICS/LAMA or
Medium- or high-dose ICS plus LTRA and/or
theophylline or
3 controllers (without ICS)
Maintenance OCS plus any other asthma
treatment or
Anti-IgE therapy

LAMA, Long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist.
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TABLE E3. Demographic and clinical characteristics of patients with asthma in primary care (OPCRD) for those patients 18 y or older
with and without a >5-y OPCRD look-back period
OPCRD potential severe asthma NOT
REFERRED to specialist care

Characteristic

Age (y)
Mean (95% CI)
Median (25th, 75th percentile)
Sex, n (%)
Male
Female
Ethnicity
White, n (% nonmissing)
Black, n (%)
Asian, n (%)
Mixed/other, n (%)
Unknown, n (%)
Missing, n (% all records)
BMI (kg/m2)
Mean (95% CI)
Median (25th, 75th percentile)
BMI categories
Underweight (<18.5), n (%
nonmissing)
Normal weight (18.5 &
<25), n (% nonmissing)
Overweight (25 & <30), n
(% nonmissing)
Obese (30), n (%
nonmissing)
Missing, n (% all records)
Smoking status
Never, n (% nonmissing)
Current, n (% nonmissing)
Ex-smoker, n (% nonmissing)
Missing, n (% all records)
Exacerbations (1 y after referral)
Mean (95% CI)
Median (25th, 75th percentile)
Exacerbation per year, n (%)
0
1
2
3
4
5
Asthma control,* RCP
Questionnaire
Controlled, n (% nonmissing)
Partial control, n (%
nonmissing)
Not controlled, n (%
nonmissing)
Missing, n (% all records)
Asthma control,† ACT

OPCRD potential severe asthma REFERRED
to specialist care

Without >5-y look-back
period

With > 5-y look-back
period

Without >5-y look- back
period

With >5-y look-back
period

(n [ 11,701)

(n [ 9,918)

(n [ 4,634)

(n [ 3,888)

62 (62.2-62.8)
65 (51, 76)

63.9 (63.6-64.3)
66 (53, 77)

63 (62.4-63.4)
65 (51, 76)

64.3 (63.7-64.8)
67 (53, 77)

4,052 (34.6)
7,640 (65)

3,456 (35)
6,454 (65)

1,615 (35)
3,019 (65)

1,370 (35)
2,526 (65)

3,137 (61.8)
46 (0.9)
1 (0.0)
22 (0.4)
1,873 (36.9)
6,613 (56.6)

2,595 (61.0)
35 (0.8)
1 (0.0)
17 (0.4)
1,611 (37.8)
5,651 (57.0)

1,814 (61.0)
46 (1.6)
2 (0.1)
14 (0.5)
1,093 (37.0)
1,674 (36.1)

1,488 (60.4)
33 (1.3)
2 (0.1)
10 (0.4)
928 (37.8)
1,434 (36.8)

29.2 (29.1-29.4)
28.2 (24.3, 33.1)

29.3 (29.1-29.4)
28.2 (24.3, 33.1)

29.3 (29.1-29.4)
28.3 (24.2, 33.4)

29.4 (29.1-29.6)
28.2 (24.2, 33.2)

315 (3.0)

272 (3.1)

130 (3.3)

107 (3.2)

2,723 (26.3)

2,302 (26.0)

1,028 (26.1)

873 (26.3)

3,240 (31.2)

2,776 (31.4)

1,189 (30.1)

1,008 (30.3)

4,096 (39.5)

3,505 (39.6)

1,594 (40.5)

1,334 (40.2)

1,318 (11.3)

1,055 (10.7)

702 (15.1)

574 (14.7)

2,908 (25.0)
2,453 (21.1)
6,265 (53.9)
66 (0.6)

2,311 (23.3)
1,981 (20.0)
5,577 (56.3)
41 (0.4)

1,003 (23.4.7)
912 (19.8)
2,697 (58.5)
31 (0.7)

803 (20.7)
721 (18.6)
2,356 (60.7)
16 (0.4)

2.36 (2.33-2.39)
2 (2, 3)

2.35 (2.31-2.39)
2 (2, 3)

3.22 (3.15-3.28)
3 (2, 4)

3.2 (3.13-3.28)
3 (2, 4)

2,033 (17.4)
632 (5.4)
4,657 (39.8)
2,100 (17.9)
1,168 (10.0)
1,102 (9.4)

1,771 (17.9)
551 (5.6)
3,895 (39.3)
1,774 (17.9)
975 (9.8)
945 (9.5)

286 (6.0)
265 (5.7)
1,609 (34.8)
952 (20.5)
588 (12.6)
943 (20.3)

254 (6.4)
226 (5.8)
1,346 (34.6)
797 (20.5)
489 (12.6)
783 (20.1)

2,303 (46.3)
—

2011 (46.8)
—

1,010 (34.5)
—

852 (35.0)
—

2,673 (53.7)

2,282 (53.2)

1,916 (65.5)

1,586 (65.0)

6,716 (57.4)

5617 (56.7)

1,717 (37.0)

1,458 (37.4)
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TABLE E3. (Continued)
OPCRD potential severe asthma NOT
REFERRED to specialist care

Characteristic

Well controlled, n (%
nonmissing)
Reasonably controlled, n (%
nonmissing)
Not controlled, n (%
nonmissing)
Missing, n (% all records)
Control measured by SABA use,
n (%)
<4 inhalers—No evidence of
lack of control
4 inhalers—Not controlled
Risk Domain Asthma Control, n
(%)
Controlled
Not controlled
BEC
Mean (95% CI)
Median (25th, 75th percentile)
0.15, n (% nonmissing)
>0.15-0.3, n (% nonmissing)
>0.3-0.45, n (% nonmissing)
>0.45, n (% nonmissing)
Missing, n (% all records)
Postbronchodilator FEV1
Mean (95% CI)
Missing, n (% all records)
% Predicted postbronchodilator
FEV1z
Mean (95% CI)
Postbronchodilator FVC
Mean (95% CI)
% Predicted postbronchodilator
FVCz
Mean (95% CI)
Postbronchodilator FEV1/FVC
ratio
Mean (95% CI)
% Patients FEV1/FVC ratio
<70%
Postbronchodilator (PEF)
Mean (95% CI)
Postbronchodilator % PPEF
<50%, n (% nonmissing)
50%-<80%, n (%
nonmissing)
80%, n (% nonmissing)
Missing, n (% all records)
FENO
Low (<25 ppb), n (%
nonmissing)

OPCRD potential severe asthma REFERRED
to specialist care

Without >5-y look-back
period

With > 5-y look-back
period

Without >5-y look- back
period

With >5-y look-back
period

(n [ 11,701)

(n [ 9,918)

(n [ 4,634)

(n [ 3,888)

57 (8.7)

51 (9.1)

19 (4.3)

14 (3.9)

260 (39.5)

219 (39.2)

148 (33.3)

122 (33.9)

341 (51.8)

289 (51.7)

278 (62.5)

224 (62.2)

11,034 (94.3)

9,351 (94.4)

4,198 (90.4)

3,536 (90.7)

4,270 (36.2)

3,360 (36.9)

1,429 (30.7)

1,222 (31.3)

7,422 (63.8)

6,250 (63.1)

3,214 (69.3)

2,674 (68.7)

1,586 (13.6)
10,106 (86.4)

1,378 (13.9)
8,532 (86.1)

333 (7.1)
4,310 (92.9)

285 (92.8)
3,611 (7.3)

295 (289-301)
230 (152, 350)
2,595 (23.3)
4,659 (41.9)
2,236 (20.1)
1,624 (14.7)
578 (4.9)

296 (289-304)
232 (155, 350)
2,169 (22.7)
4,078 (42.6)
1,920 (20.1)
1,359 (14.6)
348 (3.5)

299 (285-312)
230 (153, 342)
1,021 (23.0)
1,930 (43.4)
881 (19.8)
619 (13.8)
192 (4.1)

299 (284-314)
230 (155, 343)
861 (22.8)
1,644 (43.6)
760 (20.1)
513 (13.5)
118 (3.0)

1.85 (1.83-1.87)
6,557 (56.1)

1.83 (1.80-1.84)
5,398 (54.5)

1.77 (1.74-1.80)
2,243 (48.3)

1.75 (1.72-1.79)
1,815 (46.5)

0.72 (0.71-0.72)

0.75 (0.71-0.72)

0.69 (0.68-0.70)

0.68 (0.67-0.69)

2.81 (2.78-2.84)

2.79 (2.76-2.82)

2.73 (2.69-2.78)

2.71 (2.66-2.75)

0.85 (0.84-0.85)

0.85 (0.84-0.85)

0.82 (0.81-0.83)

0.82 (0.81-0.83)

0.67 (0.67-0.68)
52.5

0.67 (0.66-0.67)
53.3

0.66 (0.65-0.67)
53.4

0.66 (0.65-0.66)
54.7

321 (318-325)

318 (314-322)

313 (308-318)

309 (304-314)

261 (10.5)
1,278 (51.3)

233 (11.1)
1,073 (51.1)

228 (13.6)
825 (48.9)

195 (14.1)
690 (49.6)

954 (38.2)
9,199 (78.7)

797 (37.9)
7,807 (78.8)

630 (37.5)
2,960 (63.8)

505 (36.4)
2,506 (64.4)

1 (33.3)

1 (50.0)

1 (100)

1 (100)
(continued)
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TABLE E3. (Continued)
OPCRD potential severe asthma NOT
REFERRED to specialist care

Characteristic

Intermediate (25-50 ppb), n (%
nonmissing)
High (>50 ppb), n (%
nonmissing)
Missing, n (% all records)
Adherence measured using MPR
of ICS,x n (%)
<70% MPR
70% MPR
Medication, n (%)
ICS/LABA
ICS/LABA/LTRA
ICS/LABA/LAMA
ICS/LABA/LAMA/LTRA
SABA
Theophylline
Biologic treatments
Comorbidities,* n (%)
Allergic rhinitis
Eczema
Nasal polyps
Anxiety/depression
Diabetes
Osteoporosis
Heart failure

OPCRD potential severe asthma REFERRED
to specialist care

Without >5-y look-back
period

With > 5-y look-back
period

Without >5-y look- back
period

With >5-y look-back
period

(n [ 11,701)

(n [ 9,918)

(n [ 4,634)

(n [ 3,888)

2 (66.7)

1 (50.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

11,699 (99.9)

9,908 (99.9)

4,624 (99.9)

3,895 (99.9)

4,836 (48.4)
5,152 (51.6)

4,053 (48.0)
4,390 (52.0)

1,878 (43.8)
2,407 (56.2)

1,576 (43.4)
2,008 (56.0)

5,312 (45.4)
1,957 (16.8)
1,982 (16.9)
714 (6.1)
10,149 (86.9)
930 (8.0)
0 (0.0)

4,479 (45.2)
1,620 (16.3)
1,717 (17.3)
612 (6.2)
8,596 (86.7)
804 (8.1)
0 (0.0)

1,753 (37.8)
871 (18.9)
1,117 (24.0)
525 (11.2)
4,187 (90.3)
638 (13.7)
19 (0.4)

1,461 (37.5)
699 (17.9)
971 (25.0)
440 (11.3)
3,502 (90.0)
540 (13.8)
15 (0.4)

3,638 (31.1)
3,794 (32.4)
799 (6.9)
97 (0.8)
1,058 (9.0)
928 (7.9)
424 (3.6)

3,202 (27.3)
3,341 (28.6)
702 (6.0)
79 (0.7)
948 (8.1)
833 (7.1)
383 (3.3)

1,240 (26.7)
1,447 (31.2)
319 (6.8)
39 (0.8)
585 (12.6)
431 (9.3)
212 (4.6)

1,109 (28.5)
1,298 (33.3)
281 (7.2)
31 (0.8)
530 (12.6)
390 (10.0)
196 (5.0)

ACT, Asthma Control Test; FENO, fractional exhaled nitric oxide; FVC, forced vital capacity; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist;
MPR, medication possession ratio; ppb, parts per billion; PEF, peak expiratory ﬂow; PPEF, percent predicted peak expiratory ﬂow; RCP, Royal College of Physicians; SABA,
short-acting b2-agonist.
*Differences most likely due to the selection criteria for ISAR which requires patients receiving Reslizumab to have 3 exacerbations whilst Benralizumab and mepolizumab
require 4 exacerbations before initiation.
†Different co-morbidity rates likely due to self-reporting data capture.
zPost-referral.
xBefore referral.
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TABLE E4. Similarities and differences between patients with PSA (referred and nonreferred) and those with confirmed severe asthma
Primary care (OPCRD)

Characteristic

Age (y)
Sex
Obesity
Ethnicity
Smoking
Medication

Adherence*
Exacerbations†
Controlǁ
Spirometry{
(postbronchodilator)
Comorbidity#,**

PSA NOT reviewed or referred in
specialist care (‡16 y)

PSA REVIEWED/REFERRED in
specialist
care (aged ‡16 y)

Tertiary care (UK-ISAR)
Confirmed severe asthma (aged ‡ 18
y)

Likely in 60s
Likely female: 65%
Likely obese: 39%
Predominantly white (62%) or unknown
race (37%)
Likely an ex-smoker (54%) or current
smoker (21%)
Equal likelihood of ICS/LABA (45%) or
ICS/LABA
plus other treatment (40%)
Many have poor adherence (48%)
Likely to have 2 exacerbations/y
3 exacerbations/y (37%)
Not controlled: 52%
FEV1/FVC <0.7: 52%

Likely in 60s
Likely female: 65%
Likely obese: 40%
Predominantly white (61%) or
unknown race (37%)
Likely an ex-smoker (58%) or current
smoker (20%)
More likely on ICS/LABA plus other
treatment (54%)

Likely in 50s
Likely female: 64%
More likely obese (48%)
Predominantly white (68%) but
greater race diversity
Likely to have never smoked (69%)

Many have poor adherence (44%)
Likely to have 3z exacerbations/y
3 exacerbations/y (31%)x
Not controlled: 62%
FEV1/FVC <0.7: 53%

Most likely on biologic (55%) and/or
ICS/LABA plus other treatment
(68%)
Most have good adherence (73%)
Likely to have 4 exacerbations/y
3 exacerbations/y (72%)
Most likely not controlled (91%)
FEV1/FVC <0.7: 56%

Nasal polyps unlikely (7%)

Nasal polyps unlikely (7%)

Nasal polyps more likely (24%)

FVC, Forced vital capacity; PSA, potential severe asthma.
*OPCRD adherence measured by medication possession ratio. Poor adherence indicated by <70% days prescribed. ISAR poor adherence indicated using prescription records
and clinical impression.
†Differences most likely due to the selection criteria for ISAR, which requires patients receiving reslizumab to have 3 exacerbations, whereas benralizumab and mepolizumab
require 4 exacerbations before initiation.
zPostreferral.
xBefore referral.
ǁControl scores based on Asthma Control Test.
{Spirometry readings based on average maximum value over the preceding 5 y.
#OPCRD comorbidities based on ever having a diagnosis.
**Different comorbidity rates likely due to self-reporting data capture.

FIGURE E1. Time since last specialist consultation for patients with potentially severe asthma but no referral record in the last year
(n ¼ 2628).
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FIGURE E2. Asthma control status (assessed by Asthma Control Test) of patients in each cohort. PSA, Potential severe asthma; UKISAR, UK patients in the ISAR.
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