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ABSTRACT
Objective To determine the prevalence of systemic
corticosteroid-induced morbidity in severe asthma.
Design Cross-sectional observational study.
Setting The primary care Optimum Patient Care
Research Database and the British Thoracic Society
Difficult Asthma Registry.
Participants Optimum Patient Care Research Database
(7195 subjects in three age- and gender-matched
groups)—severe asthma (Global Initiative for Asthma
(GINA) treatment step 5 with four or more prescriptions/
year of oral corticosteroids, n=808), mild/moderate
asthma (GINA treatment step 2/3, n=3975) and non-
asthma controls (n=2412). 770 subjects with severe
asthma from the British Thoracic Society Difficult Asthma
Registry (442 receiving daily oral corticosteroids to
maintain disease control).
Main outcome measures Prevalence rates of
morbidities associated with systemic steroid exposure
were evaluated and reported separately for each group.
Results 748/808 (93%) subjects with severe asthma
had one or more condition linked to systemic
corticosteroid exposure (mild/moderate asthma 3109/
3975 (78%), non-asthma controls 1548/2412 (64%);
p<0.001 for severe asthma versus non-asthma controls).
Compared with mild/moderate asthma, morbidity rates
for severe asthma were significantly higher for conditions
associated with systemic steroid exposure (type II
diabetes 10% vs 7%, OR=1.46 (95% CI 1.11 to 1.91),
p<0.01; osteoporosis 16% vs 4%, OR=5.23, (95% CI
3.97 to 6.89), p<0.001; dyspeptic disorders (including
gastric/duodenal ulceration) 65% vs 34%, OR=3.99,
(95% CI 3.37 to 4.72), p<0.001; cataracts 9% vs 5%,
OR=1.89, (95% CI 1.39 to 2.56), p<0.001). In the
British Thoracic Society Difficult Asthma Registry similar
prevalence rates were found, although, additionally, high
rates of osteopenia (35%) and obstructive sleep apnoea
(11%) were identified.
Conclusions Oral corticosteroid-related adverse events
are common in severe asthma. New treatments which
reduce exposure to oral corticosteroids may reduce the
prevalence of these conditions and this should be
considered in cost-effectiveness analyses of these new
treatments.

INTRODUCTION
Patients with severe asthma (SA) pose a significant
challenge to healthcare professionals. Despite treat-
ment with high-dose inhaled corticosteroids plus a
second controller and/or systemic corticosteroid
therapy, most still have poor asthma control, per-
sistent airflow limitation and frequent severe
exacerbations.1 Evidence shows that adverse effects
occur in various populations with respiratory
disease and other non-respiratory conditions
receiving frequent oral corticosteroids (OCS).2–15

Many of the studies of respiratory disease included
small numbers, were in mixed-disease populations,
did not have control groups or relied on commer-
cial healthcare reimbursement claims data or
patient self-reporting of symptoms or morbidity,
but few prevalence data are available in a well-
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Key messages

What is the key question?
▸ What is the prevalence of systemic

corticosteroid-induced morbidity in severe
asthma?

What is the bottom line?
▸ This study provides for the first time,

prevalence data for common systemic
corticosteroid adverse effects in severe asthma,
including type II diabetes, osteopenia/
osteoporosis, dyspeptic disorders, obesity,
hypertension, cataracts and obstructive sleep
apnoea.

Why read on?
▸ These prevalence data will be helpful in

cost-effectiveness analyses for new biological
treatments with corticosteroid-sparing activity
in severe asthma and in identifying the need
for systematic screening programmes in severe
asthma.

Sweeney J, et al. Thorax 2016;71:339–346. doi:10.1136/thoraxjnl-2015-207630 339

Asthma
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D

ow
nloaded from

 
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207630 on 27 January 2016. D
ow

nloaded from
 

http://dx.doi.org/10.1136/thoraxjnl-2015-207630
http://dx.doi.org/10.1136/thoraxjnl-2015-207630
http://dx.doi.org/10.1136/thoraxjnl-2015-207630
http://dx.doi.org/10.1136/thoraxjnl-2015-208242
http://dx.doi.org/10.1136/thoraxjnl-2015-208242
http://crossmark.crossref.org/dialog/?doi=10.1136/thoraxjnl-2015-207630&domain=pdf&date_stamp=2016-01-27
http://thorax.bmj.com/
https://www.brit-thoracic.org.uk/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/
http://thorax.bmj.com/


characterised cohort with SA. It is important to define the
prevalence of systemic corticosteroid-induced morbidity in this
specific population to understand the consequences of progres-
sion to maintenance OCS and thus to determine the potential
benefit of new steroid-sparing treatments in SA. Prevalence
data are also key to informing cost-effectiveness analyses for
these new asthma treatments with specific corticosteroid-
sparing strategies

Common corticosteroid adverse effects range from psycho-
logical effects such as irritability, sleep disturbance and increased
appetite to severe and potentially life-threatening conditions
such as diabetes, cardiovascular disorders and adrenal suppres-
sion.2–6 These major adverse effects are a substantial healthcare
and economic burden and have a major detrimental effect on
patients and their families and carers. However, even minor
effects, although having a negligible economic burden, may
have a significant impact on patients’ quality of life, with asso-
ciated physical and psychosocial impairment. All these effects
will affect patients’ willingness to adhere to treatment.

The aim of this study was to provide precise prevalence data
of adverse events associated with systemic steroid exposure in
well-characterised SA.

METHODS
Data from the Optimum Patient Care Research Database
(OPCRD)16 and British Thoracic Society (BTS) Difficult Asthma
Registry17 (both described in the online supplementary data)
were used to identify the cross-sectional prevalence of condi-
tions due to systemic corticosteroid exposure in patients with
SA. The most commonly reported adverse effects of OCS use
are listed in online supplementary table E1 and the data were
examined for these outcomes.2–15

The OPCRD is a UK respiratory database containing anon-
ymised primary care data supplemented with information from
patient-reported questionnaires. The BTS Registry collects data
from UK dedicated Specialist Difficult Asthma Services and is
hosted online by Dendrite Clinical Systems and admits
password-protected anonymised data, after fully informed
written consent.

SUBJECTS
Optimum Patient Care Research Database
We compared patients with SA requiring regular OCS (defined as
Global Initiative for Asthma (GINA) step 5 treatment and four or
more prescriptions for OCS in each of two consecutive study years)
with patients with mild/moderate asthma and non-asthmatic con-
trols. Subjects had at least 2 years of continuous medical records
and were aged >12 years. We identified two control cohorts, indi-
vidually matched to the SA cohort for age, gender and year of
birth, one with mild/moderate asthma (asthma diagnosis, GINA
step 2/3), the other consisting of non-asthmatic controls (rhinitis
diagnosis with no asthma diagnosis/asthma drugs and no exposure
to OCS). Full details of cohort definition are available in the online
supplementary data. A subgroup of subjects with SA who received
maintenance systemic corticosteroids, quantified by six or more
OCS prescriptions in both years of the study, was further evaluated
(see online supplementary data and table E3 for results).

BTS Registry
We performed an additional analysis of prevalence rates of con-
ditions associated with systemic steroid exposure in subjects
with SA who had detailed follow-up data in the BTS Registry
for at least 1 year (n=770). Two groups were defined—group 1
—subjects, who after detailed systematic assessment required
daily systemic corticosteroid therapy to maintain asthma control
(n=442, severe OCS-dependent asthma (CSD)) and group 2,
subjects with SA who did not require maintenance OCS but
required frequent rescue courses of corticosteroids (n=328,
severe non-corticosteroid-dependent asthma (NCSD)).

Data analysis
Statistical analysis was performed using SPSS for Windows V.19.
Demographic data are presented as absolute values (%), mean
±SD if normally distributed or median and IQR where not nor-
mally distributed. Group differences were examined using the
two-sample t test, Mann–Whitney U test or χ2 test, as
appropriate.

Disease prevalence estimates are presented as both absolute
numbers and percentages with 95% CIs. Existing morbidities

Table 1 Demographic details of the OPCRD cohorts (for list of steroid-induced morbidities see online supplementary table E1)

Demographics All (n=7195) Severe asthma (n=808)
Mild/moderate
asthma (n=3975)

Non-asthma
controls (n=2412) p Value

Female, n (%) 4503 (63) 507 (63) 2515 (63) 1481 (61) –

Age (years)* 58±17 59±17 58±16 58±17 –

Geographical region, n (%)
London 597 (8) 55 (7) 344 (9) 198 (8) 0.06
South of England 903 (13) 93 (12) 477 (12) 333 (14)
East of England 1064 (15) 115 (14) 616 (15) 333 (14)
Midlands 2146 (30) 248 (31) 1213 (31) 685 (28)

North of England 1648 (23) 193 (24) 874 (22) 581 (24)
Scotland/NI/Wales/unknown 837 (12) 104 (13) 451 (11) 282 (12)

Number of corticosteroid-related comorbidities† n (%)
0 1790 (25) 60 (7) 866 (22) 864 (36) <0.001
1 1754 (24) 136 (17) 1044 (26) 574 (24)
2 1382 (19) 181 (22) 797 (20) 404 (17)
≥3 2269 (32) 431 (53) 1268 (32) 570 (24)

p Values are not provided for age/gender as cohorts were matched based on age/gender.
*Mean±SD.
†See online supplementary table E1 for morbidities examined.
OPCRD, Optimum Patient Care Research Database.
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recorded at any time in the data were evaluated and reported
separately for each group. In the OPCRD, the proportions of
subjects with SA, mild/moderate asthma and non-asthma con-
trols with OCS morbidity were obtained using cross-tabulations.
Conditional logistic regression analysis was then used to estimate
the OR, 95% CIs and p values for the SA cohort relative to
each control group taking account of the matched nature of the
cohorts. In the BTS Registry, OR and 95% CIs were obtained
from logistic regression analysis, adjusting for potential con-
founding variables such as hospital, age and gender. A p value
of <0.05 was considered statistically significant.

RESULTS
Optimum Patient Care Research Database
Demographics of all subjects are presented in table 1.

In subjects with SA, there was a predominance of women
(63%) with a mean age of 59 (±17) years. Potential
corticosteroid-induced morbidities were identified in 93% of
subjects with SA and 53% had three or more morbidities, which
was significantly higher than for both mild/moderate asthma
and non-asthmatic controls (table 1 and online supplementary
table E1, p<0.001).

For subjects where complete and detailed prescribing records
where available for the 2 study years (n=470), the median daily
dose of prednisolone in SAwas 5 mg (IQR 3–9 mg) and 0 mg (0–
1 mg) in mild/moderate asthma, with zero OCS exposure in the
non-asthma control cohort. Similarly, the cumulative OCS dose
over the 2 study years was median 3920 mg (IQR 2395–6500 mg)
in SA and 250 mg (150–420 mg) in mild/moderate asthma.

Table 2 describes the observed prevalence rates of the
comorbidities examined across SA, mild/moderate asthma and
non-asthma controls. The most prevalent comorbidities identi-
fied in subjects with SA were dyspeptic disorders (65%), obesity
(42%), psychiatric disorders (38%), hypertension (34%), osteo-
porosis (16%), hypercholesterolaemia (15%), chronic kidney
disease (14%), type II diabetes (10%), osteopenia (10%) and
cardiovascular disease (10%).

With the exception of glaucoma and hypercholesterolaemia,
subjects with SA had a significantly higher risk (OR>1) of all
other adverse effects previously linked to OCS exposure than
subjects with mild/moderate asthma. The odds of having type II
diabetes, cataracts, sleep disorders, fractures and chronic kidney
disease was 1.5–2 times higher for subjects with SA than for
those with mild/moderate asthma. The odds of dyspeptic dis-
order was almost four times higher in SA while the odds of
having osteopenia or osteoporosis in SA was over five times
higher in SA than in mild/moderate asthma.

Comparison of patients with SA with non-asthma controls
showed that all morbidities examined were significantly more
prevalent in SA, with the exception of glaucoma. The odds of
having type II diabetes, cardiovascular disease, hypertension,
psychiatric disorders and fractures was 1.5–2 times higher in SA
than in non-asthma controls. The odds of obesity (body mass
index >30 kg/m2) in SA were doubled compared with non-
asthma controls. The odds of dyspeptic disorders were almost
five times higher while sleep disorders, cataracts and chronic
kidney disease were over twice as likely in subjects with SA. The
odds of osteoporosis or osteopenia in SA was almost seven times
that of the non-asthma controls.

BTS Registry
Demographic details and clinical data of the BTS Registry
cohorts are available in table 3. It is important to emphasise that
the comparator NCSD cohort, although not receiving

maintenance OCS, had significant rescue systemic corticosteroid
exposure despite high-dose inhaled corticosteroids, consistent
with SA (median IQR rescue OCS prescriptions 4 (2–6) in the
12 months before referral). The primary purpose of this analysis
was to understand the consequences of progression to daily
maintenance OCS compared with frequent rescue steroids.

Again, subjects overall with SA were more likely to be female
but there was a greater proportion in the NCSD cohort.
Baseline body mass index was significantly lower in the NCSD
cohort than in the CSD cohort. The NCSD cohort was more
likely to be in full time employment, with significantly fewer
not working owing to their asthma. Subjects in the non-
corticosteroid cohort were more likely to be current smokers.

Pre-bronchodilator FEV1 was significantly higher and less
obstructive in the non-corticosteroid cohort (77.42±25.09%
predicted vs 66.70±24.05% predicted, p<0.001). For health-
care use at baseline, subjects in the severe NCSD cohort had sig-
nificantly fewer unscheduled visits to their general practitioner
or to Accident and Emergency (p=0.035) and hospital admis-
sions in the previous 12 months (p<0.001). Previous admission
to the intensive therapy unit (ITU) was also lower (p<0.001),
although overall ITU admission rates were low in both cohorts.

Despite not receiving maintenance OCS, the NCSD cohort
were exposed to frequent rescue courses of OCS (median 4
(IQR 1–6)), although pre-referral rescue OCS courses were sig-
nificantly higher in the CSD cohort (median 5 (IQR 2–8)), as
was the inhaled corticosteroid dose (2000 (1600–2000) vs 2000
(1000–2000) μg beclomethasone dipropionate equivalent) and
daily short-acting β-agonist use (median 8 (4–10) vs 6 (4–10).

Hospital Anxiety and Depression Scale (HADS, n=510),
Asthma Quality of Life Questionnaire (AQLQ, n=434) and
EuroQoL (EQ-5D, n=414) data were available to assess
anxiety/depression, asthma and generic-related quality of life
scores. Mean anxiety scores were >8, suggestive of mild anxiety
in both cohorts but, additionally, depression scores for subjects
with severe corticosteroid-dependent asthma were significantly
higher than in those with non-corticosteroid asthma (p=0.001),
although remained in the normal range.

Quality-of-life scores were significantly lower for subjects in
the CSD cohort for both EQ-5D domain and Visual Analogue
Scale scores. AQLQ scores were also significantly higher for sub-
jects not receiving maintenance OCS across all domains (see
table 3).

Potential corticosteroid-induced morbidities were more com-
monly seen in subjects receiving maintenance OCS than in sub-
jects with NCSD, with 20% of subjects with NCSD asthma
having three or more comorbidities compared with 53% of sub-
jects with CSD asthma (table 3 and online supplementary table
E1, p<0.001).

Prevalence of corticosteroid-induced morbidity in subjects
with NCSD in the BTS Registry
The prevalence rates of the major adverse effects examined (see
online supplementary table E1) were significantly lower in the
NCSD cohort with the exception of osteoporosis, osteopenia,
cardiovascular disease and glaucoma (table 4). However, high
rates of obesity (45%), psychiatric disorders (14%), dyspeptic
symptoms (48%) and hypertension (15%) were still apparent in
the NCSD cohort. After controlling for age, hospital and
gender, associations with severe CSD asthma were strongest for
type II diabetes and obstructive sleep apnoea.

Eighty-nine percent of those with NCSD asthma with a
report of psychiatric disorder had completed HADS at baseline
compared with 69% of those with corticosteroid-dependent
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asthma. Clinically significant anxiety symptoms were confirmed
by a HADS-A score ≥11 and were present in the NCSD cohort
(11.54±5.44) while in the corticosteroid-dependent cohort
anxiety scores were above normal ranges (10.69±4.27),
although this difference failed to reach statistical significance
(p=0.38). HADS depression scores were also higher in those
with NCSD asthma and were suggestive of depression in both
cohorts and supportive of the diagnosis (9.29±5.13 vs 8.84
±3.71, p=0.61), but the difference was not statistically
significant.

Prevalence rates for corticosteroid-induced morbidity in
OPCRD compared with the BTS Registry
The selection criteria for SA from OPCRD (GINA step 5 treat-
ment and four or more prescriptions for OCS in each of two
consecutive study years) would apply to the majority of subjects
in the BTS Registry and we therefore compared morbidity
prevalence rates from both datasets (table 5). (Formal statistical
comparison of prevalence rates between the OPCRD and the
BTS Registry was not thought to be appropriate because of the
differing ascertainment methods used in the two sources.)

DISCUSSION
Treatment with systemic corticosteroids in some patients with
SA helps to improve asthma control and reduce exacerbation
rates through their anti-inflammatory effects. However, data
from the OPCRD and the BTS Difficult Asthma Registry shows
that patients with SA have substantial excess morbidity from
multiple diseases and adverse effects associated with systemic
corticosteroid exposure. Differences are apparent when compar-
ing prevalence rates in subjects with SA who are NCSD but
require frequent rescue courses of OCS each year and compared
with subjects with mild/moderate asthma and non-asthma con-
trols. To our knowledge, these are the first data reporting preva-
lence rates of potential systemic corticosteroid-induced
comorbidity specifically in subjects with SA.

Most subjects (92–93%) with SA examined had at least one con-
dition which has been linked to systemic corticosteroid exposure,
with significantly higher prevalence rates than in subjects with
mild/moderate asthma, and higher again than in subjects examined

without asthma. Several studies have investigated comorbidity in
patients with asthma compared with non-asthmatic controls but in
those studies it is difficult to differentiate asthma severity or sys-
temic corticosteroid exposure and any potential influence on the
development of comorbid disease.18–23 Steppuhn et al18 showed
that 60% of subjects with asthma in their study reported at least
one comorbidity, with 18% reporting at least three comorbidities;
similar rates were found in a younger asthmatic population by
Karlstad et al.22 Our data showed that subjects with mild/moderate
asthma (GINA step 2/3 treatment) who are matched for age and
gender have a prevalence of comorbidity similar to that of non-
asthmatic controls, suggesting that much of the additional
comorbidity associated with asthma is due to systemic corticoster-
oid exposure.

Several systematic reviews in multiple heterogeneous and dif-
ferent patient groups have shown that systemic corticosteroids
are a common cause of adverse events in patients exposed to
regular doses of OCS.3 4 24 Among the most frequently
reported morbidities were osteoporosis, dyspeptic disorders,
sleep disturbance, hypertension, diabetes, fractures and catar-
acts, which is similar to our data in SA. Zazzali et al15 demon-
strated in a mixed respiratory cohort that the most common
adverse effects of OCS use were hypertension, lipid disorders
and diabetes. These new data from OPCRD and the BTS
Registry have identified strong associations with many of these
conditions and others which are associated with the use of OCS
in SA.

Data from two different datasets in SA shows that the esti-
mated prevalence for the majority of the corticosteroid-induced
morbidities is similar and we believe these estimates are reflect-
ive of the prevalence of these conditions in this population.
These disease estimates will inform cost analyses in this group
to better capture the true effects of regular systemic corticoster-
oid exposure. Some differences were noted when comparing the
OPCRD data with that from the BTS Registry. Higher rates of
osteopenia and obstructive sleep apnoea were found in the BTS
Registry subjects compared with subjects with SA in the
OPCRD and a number of factors may explain these differences.
First, subjects from the BTS Registry were receiving substantially
higher doses of inhaled corticosteroids than the OPCRD SA

Table 2 Prevalence rates of potential systemic corticosteroid-induced comorbidity and comparisons by groups in the OPCRD dataset

Morbidity
Severe asthma
(%) (n=808)

Mild/moderate
asthma (%) (n=3975) OR (95% CI)* p Value*

Non-asthma controls
(%) (n=2412) OR (95% CI)* p Value*

Type II diabetes 82 (10) 281 (7) 1.46 (1.11 to 1.91) 0.006 149 (6) 1.76 (1.30 to 2.38) <0.001
Obesity (BMI >30 kg/m2) 339 (42) 1385 (35) 1.36 (1.16 to 1.59) <0.001 561 (23) 2.04 (1.74 to 2.39) <0.001
Osteopenia 78 (10) 85 (2) 5.26 (3.75 to 7.37) <0.001 41 (2) 6.68 (4.28 to 10.43) <0.001
Osteoporosis 126 (16) 162 (4) 5.23 (3.97 to 6.89) <0.001 74 (3) 6.53 (4.63 to 9.21) <0.001
Fracture 41 (5) 134 (3) 1.54 (1.06 to 2.22) 0.022 88 (4) 1.65 (1.14 to 2.39) 0.007
Dyspeptic disorders 524 (65) 1331 (34) 3.99 (3.37 to 4.72) <0.001 578 (24) 4.88 (4.11 to 5.79) <0.001
Glaucoma 32 (4) 137 (3) 1.12 (0.75 to 1.68) 0.58 67 (3) 1.41 (0.89 to 2.25) 0.15
Cataract 70 (9) 195 (5) 1.89 (1.39 to 2.56) <0.001 105 (4) 2.42 (1.70 to 3.43) <0.001
Cardiovascular disease 77 (10) 277 (7) 1.36 (1.02 to 1.81) 0.035 168 (7) 1.57 (1.14 to 2.15) 0.005
Hypertension 276 (34) 1145 (29) 1.35 (1.12 to 1.61) 0.001 596 (25) 1.76 (1.44 to 2.14) <0.001
Psychiatric conditions/anxiety/
depression

310 (38) 1238 (31) 1.43 (1.22 to 1.69) <0.001 607 (25) 1.67 (1.42 to 1.97) <0.001

Hypercholesterolaemia 124 (15) 561 (14) 1.15 (0.92 to 1.44) 0.21 258 (11) 1.61 (1.25 to 2.08) <0.001
Sleep disorder 33 (4) 99 (2.5) 1.70 (1.13 to 2.53) 0.010 40 (2) 2.21 (1.46 to 3.35) <0.001
Chronic kidney disease 110 (14) 342 (9) 1.80 (1.39 to 2.32) <0.001 167 (7) 2.41 (1.81 to 3.21) <0.001

*OR (95% CI) and p values are calculated for the severe asthma cohort relative to each of the other two groups.
BMI, body mass index; OPCRD, Optimum Patient Care Research Database.
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cohort. Second, subjects in the BTS Registry all had detailed sys-
tematic assessment in specialist centres, where problems such as
adherence to treatment and screening for assessment of
corticosteroid-induced comorbidities with routine dual energy
X ray absorptiometry scanning and assessment for obstructive
sleep apnoea is routine.1 25 26 Higher rates of psychiatric disor-
ders, hypertension, cardiovascular disease, glaucoma, cataracts
and fractures were evident in subjects with SA in the OPCRD
than in the BTS Registry. The advantage of using a primary care
database is that recording of such conditions is completed rou-
tinely in line with the Quality and Outcomes Framework (QOF)
where general practitioners are reimbursed for maintaining
disease registers and reviewing patients with certain conditions.
Interestingly four out of six of the aforementioned conditions
are included in this QOF. It is also possible that these conditions
are under-reported in the Registry. It is important that these dif-
ferences are considered in the future provision of detailed
screening programmes for patients with SA exposed to regular
systemic corticosteroids.

A new finding of this study is the association with SA and
chronic kidney disease, although this is perhaps not surprising
considering the high prevalence rates of overlapping major risk
factors, including diabetes, hypertension and obesity. This study
supports the importance of inclusion of early and regular assess-
ment and prevention measures as part of the systematic manage-
ment of these patients in order to avoid progression to dialysis
and risk of other costly consequences such as cardiovascular
disease and premature death.

Using data from the BTS Registry we have been able to dem-
onstrate that regular daily corticosteroid exposure is associated
with a measurably greater prevalence of
corticosteroid-associated morbidities compared with subjects
with severe disease receiving frequent rescue courses. We were
also able to demonstrate significantly lower asthma and generic
quality-of-life scores in asthma requiring maintenance corticos-
teroids and taken together, this suggests that the move to daily
corticosteroids, while potentially providing better asthma
control and reduced exacerbation risk, is likely to have a major

Table 3 Demographic details, medication, healthcare use and quality-of-life scores British Thoracic Society Severe Asthma Registry at time of
initial clinical assessment

All (n=770)
Severe non-corticosteroid-
dependent asthma (n=328)

Severe corticosteroid-
dependent asthma (n=442) p Value

Female (%) 502 (65) 233 (71) 269 (61) 0.003
Age in September 2013 50±14.5 48.4±15.47 50.5±13.7 0.05
Caucasian (%) 694 (90) 290 (88) 404 (91) 0.17
Age (years) asthma diagnosed 16 (4–35) 13 (4–35) 18 (4–35) 0.38
BMI (kg/m2) 30.3±6.9 29.5±7.1 30.9±6.7 0.009
Smoking status
Current (%) 61 (8) 36 (11) 25 (6) 0.007
Ex-smoker (%) 210 (27) 84 (26) 126 (29) 0.37

Employment status
Full-time employment (%) 307 (40) 157 (48) 150 (34) <0.001
Not working due to asthma (%) 198 (26) 53 (16) 145 (33) <0.001

FEV1 (% predicted) 71.27±25.05 77.42±25.09 66.70±24.05 <0.001
FEV1/FVC ratio (%) 65.22±14.96 67.91±14.49 63.16±15.01 <0.001
Median unscheduled visits to GP or A&E in preceding 12 months (IQR) 4 (2–6) 4 (1–6) 4 (2–7) 0.035
Median total number of ITU admissions ever (IQR) 0 (0–0) 0 (0–0) 0 (0–1) <0.001
Median hospital admissions in previous 12 months (IQR) 0 (0–2) 0 (0–1) 1 (0–2) <0.001
Median rescue OCS courses in preceding 12 months (IQR) 4 (2–6) 4 (1–6) 5 (2–8) <0.001
Median prednisolone dose (IQR) (mg) – – 15 (10–20) –

Median BDP equivalent dose 2000 2000 2000 <0.001
(IQR) (μg ) (1200–2000) (1000–2000) (1600–2000)
Median SABA use (IQR) (puffs per day) 8 (4–10) 6 (4–10) 8 (4–10) 0.002
HADS anxiety 8.41±4.82 8.18±4.95 8.61±4.72 0.32
HADS depression 6.55±4.37 5.83±4.41 7.15±4.26 0.001
EQ-5D 0.58±0.34 0.63±0.33 0.53±0.33 0.002
EQ-VAS 55±21.5 58±21.9 53±20.9 0.013
AQLQ symptom score 3.36±1.45 3.72±1.34 3.07±1.47 p<0.001
AQLQ activity score 3.66±1.30 3.96±1.35 3.41±1.22 <0.001
AQLQ emotional score 3.32±1.58 3.74±1.61 2.98±1.48 <0.001
AQLQ environment score 3.97±1.57 4.2±1.52 3.79±1.58 0.005
AQLQ total score 3.54±1.24 3.86±1.26 3.30±1.18 <0.001
Number of corticosteroid-induced morbidities (%) (online supplementary table E1)
0 118 (15) 82 (25) 36 (8) <0.001

1 182 (24) 105 (32) 77 (17)
2 171 (22) 75 (23) 96 (22)
≥3 299 (39) 66 (20) 233 (53)

Data are shown as mean±SD unless otherwise specified.
A&E, Accident and Emergency; AQLQ, Asthma Quality of Life Questionnaire; BDP, beclomethasone dipropionate; BMI, body mass index; EQ, EuroQoL; GP, general practitioner; HADS,
Hospital Anxiety and Depression Scale; ITU, intensive therapy unit; OCS, oral corticosteroids; SABA, short-acting β agonist; VAS, Visual Analogue Scale.
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impact on patient morbidity and overall well-being. The influ-
ence of comorbidity on quality of life and functional status has
previously been studied and shown to have a negative impact on
quality-of-life scores.19 Additionally, subjects in the
corticosteroid-dependent group were less likely to be in full-
time employment and more likely to report impairment at work
causing a reduction in working hours or complete inability to
work. All of these constitute indirect costs of SA with a further
link to daily OCS use and are likely to account for a substantial
amount of overall costs for this cohort.

The presence of comorbidity places a substantial burden on
individuals and healthcare systems, irrespective of the under-
lying cause. These data have shown that most subjects with SA
have multiple conditions which need to be managed and pre-
vented where possible. Previous studies have shown that
comorbid conditions and, in particular, asthma-related
comorbidity, is associated with increased healthcare use and
with a negative effect on health status, functional impairment
and quality of life.19–21 27 28 Taken collectively, these effects
have major implications for patients with SA and also for specia-
lists aiming to provide effective management of these patients,
as well as placing a substantial burden on healthcare systems. It
is worth mentioning that the mean age of subjects from both

the BTS Registry and OPCRD is early to mid-50s and with such
a heavy burden of comorbidity identified, the long-term impli-
cations of costs in this population would be considerable. Even
at the age of 50, patients may be on a path towards a long-term
burden of multiple chronic diseases with substantial healthcare
and personal costs.

Our analysis has a number of potential limitations. Owing to
the cross-sectional nature of the datasets, the causality of effects
is difficult to ascertain. These conditions might have preceded
OCS use. However, the difference between subjects with SA
receiving maintenance OCS and those receiving frequent
courses of OCS for long periods does suggest a causal relation-
ship between regular (daily) OCS use and the additional mor-
bidity. Additionally, supporting this argument, the adverse
effects we explored are all recognised as being associated with
corticosteroid exposure. We were interested in investigating the
influence of the dose and duration of treatment on the occur-
rence of adverse effects in a population exposed to oral corticos-
teroids. However, owing to the nature of the data from both the
BTS Registry and OPCRD, it is difficult to identify the date at
which significant systemic steroid exposure started and many of
these subjects might have been exposed to systemic steroids for
decades from a time when prescription records are not available

Table 4 Prevalence rates of corticosteroid-induced morbidity and comparisons between cohorts in the BTS Registry

Disease/adverse event

Severe
corticosteroid-
dependent
asthma (442)
n (%)

Severe non-
corticosteroid-dependent
asthma (328)
n (%) OR (95% CI)* OR (95% CI)† OR (95% CI)‡ p Value

Endocrine disorder
IDDM 2 (0.5) 1 (0.3) – – – 1.00
NIDDM 64 (14) 15 (5) 3.55 (1.98 to 6.35) 3.50 (1.94 to 6.24) 3.48 (1.94 to 6.26) <0.001

Cardiac disease
Hypertension 98 (22) 49 (15) 1.61 (1.11 to 2.36) 1.59 (1.07 to 2.36) 1.59 (1.07 to 2.37) 0.012
Cardiovascular disease 27 (6) 25 (8) 0.78 (0.44 to 1.37) 0.74 (0.41 to 1.33) 0.71 (0.39 to 1.30) 0.41
Hypercholesterolaemia 76 (17) 24 (7) 2.61 (1.60 to 4.23) 2.64 (1.60 to 4.37) 2.59 (1.57 to 4.30) <0.001

Osteoporosis and bone disease
Osteoporosis 57/319 (18) 18/122 (15) 1.26 (0.71 to 2.24) 1.27 (0.71 to 2.28) 1.21 (0.67 to 2.17) 0.44
Osteopenia 117/319 (37) 39/122 (32) 1.22 (0.78 to 1.90) 1.23 (0.79 to 1.92) 1.15 (0.73 to 1.81) 0.36
Fracture 13 (3) 1 (0.3) – – – 0.007

Obesity (BMI > 30 kg/m2) 237 (54) 147 (45) 1.43 (1.07 to 1.91) 1.41 (1.06 to 1.88) 1.47 (1.10 to 1.97) 0.016
Weight gain 55 (12) 3 (1) – – – <0.001

Sleep disorders
Sleep disturbance 18 (4) 2 (1) – – – 0.003
Obstructive sleep apnoea 51 (12) 13 (4) 3.14 (1.68 to 5.89) 3.07 (1.64 to 5.77) 2.80 (1.48 to 5.29) <0.001

Eye disease
Cataracts 25 (6) 0 (0) – – – 0.002
Glaucoma 8 (2) 6 (2) 0.97 (0.33 to 2.83) 0.93 (0.31 to 2.74) 0.83 (0.28 to 2.50) 0.98

Dyspeptic disorders 283 (64) 157 (48) 2.00 (1.49 to 2.68) 1.94 (1.44 to 2.61) 1.96 (1.45 to 2.64) <0.001
Psychiatric disorders
Depression/anxiety/low mood 125 (28) 46 (14) 2.36 (1.62 to 3.44) 2.39 (1.64 to 3.49) 2.57 (1.76 to 3.76) <0.001

Skin conditions 16 (4) 1 (0.3) – – – 0.002
Corticosteroid-related diseases
Cushingoid symptoms 27 (6) 1 (0.3) – – – <0.001
Adrenal insufficiency 12 (3) 1 (0.3) – – – 0.010
Corticosteroid-induced proximal

myopathy
1 (0.2) 0 – – – 1.00

*OR adjusted for hospital.
†OR adjusted for age.
‡OR adjusted for gender.
BMI, body mass index; BTS, British Thoracic Society; IDDM, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus.
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or accurate. It is also challenging to identify precisely the daily
dose of OCS or duration of treatment and whether a subject has
taken intermittent frequent steroids or received regular mainten-
ance treatment with less frequent episodic boosts of treatment.
We believe that to perform this type of analysis would require a
prospective cohort of patients with refractory asthma with data
before the onset of OCS exposure. However, given that the def-
inition of severe refractory asthma is predicated on the require-
ment for high-dose steroid treatment, we believe that identifying
such a cohort before initiation of steroids is virtually impossible.

We did not specifically exclude any systemic corticosteroid
exposure in the OPCRD cohort with mild/moderate asthma as
we wished this group to reflect usual steroid exposure in this
group. They had a median OCS dose of 250 mg exposure
(which is broadly equivalent to a single rescue course of steroids
over a 2-year period). As with all database studies, problems
such as coding errors should be considered, and data such as
socioeconomic markers were not available. Additionally, there
may be a degree of confounding by severity with higher
comorbidity detection in patients with SA who frequently attend
their general practitioner with asthma. We believe that some of
these effects were minimised by ‘validating’ prevalence rates
across the two different datasets, and the similar prevalence
rates of type II diabetes, obesity, osteoporosis, dyspeptic disor-
ders and hypercholesterolaemia across the two datasets supports
our analysis that these are accurate estimates in this population.

CONCLUSION
In conclusion, we have identified cross-sectional prevalence rates
for adverse effects which are commonly related to systemic cor-
ticosteroid use. These rates are greater in subjects with SA who
progress to maintenance (daily) corticosteroids than in subjects
with SA who have frequent rescue courses and in subjects with
mild/moderate asthma.

The most important clinical implication of these findings,
given the frequency of these morbidities and the potential effect
on patients’ health and overall quality of life, is that detailed
screening programmes should be in place for patients with SA
receiving regular systemic corticosteroids. The need for better
targeting of corticosteroid therapy in asthma using objective
biomarker-based strategies and the urgent delivery of new treat-
ments which will both reduce exposure to OCS and the overall

burden of disease are critical. Ideally, new treatments should be
introduced before the introduction of systemic corticosteroids as
maintenance treatment to prevent the adverse effects discussed.
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Methods 

 

The British Thoracic Society (BTS) Difficult Asthma Registry 

In 2007, the BTS Research Committee, in conjunction with physicians with a specialist 

interest in difficult asthma, established a National Registry for dedicated UK Difficult Asthma 

services. The aims of the group were to define clinical phenotypes in subjects with well-

characterized severe asthma (SA), to facilitate research into the assessment and clinical 

management of difficult asthma, to develop and increase access to dedicated difficult 

asthma service and to standardise clinical care in specialist clinical supra-regional clinical 

centres (1). 

There are currently eight dedicated Specialist Difficult Asthma Services submitting data to 

the UK Registry - Royal Brompton Hospital, London; Glenfield Hospital, Leicester; University 

Hospital of South Manchester; Birmingham Heartlands Hospital; Gartnavel Hospital, 

Glasgow; Stobhill Hospital, Glasgow, Southampton General Hospital and Belfast City 

Hospital. The Registry is hosted online by Dendrite Clinical Systems Ltd and collects 

password-protected, anonymous data after fully informed written consent has been 

obtained from patients. The registry records patient demographics including gender, age at 

diagnosis, occupation and BMI as well as disease characteristics such as asthma medication, 

exacerbations, and pulmonary function.  Patients at all centres undergo a standardised 

multidisciplinary, systematic assessment of their asthma. All Registry centres follow 

protocols whereby patients have multiple investigations, including a thorough medical 

history and examination, pulmonary function tests, allergy assessment (skin-prick testing 

and/or radioallergosorbent test), blood tests (incorporating serum eosinophil count and 
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IgE), bone densitometry and complete health related quality of life and asthma control 

questionnaires (Asthma Control Questionnaire (ACQ), Asthma Quality of Life Questionnaire 

(AQLQ), EuroQol EQ-5D-Generic quality of life questionnaire, Hospital, Anxiety and 

Depression Scale (HAD)). Epworth Sleepiness Scale is also completed by patients and 

overnight oximetry/polysomnography performed if indicated. All Registry data including 

objective measures as listed above were examined for analysis.  

 

The Optimum Patient Care Research Database 

The OPCRD is a large, longitudinal, primary care database offering anonymised research 

quality data with a focus on respiratory disease. It contains all point of care records for 

respiratory patients including comorbid disease information and prescriptions issued at time 

of healthcare contact. OPCRD currently holds anonymised data on approximately 700,000 

patients with asthma. The distribution of participating practices across the UK is shown in 

Figure E1.  For the purposes of statistical analysis, geographical areas of practices were 

aggregated into six regions as follows. 

Region Postcode Areas 

London CR, E, EN, HA, IG, KT, N, NW, RM, SM, TW, UB, W 

South BA, BS, CT, GL, GU, HP, ME, MK, OX, PL, RG, RH, SL, SN, TA 

East CB, CO, IP, LN, LU, NR, PE, SS 

Midlands B, CV, DE, LE, NG, NN, ST, WS, WV 

North BD, CA, CH, CW, DH, FY, HD, HG, HX, L, LA, LS, M, NE, OL, 
SR, TS, WA, WN, YO 

Outside England or missing AB, BT, DD, EH, G, ML, PH, SY 
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Figure E1 OPCRD practice distribution

 

OPCRD Cohort Definition 

Severe Asthma population    

All subjects must have had a Read Code diagnosis of asthma in the GP record and have 

received prescriptions for Step 5 GINA asthma treatment during a 2-year qualification 

period defined as continuous or frequent use of OCS and high dose inhaled corticosteroid 

maintained at 2000mcg BDP equivalent/day (2). It is not possible to identify maintenance or 

daily OCS use from GP prescription records so in order to capture subjects receiving 

continuous or with frequent use of OCS, an inclusion criterion of ≥4 prescriptions for 
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systemic corticosteroids in each of the two study years was specified for this population. A 

sub-group of SA subjects who received maintenance systemic corticosteroids quantified by 

≥6 OCS prescriptions in both years of the study was further evaluated in a sensitivity 

analysis. 

 

Mild/moderate asthma population 

The asthma population within OPCRD are coded according to their asthma therapy and 

corresponding GINA steps of asthma management. To be included in the mild/moderate 

asthma population, all subjects must have had a Read Code diagnosis of asthma and have 

received prescriptions for Step 2-3 GINA (Read Code for GINA Step 2 or Step 3) treatment 

during the 2-year qualifying period defined as ‘regular preventer therapy with add on 

asthma therapy’. This included inhaled corticosteroid therapy of 200-800mcg BDP 

equivalent dose/day with or without long-acting beta-agonist therapy or if control was still 

inadequate other asthma therapies such as leukotriene receptor antagonist or SR 

theophylline may have been prescribed (2). This mild/moderate population may have 

received none or rescue courses of OCS only during the 2 year qualifying period. 

 

Control population 

To be considered part of the ‘non-asthmatic control’ population, subjects must not have had 

a Read Code diagnosis of asthma but must have had a Read Code diagnosis of rhinitis or 

received therapy to treat rhinitis (i.e. drugs used in nasal allergy). As the OPCRD is a 

respiratory database, this population was chosen as the ‘non-asthmatic controls’ as they did 
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not have any exposure to OCS or have any other condition that warranted OCS use and they 

did not have a Read Code/ diagnosis for asthma. 

 

Matching criteria 

Matching criteria was based on subjects: 

 Age 

 Gender 

 Year of birth 

 

Exclusion criteria 

For all study subjects and to minimize the risk of confounding by non-asthmatic systemic 

steroid exposure, subjects with any of the following conditions (for which systemic 

corticosteroid treatment could be prescribed) were excluded from the study population: 

• Crohn's disease 

• Ulcerative colitis 

• Autoimmune diseases – autoimmune hepatitis 

• Joint and muscle diseases – rheumatoid arthritis, polymyalgia rheumatica 

• Chronic respiratory conditions other than asthma, i.e. Chronic Obstructive Pulonary 

Disease (COPD); bronchiectasis; cystic fibrosis; interstitial pulmonary fibrosis; 

tuberculosis.  

Figure E2 presents flowcharts for OPCRD data extraction and cohort matching.  
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Figure E2 OPCRD data extraction and cohort matching flowcharts for severe (refractory) 
asthma and controls 
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Matching of well controlled asthma patients to severe (refractory) asthma patients 

 

 

Matching of non-asthma patients to severe (refractory) asthma patients 
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Study period 

Eligibility for the cross-sectional analysis was evaluated over a 2-year qualifying period using 

the previously-defined inclusion/exclusion criteria. This was the latest 2-year period within 

the OPCRD which at time of protocol design was 1 April 2011– 30 March 2013. In OPCRD the 

latest date of download from some practices was prior to 1 April 2011 or similarly, the latest 

download may have taken place after 30 March 2013. In those circumstances, the date of 

the 2-year qualifying period differed from that stipulated in the protocol. 

Figure E3 represents the study period for the OPCRD analysis. 

 

Figure E3  Schematic for definition of study period. 

 

Morbidity evaluations OPCRD 

The most commonly reported adverse effects of OCS were evaluated (Table E1) (3-16). Read 

Codes are a coded thesaurus of clinical terms and have been in use in the NHS since 1985. 

Refractory asthma patient

Practice enters  

OPCRD

Matched well-controlled asthma patient †

Matched non-asthmatic (rhinitis) patient ‡

Index date 

for eligibility

(2 years earlier than 

date of last practice 

download in OPCRD) 

Retrospective assessment period for morbidities

Date of last 

practice 

download in 

OPCRD

†  Age, sex and practice matched. 

Must have had well-controlled asthma throughout the 2 year qualifying period.

‡  Age, sex and practice matched

Must have no asthma diagnosis in either the qualifying period or the retrospective period.

2 year qualifying 

period for eligibility
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They are a basic means by which clinicians record patient findings and procedures across 

health and social care IT systems and are the clinical classification system currently used in 

primary care in the UK.  OPCRD currently uses Version 2 Read Codes and all relevant coding 

was extracted from the NHS Read Code Browser and codes relating to the adverse effects 

listed below were then extracted from the OPCRD ‘clinical’ file for analysis. Rates are 

reported for each cohort and the rates in SA subjects are compared with the rates in 

mild/moderate asthma and non-asthmatic controls. 

Table E1 Adverse effects of OCS use 

Morbidity/Adverse Effect 

Osteoporosis 

Fracture 

Diabetes 

Hypertension 

Ophthalmic effects – cataracts, glaucoma 

Dyspeptic disorders – peptic ulcer disease 

Psychiatric events – anxiety, depression, agitation 

Infections 

Sleep disturbances – insomnia 

Dyslipidaemia 

Weight gain 

Skin conditions – bruising, thinning, striae, skin atrophy, acne 

Muscle weakness/myopathy 

Cardiovascular conditions – MI, heart failure 

Oral candidiasis 

Hyperglycaemia 

Adrenal suppression/insufficiency 

Osteonecrosis 

Cushingoid changes – moon facies, abdominal obesity 
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Study size  

The power of this study to detect excesses of steroid induced morbidity depends on the size 

of the groups, the frequency of the morbidity in the comparison group (mild/moderate 

asthmatic population or non-asthmatic population) and the magnitude of the excess rate 

expressed in terms of the relative risk, the ratio of the morbidity rates in the severe asthma 

and control groups.  Table E2 shows the power of the main study of 800 asthma subjects on 

maintenance OCS and of the sub-group analysis of 450 receiving ≥6 OCS in each qualifying 

year to detect various relative risks depending on the prevalence of the morbidity.  

Table E.2 Retrospective power assessment of a study of 800/450 asthma subjects on 

maintenance OCS to detect a given increase in risk as statistically significant (P<0.05) 

assuming a comparison group 5-times the size.  

Prevalence of morbidity in 
comparison group 

Power of study of 800 patients (main analysis) 

Relative risk 

x1.25 x1.5 x2.0 x2.5 x3.0 

1% 8%†  22% 58% 84% 100% 

2% 13% 39% 86% 99% 100% 

3% 19% 54% 96% 100% 100% 

4% 24% 66%    99%  100% 100% 

5% 29% 76% 100% 100% 100% 

10% 53% 97% 100% 100% 100% 

15% 73% 100% 100% 100% 100% 

20% 68% 100% 100% 100% 100% 

25% 87% 100% 100% 100% 100% 

30% 100% 100% 100% 100% 100% 

†  Stata sample size and power calculation command:  sampsi 0.0125 0.01, n1(800) r(5)  

Prevalence of morbidity in 
comparison group 

Power of study of 450 patients (sub-group analysis) 

Relative risk 

x1.25 x1.5 x2.0 x2.5 x3.0 

1% 5%†  13% 38% 62% 84% 

2%  9% 24% 64% 89% 97% 

3% 12% 34% 80% 97% 100% 

4% 15% 44%    90%  99% 100% 

5% 18% 52%   95% 100% 100% 

10% 33% 83% 100% 100% 100% 

15% 49% 96% 100% 100% 100% 

20% 63% 99% 100% 100% 100% 

25% 76% 100% 100% 100% 100% 

30% 86% 100% 100% 100% 100% 

†  Stata sample size and power calculation command:  sampsi 0.0125 0.01, n1(450) r(5)  
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Statistical analysis 

The conditional logistic regression model (17) was employed for statistical analysis to take 

account of the matching of severe asthma cases with well-controlled asthma controls and 

rhinitis (non-asthma) controls.   

Suppose that the ith of I matched groups contains one case and Mi matched controls.   

Denote by xi0 = (xi01,…,xi0K) the K-vector of covariates (k=1,…,K) for case i (i=1,…,I),  and 

denote by xij = (xij1,…,xijK) the corresponding vector for the jth control (j=1,…,Mi).   The 

conditional likelihood may be obtained as 

                                                         

               where k represents the regression parameter for covariate xk (k=1,…,K). 

This likelihood can be maximised to obtain estimates bk of k together with their standard 

errors SE(bk) (k=1,…,K).  These estimates may be antilogged to provide odds ratios (OR), 

exp(bk), and 95% confidence limits (CI), exp(bk1.96 SE(bk)) (k=1,…,K).   

The covariates status (coded as case=1, control=0) and geographical region (coded as a 

series of dummy variables) were included in all analyses.  Sample STATA commands for each 

analysis, with the adverse event non-insulin dependent diabetes (NIDDM), are given below,  

xi:clogit NIDDM status i.region, group(MATCH_WELLCNTRL) or 

xi:clogit NIDDM status i.region, group(MATCH_RHINITIS) or 

 

where    MATCH_WELLCNTRL identifies the matched groups of severe asthma and well-
controlled asthma controls  

 
and         MATCH_RHINITIS identifies the matched groups of severe asthma and rhinitis  

(non-asthmatic)  controls. 
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Results 

Sub-group analysis of severe asthma subjects receiving ≥6 OCS 

Minor change was noted in prevalence rates in this analysis (Table E3). The odds of 

osteopenia in SA compared to non-asthma controls increased 2-fold from the original 

analysis to OR of 8.72 (95% CI 5.15-14.75) from OR of 6.68 (4.28-10.43). Prevalence rates 

and OR for fractures in refractory asthma compared to controls was no longer statistically 

significant. Similarly, the rates and OR of cardiovascular disease in SA compared to 

mild/moderate asthma failed to reach statistical significance. 
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Table E3 Sub-group analysis of severe asthma subjects receiving ≥6 OCS in each qualifying year OPCRD 

Morbidity Severe asthma 
(%) 

n=465 

Mild/moderate 
asthma (%) 

n=2280 

OR (95% CI) p-value Non-asthma 
controls (%) 

n=1375 

OR (95%CI) p-value 

Type II diabetes 53(11%) 161(7%) 1.69(1.22-2.35) 0.001 89(7%) 1.86(1.30-2.66) 0.001 

Obesity (BMI >30) 194(42%) 808(35%) 1.30(1.06-1.60) 0.010 328(24%) 2.29(1.83-2.85)` p<0.001 

Osteopenia  53(11%) 55(2%) 5.21(3.52-7.69) p<0.001 20(2%) 8.72(5.15-14.75) p<0.001 

Osteoporosis 86(19%) 99(4%) 5(3.68-7.69) p<0.001 43(3%) 7.03(4.79-10.31) p<0.001 

Fracture 22(5%) 79(4%) 1.38(0.85-2.24) 0.19 50(4%) 1.32(0.79-2.20) 0.29 

Dyspeptic disorders 318(68%) 790(35%) 4.08(3.30-5.05) p<0.001 337(25%) 6.66(5.29-8.39) p<0.001 

Glaucoma  23(5%) 88(4%) 1.30(0.81-2.07) 0.28 45(3%) 1.54(0.92-2.57) 0.10 

Cataract 51(11%) 127(6%) 2.09(1.48-2.94) p<0.001 59(4%) 2.75(1.86-4.06) p<0.001 

Cardiovascular disease 48(10%) 176(8%) 1.38(0.98-1.93) 0.06 97(7%) 1.52(1.06-2.18) 0.024 

Hypertension 163(35%) 680(30%) 1.27(1.03-1.57) 0.026 350(26%) 1.58(1.26-1.98) p<0.001 

Psychiatric conditions/ 

Anxiety/depression 

173(37%) 707(31%) 1.32(1.07-1.62) 0.009 352(26%) 1.72(1.38-2.15) p<0.001 

Hypercholesterolemia 75(16%) 338(15%) 1.10(0.84-1.45) 0.47 148(11%) 1.59(1.18-2.15) 0.002 

Sleep disorder 19(4%) 56(3%) 1.69(1.00-2.87) 0.049 22(2%) 2.62(1.41-4.89) 0.002 

Chronic kidney disease  74(16%) 202(9%) 1.95(1.46-2.60) p<0.001 93(7%) 2.61(1.88-3.61) p<0.001 
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