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ABSTRACT
Introduction Oral corticosteroids (OCS) for asthma are 
associated with increased risks of developing adverse 
outcomes (adverse outcomes); no previous study has 
focused exclusively on intermittent OCS use.
Methods This historical (2008–2019) UK cohort 
study using primary care medical records from two 
anonymised, real- life databases (OPCRD and CPRD) 
included patients aged≥4 years with asthma receiving 
only intermittent OCS. Patients were indexed on their first 
recorded intermittent OCS prescription for asthma and 
categorised by OCS prescribing patterns: one- off (single), 
less frequent (≥90 day gap) and frequent (<90 day 
gap). Non- OCS patients matched 1:1 on gender, age 
and index date served as controls. The association of 
OCS prescribing patterns with OCS- related AO risk was 
studied, stratified by age, Global Initiative for Asthma 
(GINA) 2020 treatment step, and pre index inhaled 
corticosteroid (ICS) and short- acting β2- agonist (SABA) 
prescriptions using a multivariable Cox- proportional 
hazard model.
Findings Of 476 167 eligible patients, 41.7%, 26.8% 
and 31.6% had one- off, less frequent and frequent 
intermittent OCS prescribing patterns, respectively. Risk 
of any AO increased with increasingly frequent patterns 
of intermittent OCS versus non- OCS (HR; 95% CI: 
one- off 1.19 (1.18 to 1.20), less frequent 1.35 (1.34 to 
1.36), frequent 1.42 (1.42 to 1.43)), and was consistent 
across age, GINA treatment step and ICS and SABA 
subgroups. The highest risks of individual OCS- related 
adverse outcomes with increasingly frequent OCS were 
for pneumonia and sleep apnoea.
Conclusion A considerable proportion of patients 
with asthma receiving intermittent OCS experienced a 
frequent prescribing pattern. Increasingly frequent OCS 
prescribing patterns were associated with higher risk 
of OCS- related adverse outcomes. Mitigation strategies 
are needed to minimise intermittent OCS prescription in 
primary care.

INTRODUCTION
Despite the availability of novel and innovative treat-
ments for asthma, oral corticosteroids (OCS) are still 
widely used.1 2 Both the British Thoracic Society/
Scottish Intercollegiate Guidelines Network3 and 
the Global Initiative for Asthma (GINA) report1 
recommend an intermittent OCS dose of 40–50 mg 

prednisolone daily for at least 5 days for the manage-
ment of severe exacerbations, and in 2021, a Delphi 
study found consensus on a dose of 0.5 mg/kg/day for 
a short course of OCS.4 In a real- world study of OCS 
prescription patterns that included both intermittent 
and long- term OCS prescriptions in France, Germany, 
Italy and the UK from 2012 to 2017, 14%–44% of 
patients with asthma aged≥12 years were prescribed 
OCS and 6%–9% had high OCS use (defined as 
≥450 mg within 90 days, ie, corresponding to an 
average of ≥5 mg per day) at some point during 
follow- up (median range 33–55 months).5 In a 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Although widely prescribed, particularly 
for acute exacerbations of asthma, both 
intermittent and long- term use of oral 
corticosteroids (OCS) are associated with an 
increased risk of developing acute and chronic 
adverse outcomes (adverse outcomes), and this 
risk increased with higher cumulative and mean 
daily systemic corticosteroid exposure. However, 
data on the adverse outcomes with patterns of 
intermittent OCS prescription are scarce.

WHAT THIS STUDY ADDS
 ⇒ Using two large, well- established UK databases 
(OPCRD and CPRD) with high data quality and 
granularity enabled us to study the specific 
association between patterns of intermittent 
OCS prescriptions and risk of different OCS- 
related adverse outcomes in almost half a 
million patients with asthma.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Increasingly frequent prescribing patterns 
of intermittent OCS were associated with a 
higher risk of individual OCS- related adverse 
outcomes, and this association remained 
consistent across levels of age, Global Initiative 
for Asthma treatment step and inhaled 
corticosteroid maintenance and short- acting 
β2- agonist reliever use. Our results therefore 
suggest that the use of intermittent OCS in the 
management of asthma should be minimised 
whenever possible.

  1Heatley H, et al. Thorax 2022;0:1–8. doi:10.1136/thorax-2022-219642
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Asthma

systematic review of studies from Europe, North America and Asia 
in patients with asthma aged>5 years, annual systemic corticoste-
roid (SCS) or OCS prescription was reported in ~50% of patients, 
with short- term use reported in up to 36% of patients; well above 
what might be expected for treatment according to guideline recom-
mendations.6 Recent studies have shown a high prevalence of exac-
erbations treated with OCS across all severities of asthma,7 8 and 
exacerbations are increasingly being recognised as a major problem 
or as a risk factor for asthma death outside of severe asthma.

The use of SCS, even in the short- term, is associated with an 
increased risk of developing acute and chronic adverse outcomes 
(adverse outcomes).9 10 A study of both intermittent and long- 
term SCS prescriptions (parenteral or oral; median follow- up 7.4 
years) showed that this risk increased with higher cumulative and 
mean daily SCS exposure.11 This is supported by another study of 
intermittent and long- term SCS prescriptions (parenteral or oral; 
median follow- up 7.1 years) in which increases in cumulative inci-
dences of steroid- related adverse outcomes were dose dependent.12 
Such OCS- related adverse outcomes can have a major impact on 
health‐related quality of life13–16 and are associated with increased 
healthcare resource use.17

Prior research on OCS- related adverse outcomes has focused 
mostly on overall OCS exposure, on cumulative or average daily 
OCS exposure from both intermittent and long- term prescrip-
tions. There have been no longitudinal studies that have focused 
exclusively on examining the association between patterns of 
intermittent- only OCS prescriptions and risk of adverse outcomes. 
Previous attempts to classify OCS use as intermittent or long- term 
use were varied and based on aggregate measures over a specific 
time period, such as continuous OCS prescription,18 continuous 
OCS use without a gap,19 average number of days on OCS,20 titra-
tion patterns and cumulative daily dosage,17 21 none of which are 
perfect. As a result, it is challenging to separate out the adverse 

outcomes associated with intermittent use and long- term use given 
this absence of a clear definition of long- term use in secondary data. 
There is also a risk that, instead of identifying adverse outcomes 
related to intermittent OCS use, hidden historical cumulative OCS 
adverse outcomes are identified instead. Therefore, in this study, we 
specifically aimed to assess for the first time the association between 
longitudinal patterns of intermittent OCS prescriptions, cumulative 
OCS dosages and OCS- related adverse outcomes in a large cohort 
of UK primary care patients with asthma identified as treated with 
intermittent- only OCS.

METHODS
Study design and data sources
This was a historical UK cohort study of patients≥4 years with 
asthma using primary care medical records from 2008 to 2019, 
where adverse outcomes in a cohort of patients with intermittent- 
only OCS use were compared with a matched patient cohort 
of never users of OCS. Data were sourced from the Optimum 
Patient Care Research Database (OPCRD)22 and Clinical Prac-
tice Research Datalink (CPRD) GOLD,23 two anonymised, real- 
life UK databases containing patient electronic medical records 
extracted from primary care and linked, in the case of CPRD, to 
a range of other health- related data to provide a longitudinal, 
representative UK population health dataset. CPRD contains 
data from primary care using Vision (Surgical Information 
Systems, Georgia, USA) software only; OPCRD contains data 
from a range of software providers, including EMIS (EMIS 
Health, Leeds, UK), iSoft (DXD Technology, Sydney, Australia) 
and Vision. The OPCRD comprises data extracted through the 
optimum patient care (OPC) clinical service evaluation and 
contains research- quality data for ~17 million patients across 
the UK.22 At the time of study, the CPRD GOLD database had 

Figure 1 Flow chart of UK patients with asthma receiving intermittent OCS prescriptions in this study. 1Asthma events include asthma medication, 
asthma review or asthma diagnosis. CPRD, Clinical Practice Research Datalink; OCS, oral corticosteroid; OPCRD, Optimum Patient Care Research 
Database.
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coverage of over 11 million current patients from 674 practices 
in the UK, with data linked to Hospital Episode Statistics up to 
March 2019, allowing for identification of any hospital admis-
sion, including admissions with asthma as the primary diagnosis, 
as well as outpatient visits and emergency department atten-
dances. To avoid overlap of the same primary care data between 
CPRD and OPCRD, Vision data were dropped from the OPCRD 
database prior to commencing the study.

Patients
Patients aged≥4 years with at least 12 months’ clinical data prior 
to index date receiving only intermittent OCS (OCS cohort) 
were matched 1:1 on gender, age and index date with patients 

with or without asthma who had received no exposure to OCS 
(‘never users’ or ‘non- OCS’ cohort). Patients who were receiving 
or suspected of receiving long- term OCS prescriptions were 
excluded, as per a previously defined algorithm.24 The index 
date for patients in the OCS cohort was the first intermittent 
OCS prescription within 3 months of an asthma event, which 
included asthma medication, consultation and/or diagnosis. 
Patients in the non- OCS cohort were indexed on the nearest 
general practitioner visit to the index date of the matched OCS 
patient.

OCS and non- OCS patients were also excluded if they had 
a diagnosis, ever, of one of the following chronic conditions 
commonly treated with OCS: ankylosing spondylitis, Sjögren’s 

Table 1 Baseline demographics and clinical characteristics of UK patients with asthma receiving intermittent OCS

Non- OCS (never 
users) n=476 167*

Any OCS n=476 167 
(100%)

One- off OCS n=198 
422 (41.7%)

Less frequent OCS† 
n=127 419 (26.8%)

Frequent OCS‡ n=150 
326 (31.6%)

Age, mean, years (SD) 38.1 (22.4) 38.1 (22.4) 35.6 (22.3) 36.9 (22.1) 42.4 (22.2)

Age category, n (%)

  4–<12 years 76 859 (16.1) 77.131 (16.2) 35 478 (17.9) 22 568 (17.7) 19 085 (12.7)

  12–<18 years 36 329 (7.6) 36 262 (7.6) 19 336 (9.7) 9518 (7.5) 7408 (4.9)

  18–<65 years 292 846 (61.5) 292 778 (61.5) 118 163 (59.6) 78 572 (61.7) 96 043 (63.9)

  ≥65 years 70 133 (14.7) 69 996 (14.7) 25 445 (12.8) 16 761 (13.2) 27 790 (18.5)

Female, % 55.7 55.7 51.8 56.3 60.2

Follow- up, median, years (IQR) 9.0 (4.7, 14.7) 8.3 (4.2, 13.7) 6.4 (3.1, 11.5) 9.8 (5.6, 14.9) 9.6 (5.1, 15.2)

Time in database pre index, median, years (IQR) 16.8 (7.8, 30.4) 17.0 (7.5, 31.1) 15.1 (6.9, 28.3) 16.2 (7.2, 30.1) 20.6 (9.1, 34.9)

BMI

  Underweight, n (%) 23 904 (5.0) 35 998 (7.6) 15 159 (7.6) 10 257 (8.0) 10 553 (7.0)

  Normal, n (%) 144 517 (30.4) 138 469 (29.1) 56 728 (28.6) 37 665 (29.6) 44 061 (29.3)

  Overweight, n (%) 102 328 (21.5) 109 042 (22.9) 42 521 (21.4) 28 899 (22.7) 37 612 (25.0)

  Obese, n (%) 66 473 (14.0) 100 995 (21.2) 36 410 (18.3) 26 529 (20.8) 38 048 (25.3)

  Unknown, n (%) 138 946 (29.2) 91 710 (19.3) 47 601 (24.0) 24 057 (18.9) 20 038 (13.3)

  Mean (SD) 25.8 (5.9) 26.6 (7.0) 26.2 (6.8) 26.5 (6.9) 27.2 (7.1)

Smoking status, n (%§)

  Never 135 708 (28.5) 141 231 (29.7) 60 921 (30.7) 37 512 (29.4) 42 813 (28.5)

  Current 117 089 (24.6) 131 851 (27.7) 53 508 (27.0) 34 951 (27.4) 43 384 (28.9)

  Ex 67 711 (14.2) 84 377 (17.7) 33 951 (17.1) 21 075 (16.5) 29 375 (19.5)

  Unknown 155 659 (32.7) 118 708 (24.9) 50 042 (25.2) 33 881 (26.6) 34 754 (23.1)

SABA prescriptions; n (%)

  0 470 929 (98.9) 113 262 (23.8) 44 766 (22.6) 30 987 (24.3) 37 507 (25.0)

  1–2 3524 (0.7) 213 594 (44.9) 96 751 (48.8) 55 660 (43.7) 61 183 (40.7)

  3–11 1476 (0.3) 133 255 (28.0) 51 519 (26.0) 36 602 (28.7) 45 134 (30.0)

  ≥12 238 (0.0) 16 056 (3.4) 5384 (2.7) 4170 (3.3) 6502 (4.3)

ICS prescriptions; n (%)

  0 472 462 (99.2) 191 141 (40.1) 80 403 (40.5) 50 177 (39.4) 60 560 (40.3)

  1–3 2354 (0.5) 183 159 (38.5) 79 561 (40.1) 50 015 (39.2) 53 583 (35.6)

  4–6 747 (0.2) 59 230 (12.4) 22 712 (11.4) 16 260 (12.8) 20 258 (13.5)

  7–9 310 (0.1) 23 952 (5.0) 8874 (4.5) 6315 (4.9) 8763 (5.8)

  10–12 179 (0.0) 11 968 (2.5) 4393 (2.2) 3043 (2.4) 4532 (3.0)

  ≥13 115 (0.0) 6718 (1.4) 2479 (1.2) 1609 (1.3) 2630 (1.7)

*Non- OCS patients were matched with all patients receiving OCS prescriptions according to 1:1 ratio.
†Patients who received all OCS prescriptions with a gap of ≥90 days.
‡Patients who received at least some OCS prescriptions with a gap of <90 days, allowing for other prescription gaps to be ≥90 days.
§Only the percentages of patient with known smoking status were calculated.
BMI, body mass index; ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA, short- acting β2 agonist.

3Heatley H, et al. Thorax 2022;0:1–8. doi:10.1136/thorax-2022-219642
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syndrome, systemic lupus erythematosus, ulcerative colitis, rheu-
matoid and psoriatic arthritis, multiple sclerosis, and Crohn’s 
diseases. In order to ensure that the postindex adverse outcomes 
were incident events, patients with chronic adverse outcomes 
pre index were excluded, which led to different match sets for 
different individual adverse outcomes.

Study variables and outcomes
OCS exposures were converted into prednisolone equivalents 
using the defined daily dose (DDD) obtained from the Anatom-
ical Therapeutic Chemical/DDD classification system.25 A 
patient’s cumulative dose was calculated as the sum of all pred-
nisolone, or equivalent, doses (g) prescribed from index date up 
until the outcome event.

The methodology for classification of intermittent OCS 
prescribing patterns has been described separately.24 Briefly, OCS 
prescription patterns were evaluated across the entire follow- up 
period and classified as one- off, for patients with a single OCS 
prescription (as a proxy for OCS use), less frequent pattern, for 
patients with >1 prescription with any gaps>90 days but no 
gap<90 days, or frequent pattern, for patients with >1 prescrip-
tion with <90 day gap(s).

Each patient was followed until first OCS- related AO and 
censored for that specific AO, or death or end of follow- up, 
but remained in the dataset for other conditions. The following 
adverse outcomes were recorded, defined according to Interna-
tional Classification of Diseases codes for diagnosis, and—for 
some adverse outcomes—other criteria, such as disease- specific 
medication prescription and/or physiological biomarkers: dyslip-
idaemia, behavioural disorders (diagnoses of distress, agitation, 
nervousness, emotional problems and irritable and abnormal 

behaviour for patients<18 years), renal impairment, osteopo-
rosis/osteoporotic fractures, hypertension, peptic ulcer, cardio-
vascular disease, depression/anxiety, sleep disorders, cataracts, 
glaucoma, type 2 diabetes mellitus, pneumonia and sleep apnoea 
(online supplemental table S1).

Statistical analysis
Descriptive statistics were reported for the absolute and relative 
number of patients, mean, median, SD and IQR for continuous 
and categorical variables.

Patient demographic and clinical characteristics for the 12 
months prior to index date (referred to as baseline) included age 
(4–<12, 12–<18, 18–<65 and ≥65 years), sex, body mass index 
(BMI; underweight, normal, overweight, obese and unknown), 
smoking status (never, current, former and unknown), short- 
acting β2- agonist (SABA) prescriptions (0, 1–2, 3–11 and ≥12 
fills) and inhaled corticosteroid (ICS) prescriptions (0, 1–3, 4–6, 
7–9, 10–12 and ≥13 fills). The SABA and ICS prescription cate-
gories were based on the distribution of the study data in the 
OCS cohort (online supplemental figure S1).

The risk of developing an AO was analysed using survival 
analysis methods. Patients with prior diagnosis of an AO, and 
which was classed as chronic, were excluded from the corre-
sponding analysis in order to specifically assess incident- only 
adverse outcomes, meaning that the sample size for analysis of 
individual adverse outcomes or a set of any adverse outcomes 
differed from one to another. Kaplan- Meier curves were used to 
describe the overall risk profile of each AO. To assess the asso-
ciation between intermittent OCS (vs non- OCS) prescription 
and risk of adverse outcomes, a multivariable Cox proportional 
hazard model was used to calculate HR and 95% CI for each 

Figure 2 HRs‡ of adverse outcomes in UK patients with asthma receiving intermittent OCS prescriptions versus non- OCS patients. OCS, oral 
corticosteroid. Non- OCS patients were matched with all patients receiving OCS prescriptions according to a 1:1 ratio. **Patients with less frequent 
OCS use received all OCS prescriptions with a gap of ≥90 days. #Patients with frequent OCS use received at least some OCS prescriptions with a gap 
of <90 days, allowing for other prescription gaps to be ≥90 day. ‡HRs were calculated using Cox regression analysis, adjusted for age, gender, body 
mass index, smoking and time- varying OCS prescriptions. *Behavioural disorders include diagnoses for distress, agitation, nervousness, emotional 
problems, irritable and abnormal behaviour among patients <18 years.
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AO. The Cox models were adjusted for age, sex, BMI, smoking 
status and time- varying OCS prescriptions, defined a priori. The 
multivariable analysis was further stratified by age, GINA 2020 
treatment step and prescriptions for ICS and SABA in the 12 
months pre index.

To assess the relation between cumulative OCS dose and each 
AO, adjusted incidence rate ratios and 95% CI were calculated 
for each AO, comparing the OCS categories (>0 to <0.5 g, 
0.5 to <1.0 g, 1.0 to <2.5 g, 2.5 to <5.0 g, 5.0 to <10.0 g and 
≥10.0 g) to the non- OCS group.

Analyses were conducted using Stata SE V.14.2 (StataCorp, 
College Station, Texas, USA) and statistical significance was 
defined at two- sided p<0.05.

RESULTS
Patient characteristics
Of 2 130 881 patients receiving an OCS prescription for any 
condition (CPRD and OPCRD) between 1985 and 2019, 
476 167 met the eligibility criteria (figure 1); records from 
476 167 matched non- OCS patients were included, 16 716 
(3.5%) of whom had an asthma diagnosis or asthma treatment 
ever (0.8% and 1.1% of non- OCS patients had ≥1 ICS and 
≥1 SABA prescription, respectively, in the 12 months before 

the index date). The median follow- up (IQR) duration was 8.3 
(4.2–13.7) years for the OCS cohort and 9.0 (4.7–14.7) years 
for the non- OCS cohort; length of time in database preindex 
was 17.0 (7.5–31.1) and 16.8 (7.8–30.4) years, respectively. The 
mean (SD) age and sex distribution at index date for patients 
receiving OCS prescriptions and matched non- OCS was 38.1 
(22.4) years and 55.7% were female in both cohorts. There were 
more obese patients in the OCS cohort than in the non- OCS 
cohort (table 1).

Of the study patients, 198 422 (41.7%), 127 419 (26.8%) 
and 150 326 (31.6%) had one- off, less frequent and frequent 
patterns of intermittent OCS prescription during the follow- up, 
respectively. The mean (median (IQR)) cumulative OCS dose 
was 176 (150 (150–200)) mg for one- off, 510 (420 (300–
600)) mg for less frequent and 2357 (940 (540–1800)) mg for 
frequent patterns. Patients who had more frequent patterns of 
intermittent OCS prescriptions were older and more likely to be 
female. Those who had a frequent pattern of intermittent OCS 
prescriptions were more likely to be obese and to be current or 
ex- smokers compared with the one- off and less frequent OCS 
groups (table 1).

Across all patterns of intermittent OCS prescriptions, in the 
12 months prior to initial OCS prescriptions, patients were 
most commonly receiving 1–2 SABA fills and ≤3 ICS fills. The 
proportion of patients receiving≥3 SABA and≥4 ICS fills at 
baseline increased with increasingly frequent patterns of OCS 
prescription (table 1).

Intermittent OCS prescribing patterns and risk of OCS-related 
adverse outcomes
The overall analysis of the association between patterns of 
intermittent OCS prescriptions and any OCS- related adverse 
outcomes included 231 196 patients, due to the exclusion of 
those with prevalent conditions. Compared with non- OCS 
patients, the risk of experiencing any adverse outcomes was 
elevated for one- off OCS and increased with increasing frequent 
pattern of intermittent OCS prescribing. The HR (95% CI) of 
experiencing any adverse outcomes versus non- OCS patients 
was 1.19 (1.18 to 1.20) for one- off OCS, 1.35 (1.34 to 1.36) for 
less frequent OCS and 1.42 (1.42 to 1.43) for frequent pattern 
of OCS prescriptions.

Similar to the risk of any OCS- related adverse outcomes, 
the risk of all individual OCS- related adverse outcomes except 
behavioural disorders, renal impairment and peptic ulcer was 
already detectable in one- off OCS, and increased with increas-
ingly frequent patterns of intermittent OCS prescriptions 
(figure 2). The highest risk (HR>2) of OCS- related individual 
adverse outcomes with increasingly frequent OCS prescribing 
were for pneumonia and sleep apnoea (figure 2). Kaplan- Meier 
curves for the relation between patterns of intermittent OCS 
prescriptions and individual adverse outcomes are shown in 
online supplemental figure S2.

The association between patterns of intermittent OCS 
prescription and risk of OCS- related adverse outcomes remained 
consistent when stratified by age, GINA treatment step and ICS 
or SABA prescriptions (table 2).

When examining the dose–response relation between annual 
cumulative OCS exposure and risk of adverse outcomes, the risk 
increased in a dose–response fashion with greater annual cumula-
tive OCS dose. Importantly, compared with the non- OCS group, 
risks started to increase at 0.5–1.0 g for all adverse outcomes 
except dyslipidaemia, with modest increases for hypertension 
and renal impairment (figure 3).

Table 2 HRs for any adverse outcomes in UK patients with asthma 
receiving intermittent OCS stratified by age, GINA treatment step, ICS 
and SABA prescriptions versus all non- OCS patients
HR (95% CI) by 
category

One- off OCS n=198 
422 (41.7%)

Less frequent OCS* 
n=127 419 (26.8%)

Frequent OCS† 
n=150 326 (31.6%)

Age

  4–<12 years 1.11 (1.08, 1.14) 1.21 (1.17, 1.24) 1.32 (1.29, 1.36)

  12–<18 years 1.17 (1.14, 1.20) 1.33 (1.29, 1.37) 1.45 (1.40, 1.50)

  18–<65 years 1.24 (1.23, 1.26) 1.39 (1.38, 1.41) 1.48 (1.47, 1.50)

  ≥65 years 1.20 (1.18, 1.23) 1.35 (1.33, 1.38) 1.35 (1.33, 1.37)

GINA

  Step 0 1.25 (1.22, 1.28) 1.43 (1.40, 1.47) 1.46 (1.43, 1.49)

  Step 1 1.21 (1.19, 1.23) 1.35 (1.33, 1.38) 1.40 (1.38, 1.43)

  Step 2 1.16 (1.15, 1.18) 1.32 (1.30, 1.34) 1.38 (1.36, 1.41)

  Step 3 1.19 (1.17, 1.21) 1.38 (1.35, 1.41) 1.46 (1.43, 1.49)

  Step 4 1.28 (1.24, 1.32) 1.47 (1.43, 1.52) 1.58 (1.54, 1.63)

  Step 5 1.33 (1.24, 1.43) 1.59 (1.49, 1.70) 1.89 (1.80, 1.99)

ICS prescriptions

  0 1.22 (1.20, 1.23) 1.38 (1.36, 1.40) 1.42 (1.40, 1.44)

  1–3 1.18 (1.17, 1.20) 1.34 (1.32, 1.36) 1.45 (1.43, 1.47)

  4–6 1.21 (1.17, 1.24) 1.41 (1.37, 1.46) 1.49 (1.45, 1.53)

  7–9 1.20 (1.17, 1.20) 1.38 (1.35, 1.41) 1.44 (1.41, 1.47)

  10–12 1.25 (1.18, 1.32) 1.44 (1.36, 1.52) 1.56 (1.49, 1.64)

  ≥13 1.26 (1.18, 1.36) 1.49 (1.38, 1.60) 1.65 (1.56, 1.76)

SABA prescriptions

  0 1.25 (1.23, 1.27) 1.42 (1.40, 1.45) 1.46 (1.44, 1.48)

  1–2 1.21 (1.19, 1.23) 1.37 (1.34, 1.39) 1.43 (1.40, 1.45)

  3–11 1.18 (1.17, 1.20) 1.34 (1.32, 1.36) 1.44 (1.42, 1.46)

  ≥12 1.08 (1.03,1.13) 1.41 (1.35, 1.48) 1.45 (1.40, 1.51)

HR were calculated using Cox regression analysis, adjusted for age, gender, body mass index, smoking 
and time- varying OCS prescriptions; HR=1 for non- OCS patients.
*Patients who received all OCS prescriptions with a gap of ≥90 days.
†Patients who received at least some OCS prescriptions with a gap of <90 days, allowing for other 
prescription gaps to be ≥90 days.
GINA, The Global Initiative for Asthma; ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA, 
short- acting β2 agonist.
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DISCUSSION
In this historical UK cohort study of patients with asthma, 
we found that almost a third of the patients with intermit-
tent OCS use had a frequent pattern of use (ie, more than one 
prescription with less than 90- day gaps) at some point during 
the follow- up period. In those patients with intermittent- only 
OCS use, compared with matched individuals who were non- 
users of OCS, the risk of experiencing any OCS- related adverse 
outcomes increased with increasing frequent pattern of inter-
mittent OCS prescriptions for most adverse outcomes studied, 
particularly pneumonia and sleep apnoea. The elevated risk of 
adverse outcomes was observed even for patients with one- off 
OCS prescriptions. The association between patterns of inter-
mittent OCS prescriptions and risk of OCS- related adverse 
outcomes was relatively consistent across age categories, GINA 
treatment steps and prior asthma medication use.

To our knowledge, this study is the largest (with almost half 
a million patients), has the longest patient follow- up (34 years, 
with a median study period of over 25 years (pre- first and 
post- first OCS exposure)) and is the most definitive study yet 
to identify intermittent OCS use and assess the association of 
patterns of intermittent OCS use with risk of developing OCS- 
related adverse outcomes. Our study overcame the issues asso-
ciated with mixed reporting of long- term and intermittent OCS 
prescriptions and related adverse outcomes by focusing exclu-
sively on intermittent- only OCS prescriptions24; it also fills a 
need for a longitudinal study using objective methods to collect 
data on intermittent OCS- related adverse outcomes, increasing 
the specificity of the findings by minimising the risk of bias.5

Despite the extensive research on adverse outcomes associ-
ated with OCS, the use of OCS remains widespread5 and recom-
mended in certain instances.1 3 Our finding that increasingly 
frequent patterns of intermittent OCS prescription were asso-
ciated with an increased risk for adverse outcomes is consistent 
with previous studies reporting a high risk of corticosteroid- 
related adverse outcomes with OCS prescriptions,1 12 26 and with 
studies in adult patients with severe asthma, showing that long- 
term high- dose use of OCS (defined as >10 mg/day) resulted 
in a higher risk of developing OCS- related complications than 
medium OCS use (defined as 5–10 mg/day), when both were 
compared with low OCS use (defined as <5 mg/day) and non- 
OCS patients.13 27 The fact that the risk of an OCS- related AO 

was highest for pneumonia in our study is not unexpected, as this 
is one of the most well- recognised adverse effects of even short- 
term OCS use.6 11 28 The elevated risk of sleep apnoea was more 
surprising, as this is not as commonly associated with OCS use. 
However, a link with sleep apnoea has previously been shown 
in patients with severe asthma receiving SCS29 and in patients 
with difficult- to- control asthma receiving long- term or frequent 
bursts of OCS,30 as well as in a broader population of patients 
with active asthma of all severities receiving SCS.11 Furthermore, 
as our analysis was adjusted for BMI, our findings suggest that 
the association with OCS use may be independent of obesi-
ty—one of the best- known risk factors for sleep apnoea31 and 
also a common adverse effect of OCS use2—and is instead likely 
mediated by other mechanisms. Possible explanations include fat 
deposition in the upper airway or airway dilator muscle myop-
athy, as has been suggested for ICS,32 33 or an increase in airway 
collapsibility.30

Our results demonstrating increased risks with even a one- 
off OCS prescription are also supported by previous research 
showing that short bursts of OCS can be associated with certain 
adverse outcomes and that each OCS prescription contributes to 
a cumulative burden, regardless of the dose and duration.9 Given 
that the median cumulative OCS dose is higher in this study in 
patients with a frequent pattern of prescription than the less 
frequent and one- off patterns, there may be correlation between 
frequent patterns of intermittent prescriptions and total expo-
sure. This observation gives physicians another tool to gauge the 
risk of adverse outcomes in their patients, that is, future risk is 
higher if patients have received OCS with smaller gaps between 
prescriptions. Our finding that risks started to increase at dose 
levels of 0.5–1.0 g also confirms the importance of minimising 
total exposure, and the reasons behind persistent prescribing 
of OCS should be further investigated. Therefore, all patients, 
including those with mild disease and/or receiving regular ICS 
and SABA treatment, could potentially benefit from being moni-
tored for frequent patterns of OCS prescription.

Our results also showed that over 30% of patients with 
intermittent- only OCS prescriptions had ≥3 SABA fills in the 
12- month baseline period, and those with a more frequent 
pattern of intermittent OCS prescriptions had more prescrip-
tions for SABA. It has been previously shown that increased 
SABA exposure is associated with severe exacerbation risk,34 

Figure 3 HR (95% CI) for each adverse outcome by overall, cumulative OCS exposures, compared with the reference category of non- OCS patients 
in UK patients with asthma. OCS, oral corticosteroid.
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which is reflected in this study with more frequent pattern of 
intermittent OCS use among patients with a higher number of 
SABA prescriptions. This supports the move away from SABA- 
only treatment at GINA step 1. Similarly to the findings for 
SABA prescriptions, more ICS prescriptions were also observed 
in those with a more frequent pattern of OCS prescription, 
although the number of ICS prescriptions was low. On that note, 
the fact that 40% of the OCS cohort had no ICS prescriptions 
during the 12- month baseline period suggests that some patients 
might have received their first OCS prescriptions at the same 
time as their first attendance in primary care with asthma, and 
there might also be a population of patients with asthma who are 
underusing ICS. It is worth noting the population in this study 
generally had milder disease as a result of the exclusion of long- 
term OCS use.

This study had several strengths including the use of an algo-
rithm that exclusively included patients on intermittent OCS 
and took a longitudinal view on the patterns of intermittent 
OCS use, resulting in a highly specific representation of patients 
receiving intermittent OCS only. Furthermore, the real- world 
design of this study allows for generalisation of the results to 
patients managed in all healthcare settings. Using two well- 
established databases (OPCRD and CPRD) with large size and 
high data quality and granularity allowed us to study the associa-
tion between intermittent OCS prescriptions and associated risk 
of multiple different adverse outcomes.

Limitations of the study included the fact that, despite using 
a sophisticated algorithm that was reviewed by experts familiar 
with the clinical implications of our study, some of the intermit-
tent and long- term OCS prescriptions might have been misclassi-
fied, thereby underestimating the strengths of the effect estimates. 
The validity and completeness of individual patient records 
could not be assessed because the datasets represent information 
collected for clinical and routine use rather than specifically for 
research purposes. As a result, there were some missing data, 
especially for BMI and smoking status, which could potentially 
affect how confounding by these factors is adjusted for. Further-
more, since the multivariable Cox proportional hazard model 
was not adjusted for obesity but for BMI, with some missing 
values, there could have been some residual confounding. 
Although our study included patients of all ages, the only 
children- specific and adolescent- specific adverse outcomes to 
be analysed were behavioural disorders (including diagnoses of 
distress, agitation, nervousness, emotional problems, irritability 
and abnormal behaviour). Such diagnoses are difficult to capture 
and of varying origin, hence a possible reason for not detecting 
associations with this outcome. However, analysis of all adverse 
outcomes stratified by the different age categories also showed 
an increased risk with higher frequency of prescribing patterns 
of intermittent OCS for the youngest patients. In patients with 
one- off OCS use, there could be additional bursts that were not 
captured, which might explain the association detected between 
one- off OCS prescription and developing adverse outcomes. In 
the context of a chest infection, prescription of prednisolone 
alongside antibiotics in a patient with asthma, coupled with the 
potential for mislabelling of a chest infection as pneumonia, may 
have contributed to an association between the two. Lastly, OCS 
prescriptions may not be directly linked to OCS use, as there 
is no guarantee that patients used the prescriptions that they 
received.

CONCLUSIONS
In conclusion, our study found that a considerable proportion of 
patients with asthma who are prescribed OCS intermittently have 

a frequent pattern of use at some point. Increasingly frequent 
prescribing patterns of intermittent OCS were associated with 
a higher risk of individual OCS- related adverse outcomes, and 
this association remained consistent across levels of age, GINA 
treatment step and ICS maintenance and SABA reliever use. The 
increase in risk occurred early, even with one- off prescriptions 
and with doses as low as 0.5–1.0 g. Our results suggest that the 
use of OCS, even intermittently, in the management of asthma 
should be minimised whenever possible.
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Supplementary materials 

Table S1. The disease onset definitions of the adverse outcomes analysed in this study in UK 

patients with asthma  

Adverse outcome Definition 

Dyslipidaemia Total cholesterol readings >6.5 mmol/L in outcome period 

and/or low-density lipoprotein readings >4 mmol/L in 

outcome period and/or triglycerides readings ≥2.3 mmol/L in 
outcome period and/or diagnostic code for dyslipidaemia or 

hyperlipidaemia or hypercholesterolaemia or 

hypertriglyceridaemia 

Behavioural disorders 

(adolescent population) 

Diagnostic code in outcome period was determined by 

steering committee (Read codes) 

Renal impairment Chronic kidney disease diagnostic code (only stages 3a, 3b, 4 

or 5 were considered) and/or estimated glomerular filtration 

rate <60 mL/min/1.73m2 in outcome period (Read codes) 

and/or dialysis code in the outcome period (Read codes) 

and/or renal transplant code in the outcome period (Read 

codes) 

Osteoporosis/osteoporotic 

fracture 

Osteoporosis diagnostic code in outcome period (Read codes) 

and/or osteoporotic fractures (hip, wrist or spinal fracture 

types only were considered).   

A recurring fracture of the same site within 8 weeks of the 

previous fracture date was counted as the same fracture. 

However, the patient was still considered at risk of a fracture 

at a different site any time after the date of previous fracture 

Hypertension  Hypertension diagnostic code in outcome period (Read codes) 

Peptic ulcer Peptic ulcer disease diagnostic code (with endoscopy code for 

gastric ulcer and duodenal ulcer) in outcome period (Read 

codes) 

Cardiovascular disease Cardiovascular disease diagnostic code for myocardial 

infarction, heart failure or stroke in outcome period (Read 

codes) 

Depression/Anxiety Depression/anxiety diagnostic code in outcome period (Read 

codes) or depression/anxiety diagnostic code in outcome 

period and antidepressant medications in the outcome period 

Sleep disorders Sleep disorder diagnostic code in outcome period (Read 

codes) and/or sleep disorder diagnostic code and hypnotic 

medications in the outcome period (Read codes), excluding 

sleep apnoea 

Cataracts Cataract diagnostic code in outcome period (Read codes) 

and/or cataract surgery  

Glaucoma  Glaucoma diagnostic code in outcome period (Read codes) 

and/or treatment for Glaucoma in the outcome period 

Type 2 diabetes mellitus Diagnosis of type 2 diabetes mellitus (Read code post-index 

date) and/or antidiabetic medication prescriptions in outcome 

period and/or HbA1c ≥6.5% in outcome period (Read code 
post index date) 
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Pneumonia Pneumonia diagnostic code in outcome period (Read codes). A 

recurring diagnosis of pneumonia within 4 weeks of prior 

diagnosis was considered as the same event 

Sleep apnoea Sleep apnoea diagnostic code in outcome period (Read codes) 

and/or referral to sleep clinic in the outcome period and usage 

of a continuous positive airway pressure device 

Weight gain Increase in Body Mass Index by at least 1 kg/m2 compared to 

index date in adults and more than 1% centile band 
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Figure S1. Distributions of SABA (A) and ICS (B) prescriptions in the 12 months prior to initial OCS 

prescription in UK patients with asthma (OCS cohort) 

 

 

ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA, short-acting β2 agonist.
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Figure S2. Patterns of intermittent OCS use and adverse outcomes by years in UK patients with 

asthma using Kaplan-Meier survival estimates 
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OCS, oral corticosteroid. 

*Behavioural disorders include diagnoses: Distress, agitation, nervousness, emotional problems, irritable, and abnormal 

behaviour.  

Fixed Analysis was adjusted for age, gender, body mass index and smoking.  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thorax-2022-219642–8.:10 2022;Thorax, et al. Heatley H



 

1 

 

Supplementary materials 

Table S1. The disease onset definitions of the adverse outcomes analysed in this study in UK 

patients with asthma  

Adverse outcome Definition 

Dyslipidaemia Total cholesterol readings >6.5 mmol/L in outcome period 

and/or low-density lipoprotein readings >4 mmol/L in 

outcome period and/or triglycerides readings ≥2.3 mmol/L in 
outcome period and/or diagnostic code for dyslipidaemia or 

hyperlipidaemia or hypercholesterolaemia or 

hypertriglyceridaemia 

Behavioural disorders 

(adolescent population) 

Diagnostic code in outcome period was determined by 

steering committee (Read codes) 

Renal impairment Chronic kidney disease diagnostic code (only stages 3a, 3b, 4 

or 5 were considered) and/or estimated glomerular filtration 

rate <60 mL/min/1.73m2 in outcome period (Read codes) 

and/or dialysis code in the outcome period (Read codes) 

and/or renal transplant code in the outcome period (Read 

codes) 

Osteoporosis/osteoporotic 

fracture 

Osteoporosis diagnostic code in outcome period (Read codes) 

and/or osteoporotic fractures (hip, wrist or spinal fracture 

types only were considered).   

A recurring fracture of the same site within 8 weeks of the 

previous fracture date was counted as the same fracture. 

However, the patient was still considered at risk of a fracture 

at a different site any time after the date of previous fracture 

Hypertension  Hypertension diagnostic code in outcome period (Read codes) 

Peptic ulcer Peptic ulcer disease diagnostic code (with endoscopy code for 

gastric ulcer and duodenal ulcer) in outcome period (Read 

codes) 

Cardiovascular disease Cardiovascular disease diagnostic code for myocardial 

infarction, heart failure or stroke in outcome period (Read 

codes) 

Depression/Anxiety Depression/anxiety diagnostic code in outcome period (Read 

codes) or depression/anxiety diagnostic code in outcome 

period and antidepressant medications in the outcome period 

Sleep disorders Sleep disorder diagnostic code in outcome period (Read 

codes) and/or sleep disorder diagnostic code and hypnotic 

medications in the outcome period (Read codes), excluding 

sleep apnoea 

Cataracts Cataract diagnostic code in outcome period (Read codes) 

and/or cataract surgery  

Glaucoma  Glaucoma diagnostic code in outcome period (Read codes) 

and/or treatment for Glaucoma in the outcome period 

Type 2 diabetes mellitus Diagnosis of type 2 diabetes mellitus (Read code post-index 

date) and/or antidiabetic medication prescriptions in outcome 

period and/or HbA1c ≥6.5% in outcome period (Read code 
post index date) 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thorax-2022-219642–8.:10 2022;Thorax, et al. Heatley H



 

2 

 

Pneumonia Pneumonia diagnostic code in outcome period (Read codes). A 

recurring diagnosis of pneumonia within 4 weeks of prior 

diagnosis was considered as the same event 

Sleep apnoea Sleep apnoea diagnostic code in outcome period (Read codes) 

and/or referral to sleep clinic in the outcome period and usage 

of a continuous positive airway pressure device 

Weight gain Increase in Body Mass Index by at least 1 kg/m2 compared to 

index date in adults and more than 1% centile band 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thorax-2022-219642–8.:10 2022;Thorax, et al. Heatley H



 

3 

 

Figure S1. Distributions of SABA (A) and ICS (B) prescriptions in the 12 months prior to initial OCS 

prescription in UK patients with asthma (OCS cohort) 

 

 

ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA, short-acting β2 agonist.

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thorax-2022-219642–8.:10 2022;Thorax, et al. Heatley H



 

4 

 

Figure S2. Patterns of intermittent OCS use and adverse outcomes by years in UK patients with 

asthma using Kaplan-Meier survival estimates 
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