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Methods:  This direct matched observational 
cohort study used the UK Clinical Practice 
Research Datalink GOLD database (data range 
1987–2019). Patients with a COPD diagnosis on/
after April 1, 2003, and Hospital Episode Statis-
tics linkage were included. Emergency room, 
specialist or primary care outpatient, and inpa-
tient attendance were analyzed. Costs, estimated 
using Health and Social Care 2019 and National 
Health Service Reference Costs 2019–2020 
reports, were adjusted for sex, age, exacerbation 
number, and inhaler type used in the 12 months 
before index date.
Results:  The OCS cohort had higher annual-
ized disease-specific (excluding respiratory) total 
attendance/costs versus the non-OCS cohort 
(adjusted incidence rate ratio [aIRR] with 95% 
confidence intervals [CIs]) ranging from 37% 

ABSTRACT

Introduction:  Oral corticosteroids (OCS) are 
used to manage chronic obstructive pulmonary 
disease (COPD) exacerbations but are associated 
with adverse outcomes that may increase health-
care resource utilization and costs. We compared 
attendance/costs associated with OCS-related 
adverse outcomes in patients who ever used OCS 
versus those who never used OCS and examined 
associations between cumulative OCS exposure 
and attendance/costs.
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(1.37 [1.31, 1.43]) for emergency room attend-
ances to 149% (2.49 [2.36, 2.63]) for specialist 
consultations. Disease-specific (excluding respir-
atory) attendance/costs increased in a positive 
dose–response relationship for most attendance 
categories versus the < 0.5 g reference dose. For 
the 0.5 to < 1.0 g cumulative dose category, the 
greatest increases in disease-specific (exclud-
ing respiratory) attendance/costs occurred for 
primary care consultations (aIRR [95% CI] 1.38 
[1.32, 1.44]). For the ≥ 10 g cumulative dose 

category, the greatest increases were observed for 
primary care consultations (aIRR [95% CI] 2.83 
[2.66, 3.00]), non-elective long stays (≥ 2 days; 
2.54 [2.15, 2.99]), and non-elective short stays 
(≤ 1 day; 2.51 [2.12, 2.98]). Similar findings were 
observed for all-cause attendance/costs.
Conclusion:  Among patients with COPD, OCS-
related adverse outcomes were associated with 
higher attendance and costs, with a positive 
dose–response relationship.
A graphical abstract is available with this article.
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Graphical Abstract: 

Oral Corticosteroid-Related Healthcare Resource 
Utilization and Associated Costs in Patients with COPD 

Gary Tse, Cono Ariti, Mona Bafadhel, Alberto Papi, Victoria Carter, Jiandong Zhou, 
Derek Skinner, Xiao Xu, Hana Müllerová, Benjamin Emmanuel, David Price

This graphical abstract represents the opinions of the authors. For a full 
list of declarations, including funding and author disclosure statements, 
and copyright information, please see the full text online.

Study population: People living with COPD with ≥1 year of 
electronic medical records before index date

Data source: UK Clinical Practice Research Datalink with 
Hospital Episode Statistics linkage (1987–2019)
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PLAIN LANGUAGE SUMMARY

Many people living with chronic obstructive 
pulmonary disease (COPD) have “flare-ups”, or 
exacerbations, at which time their symptoms 
suddenly worsen. To treat exacerbations, doctors 
may prescribe steroid tablets (oral corticoster-
oids or OCS for short). However, repeated OCS 
use may have negative health effects, leading 
to increased hospital visits or stays and higher 
healthcare systems costs. Using anonymized 
patient records from England, we compared 
attendance and associated costs to the health-
care system related to the negative health effects 
of OCS use for planned (elective) and non-
planned (non-elective) hospital stays, emer-
gency room visits, and primary care and spe-
cialist appointments in patients who have ever 
used OCS versus patients who have never used 
OCS. We also explored how the amount of OCS 
used by patients related to their attendance and 
costs. Patients were grouped into 53,299 pairs so 
every patient who ever used OCS was matched 
to one who never used OCS (e.g., those with 
the same age and sex), and their treatment and 
attendance was followed over approximately 
6 years. We found that patients who received 
OCS had higher attendance and costs than those 
who did not, ranging from 37% higher for emer-
gency room visits to 149% higher for specialist 
appointments. In patients who used OCS, costs 
were generally greater when more OCS was used, 
with the greatest increases observed for primary 
care appointments. These results show that the 
negative health effects of OCS lead to increased 
burden and healthcare costs in people living 
with COPD, with higher use incurring greater 
costs.

Keywords:  Chronic obstructive pulmonary 
disease; Cohort study; Corticosteroids; Cost; 
Healthcare resource utilization; Observational; 
Primary care

Key Summary Points 

Why carry out this study?

Oral corticosteroids (OCS) are used to man-
age exacerbations in patients with chronic 
obstructive pulmonary disease (COPD), but 
OCS use is related to adverse outcomes that 
may increase healthcare resource utilization 
and costs.

This analysis compared non-respiratory 
attendance and associated costs related to 
OCS use among patients with COPD who 
ever used versus never used OCS.

What was learned from the study?

In patients with COPD, OCS-related adverse 
outcomes were associated with higher dis-
ease-specific (excluding respiratory) attend-
ance/costs compared with non-OCS users, 
even at relatively low OCS doses.

There was a positive dose–response relation-
ship, with higher doses of OCS associated 
with higher non-respiratory attendance/
costs.

These findings emphasize that preventing 
exacerbations of COPD, and thereby mini-
mizing OCS use, is not only of considerable 
clinical benefit to patients but may also con-
tribute to reducing the currently substantial 
economic burden of COPD.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
is a major cause of death and disability world-
wide. In 2019, 212.3 million cases of COPD 
were reported globally, and COPD accounted for 
approximately 74.4 million disability-adjusted 
life-years and 3.3 million deaths [1]. Moreover, 
COPD accounts for a significant economic and 
resource burden in healthcare systems. In the 
UK in 2013–2014, COPD accounted for £1.9 bil-
lion in spending (excluding intangible costs), 
representing approximately 29% of the total 
costs for respiratory disease [2].
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COPD is characterized by a range of respira-
tory symptoms (e.g., dyspnea, cough, and spu-
tum production) due to persistent, and in many 
cases progressive, airflow obstruction [3]. Patients 
with COPD experience exacerbations of the dis-
ease (defined as a worsening of respiratory symp-
toms), which are considered to be mild when 
treated solely with short-acting bronchodilators 
(SABDs), moderate when treated with SABDs plus 
oral corticosteroids (OCS) and/or antibiotics, or 
severe when resulting in hospitalization or an 
emergency room (ER) visit [3]. Notably, in a sys-
tematic literature review of 73 primary publica-
tions, increased direct costs, rates of hospitaliza-
tions, and primary care visits were associated with 
increased severity and frequency of exacerbations 
of COPD [4].

OCS use is associated with adverse outcomes, 
such as decreased serum osteocalcin, hyperglyce-
mia, weight gain, insomnia, anxiety, and depres-
sion [5, 6], which may drive increased healthcare 
resource utilization (HCRU) and associated costs 
[7]. When considering the impact of systemic 
corticosteroid (SCS) use on clinical burden, many 
studies typically only examine short-term effects 
(10 days to 6 months) [8–14]. A recent, individu-
ally matched historical observational cohort 
study evaluated adverse outcomes with median 
follow-up times of 6.9 years for OCS users and 
5.4 years for non-OCS users in a large population 
of patients from England with COPD, using the 
UK Clinical Practice Research Datalink (CPRD) 
GOLD database [15], which is linked to hospi-
talizations (Hospital Episode Statistics; HES) [16]. 
In that study, patients in the OCS cohort had 
increased risk for multiple adverse outcomes, 
including osteoporosis (with/without fractures), 
type 2 diabetes mellitus, cardiovascular/cerebro-
vascular disease, and all-cause mortality versus the 
non-OCS cohort, with risk increasing with OCS 
dose [15]. Using the same dataset, we now report 
associations between attendance and costs with 
adverse outcomes related to OCS use, including 
cumulative OCS dose, in patients with COPD.

METHODS

Study Design

This study used anonymized deidentified data 
and, as such, patient consent and relevant ethics 
approvals were not required. However, scientific 
and ethics review were sought through appropri-
ate channels. Per best practice research standards 
for observational research and in compliance 
with the National Health Service (NHS) Health 
Research Authority Research Ethics Committee 
(REC reference 21/EM/0265 [17]) for deidentified 
data held by the CPRD, which includes approval 
for the governance processes that must be fol-
lowed for individual studies using CPRD data, 
the protocol of this study was approved by the 
CPRD Independent Scientific Advisory Commit-
tee (reference number 20_159R) and was regis-
tered with the European Network of Centres for 
Pharmacoepidemiology and Pharmacovigilance 
(EUPAS35975). No patient-identifying informa-
tion was accessible during the study.

This observational, individually matched, 
historical cohort study compared attendance 
and associated costs related to OCS-related 
adverse outcomes in patients with COPD who 
were exposed to OCS (OCS cohort) versus those 
who were never known to be exposed to OCS 
(non-OCS cohort), using anonymized patient 
records from the CPRD GOLD database (Fig. 1) 
[15]. For the OCS cohort, index date was the 
date of the first recorded prescription for COPD-
related OCS. To ensure characteristics between 
the cohorts were balanced, and to minimize bias 
due to confounding, OCS and non-OCS cohorts 
were matched 1:1 by index date, age at index 
date, sex, and smoking status closest to index 
date. In the non-OCS cohort, patients and index 
dates were randomly selected from the pool of 
available primary care consultation dates so as 
to be closest to index date for the OCS cohort. 
Patients could only contribute to the non-OCS 
cohort once. Patients were followed up from 
index date to the end of their individual records, 
defined as either the date of the last data extrac-
tion from the primary care practice, the date of 
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leaving the primary care practice, or the date of 
death.

Study Database

In January 2019, the CPRD included medical 
records for over 35 million patients, including 
10 million registered patients, from over 1150 
UK-based primary care practices [18, 19]. The 
CPRD GOLD contains key data about patients’ 
lifestyles, such as smoking status, in addition to 

information on diagnoses, tests, symptoms, and 
prescriptions [16]. In the UK, a patient’s COPD 
is predominantly managed by a single primary 
care practice, with the majority of prescriptions 
outside of hospital-treated events being made 
in primary care. A subset of patients has link-
age to the HES, a database containing details of 
inpatient hospital admissions in England [20]. 
As data included in the HES did not include 
patients in Northern Ireland, Scotland, or Wales, 
data from 1987 to 2019 were analyzed from 
anonymized, longitudinal electronic medical 
records from hospitals in England only.

Fig. 1   Study design. Data included in this analysis 
spanned from 1987 to 2019. aDate that primary care prac-
titioners entered into a government contract providing 
additional payments for high-quality COPD care to aid 
with the diagnostic QOF [21]. bOCS cohort: date of first 
COPD-related OCS prescription; non-OCS cohort: near-
est primary care visit to the matched OCS patient index 
date. cEach patient was followed from index date until the 
first occurrence of an adverse outcome of interest or the 
end of the patient’s available records (reasons for the last 
record included death, leaving the primary care practice, or 

last data extracted). dIndex date and sex-matching criteria 
were used per similar studies of SCS (oral or parenteral) 
use in patients with asthma [7, 34]; as a COPD study, age 
and smoking-status criteria were included to fully ensure 
similar covariate distribution. COPD chronic obstructive 
pulmonary disease, EMR electronic medical record, HES 
Hospital Episode Statistics, OCS oral corticosteroids, QOF 
Quality and Outcomes Framework, SCS systemic corti-
costeroids. International Journal of COPD 2023:18 2565-
2580—Originally published by (adapted) and used with 
permission from Dove Medical Press Ltd
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Patient Population

The patient selection process has been previ-
ously reported in detail [15]. Patients were eligi-
ble for inclusion if they were aged ≥ 40 years at 
their most recent COPD review or diagnosis (as 
COPD is more common among this age cohort 
[3]), had a COPD diagnosis or monitoring/
review on or after April 1, 2003, were registered 
at primary care practices in the UK that provide 
data to the CPRD, had HES linkage availability, 
and had electronic medical records for ≥ 1 year 
prior to index date. The date of April 1, 2003 was 
chosen because it represents the date high-qual-
ity COPD care, including post-bronchodilator 
spirometry use for diagnoses, was incentivized 
by the UK Quality and Outcomes Framework 
(QOF) [21]. Therefore, using this date as an 
inclusion criterion helped to focus the analyses 
on patients with more reliable COPD diagnoses. 
If patients had a diagnostic code before April 1, 
2003, but the diagnosis of COPD was reaffirmed 
after this date, they were also included.

Patients were excluded if they had a diagno-
sis of chronic lower respiratory disease other 
than COPD at any time, had a diagnosis of 
adrenal insufficiency before or within 1 year 
of index date, had a diagnosis of cancer within 
5 years before or 3 months after index date, 
or were prescribed tamoxifen for breast can-
cer at any time. As uncertainty during diag-
nosis of COPD may have led to some patients 
with COPD being assigned diagnostic codes 
for asthma prior to confirmation of a COPD-
only diagnosis, patients with diagnostic codes 
for COPD and resolved codes for asthma were 
included in the study.

Study Variables and Outcomes

For the OCS cohort, an oral prednisolone pre-
scription with a contemporary diagnostic code 
for COPD, an antibiotics prescription on the 
same day, or an acute respiratory code (includ-
ing for chest infection, cough, wheezing, or 
breathlessness) was defined as the first recorded 
COPD-related OCS prescription. Following the 
first COPD-related prescription, all-cause OCS 

use was recorded and standardized using an 
oral prednisolone equivalent factor as follows: 
injectable prednisolone (1.22 equivalents), 
oral prednisone (1.0 equivalents), methylpred-
nisolone (oral, 1.25 equivalents; injectable, 
1.53 equivalents), betamethasone (oral, 6.67 
equivalents; injectable, 8.34 equivalents), dexa-
methasone (6.67 equivalents), hydrocortisone 
(0.25 equivalents), and oral cortisone (0.20 
equivalents). Cumulative OCS dose (grams) 
was estimated as the total dose prescribed to a 
patient during the follow-up period after first 
exposure (index date). OCS prescriptions made 
outside of primary care were not captured in 
the database.

Disease-specific (excluding respiratory) and 
all-cause costs, along with attendance, were 
measured as annualized attendance (healthcare 
facility visits, admissions, and hospitalizations) 
per 1000 patient-years. Disease-specific (exclud-
ing respiratory) attendances were examined to 
evaluate the effect of OCS use on attendance 
and costs related to non-respiratory adverse 
outcomes associated with OCS use, and were 
defined as inpatient cases and ER visits with 
International Classification of Disease, 10th 
revision codes for cardiovascular disease, cata-
ract, chronic kidney disease, depression/anxiety, 
dyslipidemia, glaucoma, hospitalized antibiotic-
related infections, hypertension, osteoporosis, 
peptic ulcer disease, psychosis, sleep apnea, sleep 
disorder, and type 2 diabetes mellitus; specialist 
consultations with clinic codes for non-respira-
tory OCS-related adverse outcomes except those 
used for COPD and respiratory causes; and pri-
mary care consultations of all read codes except 
those for respiratory events. Associated costs 
were estimated by multiplying each attendance 
outcome by the estimated average cost associ-
ated with the specific outcome. Unit costs were 
estimated using Health and Social Care 2019 and 
NHS Reference Costs 2019–2020 reports [22, 23].

Attendance and costs were stratified by attend-
ance type, categorized as inpatient (elective day 
case, elective inpatient case, non-elective short 
stay, and non-elective long stay), ER attendance, 
specialist consultation, or primary care consulta-
tion. Elective admissions were defined as those 
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where admission decisions could be separated 
in time from the actual admission (i.e., where 
an admission date was known in advance, thus 
allowing for arrangements to be made before 
admission) and excluded patients transferred 
from another hospital provider. Length of stay 
was < 24 h for elective day cases, ≥ 1 day for 
elective inpatient cases, ≤ 1 day for non-elective 
short stays, and ≥ 2 days for non-elective long 
stays.

Statistical Analyses

The sample size and power calculation for this 
study have been described previously [15]. 
Descriptive statistics for pre-index characteristics 
for the matched cohorts have also been reported 
previously [15] and are briefly summarized. 
Standardized mean difference (SMD) was used 
to evaluate the results of matching [24], with 
values > 0.2 indicating relevant covariate imbal-
ance. There was no imputation for missing data.

Differences in annualized attendance and 
costs were stratified by attendance type and 
compared between the OCS and non-OCS 
cohorts using adjusted incidence rate ratios 
(aIRRs) with 95% confidence intervals (CIs). 
Within the OCS cohort, annualized attendance 
and associated costs were also compared across 
cumulative OCS dose categories (0.5 to < 1.0 g, 
1.0 to < 2.5 g, 2.5 to < 5 g, 5 to < 10 g) versus the 
< 0.5 g reference dose. IRRs were calculated using 
generalized estimating equations with cluster-
robust standard errors, log links, and gamma dis-
tributions, and were adjusted for sex, age, type 
of inhaler use in the 12 months before index use 
(inhaled corticosteroid [ICS], ICS + long-acting 
β2-agonist [LABA], ICS + long-acting muscarinic 
antagonist [LAMA] + LABA, and short-acting β2-
agonist with/without short-acting muscarinic 
antagonist), and number of exacerbations in 
the 12 months before index. Patients were not 
matched for baseline COPD severity and base-
line COPD severity was not used as a covariate 
because many patients experience exacerba-
tions before their official COPD diagnosis [25] 
and may have been treated with OCS, and such 
use would have been a confounding variable. 

As costs were calculated as a direct function of 
attendance, IRRs for attendance are identical 
and are therefore not reported.

Statistical analyses were conducted using Stata 
SE version 16 (StataCorp, College Station, TX), 
Python version 3.9.0 (Python Software Founda-
tion), or RStudio Version 1.4.1717 (R Core Team, 
2021) [26]. Similar methodologies to those 
described above have been presented elsewhere 
[15].

RESULTS

Baseline Patient Demographics and Clinical 
Characteristics

The full details of the patient population have 
been reported previously [15]. Briefly, of 323,722 
patients with a diagnosis of COPD in the UK 
CPRD GOLD database, 106,775 (33.0%) had ≥ 1 
COPD-related OCS prescription, met all inclu-
sion/exclusion criteria, and were included in the 
overall cohort. Conversely, 86,384 patients had 
no evidence of OCS use and were eligible for the 
individual matching process to form the non-
OCS cohort. In the overall cohort, the median 
(interquartile range [IQR]) number of acute OCS 
courses was 8 (3–24), with 36.7% of patients 
(39,159) having ≤ 4 courses, 17.9% (19,107) hav-
ing 5–9 courses, and 45.4% (48,509) having ≥ 10 
courses. In the OCS cohort, the mean (standard 
deviation [SD]) and median (IQR) cumulative 
OCS dose was 3.4 (7.1) g and 1.1 (0.4–3.3) g, 
respectively.

A total of 106,775 patients were included in 
the overall cohort, and of these 58,955 were 
eligible for inclusion in OCS cohort, as they 
had HES linkage. Ultimately, 53,299 individu-
ally matched pairs of patients comprised each 
of the OCS and non-OCS cohorts. In the OCS 
cohort, data were available for a median (IQR) 
of 15.0 (6.5–28.7) years before index date and 
6.9 (3.0–12.1) years after index date. In the 
non-OCS cohort, data were available for a 
median (IQR) of 12.2 (4.5–25.4) years before 
index date and 5.4 (1.8–10.6) years after index 
date. Demographic and clinical characteristics 
of both cohorts have been reported previously 



383Adv Ther (2025) 42:375–394	

[15]. In both the OCS and non-OCS cohorts, 
40.2% of patients were female, mean (SD) 
age was 64.6 (12.5) years, and most patients 
(94.2%) were current or former smokers. 

Smoking status, body mass index, COPD sever-
ity (with the exception of severe airflow limita-
tion, as measured by a forced expiratory vol-
ume in 1  s [FEV1] ≥ 30% to < 50%), modified 

Table 1   All-cause costs per 1000 patient-years for OCS versus non-OCS cohorts

CI confidence interval, ER emergency room, OCS oral corticosteroids

Attendance type Cohort Total attendance per 1000 
patient-years (95% CI)

Total cost per 1000 
patient-years, £ 
(95% CI)

Unadjusted rate ratio, 
OCS vs non-OCS 
(95% CI)

Inpatient attendances

 Elective day case OCS 272.6
(270.6, 274.6)

204,992.7
(203,493.0, 206,500.6)

1.19
(1.18, 1.20)

Non-OCS 229.0
(227.2, 230.8)

172,212.7
(170,849.1, 173,584.4)

 Elective inpatient case OCS 59.9
(58.9, 59.9)

224,717.7
(221,216.8, 224,695.0)

1.24
(1.23, 1.24)

Non-OCS 48.5
(47.6, 49.3)

181,994.7
(178,870.0, 185,160.3)

 Non-elective short stay OCS 102.2
(100.9, 101.8)

64,468.9
(63,699.4, 64,226.3)

1.45
(1.43, 1.47)

Non-OCS 70.2
(69.2, 71.3)

44,325.1
(43,692.4, 44,964.7)

 Non-elective long stay OCS 279.9
(277.9, 282.0)

854,615.0
(848,445.1, 860,818.5)

1.55
(1.54, 1.56)

Non-OCS 180.3
(178.7, 181.9)

550,332.7
(545,422.5, 555,276.1)

ER OCS 211.7
(210.0, 213.5)

38,532.0
(38,212.2, 38,853.8)

1.44
(1.41, 1.46)

Non-OCS 147.4
(146.0, 148.9)

26,833.5
(26,568.8, 27,100.1)

Specialist consultation OCS 998.4
(994.5, 1002.2)

134,777.5
(134,261.9, 135,294.7)

2.68
(2.65, 2.70)

Non-OCS 373.1
(370.7, 375.4)

50,362.9
(50,050.3, 50,676.9)

Primary care consultation OCS 8727.2
(8715.9, 8738.6)

340,362.3
(339,921.6, 340,803.5)

1.52
(1.51, 1.53)

Non-OCS 5750.6
(5741.5, 5759.8)

224,275.0
(223,920.0, 224,630.3)
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Medical Research Council Dyspnoea Scale score 
(with the exception of a score of 1), and use 
of most COPD inhaler types (LAMA, LABA, 
LAMA + LABA, LAMA + ICS, LABA + ICS) in the 

12 months before index date were balanced 
between cohorts, as assessed by an SMD of < 0.2.

Rates of cardiovascular comorbidities during 
the pre-index period were roughly comparable 

Fig. 2   aIRRsa (OCS versus non-OCS cohort) for annual-
ized disease-specific (excluding respiratory) costs. aaIRRs 
were calculated using generalized estimating equations with 
cluster-robust standard errors, log links, and gamma distri-
butions, and were adjusted for sex, age, number of exacer-
bations in the 12  months before index date, and the type 
of inhaler use in the 12  months before index date (ICS; 

ICS and LABA; ICS, LABA, and LAMA; short-acting 
β2-agonist with or without short-acting muscarinic antag-
onist). aIRR adjusted incidence rate ratio, CI confidence 
interval, ER emergency room, ICS inhaled corticosteroids, 
LABA long-acting β2-agonist, LAMA long-acting mus-
carinic antagonist, OCS oral corticosteroids
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between cohorts, with 19.8% and 23.9% of 
patients having cardiovascular/cerebrovascular 
disease in the OCS and non-OCS cohorts, respec-
tively. This was also the case for rates of cardio-
vascular risk factors during the pre-index period, 
with 16% and 11.9% having dyslipidemia, and 
31.3% and 35.7% having hypertension in the 
OCS and non-OCS cohorts, respectively.

Attendance Rates and Costs

Unadjusted total attendance per 1000 patient-
years and total costs were higher for the OCS 
cohort than for the non-OCS cohort across all 
attendance categories (Table 1). In the non-OCS 
and OCS cohorts, respectively, total costs per 
1000 patient-years ranged from £26,833.5 and 
£38,532.0 for ER attendances to £550,332.7 and 
£854,615.0 for non-elective long stays. aIRRs 
indicated that disease-specific (excluding respira-
tory) costs associated with OCS-related adverse 
outcomes were significantly higher for the OCS 
cohort than for the non-OCS cohort (Fig. 2). 
Across attendance categories, disease-specific 
(excluding respiratory) cost increases ranged 
from 37% for ER attendances (aIRR [95% CI] 
1.37 [1.31, 1.43]) to 149% for specialist consul-
tations (aIRR [95% CI] 2.49 [2.36, 2.63]) in the 
OCS cohort versus the non-OCS cohort (Fig. 2). 
Within the OCS cohort, positive dose–response 
associations for disease-specific (excluding res-
piratory) costs from OCS-related adverse out-
comes were observed across almost all attend-
ance categories versus the < 0.5 g reference dose 
(Fig. 3). At the 0.5 to < 1.0 g dose, costs ranged 
from 13% to 38% higher versus the < 0.5 g refer-
ence dose, with the greatest increase observed 
for primary care consultations (1.38 [1.32, 
1.44]); at the ≥ 10 g dose, costs ranged from 93% 
to 183% higher, with the greatest cost increases 
observed for primary care consultations (2.83 
[2.66, 3.00]), non-elective long stays (2.54 [2.15, 
2.99]), and non-elective short stays (2.51 [2.12, 
2.98]).

Similar results were observed for all-cause 
costs, which ranged from 21% to 59% higher 
in the OCS cohort versus the non-OCS cohort 
across most attendance categories, with a 

substantially higher increase of 150% for spe-
cialist consultations (aIRR [95% CI] 2.50 [2.39, 
2.61]; Fig. 4). Positive dose–response associa-
tions were also observed for all-cause costs from 
OCS-related adverse outcomes, with aIRRs 15% 
to 40% higher in the 0.5 to < 1.0 g dose category 
compared with the < 0.5 g reference dose, except 
for elective day cases, which were only signifi-
cantly higher in the ≥ 10 g dose category versus 
the non-OCS cohort (aIRR [95% CI] 1.43 [1.03, 
1.99]; Fig. 5). In the ≥ 10 g dose category, all-
cause costs ranged from 43% to 264% higher in 
the non-OCS cohort, with the greatest increases 
observed for primary care consultations (aIRR 
[95% CI] 3.02 [2.86, 3.19]) and non-elective long 
stays (aIRR [95% CI] 3.64 [3.35, 3.96]).

DISCUSSION

In this large historical cohort study, patients 
with COPD who received OCS had higher 
attendance and associated costs from OCS-
related adverse outcomes versus patients who 
did not receive OCS. Costs increased as the level 
of OCS exposure increased, with doses as low 
as 0.5 to < 1.0 g of OCS being associated with 
significant increases in disease-specific (exclud-
ing respiratory) costs versus the < 0.5 g refer-
ence dose; similar findings were observed for 
all-cause costs. The greatest increase in costs 
for patients who have ever versus never used 
OCS was observed for specialist consultations, 
with 149% and 150% increases in disease-spe-
cific (excluding respiratory) and all-cause costs 
observed, respectively. Moreover, for patients 
with a cumulative OCS dose of 0.5 to < 1.0 g, 
the largest observed increase in costs versus 
the < 0.5 g reference dose was for primary care 
consultations, with a 38% increase in disease-
specific (excluding respiratory) costs and a simi-
lar increase in all-cause costs. In patients with 
a cumulative OCS dose ≥ 10 g, the greatest cost 
increases versus the < 0.5 g reference dose were 
observed in primary care consultations and non-
elective long stays.
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Given the key role that primary care performs 
in the UK by providing the first point of contact 
to the NHS and management of long-term con-
ditions, the substantial dose-dependent increase 
observed for disease-specific (excluding respira-
tory) and all-cause primary care costs is indica-
tive of the burden placed on healthcare systems 
by adverse outcomes related to high OCS use. 
Notably, even at relatively low doses (0.5 to 
< 1.0 g), increases in disease-specific (excluding 
respiratory) costs were observed in almost all 
attendance categories (except elective inpatient 
cases) versus the < 0.5 g reference dose, with sim-
ilar results observed for all-cause costs (except 
for elective day cases). For context, the recom-
mended dose of OCS to treat exacerbations 
of COPD in the UK is 30 mg daily for 5 days 
(totaling 0.15 g) [27]. In this study, the median 
number of OCS courses was 8 (1.2 g for a 5-day 
course), with 63.3% and 45.4% of patients hav-
ing ≥ 5 courses (≥ 0.75 g for a 5-day course) and 
≥ 10 courses (≥ 1.5 g for a 5-day course), respec-
tively. This suggests that OCS-related adverse 
outcomes lead to increased healthcare costs for 
many patients who use OCS to treat exacerba-
tions of COPD.

A similar matched, historical cohort study 
using data from the CPRD reported dose-
dependent increases in HCRU and associated 
costs with SCS use (oral or parenteral) in patients 
with asthma [7]. Furthermore, increases in dis-
ease-specific (excluding asthma) HCRU and costs 

were observed at relatively low doses versus the 
< 0.5 g reference dose in most HCRU categories, 
including ER attendances, hospitalizations, spe-
cialist consultations, and primary care consulta-
tions [7]. Thus, these findings in patients with 
COPD are consistent with those in patients with 
asthma.

Short-acting bronchodilators and OCS (with 
or without antibiotics) are used in the treat-
ment of moderate exacerbations [3]. However, 
OCS use is associated with adverse outcomes in 
patients with COPD, including anxiety/depres-
sion, cataracts, glaucoma, osteoporosis, peptic 
ulcer, pneumonia, and sleep disorder [15]. Here, 
we demonstrate that those adverse outcomes 
related to OCS use are associated with increased 
attendance and costs. These findings are con-
sistent with the associations between increased 
OCS use and increased healthcare costs reported 
in prior studies in patients with other chronic 
diseases, including asthma and systemic lupus 
erythematosus [7, 28–30]. Indeed, a systematic 
literature review in 2009 estimated that costs 
for the seven most costly OCS-related adverse 
outcomes in the UK (non-Hodgkin’s lym-
phoma, myocardial infarction, cataract, stroke, 
peptic ulcer, diabetes, and fracture) amounted 
to £165,000 per 1000 patient-years [31], with 
fracture being the most costly. Moreover, the 
current findings are consistent with an analysis 
of US patient claims with a diagnosis of COPD 
that reported significant increases in all-cause 
HCRU in patients with chronic OCS use, includ-
ing for pharmacy, outpatient, inpatient, and ER 
costs [32]. The current analysis in patients with 
COPD expands upon existing evidence by pro-
viding greater insight into the impact of OCS 
use through stratification of hospitalizations by 
duration and elective/non-elective status.

To the best of our knowledge, this is the first 
in-depth economic evaluation that examines 
the impact of OCS-related adverse outcomes on 
attendance and costs by cumulative OCS dose 
in patients with COPD compared with individu-
ally matched patients with COPD without OCS 
exposure. Moreover, the study has a number 
of strengths. Firstly, although previous studies 

Fig. 3   aIRRsa in the OCS cohort for annualized disease-
specific (excluding respiratory) costs by cumulative OCS 
dose category versus < 0.5 g reference dose. aaIRRs were cal-
culated using generalized estimating equations with cluster-
robust standard errors, log links, and gamma distributions, 
and were adjusted for sex, age, number of exacerbations in 
the 12  months before index date, and the type of inhaler 
use in the 12  months before index date (ICS; ICS and 
LABA; ICS, LABA, and LAMA; short-acting β2-agonist 
with or without short-acting muscarinic antagonist). aIRR 
adjusted incidence rate ratio, CI confidence interval, ER 
emergency room, ICS inhaled corticosteroids, LABA long-
acting β2-agonist, LAMA long-acting muscarinic antago-
nist, OCS oral corticosteroids

◂
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have reported associations between chronic SCS 
use with increased all-cause HCRU and costs 
in patients with COPD in the USA and China 
[32, 33], this is the first dedicated economic 

evaluation in patients with COPD in the UK to 
identify a dose–response relationship between 
OCS dose and attendance and costs. Secondly, 
the median follow-up of 6.9 years for the OCS 

Fig. 4   aIRRsa (OCS versus non-OCS cohort) for annu-
alized all-cause costs. aaIRRs were calculated using gen-
eralized estimating equations with cluster-robust stand-
ard errors, log links, and gamma distributions, and were 
adjusted for sex, age, number of exacerbations in the 
12  months before index date, and the type of inhaler use 
in the 12 months before index date (ICS; ICS and LABA; 

ICS, LABA, and LAMA; short-acting β2-agonist with 
or without short-acting muscarinic antagonist). aIRR 
adjusted incidence rate ratio, CI confidence interval, ER 
emergency room, ICS inhaled corticosteroids, LABA long-
acting β2-agonist, LAMA long-acting muscarinic antago-
nist, OCS oral corticosteroids
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cohort in this study is much longer than the 
follow-up period of previous similar studies of 
SCS use (10 days to 6 months) [8–14], enabling a 
more in-depth study of the association between 
adverse outcomes related to OCS exposure and 
attendance and costs. Thirdly, this study used 
53,299 pairs of individually matched patients 
from a broad, representative patient population 
from the large and well-established CPRD GOLD 
database [16]. As such, the current findings are 
generalizable to the overall patient population. 
Fourthly, in similarity with other studies eval-
uating SCS (oral or parenteral) use in patients 
with asthma [7, 34], patients were individually 
matched by index date and sex. Patients were 
also matched by age and smoking status because 
of the focus of this study on COPD. Missing 
data for these variables were extremely rare as 
a result of primary care data collection practices 
in the UK and UK QOF-related incentives [21]. 
Finally, data for disease diagnoses and OCS use 
were recorded prospectively and thus are not 
affected by recall bias. As a result of the median 
pre-index availability of 15 years, patients were 
reliably confirmed as never known to have been 
exposed to OCS when entering the observation 
period.

Limitations of this analysis include that the 
data were collected for routine and clinical use, 
not for research purposes. As such, although 
extensive quality control and validity checks 
are conducted at the practice level, the valid-
ity and completeness of individual patient 
records cannot be assessed. Notably, while the 
HES is generally a reliable source of hospitaliza-
tion costings, outpatient appointments and ER 
consultations are less reliably coded compared 
with other attendance types. This can lead to 
difficulty in differentiating between respiratory-
related and non-respiratory-related attendance. 
It should also be noted that data collection 
stopped in 2019. This was necessary as a result 
of the COVID-19 pandemic, which had changed 
the way people were accessing healthcare both 
during and after the pandemic. Also, the num-
ber of OCS prescriptions over time was used 
to estimate OCS exposure. However, it cannot 
be confirmed that all OCS doses were correctly 
administered, particularly since OCS prescribed 

in a “rescue pack” are kept at home by patients 
to use as needed [35], and OCS prescriptions 
made outside of primary care were not cap-
tured. The reported associations of OCS-related 
adverse outcomes with costs are confounded 
by COPD severity. While more severe disease 
results in increased OCS use and consequently 
increased HCRU and cost, it also directly con-
tributes to cardiac adverse outcomes, HCRU, 
and cost. In addition, the frequent use of OCS 
by patients before they are formally diagnosed 
with COPD increases the difficulty of matching 
patients by baseline COPD severity; however, 
patients were well matched by disease severity 
(as assessed by FEV1), with an SMD between 
the OCS and non-OCS cohorts of < 0.2 for all 
severity categories except for severe COPD 
(FEV1 ≥ 30% to < 50%). It should also be noted 
that although the OCS and non-OCS cohorts 
were not matched for race/ethnicity or general 
physical condition as a result of incomplete 
reporting of these characteristics in the data-
base, these variables are unlikely to substantially 
confound these analyses given the OCS and 
non-OCS cohorts were matched for key base-
line and clinical characteristics and the analyses 
were adjusted for other clinically relevant covar-
iates. Moreover, patients with specific diagno-
ses were excluded from these analyses, further 
negating the potential for confounding due to 
differences in physical condition between the 
OCS and non-OCS cohorts. Furthermore, it is 
not expected that the current findings would 
change after adjusting for disease severity owing 
to the use of matched pairs. In these analyses, 
patients were not matched for baseline COPD 
severity and baseline COPD severity was not 
used as a covariate because many patients expe-
rience exacerbations before their official COPD 
diagnosis [25] and may have been treated with 
OCS. Such use could have been a confounding 
variable. Finally, although this study reports 
positive associations between OCS-related 
adverse outcomes and attendance and costs, it 
does not attempt to evaluate the costs of each 
specific OCS-related adverse outcome. As such, 
additional studies may be warranted to further 
elucidate the economic burden of OCS use in 
patients with COPD in other health systems.
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CONCLUSION

In this large cohort study of patients with 
COPD, OCS-related adverse outcomes were 
associated with increased disease-specific 
(excluding respiratory) costs, as measured by 
annualized categorical attendance, compared 
with individually matched patients with no 
exposure to OCS. Moreover, costs increased in 
a positive dose–response relationship for most 
attendance categories, even at relatively low 
OCS doses. These findings emphasize that pre-
venting exacerbations of COPD, and thereby 
minimizing OCS use, is not only of consider-
able clinical benefit to patients but also con-
tributes to reducing the currently substantial 
economic burden of COPD [4]. Moreover, 
increasing clinician and patient awareness 
of the potential consequences of OCS use is 
required to reduce inappropriate use, such 
as with patient-administered “rescue packs”. 
Identifying, implementing, and optimizing 
appropriate treatments for patients with COPD 
is key to improving both patient outcomes 
and reducing costs and burden on healthcare 
systems.
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