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Abstract

Purpose:

Associations between systemic glucocorticoid (SGC) exposure and risk for adverse outcomes
have spurred a move toward steroid-sparing treatment strategies. Real-world changes in SGC
exposure over time, after the introduction of steroid-sparing treatment strategies, reveal areas
of successful risk mitigation as well as unmet needs.

Patients and methods:

A population-based ecological study was performed from the Optimum Patient Care Research
Database to describe SGC prescribing trends of steroid-sparing treatment strategies in primary
care practices before and after licensure of biologics in the United Kingdom from 1990 to
2019. Each analysis year included patients aged >5 years who were registered for >1 year
with a participating primary care practice. The primary analysis was SGC exposure, defined
as total cumulative SGC dose per patient per year, for asthma, severe asthma, chronic
obstructive pulmonary disease (COPD), nasal polyps, Crohn's disease, rheumatoid arthritis,
ulcerative colitis, and systemic lupus erythematosus. Secondary outcomes were percentages
of patients prescribed SGCs and number of SGC prescriptions per patient per year.

Results:

The number of patients who met study inclusion criteria ranged from 219,862 (1990) to
1,261,550 (2019). At the population level, patients with asthma or COPD accounted for
67.7% to 73.2% of patients per year with an SGC prescription. Over three decades, decreases
in SGC total yearly dose >1000 mg have been achieved in multiple conditions. Patients with
COPD prescribed SGCs increased from 5.8% (1990) to 34.8% (2017). SGC prescribing trends
for severe asthma, Crohn's disease, and ulcerative colitis show decreased prescribing trends
after the introduction of biologics.

Conclusion:

Decreases in total yearly SGC doses have been shown in multiple conditions; however, for
conditions such as severe asthma and COPD, an unmet need remains for increased awareness
of SGC burden and the adoption or development of SGC-sparing alternatives to reduce
overuse.




Introduction

Increasing recognition of the risks associated with SGC use has led patient management
guidelines to embrace SGC-sparing treatment strategies.1-6 Acute (eg, pneumonia,
opportunistic infections, and gastrointestinal events) and longer-term adverse outcomes (eg,
new-onset type 2 diabetes mellitus, weight gain, osteoporosis, and cataracts) have been linked
to SGC exposure,7-9 with both intermittent and long-term use conferring increased risk of
mortality.10 The likelihood of experiencing complications escalates with dose and cumulative
exposure, and evidence suggests that as little as 0.5 to 1 g of cumulative SGC prescribed
intermittently is associated with adverse outcomes.8,11,12

Systemic glucocorticoids (SGCs) are frequently used to treat asthma and chronic obstructive
pulmonary disease (COPD).13,14 Changes in asthma guidelines (eg, consider long-term SGC
use as a last resort due to the serious side effects and screening patients for adrenal
insufficiency if they are on maintenance SGC or high-dose inhaled corticosteroids
[ICSs]/long-acting beta-agonists) and the introduction of SGC-sparing alternatives, including
biologic therapies, for example, should decrease SGC exposure.13,15,16 In Crohn’s disease
(CD), following recommendations, there has been a decrease in prolonged steroid exposure
over time.17,18 However, there is often a lag between the introduction of new guidelines or
therapies and their integration into clinical practice.19 A longitudinal population-based study
of patients with rheumatoid arthritis (RA) showed that initiation of glucocorticoids within 6
months of diagnosis are occurring earlier in their disease compared with prescribing patterns
from previous years.20 Indeed, long-term use of SGC has continued to be observed in
conditions with approved and readily available alternatives to steroids, such as severe asthma,
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and ulcerative colitis
(UC).7,17,21-23 Although long-term use may be waning, short-term and recurrent
intermittent use persists24 and continues to contribute to SGC- related adverse outcomes.7
Insights into successful SGC reduction approaches can be gained by assessing changes in
prescription patterns across disease states over time and relative to milestones that would be
expected to affect utilization, such as the availability of new therapies. To that end, this
population-based ecological study was performed using data extracted from electronic
medical records (EMRs) to describe temporal trends in SGC utilization for chronic disease
conditions in the United Kingdom (UK), overlayed with approval dates for relevant biologic
therapies.

Materials and Methods

Data Source and Study Population

With guidance from an external international steering committee of leading respiratory
experts, the Observational and Pragmatic Research Institute performed a serial cross-sectional
analysis using data from the Optimum Patient Care Research Database (OPCRD;
www.opcrd.co.uk).25 The OPCRD dataset comprises medical records for >20 million patients
from >1000 primary care practices (approximately 22% of the total UK population) drawn
from all UK clinical EMR systems with median follow-up in excess of 13 years. Most UK
residents are registered at one primary care practice, and secondary or tertiary care is only
accessible through referral from a primary care physician. The study population is, therefore,
a nonselective, representative sample of the population from catchment areas of the
participating practices.



Patients were eligible for study inclusion if they were aged >5 years and registered for >1 full
calendar year with a participating primary care practice during the study period (1990-2019).
All analyses were performed by calendar year; hence, inclusion criteria were applied relative
to the analysis year. Additional study methods, including patient exclusion criteria, are
presented in the Supplementary Materials.

Data-Sharing Statement

The dataset supporting the conclusions of this article was derived from the OPCRD. The
authors do not have permission to give the public access to the study dataset; researchers may
request access to OPCRD data for their own purposes. Requests for access to OPCRD can be
made via the OPCRD website (https://opcrd.co.uk/our-database/data-requests/) or via the
inquiries email, info@opcrd.co.uk.

Ethics Approval

The study was approved by the Anonymised Data Ethics Protocols and Transparency
(ADEPT) committee (approval number ADEPT1719) and was registered with the European
Union electronic Register of Post-Authorisation Studies (EU PAS Register Number
EUPAS30943).

Assessments

SGC exposure was defined as the total SGC prescription dosage per patient per year, as
indicated by the patient’s medical record, during the analysis year. Doses of individual SGCs
were converted to prednisolone equivalents using the defined daily dose and aggregated at the
population level (Table S1). For the primary analysis and evaluation of the total prescribed
SGC dose per year (Figure 1), the International Steering Committee identified 7
demonstration conditions of interest (asthma, COPD, nasal polyps, CD, UC, RA, and SLE)
that were prevalent within the dataset and for which SGCs are used as part of standard
practice for at least a significant percentage of patients but are not mandated for all patients
with the condition. Conditions were considered active within an analysis year according to the
following definitions. Owing to their persistent nature, COPD, nasal polyps, RA, and SLE,
once diagnosed, were considered always active. Given their relapsing and remitting clinical
course, asthma, CD, and UC were considered active during the analysis year only if the
patient had a disease-specific diagnostic code using READ or SNOWMED terms at any time
plus a relevant medication prescription (including SGC) used to treat the disease in the
analysis year or if the patient had a disease- specific diagnostic code using READ or
SNOWMED terms in the analysis year. Biologics are indicated in the charts in the year they
became available.

Additional SGC evaluations across the 7 identified conditions included the number and
percentage of SGC prescriptions per patient per analysis year (Figure 2), average number of
SGC prescriptions per patient per year (Figure 3), average total SGC dose per course (Figure
S1), percentage of patients prescribed SGC by average daily dose (Figure S2), and average
total SGC dose prescribed per year (Figure S3). These data were aggregated annually at the
population level.



In order to understand the overall SGC use in the UK primary care population, we included an
expanded array of 27 conditions for which SGC can be prescribed (Table S2) in an analysis of
the relative contribution of each indication to SGC prescriptions and total yearly prescribed
dose.
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Total yearly SGC dose by category. Percentage of patients per analysis year for asthma, severe asthma, COPD,
nasal polyps, Crohn’s disease, ulcerative colitis, rheumatoid arthritis, and systemic lupus erythematosus.
European Medicines Agency approval dates for biologic therapies are marked by vertical lines In order to
minimize the misattribution of an SGC indication, only one condition per patient per year for which an SGC
could have been prescribed was used for these analyses. Abbreviations: COPD, chronic obstructive pulmonary
disease; SGC, systemic glucocorticoid.
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Figure 2

Patients with one or more prescriptions of SGCs. Number and percentage of SGC prescriptions per patient per
analysis year for asthma, severe asthma, COPD, nasal polyps, Crohn’s disease, ulcerative colitis, rheumatoid
arthritis, and systemic lupus erythematosus. European Medicines Agency approval dates for biologic therapies
are marked by vertical lines In order to minimize misattribution of an SGC indication, only one condition per
patient per year for which an SGC could have been prescribed was used for these analyses.

Abbreviations: COPD, chronic obstructive pulmonary disease; SGC, systemic glucocorticoid.
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Figure 3

Average number of SGC prescriptions per patient. Number of prescriptions per patient per analysis year for
asthma, severe asthma, COPD, nasal polyps, Crohn’s disease, ulcerative colitis, rheumatoid arthritis, and
systemic lupus erythematosus. European Medicines Agency approval dates for biologic therapies are marked by
vertical lines In order to minimize misattribution of an SGC indication, only one condition per patient per year
for which an SGC could have been prescribed was used for these analyses.

Abbreviations: COPD, chronic obstructive pulmonary disease; SGC, systemic glucocorticoid.



Statistical Analysis

In order to minimize the misattribution of an SGC indication, we limited analyses to patients
with only 1 condition for which an SGC could have been prescribed in the analysis year. This
approach ensured that SGC prescriptions were attributable to a specific disease and not
prescribed to treat a comorbidity or unrelated condition. Owing to the frequent overlap
between asthma, nasal polyps, and atopic dermatitis,26 patients with asthma and either of
these comorbidities were included in the asthma category. An additional analysis was
performed for patients with asthma who had treatment- defined severe disease, as indicated by
receipt of Global Initiative for Asthma step 4 or 5 treatment.13 Dosage-related results are
reported in milligrams among the patient population.

Descriptive statistics were used to characterize SGC utilization. Imputation for missing data
was performed as described in Table S3. In order to gauge the potential effect of biologic
therapies on prescription practices, European Medicines Agency approval dates (Table S4)
are marked on plots of SGC utilization. In addition, exploratory linear regression analyses
were used to compare trends in total SGC dose prescribed per year before versus after
European Medicines Agency approval of the first biologic therapy for the condition of
interest. Data processing and analyses were performed using Stata MP/6 version 15.1
(StataCorp LLC, College Station, Texas, USA).

Results

The number of patients per annum who met study inclusion criteria increased from 219,862
(25.2% of the database) in 1990 to 1,261,550 in 2019 (20.8% of the database) (Figure S4).
Increases in patient numbers reflect increasing practice size due to primary care practice
mergers and the closing of smaller practices. Of the conditions assessed, asthma was the most
prevalent, followed by COPD and RA.

SGC Utilization

The range of total SGC-prescribed doses per year and patients per year with an SGC
prescription by specific conditions were aggregated and analyzed at the population level.
Asthma and COPD accounted for 38.5% to 55.6% of the total SGC prescribed per year and
67.7% to 73.2% of patients per year with an SGC prescription (Figure S5). Over time, the
relative contributions of asthma, UC, RA, and CD decreased, whereas that of COPD
approximately doubled.

The percentage of patients with asthma who had a total yearly SGC dose >1000 mg decreased
by approximately half from 1992 to 2006, whereas the percentage of patients with doses <500
mg per year nearly doubled from 1990 to 2016 (Figure 1). The percentage of patients with
daily SGC doses >15 mg/day prescribed increased from 6.6% in 1990 to 18.2% in 2016
(Figure S2), yet the average total dose per course for patients with >1 SGC prescriptions
decreased over time (Figure S1). A slight decrease in average total SGC doses per year was
noted after the introduction of biologics (Figure S3). The percentage of patients with asthma



with >1 SGC prescription was stable through the mid-2000s, after which a slight increase was
noted (Figure 2).

The number of patients with severe asthma in this study population increased from 3.7% in
1990 to 4.5% in 2019 (Figure 2). Within this population, large decreases in the percentage of
patients receiving a cumulative yearly dose >1000 mg were observed, along with decreases in
the percentage of patients with >1 prescription (Figures 1 and 2). The percentage of patients
with an average prescribed daily dose >15 mg/day increased from 1990 (0.4%) to 2014
(24.9%) before declining (Figure S2). The average total SGC dose per course decreased for
the overall population but to a lesser extent in patients with >1 SGC prescription (Figure S1).
Starting around 1992, decreases in SGC doses >1000 mg occurred before the introduction of
biologics; however, the decrease continued with the introduction of biologics starting in 2006
with newer biologics introduced as late as 2018 (Figures 1 and S3).

Among patients with COPD, the percentages of patients in each average total yearly dose
strata increased over time (Figure 1); however, average prescribed daily dose percentages
only increased for the >15 mg/day category (Figure S2). The percentage of patients with
COPD with >1 SGC prescription increased from 5.8% in 1990 to 34.8% in 2017 (Figure 2).
The average dose per course decreased over time for patients with >1 SGC prescription
(Figure S1). There were no biologic therapies approved for the treatment of COPD during the
observation period.

Among patients with nasal polyps, the total yearly SGC dose increased over time (Figure 1),
as did the percentage of patients prescribed with average daily SGC doses <7.5 mg/day and
>15 mg/day (Figure S2). During the observation period, no biologic therapies were approved
by the European Medicines Agency to treat nasal polyps. The percentage of patients with
nasal polyps with >1 SGC prescription was low (<1-3%) and did not change appreciably over
time (Figure 2).

Over time, the total yearly SGC dose, total dose course, and average number of SGC
prescriptions decreased among patients with CD (Figures 1, 3 and S1). A concomitant
decrease in the percentage of patients prescribed SGCs across all three average prescribed
daily dose strata was observed from the early 2000s through 2009 (Figure S2), and the
decrease continued after the introduction of biologics (Figure S3). The percentage of patients
with CD with >1 SGC prescription decreased from a high of 58.5% in 1994 to a low of 18.0%
in 2018 (Figure 2).

The percentage of patients with UC had a steady decrease in SGC average total yearly dose,
total dose per course, and percentage of patients prescribed >15 mg/day starting in the late
1990s (Figures S1 and S2), and the decrease continued after the introduction of biologics
(Figure S3).

The percentage of patients with RA receiving a cumulative SGC dose >1000 mg/year
decreased from a high of 11.7% in 2002 to a low of 5.3% in 2019 (Figure 1). The average
total SGC dose per course decreased, whereas the percentage of patients prescribed SGC at a
dose >15 mg/day increased over time (Figures S1 and S2). There was a decrease in the total
SGC prescribed noted after the introduction of biologics (Figure S3).

The percentage of patients with SLE who received an SGC dose >1000 mg per year and the
average number of prescriptions per patient initially increased before declining in the early- to
mid-2010s (Figures 1 and 2). The average SGC dose per course peaked at ~450 mg in 1999



and decreased to =300 mg from 2010 onward (Figure S1). There was no decrease noted in
SGC total prescriptions after the introduction of biologics (Figure S3).

Discussion

This large, population-based ecological study highlights the variability in SGC utilization
prescribing trends in respiratory and nonrespiratory diseases in the UK over the past three
decades. The results reveal that success in reducing SGC exposure, in some instances, appears
to have occurred around or after the availability of biologics. Rates of SGC utilization for
asthma showed a downward trend over time for patients with high-dose prescriptions (ie,
>1000 mg) and an upward trend in prescriptions <1000 mg. Downward trends in severe
asthma, CD, UC, and RA were also observed. In contrast, measures of SGC utilization were
mixed for SLE. The overall population prescription trends in which biologics were not yet
approved for use remained largely neutral for nasal polyps and demonstrated a worsening
pattern for COPD.

Asthma and COPD are two conditions in which certain measures of SGC utilization showed a
worsening over time. For asthma, usage metrics yielded mixed results, with a combination of
increasing and decreasing trends over time. Recent increases in SGC utilization may be linked
to greater implementation of asthma action plans in which patients are provided with an
emergency course of SGC to self-administer when they experience deterioration of asthma
control.5

In contrast, SGC use in patients with severe asthma showed an overall decrease. A recent
downward trend in the use of >15 mg/day for severe asthma coincides with the availability of
newer biologic therapies, including reslizumab, mepolizumab, and benralizumab, the latter
two having demonstrated steroid-sparing effects in patients with asthma.27,28 As the current
analysis only explored SGC, it is not known whether ICS utilization, particularly in the form
of ICS/long- acting beta-agonists, demonstrated compensatory longitudinal trends in this
patient population. Notably, although decreases in some utilization metrics were observed on
a per-patient basis for patients with asthma, the number of patients with asthma in the UK is
increasing; hence, the burden associated with SGC use continues to be considerable. Indeed,
asthma was consistently the greatest contributor to SGC utilization in our dataset.

The SGC utilization trend in COPD visually shows an upturn in nearly all metrics through
2017. SGCs are not recommended for maintenance therapy in COPD but are used in the
treatment of exacerbations.3 Rising levels of SGC use, therefore, could suggest that
exacerbation risk is not well managed and/or that SGCs are being used inappropriately. At
least in part, SGC use in COPD may be a result of patients using rescue packs, which include
SGC tablets that patients can self-administer for a presumed exacerbation. Data regarding the
effectiveness of rescue packs/action plans are mixed.29,30 For both COPD and asthma, the
presence of symptoms does not always indicate uncontrolled, steroid- responsive type 2 (T2)
inflammation. More routine use of T2 biomarkers in clinical practice could help to identify
patients who will benefit from steroids in a more precise way, allowing for the avoidance of
inappropriate SGC courses for non-T2 bacterial events.

Beginning in the early 2000s, utilization of SGC for CD in our dataset decreased by all
metrics. The first biologic therapy for CD, infliximab, was approved in Europe in 1999.
Although uptake of infliximab in clinical practice was initially slow,31 biologic therapy use
for CD has subsequently increased considerably, with approximately one-third of patients in a



recent regional UK cohort reporting receipt of biologic therapy as first- or second-line
treatment.32 Patients are also initiating biologic therapy earlier in the course of the disease.32

A 2019 analysis found that maintenance treatment with antitumor necrosis factor agents (eg,
infliximab and adalimumab) was associated with a decreased likelihood of excess steroid use
in patients with CD.33 These observations suggest that the combination of guideline-
advocated limitations in SGC use4 and a rise in the use and availability of biologic therapy
may have contributed to the reduction of the SGC burden in CD.

For UC, the influence of biologic therapy on SGC use is difficult to ascertain, as the
decreasing trend preceded biologic availability. In our dataset, SGC use peaked in the late
1990s and subsequently declined across metrics, but the first biologic was not approved in
Europe until 2006. There was, however, considerable worldwide off-label use of biologic
therapies for UC that preceded their approval.34,35 Nonetheless, there was a further
acceleration of decreasing SGC total dose per year observed after biologic therapy approval.
It is worth noting that despite these improvements, SGC use continues to be prevalent for UC
in the UK,17 with a reported high degree of avoidable steroid dependency or excess.33,36

In our analysis, several measures of SGC use for RA visually show an upturn in prescriptions
prior to the introduction of biologic therapies. Overall, the decrease in SGC use for RA was
lower relative to changes observed in CD, which may reflect restricted biologic therapy
access in the UK. Owing to the stringency of national reimbursement criteria, the UK is
considered to offer low access to biological disease-modifying antirheumatic drugs.37 There
may also be a differential focus on SGC reduction for RA in clinical practice, with continued
SGC use in prevalent patients who are well-managed and a greater emphasis on avoiding
SGC initiation for incident patients.

This study is subject to the limitations inherent to EMR data. In particular, because the study
time period encompassed the introduction of the Quality and Outcomes Framework in
2004,38 there may be a difference in the data quality and completeness before and after 2004.
Reliance on EMR data could also result in insufficient medical history information to identify
conditions of interest, principally when data available before the analysis year were limited. In
addition, EMR data do not distinguish a prescription for a current medical need from a
prescription for future use, as occurs with action plans for asthma and COPD. The data for
this study were also pre—~COVID-19. The inclusion of data during and after the COVID-19
pandemic could have led to different results.

As a population-based ecological study, causation or any direct relationship cannot be
established for changes in prescription patterns; temporal relationships between the
availability of new biologic therapies and changes in SGC prescription trends are speculative.
The interplay of multiple factors, including emerging clinical evidence, availability of new
therapies, changes to guidelines, introduction of SGC-sparing initiatives, development and
management of adrenal insufficiency, and changes in reimbursement, contributes to SGC
utilization. Across diseases, low-dose SGC use continued to be prevalent and may, in some
cases, reflect the challenges of tapering therapy in patients who have developed adrenal
insufficiency due to long-term steroid dependency.39 Future studies should expand on these
findings with statistical tests to evaluate relationships and causation between the prescribing
patterns they report and relevant aspects of patient clinical care and treatment.



Another limitation is the lack of distinction of patients by disease severity. As shown from the
asthma analyses, SGC utilization trends differed for those with severe disease compared with
the overall population. Patterns of SGC use may also be affected by changes in diagnostic
criteria that have allowed for the identification of patients at earlier/milder stages of disease
when SGC use is less applicable. Lastly, because the indication for SGC must be inferred
from the diagnostic data, analyses were primarily restricted to patients with only one
condition for which SGC may have been prescribed during the analysis year. These data,
therefore, reflect the monocondition patient experience, which may differ from that of patients
with comorbid conditions who are also treated with SGC. Notably, the monocondition
categorization for asthma included patients with nasal polyps and/or atopic dermatitis. As
these conditions are treated by different specialists and differ in terms of SGC-sparing therapy
availability, SGC prescription patterns may have been influenced by nonasthma condition
presence. Additional research into SGC use in patients with monocondition and comorbid
inflammatory diseases is needed.

A greater appreciation for the adverse consequences of SGC, even when used at low doses
and infrequently, accompanied by the introduction of biologics, has led to declining SGC
utilization across a variety of conditions. Severe asthma serves as an example of this
principle. Decreases in SGC utilization were also observed in CD, UC, and RA, conditions for
which there are multiple biologic therapies available. Nonetheless, overall SGC utilization
and persistent exposure to high daily or cumulative doses indicate a need for increased
awareness of SGC burden and steroid- sparing options to minimize overuse, particularly in
conditions such as asthma and COPD, in which SGC use continues to be prevalent.
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