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IMPORTANCE Identifying and mitigating modifiable gaps in fracture preventive care for
people with relapsing-remitting conditions such as eczema, asthma, and chronic obstructive
pulmonary disease who are prescribed high cumulative oral corticosteroid doses may
decrease fracture-associated morbidity and mortality.

OBJECTIVE To estimate the association between different oral corticosteroid prescribing
patterns and appropriate fracture preventive care, including treatment with fracture
preventive care medications, among older adults with high cumulative oral corticosteroid
exposure.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included 65 195 participants with UK
electronic medical record data from the Clinical Practice Research Datalink (January 2, 1998,
to January 31, 2020) and 28 674 participants with Ontario, Canada, health administrative
data from ICES (April 1, 2002, to September 30, 2020). Participants were adults 66 years or
older with eczema, asthma, or chronic obstructive pulmonary disease receiving prescriptions
for oral corticosteroids with cumulative prednisolone equivalent doses of 450 mg or higher
within 6 months. Data were analyzed October 22, 2020, to September 6, 2022.

EXPOSURES Participants with prescriptions crossing the 450-mg cumulative oral
corticosteroid threshold in less than 90 days were classified as having high-intensity
prescriptions, and participants crossing the threshold in 90 days or more as having
low-intensity prescriptions. Multiple alternative exposure definitions were used in sensitivity
analyses.

MAIN OUTCOMES AND MEASURES The primary outcome was prescribed fracture preventive
care. A secondary outcome was major osteoporotic fracture. Individuals were followed up
from the date they crossed the cumulative oral corticosteroid threshold until their outcome
or the end of follow-up (up to 1 year after index date). Rates were calculated for fracture
preventive care and fractures, and hazard ratios (HRs) were estimated from Cox proportional
hazards regression models comparing high- vs low-intensity oral corticosteroid prescriptions.

RESULTS In both the UK cohort of 65 195 participants (mean [IQR] age, 75 [71-81] years;
32 981 [50.6%] male) and the Ontario cohort of 28 674 participants (mean [IQR] age, 73
[69-79] years; 17 071 [59.5%] male), individuals with high-intensity oral corticosteroid
prescriptions had substantially higher rates of fracture preventive care than individuals with
low-intensity prescriptions (UK: 134 vs 57 per 1000 person-years; crude HR, 2.34; 95% CI,
2.19-2.51, and Ontario: 73 vs 48 per 1000 person-years; crude HR, 1.49; 95% CI, 1.29-1.72).
People with high- and low-intensity oral corticosteroid prescriptions had similar rates of major
osteoporotic fractures (UK: crude rates, 14 vs 13 per 1000 person-years; crude HR, 1.07; 95%
CI, 0.98-1.15 and Ontario: crude rates, 20 vs 23 per 1000 person-years; crude HR, 0.87; 95%
CI, 0.79-0.96). Results from sensitivity analyses suggested that reaching a high cumulative
oral corticosteroid dose within a shorter time, with fewer prescriptions, or with fewer or
shorter gaps between prescriptions, increased fracture preventive care prescribing.

CONCLUSIONS The results of this cohort study suggest that older adults prescribed high
cumulative oral corticosteroids across multiple prescriptions, or with many or long gaps
between prescriptions, may be missing opportunities for fracture preventive care.
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O ral corticosteroids are a major cause of secondary os-
teoporosis and subsequent fractures.1-3 Older people
are particularly vulnerable.4 People using oral corti-

costeroids for 3 or more months at a prednisolone equivalent
dose of 5 mg daily or higher (corresponding to a cumulative pred-
nisolone equivalent dose threshold of 450 mg) should be con-
sidered at increased risk of fracture, and depending on other risk
factors, such as age, should be referred for bone mineral den-
sity measurements and/or treated with fracture preventive care
medications, such as bisphosphonates.5 This guidance is re-
flected in the commonly used FRAX fracture risk assessment
tool,6,7 which is recommended in UK,8 Canadian,9 and US10

guidelines.
Rather than providing a single prescription, or a small num-

ber of prescriptions sequentially without gaps (as might be the
case for the long-term treatment of rheumatoid arthritis),11 oral
corticosteroids are often prescribed in short discontinuous bursts
to treat disease flares of relapsing-remitting conditions, such as
eczema,12 asthma,13 and chronic obstructive pulmonary disease
(COPD).14 We hypothesized that treating physicians’ aware-
ness of patients crossing a cumulative oral corticosteroid dose
threshold is lower in the latter type of prescriptions to treat COPD,
eczema, asthma, which would constitute a modifiable gap in
fracture preventive care. Since these relapsing-remitting condi-
tions are often managed by different specialist and generalist
physicians, including dermatologists, respirologists, inter-
nists, family physicians, and emergency physicians, that gap in
care would be relevant to many clinical settings. Identifying and
mitigating that gap could reduce the high morbidity and mor-
tality associated with fractures.15

The objective of this study was to determine whether oral
corticosteroid prescribing patterns were differentially associated
with receiving guideline-recommended fracture preventive
care among older adults with eczema, asthma, or COPD.

Methods
Study Design and Setting
We conducted parallel cohort studies using routinely col-
lected UK general practice data (January 2, 1998, to January
31, 2020) and Ontario, Canada, population-based administra-
tive health data (April 1, 2002, to September 30, 2020) (Figure).
The UK study was approved by the Independent Scientific Ad-
visory Committee, the London School of Hygiene & Tropical
Medicine Research Ethics Committee, and the Clinical Prac-
tice Research Datalink (CPRD) Independent Scientific Advi-
sory Committee. For the Ontario study, ICES (previously In-
stitute for Clinical Evaluative Sciences) is a prescribed entity
under section 45 of Ontario’s Personal Health Information Pro-
tection Act. The use of data held at ICES is authorized under
section 45 of Ontario’s Personal Health Information Protec-
tion Act and does not require review by a research ethics board.
This project was conducted under section 45 and approved
by the ICES Privacy and Legal Office. The need to obtain in-
formed consent was waived because all data were deidenti-
fied (UK) or were population-based administrative data (On-
tario). This study followed the Reporting of Studies Conducted

Using Observational Routinely-Collected Data for pharmaco-
epidemiology (RECORD-PE) reporting guideline (eAppendix
in Supplement 1).

Data Sources
The UK study used deidentified primary care data from CPRD
GOLD, which includes more than 11 million people from 674
practices in the UK16 linked to deprivation data (Carstairs index)17

and Office for National Statistics death data (linkages provided
directly through CPRD). The Ontario study used population-
based primary and secondary care administrative data from
ICES, with linkages between multiple databases (eMethods 1 in
Supplement 1).

Study Population
We identified cohorts of people with eczema, asthma, or COPD.
In the UK, we included all individuals with at least 1 diagnostic
code for eczema, asthma, or COPD, and in Ontario, we in-
cluded people with at least 1 physician visit for eczema, pres-
ence of at least 1 hospitalization or 2 or more physician visits in
a 2-year period for asthma,18 and at least 1 hospitalization or at
least 1 physician visit for COPD.19 From these identified people,
we selected a subset of adults 66 years of age or older crossing
the cumulative oral corticosteroid dose high-risk threshold of
450 mg of the prednisolone equivalent dose in the last 6 months
(eTable 6 in Supplement 1). According to FRAX recommenda-
tions, all of these people should be considered for fracture
preventive care.6 The index date was the start date of the first
prescription that would surpass the risk threshold for that in-
dividual. We excluded people who previously received a frac-
ture preventive care drug, experienced a major osteoporotic
fracture, or showed evidence of receiving a cancer diagnosis in
the previous 6 months (to identify actively treated cancers). In-
dividuals could be included only once.

Exposures, Outcomes, and Covariates
Corticosteroid Prescribing Patterns
We used information on dose and duration of oral corticoste-
roid prescriptions from cleaned prescription data (eMethods 2
in Supplement 1). We ascertained the time taken to reach the risk

Key Points
Question Are prescribing patterns for older people receiving high
cumulative doses of oral corticosteroids associated with adequate
fracture preventive care?

Findings This cohort study of 65 195 older adults in the UK and
28 674 older adults in Ontario, Canada, found that individuals who
were prescribed high cumulative oral corticosteroid doses
gradually or intermittently across multiple prescriptions were
about half as likely as individuals prescribed a similar dose in 1
prescription or within a short period of time to receive
guideline-indicated fracture preventive care.

Meaning Increasing attention to individuals receiving
prescriptions for high cumulative oral corticosteroid doses
discontinuously may help close an identified gap in fracture
preventive care.
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threshold (ie, cumulative prednisolone equivalent dose of 450
mg in 6 months), the number of gaps between prescriptions
within that period, and the total length of these gaps.

For the primary exposure, we classified individuals as hav-
ing low-intensity (≥90 days to cross the risk threshold) vs high-
intensity (<90 days to cross the risk threshold) oral cortico-
steroid prescriptions (eFigure 1 in Supplement 1). In sensitivity
analyses, we (1) defined exposure based on the number and
total length of gaps between prescriptions, (2) used different
cut points to classify exposure, and (3) used a log-
transformed continuous exposure definition (Table 1).

Fracture Preventive Care
Our primary outcome was prescriptions for fracture preven-
tive care medications, which are recommended in guidelines

for this patient population (including bisphosphonates, baze-
doxifene, burosumab, raloxifene, and teriparatide).10 For a sec-
ondary outcome, we expanded the definition to include either
prescriptions for fracture preventive medications or bone min-
eral density measurements (dual-energy x-ray absorptiom-
etry; DEXA). In another secondary analysis for the UK cohort
only, we used any calcium or vitamin D prescription as a sec-
ondary outcome definition.

Major Osteoporotic Fractures
Major osteoporotic fractures were a secondary outcome. For
the UK cohort, we identified fractures of spine, hip (proxi-
mal femur), wrist, or pelvis, excluding surgical or cancer-
related fractures, in primary care morbidity coding. For the
Ontario cohort, we identified hip, vertebral, and humerus

Figure. Study Design

First day of
data availability End of follow-up

Follow-up window
Days (0, end of follow-up)

Earliest of
Date of outcome

End of study
Date, UK: January 31, 2020
Date, Ontario: September 30, 2020
UK only: date participant left the practice
UK only: date of last data collection from
 the practice 

1 y After index date (main analysis)
Date of death

Index date (day 0)
(First day of prescription that crossed risk

threshold of PED ≥450 mg within 6 mo)

Inclusion assessment
Age ≥66 y
Day (0)

Inclusion assessment
Cumulative PED ≥450 mg
Days (–180, 0)

Exclusion assessment
Previous cancer diagnosis
Days (–180, 0)

Exclusion assessment
Previous major osteoporotic fracture
 or FPC drug prescription
Days (earliest data, 0)

Covariate assessment
Age, sex, GP practice, deprivation
Day (0)

Exposure assessment
Prescription pattern
Days (–180, 0)

Inclusion assessment (all needed to be met)
Age ≥18 y

Date, Ontario: ≥ April 1, 2002
UK only: practice meets quality standards,
 12-mo registration at eligible practice
Days (earliest data, 0)

Eczema or asthma or COPD
Date, UK: ≥ January 2, 1998 

Covariate assessment
Comorbidities
UK (time updated)
 Days (earliest data, censor, or event)
Ontario (not time updated)
 Days (–1825, 0)

Source population for the UK study
was all people attending general
practitioners (GPs) in the UK, and for
the Ontario study, all people
attending GPs in Ontario, Canada.
Database population for the UK was
individuals included in the Clinical
Practice Research Datalink, and for
the Ontario study, individuals
included in the ICES database. Study
population was people with eczema,
asthma, or chronic obstructive
pulmonary disease (COPD) who
should be considered for fracture
preventive care (FPC) (ie, individuals
with prescriptions that crossed the
risk threshold of a 450-mg
prednisolone equivalent dose [PED]).
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and forearm fractures using standardized administrative
algorithms.20

Negative Control Outcomes
Negative control outcomes are outcomes that are known not
to be associated with exposure but share the same potential
sources of bias with the primary outcome.21 For negative
control outcomes, we included prescriptions for epilepsy
and migraine medications (UK) as drugs that should not be
associated with oral corticosteroid prescribing, and drugs
used for anxiety (UK and Ontario) as medications poten-
tially associated with oral corticosteroid prescribing but that

should not be associated with the pattern of oral corticoste-
roid prescribing.

UK Covariates
We identified age and sex at the index date. All individuals had
at least 1 of eczema, asthma, or COPD to be eligible for inclu-
sion. Eczema, asthma, and COPD were also defined as time-
updated variables with status changing on first record. That
is, people were considered as not having the disease until the
first record of an appropriate primary care diagnostic code. We
also identified comorbid rheumatoid arthritis. As a measure
of socioeconomic status, we used quintiles of the Carstairs in-

Table 1. Exposure Definition, Study Cohort, and Model Covariate Changes in Sensitivity Analyses

Sensitivity analysisa Justification

Exposure definition changeb

Use time to risk threshold (0 vs 1-180 d) Prescribing a dose crossing the 450-mg prednisolone equivalent dose risk
threshold in a single prescription may influence the decision to prescribe
fracture preventive care.

Use total length of gaps (0-89 vs 90-180 d) Lengths of gaps between prescriptions may influence awareness of previously
prescribed cumulative doses.

Use total length of gaps (0 vs 1-180 d) Prescribing a dose crossing the 450-mg prednisolone equivalent dose risk
threshold in a single prescription may influence the decision to prescribe
fracture preventive care.

Use No. of gaps (0-1 vs ≥2 gaps) Number of gaps between prescriptions may influence awareness of previously
prescribed cumulative doses.

Use No. of gaps (0 vs ≥1 gaps) Prescribing a dose crossing the 450-mg prednisolone equivalent dose risk
threshold in a single prescription may strongly influence the decision to
prescribe fracture preventive care.

Use log-transformed continuous variable of log10 (days
to risk threshold + 1)

Likelihood of receiving fracture preventive care may decrease rapidly at first
and then slow with the No. of days to reach risk threshold. Estimate hazard
ratios with the exposure as a continuous variable by log10-transformed No. of
days to reach risk threshold (+ 1 to avoid a zero value at 0 d)

Cohort composition changec

Follow-up not limited Effect of (missed opportunities for) fracture preventive care is likely to occur
over a longer period of time; therefore, considered analyses with follow-up
time not limited to 1 y as the main analyses for the fracture outcome.

For fracture preventive care outcome, performed these analyses as sensitivity
analyses.

UK only: age not limited to ≥66 y, ie, all adults ≥18 y are eligible Fracture preventive care drugs are rarely prescribed to younger individuals;
however, it may be appropriate to include individuals of all ages to not miss
special cases in which fracture preventive care is prescribed to younger
individuals.

UK only: use different method to clean oral corticosteroid prescription
information with more values imputed (for prescription quantity information,
in addition to values that were recorded as missing, values that were recorded
as 0 were imputed).

Data cleaning of oral corticosteroid prescription data alters the cohort
composition. Oral corticosteroid prescriptions with 0 recorded as the
quantity may be prescribed “as needed” or may constitute cases in which
true quantity is not entered.

Model covariate changed

Adjust for age group, sex, and deprivation Although cohort was selected by age (≥66 y), there may still be differences
in age, sex, and deprivation between groups with high- vs low-intensity
prescriptions.

Adjust for age group, sex, deprivation, eczema, asthma, COPD, and
rheumatoid arthritis

Groups differed in disease status, which may be associated with the rate of
fracture preventive care prescribing or fractures.

Ontario only: covariates of the main analysis, rurality, dementia, drugs
decreasing fracture risk, drugs increasing fracture risk, inhaled or nasal
corticosteroids, injectable corticosteroids, topical corticosteroids, other
corticosteroids, oral corticosteroid in the year prior to cohort entry, health
care use in the year prior to cohort entry (physician visits [0-12, ≥13],
hospitalization [yes, no], No. of physicians prescribing oral corticosteroid [1,
≥2]), specialty of physician prescribing oral corticosteroid (family practice,
dermatology, emergency medicine, and other)

Other variables may confound the association between oral corticosteroid
prescribing pattern and fracture preventive care or fractures.

Abbreviation: COPD, chronic obstructive pulmonary disease.
a For both Ontario and UK analyses unless otherwise stated.
b Exposure definition for main analysis in both UK and Ontario cohorts defined

using time to risk threshold as high (0-89 days) vs low (90-180 days) intensity.
c Cohort composition for main analysis in both UK and Ontario cohorts fracture

preventive care outcome had follow-up time limited to 1 year, with follow-up

time not limited for fracture outcome. People were included only if they were
aged 66 years or older. For UK only, due to missing information in electronic
health records, values for quantity and daily dose of prescriptions that were
recorded as missing were imputed.

d Models not adjusted for any covariates in main analysis in both UK and Ontario
cohorts.
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dex of material deprivation (at the individual level if avail-
able, otherwise at the practice level) from 2011.

Ontario Covariates
We obtained individuals’ age, sex, and home location at the in-
dex date. We identified eczema, asthma, COPD, rheumatoid ar-
thritis, and dementia during a 5-year look back, which required
at least 2 physician visits with the diagnosis. We identified medi-
cations that may increase or decrease fracture risk, including
other types of corticosteroids (inhaled or nasal, injectable, topi-
cal, and other) used in the year prior to the index date. We iden-
tified health care use during the year prior to the index date, in-
cluding the number of physician visits and hospital visits. We
established the specialty of the physician, or physicians pre-
scribing any oral corticosteroid that contributed to crossing the
risk threshold. As a measure of socioeconomic status, we used
quintiles based on neighborhood income.

Statistical Analysis
We calculated descriptive statistics, including participant
counts and distribution of characteristics by oral corticoste-
roid prescribing pattern exposure status.

Individuals were followed up until they either experi-
enced an outcome (fracture preventative care or fracture) or
were censored (earliest of 1 year after index date [main analy-
sis], death, left practice [UK only], last data collection from the
practice [UK only], or end of the study [UK, January 31, 2020;
Ontario, September 30, 2020]). We limited follow-up to 1 year
after index date for the fracture preventive care outcome so
that any prescriptions for fracture preventive care would be
associated with crossing the risk threshold of 450-mg cumu-
lative prednisolone equivalent dose. Since both a detrimen-
tal association of oral corticosteroid use with bone health and
a beneficial association of oral corticosteroid use with frac-
ture preventive care may take longer than 1 year to occur, we
did not limit the follow-up time in analyses for the fracture
outcome.

We calculated crude rates and estimated hazard ratios
(HRs), with follow-up time as the underlying timescale, for the
association between oral corticosteroid prescribing pattern and
the outcome using Cox proportional hazards regression analy-
sis. We fitted crude models, and models adjusted for age, sex,
deprivation, eczema, asthma, COPD, and rheumatoid arthri-
tis (which is included as a risk factor in FRAX and is treated
with oral corticosteroids). In Ontario, we additionally fit mod-
els adjusting for all other covariates (including other medica-
tions and health care use) (eTable 1 in Supplement 1). We per-
formed model diagnostics (eMethods 3 and eFigures 4 and 5
in Supplement 1). To test whether our results changed under
a range of different assumptions, we performed 3 categories
of sensitivity analyses: changing the exposure definition,
changing the study cohort, and changing the model covari-
ates (Table 1).

As a secondary analysis for the UK cohort, we estimated
HRs from a 3-state Cox proportional hazards regression model
(1, entry state; 2, received fracture preventive care; and 3, ex-
perienced fracture) for switching from one state to another
(eFigure 2 in Supplement 1).

In the UK, prescriptions were sometimes missing infor-
mation on the number of pills to be consumed. We therefore
imputed missing values using other information contained in
the same prescription, other prescriptions for the same indi-
vidual, and other prescriptions from the same demographic
groups (eMethods 2 in Supplement 1).

We reported any amendments to the original study pro-
tocol (eMethods 4 in Supplement 1). Data management and sta-
tistical analyses were conducted October 22, 2020, to Sep-
tember 6, 2022, using R, version 4.20 (R Project for Statistical
Computing), and SAS Enterprise Guide, version 7.1 (SAS Insti-
tute Inc). Statistical significance was defined as a 95% CI
excluding 1.

Results
Descriptive Statistics
The UK study identified 65 195 people 66 years of age or older
(mean [IQR] age, 75 [71-81] years; 65 195 [50.6%] male) with a
diagnostic code for eczema, asthma, or COPD who were pre-
scribed 450 mg or more of a prednisolone equivalent dose in
6 months (eFigure 3 in Supplement 1). Of these, 69% had high-
intensity oral corticosteroid prescriptions, and 31% had low-
intensity prescriptions. For analysis with fracture preventive
care medications as the outcome, individuals were followed
up for a mean of 0.8 years (total 52 948 person-years), and for
analysis with fracture as the outcome for a mean of 3.8 years
(total 208 354 person-years) (eTable 2 in Supplement 1). Base-
line characteristics were similar between groups of oral corti-
costeroid prescribing patterns, except for the distribution of
inflammatory diseases (high- vs low-intensity prescriptions:
eczema 23.5% vs 17.0%; asthma 56.2% vs 61.2%; COPD 55.6%
vs 66.2%, respectively) (Table 2).

The study in Ontario identified 28 674 people 66 years of
age or older (mean [IQR] age, 73 [69-79] years; 17 071 [59.5%]
male), with eczema, asthma, or COPD who were prescribed 450
mg or more of a prednisolone equivalent dose in 6 months. Of
these, 82.7% had high-intensity oral corticosteroid prescrip-
tions, whereas 17.3% had low-intensity prescriptions. For analy-
sis with fracture preventive care medications as the out-
come, individuals were followed up for a mean of 0.9 years
(total 25 600 person-years), and for analysis with fracture as
the outcome, for a mean of 5.0 years (total 142 607 person-
years) (eTable 2 in Supplement 1). Baseline characteristics were
similar between oral corticosteroid prescribing-pattern groups,
except for the distribution of inflammatory diseases within 5
years of the index date (high- vs low-intensity prescriptions:
eczema, 27.2% vs 19.1%; asthma, 18.3% vs 27.9%; COPD, 41.0%
vs. 63.2%, respectively) (Table 2).

Oral Corticosteroid Prescription Patterns
and Fracture Preventive Care
In the UK 1 year after the index date, 8.9% of people who had
reached the risk threshold of a 450-mg prednisolone equiva-
lent dose had received fracture preventive care medication:
10.7% with high-intensity oral corticosteroid prescriptions vs
4.8% with low-intensity prescriptions (crude rates, 134 vs 57
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per 1000 person-years; crude HR, 2.34; 95% CI, 2.19-2.51;
adjusted HR, 2.13; 95% CI, 1.99-2.29) (Table 3). Estimates
were similar for the fracture preventive care medication or
DEXA scan outcome and lower for the calcium and vitamin D
outcome. We saw no evidence for an association between oral
corticosteroid prescribing pattern and our negative control
outcomes.

Analyses by disease subgroup comparing high- vs low-
intensity oral corticosteroid prescriptions showed highest HRs
for being prescribed fracture preventive care among people
with eczema (HR, 3.00; 95% CI, 2.60-3.47) followed by people
with asthma (HR, 2.15; 95% CI, 1.96-2.35) and people with COPD
(HR, 1.72; 95% CI, 1.57-1.88) (eTable 3 in Supplement 1). Effect
estimates were similar in sensitivity analyses with changes to

Table 2. Characteristics of the Study Populations at Index Date

Characteristic

UK participants, No. (%) Ontario participants, No. (%)

Oral corticosteroid prescription intensitya Oral corticosteroid prescription intensitya

High Low High Low
Total No. 44 989 20 206 23 727 4947

Age, mean (IQR), y 75 (71-81) 75 (70-80) 73 (69-79) 73 (69-79)

Male 23 044 (51.2) 9937 (49.2) 14 178 (59.8) 2893 (58.5)

Female 21 945 (48.8) 10 269 (50.8) 9549 (40.2) 2054 (41.5)

Deprivation quintileb

5 (Most deprived) 8606 (19.1) 4428 (21.9) 4970 (20.9) 1169 (23.6)

4 11 584 (25.7) 5437 (26.9) 5185 (21.9) 1087 (22.0)

3 9444 (21.0) 4012 (19.9) 4786 (20.2) 1006 (20.3)

2 7246 (16.1) 2907 (14.4) 4455 (18.8) 917 (18.5)

1 (Least deprived) 5051 (11.2) 1890 (9.4) 4262 (18.0) 754 (15.2)

Missing 3058 (6.8) 1532 (7.6) 69 (0.3) 14 (0.3)

Eczemac 10 579 (23.5) 3436 (17.0) 6451 (27.2) 946 (19.1)

Asthmac 25 306 (56.2) 12 361 (61.2) 4336 (18.3) 1378 (27.9)

COPDc 25 030 (55.6) 13 371 (66.2) 9730 (41.0) 3125 (63.2)

Rheumatoid arthritis 1203 (2.7) 424 (2.1) 790 (3.3) 145 (2.9)

Abbreviation: COPD, chronic
obstructive pulmonary disease.
a Low-intensity prescription defined

as 90 or more days to cross the risk
threshold of the cumulative
prednisolone equivalent dose of
450 mg; high-intensity prescription,
less than 90 days to cross the risk
threshold.

b Quintiles of the Carstairs index in
the UK cohort and income quintiles
in the Ontario cohort; 1 indicates,
least deprived and highest income;
5, most deprived and lowest
income.

c Presence of a disease code before
the index date; an individual can
have multiple diseases.

Table 3. Hazard Ratios for Different Fracture Preventive Care Outcomes, With Follow-Up Maximum of 1 Year,
and for Major Osteoporotic Fracture, With Follow-Up Time Not Limited

Cohort
Oral corticosteroid
prescription intensitya HR (95% CI)b Person-years Event Ratec

Fracture preventive care drugsd

UK Low 1.00 (1.00-1.00) 17 150 971 57

UK High 2.34 (2.19-2.51) 35 798 4810 134

Ontario Low 1.00 (1.00-1.00) 4522 219 48

Ontario High 1.49 (1.29-1.72) 21 078 1534 73

Fracture preventive care drugs or referral for DEXA scan

UK Low 1.00 (1.00-1.00) 17 105 1061 62

UK High 2.24 (2.10-2.39) 35 675 5019 141

Ontario Low 1.00 (1.00-1.00) 4373 501 115

Ontario High 1.27 (1.15-1.39) 20 302 2959 146

Calcium and vitamin D

UK Low 1.00 (1.00-1.00) 15 899 2761 174

UK High 1.46 (1.40-1.53) 33 133 8592 259

Anxiety drugse

UK Low 1.00 (1.00-1.00) 15 838 2743 173

UK High 1.02 (0.98-1.07) 34 737 6208 179

Ontario Low 1.00 (1.00-1.00) 3817 1181 309

Ontario High 0.97 (0.91-1.04) 18 207 5494 302

Epilepsy drugse

UK Low 1.00 (1.00-1.00) 16 378 1913 117

UK High 0.97 (0.92-1.02) 36 110 4108 114

Major osteoporotic fracture (follow-up time not limited)

UK Low 1.00 (1.00-1.00) 74 833 945 13

UK High 1.07 (0.98-1.15) 169 708 2295 14

Ontario Low 1.00 (1.00-1.00) 21 775 501 23

Ontario High 0.87 (0.79-0.96) 120 832 2445 20

Abbrevations: DEXA, dual-energy
x-ray absorptiometry; HR, hazard
ratio.
a Low intensity: reached risk

threshold in 90 to 180 days; high
intensity: reached risk threshold
within 89 days.

b Hazard ratios (95% CIs) estimated
from Cox proportional hazards
regression models (with CIs from
robust SEs accounting for clustering
by general practitioner practice in
UK analyses).

c Rate per 1000 person-years.
d Fracture preventive care drugs,

including bisphosphonates and
other drugs affecting bone
metabolism (etidronate, clodronate,
bazedoxifene, burosumab,
raloxifene, and teriparatide).

e Negative control outcomes.
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the exposure definition, study cohort composition, and model
covariates (Table 4). Using a continuous log-transformed ex-
posure variable (number of days to reach the risk threshold)
found an approximate 50% decrease in the hazard of being pre-
scribed fracture preventive care every 10 additional days start-
ing from 0 days (eTable 4 in Supplement 1).

In the Ontario study, 1 year after the index date, 6.1% of
people who had reached the risk threshold of a 450-mg pred-
nisolone equivalent dose had received fracture preventive care:
6.4% with high-intensity oral corticosteroid prescriptions, and
4.4% with low-intensity prescriptions (crude rates, 73 vs 48 per
1000 person-years, respectively; crude HR, 1.49; 95% CI, 1.29-
1.72; adjusted HR, 1.47; 95% CI, 1.27-1.70) (Table 3). Estimates
were lower for fracture preventive care medication or DEXA scan
outcome. Analyses by disease subgroups comparing people with
high- vs low-intensity oral corticosteroid prescriptions found the
highest HRs for being prescribed fracture preventive care in
peoplewithCOPD(HR,1.58;95%CI,1.30-1.91)followedbypeople
with asthma (HR, 1.42; 95% CI, 1.07-1.88) but no substantially
increased risk for people with eczema (HR, 1.15; 95% CI, 0.89-
1.50) (eTable 3 in Supplement 1). Effect estimates were similar
in sensitivity analyses with changes to the exposure definition,
study cohort composition, and model covariates.

Oral Corticosteroid Use Patterns and Fracture
By the end of the UK study period, 5.1% of people who had
reached the risk threshold with high-intensity oral corticoste-
roid prescriptions had experienced a (major osteoporotic)
fracture, vs 4.7% with low-intensity prescriptions (crude
rates, 14 vs 13 per 1000 person-years; crude HR, 1.07; 95% CI,
0.98-1.15; adjusted HR, 1.12; 95% CI, 1.03-1.21) (Table 3).
Effect estimates were similar in sensitivity analyses (eTable 5
in Supplement 1).

By the end of the Ontario study period, 10.3% of people
who had reached the risk threshold with high-intensity oral
corticosteroid prescriptions had experienced a (major osteo-
porotic) fracture, vs 10.1% with low-intensity prescriptions
(crude rates, 20 vs 23 per 1000 person-years; crude HR, 0.87;
95% CI, 0.79-0.96; adjusted HR, 0.91; 95% CI, 0.73-1.12)
(Table 3). Effect estimates were similar in sensitivity analyses
(eTable 5 in Supplement 1).

Results From the 3-State Model
In the UK study, people with high- vs low-intensity oral cor-
ticosteroid prescriptions had a higher hazard of moving from
the entry state to the fracture preventive care state (HR, 1.53;
95% CI, 1.47-1.60), a somewhat higher hazard for moving from
the entry state directly to the fracture state (HR, 1.07; 95% CI,
0.99-1.17), and a slightly lower hazard for moving from the frac-
ture preventive care state to the fracture state (HR, 0.89; 95%
CI, 0.75-1.05) albeit with CIs overlapping the null.

Discussion
In this cohort study conducted in 2 separate populations in the
UK and Ontario, Canada, among older people with eczema,
asthma, or COPD who received oral corticosteroid prescrip-

tions with a 450-mg prednisolone equivalent dose or higher
in 6 months, individuals with a high-intensity prescription pat-
tern were more likely than individuals with a low-intensity pat-
tern to receive fracture preventive care. Except in subgroups
of people with eczema, these findings were consistent in
parallel cohorts from the UK and Ontario and in analyses that
included DEXA scans in the definition of fracture preventive
care. People with eczema in the UK study showed the largest
increase in rate of fracture preventive care prescribing, but
there was no increase in rate in this subgroup in the Ontario
study. The UK study found no increase in the rate of fractures
among people with low-intensity oral corticosteroid prescrip-
tions, and the Ontario study found a small increase.

While previous studies have explored the association of oral
corticosteroid prescribing patterns with the risk of fracture22 and
fracture preventive care,23 we found no studies exploring the as-
sociation of oral corticosteroid prescribing patterns indepen-
dent of cumulative dose. Our study conducted that investi-
gation by including only people crossing a risk threshold of a

Table 4. Hazard Ratios for Being Prescribed Fracture Preventive
Care Drugs, From Sensitivity Analyses Comparing High-
vs Low-Intensity Oral Corticosteroid Prescriptions

Sensitivity analysis

Hazard ratio (95% CI)a

UK Ontario
Main

Main analysis (maximum
follow-up, 1 y)

2.34 (2.19-2.51) 1.49 (1.29-1.72)

Exposure definition change

Use total length of gaps (0
vs 1-180 d)

3.19 (3.00-3.38) 1.67 (1.52-1.83)

Use total length of gaps
(0-89 vs 90-180 d)

2.61 (2.42-2.82) 1.63 (1.39-1.91)

Use No. of gaps (0 vs ≥1) 3.18 (3.00-3.38) 1.67 (1.52-1.83)

Use No. of gaps (0-1 vs ≥2) 2.34 (2.17-2.52) 1.15 (0.97-1.36)

Use time to risk threshold
(0 vs 1-180 d)

2.56 (2.38-2.76) 1.49 (1.36-1.65)

Cohort definition change

Impute more missing
values of oral
corticosteroid prescriptions

2.50 (2.34-2.67)

Include all follow-up time 1.49 (1.43-1.55)

Include people of all ages 2.21 (2.09-2.35)

Model covariate changes

Include age, sex,
deprivation, comorbiditiesb

2.13 (1.99-2.29) 1.47 (1.27-1.70)

Include age, sex,
deprivation

2.36 (2.20-2.53)

Include age, sex,
deprivation, comorbidities,
and otherc

1.37 (1.18-1.59)

a Hazard ratio and 95% CIs estimated from Cox proportional hazards regression
models (with CIs from robust SEs accounting for clustering by general
practitioner practice in UK analyses).

b Comorbidities: eczema, asthma, rheumatoid arthritis, and chronic obstructive
pulmonary disease.

c Other medication: inhaled corticosteroids, injected corticosteroids, topical
corticosteroids, other corticosteroids, ever received oral corticosteroids more
than 1 year before index date, other drugs affecting fracture risk; health care
use: urban or rural home address, number of physician visits in past year (1-12,
13-21, or �22), number of hospital admissions (0 or �1), number of physicians
prescribing oral corticosteroid (1 or �2).
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450-mg prednisolone equivalent dose. The low overall percent-
age of people in the UK study 1 year after the index date who re-
ceived fracture preventive care (8.9%) is consistent with previ-
ous studies showing low adherence to fracture prevention
guidelines for glucocorticoid-induced osteoporosis more
generally.13,14 In the present study, we identified a population
with particularly low rates of fracture preventive care.

Some electronic medical software may provide warnings
when high-dose individual oral corticosteroid prescriptions are
issued; however, these systems are unlikely to incorporate in-
formation on cumulative dose from multiple prescriptions over
time.24 We found no publicly available information to confirm
this assumption. Implementing clinical decision support sys-
tems that account for cumulative dose could improve care for
people prescribed high-dose oral corticosteroid intermittently;
such strategies warrant evaluation. Although fracture risk was
similarforpeopleprescribedoralcorticosteroidsinhigh-andlow-
intensity patterns in this study despite differences in fracture pre-
ventive care, our study was not designed to assess the efficacy
of fracture prevention. There is substantial literature support-
ing the efficacy of fracture prevention in this population.8-10

In addition to being important for clinicians practicing fam-
ily medicine, internal medicine, and respirology, our findings
may be particularly important for dermatologists and others
treating people with eczema. Oral corticosteroids are not gen-
erally recommended for eczema,25 but they are still commonly
prescribed; in a recent trial for a new biologic to treat eczema,
roughly a third of participants reported having used oral
corticosteroids.26 Therefore, dermatologists and other clini-
cians caring for people with eczema should minimize oral cor-
ticosteroid prescribing and be aware that patients with eczema
commonlyreachhighcumulativeoralcorticosteroiddoses,know
the patient’s fracture risk, and consider prescribing fracture pre-
vention or raise the issue with the patient’s primary care team.

In the UK, most people with eczema, asthma, or COPD are
managed in primary care. Our UK findings may not apply to
people with severe eczema, asthma, or COPD treated in second-
ary care. Our Ontario cohort includes ambulatory prescriptions
from all physicians, including secondary and tertiary care. Dif-
ferent results observed in the present study between the UK and
Ontario for subgroups of people with eczema may be due to dif-
ferences in fracture preventive care prescribing between pri-
mary and secondary or tertiary care. For example, there may be
greater attention to a patient’s longitudinal eczema treatment,
including cumulative oral corticosteroid prescribing, for people
with more severe eczema treated in secondary or tertiary care
than in primary care, potentially explaining the larger effect es-

timate found in the UK. Further research could investigate frac-
ture preventive care prescribing for people with skin disease in
different countries and health care settings.

Strengths and Limitations
This study has strengths. Prescribing patterns are analytically
challenging due to the need for complex exposure definitions.
We conducted multiple sensitivity analyses using varied expo-
sure definitions, and effect estimates were generally similar. We
used large, representative population-based databases from 2
countries that offer free access to health care. Similar main analy-
sis results from UK and Canadian data, and broadly consistent
results across multiple sensitivity analyses, lend credence to the
results.

This study has several limitations. We did not have data
on whether medications were taken as prescribed. In the UK,
we had only data on whether the prescription was written, and
in Ontario, on whether it was filled. There may be other un-
measured confounders, such as frailty, that may explain the
association between oral corticosteroid prescribing patterns
and receipt of fracture preventive care or fractures. Results from
adjusted analyses showed somewhat attenuated HRs. A pos-
sible explanation is that some inflammatory diseases of inter-
est may be associated with increased fracture risk indepen-
dent of oral corticosteroids.27 Eczema, asthma, and COPD are
treated with topical and inhaled corticosteroids, respec-
tively, but it is controversial whether they are associated with
clinically meaningful fracture risk.28,29 Null effects observed
for all negative control outcomes suggest that there were no
major sources of bias.

Conclusions
In this cohort study conducted in the UK and Ontario, Canada,
older adults prescribed high cumulative oral corticosteroid
doses gradually or intermittently across multiple prescrip-
tions were approximately half as likely to receive guideline-
indicated fracture preventive care compared with older adults
receiving similar oral corticosteroid doses in 1 prescription or
within a short period of time. These findings suggest missed
opportunities to initiate fracture prevention for older people
prescribed oral corticosteroids. Clinicians, including derma-
tologists, respirologists, general practitioners, and internists,
should be aware of recent cumulative oral corticosteroid
dose, regardless of the prescribing pattern, and initiate frac-
ture preventive care if indicated.
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