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ABSTRACT
Objective  The Person Empowered Asthma Relief 
(PREPARE) study found that as-needed inhaled 
corticosteroid (ICS) supplementation combined with 
participants’ usual controller and rescue therapy 
reduced asthma exacerbations for Black and 
Hispanic/Latinx individuals. We aimed to determine 
whether treatment assignment to the intervention 
group (Patient Activated Reliever-Triggered ICS 
(PARTICS)) versus the control group (usual care) 
influenced controller therapy based on clinicians’ 
written prescriptions.
Design  Secondary data analysis of electronic health 
record data of a pragmatic, open-label, patient-level 
randomised trial.
Setting  Practices treating asthma.
Participants  PREPARE study participants— Black and 
Hispanic/Latinx individuals with asthma.
Interventions  Effects of adding ICS to rescue therapy 
among black and Hispanic adults with moderate-to-severe 
asthma.
Outcome measures  For PARTICS therapy impact 
on patients, each month is the 28-month period (12 
months prior to enrolment, the month of enrolment 
and 15 months after enrolment), a patient was 
assigned to a controller step based on a six-step 
classification scheme. A linear mixed effect spline 
model was completed for before and after enrolment 
data to determine controller changes over a 28-month 
period between the two study arms.
Results  This analysis included 713 participants. Of these, 
49.1% were usual care patients and 50.9% were PARTICS 
patients. Throughout the study, the majority of patients changed 
asthma controller medications in both arms. By the end of the 
study, the usual care patients were at a significantly higher 
asthma controller medication step (0.20 step higher) than the 
PARTICS patients.
Conclusions  Clinicians’ prescribing patterns showed 
significant changes over time. Compared with usual 
care patients, PARTICS patients were on lower doses of 
asthma controller medications by the end of the study.

Trial registration number  NCT02995733.

INTRODUCTION
25 million adults have asthma in the USA.1 
Asthma exacerbations cause the largest 
number of lost days (one-third of all days) 
from school or work for children and young 
adults.2 3 Despite new medications,4 5 new 
drug regimens6–11 and the ongoing evolu-
tion of treatment guidelines,12–14 the number 
of people with asthma exacerbations in the 
previous year has decreased only slightly over 
the past 20 years, from 51.6% to 46.0%.15 16 
Asthma is also a disease with a high degree 
of disparities in outcomes. Black individuals 
have exacerbation and death rates that are 
2–2.5 times higher than white individuals and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Long follow-up time using electronic health record 
(EHR) analysis of controller medications prescribed 
from 12 months before enrolment into the Person 
Empowered Asthma Relief (PREPARE) study through 
15 months after enrolment.

	⇒ Even if data were missing, we were able to use all 
available data due to the type of analysis we used—
linear mixed effect model.

	⇒ EHR data have inherent missingness and can 
have gaps due to infrequent visits and prescribing 
activities.

	⇒ Some individuals were on dual inhaled corticoste-
roid (ICS) inhalers not counting the study-prescribed 
beclomethasone, and these individuals were as-
signed based on the highest potency of any of the 
non-study-prescribed ICS inhalers.

	⇒ In addition, not every site within PREPARE provided 
data, but we had data from the majority of sites.
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Asian individuals,17 while Hispanic individuals, partic-
ularly Caribbean Hispanic individuals,18 19 have 2 times 
the rate of exacerbations and 1.5 times the death rate.20 21 
Thus, there is an ongoing need to expand and improve 
treatment approaches for individuals with asthma.

The paradigm concerning the use of inhaled cortico-
steroids (ICS) only as a controller, that is, as a once or 
twice a day medication, has been evolving. The use of 
ICS-formoterol as both controller and rescue therapy 
(single maintenance and reliever therapy) is endorsed by 
multiple guideline groups across the world, including the 
US, GINA and UK guidelines.12 14 22 Previous randomised 
controlled trials have also demonstrated that as-needed, 
stand-alone, ICS use in conjunction with short-acting 
beta-agonist (SABA) for acute asthma symptom relief can 
improve asthma outcomes.7 23–29 The Person Empowered 
Asthma Relief (PREPARE) trial used a stand-alone ICS 
combined with participants’ usual controller and rescue 
therapy in an approach called Patient Activated Reliever-
Triggered ICS (PARTICS).30

The PARTICS intervention in PREPARE decreased 
asthma exacerbations, improved asthma control and 
quality of life and reduced reliever use in African Amer-
ican/black (AA/B) and Hispanic/Latinx (H/L) adults 
with moderate to severe asthma, a group with dispro-
portionate asthma morbidity that has been difficult to 
reduce.30 This research extended the general concept 
of using ICS with all rescue beta-agonist use, whether 
long-acting or short-acting. It also demonstrated effec-
tiveness, through changes in validated assessments, in 
AA/B and H/L adults, integrated with rescue nebuliser 
therapy, required no changes in a participant’s current 
controller therapy and appears to have fewer insurance 
barriers than an ICS-formoterol-based approach. Partic-
ipants on PARTICS also reported lower SABA use, both 
as a metered dose inhaler and via nebuliser, and fewer 
controller refills as well as a self-reported reduction in 
controller ICS dosage.30

The objective of this paper is to report on a prespecified 
PREPARE trial subanalysis using electronic health record 
(EHR) data to determine if treatment assignment (the 
PARTICS intervention vs usual care) had an impact on 
controller therapy through clinicians’ written prescrip-
tions. The analysis compares changes in controller inten-
sity (eg, low, medium or high ICS dose) as determined 
by EHR data over a 28-month period (12 months prior 
to enrolment, month of enrolment and 15 months after 
enrolment) between the two arms of the study.

METHODS
Brief description of the PREPARE study
The PREPARE study was a pragmatic, open-label, patient-
level randomised trial designed to observe the effects 
of adding ICS to rescue therapy among AA/B and H/L 
adults with moderate-to-severe asthma.31 In the PREPARE 
study, the Intervention/PARTICS group (hereafter, 
‘PARTICS group’) received additional ICS medication 

(donated by TEVA, beclomethasone 80 µg) and was asked 
to use 1 puff of beclomethasone for every 1 puff of usual 
rescue inhaler and 5 puffs of beclomethasone for every 1 
rescue nebulisation, in addition to usual care. The control 
group received usual care (hereafter, ‘UCare group’), as 
described previously.31 Exacerbations were tracked using 
patient-reported outcomes that were adjudicated using 
EHR data and patient interviews. The substudy detailed 
here covers the prescriber side of asthma controller medi-
cations, as recorded in the EHRs of the primary asthma 
treating clinician (primary care, pulmonologist or aller-
gist) for a subset of enrollees. To determine the effect, we 
analysed PREPARE participants’ asthma controller medi-
cations over 28 months (12 months before enrolment 
into PREPARE, month of enrolment into PREPARE and 
15 months after enrolment).

EHR data acquisition
Each site was asked to provide EHR data for each partic-
ipant within the PREPARE study. The DARTNet Institute 
provided a set of instructions for each site including the 
variables needed from the EHR. 16 of the 19 participating 
sites provided data from their EHR or data warehouse. 
Requested information included care site information, 
patient visits, medications, diagnostic codes and proce-
dures. Each participating site provided a pilot data pull 
that was standardised to the Observational Medical 
Outcomes Partnership Common Data Model V.5.4 
(OMOP CDM V.5.4) and reviewed for data quality. Data 
quality concerns were communicated back to the sites; in 
some cases, new data were submitted. After all patients 
from a given site had exited the study, that site repulled 
their data and sent it to DARTNet for data standardisa-
tion. (Note: One site, site 6, did not provide data for their 
patients from before their enrolment into PREPARE.)

EHR data standardisation
DARTNet used its standard procedures (python scripts 
and SQL coding) to transform the data received from 
each site into the OMOP CDM V.5.4.32 Briefly, data were 
loaded into a receiving database. As data were moved into 
the final OMOP data model, known taxonomies were 
auto-mapped to source OMOP concept IDs and a ‘stan-
dard’ OMOP concept ID. Source data using idiosyncratic 
codes were hand-mapped and processed through to the 
OMOP data model. Data quality reports were evaluated 
for all relevant sets of conditions, medications, proce-
dures and measures. Final data were sent to the American 
Academy of Family Physicians (AAFP) for cleaning and 
analysis.

EHR data cleaning
Once the standardised data were received from DARTNet, 
the individual site files were combined for analysis. 
DARTNet worked with the AAFP to review and modify, 
if needed, existing ‘value sets’ (ie, list of codes associ-
ated with clinical concepts—either specific medications, 
conditions or procedures). Value sets were created that 
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segregated asthma medications as specifically needed for 
this analysis. Medications were categorised on a monthly 
basis as active using the following rules:

	► Start date of medication: The month the prescription 
was written was considered the start date/month.

	► End date of medication:
	– If an end date was provided, then it was used if it 

was 12 months or less from the time the prescrip-
tion was written.

	– If no end date was provided, then an end date of 12 
months after the prescription was written was used.

	► Dosage/quantity and refills provided were also used 
to determine if a 12-month end date was appropriate 
or a shorter time span should be used due to how the 
prescription was written.

Once each asthma medication for each patient had 
been assigned months, all medications were assigned to 
types of asthma medications (eg, low/medium/high-dose 
ICS, long-acting beta-agonists, long-acting muscarinic 
antagonist). Using those assigned types, all medications 
for each patient were collapsed into one record for each 
month (patient-month). The medication types for each 
month were assigned to a controller step based on the 
highest ICS dose (ie, low, medium, high) that they were 
prescribed along with additional controller medications.

Outcome groupings
Each patient-month was assigned to a controller step 
based on a six-step classification scheme. The hierarchy 
of controller step levels (located in online supplemental 
materials) was based on guideline steps (hereafter 
referred to as step) outlined in the National Asthma 
Education and Prevention Programme guidelines.14 If 
a patient had no medication used within the classifica-
tion scheme, then the patient was assigned a ‘0’ for the 
month indicating the patient had no asthma controller 
medications prescribed to him/her within a given month. 
The six-step classification scheme (plus ‘0’ for no medica-
tion) was used as the dependent variable in the statistical 
models.

Statistical methods
This analysis was a secondary data analysis. Descriptive 
and inferential statistics were completed as appropriate. 
To start, changes in asthma controller medication were 
determined by the starting and stopping of prescrip-
tions according to the EHR data rules. A change was the 
movement up or down in the step hierarchy. Then to 
model the EHR data, linear mixed effect model (LME; 
overall model and a spline version) was used with the 
assigned asthma controller medication step in each 
month as the dependent variable; independent vari-
able(s) varied depending on the model. A series of LMEs 
was completed to determine the individual demographic 
variables that contributed (p<0.05) to the model. The 
dependent variable for all LMEs was the six-step clas-
sification scheme described above. If a demographic 
variable contributed significantly (p<0.05) to an LME 

containing month, group, site and that demographic 
variable, then the variable was included in the final 
models discussed below. We also included a COVID-19 
correction variable to account for any possible changes 
in asthma controller medications that occurred due to 
the COVID-19 pandemic (ie, 0=no COVID-19 pandemic 
present; 1=COVID-19 pandemic present). For each vari-
able included in the LMEs, the final category (eg, site 
16 out of sites 1–16) was used as a reference category. 
LMEs require a reference category for each categorical 
variable as a comparison for the other categories. Due to 
the nature of the data and the autocorrelation present, 
the covariance matrix used was a heterogeneous first-
order autoregressive to account for the previous month’s 
influence. LMEs were used due to the ability to cluster 
to the person/patient, the acceptance of potentially 
missing data, and that it also works for data that violate 
any distributional assumptions.33–35 An overall LME was 
completed for all 28 months of data (located in online 
supplemental materials) and an LME with spline was 
completed for before and after enrolment data. For the 
final LMEs, the random variable was the intercept, clus-
tered to the patient. The fixed variables were patient-
month, group (PARTICS/UCare), site, decade of birth 
and COVID-19 correction. An alpha of 0.05 was used. All 
analyses were completed by using SAS V.9.4.

RESULTS
Demographics
After cleaning EHR data obtained from each site, 
there were 713 participants (out of 1201 participants 
randomised in PREPARE) included in these analyses. 
The remaining patients in the PREPARE study (488) did 
not have their data included because the sites did not 
provide EHR data. The breakdown of participants by site 
is in table  1. Of these, 350 (49.1%) were in the UCare 
group and 363 (50.9%) were in the PARTICS group. 
Most participants were female and non-Hispanic/black 
(table 2 for comparisons with the full study cohort). As 
the University of Puerto Rico, a major H/L enrolling site, 
was not able to provide EHR data, the cohort of partici-
pants included in this analysis has a lower per cent of H/L 
participants than the full study (p<0.001; table 2).

Changes in asthma controller medication prescriptions
As noted in table 3, asthma controller medication prescrip-
tion changes, without regard to the change direction, 
occurred over time (before and after enrolment; compar-
ison of two time points) for both the UCare and PARTICS 
groups. Changes included addition or withdrawal of 
inhalers or medications, biologics and leukotriene inhib-
itors, as well as changes in dosage of all medications. 
However, changes were statistically similar so both groups 
changed controller medications with similar frequency 
over the various time periods included in table 3.
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Modelling of EHR data
After models with the individual demographic variables 
were completed (model included in supplemental mate-
rials for reference), each model contained the assigned 
step each month as the dependent variable and the 
month, the group (PARTICS or UCare), the site, the 
patients’ decade of birth and COVID-19 correction as 
independent variables. The patients’ decade of birth 
and COVID-19 correction contributed significantly to 
the individual models which necessitates inclusion in the 
final model. After the final overall model (located in the 
online supplemental materials), a spline was introduced 
to determine the differences between before and after 
enrolment and to determine the effect of the interven-
tion using prescribers’ written prescriptions. The next two 
models detail the LME with spline accounting for before 
enrolment (table 4) and after enrolment (table 5).

Table 4  Final before enrolment LME results

Parameter Estimate SE 95% CI T

−2 restricted log likelihood: 24 603.78
Month: F(1, 568.00)=198.82; p<0.001
Group: F(1, 549.00)=0.01; p=0.94
Site: F(14, 549.00)=8.47; p<0.001
Decade of birth: F(4, 549.00)=2.60; p=0.04

Intercept 
(baseline)

2.80 0.30 (2.20, 3.39) 9.20*

Month 0.15 0.01 (0.13, 0.17) 14.10*

UCare 0.01 0.11 (−0.20, 0.22) 0.08

Partics Reference

Site 1 −0.10 0.46 (−1.00, 0.81) −0.21

Site 2 1.12 0.38 (0.38, 1.86) 2.98*

Site 3 1.21 0.28 (0.65, 1.76) 4.29*

Site 4 0.62 0.32 (−0.01, 1.25) 1.93+

Site 5 1.50 0.28 (0.95, 2.06) 5.33*

Site 6 N/A N/A N/A N/A

Site 7 0.72 0.27 (0.20, 1.24) 2.72*

Site 8 0.11 0.41 (−0.70, 0.92) 0.28

Site 9 0.43 0.29 (−0.15, 1.01) 1.46

Site 10 −0.18 0.29 (−0.75, 0.40) −0.61

Site 11 0.10 0.31 (−0.51, 0.72) 0.33

Site 12 −0.84 0.48 (−1.80, 0.11) −1.74+

Site 13 0.26 0.27 (−0.28, 0.79) 0.95

Site 14 0.25 0.28 (−0.30, 0.79) 0.89

Site 15 −1.46 0.46 (−2.36 to 0.55) −3.16*

Site 16 Reference

Born: 1940s and 
1950s

0.52 0.22 (0.09, 0.94) 2.38*

Born: 1960s 0.16 0.22 (−0.27, 0.58) 0.73

Born: 1970s 0.10 0.22 (−0.34, 0.54) 0.43

Born: 1980s 0.20 0.23 (−0.26, 0.65) 0.84

Born: 1990s and 
2000s

Reference

*p<0.05.
LME, linear mixed effect model; NA, not available.

Table 1  Counts of participants used in the EHR data by 
site (n=713)

Site Count

Site 1 14

Site 2 21

Site 3 58

Site 4 34

Site 5 57

Site 6 79

Site 7 86

Site 8 16

Site 9 48

Site 10 58

Site 11 42

Site 12 9

Site 13 71

Site 14 70

Site 15 13

Site 16 37

EHR, electronic health record.

Table 2  Demographics and comparisons with main study 
(n (%))

PARTICS 
(n=363)

UCare 
(n=350)

Sig with main 
study

Overall (n=713) 363 (50.9%) 350 (49.1%) 0.722

Female 297 (81.8%) 292 (83.4%) 0.295

Non-Hispanic/
black

216 (59.5%) 217 (62.0%) <0.001

PARTICS, Patient Activated Reliever-Triggered Inhaled 
CorticoSteroid.

Table 3  Changes in asthma medications over time (n (%))

Overall 
(n=713)

PARTICS 
(n=363)

UCare 
(n=350)

12 months prior to enrolment—enrolment month

 � Changes occurred 451 (63.3%) 219 (60.3%) 232 (66.3%)

Enrolment month—15 months after enrolment

 � Changes occurred 491 (68.9%) 247 (68.0%) 244 (69.7%)

Enrolment month—12 months after enrolment

 � Changes occurred 477 (66.9%) 239 (65.8%) 238 (68.0%)

PARTICS, Patient Activated Reliever-Triggered Inhaled 
CorticoSteroid.
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Model for before enrolment (12 months prior through 1 month 
before enrolment)
The UCare and PARTICS patients were at approximately 
the same step before enrolment. The months before 
enrolment did show a significant decrease in controller 
intensity over time (months were inputted as negative 
values). (Note: The data for before enrolment took place 
entirely before the start of the COVID-19 pandemic.) The 
assigned steps differed significantly between the sites.

Four sites (sites 2, 3, 5 and 7) had significantly higher 
steps of asthma controller medications compared with 

patients from site 16 (reference site). One site (site 15) 
had significantly lower steps of asthma controller medi-
cations than patients from site 16. The assigned steps 
differed significantly with the patients’ decade of birth. 
Patients born in the 1940s/1950s had significantly higher 
levels of asthma controller medications than patients 
born in the 1990s/2000s (table 4).

Model after enrolment (1 month after through the 15 months 
after enrolment)
The UCare patients were at a significantly higher asthma 
controller medication step overall than the PARTICS 
patients across all time periods for the time after enrol-
ment. However, the months after enrolment did show 
a significant decrease in controller intensity over time 
for both groups, which could be due to the COVID-19 
pandemic. When compared with the model before enrol-
ment, the difference between the UCare and PARTICS 
patients with the changes over time indicates that the 
PARTICS patients had significantly greater decrease in 
the intensity of their controller therapy compared with 
UCare patients (tables 4 and 5).

The assigned steps differed significantly between the 
sites. Seven sites (sites 2, 3, 4, 5, 7, 11 and 14) had signifi-
cantly higher steps of asthma controller medications than 
patients from site 16 (reference site). One site (site 15) had 
significantly lower steps of asthma controller medications 
than patients from site 16. The assigned steps differed 
significantly with the patients’ decade of birth. Patients 
born in the 1940s/1950s had significantly higher levels of 
asthma controller medications than patients born in the 
1990s/2000s. Lastly, in the months when COVID-19 was 
not present (before April 2020), both groups of patients 
had a significantly higher asthma controller medication 
level than after the COVID-19 pandemic began (table 5).

DISCUSSION
This study shows, through prescribers’ written prescriptions, 
there was a greater decrease in asthma controller medication 
level over time (after enrolment) in the PARTICS patients 
compared with the UCare patients with both groups starting 
at the same asthma controller medication level. The decrease 
in intensity reduces, to some degree, the expected increase 
in total ICS exposure that would result from adopting the 
PARTICS strategy. The results in this substudy complement 
and confirm the results in the main effects paper that that 
shows that self-reported ICS-containing controller refills 
were lower for participants assigned to PARTICS versus usual 
care.30 Between this substudy and the main effects paper, the 
participants’ reported and prescribers’ EHR data indicate 
decreased asthma controller medication use over time for 
the PARTICS patients compared with the UCare patients, 
even with correcting for COVID-19. When combined with 
the patient self-reported levels of controller ICS use and 
rescue ICS fulfilment data from the main effects paper, this 
substudy supports that PARTICS improves outcomes at the 
population level, as the intensity of ICS controller therapy 

Table 5  Final after enrolment LME results

Parameter Estimate SE 95% CI T

−2 restricted log likelihood: 33 387.07
Month: F(1, 684.72)=24.59; p<0.001
Group: F(1, 631.01)=4.72; p=0.03
Site: F(15, 633.60)=9.91; p<0.001
Decade of birth: F(4, 631.09)=3.83; p=0.004
COVID correction: F(1, 9448.26)=29.68; p<0.001

Intercept 
(baseline)

2.04 0.29 (1.48, 2.60) 7.16*

Month −0.05 0.01 (−0.06 to 0.03) −4.95*

UCare 0.20 0.09 (0.02, 0.39) 2.17*

Partics Reference

Site 1 −0.37 0.39 (−1.13, 0.40) −0.94

Site 2 1.40 0.33 (0.75, 2.05) 4.20*

Site 3 1.57 0.26 (1.05, 2.09) 5.97*

Site 4 1.31 0.29 (0.74, 1.89) 4.49*

Site 5 0.96 0.26 (0.44, 1.48) 3.63*

Site 6 −0.03 0.25 (−0.52, 0.45) −0.14

Site 7 0.57 0.25 (0.08, 1.06) 2.30*

Site 8 0.43 0.39 (−0.34, 1.20) 1.09

Site 9 0.41 0.28 (−0.13, 0.95) 1.49

Site 10 0.43 0.26 (−0.08, 0.94) 1.65+

Site 11 0.59 0.29 (0.02, 1.15) 2.05*

Site 12 0.31 0.47 (−0.62, 1.23) 0.65

Site 13 −0.17 0.27 (−0.69, 0.35) −0.64

Site 14 0.56 0.26 (0.05, 1.08) 2.17*

Site 15 −1.36 0.45 (−2.24 to to 0.48) −3.03*

Site 16 Reference

Born: 1940s 
and 1950s

0.46 0.19 (0.10, 0.83) 2.49*

Born: 1960s 0.00 0.18 (−0.36, 0.36) 0.01

Born: 1970s 0.24 0.19 (−0.13, 0.62) 1.27

Born: 1980s 0.30 0.20 (−0.09, 0.69) 1.49

Born: 1990s 
and 2000s

Reference

No COVID-19 0.38 0.07 (0.24, 0.51) 5.45*

COVID-19 
Present

Reference

*p<0.05.
LME, linear mixed effect model.
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dropped as well as self-reported controller ICS use. Treating 
clinicians were free to adjust asthma medications as deemed 
necessary during the study. Primary asthma treating clini-
cians were not provided with the monthly Asthma Control 
Test scores that were collected for research purposes, but 
patients may have been more aware of their asthma symp-
toms through repeated completion of this instrument. For 
many patients, the primary asthma treating clinician was 
not the research prescribing clinician, but the treating clini-
cian would have been aware of the study medication. While 
it is not possible to determine if the drop in controller ICS 
dose, at the population level, was in response to the added 
as-needed ICS, the increase in controller ICS dosage for the 
control patients would suggest changes were more likely to 
be based on asthma control and not perceived total steroid 
burden.

While the results of this substudy confirm the results of 
the main effects paper, there are limitations. EHR data have 
inherent missingness and can have gaps due to infrequent 
visits and prescribing activities. In particular, assumptions 
concerning the length of time a prescription was active were 
made to determine an active medical regimen. While this 
may have affected the exact level for a given individual, the 
assumptions were evenly applied across both groups. Further, 
some individuals were on dual ICS inhalers not counting the 
study-prescribed beclomethasone, and these individuals were 
assigned based on the highest potency of any of the non-study-
prescribed ICS inhalers. Again, while this may have affected 
the ICS level of an individual, the approach was evenly 
applied at all times across both groups. Thus, neither of these 
processes would bias the results for either of the study arms. 
In addition, not every site within PREPARE provided data, 
but we had data from the majority of sites. This reduction in 
ICS controller intensity in the PARTICS group was accom-
panied by a significant reduction in annualised exacerbation 
rates in this group,30 though total ICS use considering both 
controller and rescue use likely increased to some degree.

The results show that there were significant changes over 
time (after enrolment) as well as significant differences 
between the PARTICS and UCare groups, participating sites, 
participants’ decades of birth, and the COVID-19 correc-
tion. In the spline regressions, the UCare and PARTICS 
patients were comparable before enrolment, and differ-
ences occurred after enrolment in PREPARE. This effect is 
consonant with our reported reduction in exacerbations in 
the PREPARE cohort during the COVID pandemic.36 The 
significant effect due to COVID-19 could be due to a variety 
of factors including changes in lifestyles that occurred such as 
working from home and a reduction in air pollution due to 
fewer cars on the road.36 This effect could be further studied 
using air pollution data around the patents’ dwellings.

Select sites provided their patients with significantly higher 
(or lower) asthma controller medications than the refer-
ence site (site 16). The differences could be accounted for 
by different overall participant asthma severity across sites,31 
clinicians’ prescribing patterns, organisational policies or 
environmental factors. Though all clinicians providing 
asthma care for PREPARE participants completed the Asthma 

IQ programme37 to help standardise care, this interven-
tion would not affect baseline (or prebaseline) prescribing 
patterns, which were in place prior to the training. Further 
exploration into the reasons for the differences is warranted.

This substudy shows that clinicians’ prescribing patterns 
did change over time, and the PARTICS patients were 
prescribed lower doses of asthma controller medications 
by the end of the study.

Author affiliations
1American Academy of Family Physicians, Leawood, Kansas, USA
2DARTNet Institute, Aurora, Colorado, USA
3Division of Pulmonary and Critical Care Medicine and Division of Allergy and 
Immunology, Brigham and Women's Hospital, Boston, Massachusetts, USA
4Morsani College of Medicine, Division of Allergy and Immunology, Department of 
Internal Medicine, University of South Florida, Tampa, Florida, USA
5Pulmonary Science and Critical Care Medicine, Department of Medicine, University 
of Colorado School of Medicine, Aurora, Colorado, USA
6Department of Family Medicine, University of Colorado Anschutz Medical Campus 
School of Medicine, Aurora, Colorado, USA

Acknowledgements  We acknowledge all study participants for their time and 
dedication. We also thank the PREPARE Operations Team, Nancy Maher and the 
PREPARE site principal investigators for their contributions.

Contributors  All authors contributed substantially to the final manuscript. EC is the 
guarantor.

Funding  Supported by a PCORI Award (PCS-1504-30283, to EI), the Gloria M. 
and Anthony C Simboli Distinguished Chair in Asthma Research award (to EI), 
and by grants from the National Institute of Allergy and Infectious Diseases 
(K23AI125785, to Dr JCC) and the American Lung Association–American 
Academy of Allergy, Asthma, and Immunology (AI-835475, to JCC). QVAR and 
QVAR RediHaler inhalers were provided free of charge and funding for the 
AssistRx pharmacy was provided by Teva Pharmaceuticals. NIOX VERO devices 
for measuring exhaled nitric oxide were provided free of charge by Circassia 
Pharmaceuticals.

Competing interests  EC receives support for other work (paid directly to her 
institution) from Otsuka Pharmaceuticals, NIH, PCORI, HRSA, United Health 
Foundation, SAMHSA, Merck, Eli Lilly, CDC and Takeda. EI receives support for other 
work (paid directly to his institution) from AstraZeneca, Avillion Mandala/Denali, 
Circassia, Gossamer Bio, NIH, Novartis and PCORI; he receives consulting fees 
from Allergy and Asthma Network, Amgen, AstraZeneca, Avillion, GlaxoSmithKline, 
Merck, NHLBI, Novartis, Pneuma Respiratory, Regeneron, Sanofi Genzyme, TEVA 
and Cowen; he receives royalties from UpToDate–Wolters Kluwer; he has been 
paid honoraria from TEVA, Cowen and Westchester Medical Center; he has been 
paid for expert testimony by Cambridge Medical Experts, Danaher Lagnese and 
SettlePou; he has been paid for Participation on a Data Safety Monitoring Board 
or Advisory Board by Novartis; he is a member of the coordinating committed for 
National Asthma Education Prevention Program and he is on the editorial board 
for the Journal of Allery and Clinical Immunology and the Journal of Allergy & 
Clinical Immunology, in Practice; he owns stock in Nesos Corp; and he has received 
a study drug for an unrelated study from Genentech, Sun Pharmaceuticals, 
Laurel Pharmaceuticals, Om Pharmaceuticals, Nestle, CSL Behring, Glaxo, and 
Sanofi Regeneron. JCC reports receiving honoraria from AstraZeneca, Chiesi, 
GSK, Genentech and Sanofi for work on advisory boards and delivering lectures 
on asthma pathobiology and management. ALF: an unpaid consultant to Teva, 
AstraZeneca and Novartis pharmaceuticals for epidemiological analyses related to 
asthma outcomes and a coinvestigator for the PREPARE, funded through PCORI. 
GG declares no conflict of interest. WDP: organisation has received funding via 
subcontracts from CDC, PCORI, NIH, Boehringer Ingelheim, ONC, Tabula Rasa 
Healthcare, and Astra-Zeneca; his organisation received consulting fees for his 
work from Boehringer Ingelheim; his organisation has received payment for expert 
testimony; he is on the Advisory Board (paid) for AT Still Research Foundation and 
an Advisory board and Executive Committee member (unpaid) for COPD Foundation 
360 Network; he owns stock through trust in Johnson and Johnson, Eli Lilly, 
Novo-Nordisk, Pfizer, Novartis, Moderna and Amgen; he received grant and writing 
support for an unrelated project from Boehringer Ingelheim; and is an unpaid 
members of Colorado Medicaid Provider Rate Review Committee. BM declares no 
conflict of interest. ES declares no conflict of interest.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 N

o
vem

b
er 2024. 

10.1136/b
m

jo
p

en
-2024-088349 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


7Callen E, et al. BMJ Open 2024;14:e088349. doi:10.1136/bmjopen-2024-088349

Open access

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by 
Partners Human Research Committee: 2016P001839/BWH. This was a secondary 
data analysis of the original PREPARE study and informed consent was obtained 
as part of the main study. The data received were deidentified. Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. Data are 
available on reasonable request to the corresponding author.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Elisabeth Callen http://orcid.org/0000-0002-6989-2428
Wilson D Pace http://orcid.org/0000-0003-1699-5471

REFERENCES
	 1	 Centers for Disease Control and Prevention. Asthma in the US 2011, 

Available: https://www.cdc.gov/vitalsigns/asthma/index.html
	 2	 Zahran HS, Bailey CM, Damon SA, et al. Vital Signs: Asthma in 

Children - United States, 2001-2016. MMWR Morb Mortal Wkly Rep 
2018;67:149–55. 

	 3	 Healthy Schools Campaign. Five health-related causes of chronic 
absenteeism 2016. n.d. Available: https://healthyschoolscampaign.​
org/blog/five-health-related-causes-of-chronic-absenteeism/

	 4	 McGregor MC, Krings JG, Nair P, et al. Role of Biologics in Asthma. 
Am J Respir Crit Care Med 2019;199:433–45. 

	 5	 Institute for Clinical and Economic Review. Biologic Therapies 
for Treatment of Asthma Associated with Type 2 Inflammation: 
Effectiveness, Value, and Value-Based Price Benchmarks. Final 
Evidence Report 2018. 2018. Available: https://icer.org/assessment/​
asthma-2018/

	 6	 Peters M. Single-inhaler combination therapy for maintenance and 
relief of asthma: a new strategy in disease management. Drugs 
(Abingdon Engl) 2009;69:137–50. 

	 7	 O’Byrne PM, Bisgaard H, Godard PP, et al. Budesonide/formoterol 
combination therapy as both maintenance and reliever medication in 
asthma. Am J Respir Crit Care Med 2005;171:129–36. 

	 8	 Rabe KF, Pizzichini E, Ställberg B, et al. Budesonide/formoterol in a 
single inhaler for maintenance and relief in mild-to-moderate asthma: 
a randomized, double-blind trial. Chest 2006;129:246–56. 

	 9	 Scicchitano R, Aalbers R, Ukena D, et al. Efficacy and safety of 
budesonide/formoterol single inhaler therapy versus a higher dose 
of budesonide in moderate to severe asthma. Curr Med Res Opin 
2004;20:1403–18. 

	10	 Jenkins CR, Eriksson G, Bateman ED, et al. Efficacy of budesonide/
formoterol maintenance and reliever therapy compared with higher-
dose budesonide as step-up from low-dose inhaled corticosteroid 
treatment. BMC Pulm Med 2017;17:65. 

	11	 Bisgaard H, Le Roux P, Bjåmer D, et al. Budesonide/formoterol 
maintenance plus reliever therapy: a new strategy in pediatric 
asthma. Chest 2006;130:1733–43. 

	12	 Global Initiative for Asthma. Global strategy for asthma management 
and prevention 2021 report, 2020. Available: https://ginasthma.org/​
gina-reports/

	13	 Global Initiative for Asthma. Difficult-to-treat and severe asthma in 
adolescent and adult patients. Diagnosis and management 2019. 
2019. Available: https://ginasthma.org/gina-reports/gina-2020-full-​
report_-final-_wms

	14	 National Asthma Education and Prevention Program Coordinating 
Committee Expert Panel Working Group. 2020 focused update to 
the asthma management guidelines summary from: a report from 
the national asthma education and prevention program coordinating 
committee expert panel working group 2020. 2020. Available: https://
www.nhlbi.nih.gov/health-topics/all-publications-and-resources/​
2020-focused-updates-asthma-management-guidelines

	15	 Centers for Disease Control and Prevention. Asthma Attacks in 
the Past 12 Months by Year 2019, Available: https://www.cdc.​
gov/asthma/data-visualizations/health-outcomes.htm#anchor_​
1569609411376

	16	 Centers for Disease Control and Prevention. Asthma Attacks among 
People with Current Asthma, 2014–2017, 2014. Available: https://
www.cdc.gov/asthma/asthma_stats/attacks-current-asthma.htm

	17	 Moorman JE, Akinbami LJ, Bailey CM, et al. National surveillance of 
asthma: United States, 2001-2010. Vital Health Stat 2012;3:1–58.

	18	 Cardet JC, Chang K-L, Rooks BJ, et al. Socioeconomic status 
associates with worse asthma morbidity among Black and Latinx 
adults. J Allergy Clin Immunol 2022;150:841–9. 

	19	 Cardet JC, Shenoy K, Baydur A, et al. Caribbean Latinx with 
moderate-severe asthma bear greater asthma morbidity than other 
Latinx. J Allergy Clin Immunol 2022;150:1106–13. 

	20	 Szentpetery SE, Forno E, Canino G, et al. Asthma in Puerto Ricans: 
Lessons from a high-risk population. J Allergy Clin Immunol 
2016;138:1556–8. 

	21	 Antonio Bartolomei-Díaz J, Amill-Rosario A, Claudio L, et al. Asthma 
Mortality in Puerto Rico: 1980–2007. J Asthma 2011;48:202–9. 

	22	 British Thorasic Society. BTS/sign british guideline on the 
management of asthma 2021. n.d. Available: https://www.brit-​
thoracic.org.uk/quality-improvement/guidelines/asthma/

	23	 Boushey HA, Sorkness CA, King TS, et al. Daily versus as-
needed corticosteroids for mild persistent asthma. N Engl J Med 
2005;352:1519–28. 

	24	 Papi A, Canonica GW, Maestrelli P, et al. Rescue use of 
beclomethasone and albuterol in a single inhaler for mild asthma. N 
Engl J Med 2007;356:2040–52. 

	25	 Calhoun WJ, Ameredes BT, King TS. Comparison of Physician-, 
Biomarker-, and Symptom-Based Strategies for Adjustment of 
Inhaled Corticosteroid Therapy in Adults With Asthma. JAMA 
2012;308:987. 

	26	 Rabe KF, Atienza T, Magyar P, et al. Effect of budesonide in 
combination with formoterol for reliever therapy in asthma 
exacerbations: a randomised controlled, double-blind study. Lancet 
2006;368:744–53. 

	27	 Miller NH. Compliance with treatment regimens in chronic 
asymptomatic diseases. Am J Med 1997;102:43–9. 

	28	 Haynes RB, Ackloo E, Sahota N, et al. Interventions for 
enhancing medication adherence. Cochrane Database Syst Rev 
2008;2008:CD000011. 

	29	 Papi A, Corradi M, Pigeon-Francisco C, et al. Beclometasone-
formoterol as maintenance and reliever treatment in patients with 
asthma: a double-blind, randomised controlled trial. Lancet Respir 
Med 2013;1:23–31. 

	30	 Israel E, Cardet J-C, Carroll JK, et al. Reliever-Triggered Inhaled 
Glucocorticoid in Black and Latinx Adults with Asthma. N Engl J Med 
2022;386:1505–18. 

	31	 Israel E, Cardet JC, Carroll JK, et al. A randomized, open-label, 
pragmatic study to assess reliever-triggered inhaled corticosteroid 
in African American/Black and Hispanic/Latinx adults with asthma: 
Design and methods of the PREPARE trial. Contemp Clin Trials 
2021;101:S1551-7144(20)30324-4. 

	32	 Definition and DDLs for the OMOP Common Data Model (CDM) 
2022, Available: https://github.com/OHDSI/CommonDataModel

	33	 Springer Science & Business Media. Linear mixed models in practice: 
A SAS-oriented approach. 2012.

	34	 Garcia TP, Marder K. Statistical Approaches to Longitudinal Data 
Analysis in Neurodegenerative Diseases: Huntington’s Disease as a 
Model. Curr Neurol Neurosci Rep 2017;17:14. 

	35	 Raudenbush SW, Bryk AS. Hierarchical linear models: applications 
and data analysis methods, 2nd edn. Thousand Oaks, CA: Sage 
Publications, 2002.

	36	 Salciccioli JD, She L, Tulchinsky A, et al. Effect of COVID-19 on 
asthma exacerbation. J Allergy Clin Immunol Pract 2021;9:2896–9. 

	37	 American Academy of Asthma aI. Asthma IQ: patient management 
and outcomes, Available: https://education.aaaai.org/​
AIQMgmtOutcomes

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 N

o
vem

b
er 2024. 

10.1136/b
m

jo
p

en
-2024-088349 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6989-2428
http://orcid.org/0000-0003-1699-5471
https://www.cdc.gov/vitalsigns/asthma/index.html
http://dx.doi.org/10.15585/mmwr.mm6705e1
https://healthyschoolscampaign.org/blog/five-health-related-causes-of-chronic-absenteeism/
https://healthyschoolscampaign.org/blog/five-health-related-causes-of-chronic-absenteeism/
http://dx.doi.org/10.1164/rccm.201810-1944CI
https://icer.org/assessment/asthma-2018/
https://icer.org/assessment/asthma-2018/
http://dx.doi.org/10.2165/00003495-200969020-00001
http://dx.doi.org/10.2165/00003495-200969020-00001
http://dx.doi.org/10.1164/rccm.200407-884OC
http://dx.doi.org/10.1378/chest.129.2.246
http://dx.doi.org/10.1185/030079904X2051
http://dx.doi.org/10.1186/s12890-017-0401-y
http://dx.doi.org/10.1378/chest.130.6.1733
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/gina-2020-full-report_-final-_wms
https://ginasthma.org/gina-reports/gina-2020-full-report_-final-_wms
https://www.nhlbi.nih.gov/health-topics/all-publications-and-resources/2020-focused-updates-asthma-management-guidelines
https://www.nhlbi.nih.gov/health-topics/all-publications-and-resources/2020-focused-updates-asthma-management-guidelines
https://www.nhlbi.nih.gov/health-topics/all-publications-and-resources/2020-focused-updates-asthma-management-guidelines
https://www.cdc.gov/asthma/data-visualizations/health-outcomes.htm#anchor_1569609411376
https://www.cdc.gov/asthma/data-visualizations/health-outcomes.htm#anchor_1569609411376
https://www.cdc.gov/asthma/data-visualizations/health-outcomes.htm#anchor_1569609411376
https://www.cdc.gov/asthma/asthma_stats/attacks-current-asthma.htm
https://www.cdc.gov/asthma/asthma_stats/attacks-current-asthma.htm
http://dx.doi.org/10.1016/j.jaci.2022.04.030
http://dx.doi.org/10.1016/j.jaci.2022.05.026
http://dx.doi.org/10.1016/j.jaci.2016.08.047
http://dx.doi.org/10.3109/02770903.2010.528498
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
http://dx.doi.org/10.1056/NEJMoa042552
http://dx.doi.org/10.1056/NEJMoa063861
http://dx.doi.org/10.1056/NEJMoa063861
http://dx.doi.org/10.1001/2012.jama.10893
http://dx.doi.org/10.1016/S0140-6736(06)69284-2
http://dx.doi.org/10.1016/s0002-9343(97)00467-1
http://dx.doi.org/10.1002/14651858.CD000011.pub3
http://dx.doi.org/10.1016/S2213-2600(13)70012-2
http://dx.doi.org/10.1016/S2213-2600(13)70012-2
http://dx.doi.org/10.1056/NEJMoa2118813
http://dx.doi.org/10.1016/j.cct.2020.106246
https://github.com/OHDSI/CommonDataModel
http://dx.doi.org/10.1007/s11910-017-0723-4
http://dx.doi.org/10.1016/j.jaip.2021.04.038
https://education.aaaai.org/AIQMgmtOutcomes
https://education.aaaai.org/AIQMgmtOutcomes
http://bmjopen.bmj.com/

	Electronic health record data analysis on the impact of rescue-­triggered inhaled corticosteroids on controller therapy in Black and Latinx individuals from a pragmatic, open-­label, patient-­level randomised trial
	Abstract
	Introduction﻿﻿
	Methods
	Brief description of the PREPARE study
	EHR data acquisition
	EHR data standardisation
	EHR data cleaning
	Outcome groupings
	Statistical methods

	Results
	Demographics
	Changes in asthma controller medication prescriptions
	Modelling of EHR data
	Model for before enrolment (12 months prior through 1 month before enrolment)
	Model after enrolment (1 month after through the 15 months after enrolment)

	Discussion
	References


