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Abstract

Background: Asthma severity is typically assessed through a retrospective assessment of the treatment required

to control symptoms and to prevent exacerbations. The joint British Thoracic Society and Scottish Intercollegiate
Guidelines Network (BTS/SIGN) guidelines encourage a stepwise approach to pharmacotherapy, and as such, current
treatment step can be considered as a severity categorisation proxy. Briefly, the steps for adults can be summarised as:
no controller therapy (Step 0), low-strength Inhaled Corticosteroids (ICS; Step 1), ICS plus Long-Acting Beta-2 Agonist
(LABA; Step 2), medium-dose ICS +LABA (Step 3), and finally either an increase in strength or additional therapies
(Step 4). This study aimed to investigate how BTS/SIGN Steps can be estimated from across a large cohort using
electronic prescription records, and to describe the incidence of each BTS/SIGN Step in a general population.

Methods: There were 41,433,707 prescriptions, for 671,304 individuals, in the Asthma Learning Health System
Scottish cohort, between 1/2009 and 3/2017. Days on which an individual had a prescription for at least one asthma
controller (preventer) medication were labelled prescription events. A rule-based algorithm was developed for
extracting the strength and volume of medication instructed to be taken daily from free-text data fields. Asthma
treatment regimens were categorised by the combination of medications prescribed in the 120 days preceding any
prescription event and categorised into BTS/SIGN treatment steps.

Results: Almost 4.5 million ALHS prescriptions were for asthma controllers. 26% of prescription events had no
inhaled corticosteroid prescriptions in the preceding 120 days (Step 0), 16% were assigned to BTS/SIGN Step 1, 7%
to Step 2, 21% to Step 3, and 30% to Step 4. The median days spent on a treatment step before a step-down in
treatment was 297 days, whereas a step-up only took a median of 134 days.

Conclusion We developed a reproducible methodology enabling researchers to estimate BTS/SIGN asthma
treatment steps in population health studies, providing valuable insights into population and patient-specific
trajectories, towards improving the management of asthma.
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Background

An individual’s asthma severity can be considered as
underlying and static feature, independent of current
symptoms, typically measured by asthma control in the
absence of therapy [1, 2]. As such, it may confound analy-
ses of statistical associations if not appropriately esti-
mated and controlled for.

Asthma severity has been defined previously in differ-
ent contexts to include lung function and the risk of acute
exacerbations [3-5], but it may also be indicated by the
minimum treatment required to achieve control at a spe-
cific time [1, 6-9]. This approach has been recommended
by the joint American Thoracic Society/European Respi-
ratory Society Taskforce [10].

Asthma treatment progression is typically considered
to be a linear process, progressively recommending more
advanced treatments (known as a step up) if adequate
control is not reached at a previous step [11, 12]. Asthma
severity can thus be objectively ranked using stepwise
treatment guidelines, such as those developed jointly by
the British Thoracic Society (BTS) and the Scottish Inter-
collegiate Guidelines Network (SIGN) [11] and those
detailed in the Global INitiative for Asthma (GINA)
report [12]. Both guidelines encourage an incremen-
tal approach to pharmacotherapy beginning with low-
strength Inhaled CorticoSteroid (ICS) monotherapy, and
progressively increasing medication strength and/or add-
ing new therapies if asthma control is not achieved. The
BTS/SIGN recommendations [11] for the progression of
treatment are described in Appendix A.

Categorisation of asthma severity may be used in clini-
cal practice guidance [13-16], and clinical trials [17, 18],
as well as in research. In epidemiological studies, the
categorisation of asthma severity is often used as a con-
founder for the effect of some exposure to the risk of clin-
ical outcomes such as asthma attacks [19-25], or as the
outcome itself when investigating the role of exposures in
asthma development [5, 26, 27].

Previous studies using the BTS/SIGN steps [8, 22,
28, 29] have often faced some combination of three key
weaknesses. First, not all possible or observed regimens
map to an explicit treatment step, and thus require ad-
hoc judgements to be made. Secondly, their methods
were often not sufficiently transparent for validation or
to be reproduced by other researchers. Finally, they often
required custom data collection, such as for patients to
report their current treatment regimen.

Electronic Health Records (EHRs) can be used in prag-
matic observational and intervention studies of asthma
across wide populations [6], without the need for inter-
vention or time-consuming data collection, and with
better reproducibility. It also enables algorithms to be
incorporated into a learning healthcare system, in which
patient data are used to generate a continuous loop of
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knowledge-generation, evidence based clinical practice
change, and change assessment/validation [30, 31]. How-
ever, estimating BTS/SIGN steps from EHRs is a chal-
lenging multi-faceted task: it requires identifying asthma
prescribed medications, conducting free-text analysis on
General Practitioners’ (GPs) clinical records, and opera-
tionalising the BTS/SIGN steps from extracted data.

The aim of this study was to develop and present a
reproducible methodology for classifying asthma severity
by proxy of BTS/SIGN treatment steps using prescription
EHRs, to further population-level asthma research, and
to describe their incidence in the general population. The
classification of patients in a cohort into severity groups
permits adjustment for confounding in formal statisti-
cal tests, which grants a more accurate and precise esti-
mate of factors which influence asthma outcomes, and
thus better knowledge to inform clinical asthma care and
management.

Methods

Overview of study design

In this study, we conducted a secondary cohort analysis
of a Scottish prescribing EHR dataset, as described in the
following section. We identified prescribing records per-
taining to asthma controller medications, and extracted
pertinent information from the structured and free-text
data fields, such as medication type, brand, and dose.
Treatment regimens (the combination of prescribed
therapies) were estimated at each day on which an indi-
vidual had a prescription for at least one asthma medi-
cation (a prescription day) from the prescriptions issued
to that individual in the previous 120 days. 120 days was
chosen to balance sufficient time for a refill of each regi-
men component to have been filled, facilitating accu-
rate treatment regimen identification, but short enough
that seasonal changes in regimen (or strength of ICS,
for example) could be detected. Each regimen was the
assigned to its corresponding treatment step in the adult
BTS/SIGN Guidelines [11].

Data

The Asthma Learning Healthcare System (ALHS) data-
set [30] recruited over half a million patients from 75
general practices in Scotland, with primary care records
linked to national accident and emergency, hospital and
mortality datasets using the Scottish health identifica-
tion number known as the Community Health Index
(CHI) [32]. As such, we have approximately 10% popu-
lation coverage [30]. No demographic exclusion criteria
were implemented, and so this cohort can be considered
approximately representative of the Scottish general
practice-registered population: that is, approximately
70% of the population live in urban areas, 14% in rural
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areas, 8% are aged 75 or o over, 15% are aged 14 and
under, and 50% are female [33, 34].

The fields available in the prescription dataset were:
pseudo-anonymised patient study identifier (such as
“ID0001” — allowing linkage between datasets and for
observations within datasets, without revealing the iden-
tity of the individual), date of prescription, date of dis-
pensing, medication name, BNF item code, formulation,
prescribed quantity, dispensed quantity, and free-text
native dose instructions.

Identifying asthma medications

To identify asthma medications, we matched the medi-
cation name recorded in the prescription record to a
lookup table listed in Appendix B containing the medi-
cations and brand names. We have only included asthma
medications which are licensed in the UK. Corticoste-
roids can also be used in other dosages and formulations
for conditions such as allergic rhinitis [35] and Crohn’s
disease [36]. Therefore, ICS medications with spray or
drop formulation were excluded, along with records con-
taining keywords listed in Appendix C in the dose direc-
tions or medication name.

The brand names of the medications were also checked
to exclude brands of inhaled medications for related con-
ditions such as Chronic Obstructive Pulmonary Disease
(COPD), or for nasal sprays with missing formulation
(Appendix C).

The designated category of medication was updated,
such that corticosteroid solutions were distinguished
from inhaled formulations by listed formulation “SOL”
or by the presence of any of the following keywords in
the dose directions or medication name: “SACHET’,
“RESPULE’, “NEB’, “VIAL’, or “AMPOULE”

Asthma medication data cleaning

The BTS/SIGN treatment steps are a categorisation based
on the type and dosage of medications a person has been
prescribed. To estimate the prescribed daily dose, we
needed to calculate the number of daily doses (dose fre-
quency), the number of puffs per dose (dose quantity),
and the strength of each puff, recorded in the prescrip-
tion record.

Dose frequency

When the dose frequency for a particular medication is
clearly indicated based on keywords and phrases (listed
in Appendix F, e.g., terms such as ‘once’ or ‘4 times’),
these values can easily be extracted. However, inferring
non-explicitly defined prescribing patterns EHRs is less
straightforward. There is research literature suggest-
ing that the dose frequency is primarily dictated by the
pharmacokinetic profile of medications [37]. For exam-
ple, some medications have longer half-life which would
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indicate that they would not be regularly prescribed to be
taken multiple times a day. Therefore, we have decided to
impute dose frequencies using the most common (mode)
dose frequency for a particular medication type (such as
‘budesonide’) as a reasonable approach to impute missing
entries.

Dose quantity

Secondly, the dose quantity was estimated by searching
for the numbers one, two, three, or four (in numerals and
written out) preceded by “take” or “inhale’, or followed by
“daily’; “at’; “to be taken’, or “puf” (with a single ‘f’ to allow
for typographical errors), or “p” (followed by a space; ‘p’
being commonly used as shorthand for puffs). When this
information could not be extracted, the mode by medica-
tion type was imputed.

Medication strength

Medication strength was extracted by searching the free-
text prescription information for any of the following
dosages in micrograms [10 000, 5000, 4000, 2000, 1000,
500, 400, 320, 250, 200, 184, 160, 125, 100, 92, 80, 65,
50], followed by “MCG” or “MICROGRAM’, with and
without spaces between the value and phrase. Addition-
ally, for ICS+LABA medications, which have strengths
for the ICS and LABA components separately, the val-
ues could proceed “/” (without a space). By searching
through the values in descending order we ensured that
“250 MCG” had not been extracted as “50 MCG’, for
example. Following that, we searched for the following
values in milligrams [0.5, 20, 10, 5, 4, 2, 1] followed by
“MG” or “MILLIGRAM” (again, with or without a space
between). Similarly, 0.5 was searched prior to the inte-
ger values such that “0.5MG” is not extracted as “SMG”.
Missing strengths were imputed using the mode by medi-
cation type. The extracted strength in micrograms for a
prescription was compared to the lookup table presented
in Appendix B to flag values outside of the range of
strengths prescribed for specifically for asthma, indicat-
ing that it should be excluded.

British thoracic Society Treatment Step classification
Strength classification

The 2019 Adult BTS/SIGN Guidelines[11] present a sin-
gle value for each level of dosage: low, medium, or high.
In practice, many regimens did not perfectly align with
these guidelines. As such, conversion of the continuous
ICS and ICS/LABA daily dose into the three levels (low,
medium, and high) was based on ranges, accommodating
all observed values as listed in Appendix E. An additional
category is also presented for paediatric treatment (“very
low dose”), which is typically around half of the ‘low dose’
value, and would thus fall into the low dose’ range. Medi-
cations no longer recommended for prescription (and
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Fig. 1 Decision tree demonstrating the implementation of the Adult British Thoracic Society and Scottish Intercollegiate Guidelines Network treatment

steps

thus not included in the BTS/SIGN guidelines, such as
AeroBec, Beclazone, and Filair) were grouped with other
medications of the same drug (such as beclometasone)
and inhaler (dry powder inhaler or metered dose inhaler)
type.

Medium-dose was assigned from one microgram
higher than the low-dose value up to the medium-dose
value unless there was no recommended low-dose. In
this case, half of the medium-dose value was used as the
lower range limit. Similarly, the high-dose category was
assigned from one microgram higher than the medium-
dose value up to four times the medium-dose value,
unless the medium-dose value was missing, in which
case half of the high-dose value was used as the lower
range limit and twice the high-dose value for the upper
range limit. If the medication strength value recorded
was above the upper limit of the high-dose level, then the
medication strength category ‘unknown’ was assigned.

Asthma regimen classification

Treatment step was calculated on any day on which an
individual had a prescription for at least one asthma
medication (a prescription day), based on any medica-
tions which had been prescribed in the last 120 days. A

run-in period of 120 days (January 31st to June 1st, 2009)
allowed refills of different medications to be accumulated
for the first regimen estimate. However, it is a natural
limitation that we are not able to distinguish between
a complex regimen, and a sudden change in regimen
resulting in new treatments having been added while
existing treatments have not been finished.

Regimen to treatment step mapping

There is only one possible regimen at Step 1 (low-dose
ICS) for adults, but higher numbers of variants at the
higher steps. The 2019 BTS/SIGN guidelines recommend
a minimum treatment of as-needed low dose ICS (Step
1), and thus we have categorised regimens without any
ICS component as treatment Step 0, as shown in Fig. 1.
These include SABA monotherapy, which is only recom-
mended “for those with infrequent short-lived wheeze”
[11]. The guidelines highlight that there is some evidence
to support the use of ICS alternatives, such as LTRA or
theophylline as the primary controller, although they are
not listed in the explicit treatment step disambiguation
presented in their Fig. 2 [11].
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Notes: ICS=Inhaled CorticoSteroid, LABA=Long-
Acting Beta-2 Agonist.

Although not presented here, the steps for children are
typically the same as the adult steps, but one strength
category down. For example, Step 1 for children is very
low dose ICS, rather than low dose ICS as for adults.
For those aged under 5 years, LTRA may be used in
place of ICS for children aged under 5, and LABA is not
recommended.

Analysis plan

Having assigned the treatment steps, we measured the
time spent on a treatment step before changing, stratified
by whether the change was a step up or down in intensity.
An individual’s final treatment step change was omitted
from these calculations as the time to change was cen-
sored (the duration before change after the end of the
study was not known). The rate of change and the fre-
quency of changes in regimen, moving with and between
treatment steps, was also assessed.

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [38] were
used to guide the presentation of the methodology and
results used herein, and to ensure that no important
information had been omitted. R scripts for data pro-
cessing and analysis are available at https://github.com/
hollytibble/BTS_Step_Derivation.

Results

Asthma medication data cleaning

As described in the prescription processing report pre-
sented in Appendix F, 4,450,709 of the 41,433,707 pre-
scriptions in the dataset (10.7%) were identified as eligible
asthma medications, after having removed prescriptions
with dates outside of the extracted study period (n=673),
prescriptions which noted they should be deleted (n=39),
prescriptions which did not match any asthma brand
names or ingredients (n=36,264,262), prescriptions
which were excluded based on formulation (n=716,472),
and prescriptions which matched non-asthma indication
brand names (n=1332).

Multiple prescriptions on one day were condensed
such that there was only one BTS/SIGN step or regi-
men per person on a single day, resulting in 2,880,546
records. Additionally, records before June 1st, 2009, were
excluded to allow a run-in period of regimen estimation
from staggered refills, resulting in 2,772,818 records for
157,503 unique individuals. There were 625,998 person-
years containing at least one prescription.

ICS medications of the medium and high dose catego-
ries were more commonly prescribed as combination
ICS+LABA inhalers (Fig. 2). Ciclesonide had the highest
proportion of prescriptions outside of the recommended
range (6.1%).
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British thoracic society treatment step classification

The first step to assigning the treatment steps to a
patient’s treatment was to identify the regimen, the com-
bination of treatments prescribed concurrently, that
each individual was on at the time of any new prescrip-
tion being written (either repeat or first instance). There
were 110 unique regimens observed, categorised by ICS
strength category, and other therapies in the preceding
120 days. 19.0% of prescription events (n=526,239) cor-
responded to the regimen high-dose ICS+LABA (either
standalone or combination inhalers). Table 1 shows the
10 regimens which corresponded to more than 1% of the
total prescription events, with the other 100 regimens
comprising 232,286 prescription events (8.4%).

Next, these regimens were mapped to the treatment
steps, using the decision tree in Fig. 1. Only one regi-
men was assigned to treatment Step 1, 13 to Step 2, 11
to Step 3, and 53 to Step 4. The remaining 32 regimens
were assigned to Step 0. These include both SABA mono-
therapy (17.8% of prescription events), which is only
recommended “for those with infrequent short-lived
wheeze” [11], and LABA monotherapy (5.8% of prescrip-
tion events), which is contraindicated in the BTS/SIGN
guidelines currently. The guidelines highlight that there
is some evidence to support the use of ICS alternatives,
such as LTRA or theophylline as the primary controller,
although they are not listed in the explicit treatment step
disambiguation.

25.8% of prescription events (n=715,016) were assigned
to Step 0, 15.8% of prescription events (n=438,955) were
Step 1, 7.1% (n=198,163) were Step 2, 21.0% (n=583,483)
were Step 3, and 30.2% (n=837,201) were Step 4.

Characteristics of treatment step changes

16.4% of changes in regimen were within the same treat-
ment step as the previous regimen, 39.9% were a step
down in treatment, and 43.7% were a step up. Changes
within a treatment step were more common on steps 0
(15.6% of regimen changes) and 4 (39.4%) compared to
steps 2 (7.9%) and 3 (9.0%). Step 1 comprised only one
regimen and so it was not possible to change regimen
within the same step.

Most changes in BTS/SIGN step were by a single step
(65.7% of step ups and 71.9% of step downs) and most
changes were between steps 3 and 4, with only 10.1%
were between steps 1 and 2 (Fig. 3).

Notes: ¢, and ¢, indicate the time before and after a
prescribing event, respectively. Transitions to and from
step 0 are omitted as they often reflected periods of non-
adherence rather than clinician-sanctioned changes in
regimen.
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Fig. 2 Percentage of Inhaled Corticosteroid and combination Long-Acting Beta-2 Agonist prescriptions assigned to each dose category by medication

type

Table 1 Asthma Treatment Regimens by Prescription Events

Regimen Number of

Prescrip-

tion Events

(Percentage)
High-strength ICS+LABA 526,239 (19.0%)
SABA 494,009 (17.8%)
Low-strength ICS 438,955 (15.8%)
Medium-strength ICS + LABA 427,567 (15.4%)
Low-strength ICS+LABA 176,630 (6.4%)
LABA 160,630 (5.8%)
Medium-strength ICS 127,642 (4.6%)
High-strength ICS+LABA +LTRA 88,746 (3.2%)
Medium-strength ICS+LABA+ LTRA 58,119 (2.1%)
High-strength ICS+LABA +Theophylline 41,784 (1.5%)

Notes: ICS=Inhaled Corticosteroid, LABA=Long-Acting Beta-2 Agonist,
SABA=Short-Acting Beta-2 Agonist, LTRA=Leukotriene Receptor Antagonist

Next, we examined the regimens which were assigned to step 0, by virtue of
not aligning with the treatment guidelines and having no ICS component.
There were 2,772,818 prescription events, of which 715,016 were for non-ICS
prescriptions, with no ICS prescriptions in the previous 120 days, and were thus
assigned Step 0. For prescription events assigned to step 0, 69.1% had been
prescribed only SABA for the last 120 days, 22.5% had been prescribed only
LABA, and 3.7% had been prescribed only LTRA. The remaining 4.7% of step
0 prescription events corresponded to regimens which had prevalence lower
than 2%

There were 625,998 person-years containing at least
one prescription, of which for 79.1%, individuals stayed
on the same treatment step throughout. 18.7% of person-
years featured two distinct treatment steps, of which
24.8% featured multiple switches between the two steps.
Only 2.2% of person-years featured three or more dis-
tinct treatment steps. 7.2% of person-years featured three
or more changes.

Overall, the median time between starting and chang-
ing treatment step was 206 days (interquartile range 83
to 514 days). The time duration on a treatment step was
typically longer if the change was a step down (median
297 days, interquartile range 152—-647 days) compared to
a step up (134 days, interquartile range 48—393 days).

The median time to change was substantially shorter
for Step 0 than other steps (Table 2) although this step
had the highest percentage of censored records (the
duration before change after the end of the study was
not known; 47.1%) which may have lowered the median
estimate.
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Table 2 Duration (days) until British Thoracic Society and
Scottish Intercollegiate Guidelines Network Treatment Step
Change

BTS/SIGN Step Duration until Step Change Percent
(days) Censored
Median Interquartile

Range

0 127 46-365 47.1

1 312 150-660 352

2 223 121-492 237

3 204 85-505 269

4 273 136-648 29.1

Discussion

Principal findings

We have developed a reproducible methodology towards
categorising asthma treatment regimens and classify-
ing asthma severity by proxy of BTS/SIGN treatment
steps using prescription EHRs. This classification process
enables population-level studies to examine and adjust
for the role of severity in association and outcome stud-
ies, and to improve the quality of research which drives
clinical asthma management.

We assigned regimens based on combinations of pre-
scribed medications that overlapped in 120-day periods,
and found that almost one in five prescription events
(19%) corresponded to the regimen high-strength ICS
plus LABA, either in a single combination inhaler or in
two distinct inhaler units.

There were 625,998 person-years containing at least
one prescription. 30% of prescription events corre-
sponded to a regimen at BTS/SIGN step 4, 21% at step 3,
6% at step 2, 6% at step 1, and 26% to step 0 (no ICS pre-
scriptions in the previous 120 days). People stayed on one
treatment step for a median of 200 days, but the dura-
tion was typically longer if the change was a step down
(median 294 days) compared to a step up (129 days).

Only 2.7% of person-years featured more than two dis-
tinct treatment steps.

Results in context

Asthma treatment classifications such as the BTS/SIGN
steps and the GINA steps have been used previously for
both population-level [8, 22] and individual-level analy-
ses [32, 39, 40]. Previous studies using the BTS/SIGN
steps have interpreted and implemented the guidelines
in different ways [8, 22, 28, 29], and indeed the guide-
lines have also been updated over time, making direct
comparisons challenging. There are four main strengths
of the methods described herein for the identification of
asthma treatment regimens, and their mapping to BTS/
SIGN treatment steps.

First, our implementation of the treatment guidelines
maps all possible regimens to a treatment step, which
removes the requirement for any manual assignment as
there are no possible unclassified combinations. Charlton
et al. [28], for example, noted that not all observed regi-
mens “directly translate to a specific treatment step”, and
so their allocation was based on “the most comparable
treatment step”, although this process was not formally
defined. Our implementation is intuitive to interpret, as
demonstrated by the decision tree presented in Fig. 1.

Secondly, the use of a grace period (the look-back win-
dow for prior prescriptions to classify the treatment regi-
men) allows prescriptions for different components to be
collected on different dates without the treatment step
being incorrectly estimated. The use of a 120-day period
enables detection of regimen changes in finer resolution,
which can be used to evaluate rates of clinical outcomes
by treatment step, unlike the year-long observation
period used in such studies as Bloom et al. [8]. This may
also facilitate the detection of seasonal changes in pre-
scribing patterns. The grace period used in this study
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is sufficiently long, however, to capture some degree of
as-needed ICS use, which is encouraged at step 1 of the
2019 guidelines [11]. Most ICS are prescribed in 30-day
supplies (120-dose cannisters for two puffs twice daily,
or 60-dose cannisters for two puffs once daily) [41-43],
and thus up to 25% usage would still be captured as
continuation.

BTS/SIGN treatment steps are not explicitly recorded
in EHRs, hence the necessity for this methodology, how-
ever this also limits our ability to validate our classifica-
tion against any gold standard. We were able, however, to
compare our values extracted from the free-text fields of
the prescription records to those from the methodology
of McTaggart et al. [44]; an algorithm for the extraction
of prescription data from the free-text prescribing fields
which was applied automatically to all research datas-
ets extracted from the Scottish Prescribing Information
System (PIS). A substantial limitation of their approach
is that it does not adapt well to the nuances of asthma
pharmacotherapy, such as combined therapy inhalers,
and has not been made available for researchers to adapt.
When both methods had managed to obtain values for
the number of doses per day, the amount to take at each
dose, and the strength of the medication, the agreement
was between 99.6 and 99.9%. Our methods consistently
resulted in lower missingness (before imputation): 13%
versus 10% for daily dose frequency, 13% versus 11% for
dose quantity, and 62% versus 8% for dose strength. The
most common phrases which were not translated (no
information extracted) were “Morning and night” (equal-
ling two daily dose times), “[#] inhalations” or “[#] inspi-
rations” (equalling # units of inhaled medication to be
taken at each dose time), and ICS+LABA medications
such as Seretide and Symbicort which were commonly
listed without the unit (i.e., “SERETIDE 2507).

Finally, an important strength of this analysis is the
transparency of our methods. The mapping from pre-
scription records to time-varying BTS step estimate
described herein was derived using Scottish electronic
health records, which contain rich free-text dose direc-
tions, often not available in other UK and international
research datasets. The text-processing components of
the methods are not always possible to perfectly imple-
ment in other settings, therefore, however by providing
detailed descriptions of the rule-based imputation pro-
cess it is possible to implement robustly in lieu of this
data. We hope that the availability of the derivation code
for use by other researchers (link provided in the meth-
ods section) will facilitate better future population-level
studies, to improve asthma patient care and management.

Limitations and future work
The methods described herein are exclusively designed
for the classification of large EHR study populations into
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treatment-based categories, as a proxy for asthma sever-
ity. The treatment classification process should not be
used to guide patient care.

The primary aim of this study was to develop a repro-
ducible methodology for classifying asthma severity
by proxy of BTS/SIGN treatment steps using prescrip-
tion EHRs, We have focussed herein on the Adult BTS/
SIGN recommendations, however the steps can easily be
expanded to cover the Paediatric recommendations. No
linkage to primary care records has been conducted, and
thus this population will include children who will have
been classified at a lower treatment step than if the popu-
lation was stratified.

To ascertain a patient’s current treatment regimen
most accurately, we would be required to regularly ask
them which medications they are currently taking. In
lieu of this, we have devised a methodology making use
of EHRs, which can be applied easily to large-scale popu-
lations with limited expense or time for data collection.
This is naturally an imperfect process, however. One
key limitation is that regimens which overlap within the
120-day grace period (changes commenced before a pre-
vious regimen had expired) would be considered as com-
ponents of a single, complex, regimen. Tracking sudden
changes to regimen or treatment step over time within a
patient can be utilised for error detection, however.

In this study, we observed that clinicians were faster to
step-up the prescribed treatment (a median of just over
4 months) than to step-down (a median of around 9.5
months). This might have been because asthma medica-
tion reviews were often prompted by patient reported
symptoms [45], or because GPs were keen to quickly
achieve symptom control (and, conversely, reticent to lose
it). GPs may also have concerns about adherence to cur-
rent therapy [46]. Identifying the patient-specific factors
associated with determinants of poor outcomes result-
ing from treatment step-downs may provide insights
into personalised risk-benefit assessment at medication
reviews. It is important that this work acknowledges the
crucial role that patient adherence to therapy plays on
asthma control.

The data linkage between prescribing and dispens-
ing records in Scottish EHRs (conducted by National
Services Scotland Information Services Division) is an
imperfect process, as prescriptions containing multiple
items have only a single identifier, rather than an item-
specific identifier. As such, if the items are listed in a dif-
ferent order on the dispensing and prescribing records,
additional information relating to a specific item (such
as dosing direction notes from the pharmacist) may be
assigned to the wrong prescription item. Although rare,
this mismatch likely led to a small number asthma-
related records being erroneously excluded on the basis
of indication, as they contained exclusion keywords, or



Tibble et al. BMC Pulmonary Medicine (2022) 22:397

having an incorrect value assigned for the strength, daily
dose frequency, or dose quantity.

In the Methods (‘Identifying Asthma Medications’),
we described how efforts were made to exclude medica-
tions used for alternative indications, including Crohn’s
Disease and COPD, as well as asthma. However, the high
incidence (5.8% of all prescription events) of LABA only
prescriptions (which are not recommended for asthma,
but may be recommended for COPD) indicated in Table 1
highlight the distinct probability that generic therapies
included herein may have not been intended for asthma
management. However, it may also simply reflect cases
in which the BTS/SIGN guidelines are not being applied
with regards to pharmacological management. Prior to
applying the proposed methodology towards asthma
severity classification, a diagnosis of asthma should be
required to restrict the analysis population.

As discussed in the Background, the primary motiva-
tion for this work to facilitate adjustment for potential
confounding from asthma severity in inferential analyses
mapping patient characteristics to clinical outcome risk
[32]. It may also be utilised as an outcome for studies
which wish to identify exposures which may contribute
to the development of more severe asthma [5, 26, 27].
Finally, the treatment steps and the statistics related to
change between steps can be used to identify population-
level differences in clinical care.

Data extraction from the free-text fields of the drug
description and instructions followed easy to implement
approaches: the guiding principle was to develop some-
thing which should be straightforward to operationalise.
Future work could integrate more advanced Natural Lan-
guage Processing (NLP) techniques to investigate this
further.

Conclusion

The novel and reproducible methodology presented
herein (and the accompanying R scripts) enable research-
ers to easily replicate BTS/SIGN asthma treatment steps.
These steps can be used to efficiently estimate the sever-
ity of asthma in population-level studies, and to dem-
onstrate changes of symptom severity over time using
routinely collected prescription EHRs.
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