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What is already known about this topic? A reduction in asthma exacerbations has been recorded over the COVID-19
pandemic. It is unknown whether there was a change in medication use over the first year of the pandemic compared with
the previous year.

What does this article add to our knowledge? The COVID-19 pandemic has witnessed an improvement in adherence
to inhaled corticosteroids (ICS), a reduction in salbutamol use, and an increase in prescription of peak flow meters for
home monitoring compared with the previous year.

How does this study impact management guidelines? Ongoing efforts to improve ICS adherence, reduce reliance on
salbutamol, and use peak flow meters for remote monitoring and self-management of asthma are needed.
BACKGROUND: The COVID-19 pandemic has witnessed a
reduction in asthma exacerbations across the United Kingdom.
Several factors may underpin this, including reduced trans-
mission of seasonal viruses and improved adherence to inhaled
corticosteroids (ICS). However, little is known about how ICS
use has changed during the pandemic.
OBJECTIVE: To identify prescribing patterns for asthmatics
during the pandemic.
METHODS: Using the OpenPrescribing database, we
retrospectively analyzed prescribing patterns of ICS, salbutamol
and peak flow meters from January 2019 to January 2021 across
England. In addition, using a sample asthma cohort at 3 primary
care practices in London, we assessed individual prescription
patterns.
RESULTS: A sharp increase in national ICS prescriptions
occurred in March 2020 representing a 49.9% increase
compared with February 2020. The sample cohort included
1132 patients (762 ICS treated across both years). Overall ICS
adherence improved in 2020 (P < .001), with the proportion of
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patients meeting “good adherence” (‡75%) increasing from
33.9% to 42.0% (P < .001). The March 2020 spike
predominantly reflected improved adherence rather than a
hoarding effect of multiple inhalers. Female gender and
increasing age were associated with the most significant
improvements in adherence. A similar spike in salbutamol
occurred in March 2020; however, an overall reduction in
salbutamol prescriptions occurred in 2020 (P [ .039). National
figures highlighted a progressive increase in prescription of peak
flow meters over 2020.
CONCLUSION: ICS adherence rates remain low; however, a
modest improvement in adherence was observed during the first
year of the COVID-19 pandemic. Salbutamol prescription rates
reduced over the same time period, whereas prescriptions for
peak flow meters have steadily increased. � 2021 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2022;10:100-7)
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The World Health Organization declared COVID-19 a global
pandemic on March 11, 2020, and over 100 million cases had
been reported by March 2021.1 It is well documented that
people with asthma are at risk of exacerbation with seasonal
respiratory tract viruses.2,3 However, over the pandemic, a
reduction in asthma exacerbations has been reported.4,5 Possible
explanations include reduced transmission of other respiratory
viruses through hand washing and mask wearing, a change in
prescribing patterns of asthma medications, or a change in pa-
tient behavior with improved adherence to inhaled corticoste-
roids (ICS).

Data remain somewhat conflicted on whether asthma is a risk
factor for worse outcomes with COVID-19.6,7 Early in the
pandemic, the Center for Disease Control and Prevention8 and
the Global Initiative for Asthma (GINA)9 recommended that
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Abbreviations used

COPD- C
hronic obstructive pulmonary disease

GINA- G
lobal Initiative for Asthma

ICS- In
haled corticosteroids

OCS- O
ral corticosteroids
PAAP- P
ersonalized asthma action plan

SD- S
tandard deviation
patients continue their ICS to reduce the theoretical risk of an
exacerbation with COVID-19. However, poor adherence to ICS
is well recognized with rates frequently recorded at <25%.10

Reasons include both intentional (eg, due to economic cost)
and unintentional factors (eg, forgetfulness).11

In March 2020, a surge in all prescription medication was
seen in England.12 In the United States, an increase in controller
medication use for patients with airways disease was reported in
the last week of March 2020.13 It remains unknown whether this
pattern of behavior may have persisted beyond this early phase of
the pandemic. We therefore investigated whether there was ev-
idence of a persistent change in prescribing of asthma therapies
beyond the first wave of the pandemic.

Using the UK National database, OpenPrescribing,12 we
compare prescribing patterns of ICS and salbutamol in 2019
with rates across the first year of the pandemic. In addition, we
report prescribing patterns of a sample asthma cohort to identify
any demographic characteristics associated with differential
changes in behavior.

METHODS
Monthly data for all ICS, salbutamol inhalers, and peak-flow

meters from January 1, 2019, to January 1, 2021, were extracted
from OpenPrescribing.12 However, as neither the indication (eg,
asthma vs chronic obstructive pulmonary disease [COPD]) nor
differentiation by strength is accessible, a sample asthma cohort was
generated of all patients with asthma registered at 3 primary care
practices in London, United Kingdom, to explore the driver(s) for
any change in prescription rate. All data were anonymized and
included demographic (gender, age, and ethnicity) and individual
ICS and salbutamol prescription data. Local Caldicott Guardian
ethical approval was granted for data collection by GSTT NHSFT
(approval number 11434).

Prescription records were used as a surrogate measure of adher-
ence to ICS. The ICS medication possession ratio was calculated as
the number of doses of ICS issued/expected for each patient and is
reported in a continuous and categorical manner. Adherence has
been defined as good (�75%), suboptimal (50%-74%), poor (25%-
49%), and nonadherence (<25%).14,15 Salbutamol use was reported
as the total number of salbutamol inhalers issued for each patient.
The treatment step at the time of review was defined according to
GINA 2020.9

Data were analyzed using SPSS (v26; IBM,Chicago, Ill) and figures
generated using Graphpad Prism (v8). Kolmogorov-Smirnov tests
were used to analyze data distribution. Results are given as mean
(standard deviation [SD]) if normally distributed or median (inter-
quartile range) if nonparametric. Parametric variables were compared
using t tests (paired or independent) and nonparametric variables using
the Mann-Whitney U test (unrelated) or the Wilcoxon signed rank
test (related). Parametric and nonparametric analysis of variance was
performed for analysis of 3 or more groups. Categorical variables were
analyzed by the c2 test or the Fisher exact test. For nonparametric
testing, differences are represented by test statistic, z, and considered
significant at P < .05. All P values are 2-sided.

RESULTS

Prescribing of inhaled corticosteroids

In 2019, the mean (SD) number of monthly ICS prescriptions
in England was 2,270,869 (91,057), increasing by 6.6% to
2,421,130 (286,101) in 2020 (P ¼ .11). A sharp increase to
3,247,030 was observed in March 2020, representing a 49.9%
increase compared with February 2020 (2,166,316) and a 43.8%
increase compared with March 2019 (2,110,503), after which
rates of ICS prescribing appear to return to normal levels
(Figure 1).

Demographic and clinical characteristics of the

sample asthma cohort
A total of 1132 patients with a diagnosis of asthma were

identified across the 3 general practices (combined list size of
24,633 patients). The mean age was 39.9 (18.0) years. A total of
762 (67.3%) were prescribed GINA step 2-5 treatment with an
ICS � additional controller medication(s) across both 2019 and
2020 allowing comparisons of usage before and during the
pandemic. An additional 120 (10.6%) patients were newly
initiated on ICS in 2020. The remaining 250 patients (22.1%)
were treated with salbutamol alone across the 2-year period of
study (Table I).

Patterns of adherence to ICS

The median levels of ICS adherence was 54.8% (27.4%-
95.9%) in 2019 and 54.8% (27.4%-106.8%) in 2020. Despite
an identical median value, this difference was statistically sig-
nificant highlighting an increase in 2020 (P < .001). More
specifically, the proportion of patients who met the �75%
threshold for “good adherence” increased from 33.9% to 42% in
2020 (P < .001), whereas the proportion of patients with <50%
ICS adherence reduced from 48.6% to 41.8% in 2020 (P <
.001) (Figure 2). Overall, adherence levels increased for 31.6%,
decreased for 21.0%, and remained consistent for 47.4% patients
(Figure 3), particularly for those with good adherence preceding
the onset of the pandemic in 2019 (Figure 4).

Relationship between patient characteristics and

ICS adherence

Gender. Levels of ICS adherence were similar between females
and males in 2019 with a median of 52.1% and 54.8%,
respectively (P ¼ .54). In 2020, a small but significant increase to
54.8% in adherence rate was observed for females only (P <
.001), equaling adherence levels with males in 2020 (Table II).

Age. Increasing age was associated with improved levels of ICS
adherence in both 2019 and 2020. Compared with 2019, sig-
nificant improvements in adherence were observed for patients
aged 18-64 (all P < .05) with a strong trend in the �65 age
group (P ¼ .05), a subgroup who already demonstrated high
levels of adherence in 2019 of 82.2%. In contrast, adherence in
the 5-17 age group was low at 41.1% (16.4%-78.8%) in 2019
and failed to improve in 2020 (Table II; Figure E1, A, available
in this article’s Online Repository at www.jaci-inpractice.org).

Ethnicity. Adherence rates were similar across the reported
ethnicities in 2019 and 2020. An improvement in adherence in

http://www.jaci-inpractice.org


FIGURE 1. National prescribing of inhaled corticosteroids (ICS) in England (left axis) and ICS adherence rate of the sample asthma cohort
(right axis).

TABLE I. Baseline demographic and clinical characteristics of the
sample asthma cohort (n ¼ 1132)

Characteristic Value

Age (y), mean � SD 39.9 � 18.0

Sex, n (%)

Female 630 (55.7)

Age groups (y), n (%)

5-17 103 (9.1)

18-39 545 (48.1)

40-64 360 (31.8)

�65 124 (11.0)

Ethnicity, n (%)

White 641 (56.6)

Black 267 (23.6)

Asian 137 (12.1)

Not specified 87 (7.7)

GINA step, n (%)

Salbutamol only 250 (22.1)

Step 2 498 (44.0)

Step 3 150 (13.2)

Step 4 184 (16.3)

Step 5 50 (4.4)

Smoking status, n (%)

Never smoker 824 (72.8)

Current smoker 149 (13.2)

Previous smoker 159 (14.0)

GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; LABA, long-acting
b-agonist; SD, standard deviation.
Salbutamol only: patients prescribed salbutamol only since 2017; Step 2: daily low-
dose ICS; Step 3: low-dose ICS/LABA or medium-dose ICS; Step 4: medium-dose
ICS/LABA or high-dose ICS; Step 5: high-dose ICS/LABA.
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2020 was observed in White (P ¼ .028) and Black (P ¼ .003)
patients, but not in Asian patients; however, the size of the Asian
subgroup was smaller than either the White or Black subgroups
(Table II; Figure E1, B, available in this article’s Online Re-
pository at www.jaci-inpractice.org).

Treatment step. Adherence rates were similar comparing
GINA treatment steps in 2019 and 2020. However, significant
improvements in adherence during the pandemic were only
evident for patients receiving step 3 (54.8%-71.2%, P ¼ .008)
and step 4 (62.3%-75.3%, P ¼ .01) treatment (Table II;
Figure E1, C, available in this article’s Online Repository at
www.jaci-inpractice.org).

Smoking status. Adherence rates were similar across cate-
gories of smoking status, with improvements in adherence in
2020 observed for never-smokers only (49.3%-54.8%, P <
.001). However, this was by far the largest group (71.3% of the
cohort), and numerically large albeit nonsignificant improve-
ments were also seen in previous smokers (65.8%-82.2%, P ¼
.208) (Table II; Figure E1, D, available in this article’s Online
Repository at www.jaci-inpractice.org).

Prescribing of ICS during March 2020
In March 2020, 391 of 882 (44.3%) patients received an ICS

prescription (882 includes all patients receiving an ICS in 2019
and 2020, including 120 steroid-naïve patients), a figure twice
the 195 patients in March 2019. This included 41 patients who
received ICS for the first time in March 2020. Analysis of in-
dividual ICS prescriptions highlighted that 112 of 391 (28.6%)
were issued the March 2020 ICS before their previous ICS
prescription was due to run out. However, the average length of
ICS supply issued per prescription in March 2020 did not
significantly differ from March 2019 (P ¼ .89).

Patterns of salbutamol use

The number of salbutamol prescriptions in England in 2020
was similar to 2019 with a monthly mean of 5,381,409
(250,871) versus 5,326,557 (685,756) in 2020 (P ¼ .79). As
seen with ICS, a spike in salbutamol prescriptions occurred in
March 2020 with a 34.4% increase compared with the same
month in 2019 (Figure 5). Analysis of the sample asthma cohort
of 1132 patients highlighted an equivalent spike as seen na-
tionally, with prescription rates of 0.48 inhalers/patient in March
2020, compared with 0.26 inhalers/patient issued in March
2019. A total of 72 of 1132 (6.4%) were issued salbutamol for
the first time in March 2020, of whom 22 patients were issued 2
salbutamol inhalers. Taken together, 17.2% of the salbutamol
prescribed in March 2020 could be attributed to formerly

http://www.jaci-inpractice.org
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FIGURE 2. Overall levels of adherence to inhaled corticosteroids in (A) 2019 and (B) 2020.
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salbutamol-naïve patients. Even allowing for this, the remaining
452 salbutamol prescriptions in March 2020 still represented a
56.4% increase compared with March 2019.

Interestingly, despite the March peak, overall salbutamol
prescriptions decreased in 2020 (P ¼ .039) including the
number prescribed >3 inhalers/year (P < .001). A significant
reduction was observed for the 40-64 age group (P ¼ .027) as
well as in Black patients (P < .001) but not in other age or ethnic
groups. When analyzing according to the GINA treatment step,
a reduction in salbutamol was only seen in patients on GINA
step 4 treatment (P < .012) (Table III).

Peak flow meters
National prescribing of peak flow meters, a tool frequently

used for self-monitoring and part of personalized asthma action
plans (PAAPs), remained stable throughout 2019 with a mean
monthly rate of 17,972 (�1399). A 43.8% rise was then
observed in March 2020. However, unlike the prescription
patterns of ICS and salbutamol that saw rates return to near
normal levels, prescriptions of peak flow meters continued to rise
steadily over the second half of 2020, peaking in October 2020
at 40,459 representing a 125% increase from the 2019 mean
(Figure E2, available in this article’s Online Repository at www.
jaci-inpractice.org).

DISCUSSION

We report the prescribing patterns of asthma therapies before
and during the COVID-19 pandemic in England and offer novel
insights into the underlying factors that may have led to the
observed patterns. We demonstrate an overall increase in pre-
scribing of ICS from 2019 to 2020, a finding that primarily
appears to have been driven by improved adherence to ICS
during the pandemic. Alongside this, we report a reduction in
salbutamol prescribing, with certain patient demographic and
clinical characteristics associated differentially with this change.
Lastly, we report that the prescription of peak flow meters has
progressively increased during the pandemic.

The most substantial change in the prescription rates
occurred in March 2020, when an approximate doubling in
both ICS and salbutamol was seen. Our results suggest that the
reason for this was likely multifactorial with some evidence of a
hoarding effect, resulting from premature ICS prescribing as
well as a contribution from a small proportion of ICS-naïve
patients being prescribed ICS for the first time. However, the
dominant driver appears to be an effort (on the part of either
the health care professional, the patient, or both) to optimize
ICS adherence in a large group of patients with a demonstrably
poor track record of regular ICS use. Indeed, in the year before
the pandemic, only a third of patients in the sample asthma
cohort received sufficient ICS prescriptions to achieve good
adherence, whereas almost half received fewer than 50% of the
intended ICS prescriptions.

The prevalence and clinical implications of poor adherence in
asthma are well described.16,17 In 2001, a study by Suissa et al18

highlighted a direct relationship between ICS prescription rate
and risk of death from asthma, whereas in the United Kingdom,
the National Review of Asthma Deaths19 described poor ICS
adherence as a leading preventable factor in the fatalities.
Although we observed an improvement in ICS adherence in
2020, 58% of patients still fell short of “good adherence”
reflecting the continuing unmet need in this population.

It is unclear where the impetus for a new prescription in
March 2020 came from. At that point in time, no data had
emerged for or against the possibility that individuals with
asthma may be at increased risk with COVID. However, it is
probable that from their own personal experience, most patients
and their clinicians would have been familiar with the decline in
asthma control that follows the onset of respiratory viruses, so it
is likely that there will have been a degree of apprehension on
both sides driving the observed increase.

http://www.jaci-inpractice.org
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FIGURE 3. Change in level of adherence to inhaled corticosteroids from 2019 to 2020. The size of the arrow relates to the relative change
from 2019 to 2020.

FIGURE 4. Patterns of adherence to inhaled corticosteroids (ICS) in the sample asthma cohort according to the adherence level in 2019.
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Conversely, we also observed a decline in ICS adherence in
approximately a quarter of patients during the pandemic. There
are no published data to help explain this finding; however,
possibilities might include unintentional factors such as difficulty
in obtaining a new prescription due to shielding or intentional
factors including concerns about the immunosuppressive



TABLE II. Adherence to inhaled corticosteroids in 2019 to 2020 according to baseline demographic and clinical characteristics

Characteristic n 2019 (n [ 762) 2020 (n [ 762) z P value*

Overall adherence to ICS 54.8 (27.4-95.9) 54.8 (27.4-106.8) 3.923 <.001

Sex

Female 428 52.1 (27.4-95.9) 54.8 (27.4-108.9) 3.834 <.001

Male 334 54.8 (27.4-92.5) 54.8 (27.4-98.6) 1.597 .110

Age

5-17 64 41.1 (16.4-78.8) 41.1 (16.4-82.2) 0.201 .841

18-39 322 32.9 (16.4-65.8) 42.5 (13.7-82.2) 2.365 .018

40-64 267 65.8 (32.9-98.6) 76.7 (32.9-109.6) 2.580 .010

�65 109 82.2 (42.5-109.6) 93.2 (49.2-134.2) 1.964 .05

Ethnicity

White 421 54.8 (27.4-98.6) 54.8 (27.4-98.6) 2.203 .028

Black 200 54.7 (27.4-98.6) 67.1 (27.4-109.6) 3.013 .003

Asian 89 41.1 (16.4-82.2) 54.8 (16.4-95.9) 1.262 .207

Not specified 52 45.2 (17.8-78.8) 42.5 (14.4-94.5) 1.140 .254

GINA treatment step

Salbutamol only e e e e e

Step 2 416 41.1 (27.4-82.2) 54.8 (13.7-100.7) 1.777 .075

Step 3 131 54.8 (27.4-98.6) 71.2 (32.9-109.6) 2.655 .008

Step 4 168 62.3 (32.9-98.6) 75.3 (32.9-106.8) 2.568 .010

Step 5 47 65.8 (32.9-98.6) 74.0 (49.3-98.6) 1.307 .191

Smoking status

Never smoker 543 49.3 (27.4-82.2) 54.8 (27.4-98.6) 3.709 <.001

Current smoker 102 54.8 (27.4-98.6) 61.6 (15.8-98.6) 0.621 .535

Previous smoker 117 65.8 (27.4-109.6) 82.2 (30.1-109.6) 1.259 .208

GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids.
Data presented as number (n) and median (interquartile range).
*Wilcoxon signed rank test.

FIGURE 5. Prescriptions of salbutamol. Total prescriptions per month are shown for all patients in England (left axis) as well as per patient
per month for the sample asthma cohort (n ¼ 1132, right axis) from 2019 to 2021.
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properties of ICS. Another potential explanation for the decline
in ICS adherence may be a reduced symptom burden relating to
decreased exposure to respiratory viruses and environmental
triggers.

Older patients, and in particular those over 65 years, consis-
tently demonstrated better ICS adherence than younger patients,
a finding consistent with previous reports.20 Older age was one of
the earliest risk factors to emerge in relation to COVID-19, and
these patients are also more likely to have other relevant
comorbidities further increasing their risk with COVID-19.21,22

It is possible that older patients were therefore additionally
incentivized to take their ICS regularly as opposed to younger
patients considered lower risk.

Epidemiological studies have similarly identified individuals of
Black ethnicity as a high-risk group compared with age-matched
White subjects after infection with COVID-19.23 Although we
report a statistically significant improvement in ICS adherence
for both White and Black patients with asthma, the magnitude of



TABLE III. Salbutamol prescription rates in 2019 to 2020

Characteristic n

2019 (n [ 1132)

Median (IQR)

2020 (n [ 1132)

Median (IQR) z P value*

Overall salbutamol use (inhalers/patient) 2.0 (0.0-4.0) 2.0 (1.0-4.0) �2.069 .039

Sex

Female 630 2.0 (0.0-4.0) 2.0 (1.0-4.0) �1.318 .187

Male 502 2.0 (0.0-4.0) 2.0 (0.0-3.0) �1.648 .099

Age

5-17 103 2.0 (1.0-4.0) 2 (1.0-4.0) �1.346 .178

18-39 545 1.0 (0.0-2.0) 1 (0.0-2.0) 0.478 633

40-64 360 2.0 (1.0-6.0) 2 (1.0-5.0) �2.218 .027

�65 124 4.0 (2.0-7.0) 3 (1.0-6.0) �1.553 .121

Ethnicity

White 641 1.0 (0.0-4.0) 2.0 (1.0-3.0) �0.404 .686

Black 267 2.0 (1.0-6.0) 2.0 (1.0-4.0) �3.718 <.001

Asian 137 2.0 (0-3.0) 1.0 (0.0-4.0) �0.199 .842

Not specified 87 1.0 (0.0-4.0) 2.0 (1.0-4.0) .445

GINA treatment step

Salbutamol only 250 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.331 .183

Step 2 498 2.0 (1.0-4.0) 2.0 (1.0-3.0) �1.167 .243

Step 3 150 1.0 (0.0e4.3) 1.0 (0.0-4.0) �1.628 .104

Step 4 184 4.0 (1.0-7.0) 3.0 (1.0-7.0) �2.509 .012

Step 5 50 3.5 (2.0-8.3) 4.0 (2.0-7.3) �0.169 .866

Smoking status

Never smoker 824 2.0 (0.0-4.0) 2.0 (1.0-3.0) �1.824 .068

Current smoker 149 2.0 (1.0-4.0) 2.0 (1.0-4.0) �1.647 .100

Previous smoker 2.0 (0.0-5.0) 2.0 (1.0-5.0) .962

No. of patients, n (%)

0 inhalers 159 311 (27.4) 268 (23.7) �0.047 .001

1-3 inhalers 479 (42.3) 565 (49.9) <.001

>3 inhalers 342 (30.3) 299 (26.4) <.001

GINA, Global Initiative for Asthma; IQR, interquartile range.
Data presented as number (n) and median (interquartile range).
*Wilcoxon signed rank test.
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the improvement was numerically greater for Black patients, with
adherence rates of 67% compared with 55% in White patients
in 2020.

Before the pandemic, incremental increases in ICS adherence
levels with increasing treatment step were seen, ranging from
41% (GINA 2) to 66% (GINA 5). During 2020, adherence
levels were on average >70% across GINA steps 3-5; however,
patients on GINA step 2 (low-dose ICS) did not significantly
improve their adherence, possibly relating to an overall lower
level of perceived risk.

It was interesting that despite an acute surge in salbutamol
prescribing in March 2020, the overall level across 2020 was
lower than in 2019. This was particularly so in older patients
(aged 40-64), Black patients, and those on step 4 treatment,
making it tempting to relate this to the notable improvements in
ICS adherence seen in these groups. However, this was not a
consistent pattern across the cohort. Indeed, there was a weak
positive correlation between ICS adherence and salbutamol use
in both 2019 and 2020 (Figure E3, available in this article’s
Online Repository at www.jaci-inpractice.org), possibly driven
by underlying asthma severity and/or concomitant prescribing
habits driving both variables in the same direction.

Our finding of a steady increase in the prescription of peak flow
meters across England has not been previously reported.We believe
that the progressive increase over 2020 may reflect a move to more
remote asthma consultations during the pandemic, necessitating an
objective measure of disease control in the patient’s home. A recent
European survey describing the impact of the COVID-19
pandemic highlighted that 79% of follow-up consultations for
asthma took place remotely.24 Peak flow measurements are a key
component of a PAAP, empowering patients to manage their own
symptoms. In addition, concern about aerosol-generating proced-
ures will have meant that peak flow meters are likely to have been
provided to patients in instances of diagnostic uncertainty.

Our analysis has 2 main limitations. The National Open-
Prescribing data do not distinguish between conditions, meaning
that the rates reflect patients with asthma as well as COPD for
which these medications are licensed. We have attempted to
overcome this by using an asthma sample cohort; however, we
acknowledge that this may not precisely reflect the national
picture. Secondly, in the absence of direct e-monitoring of
inhaler use for our cohort, we have had to use prescription fre-
quency as a surrogate for drug administration. At the same time,
we appreciate that some patients may receive automated pre-
scription refills, and some may receive 2 or even 3 months’ worth
of treatment in a single prescription. In either case, adherence
will likely be overestimated. We have not reported oral cortico-
steroid (OCS) use as it was not possible to confirm whether the
OCS was for asthma, or whether it represented an acute course
or a “rescue pack” for a possible future event.

http://www.jaci-inpractice.org
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In summary, we describe patterns of ICS and salbutamol
use in asthma before and during the first year of the COVID-
19 pandemic. We report evidence of improved ICS adherence,
lower salbutamol use, and an increase in the provision of peak
expiratory flow meters enabling remote disease monitoring.
Future research is required to explore the level of persistence
in ICS adherence, as well as whether this has in part
contributed to the recent reports of reduced acute asthma
exacerbations.
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FIGURE E1. Levels of adherence to inhaled corticosteroids. Adherence is categorized as “nonadherence,” “poor,” “suboptimal,” and
“good” and is shown for the asthma cohort in 2019 and 2020 according to (A) age, (B) ethnicity, (C) GINA treatment step, and (D)
smoking status. GINA, Global Initiative for Asthma.



FIGURE E2. National prescribing of peak flow meters.
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FIGURE E3. Correlation between adherence to inhaled corticosteroids (ICS) and salbutamol use.
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