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Asthma medication adherence and exacerbations and lung
function in children managed in Leicester primary care
Razi Paracha 1✉, David K. H. Lo2,3, Ursula Montgomery4, Louise Ryan4, Vivek Varakantam5 and Erol A. Gaillard2,3

Poor adherence to asthma preventer medication is associated with life-threatening asthma attacks. The quality and outcomes
framework mandated primary care annual asthma review does not include adherence monitoring and the effect of poor adherence
on lung function in paediatric primary care patients is unknown. The aim was to investigate the link between inhaled corticosteroid
(ICS) adherence and spirometry, fraction of exhaled nitric oxide (FeNO) and asthma control in asthmatic school-age children in this
cross-sectional observational study involving three Leicestershire general practices. Children 5–16 years on the practice’s asthma
registers, were invited for a routine annual asthma review between August 2018 and August 2019. Prescription and clinical data
were extracted from practice databases. Spirometry, bronchodilator reversibility (BDR) and FeNO testing were performed as part of
the review. 130 of 205 eligible children (63.4%) attended their review. Mean adherence to ICS was 36.2% (SEM 2.1%) and only 14.6%
of children had good adherence (≥75% prescriptions issued). We found no differences in asthma exacerbations in the preceding 12
months between the adherence quartiles. 28.6% of children in the lowest and 5.6% in the highest adherence quartile had
BDR ≥ 12% but this was not statistically significant (p= 0.55). A single high FeNO value did not predict adherence to ICS. Adherence
to ICS in children with asthma in primary care is poor. The link between adherence to ICS and asthma exacerbations, spirometry and
FeNO is complex but knowledge of adherence to ICS is critical in the management of children with asthma.
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INTRODUCTION
UK children with asthma have the highest rate of severe asthma
attacks of any high-income country in Europe1. Over 150,000
children have severe asthma attacks each year2, and 26,000
require hospital admission3, the equivalent of one child being
admitted to a UK hospital every 20 min. These figures have
changed little over the last two decades and this is identified as a
health priority in the 2019 NHS long-term plan4.
Most UK children with asthma are managed in primary care.

Asthma management in primary care is largely symptoms-based5

and relies on the Royal College of Physician three questions
(RCP3Q) symptom score, which is less useful in children6.
Importantly, only a third of patients receive an adequate asthma
review in primary care7 and reviews frequently do not involve
formal adherence monitoring.
Adherence to preventer medication and inhaler technique is

often poor8–10. A recent systematic review, which included mostly
US studies, highlighted the association between poor adherence
and a higher risk of severe asthma attacks11. In the UK, poor
adherence to asthma medications has also been associated with
an increased risk of life-threatening asthma attacks as demon-
strated in the 2014 National Review of Asthma Deaths (NRAD),
where over one-third of patients who died were prescribed less
than 25% of their required ICS inhalers12.
Both, poor lung function and elevated FeNO are associated with

an increased risk of asthma attacks13,14. There is no data on the
link between adherence to preventer medication and objective
measures of lung function and airway inflammation in children
managed in UK primary care.
The aim of this study was to investigate the link between

adherence to preventer asthma inhaler medication and

spirometry, bronchodilator reversibility (BDR) and FeNO results
in children aged 5–16 years managed in UK primary care.

METHODS
Design and setting
This observational cross-sectional study took place across three
primary care practices in Leicestershire, UK; between August 2018
and August 2019. These three practices were chosen as they were
already part of a local innovative quality improvement Fellowship
Programme. Ethical approval was not required.

Participants
Children aged 5–16 years with a recorded diagnosis of asthma on
the practice register and prescribed regular inhaled corticosteroids
were eligible for inclusion in the study.
Eligible patients were invited for their routine annual asthma

review by telephone call or letter. The project was conducted as a
quality improvement project in primary care. Written informed
consent was obtained. Each clinical review was conducted in line
with established UK asthma guidelines. There was no randomisa-
tion and no identifiable data collection and therefore, no Research
Ethics Committee approval was required.

Practice database searches
Searches to identify patients on the asthma register were
performed across all three practices in Leicestershire using the
SystmOne computer system by the practices themselves. Patient
electronic records were interrogated to obtain details of asthma
attacks in the previous 12 months and to collect adherence data
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based on the number of asthma medication prescriptions issued
over the previous 12 months.
Asthma attacks were defined as an unscheduled healthcare

consultation or any hospital attendance with acute wheezing with
or without a prescription of systemic corticosteroids.

Adherence data
The adherence rate was calculated as the ratio of doses of
medication issued and a total number of doses in the intended
treatment regimen, expressed as a percentage. This method of
adherence measurement has been described in previous studies
as a “medication possession ratio”11. An adherence ratio of ≥75%
was considered to be good adherence15. The maximum adher-
ence ratio was capped at 100%.

Asthma reviews
All asthma reviews included an assessment of asthma symptom
control, checking of inhaler technique, an update of the
personalised written asthma action plan, and lung function
testing.
Regular asthma medications were not withheld on the day of

review.

Asthma control
During the face-to-face consultation, parents and the child were
asked to complete an asthma control test (ACT)16 if ≥12 years old
and the Children’s cACT17 if <12 years. A score of <20 for either
test was considered to indicate poor control.

Fractional exhaled nitric oxide
The fraction of exhaled nitric oxide (FeNO) was measured using a
near-patient electrochemical analyser (NIOX VERO®, Circassia
Group, Oxford, UK). FeNO was always tested prior to spirometry.
The value taken was from the first successful attempt that
achieved the sustained flow rate required18. A FeNO value
≥35 ppm was taken as the cut-off value for abnormally raised
FeNO19.

Spirometry
Spirometry was performed by the quality improvement project
fellow using a MicroLab Mk8 flow turbine spirometer (CareFusion,
San Diego, CA, USA). Forced expiratory manoeuvres were
performed according to American Thoracic Society and European
Respiratory Society (ATS/ERS) standards20. BDR testing was
performed after administering 400 micrograms of salbutamol
inhaler via a spacer device. BDR was tested in all patients
performing spirometry. Lung function parameters were expressed
as percentage predicted for FEV1 and FVC, and as the absolute
percentage for FEV1/FVC. The Global Lung Initiative (GLI) 2012
reference equations were used21.

Data analysis
Statistical analyses were performed using IBM SPSS Statistics for
Windows (Version 24.0. Armonk, NY: IBM Corp) and GraphPad
Prism version 7.00 for Windows (GraphPad Software, USA,
www.graphpad.com).

Continuous variables were compared using unpaired t-tests for
parametric data, and Kruskal–Wallis and Wilcoxon rank-sum tests
for non-parametric data. Chi-squared tests were used for
count data.
All statistical tests were performed at the alpha= 5% level.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

RESULTS
The 3 primary care practices were of similar size (registered
patients ranging from 8200 to 9200), and in the 6th, 9th and 10th
deciles of deprivation (Table 1). The first decile represents the
most deprived areas, and the tenth is the least deprived areas22.
We identified 245 children with an asthma diagnosis code. Of

these, 205 were on regular inhaled corticosteroids as part of their
asthma treatment and all were invited for a review. 130 out of 205
(63%) attended. Spirometry was attempted in all children, and
useable data were obtained from 116 (89%). FeNO equipment was
not available at the start of our study but was available for 96 out
of 130 children. FeNO was successful in 65 (68%) children (Fig. 1).
Mean (SEM) adherence in the 205 children eligible for

participation was found to be 36.2% (2.1%). Only 14.6% of
patients had a target adherence rate of ≥75% (quartile 4) (Table 2).
Forty-nine patients out of 130 (37.7%) had poor control

according to their ACT/cACT score. 18% had significant bronch-
odilator reversibility on spirometry and 55% of the total patients
had raised FeNO > 35 ppb.

Relationship between adherence, spirometry, FeNO and
asthma control
Lung function, FeNO and asthma control data for the 130 children
attending for review are shown in Table 2.
The relationship between adherence and asthma symptom

scores is plotted for each patient in Fig. 2.
We found no significant differences in symptom scores, FEV1,

FEV1/FVC, or FeNO between the different adherence categories
(Table 2).
There was a trend towards fewer children with a positive

BDR ≥ 12% with increasing adherence (p= 0.143). In total, 28.6%
of children with the poorest adherence (Q1) had BDR > 12%
compared to only 5.6% of children with the best adherence (Q4),
however, this did not reach statistical significance (p= 0.055).

Relationship between ICS adherence, ethnicity, SABA usage
and asthma exacerbations
Seventeen children (8%) had had at least one asthma exacerba-
tion in the previous year. We found no difference in the mean
number of attacks between children in different adherence
quartiles. We found a significant difference in the number of
SABA prescriptions between ICS adherence quartiles, with the
fewest number of SABAs prescribed to children with the lowest
ICS adherence (Table 3).
We found no significant differences in adherence rates between

children from different ethnic backgrounds (Table 4).

Table 1. Practice demographics.

Registered patients Decile of deprivation index White % Asian % Black % Other % Mixed %

Practice 1 8877 9th 62.1 31.7 1.5 2.2 2.5

Practice 2 9254 10th 56.2 37.3 1.5 2.6 2.4

Practice 3 8276 6th 91.4 5.1 0 1.3 2.2
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DISCUSSION
Several previous studies and a systematic review reported low
adherence to asthma-preventer inhaler medication in children
followed up in primary care8–11,23. The mean adherence of 36.4%
in our cohort of children was also low, and >75% adherence in
only 14.6% of patients. A target adherence rate of ≥75% was used
as this has been shown to significantly improve asthma
control15,24,25. The aims of asthma management are to achieve
good symptom control and minimise the risk of future asthma
attacks and identify the lowest dose of inhaled corticosteroids
needed to achieve these goals5,26. Although many patients report
“good symptom control”, there is discordance between the
symptoms reported and objective data11,27. Previous studies have
reported the connection between low lung function and higher
morbidity13,28,29.
Our study offers novel insights into the relationship between

preventer medication adherence, asthma control and objective
measures of lung function and airway inflammation. The complex
link between ICS adherence and asthma exacerbations, spirome-
try, BDR and FeNO is highlighted in this study. Overall, we found
no significant differences in lung function, FeNO and ACT scores
between the adherence quartiles. This finding highlights that
children with asthma are a heterogeneous group. Objective
measures of lung function and airway inflammation; combined
with the knowledge of asthma symptom control and adherence,
provide a much more granular picture to allow the formulation of
an effective management strategy. This strategy can then be

tailored to the needs of the individual child, providing truly
personalised medicine. This is not possible when relying on
asthma symptom control alone.
BDR, for example, is a marker of airway lability and is associated

with poor asthma control30. Nearly 30% of children in our lowest
adherence quartile showed BDR > 12%, more than in the highest
adherence quartile (p= 0.055). In fact, 20 of 82 children (24.4%)
with <50% adherence demonstrated bronchial lability. These
children have active asthma and are likely undertreated, and these
patients require intervention towards better adherence. This is
also reflected in the finding of the highest median FeNO values in
the lowest two quartiles.
In contrast, most children in the lower two adherence quartiles

had good symptom control, no significant BDR, and minimal or no
use of preventer medication and these children either do not have
asthma or do not have active asthma. With evidence of good lung
function, these children would merit a trial of formally stopping
ICS treatment (step-down treatment).
Only three of 41 children with adherence ≥50% showed

BDR ≥ 12%, showing that airway lability is reduced with regular
ICS treatment. Children with significant BDR despite regular ICS
should be considered for a trial of long-acting beta-agonist
treatment (step-up treatment).
A number of children in the highest adherence quartile, indeed

a number of these picking up 100% of their prescriptions,
remained uncontrolled. We do not know whether these children
actually took their inhalers as directed, but once treatment has

Fig. 1 Eligibility and follow-up of children with asthma. Children were invited to attend for an asthma review at their general practice that
included spirometry, bronchodilator reversibility and fraction of exhaled nitric oxide (FeNO) testing.
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been escalated to moderate dose ICS plus LABA and control
remains poor, these children warrant referral to a specialist
paediatric asthma service.
NICE recommends the use of spirometry to support asthma

monitoring and management19. Our study shows that using
spirometry and BDR in cases where baseline spirometry is

abnormal i.e., where FEV1 and/or FEV1/FVC is/are below the lower
limit of normal (GLI reference) identified the 18.6% of children
with significant BDR, most of whom were in the lower two
adherence quartiles. These children have reactive airway disease
and are at risk of an asthma attack. This would also strengthen the
education of families and children with asthma by showing

Table 2. Patient characteristics and clinical information.

All patients invited for review (n= 205)

Number of males (%) 116 (56.6%)

Median age (IQR) 10 (8–13)

Ethnicity (%)

White 92 (44.9)

Black 9 (4.4)

Asian 72 (35.1)

Other/mixed 32 (15.6)

Adherence

Quartile 1–0 to 24% 74 (36.1)

Quartile 2–25 to 49% 72 (35.1)

Quartile 3–50 to 74% 29 (14.1)

Quartile 4–75 to 100% 30 (14.6)

All patients attending (n= 130)

Males (%) 79 (61)

Median age (IQR) 9 (8 to 12)

Adherence

Quartile 1–0 to 24% 38 (29.2)

Quartile 2–25 to 49% 49 (37.7)

Quartile 3–50 to 74% 22 (16.9)

Quartile 4–75 to 100% 21 (16.2)

Median asthma control score (IQR)

CACT 21.5 (19–24)

ACT 20.0 (16.75–23)

Number of patients with ACT/cACT <20 (%) 49 (37.7%)

Mean FEV1 % Predicted (SEM)* 93.3 (1.17)

Mean FEV1 z-score (SEM)* −0.56 (0.10)

Mean FEV1/FVC (SEM)* 0.90 (0.01)

Mean FEV1/FVC z-score (SEM)* 0.45 (0.13)

Number of children with BDR ≥ 12% (%)* 21 (18.1%)

Median FeNO (IQR)** 38 (13–56)

Number of children with FeNO ≥ 35 ppb (%) 36 out of 65 (55.1%)

Adherence quartile

Quartile 1 (0–24%)
N= 38

Quartile 2 (25–49%)
N= 49

Quartile 3 (50–74%)
N= 22

Quartile 4 (75–100%)
N= 21

P value

Median ACT (IQR) 21 (18.5–23.5) 20 (15.5–22.5) 19(17–24) 17 (10.5–21) 0.381

Median CACT (IQR) 21 (19–24) 21 (17–24) 21 (19–23) 23 (16–24) 0.972

Mean FEV1 % Predicted (SEM)a 93.9 (2.57) 91.3 (1.85) 95.1 (2.49) 95.1.8 (2.70) 0.560

Mean FEV1 z-score (SEM) −0.52 (0.21) −0.72 (0.15) −0.40 (0.20) −0.41 (0.22) 0.544

Mean FEV1/FVC (SEM)a 0.90 (0.01)) 0.90 (0.01) 0.88 (0.02) 0.93 (0.01) 0.306

Mean FEV1/FVC z-score (SEM)a 0.39 (0.29) 0.57 (0.22) −0.00 (0.29) 0.80 (0.24) 0.301

Number of children with BDR ≥ 12% (%)a 8/28 (28.6%) 10/48 (20.8%) 2/22 (9.1%) 1/18 (5.6%) 0.143

Median FeNO (IQR)b 46.5 (17–56) 46 (10–75.75) 18 (12.25–39.5) 36 (14–48) 0.352

Number of children with FeNO ≥ 35 ppb (%)b 12/18 (66.7%) 15/28 (53.6%) 4/10 (40%) 5/9 (55.6%) 0.589

aSpirometry and BDR data available from 116 children.
bFeNO from 65 children.
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objective evidence of poor control in the form of lung function
tracings.
During the asthma reviews, the adherence rate, asthma control

score and objective testing results were all discussed with the patient
and parent. A targeted management plan was then formulated. If
poor disease control was associated with poor adherence, then
treatment was not stepped up and adherence counselling was carried
out instead (with follow-up). Similarly, if disease control was good
despite poor adherence, treatment could be stepped down. An
alternative diagnosis was considered for those with normal objective
testing and ongoing symptoms. There is also an opportunity to
identify patients with high BDR or FeNO with good subjective
symptom control, as these patients may be at risk of severe
exacerbations with uncontrolled active disease.
The areas included in the study have a significant minority

ethnic population (especially South Asian), and comparing
adherence between ethnic groups found no significant difference.
Ethnic disparities in the use of asthma controller medication have
been reported31,32. We found no differences in the adherence to
ICS between Black, Asian and White children in our study,
suggesting that the reasons for non-adherence are independent
of ethnicity.
Accurate prescription data was collected for the 12 months

immediately prior to the consultation and respiratory testing.

Prescription data gives a much more objective measure of
adherence than subjective patient/parental reporting (precluding
recall bias)33. Outcome measures were also carried out with the
validated ACT/cACT questionnaires and objective testing with
spirometry and FeNO. This gives us better data than other
database studies in which there is little data about asthma
severity. In our searches, no similar studies were found in primary
care relating adherence to objective testing.
As asthma is a difficult diagnosis, especially in children, we

attempted to include patients who may not have been coded
correctly on the primary care practice database by including
children who had been prescribed 2 or more SABA or preventer
inhalers over the past year due to wheeze (and no other
established respiratory diagnosis).
Attenders may be a self-selected population and may be more

proactive with their disease management. The cohort attending
for review had higher adherence compared to those who did not
(Table 2). Additionally, the patient population may be a very
heterogenous group e.g., quartile 1 might include dormant
asthma, those misdiagnosed, as well as patients who are
extremely non-adherent. This may contribute to the complex
relationships in the data above.
The medication possession ratio is an indirect measure of

adherence. This does not tell us if the medication was actually
used or properly administrated. Although, this is a pragmatic
approach that can be used in current clinical practice without
investment into additional measures such as “smart” inhalers.
There is evidence that healthcare database information can
provide high concordance with other accurate and objective
methods such as weighing inhalers or electronic monitoring34,35.
Significant challenges exist in adopting lung function testing in

primary care.
FeNO equipment was not available during the first part of the

study and the test was therefore only available for 69% (90 out of
130) of the study population. There are no previous data that
allowed us to perform a meaningful power calculation, and the
power of this study is limited by the number of patients, especially
with the small number of patients with successful FeNO testing.
Raised FeNO is associated with classical, steroid-responsive, type-2
airway inflammation. Raised FeNO is also present in children with
other atopic diseases, such as allergic rhinitis and eczema. Due to
the cross-sectional observational nature of this study, we cannot
be sure that the raised FeNO observed in some patients are due to
uncontrolled airway type-2 inflammation. High FeNO
values ≥ 35 ppb were observed in all 4 adherence quartiles.

Fig. 2 Relationship between adherence and ACT/cACT score
plotted for all 130 patients each blue bar represents the
adherence of one patient. The grey dotted horizontal line
represents an ACT/cACT score of 19. A score <20 represents poor
symptom control. The black dotted vertical lines represent quartiles
of adherence.

Table 3. Relationship between ICS adherence with SABA usage and attacks over the 12-month observation period in all children invited for a review
(n= 205).

Preventer adherence quartiles P value

Quartile 1 (0–24%) Quartile 2 (25–49%) Quartile 3 (50–74%) Quartile 4 (75–100%)

Mean number of attacks (SEM) 0.08 (0.03) 0.06 (0.03) 0.17 (0.07) 0.10 (0.07) 0.362

Mean number of SABA inhalers/year (SEM) 1.55 (0.25) 4.15 (0.37) 4.66 (0.77) 4.20 (0.53) <0.001

Table 4. Relationship between ICS adherence and ethnicity in all children invited for a review (n= 205).

Ethnicity P value

White Black Asian Other/mixed

Mean adherence (SEM) 0.36 (0.03) 0.36 (0.10) 0.39 (0.04) 0.30 (0.05) 0.615
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We found no published evidence showing the relationship
between adherence and objective testing in children in
primary care.
Low mean adherence in our population was consistent with

that reported in other studies11,36,37. This continues to be
extremely poor and shows significant room for improvement in
addressing poor outcomes for asthmatic children in the UK.
SABA prescriptions increased with increasing preventer adher-

ence. This has been demonstrated previously36 and suggests a
complex relationship. Inhaler use may be self-regulated and those
with increasing symptoms may be increasingly adherent to
preventers while also needing more SABA, suggesting symptom
control is still inadequate.
Previous studies examine the relationship between adherence

and asthma exacerbations36–38, but none have established the
relationship between adherence and objective measures of
asthma control. Our data show exacerbations are evenly
distributed across the quartiles. Worsening spirometry and FeNO
can be better indicators of worsening asthma severity27,39.
Adherence and objective testing together can provide valuable
clinical information, but we need a clearer picture of how
adherence is related to disease outcomes.
Effective treatments for asthma are available, yet many

children’s asthma still remains uncontrolled27. Factors such as
trigger identification, comorbidities and asthma phenotype, as
well as clinician and sociodemographic factors, play an important
role40. Poor adherence to ICS treatment is an important
contributory factor to poor asthma control that can be fairly
easily identified, although changing family and child behaviour
can be challenging41,42. However, the identification of poor
adherence is an important first step.
Although the relationships between adherence and indicators

of asthma control may be complex, prescription data can provide
useful information during primary care consultations. Clinically a
practitioner would be able to use adherence information to better
target changes in treatment. A child with suboptimal asthma
control would need different interventions depending on whether
the medication adherence is adequate or not, as stepping up
treatment does not address the infrequent use of the medication.
The method we have used to review adherence data is instantly
accessible to GPs using the SystmOne computer system (currently
widely used in the UK), and can easily be accessed during asthma
review consultations within the appointment time.
We know that misdiagnosis of asthma in children is

common43,44. Large numbers of children are over-diagnosed with
asthma and these children would not be expected to respond to
asthma-preventer medication; hence the poor adherence. This
highlights the need for more objective testing to confirm the
diagnosis in children.
Considering that patient-reported adherence and control can

be very inaccurate, this also supports the increasing role of routine
objective testing in primary care. Patients can perceive that their
asthma is well controlled, when in fact, objective testing proves
otherwise. NICE asthma guideline recommendation for using
objective testing does pose a significant challenge with regard to
training and time constraints in primary care. In practice, any
patient with poor symptom control or abnormal objective testing
should have confirmation of the diagnosis and a structured review
and follow-up plan until control is achieved40.
In summary, more data is needed to establish the relationship

between adherence to asthma medication and asthma control (not
just exacerbations). The heterogeneity of the patient populations
may pose a challenge as it is difficult to discern those who are taking
less medication because their symptoms are adequately controlled,
from those who do not adhere to their medication regimen
resulting in worsening disease control. The impact of reduced
adherence and clinical management will be very different in both
these groups.

DATA AVAILABILITY
The data that support the findings of this study are openly available in Figshare at
https://doi.org/10.6084/m9.figshare.21598836.v1.

Received: 22 February 2022; Accepted: 15 December 2022;
Published online: 25 March 2023

REFERENCES
1. Global Asthma Network. The Global Asthma Report 2018. Auckland, New Zealand

http://globalasthmareport.org/ (2018).
2. Bloom, C. I. et al. Exacerbation risk and characterisation of the UK’s asthma

population from infants to old age. Thorax 73, 313–320 (2018).
3. Asthma facts and statistics | Asthma UK. https://www.asthma.org.uk/about/

media/facts-and-statistics/.
4. NHS Long Term Plan » The NHS Long Term Plan. https://www.longtermplan.nhs.uk/

publication/nhs-long-term-plan/.
5. Society/SIGN, B. T. SIGN 158: BTS/SIGN Guideline for the management of asthma 2019.

https://www.brit-thoracic.org.uk/document-library/guidelines/asthma/btssign-
guideline-for-the-management-of-asthma-2019/ (2019).

6. Andrews, G., Lo, D. K. H., Richardson, M., Wilson, A. & Gaillard, E. A. Prospective
observational cohort study of symptom control prediction in paediatric asthma
by using the Royal College of Physicians three questions. npj Prim. Care Respir.
Med. 28, 1–7 (2018).

7. Asthma UK. Annual Asthma Survey 2018 Report. https://www.asthma.org.uk/
578f5bcf/globalassets/get-involved/external-affairs-campaigns/publications/
annual-asthma-care-survey/annual-asthma-survey-2018/asthmauk-annual-
asthma-survey-2018-v7.pdf (2018).

8. Engelkes, M., Janssens, H., de Jongste, J., Sturkenboom, M. & Verhamme, K.
Adherence to inhaled corticosteroids in asthmatic children in Dutch primary care.
In 7.2 Paediatric Asthma and Allergy PA1275 (European Respiratory Society, 2015).
https://doi.org/10.1183/13993003.congress-2015.PA1275.

9. Engelkes, M., Janssens, H. M., de Jongste, J. C., Sturkenboom, M. C. J. M. & Verhamme,
K. M. C. Prescription patterns, adherence and characteristics of non-adherence in
children with asthma in primary care. Pediatr. Allergy Immunol. 27, 201–208 (2016).

10. Levy, M. L. Risks of poor asthma outcome in 14,405 children and young people in
London. npj Prim. Care Respir. Med. 31, 3 (2021).

11. Engelkes, M., Janssens, H. M., de Jongste, J. C., Sturkenboom, M. C. J. M. & Ver-
hamme, K. M. C. Medication adherence and the risk of severe asthma exacer-
bations: a systematic review. Eur. Respir. J. 45, 396–407 (2015).

12. Asthma UK. Asthma UK Briefing: The UK National Review of Asthma Deaths May
2014. Www.Asthma.Org.Uk (2014).

13. Fuhlbrigge, A. L. et al. FEV1 is associated with risk of asthma attacks in a pediatric
population. J. Allergy Clin. Immunol. 107, 61–67 (2001).

14. Malinovschi, A., Fonseca, J. A., Jacinto, T., Alving, K. & Janson, C. Exhaled nitric
oxide levels and blood eosinophil counts independently associate with wheeze
and asthma events in National Health and Nutrition Examination Survey subjects.
J. Allergy Clin. Immunol. 132, 821–7 (2013).

15. Williams, L. K. et al. Quantifying the proportion of severe asthma exacerbations
attributable to inhaled corticosteroid nonadherence. J. Allergy Clin. Immunol. 128,
1185–1191.e2 (2011).

16. Nathan, R. A. et al. Development of the Asthma Control Test: a survey for
assessing asthma control. J. Allergy Clin. Immunol. 113, 59–65 (2004).

17. Liu, A. H. et al. Development and cross-sectional validation of the Childhood
Asthma Control Test. J. Allergy Clin. Immunol. 119, 817–825 (2007).

18. American Thoracic S, E. R. S. ATS/ERS Recommendations for Standardized Pro-
cedures for the Online and Offline Measurement of Exhaled Lower Respiratory
Nitric Oxide and Nasal Nitric Oxide, 2005. Am. J. Respiratory Crit. Care Med. 171,
912–930 (2005).

19. NICE. National institute for Health and Care Excellence Guideline. Asthma: Diagnosis,
Monitoring and Chronic Asthma Management. https://www.nice.org.uk/guidance/
ng80 (2017).

20. Miller, M. R. et al. Standardisation of spirometry. Eur. Respir. J. 26, 319–338 (2005).
21. Quanjer, P. H. et al. Multi-ethnic reference values for spirometry for the 3–95-yr

age range: the global lung function 2012 equations. Eur. Respir. J. 40, 1324–1343
(2012).

22. Noble, S. et al. The English indices of deprivation 2019. (2019).
23. Kaplan, A. & Price, D. Treatment adherence in adolescents with asthma. J. Asthma

Allergy 13, 39–49 (2020).
24. Klok, T., Kaptein, A. A., Duiverman, E. J. & Brand, P. L. It’s the adherence, stupid (that

determines asthma control in preschool children)! Eur. Respir. J. 43, 783–791 (2014).
25. Lasmar, L. et al. Adherence rate to inhaled corticosteroids and their impact on

asthma control. Allergy 64, 784–789 (2009).

R Paracha et al.

6

npj Primary Care Respiratory Medicine (2023) 12 Published in partnership with Primary Care Respiratory Society UK

https://doi.org/10.6084/m9.figshare.21598836.v1
http://globalasthmareport.org/
https://www.asthma.org.uk/about/media/facts-and-statistics/
https://www.asthma.org.uk/about/media/facts-and-statistics/
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://www.brit-thoracic.org.uk/document-library/guidelines/asthma/btssign-guideline-for-the-management-of-asthma-2019/
https://www.brit-thoracic.org.uk/document-library/guidelines/asthma/btssign-guideline-for-the-management-of-asthma-2019/
https://www.asthma.org.uk/578f5bcf/globalassets/get-involved/external-affairs-campaigns/publications/annual-asthma-care-survey/annual-asthma-survey-2018/asthmauk-annual-asthma-survey-2018-v7.pdf
https://www.asthma.org.uk/578f5bcf/globalassets/get-involved/external-affairs-campaigns/publications/annual-asthma-care-survey/annual-asthma-survey-2018/asthmauk-annual-asthma-survey-2018-v7.pdf
https://www.asthma.org.uk/578f5bcf/globalassets/get-involved/external-affairs-campaigns/publications/annual-asthma-care-survey/annual-asthma-survey-2018/asthmauk-annual-asthma-survey-2018-v7.pdf
https://www.asthma.org.uk/578f5bcf/globalassets/get-involved/external-affairs-campaigns/publications/annual-asthma-care-survey/annual-asthma-survey-2018/asthmauk-annual-asthma-survey-2018-v7.pdf
https://doi.org/10.1183/13993003.congress-2015.PA1275
http://Www.Asthma.Org.Uk
https://www.nice.org.uk/guidance/ng80
https://www.nice.org.uk/guidance/ng80


26. Global Initiative for Asthma. Global Strategy for Asthma Management and Pre-
vention Updated 2020. Global Initiative for Asthma (2020).

27. Lo, D. K. et al. Lung function and asthma control in school-age children managed
in UK primary care: a cohort study. Thorax 101–107 (2019) https://doi.org/
10.1136/thoraxjnl-2019-213068.

28. Fuhlbrigge, A. L., Weiss, S. T., Kuntz, K. M. & Paltiel, A. D. Forced expiratory volume
in 1 second percentage improves the classification of severity among children
with asthma. Pediatrics 118, e347–e355 (2006).

29. Yang, S., Park, J., Lee, Y. K., Kim, H. & Hahn, Y. S. Association of longitudinal
fractional exhaled nitric oxide measurements with asthma control in atopic
children. Respir. Med. 109, 572–579 (2015).

30. Heffler, E. et al. Bronchodilator response as a marker of poor asthma control.
Respir. Med. 112, 45–50 (2016).

31. McQuaid, E. L. Barriers to medication adherence in asthma: the importance of
culture and context. Ann. Allergy Asthma Immunol. 121, 37–42 (2018).

32. Smeeton, N. C., Rona, R. J., Gregory, J., White, P. & Morgan, M. Parental attitudes
towards the management of asthma in ethnic minorities. Arch. Dis. Child. 92,
1082–1087 (2007).

33. Krishnan, J. A. et al. Adherence to inhaled corticosteroids: an ancillary study of the
Childhood Asthma Management Program clinical trial. J. Allergy Clin. Immunol.
129, 112–118 (2012).

34. Guénette, L., Moisan, J., Préville, M. & Boyer, R. Measures of adherence based on
self-report exhibited poor agreement with those based on pharmacy records. J.
Clin. Epidemiol. 58, 924–933 (2005).

35. Hudson, M., Rahme, E., Richard, H. & Pilote, L. Comparison of measures of med-
ication persistency using a prescription drug database. Am. Heart J. 153, 59–65
(2007).

36. Elkout, H., Helms, P. J., Simpson, C. R. & McLay, J. S. Adequate levels of adherence
with controller medication is associated with increased use of rescue medication
in asthmatic children. PLoS ONE 7, e39130 (2012).

37. Herndon, J. B., Mattke, S., Evans Cuellar, A., Hong, S. Y. & Shenkman, E. A. Anti-
inflammatory medication adherence, healthcare utilization and expenditures
among medicaid and children’s health insurance program enrollees with asthma.
Pharmacoeconomics 30, 397–412 (2012).

38. Vasbinder, E. C. et al. Non-adherence to inhaled corticosteroids and the risk of
asthma exacerbations in children. Patient Preference Adherence 10, 531–538
(2016).

39. Fielding, S. et al. Change in FEV1 and FENO measurements as predictors of future
asthma outcomes in children. Chest 155, 331–341 (2019).

40. Ryan, D., Murphy, A., Stallberg, B., Baxter, N. & Heaney, L. G. ‘SIMPLES’: a struc-
tured primary care approach to adults with difficult asthma. Prim. Care Respir. J.
22, 365–373 (2013). 2013 22:3.

41. Edgecombe, K., Latter, S., Peters, S. & Roberts, G. Health experiences of adoles-
cents with uncontrolled severe asthma. Arch. Dis. Child. 95, 985–991 (2010).

42. de Keyser, H. H., Ramsey, R. & Federico, M. J. They just don’t take their medicines:
reframing medication adherence in asthma from frustration to opportunity.
Pediatr. Pulmonol. 55, 818–825 (2020).

43. Gaillard, E. A. et al. European Respiratory Society clinical practice guidelines for
the diagnosis of asthma in children aged 5–16 years. Eur. Respir. J. 58,
2004173 (2021).

44. Danvers, L., Lo, D. K. H. & Gaillard, E. A. The role of objective tests to support a
diagnosis of asthma in children. Paediatr. Respir. Rev. 33, 52–57 (2020).

ACKNOWLEDGEMENTS
Funding was provided by Health Education East Midlands and the Respiratory
Department at University Hospitals of Leicester. Expertise and NIOX VERO FeNO
equipment were provided by the Respiratory Department at the University Hospitals
of Leicester.

AUTHOR CONTRIBUTIONS
R.P.—Lead author. Study design, planning, patient consent, data collection, patient
clinical review and lung function testing, statistical analysis, manuscript authorship and
review. D.K.H.L.—Study design, planning, equipment training, statistical analysis, paper
authorship and review. U.M.—Study design, planning, patient identification, organising
logistics at the patient testing sites, paper authorship and review. L.R.—Study design,
planning, patient identification, organising logistics at the patient testing sites, paper
authorship and review. V.V.—Study design, planning, patient identification, organising
logistics at the patient testing sites, paper authorship and review. E.A.G.—Study design,
planning, equipment training, statistical analysis, paper authorship and review.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41533-022-00323-6.

Correspondence and requests for materials should be addressed to Razi Paracha.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

R Paracha et al.

7

Published in partnership with Primary Care Respiratory Society UK npj Primary Care Respiratory Medicine (2023) 12

https://doi.org/10.1136/thoraxjnl-2019-213068
https://doi.org/10.1136/thoraxjnl-2019-213068
https://doi.org/10.1038/s41533-022-00323-6
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Asthma medication adherence and exacerbations and lung function in children managed in Leicester primary care
	Introduction
	Methods
	Design and setting
	Participants
	Practice database searches
	Adherence data
	Asthma reviews
	Asthma control
	Fractional exhaled nitric oxide
	Spirometry
	Data analysis
	Reporting summary

	Results
	Relationship between adherence, spirometry, FeNO and asthma control
	Relationship between ICS adherence, ethnicity, SABA usage and asthma exacerbations

	Discussion
	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




