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Abstract

Background: Asthma is one of the most common chronic conditions among young
people in the UK, with poor control contributing to avoidable morbidity, reduced quality
of life, and significant healthcare costs. Effective self-management, encompassing
symptom monitoring, adherence to personalised action plans, and timely intervention,
has been shown to improve asthma symptom control, reduce exacerbations, and
enhance school and work attendance. However, fewer than 25% of young people have a

personalised asthma action plan, indicating a need for scalable, engaging solutions.

Objective: To evaluate the clinical and economic impact of the Digital Health Passport

(DHP), a co-designed self-management app for young people with asthma.

Methods: A real-world, mixed-methods service evaluation was undertaken using in-app
survey data from 1,751 users (2023-2025). Clinical outcomes were the Asthma Control
Test (ACT) and the Partners in Health (PIH) scale for patient activation. Economic
modelling estimated NHS cost savings based on ACT score changes. Paired t-tests

assessed within-subject change.

Results: Of 238 users completing ACT at both baseline (T1) and follow-up (T2), mean

scores improved from 16.6 to 18.1 (p<0.01, Cohen’s d=0.31). In those with uncontrolled



asthma at baseline (ACT<20), mean improvement was 2.64 points (p<0.01, d=0.63). PIH
scores increased from 74.5 to 78.6 (p<0.05). Self-reported days missed from
school/work fell by approximately 4 days (p<0.05). Economic modelling projected an
NHS return on investment of £8.21 per £1 spent over three years at ICB level, largely

due to reduced costs in severely uncontrolled asthma.

Conclusion: The DHP shows promise for improving asthma symptom control and
patient activation in young people, with potential for substantial NHS savings. Further
research is needed to assess long-term outcomes using more rigorous comparative

methods.
Introduction

Asthma remains one of the most common chronic conditions affecting children and
young people in the UK, with approximately one million individuals aged under 18
receiving treatment. The burden of asthma in the 10-24-year-old age group is
particularly concerning, with the UK reporting the highest asthma mortality rate in
Europe for this population sub-group'. A contributing factor is the persistently low
utilisation of Personalised Asthma Action Plans (PAAPs), with fewer than 25% of young
people reported to have one in place'. In addition to poor health outcomes, suboptimal
asthma symptom control continues to place a strain on health services, through
increased emergency admissions and poor medication optimisation***, with some
research indicating a six-fold increased risk of hospitalisation, A&E visit or corticosteroid

burst for people with consistently very poorly controlled asthma.

Self-management support enables young people with asthma to better monitor
symptoms, adhere to medication, and respond effectively to early signs of deterioration;
self-management interventions have been shown to improve asthma symptom control,
reduce exacerbations, and enhance quality of life in this age group®’. The persistent
gap in outcomes highlights a pressing need for scalable, cost-effective interventions that
support self-management and ultimately improve outcomes, particularly in this

demographic.



Digital health technologies offer a potential solution; mobile apps can engage young
users, provide accessible education, and support ongoing self-monitoring and
behaviour change®. The Digital Health Passport (DHP) is a co-designed asthma and
allergy self-management app developed specifically for teenagers, young adults, and the
parents or carers of younger children. The DHP focuses on achieving better asthma
outcomes at scale (and low cost) by optimising the delivery of the key elements of the
asthma care pathway, integrating several core features to support asthma
management. These include medication tracking and reminders, a symptom diary and
digital asthma symptom control test, in-app prescription requests, inhaler technique
videos, and air quality alerts. Educational content is tailored across seven learning
modules, and a personalised asthma plan is stored within the app for ongoing

reference. The DHP has been rolled out tailored with regional content.

In 2023-2025, UCLPartners, a Health Innovation Network, undertook a real-world
service evaluation of the DHP in collaboration with City, University of London®. The
evaluation aimed to assess the DHP's clinical effectiveness, particularly in terms of
patient activation and asthma symptom control, measured via validated tools. The
evaluation also modelled the potential health economic impact of the DHP from the

NHS system perspective.

In parallel, qualitative feedback from users and carers was collected to explore
acceptability, usability, and the intention to continue app use. Additionally, the
evaluation examined the relative impact of three scalable adoption strategies on uptake

and equity of access, particularly among underserved groups.

This paper presents the findings from the clinical and economic components of the
service evaluation. It focuses on changes in asthma symptom control and patient
activation, as well as the projected return on investment of DHP implementation based

on real-world usage data.

Methods

Study Design



This study was a real-world, mixed-methods service evaluation conducted to assess the
clinical and economic impact of the Digital Health Passport (DHP). The evaluation was
carried out between 2023 and 2025 by UCLPartners in collaboration with the

Department of Health Services Research and Management at City, University of London.

Mixed-methods data collection allowed for triangulation of findings across quantitative
outcome measures and qualitative user feedback. This paper focuses on the

quantitative findings relating to clinical effectiveness and economic modelling.

Participants and Data Sources

Study participants were users of the DHP aged 8 years or older who were onboarded
onto the app between June 2023 and June 2025 and completed, or had completed on
their behalf, in-app surveys at two time points. Surveys were administered at
registration (T1) and approximately three months after onboarding (T2), with change in
outcome measures calculated between these two time points. Further opportunities to
complete the in-app survey were given for the 12 months beyond T2 but were not
incentivised. The survey covered patient activation, asthma symptom control, quality of

life, and self-reported healthcare usage.

Participation in both surveys was voluntary and incentivised with a nominal reward.
Users were eligible for inclusion in the analysis if they completed the survey on behalf of
themselves or someone they care for and provided valid demographic data, including
age. Responses with incomplete or inconsistent age data were excluded due to

age-specific survey instruments (e.g., Asthma Control Test and EQ-5D versions).
Outcome Measures
Asthma Control Test (ACT)

The ACT’ is a clinically validated five-item questionnaire that measures asthma

symptom control over the previous four weeks. It generates a score from 5 to 25, with
scores >20 considered indicative of well-controlled asthma'®'""?, The ACT was selected
as a primary clinical outcome because of its strong predictive value for asthma-related

events, including emergency care use, exacerbations, and hospital admissions. Evidence
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from longitudinal studies confirms that small changes in ACT score are associated with
meaningful reductions in risk and healthcare costs'. The child version (pACT) was used
for participants aged 8-11, while the standard adult ACT was administered to users

aged 12+.

In line with prior research™, analysis focused on mean changes in ACT scores stratified
by baseline control level (<15 severely uncontrolled, 15-19 moderately uncontrolled, 220
controlled) rather than a binary shift from uncontrolled to controlled. This approach
allowed more granular insight into clinically meaningful improvements, and the
potential health economic consequences, across the spectrum of asthma severity,
particularly in those starting with poor control, where even modest gains can translate

into reduced risk of exacerbations and healthcare use.
Patient Activation (Partners in Health Scale)

Patient activation was assessed using the 14-item Partners in Health Scale'®, which
measures an individual's knowledge, skills, and confidence in managing a long-term
condition. Scores range from 0 to 112, with higher scores reflecting greater activation.
This instrument was selected for its appropriateness in long-term condition
management and its adaptability to both direct users of the DHP and parent/carers. It
aligns with a growing body of literature linking activation with improved self-care
behaviours and reduced reliance on urgent care. Versions tailored to both individuals

and carers were implemented.

Two supplementary questions were added to assess user confidence in discussing

asthma with healthcare professionals and family members.
Quality of Life (EQ-5D-3L and EQ-5D-5L)

Quiality of life was measured using standardised EuroQol instruments'®, EQ-5D-5L for
participants aged 12+ and EQ-5D-3L for those under 12. These validated tools assess
health status across five domains: mobility, self-care, usual activities, pain/discomfort,

and anxiety/depression. Though not used in the health economic modelling due to the



absence of UK-specific value sets for this evaluation, EQ-5D results are included here to

provide descriptive context on users’ broader health-related quality of life.
Health Service Use: Asthma Check-In

The ‘asthma check-in’ section of the survey captured self-reported outcomes related to
healthcare usage over the previous three months. This included the number of asthma
attacks, days off school/work, steroid prescriptions, and urgent/emergency care
contacts (including A&E or unscheduled GP visits). While useful for gauging the lived
impact of asthma, this section relied on unvalidated self-reporting and was not directly

used in either the outcome evaluation or the health economic model.

Health Economic Modelling

A health economic model was developed to assess the cost-effectiveness of the DHP
from an NHS system perspective. The analysis focused on changes in asthma symptom
control, as measured by ACT scores, and their association with healthcare costs. The
model applied previously published cost estimates for asthma management stratified
by ACT score'”"®, adjusted for UK context and inflation. Annual treatment and

management costs per patient were estimated at:

e Severely uncontrolled asthma (<15): £2,569
e Moderately uncontrolled asthma (15-19): £820
e Well-controlled asthma (=20): £372

Implementation and maintenance costs for the DHP were estimated at the level of a
typical Integrated Care Board (ICB), assuming standard licensing fees, clinical training,
and administrative support. Initial implementation cost per ICB was estimated at

£76,986, with ongoing annual maintenance at £72,888.

The return on investment (ROI) was modelled over a three-year period with increasing
uptake scenarios (15%, 30%, and 45% of eligible users aged 12-24 years). Cost savings
were projected based on the observed shift in ACT scores from the evaluation cohort

and applied to broader population estimates'*°?'.



In addition to modelling short-term cost savings linked to changes in immediate
treatment and management costs due to improved asthma symptom control, the
evaluation also considered broader societal impacts associated with sustained use of
the Digital Health Passport. A societal perspective was adopted to assess the wider
economic implications of improved asthma symptom control, particularly in relation to
work productivity. Literature associating higher ACT scores with reduced sickness
absence?, improved ability to participate in employment and higher earnings per hour
compared to those with uncontrolled non-severe asthma, was used to estimate the
potential value of lost productivity. These analyses were based on observed changes in
ACT scores within a limited (20+ years), and assumed uncontrolled asthma where ACT

score was below 20.

Statistical Analysis

All quantitative analyses were conducted using R statistical software (v4.3.1)*>. Paired
t-tests were used to assess differences in outcome measures between T1 and T2 for
matched respondents. Effect sizes were calculated using Cohen'’s d*, where values of
0.2, 0.5, and 0.8 were interpreted as small, medium, and large, respectively. EQ-5D
index values were derived using the eq5d R package®, and data manipulation was

performed using the dplyr R package®. Statistical significance was defined as p < 0.05.

Results

Partici - -

Between June 2023 and June 2025, 278 DHP users completed at least one outcome
measure at both T1 and T2 via the in-app surveys, and included valid age data. Of these,
56 (20.1%) were under 13 years of age, and 222 (79.9%) were aged 13 years or older.
The majority of respondents (76.7%) completed the survey on behalf of themselves.
Female participants accounted for 63.3% of the overall sample, though the gender

distribution varied by age group (42.9% female in under-13s; 68.5% in those aged 13+).

Ethnicity was self-reported, with 82.3% identifying as White, 8.3% as Asian or British

Asian, and 4.9% as Black, Black British, Caribbean or African. These are broadly



representative of the England population based on the 2021 census. Socioeconomic
data showed a slight skew towards more deprived quintiles, with 47% of respondents

from Index of Multiple Deprivation (IMD) quintiles 1 and 2, where this was reported.

Broadly speaking, the evaluation sample was representative of the wider DHP user
base, with the exception of age; the majority of all DHP users are under 25, whereas less
than 50% of the evaluation sample was in this age group. The evaluation sample was
also less ethnically diverse than the DHP user base overall.
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Figure 1: comparison of demographics between service evaluation sample and wider DHP

users
Clinical Outcomes
Patient Activation

Among the 211 users who completed the Partners in Health (PIH) scale at both T1 and
T2, there was a statistically significant improvement in activation scores. The mean PIH
score increased from 74.5 at T1 to 78.6 at T2 (t = -3.80, p < 0.05), with a small to

moderate effect size (Cohen's d = 0.27).



Stratified analysis showed that this improvement was significant among users aged 13+
(mean increase from 72.4 to 77.6; t = -4.00, p < 0.05; d = 0.33), but not in users under 13

or among carers completing the survey on behalf of a child.
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Figure 2: distribution of PIH score by age group and time point
Asthma Control (ACT Scores)

A total of 274 users completed an ACT or pACT at both T1 and T2. Significant
improvement was observed in the adult ACT group (n = 238), with mean scores rising
from 16.6 at T1 to 18.1 at T2 (t =-5.26, p < 0.01), corresponding to a small to moderate
effect size (d = 0.31).

In users with uncontrolled asthma at baseline (ACT < 20, n = 160), the improvement was
more pronounced, with a mean increase of 2.64 points (t =-7.51, p < 0.01; d = 0.63),
approaching the minimum clinically important difference. No significant change was

observed in the paediatric ACT group (n = 36).
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Figure 3: Numbers of patients by level of asthma symptom control, based on ACT score at
time 1 (T1) and time 2 (T2)
Quality of Life (EQ-5D)

Quality of life measures were completed by 224 users at both time points. There was no
statistically significant change in either EQ-5D-5L (n = 213; t=-0.71, p = 0.48) or EQ-5D-3L
(n=11;t=-1.30, p=0.22). No individual domain of the EQ-5D showed significant change.

Table 1: Descriptive statistics and paired t-test results for quality of life measures

Quality of life measure

EQ-5D-3L index reverse crosswalk |[0.82 0.17 0.87 0.17 -1.30 10.22
- UK Devlin value set
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EQ-5D-5L US crosswalk - EQ-5D-5L
Shaw value set V1.1

0.69

0.26

0.70

0.29

-0.71

0.48

Self-Reported Healthcare Use (Asthma Check-In)

Among 278 users who completed both T1 and T2 asthma check-ins, no significant

changes were observed in self-reported asthma attacks, steroid prescriptions or urgent

care use. However, a significant change was observed in the number of days taken off

school/work (t= 2.3, p<0.05) with a mean decrease of approximately 4 days between T1

and T2. The data quality of this measure was poor; extreme values were trimmed at

the maximum possible number of days that could be missed (60 days, based on a 5-day

working week) in a three month time period. The variability of this measure was also

notable.

Table 2: Descriptive statistics and paired t-test results for asthma check questions

Time 1 Time 2
Asthma check question Mean SD Mean SD t-stat [P-value
No. Asthma attacks 3.39 7.02 3.40 9.51 0.65 0.52
No. Days off school/work 8.42 10.10 |5.53 6.15 2.3 0.02*
No. Steroid Rx 2.53 4.79 2.18 2.30 0.87 0.39
No. Urgent & emergency care visits [1.96 1.39 1.64 1.01 1.22 0.23

*significant at 0.05

Health Economic Modelling Outcomes

Using adult ACT score shifts observed in the evaluation cohort (n = 238), annualised

asthma management costs were modelled based on cost stratification by ACT category.

At baseline, 80 users were in the severely uncontrolled group (ACT < 15), reducing to 56

at T2, and 80 users were in the moderately uncontrolled group (ACT 15-19), remaining

the same at T2. This shift resulted in an estimated annual cost reduction of £52,731

across the 238 users.
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At an Integrated Care Board (ICB) level, assuming gradual uptake from 15% to 45% over
three years, and taking into account projected population change and likely asthma
incidence, the model projected a return on investment (ROI) of £8.21 for every £1 spent
on DHP implementation and maintenance. This ROl is based on savings primarily
accrued from reduced healthcare utilisation among users shifting from severely

uncontrolled to better-controlled asthma categories.

Table 3: Estimated annualised costs for asthma management for 238 patients by ACT score

(13+ only) as reported at baseline (T1) and after 3 months of DHP use (T2)

ACT score No. No. Cost per annum_|Total Total

category patients |patients [per patient* cost (T1) |cost (T2)
(T1) (T2)

Severely 80 56 £2,569 £205,492 |£143,844

uncontrolled: <15

Moderately 80 80 £820 £65,593 |[£65,593

uncontrolled:

15-19

Controlled: 20+ 78 102 £372 £28,979 |£37,896

Total 238 238 £300,064 | £247,333

*Exchange rate at 0.85 Euro to GBP, adjusted for inflation at 3% per year as per Bank of

England inflation calculator

In addition, exploratory modelling was undertaken to estimate the potential long-term
financial impact of sustained DHP use on societal productivity through the lens of
employment, as defined by employment rates, lower earnings and sickness absence.
Estimated benefits were modelled by applying conservative estimates of productivity
loss to categories of asthma symptom control in the evaluation cohort aged 18 and
over, to reflect those participants most likely to be in work. The shift in asthma
symptom control already described resulted in an estimated annual reduction in

productivity loss of £29,170 across the 174 users included.

Table 4: Estimated annualised productivity loss for asthma management for 174 patients by

ACT score (18+ years only) as reported at baseline (T1) and after 3 months of DHP use (T2)

12



ACT score No. No. Productivit | Total Total

category patients |patients |y loss per productivity [producti
(T1) (T2) patient per |loss (T1) vity loss

annum¥* (T2)

Severely 62 38 £1,823 £113,032 £69,278

uncontrolled: <15

Moderately 52 60 £1,823 £94,801 £109,386

uncontrolled:

15-19

Controlled: 20+ 60 76 £0 £0 £0

Total 174 174 £207,833 £178,664

*adjusted for inflation at 3% per year as per Bank of England inflation calculator
Discussion

This service evaluation of the Digital Health Passport (DHP) provides encouraging
evidence that a co-designed, digitally delivered asthma self-management tool can have
a positive impact on patient activation and asthma symptom control, particularly among
underserved adolescents and young adults, and impact healthcare costs at system level.
These findings also provide an initial indication of the broader economic value of the
DHP beyond immediate healthcare cost savings, highlighting its potential contribution

to societal well-being.

The observed improvements in Asthma Control Test (ACT) scores and patient activation,
though modest in absolute terms, are clinically meaningful, particularly in the real-world
context, and align with established predictors of better asthma outcomes. Notably, in
the subgroup of users with uncontrolled asthma, as defined by ACT score, at baseline,
the average improvement in ACT scores exceeded the threshold commonly associated
with reduced risk of exacerbations and healthcare utilisation. These findings are
consistent with previous literature emphasising the role of self-management support in
improving asthma symptom control and suggest that digital tools like the DHP may be
an effective adjunct to routine care, especially for young people who are typically

underrepresented in traditional healthcare engagement. Additional analysis of user
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acceptability and intent to continue use, reported elsewhere?, indicated that the DHP
was well-received and likely to be used on an ongoing basis. This enhances the clinical
outcome findings by suggesting that improvements in control and activation may be

sustained, or further strengthened, through continuous use.

The improvements in activation and asthma symptom control did not translate into
measurable reductions in self-reported healthcare use within the study period. The lack
of change in these measures likely reflects the time lag between behaviour change and
observable impact on healthcare events such as emergency visits or
exacerbation-related admissions, and the reliance on self-reported data introduces
uncertainty around the accuracy of service use estimates. However, the self-reported
reduction in days missed of school or work did show statistically significant change and
is supportive of the supposition that improved asthma symptom control in the
evaluation cohort leads to increased productivity in terms of educational and

employment presenteeism.

The health economic modelling, based on validated links between ACT scores and
short-term healthcare costs for asthma management, suggests that even modest shifts
in asthma symptom control across a population could generate significant system-level
savings over time from the NHS perspective. Similar modelling in the 18+ evaluation
cohort also supports the DHP helping to realise productivity gains from improved

inclusion in the workforce, better earnings and lower sickness absence.

From a health system perspective, the findings have immediate and long-term
relevance. In the short to medium term, tools like the DHP offer a rapidly scalable
means of supporting asthma management outside of clinical settings, potentially
alleviating some of the demand pressures on primary and urgent care, and reducing
some of the treatment costs. Over the longer term, by supporting self-management and
reducing exacerbation-related absences, digital tools like the DHP may contribute to
improved educational and employment outcomes, with wider societal and economic

implications.
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The real-world nature of this study offers strengths in terms of ecological validity but

several limitations affect the interpretation and generalisability of these findings. First,
the use of a convenience sample, combined with low completion rates at T2, just 15%,
introduces potential selection bias. Respondents who completed both surveys may be

more engaged and motivated or health-literate than the broader DHP user population.

Second, the reliance on self-reported data for key variables such as service use
introduces potential recall and reporting bias. This particularly affects the ‘asthma
check-in" data, which were not independently validated against objective healthcare
records. This absence of linkage to objective healthcare utilisation data through
electronic health records, constrained the robustness of both the clinical and economic

analyses.

Third, while the ACT-based economic model draws from robust external literature, it
necessarily involves assumptions about user behaviour, sustained benefit, and uptake
over time. No direct cost or utilisation data were extracted from NHS systems, and the
economic evaluation from both the health and wider societal perspective remains an

indicative forecast rather than an analysis of actual expenditure or savings.

Finally, the asthma check-in tool, while pragmatically useful, has not been

psychometrically validated, limiting its reliability for outcome measurement.

Future research should address these limitations through larger-scale studies with
systematic sampling, extended follow-up, and linkage to routine healthcare datasets,
using quasi-experimental designs to strengthen causal inference on DHP effectiveness.
Longitudinal analyses are needed to assess the sustainability of gains in activation and
asthma symptom control, and their impact on outcomes such as emergency admissions
and ED attendances. Cost-effectiveness studies incorporating quality-adjusted life years
(QALYs), long-term outcomes such as COPD development, and wider societal impacts on
education and work productivity would provide a fuller understanding of the DHP's
value. There is also scope to explore differential impacts across population subgroups,

particularly those underserved by health services, and to refine adoption strategies that
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optimise reach and equity, ensuring digital innovations contribute to reducing health

disparities in asthma care.

By providing evidence on both clinical effectiveness and potential cost-efficiency, this
work contributes to the growing literature on digital asthma self-management
interventions. It adds insight into real-world impact, particularly in underserved
populations, and provides a model for assessing economic value based on validated

outcome measures such as the ACT.
Data availability

The data supporting the findings of this study were collected through in-app surveys
administered to users of the Digital Health Passport (DHP) between June 2023 and June
2025. These surveys included validated instruments such as the Asthma Control Test
(ACT), Partners in Health scale, EQ-5D, and self-reported healthcare usage. Due to the
nature of the service evaluation and the use of anonymised, user-generated data,
individual-level datasets are not publicly available. Aggregated data and summary
statistics may be made available upon reasonable request to the corresponding author,
subject to any required ethical approval and data governance protocols. The health
economic modelling used published cost estimates adjusted for UK context and

inflation. No direct linkage to NHS electronic health records was undertaken.
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