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Cost-effectiveness of the children and young People’s health
partnership (CYPHP) model of integrated care versus enhanced
usual care: analysis of a pragmatic cluster randomised
controlled trial in South London
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Summary

Background Integration of paediatric health services across primary and secondary care holds great promise for the
management of chronic conditions, yet limited evidence exists on its cost-effectiveness. This paper reports the results
of the economic evaluation of the Children and Young People’s Health Partnership (CYPHP) aimed at integrating
care for children with common chronic conditions (asthma, eczema, and constipation).

Methods Cost-effectiveness, cost-utility and cost-benefit analyses were conducted alongside a pragmatic cluster
randomised controlled trial involving 97,970 children in 70 general practices in South London, including 1,731
participants with asthma, eczema and or constipation with self-reported health-related quality of life measures.
Analyses considered the National Health Service (NHS)/Personal Social Service (PSS) and societal
perspectives, and time horizons of 6 and 12-months. Costs included intervention delivery, health service use
(primary and secondary care), referrals to social services, and time lost from work and school. Health
outcomes were measured through the Paediatric Quality of Life Inventory, the Child Health Utility 9-
Dimensions, and monetarised benefit combining Quality-Adjusted Life Years (QALYs) for children and
parental mental well-being. Results present incremental cost-effectiveness ratios (ICERs), compared to a
willingness to pay threshold (WTP) of £20,000-30,000/QALY, and net monetary benefit (NMB), with
deterministic sensitivity analyses.

Findings At 6 months, from the NHS/PSS perspective, CYPHP is not cost-effective (ICER = £721,000/QALY), and
this result holds at 12 months (ICER = £45,586/QALY). However, under the societal perspective CYPHP falls
within WTP thresholds (ICER = £22,966/QALY), with a probability of being cost-effective between 0.4 and 0.6 at
£20,000/QALY and £30,000/QALY, respectively. The cost-benefit analysis yields a positive NMB of CYPHP at 12
months £109 under the societal perspective, with similar probabilistic results.

Interpretation CYPHP was not cost-effective at 6 months or under the NHS/PSS perspective. Trends towards cost-
effectiveness are observed once a longer time horizon and a more inclusive perspective on effects is considered.
Further research beyond 12 months is needed as the model becomes firmly embedded into the paediatric healthcare
delivery system.
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Research in context

Evidence before this study

The UK fares worse than other high-income countries in the
clinical management and health outcomes of children with
chronic conditions. Enhancing the integration of health
services across primary and secondary care has been
suggested as a way of improving quality of care and reducing
secondary healthcare use. However, little is known about the
cost-effectiveness of this approach. We performed a search on
PubMed with (economic evaluation OR cost-effectiveness OR
cost-utility OR cost-benefit) AND (integrat*) AND (child*)
which retrieved 96 items as of November 8th, 2022. Seven
studies were conducted in low- and middle-income countries
(China, India, Colombia, Ethiopia, Indonesia, Kenya, Somalia,
Rwanda), one observational study in the USA, a small RCT in
Australia, and the remaining studies were not relevant (e.g.,
study protocols or not on integrated care for paediatric
populations). No economic evaluation of integrated paediatric
care in the UK was found. The scarce existing evidence weakly
supports the cost-effectiveness of integrated care models;
well-powered RCT studies are needed. Understanding whether
paediatric care integration is an efficient strategy to improve
health services for children with chronic conditions is
particularly urgent in the current context of increasing
constrained health budgets globally.

Introduction
Chronic conditions account for an increasing share of
the total disease burden in childhood, with a prevalence
of 1.7 million children and young people (CYP) in En-
gland in 2018."? The UK lags behind other high-income
countries in chronic disease management. It has one of
the highest asthma mortality rates in Europe, with 46%
of these deaths linked to inadequate standards of
asthma care.’ Suboptimal chronic disease management
can lead to higher healthcare costs and poorer health-
related quality of life (HRQoL) in childhood, with
long-lasting consequences for CYP, families and society
as a whole.** The total cost to society of caring for
preschool children in the year following a hospital
attendance for asthma or wheeze is estimated at
£14.53 m, 76% borne by the National Health Service
(NHS). Children hospitalised with a chronic condition
are also at higher risk of worse academic performance.”
Redesigning the paediatric healthcare system, so it
can not only treat acute conditions through high-
intensity specialist and inpatient services but also pre-
vent and manage chronic conditions, aligns with the
NHS Long-Term Plan® and is a core part of health policy

Added value of this study

The Children and Young People’s Health Partnership (CYPHP)
is a complex intervention aimed at advancing the integration
of paediatric health services for children in the community
with common chronic conditions (asthma, eczema, and
constipation). The intervention was evaluated via a large,
pragmatic, cluster randomised controlled trial in South
London conducted between 2018 and 2021. This paper
presents the results of the economic evaluation alongside the
pragmatic cluster RCT, which involved 97,970 children
including 1,731 participants with asthma, eczema or
constipation with self-reported health-related quality of life
measures. It includes cost-effectiveness, cost-utility, and cost-
benefit analyses at 6 and 12 months, under both the NHS/
Personal Social Service and societal perspectives, to
comprehensively evaluate the possible diverse effects of
CYPHP. This study contributes to the scarce literature on
economic evaluations of complex service re-organisations.

Implications of all the available evidence

This paper concludes that CYPHP is not cost-effective at 6
months under the NHS/PSS perspective, but positive results
begin to appear at 12 months once impacts on patients,
families and schools are also considered under the societal
perspective. These findings should be further explored via
additional follow-ups or a decision analytic model.

among high income countries. Integrated care con-
necting primary care, community services and speci-
alised services has been proposed as a path forward to
improve chronic disease management.*” Existing evi-
dence on the effects of integrated care for children
suggests it may yield gains in HRQoL, but results on
health care quality, costs and cost-effectiveness are
mixed.”"? Limitations in current studies, involving
intervention design, quality of data collection, and
follow-up time, support the need for further research on
the effectiveness and cost-effectiveness of integrated
care systems for children.

The Children and Young People’s Health Partner-
ship (CYPHP) Evelina London model of care aims to
provide timely, coordinated, biopsychosocial care in
primary care and community setting to CYPHP with
common chronic conditions, including asthma, eczema
and constipation.”'* CYPHP’s staged implementation
in South London allowed for a pragmatic cluster rand-
omised controlled trial (cRCT) study design for evalua-
tion. RCTs embedded in real clinical practice are rare
and offer a unique opportunity to assess the effects of an
intervention in real world circumstances. Between 2018

www.thelancet.com Vol 42 July, 2024


http://www.thelancet.com

Articles

and 2021, general practices in Southwark and Lambeth
were grouped into virtual clusters, consisting of 3—4
neighbouring GP practices, and randomised to CYPHP
(intervention) or enhanced usual care (EUC, control).
The CYPHP practices include local child health clinics
(universal services or “in reach”), specialist nurse-led
services, population health management, specialist
team training and multidisciplinary team case planning
in addition to the services of enhanced usual care.

The aim of this paper is to conduct a within-trial
economic evaluation of CYPHP compared to EUC for
children with asthma, eczema, or constipation. A cost-
effectiveness analysis using the Paediatric Quality of
Life Inventory (PedsQL) was complemented with a
cost-utility analysis based on the Quality-Adjusted Life
Years (QALYs) from the Child Health Utility 9-
Dimensions (CHU-9D). Analyses consider both the
NHS/Personal Social Service (PSS) and societal per-
spectives and time horizons of 6 and 12-months. A
cost-benefit analysis from a societal perspective brings
together costs falling on CYP and parents by mone-
tising health outcomes. The variety of economic eval-
uation types, perspectives, and time horizons responds
to the possible diverse and unintended consequences
of complex interventions, such as CYPHP, across sec-
tors and allows this evaluation to be considered by
government agencies using different types of results.”
This paper accompanies the trial outcomes paper by
Wolfe et al.’® and focuses on one of the RCT sub-
populations: children with tracer conditions who con-
sented to follow up (Fig. 1). This population was
selected for the economic evaluation to facilitate a pa-
tient level analysis of costs and health outcomes at
baseline, 6 and 12 months.

Methods

Study population and trial arms

Protocol papers for the trial and economic evaluation are
published.””" In summary, this cRCT grouped 70 gen-
eral practices in Southwark and Lambeth into 23 virtual
clusters, 12 assigned to CYPHP (intervention) and 11 to
EUC (control). The economic evaluation is focused on
1731 children below 16 years of age with at least one
tracer condition (asthma, eczema, or constipation) and
registered to a general practice in Southwark or Lam-
beth (Fig. 1). Besides EUC, CYPHP services for this
population include specialist nurse-led services (com-
munity biopsychosocial care delivering health promo-
tion and self-management advice), population health
management (proactive case finding before conditions
exacerbate), specialist team training (training on holistic
and CYP-friendly care for healthcare professionals), and
multidisciplinary team case planning. CYPHP, as part
of its universal services, also includes in-reach clinics
(integrated clinics delivered jointly by a paediatrician
and a general practitioner) and lunch-and-learn sessions

www.thelancet.com Vol 42 July, 2024

(gatherings to share knowledge and review cases).
Children with tracer conditions may access the CYPHP
service through universal services before being referred
to the tracer service.

Healthcare costs

Costing followed the usual steps of identification, mea-
surement, and valuation of resources. Total costs were
generated at the patient level over two-time horizons, 6
and 12 months, and from both the NHS/PSS and so-
cietal perspectives, so costs on families and other sectors
of the economy (educational sector as some CYPHP
training components involved school staff) were also
accounted for.

Identification

Three main cost components were considered, including
intervention delivery costs, health service use costs, and
costs of time lost from school and work; the last two
contributed to the total costs of both study arms (Fig. 2).
Intervention delivery costs included set-up and overhead
costs, costs of universal service, and costs of the nurse-led
tracer conditions service. Costs of the universal service
comprised lunch-and-learn sessions, multidisciplinary
team case-planning, visits, and triage. Costs of the nurse-
led tracer conditions service included visits, specialist
team case planning, and population health management.
Health service use costs captured primary and secondary
care (NHS perspective), and referrals to social services
(PSS perspective). Hospital admissions, outpatient at-
tendances, and emergency department visits were part of
secondary care use. Medications were not included in
health service use costs.

Measurement

Data sources for intervention delivery costs included the
study’s accounting data, service caseloads, and nurse’s
personal caseload notes (Table 1). Health service use data
were gathered from electronic medical records. Data
were extracted from local primary care and secondary
care patient administrative systems and linked using
unique NHS numbers. All data were pseudonymised for
confidentiality, extracted, and processed in accordance
with data sharing and research ethics agreements. Time
lost from school and work were self-reported by study
participants and measured through the questions “How
many days of work have you missed in the past three
months due to your child’s illness or healthcare ap-
pointments?” and “How many days of school has your
child missed due to ill health or attending health-related
appointments in the past three months”.

Valuation

Besides set-up and overhead costs, the remaining
intervention delivery costs mostly included time spent
by staff and medical professionals delivering CYPHP.
Costs were obtained by multiplying the time each
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Total population assessed for eligibility

136,794 children aged <16 between April 1, 2018,
and June 30, 2021, and registered with one of 89
general practices in Lambeth and Southwark on
June 30. 2021

38, 824 excluded

34,779 in the pilot population

v

v

2579 unable to identify general practice
1,466 with <30 days observation time

Total trial population

in 23 clusters

97,970 children registered with 70 general practices

v

23 clusters randomly assigned

v A 4

12 clusters (49,129
children) assigned to the
EUC group

11 clusters (48,841
children) assigned to the
CYPHP group

82,025 children excluded (no tracer
condition identified in general

v

v

practice records)

Children with tracer conditions

15,945 children (8,008 with asthma, 4731 with
eczema, 5025 with constipation)
7558 children (12 clusters) in the EUC group

8387 children (11 clusters) in the CYPHP group

3,180 children expressed interest in study follow-

1,449 excluded (1,082 declined to
participate, 180 did not meet

!

v

inclusion criteria, 187 other reasons)

Children with tracer conditions and consent to

follow-up

1,731 children (687 with asthma, 392 with eczema, and

1,035 with constipation)
911 children (12 clusters) in the EUC group

820 children (11 clusters) in the CYPHP group

Fig. 1: CYPHP trial sample flow.

provider spent delivering a service or receiving training
and their hourly cost. Providers’ hourly costs were
gathered from the 2020 national unit costs for com-
munity- and hospital-based staff, publicly available from
the Personal Social Services Research Unit (PSSRU)™
(Table 1). Apportioning rules were developed to prop-
erly allocate costs of intervention components that did
not directly involve individuals with tracer conditions,

and to obtain a per-patient cost for adding to the
remaining patient-level costs (Box S1).

Provider type was used along with consultation type
to identify relevant unit costs for primary care consul-
tations from PSSRU." Secondary care use was valued
using Health Related Cost Groups (HRGs) for hospital
admissions and emergency department visits, while
treatment function codes (TFCs) were applied to
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| TotaLcosts |
Intervention EUC
A A

AP1 AP2 AP3 —
Set-up Universal Tracer Health service use costs Time lost from

and service service ; - school and

Primary Secondary | Social ek
Intervention delivery costs care use care use care

Fig. 2: Total cost components for intervention and EUC. Notes: AP1, apportioning 1; AP2, apportioning 2; AP3, apportioning 3. See Box S1
for details on apportioning rules. Tracer service = specialist nurse-led service. Notice that the second arrow connecting the tracer service to the
intervention was not apportioned, as it corresponded to the patient-level consultations delivered by the service. EUC, enhanced usual care.

outpatient attendances. HRGs are standard groupings of
clinically similar diagnoses and procedures with com-
parable levels of healthcare resource.”” TFCs capture
activities requiring similar workforce resources.” Units
costs for each HRG and TFC were gathered from the
2019/20 National tariffs.” To value referrals to social
care services, the Unit Costs of Health and Social Care
2014 version was used to, which provided the most
recent value of the cost of social services support
for children.”” Time lost from school was valued at

£13.25/day, which results from assuming a return to a
year of schooling on income of 8%* and a median UK
wage of £31,461/year.” Time lost from work is valued at
£122.9/day, based on the aforementioned median (the
preferred measure of average earning by the Office of
National Statistics*) UK wage and 256 working days. A
discount rate of 3.5% was used. All costs are presented
in pounds sterling (f) for a base cost year 2019/2020.
The NHS Cost Inflation Index (NHSCII) was used to
adjust for inflation.”

services

of Health and Social Care 2014. Personal Social Services Research Unit; 2014 | PSSRU.

services support for children  PSSRUY (unit costs)

Resources used Currency for valuation Data sources
Intervention costs
Set-up costs Hiring costs, training, materials, IT purchases Total annual costs Study’s accounting data, financial report
Overhead costs Space, data access and storage, IT maintenance Total annual costs
In-reach
Lunch and learn Time of presenters and attendants. Mostly GPs and nurses. Unit cost of health Service Caseloads (quantity), PSSRU (unit
. b
Multidisciplinary team Time of presenters and attendants. Mostly GPs and nurses. professionals (&/hour) costs)
case-planning
Visits Time of healthcare providers. GPs and paediatricians.
Triage Time of healthcare providers. GPs, paediatricians, and nurses
Specialist-nurse led service®
Visits Time of healthcare providers. Nurses, mental health professionals, Unit cost of health Service Caseloads (quantity), PSSRUP (unit
pharmacists professionals (£/hour) costs)
Specialist team training Time of healthcare providers. Nurses and mental health professionals
Multidisciplinary team Time of presenters and attendants. Mostly GPs and nurses.
case-planning
Population health Time of staff conducting call -recall and designing promotional Total annual costs Study’s accounting data, financial report
management materials
Healthcare utilisation
Primary care Primary care visits. Costing based on provider type (nurse, GP, etc.)  Unit cost of health Primary care electronic records (quantity),
and consultation type (face-to-face, telephone, home, or electronic)  professionals (£/hour) PSSRU" (unit costs)
Secondary care Hospital admissions, outpatient attendances, emergency department  HRGs and TFCs Secondary care electronic records (quantity),
visits National Tariff® (unit costs)
Referrals to social care Referrals from primary care to social care. Cost of 1 episode of social Primary care electronic records (quantity),

“The cost of 6 mobile phones (including device and data plan) was also included in the total costs of the specialist-nurse led service. HRGs, Healthcare Resource Groups; TFCs, Treatment Function Codes.
bCurtis L, Burns A. Unit Costs of Health and Social Care 2020. Personal Social Services Research Unit; 2020 | PSSRU. “NHS England. 2019/20 National Tariff Payment System. dcurtis LA, Burns A. Unit Costs

Table 1: Overview of intervention and health service use costing.
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Health outcomes

The PedsQL and the CHU-9D were part of the study
questionnaires administered to study participants at base-
line, 6, and 12 months after randomisation. The PedsQL
(along with non-elective admissions) was the primary
outcome of the trial. This generic health-related quality of
life measure captures aspects of physical, emotional, and
social health and wellbeing, along with physical symp-
toms, cognitive functioning, and school functioning***
using 23-45 questions depending on the age version
applied. The PedsQL was used in the cost-effectiveness
analysis with results reported as cost per unit improve-
ment. To generate QALYs for the cost-utility analysis the
CHU-9D” was selected. This generic preference-based
instrument uses nine items to measure mental and
physical health, schoolwork, and social activities. Health
states based on responses are assigned preference weights
using general population tariff values, which yield utilities
to compute QALYs. Results from the cost-utility analysis
are presented as cost per QALY. Finally, monetary benefit
was used to combine CYP and parental outcomes within a
cost-benefit analysis. The Warwick—Edinburg Mental Well-
being Scale (WEMWBS)* was monetised using the well-
being valuation of WEMWBS scores® and added to QALYs
from CYP using the government sector willingness to pay
of £20,000 per QALY gained. Results from the cost-
benefit analysis are reported as cost per monetarised
unit of parental well-being and CYP’s QALYs.

Statistical analyses

Statistical analyses started with univariate analyses to
assess sample mean differences between treatment
and control groups for each outcome, including the
PedsQL, the CHU-9D, monetary benefit (f corre-
sponding to QALYs from CYP and parental WEBWMS
scores together), and total costs. To adjust for treat-
ment group imbalances and clustering, four multilevel
(or hierarchical) Generalised Linear Models (GLM)*
were estimated; one each for total costs, PedsQL,
CHU-9D, and monetary benefits. Each model adjusted
for participation in intervention or control arms and
variables that, despite randomization, may still be un-
equally distributed between intervention and control
groups including age, gender, deprivation level (IMD
2015 and IDACI 2015 quintiles), and borough for the
patient-level models. For the regression model pre-
dicting the difference in CHU-9D between trial arms,
baseline CHU-9D values were also included.’” PedsQL,
CHU-9D and monetarised benefits were estimated
using a multilevel GLM model with the normal dis-
tribution and the identify link (ordinary least
squares***’), and costs with a GLM model with a
gamma distribution and a log-link. All models were
defined at the individual level, clustering by rando-
mised GP cluster. Missing values were replaced by
multiple imputation via chained equations (MICE),” as
data were missing at random (analyses available upon

request). The main strength of the MICE method is
that it enhances the accuracy of data prediction for a
variable of interest by using all other available variables
(or a chosen subset) in the dataset, while allowing for
variable-specific distributional assumptions rather than
a large joint model as in other MI techniques.’*® SAS
(version 9.4) was used for all analyses.

Study results are presented through incremental cost-
effectiveness ratios (ICER) for both the cost-effectiveness
and the cost-utility analyses, and net monetary benefit
(NMB) for the cost-benefit analysis. Indicators under the
NHS/PSS and societal perspectives, at 6 and 12 months,
are given for each summary measure. The cost-
effectiveness thresholds were set at f144/PedsQL unit
up to a maximum of £600/unit based on previous liter-
ature’”** and at £20,000/QALY following NICE recom-
mendations.”* To characterise uncertainty around
deterministic results, confidence intervals for ICERs and
NMBs based on the non-parametric bootstrap method
(10,000 repetitions) were generated, along with cost-
effectiveness planes and acceptability curves.”® Deter-
ministic one-way sensitivity analyses (varying one
parameter at a time keeping the rest constant) were
conducted to identify key drivers of results and to isolate
the impact of certain assumptions made in analyses.
Analyses included varying the discount rate used for set-
up and overhead cost calculations (from 3.5% to 1.5%),
changing the assumed frequency and duration of some
intervention components, excluding individuals with
missing values (complete case analysis) to assess the
impact of missing data imputation, and using the
£30,000/QALY threshold value. Subgroup analyses were
conducted for study participants in the most deprived
IMD quintile, those with asthma as set out in the pro-
tocol,'”” and individuals with severe symptoms related to
their tracer condition. The latter group is likely to have
more healthcare needs and be frequent users of services.

Role of the funding source

This research was funded by Guy’s and St Thomas’
Charity, Lambeth and Southwark Clinical Commis-
sioning Groups. The funders had no role in the writing
of the manuscript, decision to submit it for publication,
or any other process involved in the research.

Results

Total intervention delivery costs were £1,014,473 over 6
years, including set-up costs two years before the actual
intervention started in April 2018 (Table S1). The
average annual cost during the actual delivery of CYPHP
was £249,800/year. Overall, the majority of the costs
corresponded to the universal service (in-reach clinics,
55%), followed by the tracer service (23%), and set-up
and overhead costs (21%). The apportioned, per study
participant, cost to deliver the intervention was £60.52,
(Box S1). This value was added to the patient-level tracer
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service visits, health service use costs, and costs of time
lost from school and work.

Costs of health service use and time lost from school
and work were similar between intervention and EUC
groups, both at 6- and 12-months follow-up (Table 2).

Total costs both under the NHS/PSS and societal per-
spectives were higher in the intervention arm.

Our results indicate that at 6 months CYPHP is not a
cost-effective intervention compared to EUC, as the
ICER is —f5442 and —£8645 per unit improvement in

6 months follow-up 12 months follow-up
Intervention (N=820) EUC (N=911) Intervention (N=820) EUC (N=911)
Primary care
Mean £39.42 £41.46 £70.12 £75.78
95% Cl £34.38 £44.45 £36.59 £46.33 £62.33 £77.92 £68.29 £83.27
p-value 0.2482 0.087
Non-elective admissions
Mean £20.32 £21.57 £32.05 £43.41
95% Cl £8.08 £32.56 £9.80 £33.34 £15.80 £48.29 £27.70 £59.12
p-value 0.3424 0.0784
Outpatient consultations
Mean £100.80 £105.50 £187.50 £198.90
95% Cl £83.81 £117.80 £87.75 £123.30 £159.10 £216.00 £169.90 £227.80
p-value 0.3903 0.3851
Emergency room visits
Mean £29.62 £28.56 £52.32 £48.68
95% Cl £23.47 £35.76 £23.39 £33.73 £43.33 £61.32 £41.33 £56.03
p-value 0.2552 0.4397
NHS Total health service use
Mean £190.20 £197.1 £342.00 £366.8
95% Cl 163.7 216.7 170.4 223.8 298.9 385.1 325.8 407.7
p-value 0.203 0.1835
NHS/PSS Total health service use
Mean £192.40 £203.2 £351.00 £370.8
95% Cl 165.6 219.2 174.1 232.2 307.3 394.7 329.6 412
p-value 0.205 0.2245
Time lost from school
Mean £42.1 £38.0 £613 £60.5
95% Cl £30.2 £54.1 £28.6 £47.3 £48.6 £74.0 £45.6 £75.3
p-value 0.359 0.4326
Time lost from work
Mean £530.80 £529.50 £753.8 £803.2
95% Cl £356.10 £705.50 £361.80 £697.20 £494.6 £1013.0 £547.4 £1059.1
p-value 0.4691 0.3039
NHS/PSS Costs
Mean £339.6 £203.2 £498.1 £370.8
95% Cl £310.6 £368.6 £174.1 £232.2 £452.7 £543.5 £329.6 £412
p-value <0.0001 <0.0001
Societal Costs
Mean £912.6 £770.7 £1312.4 £1252.2
95% Cl £729.1 £1096.1 £595.0 £946.4 £1039.2 £1585.6 £980.4 £1523.9
p-value <0.0001 <0.0001
Notes: PSS, Personal Social Service. P-values correspond to the Wilcoxon-Mann-Whitney test, used to compare means of a non-normally distributed variables between two
groups. EUC, enhanced usual care. NHS total health service use costs include primary care consultations, non-elective admissions, outpatient consultations, and emergency
room visits. NHS/PSS total health service use results from adding referrals to social services to NHS total health service use costs. NHS/PSS costs correspond to NHS/PSS
total health service use costs plus apportioned intervention costs. Societal costs include NHS/PSS costs plus time lost from school and work.
Table 2: Unadjusted mean costs of health service use, time lost from school and work, and total costs.
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the PedsQL, under the NHS/PSS and societal perspec-
tives, respectively (Table 3). The negative ICERs result
from a slightly lower effectiveness in the intervention
group (not statistically significant). However, when the
time window of analyses is extended to 12 months,
CYPHP begins to approach the cost-effectiveness

threshold, with an ICER under the societal perspective
of £229/PedsQL unit. Similar results are observed in the
cost-utility analysis. At 6-months, CYPHP is not a cost-
effective intervention, with ICERs far above the cost-
effectiveness threshold of £20,000-£30,000/QALY. At
12 months, CYPHP approaches the cost-effectiveness

Intervention (N=820) EUC (N=911) ICER or NMB
At 6 months
Costs NHS/PSS ICER -£5441.51/
Mean £345.30 £201.10 NHS/PPS PedsQL unit
95% Cl £340.90 £349.80 £198.60 £203.60 ICER £721,000/
Cost difference £144.20 - NHS/PPS QALY
Costs Societal ICER -£8,645.28/
Mean £964.10 £735.00 Societal PedsQL unit
95% Cl £935.80 £992.50 £714.20 £755.80 ICER £1,145,500/
Cost difference £229.10 - Societal QALY
PedsQL NMB -£714
Mean 79.56 79.59 Societal
95% Cl 78.82 80.29 78.84 80.33
Effect difference -0.03
CHU-9D
Mean 0.8807 0.8805
95% Cl 0.8773 0.884 0.8771 0.8839
Effect difference 0.0002
Benefit
Mean £39,133.3 £39,618.1
95% Cl £38,921.7 £39,344.9 £39,410.5 £39,825.7
Benefit difference -£484.80
At 12 months
Costs NHS/PSS ICER £455.08/
Mean £501.90 £369.70 NHS/PPS PedsQL unit
95% Cl £494.90 £508.80 £364.60 £374.90 ICER £45,586/
Cost difference £132.20 NHS/PPS QALY
Costs Societal ICER £229.26/
Mean £1301.30 £1,234.70 Societal PedsQL unit
95% Cl £1266.20 £1336.40 £1200.60 £1268.70 ICER £22,966/
Cost difference £66.60 Societal QALY
PedsQL NMB £109
Mean 79.5 79.21 Societal
95% CI 78.74 80.26 78.43 79.99
Effect difference 0.29
CHU-9D
Mean 0.8826 0.8797
95% Cl 0.8793 0.8859 0.8763 0.8831
Effect difference 0.0029
Benefit
Mean £39,385 £39,209
95% Cl £39,162 £39,608 £ 38,987.50 £ 39,4311
Benefit difference £175.50
Notes: Mean costs, PedsQL and CHU9D are adjusted for confounders. The deal with missing data, multiple imputation was used. Complete case analysis results are
presented in Box S4. EUC, enhanced usual care. NMB, Net Monetary Benefit. NMB is obtained by subtracting incremental costs from incremental total benefit.
Table 3: Cost-effectiveness, cost-utility, and cost-benefit results, at 6 and 12 months, NHS/PSS and societal perspectives.
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thresholds (£45,586/QALY) and becomes a cost
effective intervention under the societal perspective
(£22,966/QALY). The cost-benefit analyses coincide,
showing a net positive benefit of CYPHP at 12 months
under the societal perspective (Table 3).

Probabilistic results indicate considerable uncertainty
around the 12 months under the societal perspective
(Fig. 3). For the costutility analysis, the 10,000 boot-
strapped replications are distributed across the four
quadrants, mostly in the north-east quadrant (suggesting
that CYPHP yields more effectiveness and more costs
compared to EUC) (Fig. 3, Panel a). Considering the
£30,000/QALY threshold (red line) 60% of the estimates
fall to the right of it (i.e., are cost-effective), while using
the £20,000/QALY threshold (green line) 43.9% of the
estimates are cost-effective (Fig. 3, Panel b). The mean
and 95% CI from the probabilistic analysis are £56,596/
QALY with a 95% CI £20,049 to £93,142. Thus, the
probabilistic results provide a more conservative estimate
of the cost-effectiveness of CYPHP at 12 months under
the societal perspective, underscoring the uncertainty
around the deterministic results.

The degree of uncertainty is considerably lower in
the cost-benefit analyses at 12 months (Box S2), with
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Fig. 3: Probabilistic results of the cost-utility analysis, societal
perspective at 12 months. Notes: At the £30,000/QALY threshold
(red line), 60% of the estimates fall to the right of it (i.e., are cost-
effective), while at the £20,000/QALY threshold (green line) 43.9%
of the estimates are cost-effective.
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positive mean point estimates and 95% confidence in-
tervals from the bootstrapped results. This finding
suggests that at 12 months, when both CYP QALYs and
parental wellbeing are jointly considered, CYPHP may
yield positive net benefits compared to EUC.

Subgroup analyses suggest that CYPHP may be cost-
effective for those with more severe symptoms- ICERs
are consistently under the willingness to pay (WTP)
thresholds across measures of effectiveness, study per-
spectives, and time horizons, including the results from
probabilistic analyses (Table S2). For the most deprived
and asthma groups, at 6 months CYPHP is not cost-
effective under the societal perspective due to higher
time lost from school and work in the intervention
group, but these results change at 12 months with
ICERs below the WTP thresholds.

Finally, sensitivity analyses support the stability of
the main study results to changes in assumptions
related to the discount rate, frequency of intervention
components, imputation of missing data, and choice of
wiliness to pay threshold for monetarisation of QALYs
(Boxes S3, S4 and Table S3).

Discussion
This study aimed to evaluate the cost-effectiveness of
CYPHP for individuals with asthma, constipation, or
eczema from both the NHS/PSS and societal perspec-
tives, at 6- and 12-months follow-ups. Findings indicate
that at 6 months, CYPHP is not a cost-effective inter-
vention. At 12 months, this result also holds from the
NHS/PSS perspective. Under the societal perspective
(which accounted for time lost from school and work),
CYPHP shows trends towards cost-effectiveness, with
an ICER of £22,966/QALY and a probability of being
cost-effective between 0.4 and 0.6 for a WTP of £20,000/
QALY and £30,000/QALY, respectively. Findings from
the cost-benefit analysis (which considered both CYP
QALYs and parental wellbeing) also are indicative of
positive net monetary benefit of CYPHP at 12 months.
The main trial evaluation found no statistically sig-
nificant difference in health service use and health
related quality of life between CYPHP and EUC. The
economic evaluation, which is not bound by statistical
significance and combines costs and health outcomes,
found slightly more optimistic results on the efficiency
of CYPHP, yet several points warrant caution. The cost-
utility findings at 12 months were characterised by a
high degree of uncertainty, with 40% and 12% proba-
bilities of CYPHP not being cost-effective or dominated,
respectively, at the £30,000/QALY threshold. Under the
NHS perspective at 12 months, both deterministic and
probabilistic results provided further evidence against
the cost-effectiveness of CYPHP (ICER = {45,586/
QALY and a probability of cost-effectiveness of 25%).
Trends towards cost-effectiveness were observed
once the NHS/PSS perspective was expanded to societal
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and effects on children and their families were consid-
ered, including time loss from school and work and
parental wellbeing. The positive results from the cost-
benefit analysis had low levels of uncertainty. CYPHP
also showed signs of cost-effectiveness among in-
dividuals with severe symptoms, with ICERs below
£20,000/QALY across analytic perspectives and time
horizons. The benefits of CYPHP may have been
underestimated in this economic evaluation. The posi-
tive change in study findings between 6- and 12-months
indicate that CYPHP may have a longer-term, rather
than immediate, effect on health outcomes and costs
beyond 12 months. The observed delay in the embed-
ment of CYPHP into real clinical practice may also
explain these results and justify further evaluation. New
health care models and complex interventions need
time to become consolidated and normalised as usual
clinical care. For example, the Sure Start programme in
the UK required around 10 years to fully embed, which
further suggests that the CYPHP trial may have been
conducted too early in implementation.* Previous cost-
effectiveness analyses of integrated paediatric care in the
UK are non-existent, and outside of the UK very scarce.'
A study of 60 children with diabetes type 1 in Sweeden
also detected positive cost-effectiveness signs of inte-
grated care in the longer term driven by improvements
in family’s daily living.*

CYPHP may have also had positive equity impacts,
by addressing unmet need among a particularly
deprived population. CYPHP may have yielded some
positive externalities, such as enhanced workforce ca-
pabilities that are applicable to care delivery beyond
CYPHP, that, if considered, could have contributed to
more positive efficiency results.

The strengths of this study include a rigorous, prag-
matic, cluster RCT study design aimed at minimising the
effect of confounders while assessing the intervention
effects in real clinical practice. Three economic evaluation
techniques (cost-effectiveness, cost-utility, and cost-
benefit) and two analytic perspectives (NHS/PSS and
societal) were used to comprehensively capture the
manifold effects that CYPHP, a complex intervention,
may have had not only on the national health service, but
also on social services, schools, CYP and their families.

The study has several limitations. Firstly, the study
sample was confined to South London, an urban,
ethnically diverse, and deprived geographical area,
which may make findings difficult to transfer to other
health systems, settings or countries. The general-
isability of the result across the UK may depend on the
overlap in sociodemographic characteristics with South
London. Secondly, missing data due to loss to follow-up
may have also influenced study findings. However,
multiple imputation and a complete case sensitivity
analyses supported the stability of our results. Thirdly,
the economic evaluation was focused on children with
tracer conditions, who only represent a portion of the

total population of CYPHP recipients. Analyses consid-
ered intervention components beyond the tracer condi-
tions service (universal services), along with overhead
and set-up costs. These costs were apportioned to avoid
a disproportionate allocation to the subpopulation of
interest. It is unclear if the cost-effectiveness results
reported in this study would hold if the tracer conditions
service was assessed in complete isolation from the
additional CYPHP components that may have facilitated
its implementation. Further research as CYPHP is rol-
led out for asthma is needed. Fourthly, the CYPHP
implementation partially overlapped with the COVID-19
pandemic, which caused disruptions in the types of
services offered. A suboptimal tailoring of CYPHP ser-
vices may have resulted in an underestimation of the
potential true intervention effects on health outcomes
that could have been observed under normal circum-
stances. Finally, two changes to the study protocol”
should be acknowledged. The comparison between
protocolised and actual duration of certain intervention
components, such as the lunch-and-learn sessions or
some training components, could not be conducted due
to lack of data recording. This paper also presents re-
sults on a third subgroup, CYP with high symptoms,
that was not originally listed in the protocol and, thus,
these results should be considered exploratory and
worth further investigation.*

In conclusion, CYPHP was not a cost-effective inter-
vention compared to EUC at 6-months follow-up. How-
ever, at 12 months, it shows trends towards cost-
effectiveness, particularly under the societal perspective
and among children with severe chronic conditions. These
initial results, 12 months post enrolment into the service,
need to be further explored as the model becomes firmly
embedded into the paediatric healthcare delivery system.
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