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ABSTRACT

Objective To assess the cost of implementation, delivery
and cost-effectiveness (CE) of a flagship community-based
integrated care model (OPEN ARCH) against the usual
primary care.

Design A 9-month stepped-wedge cluster-randomised
trial.

Setting and participants Community-dwelling older
adults with chronic conditions and complex care needs
were recruited from primary care (14 general practices) in
Far North Queensland, Australia.

Methods Costs and outcomes were measured at 3-month
windows from the healthcare system and patient’s out-of-
pocket perspectives for the analysis. Outcomes included
functional status (Functional Independence Measure (FIM))
and health-related quality of life (EQ-5D-3L and AQoL-8D).
Bayesian CE analysis with 10000 Monte Carlo simulations
was performed using the BCEA package in R (V.3.6.1).
Results The OPEN ARCH model of care had an average
cost of $A1354 per participant. The average age of
participants was 81, and 55% of the cohort were men.
Within-trial multilevel regression models adjusted for time,
general practitioner cluster and baseline confounders
showed no significant differences in costs, resource use or
effect measures regardless of the analytical perspective.
Probabilistic sensitivity analysis with 10000 simulations
showed that OPEN ARCH could be recommended over
usual care for improving functional independence at a
willing to pay above $A600 (US$440) per improvement of
one point on the FIM Scale and for avoiding or reducing
inpatient stay for any willingness-to-pay threshold up to
$A50000 (US$36 500).

Conclusions and implications OPEN ARCH was
associated with a favourable Bayesian CE profile in
improving functional status and dependency levels,
avoiding or reducing inpatient stay compared with usual
primary care in the Australian context.

Trial registration number ACTRN12617000198325.

INTRODUCTION

To constrain increases in societal costs associ-
ated with care for frail older adults, govern-
ment policies in many countries within the

WHAT IS ALREADY KNOWN ON THIS TOPIC

= While the concept of integrated care is widely ac-
cepted and descriptive cost studies suggest cost
savings, cost-effectiveness (CE) evidence is limited.

WHAT THIS STUDY ADDS

= Using the Bayesian CE modelling, this study pro-
vides evidence on the CE of a flagship community-
based integrated model of care (the OPEN ARCH
model) delivered in 14 general practices in Far North
Queensland of Australia.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The OPEN ARCH model of care may present a fa-
vourable option for addressing the complex needs
of community-dwelling older adults with chronic
conditions when compared with the usual primary

care in the Australian context.

Organisation for Economic Co-operation
and Development (OECD) aim to support
older adults living independently at home
for as long as possible.' Integrated care
models, most commonly defined as case
management, geriatric assessment or multi-
disciplinary teams have increasingly been
implemented in response to the reactive and
fragmented nature of care systems and the
lack of involvement of older adults in their
care process.”

The mixed methods evidence suggests that
integrated care models could result in better
outcomes and cost savings for society by
preventing or postponing acute care use and
long-term institutionalisation® as an effective
strategy.”® However, the cost-effectiveness
(CE) evidence remains mixed according to
the recent systematic literature review of the
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(cost-)effectiveness of preventive, integrated care for
community-dwelling frail older people.’

Although the concept of integrated care is widely
accepted and descriptive cost studies suggest potential
cost savings,” ' data from adequately executed economic
evaluations is limited."”” Integrated care might be more
cost-effective than usual care after 6'* and 12 months'” '°
if society would be willing to invest substantially. Long-
term effects beyond 24 months remain unknown. By
and large, cost-effectiveness evidence of integrated care
models for community-dwelling frail older adults remains
inconclusive.'*"®

In Australia’s Far North Queensland region, an inte-
grated model of comprehensive geriatric assessment
(CGA), care coordination and rehabilitation was only
available for hospital inpatients. The region has a popu-
lation of 231628 and covers over 80041.5 km?* (30904.2
m®). The major challenge of this region is meeting the
primary health needs of a population that is regionally
dispersed, culturally and socioeconomically diverse,
growing in size and affected by a substantial chronic
disease burden.'” Health services are struggling to cope
with demands, leading to avoidable hospitalisations and
emergency department (ED) presentations particularly
for older people.'? Strivens ¢t al, in a study on care transi-
tions of older people across acute, subacute and primary
care, identified fragmented subacute service provision
and access potentially leading to a perverse incentive for
hospital admissions to access inpatient geriatric services
in the region.”’

A community-based integrated care model (OPEN
ARCH) was developed to address this gap by providing
specialist geriatric assessment, care planning and
enablement in the community for frail older people
with complex needs at risk of hospitalisation or signifi-
cant deterioration. OPEN ARCH successfully prevented
a reduction in quality of life and slowed the functional
decline expected in this population group.”’ However,
it was also expected to result in additional cost. There-
fore, it was important to weigh the balance between
intervention and non-intervention costs with the health
benefits following the integrated care model. This study

aims to provide information on the cost of implementa-
tion, delivery and CE of the OPEN ARCH model of care
compared with the usual primary care using Bayesian CE
modelling.

METHODS

Study design and setting

The cost-effectiveness analysis (CEA) was conducted
alongside a 9-month stepped-wedge cluster-randomised
controlled trial, the OPEN ARCH study. Reporting of the
CEA adheres to the Consolidated Health Economic Eval-
uation Reporting Standards 2022 Statement.*

This trial was registered with the Australian New Zealand
Clinical Trials Registry, number ACTRN12617000198325.
The full protocol for the trial, including a description and
rationale for using the stepped wedge design, has been
reported previously.” A summary is provided below.

Fourteen general practitioners (GPs) in the Far North
Queensland region were randomised into three allo-
cation groups using a computer-generated random
allocation sequence (table 1). At least two GPs were
commencing the intervention at each step to ensure that
the intervention effect estimator maintained the nominal
5% significance level and was reasonably unbiased.”* * A
total of 92 eligible patients were approached to consent
to the study, 12 left the study before its commencement,
80 randomised patients were assessed and 72 completed
the study.

Study participants

Study participants were community-dwelling older
persons aged 70 or 50 and older if Aboriginal and/or
Torres Strait Islander people (hereafter respectfully
Indigenous) identified by their treating GPs as frail,
at risk of imminent functional decline or hospitalisa-
tion, with chronic conditions and complex care needs.
Residents of residential aged care facilities or those
receiving existing specialist geriatrician intervention
and/or care coordination, for example, via the Transi-
tion Care Program,26 were deemed ineligible.

Table 1 Trial profile

Time point (window)

Period 1:
BL (BL-3 months)

Period 2:
Allocation group

3 months (BL+3 months)

Period 3:
6 months (3-6 months)

Period 4:
9 month (6-9 months)

Group 1 e=29 (36%) n=28 (36%)
Group 2 e=26 (33%) n=25 (32%)
Group 3 e=25 (31%) n=24 (31%)
Total 80 (100%) 77 (100%)

n=26 (35%)
n=25 (34%)
n=23 (31%)
74 (100%)

n=24 (33%)
n=25 (35%)
n=23 (32%)
72 (100%)

Note: Shaded cells represent intervention periods; white cells represent control periods. Group 1 included 5 general practitioners (GPs)
and 29 participants. Group 2 included 5 GPs and 26 participants. Group 3 included 4 GPs and 25 participants. Data was collected on each

participant at a 3months point or window depending on the measure.

BL, baseline; e, number of assessed participants; n, number of participants remained in the study.
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Intervention
The OPEN ARCH intervention delivered integrated care
for community-dwelling frail people through systemised
integration of primary and secondary care. This involved
a preventative model of comprehensive assessment, coor-
dination and management by colocated community-
facing specialist geriatric and primary care services.
Participants had been identified by their treating GP as
frail, at risk of imminent functional decline or hospital-
isation, with chronic conditions and complex care needs
and invited to take part in the OPEN ARCH model of
care. Once consented, each participant was assigned an
enablement officer (allied health or nursing) and a geri-
atrician. The OPEN ARCH model involved five stages of
care: identification and referral, CGA, person-directed
care planning, coordination of supports and transfer
of care. The intervention was delivered in the primary
care setting and featured a collaboration between the
patient, treating GP, geriatric specialist and enablement
officer. The full descrigtion of the intervention has been
reported previously.% :

Usual care

Until the start of the intervention, primary care practices
and GPs provided usual care. GPs in Australia act as gate-
keepers for the healthcare system and play an essential
role in the organisation of community aged care. Usual
care may consist of routine visits to GPs, referrals to teams,
such as the Aged Care Assessment Team, or an outpatient
clinic for geriatric assessment without multidisciplinary
care coordination.

Measurement and valuation of resource use

Costs associated with health and social service use

Resource utilisation was collected in 3 months windows,
for 3 months before the intervention, 3, 6 and 9 months
after and included the following items: hospital sepa-
rations with corresponding lengths of stay, ambulance
transfers, ED presentations, the use of allied health, home
and social support services. The data was collected from a
review of hospital records and community clinical charts,
collated by the study manager.

Resource use was costed from two perspectives: the health
system and the health system and individual out-of-pocket
costs, as a sensitivity analysis. Australian standard costs
2018-2019 were used to value resource use.”* Because all
costs and outcomes were observed within the same period,
no discounting was required. Hospital admissions were
assigned Weighted Activity Units (WAUS) using the 2018—
2019 National Efficient Price Determination manual® and
accounting for the actual length of stay derived from the
hospital records. ED presentations were assigned WAUs
associated with the Urgency Related Group code 7, which
represents a typical presentation for this cohort.”® WAUs
were converted to a cost using the 2019-2020 National
Efficient Price of US$5012.28 Ambulance transfer costs
were assigned to each ED presentation where the mode of
arrival was via ambulance. An average cost per transfer of

US$719 was assigned, consistent with Queensland Ambu-
lance Service average costs per incident.”

Allied health occasions of service were costed using the
relevant tier 2 clinic codes,” and patient out-of-pocket
costs for these services were also recorded based on the
Commonwealth Home Support Programme (CHSP) fee
schedule.” The CHSP subsidises services provided to
deliver home and social services to eligible recipients.
The level of funding is per funding agreements negoti-
ated with the provider and the Commonwealth, and as
such, these costs are not publicly available. In the absence
of data on the Commonwealth contribution amounts for
CHSP home and social support services, following expert
advice, a nominal amount of US$40 was assigned to repre-
sent the health service costs of each occasion of service.
Patient out-of-pocket contributions were recorded within
the OPEN ARCH study. Online supplemental appendix A
table A.1 summarises the costs assigned to each resource
use category.

Cost of intervention

The OPEN ARCH intervention cost was estimated per
participant individually using a bottom-up approach.
The cost of the OPEN ARCH intervention included the
cost of geriatric consultations, the time investment from
enablement officers and other support staff, equipment
and materials detailed in online supplemental appendix
A table A.2. The participants from group 1 and group 2
had two geriatric consultations, one of 60min duration
and one review of 30min duration. The participants in
group 3 had one geriatric consultation of 60 min dura-
tion, as they were in the study period for 3 months. They
received a review appointment 6 months outside of the
study period.

The geriatric consultations were costed according to
the 2018 Medicare Benefits Schedule Item 141°' and
148!; software licenses and materials were valued using
the purchase price, and the time investment from enable-
ment officers and other support staff was valued using
national representative salary scales (online supplemental
appendix A table A.1).

Effect measurement and valuation

Effect measurements were administered at 3 months
windows, at baseline, 3, 6 and 9 months. Data was collected
from direct follow-up with the participants. The primary
clinical outcome was a change in functional status and
dependency levels assessed using the Functional Indepen-
dence Measure (FIM), with a score ranging from 18 (total
dependence) to 126 (total independence).32 Secondary
outcomes included changes in health-related quality of
life assessed using two generic multiattribute instruments,
EQ-5D-3L% and AQoL-8D,* with utility scores expressed
as 0 (full health) to 1 (death) derived using Australian
preference weights.

Statistical analysis
We performed a Bayesian CE analysis with the bias-
corrected percentile bootstrapping method (10000
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replications) using the BCEA package in R. We assessed
the CE of each cost-effect pair using the incremental cost-
effectiveness ratios (ICERs). Results were plotted on CE
planes, cost-effectiveness acceptability frontier (CEAF),
expected incremental benefit graph (EIB) and the
expected value of perfect information (EVPI) at the will-
ingness to pay (WTP) of US$25000 per quality-adjusted
life year (QALY) gained.”

» ICERs and CE plane were determined using the

following formula:

ICER (USS$ per effect) = =g (1)

where Cj is the cost occurred during the intervention
phase, Ej is the effect occurred during the intervention
phase, Cc and E, respectively, the costs and effects of the
comparator, usual care. For each cost-effect comparison,
the 10000 simulations were plotted on the CE plane and
the ICER calculated.

» CEAF was calculated to show the probability of being
the most cost-effective option, for the option with the
highest average net benefit.

» EIB is the monetary value of the net benefit of the
intervention and was determined by multiplying the
effect by the WTIP threshold (%), and subtracting the
difference in costs:

EIB (US$) =k (Ef — Ec) — Gy — Cc(2)

» EVPI was calculated to quantify the monetary (US$)
value of reducing uncertainty in the model parame-
ters through additional research. It is calculated by
comparing the EIB of the current decision with the
probable EIB given additional information on the
model parameters. EVPI can be compared with the
EIB (both at specified values of k) to determine if
spending additional money on research to reduce
parameter uncertainty might be worthwhile.

As part of the sensitivity analysis, we plotted CE planes
at four different WTP thresholds, that is, US$0, US$15
000, US$30 000 and US$45000 (online supplemental
appendix B).

The analysis was performed according to the intention-
to-treat principle. Missing data were replaced using five
pooled multiple imputations via the mice package.”
Linear mixed effects models and bootstrapped fixed
effects were performed using the lme4 package.37 All
statistical analyses were performed in STATA V.15 and
R (V.3.6.1). Online supplemental appendix C contains
further details of the statistical analysis.

Power analysis

A power analysis was conducted to determine the ability
to detect a clinically meaningful difference in FIM and
EQ-bD-3L. Power analysis was performed using the
swCRTdesign38 package (online supplemental appendix
C).

Patient and public involvement
Patients were not involved in the design of this study.

RESULTS

Participants

Table 2 provides the baseline characteristics of partici-
pants and differences across the allocation groups. The
average age of participants was 81, 55% of the cohort were
male and 15% identified as Aboriginal or Torres Strait
Islander people. After the randomisation, significant
differences were observed between the groups, including
Indigenous status, English as a primary language, income
source, caring situation and home support. For example,
group 3 had fewer participants receiving pension and
carer support when compared with group 1 and group 2,
none were identified as Indigenous.

Effects

No statistically significant differences were observed in
the effect measures between intervention and usual care
phases (table 3). Although not statistically significant,
FIM showed improvement in the intervention group.

Resource use

No statistically significant differences were observed
in the resource use between intervention and usual
care phases (table 3). Inpatient discharges and a corre-
sponding average length of stay were lower in the inter-
vention phases than in the usual care phases, although
not statistically significant.

Costs

The average cost of the intervention was estimated to be
US$1354 per person, ranging from US$703 to US$2575
(SD US$581). The adjusted mean difference in total
costs between the intervention and usual care phases
was US$1756 (p=0.109) and US$1811 (p=0.099) from
the healthcare system perspective and a personal out-of-
pocket perspective, respectively. Still, the results were not
significant (table 3). Apart from the intervention cost,
the cost of inpatient stay was the principal costs driver,
accounting for around 60% of the mean total costs.
Inpatient costs were somewhat lower in the intervention
phases than usual care by US$227 (p=0.814), although
not statistically significant.

CE analysis

Table 4 and figures 1.1, 1.2 and 1.3 present the results
of the CE analysis within the trial period. After adjusting
for covariates, within-trial analyses showed that the OPEN
ARCH intervention was associated with higher, but not
significantly, total costs regardless of the adapted perspec-
tive. For the CE analysis, we selected three outcomes that
had shown some improvement during the intervention
phase. These were FIM, inpatient stay and average length
of stay (ALOS) (table 4).

Functional Independence Measure (FIM)

Figure 1.1 plots the ICER, EIB, CEAF and EVPI for
the change in the FIM during the intervention phase
compared with the control phase. The 10000 Monte
Carlo simulation on the CE plane shows the ICER of
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Table 2 Baseline characteristics by allocation group

Group 1,n=29  Group 2, n=26 Group 3, n=25

Characteristic Total n=80 (100%) (100%) (100%) P value*
Age, mean+SD 80.71+7.06 80.37+6.2 79.15+9.46 82.72+4.36 0.189
Female, % 44 (55) 19 (65.52) 12 (46.15) 13 (52.0) 0.340
Indigenous, % 12 (15) 6 (20.69) 6 (23.08) 0 (0) 0.039
Primary language of English, % 77 (96.25) 0 (0) 3 (11.54) 0(0) 0.039
Income source, %

Pension 57 (71.25) 25 (86.21) 20 (76.92) 12 (48.0) 0.024

Part pension 17 (21.25) 1(3.45) 6 (23.08) 10 (40.0)

Self-funded 6 (7.5) 3(10.34) 0 (0) 3(12.0)
Living situation, %

Alone 28 (35) 12 (41.38) 6 (23.08) 10 (40.0) 0.572

Family 14 (17.5) 5 (17.24) 6 (23.08) 3(12.0)

Partner 38 (47) 12 (41.38) 14 (53.85) 12 (48.0)
Caring situation, %

Cares for others 3 (3.75) 1 (3.45) 2 (7.69) 0 (0) 0.007

Family carer 23 (28.75) 8 (27.59) 12 (46.15) 3(12.0)

No carer 54 (67.5) 20 (68.97) 12 (46.15) 22 (88.0)
Home support, % 51 (64.56) 11 (37.93) 20 (76.92) 20 (83.33) 0.001
Carer support, % 11 (13.92) 6 (20.69) 2 (7.69) 3 (12.5) 0.379
Allied health, % 36 (45.57) 15 (51.72) 9 (34.62) 12 (50.0) 0.398
Advanced care plan, % 10 (12.5) 4 (13.79) 5(19.23) 14) 0.257
MMSE, mean+SD range 0-30 26.97 (4.39) 27.88 (1.72) 25.5 (6.57) 27.43 (3.45) 0.154

*Difference determined by %2 or analysis of variance at 0.05 level of significance.

US$535 per improvement of one point on the FIM Scale
from the health system perspective. From the health
system and personal perspective, the ICER was compa-
rable (US$548), online supplemental appendix A figure
1. Most FIM cost-effect pairs were located in the CE
plane’s southwest quadrant (less costly, less effective).

At the WTP of US$25 000, EIB was —US$54422 from
the health system perspective and -US$54311 from the
health system and personal perspective. An optimal
strategy would be to choose usual care for WIP below
US$600 and OPEN ARCH intervention for WIP equal to
or above US$600 per point improvement in FIM regard-
less of the adopted perspective.

The probability of OPEN ARCH being considered
more cost-effective than the usual care was 86% at a
WTP of US$0/point improvement, and this reduced
to 13% at a WTP of US$15000 and US$30 000/ point
improvement and 12% at a WTP of US$40 000/point
improvement. Probabilities did not change with the
adapted perspective. Typically, low values of the CEAC
indicate the presence of a large amount of parameter
uncertainty.39 At a WTP of US$25 000, EVPI for the
FIM was US$2895 from the health system perspective
and US$2980 from the health system and personal
perspective.

Inpatient stay

Figure 1.2 shows the results of the CE analysis for
the inpatient stay. The estimated ICER for inpatient
stay was US$9597 from the health system perspective,
meaning that one avoided inpatient stay due to OPEN
ARCH intervention was associated with an additional
cost of US$9597 compared with usual care. The ICER
for inpatient stay from the health system and personal
perspective was US$9528 (online supplemental
appendix A figure 1). Most inpatient cost-effect pairs
were located in the southeast quadrant (less costly,
more effective).

At a WTP of US$25 000, the EIB was US$4341 from
the health system perspective and US$4353 from the
health system and personal perspective. The proba-
bility that the intervention phases were considered
more cost-effective than the usual care phases was 86%
at the WTP of US$0/avoided stay, 92% at the WTP of
US$15 000/avoided stay, 89% at the WTP of US$25 000
and US$30 000/avoidedstay and 87% the WTP of
US$40 000/avoided stay. Probabilities did not change
with the adapted perspective. At a WIP of US$25 000,
EVPI was US$163 from the health system perspective
and US$174 from the health system and personal
perspective.

Kinchin |, et al. Integ Health J 2022;4:€000137. doi:10.1136/ihj-2022-000137

yBLAdoD Ag pa1oaloid "AISIBAIUN Y00 Sawer 18 £202 ‘TE Arenuer uo /wod fwg yy/:dny woiy papeojumod "2Z0Z J8qWaAoN 8T U0 ZET000-2202-Iuy9sTT 0T st paysiiand 1s1y ¢ yijeaH Baju


https://dx.doi.org/10.1136/ihj-2022-000137
https://dx.doi.org/10.1136/ihj-2022-000137
https://dx.doi.org/10.1136/ihj-2022-000137
https://dx.doi.org/10.1136/ihj-2022-000137
http://ihj.bmj.com/

I

Open access

Table 3 Summary of the costs and outcomes

Cntrl (n=156)

Intvn (n=164)

Crude mean

Unadjusted mean Adjusted mean

Outcome Mean SD Mean SD diff* (P value) difft (P value) difft (P value)
Effect

Functional independence 109.718 27.641 107.128 29.790 -2.590 (0.421) 3.312(0.452) 3.583 (0.410)
Health utility (AQoL-8D) 0.670 0.195 0.651 0.206 —0.019 (0.404) -0.007 (0.807) —0.008 (0.761)
Health utility (EQ-5D-3L) 0.719 0.204 0.739 0.208 0.020 (0.388)  -0.013 (0.723) —-0.015 (0.674)
Resource use

Inpatient, n 0.301 0.953 0.232 0.740 —0.070 (0.465) -0.065 (0.619) —0.089 (0.496)
ALOS, days 1.109 4111 0.640 2.277 —-0.469 (0.205) -0.302 (0.589) -0.415 (0.482)
Ambulance, n 0.173 0.535 0.171 0.465 —0.002 (0.967) 0.093 (0.298) 0.058 (0.510)
ED, n 0.250 0.678 0.226 0.754 —-0.024 (0.762) 0.125 (0.327) 0.069 (0.577)
Allied health service, n 2.513 6.819 2.750 9.085 0.237 (0.793)  0.577 (0.612) 0.782 (0.502)
Home/social support service, n 12.603  32.947 14.701  33.760 2.099 (0.574) 2.352 (0.204) 1.749 (0.356)
Cost ($A)t

Inpatient 1767 6428 1233 4265 -535 (0.379) -171 (0.856) —227 (0.814)
Ambulance 125 385 128 334 -2 (0.967) 67 (0.298) 42 (0.510)

ED 243 659 219 732 —-24 (0.762) 121 (0.327) 67 (0.577)
Allied health service 299 710 391 1358 92 (0.450) 161 (0.340) 189 (0.279)
Home/social support service 506 1320 588 1350 82 (0.584) 92 (0.218) 67 (0.375)
Intervention - - 1354 581 - - -

Total HS 2940 7345 2554 5199 —-386 (0.587) 214 (0.846) 267 (0.806)
Patient OOP 149 428 165 427 16 (0.742) 28 (0.094) 22 (0.213)
Total HS and OOP 3089 7437 2719 5317 —-370 (0.608) 238 (0.830) 317 (0.772)
Total HS including intervention 2940 7345 3908 5224 968 (0.174) 1747 (0.116) 1756 (0.109)
Total HS and OOP including 3089 7437 4073 5341 984 (0.173) 1793 (0.110) 1811 (0.099)

intervention

*Intervention—-Control.

TBased on an unadjusted and adjusted linear mixed effects model with fixed effect of time and treatment and random effect of group,
with a nested random effect of general practitioner cluster in group, and participant ID. In the adjusted model, we included age, gender,

indigenous status, primary language, income source, living situation, home support, carer support, allied health, advanced care plan and

MMSE as covariates.
FRounded up to the nearest dollar.

ALOS, average length of stay; Cntrl, control phases; ED, emergency department; HS, health system; Intvn, intervention phases; OOP, out

of pocket.

Average length of stay (ALOS)

The estimated ICER for ALOS was US$1922 per day reduc-
tion from the health system perspective (figure 1.3) and
US$1876 per day reduction from the health system and
personal perspective (online supplemental appendix A
figure 1). Mosty of inpatient cost-effect pairs were located
in the southeast quadrant (less costly, more effective).

At a WTP of US$25 000, the EIB was US$17 082 from
the health system perspective, US$17086 from the
health system and personal perspective and the EVPI was
US$970 from the health system perspective and US$1060
from the health system and personal perspective at the
WTP of US$25000. The probability that OPEN ARCH
could be considered more cost-effective than the usual
care in reducing the length of hospital stay was 87, and
86% at the WIP of US$0/reduced stay from the health
system perspective and the health system and personal

perspective respectively; 88% and 87% at the WTP of
US$15 000/reduced stay; 87% and 86% at the WTP of
US$25000 and US$30,000/reduced stay; and 87% and
86% the WTP of US$40 000/reduced stay.

DISCUSSION

The increasing number of older people with multiple
chronic health conditions and complex needs puts
growing pressure on health and social care. A growing
body of research suggests that integrated care models can
result in better outcomes and cost savings for society by
preventing or postponing acute care use and long-term
initialisation.” This research is the first to examine the CE
of implementing a flagship community-based integrated
model of care for older people with multiple chronic
conditions and complex care needs in the Far North
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model; WTP, willingness to pay.

Queensland region of Australia. Fourteen GPs led the new
integrated care model into practice. The intention was
to reduce potentially preventable hospital use by moving
specialist care out of hospitals and into the community.
The aim was to improve coordination between service
providers to make care flexible and responsive to the
needs of local populations. The reduction of hospital
use among older frail people with chronic conditions has
previously shown improvement in their quality of life.** *!

This flagship model of care had an average cost of
$A1354 per participant. The average age of participants
was 81, 55% of the cohort were men. Within-trial anal-
ysis showed no significant differences in resource use and
effect measures between the intervention (OPEN ARCH)
and control phases (usual primary care). At the same
time, FIM, inpatient stay and ALOS outcomes demon-
strated a positive shift. These outcomes were further
tested in Bayesian CE modelling.

Bayesian CE modelling with 10000 Monte Carlo simu-
lations showed that if decision-makers are willing to pay
above $A600 per improvement of one point on the FIM
Scale, the OPEN ARCH model of care could be recom-
mended over usual primary care for older people with
multiple chronic conditions and complex care needs.
Further, OPEN ARCH could be recommended over usual
care to avoid or reduce inpatient stay for any WIP a
threshold of up to $A50000. The impact of OPEN ARCH
on improving health-related quality of life remained
inconclusive and discussed elsewhere.*

Evaluation results of the OPEN ARCH model of care
were broadly consistent with other evaluations of inte-
grated care or home visiting programmes aimed at frail
older adults."*"? ¥ ¥ * For example, the Vanguard ‘New
Care Models’ was one of the large-scale programmes to
integrate health and social care services rolled out across
fifty local areas in England.* Similarly to OPEN ARCH,
the first evaluation of the Vanguard programme ‘achieved
only some of its aims but took time to show an effect’.**
The programme slowed the rise in emergency admissions
to hospital among care home residents. Still, it did not
significantly reduce total bed days.

Evaluations of integrated care initiatives have been often
criticised for being too short to allow full implementation
or have an effect on outcomes.”” Mixed-method studies
have highlighted that integrated models of care can take
time to be operationalised before generating expected
results,”® further suggesting that ‘integrated care poli-
cies should not be relied on to make large reductions in
hospital activity in the short-run’.** Previous studies evalu-
ating preventative home visits without an integrated care
approach found that such interventions resulted in lower
costs only in the third year of follow-up.' ¥’

It is worth mentioning that the average age of the
participants in this study was 81 years old. An earlier start
with OPEN ARCH in the community might result in more
significant changes in resource use, functional indepen-
dence and health-related quality of life. It may also be that
it takes longer than the follow-up of 9months before the

Kinchin |, et al. Integ Health J 2022;4:€000137. doi:10.1136/ihj-2022-000137
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Figure 1.1: CE plane, CEAF, EIB and EVPI Figure 1.2: CE plane, CEAF, EIB and EVPI Figure 1.3: CE plane, CEAF, EIB and EVPI
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Figure 1

Cost-effectiveness (CE) plane, cost-effectiveness acceptability frontier (CEAF), expected incremental benefit graph

(EIB) and expected value of perfect information (EVPI) from health system perspective Note: (A) CE plane. Each point represents
the result of a simulation. The line in the plot represents the willingness-to-pay threshold, with slope equal to the value of
US$25000. Points below the line are cost-effective while those above it are not. (B) EIB; (C) CEAF; (D) EVPI.

development of local networks, the building of expertise,
and the use of preventative actions as initiated within the
model lead to clinical effects and cost savings. Increasing
the impact of a care model depends not only on the effec-
tiveness of its components but also on the extent and
quality of its implementation.” These assumptions are
speculative and require empirical testing. A discussion of
other potential reasons had been provided elsewhere.**

Some limitations should be considered when inter-
preting the results of this study. Despite positive feedback
from participants and their carers, the OPEN ARCH trial
achieved a non-statistically significant effect on health-
care utilisation, functional status and quality of life.*' We
followed recommendations for presenting non-significant
results in practice™ and applied Bayesian CE modelling
to further examine the impact of the intervention with
10000 simulations. Model-based CEA is ideally posi-
tioned to explain how well an intervention could work.*
A long-term mixed methods evaluation of OPEN ARCH
is warranted to confirm its CE profile. If GP practice
randomisation is employed in future evaluations, greater
attention should be paid to the participant recruitment
process to reduce selection bias.

CONCLUSIONS AND IMPLICATIONS

We conclude by acknowledging that Bayesian model-
ling demonstrated the potential CE of the OPEN ARCH
model of care compared with usual primary care for older
people with multiple chronic conditions and complex

care needs. The CE profile resonated with qualitative
findings obtained from participants and their carers.”'

Improving care for older patients with complex care
needs and multimorbidity is a high priority worldwide.
Developing evidence-based integrated care programmes
for people at high risk that are effective and cost-effective
is crucial. This study echoes the challenges in evalu-
ating complex interventions designed for older people.
It contributes to the growing work in evaluating health
and social care services using a pragmatic stepped-wedge
cluster-randomised trial design and model-based CE anal-
ysis as an evaluation tool in advancing this priority.

Author affiliations

'Centre for Health Policy and Management, Trinity College Dublin, the University of
Dublin, Dublin, Ireland

ZCentre for Improving Palliative, Aged and Chronic Care through Clinical Research
and Translation (IMPACCT), University of Technology Sydney, Sydney, NSW, Australia
%School of Psychology, Trinity College Dublin, the University of Dublin, Dublin, Ireland
“Centre for Health Economics Research and Evaluation (CHERE), University of
Technology Sydney, Sydney, NSW, Australia

SCairns and Hinterland Hospital and Health Service, Cairns, Queensland, Australia
6College of Public Health, Medicine and Veterinary Sciences, James Cook University,
Cairns, QLD, Australia

"College of Medicine and Dentistry, James Cook University, Cairns, QLD, Australia

Contributors Cost-effectiveness study concept and design: IK and EM. Acquisition
of data: JM and FT. Analysis and interpretation of data: IK, SK and EM. Drafting

of the manuscript: IK and SK. Critical revision of the manuscript for important
intellectual content: IK, SK, EM, RV, JM, FT and ES. Guarantor: IK

Funding The Queensland Health Integrated Care Innovation Fund and the North
Queensland Primary Healthcare Network funded this trial. IK appointment is funded
by the Health Research Board (ARPP-2020-011). IK commenced this study as

8

Kinchin |, et al. Integ Health J 2022;4:6000137. doi:10.1136/ihj-2022-000137

1ybuAdoo Ag pa1oaiold "ANSIBAIUN Y00D sawer 18 €20z ‘TE Arenuer uo jwod wqglyly/:dny wouy papeojumoq "Z2z0z JoquaAoN 8T U0 ZE£T000-2202-IUy9STT 0T sk paysignd 1siy ;¢ yyeaH Baju)


http://ihj.bmj.com/

part of her joint appointment at the Centre for Health Economics Research and
Evaluation (CHERE) and the Centre for Improving Palliative, Aged and Chronic Care
through Clinical Research and Translation (IMPACCT) at the University of Technology
Sydney.

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s)

Ethics approval This study involves human participants. The study received
approval from the Far North Queensland Human Research Ethics Committees
(HREC/17/QCH/104-1174), ratified by the University of Technology Sydney, Human
Research Ethics Expedited Review Committee (ETH19-3924). Participants gave
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Irina Kinchin http://orcid.org/0000-0003-0133-2763

REFERENCES

1 Organisation for Economic Co-operation and Development, Health
Reform. Meeting the challenge of ageing and multiple morbidities.
OECD Publishing, 2011.

2 World Health Organization (WHO). Integrated care models: an
overview. WHO Regional Office for Europe Copenhagen, Denmark;
2016.

3 Oeseburg B, Wynia K, Middel B, et al. Effects of case management
for frail older people or those with chronic illness: a systematic
review. Nurs Res 2009;58:201-10.

4 Bodenheimer T, Fernandez A. High and rising health care costs. Part
4: can costs be controlled while preserving quality? Ann Intern Med
2005;143:26-31.

5 Bodenheimer T, Wagner EH, Grumbach K. Improving primary care for
patients with chronic illness: the chronic care model, part 2. JAMA
2002;288:1909-14.

6 Fried LP, Ferrucci L, Darer J, et al. Untangling the concepts of
disability, frailty, and comorbidity: implications for improved targeting
and care. J Gerontol A Biol Sci Med Sci 2004;59:M255-63.

7 Looman WM, Huijsman R, Fabbricotti IN. The (cost-)effectiveness of
preventive, integrated care for community-dwelling frail older people:
A systematic review. Health Soc Care Community 2019;27:1-30.

8 Barrett DL, Secic M, Borowske D. The gatekeeper program:
proactive identification and case management of at-risk older adults
prevents nursing home placement, saving healthcare dollars program
evaluation. Home Healthc Nurse 2010;28:191-7.

9 Béland F, Bergman H, Lebel P, et al. A system of integrated care for
older persons with disabilities in Canada: results from a randomized
controlled trial. J Gerontol A Biol Sci Med Sci 2006;61:367-73.

10 Bernabei R, Landi F, Gambassi G, et al. Randomised trial of impact
of model of integrated care and case management for older people
living in the community. BMJ 1998;316:1348-51.

11 Counsell SR, Callahan CM, Tu W, et al. Cost analysis of the geriatric
resources for assessment and care of elders care management
intervention. J Am Geriatr Soc 2009;57:1420-6.

12 Landi F, Onder G, Russo A, et al. A new model of integrated home
care for the elderly: impact on hospital use. J Clin Epidemiol
2001;54:968-70.

13 van Leeuwen KM, Bosmans JE, Jansen APD, et al. Cost-
Effectiveness of a chronic care model for frail older adults in primary

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

care: economic evaluation alongside a Stepped-Wedge cluster-
randomized trial. J Am Geriatr Soc 2015;63:2494-504.

Melis RJF, Adang E, Teerenstra S, et al. Cost-Effectiveness of a
multidisciplinary intervention model for community-dwelling frail
older people. J Gerontol A Biol Sci Med Sci 2008;63:275-82.
Drubbel I, Neslo REJ, al BNe. Economic evaluation of a proactive
patient-centered primary care program for frail older patients:
cost-effectiveness analysis alongside the U-PROFIT randomised
controlled trial 2013:155-80.

Uittenbroek RJ, van Asselt ADI, Spoorenberg SLW, et al. Integrated
and Person-Centered care for Community-Living older adults: a
cost-effectiveness study. Health Serv Res 2018;53:3471-94.
Ruikes FGH, Adang EM, Assendelft WJJ, et al. Cost-Effectiveness of

a multicomponent primary care program targeting frail elderly people.

BMC Fam Pract 2018;19:62.

Makai P, Looman W, Adang E, et al. Cost-Effectiveness of integrated
care in frail elderly using the ICECAP-O and EQ-5D: does choice of
instrument matter? Eur J Health Econ 2015;16:437-50.

Northern Queensland Primary Health Network. Health needs
assessment 2022-24. Northern Queensland phn Cairns; 2021.
Strivens E, Harvey D, Foster M. Analysing sub-acute and primary
health care interfaces — research in the elderly. ASPIRE study.
Canberra: Australian Primary Health Care Research Institute, 2015.
Quigley R, Russell S, Harvey D, et al. OPEN ARCH integrated care
model: experiences of older Australians and their carers. Aust J Prim
Health 2021;27:236-42.

Husereau D, Drummond M, Augustovski F, et al. Consolidated
Health Economic Evaluation Reporting Standards 2022 (CHEERS
2022) Statement: Updated Reporting Guidance for Health Economic
Evaluations. Clin Ther 2022;44:158-68.

Kinchin |, Jacups S, Mann J, et al. Efficacy and cost-effectiveness
of a community-based model of care for older patients with
complex needs: a study protocol for a multicentre randomised
controlled trial using a stepped wedge cluster design. Trials
2018;19:668.

Barker D, D'Este C, Campbell MJ, et al. Minimum number of clusters
and comparison of analysis methods for cross sectional stepped
wedge cluster randomised trials with binary outcomes: a simulation
study. Trials 2017;18:119.

Barker D, McElduff P, D'Este C, et al. Stepped wedge cluster
randomised trials: a review of the statistical methodology used and
available. BMC Med Res Methodol 2016;16:69.

Department of Health. Transition care programme, 2019. Available:
https://agedcare.health.gov.au/programs-services/flexible-care/
transition-care-programme

Mann J, Quigley R, Harvey D, et al. OPEN ARCH: integrated care at
the primary-secondary interface for the community-dwelling older
person with complex needs. Aust J Prim Health 2020;26:104-8.
Independent Hospital Pricing Authority,. National efficient price
determination 2018-19. Canberra: IHPA, 2018.

Queensland Ambulance Service. Public performance indicators
financial year ending June 2019. Brisbane Queensland Government;
2019.

Department of Health. Commonwealth home support programme,
program manual 2018. Canberra Commonwealth of Australia; 2018.
Department of Health, Australian Goverment. Medicare benefits
schedule (Mbs); 2018.

Queensland Health. Functional Indendence measure (FIM), 2017.
Available: http://gheps.health.gld.gov.au/tville/cdsu/clinical-forms/
docs/cf-fim-record.pdf

EuroQol Group. EuroQol--a new facility for the measurement of
health-related quality of life. Health Policy 1990;16:199-208.
Hawthorne G, Richardson J, Osborne R. The assessment of quality
of life (AQoL) instrument: a psychometric measure of health-related
quality of life. Qual Life Res 1999;8:209-24.

Edney LC, Haji Ali Afzali H, Cheng TC, et al. Estimating the reference
incremental cost-effectiveness ratio for the Australian health system.
Pharmacoeconomics 2018;36:239-52.

van Buuren S, Groothuis-Oudshoorn K. Mice: multivariate
imputation. Journal of Statistical Software 2011;45:1-67.

Bates D, Mé&chler M, Bolker B, et al. Fitting Linear Mixed-Effects
Models Using Ime4. J Stat Softw 2015;67:1-48.

Hughes J, Hakhu NR, Voldal E. swCRTdesign: stepped wedge
cluster randomized trial (SW crt) design. R package version 3.1,
2019. Available: https://CRAN.R-project.org/package=swCRTdesign
Baio G. Bayesian methods in health economics. CRC biostatistics
series. Boca Raton, FL, USA: Chapman & Hall, 2013.

McPake B, Mahal A. Addressing the needs of an aging population

in the health system: the Australian case. Health Syst Reform
2017;3:236-47.

Kinchin |, et al. Integ Health J 2022;4:€000137. doi:10.1136/ihj-2022-000137

“ybuAdoo Aq pa1oa10id ‘AlsIaAluUN Y00D sawer 1e £20z ‘TE Alenuer uo jwod fwg lyy/:dny wol) papeojumoq ‘2z0z JoquianoN 8T U0 ZET000-2202-[Yy9sTT 0T Se paysiignd 1s11 :¢ YieaH Baju|


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0133-2763
http://dx.doi.org/10.1097/NNR.0b013e3181a30941
http://dx.doi.org/10.7326/0003-4819-143-1-200507050-00007
http://dx.doi.org/10.1001/jama.288.15.1909
http://dx.doi.org/10.1093/gerona/59.3.M255
http://dx.doi.org/10.1111/hsc.12571
http://dx.doi.org/10.1097/01.NHH.0000369772.41656.4e
http://dx.doi.org/10.1093/gerona/61.4.367
http://dx.doi.org/10.1136/bmj.316.7141.1348
http://dx.doi.org/10.1111/j.1532-5415.2009.02383.x
http://dx.doi.org/10.1016/s0895-4356(01)00366-3
http://dx.doi.org/10.1111/jgs.13834
http://dx.doi.org/10.1093/gerona/63.3.275
http://dx.doi.org/10.1111/1475-6773.12853
http://dx.doi.org/10.1186/s12875-018-0735-4
http://dx.doi.org/10.1007/s10198-014-0583-7
http://dx.doi.org/10.1071/PY20203
http://dx.doi.org/10.1071/PY20203
http://dx.doi.org/10.1016/j.clinthera.2022.01.011
http://dx.doi.org/10.1186/s13063-018-3038-0
http://dx.doi.org/10.1186/s13063-017-1862-2
http://dx.doi.org/10.1186/s12874-016-0176-5
https://agedcare.health.gov.au/programs-services/flexible-care/transition-care-programme
https://agedcare.health.gov.au/programs-services/flexible-care/transition-care-programme
http://dx.doi.org/10.1071/PY19184
http://qheps.health.qld.gov.au/tville/cdsu/clinical-forms/docs/cf-fim-record.pdf
http://qheps.health.qld.gov.au/tville/cdsu/clinical-forms/docs/cf-fim-record.pdf
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://dx.doi.org/10.1023/A:1008815005736
http://dx.doi.org/10.1007/s40273-017-0585-2
http://dx.doi.org/10.18637/jss.v067.i01
https://CRAN.R-project.org/package=swCRTdesign
http://dx.doi.org/10.1080/23288604.2017.1358796
http://ihj.bmj.com/

41 Giles LC, Halbert JA, Gray LC, et al. The distribution of health 45 Damery S, Flanagan S, Combes G. Does integrated care reduce
services for older people in Australia: where does transition care fit? hospital activity for patients with chronic diseases? an umbrella
Aust Health Rev 2009;33): :572-82. . review of systematic reviews. BMJ Open 2016;6:011952.

42 Mann J, Thompson F, McDermott R. Patient level outcomes of an 46 Edwards N. Lessons from integrated care pilots in England. J Integr
integrated model for older people with complex needs: a stepped- Care 2019;28:2-6.
vaae;:(lgge cluster randomised controlled trial. Journal of Integrated 47 Stuck AE, Minder CE, Peter-Wiiest |, et al. A randomized trial of

: - . L in-home visits for disability prevention in community-dwelling older

43 Bouman A, Yan Rossum E, Evers S, et al. Multidimensional geriatric people at low and high risk for nursing home admission. Arch Intern
assessment: back to the future effects on health care use and Med 2000-160:977-86
associated cost of a home visiting program for older people with © ’ -5 7E0- ) L )
poor health status: a randomized clinical trial in the Netherlands. J 48 Krebs E, Nosyk B. Cost-Effectiveness analysis in implementation
Gerontol A Biol Sci Med Sci 2008;63:291-7. science: a research agenda and call for wider application. Curr HIV/

44 Morciano M, Checkland K, Billings J, et al. New integrated care AIDS Rep 2021;18:176-85. _
models in England associated with small reduction in hospital 49 Tello M, Zaiem F, Tolcher MC, et al. Do not throw the baby out with
admissions in longer-term: a difference-in-differences analysis. the Bath water: a guide for using non-significant results in practice.
Health Policy 2020;124:826-33. Evid Based Med 2016;21:161-2.

10 Kinchin |, et al. Integ Health J 2022;4:¢000137. doi:10.1136/ihj-2022-000137

1ybuAdoo Ag pa1oaiold "ANSIBAIUN Y00D sawer 18 €20z ‘TE Arenuer uo jwod wqglyly/:dny wouy papeojumoq "Z2z0z JoquaAoN 8T U0 ZE£T000-2202-IUy9STT 0T sk paysignd 1siy ;¢ yyeaH Baju)


http://dx.doi.org/10.1071/ah090572
http://dx.doi.org/10.1093/gerona/63.3.291
http://dx.doi.org/10.1093/gerona/63.3.291
http://dx.doi.org/10.1016/j.healthpol.2020.06.004
http://dx.doi.org/10.1136/bmjopen-2016-011952
http://dx.doi.org/10.1108/JICA-10-2019-0044
http://dx.doi.org/10.1108/JICA-10-2019-0044
http://dx.doi.org/10.1001/archinte.160.7.977
http://dx.doi.org/10.1001/archinte.160.7.977
http://dx.doi.org/10.1007/s11904-021-00550-5
http://dx.doi.org/10.1007/s11904-021-00550-5
http://dx.doi.org/10.1136/ebmed-2016-110510
http://ihj.bmj.com/

	Cost-­effectiveness of a community-­based integrated care model compared with usual care for older adults with complex needs: a stepped-­wedge cluster-­randomised trial
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Study participants
	Intervention
	Usual care
	Measurement and valuation of resource use
	Costs associated with health and social service use
	Cost of intervention

	Effect measurement and valuation
	Statistical analysis
	Power analysis
	Patient and public involvement

	Results
	Participants
	Effects
	Resource use
	Costs
	CE analysis
	Functional Independence Measure (FIM)
	Inpatient stay
	Average length of stay (ALOS)


	Discussion
	Conclusions and implications
	References


