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Conclusion
The current intervention was not cost-effective compared to usual care to prevent or post-

pone new disabilities over a one-year period. Based on these findings, implementation of

the evaluated multifactorial nurse-led care model is not to be recommended.

Introduction
With the aging of the population and the associated increase in multimorbidity, the prevention
of (new) disability in community-living older persons has received considerable attention.[1]
Disability is defined as difficulty or dependence in performing (instrumental) daily activities
essential for independent living [2], while the occurrence of new physical disabilities is often
referred to as functional decline.[3] Functional decline in older people is associated with loss
of quality of life,[4] loss of independence,[5] and strains on social and economic resources.[6]
It has been suggested that proactive, integrated care provision for community-living older peo-
ple with complex care needs may postpone new disabilities, support independent living, and
curtail health and social costs by preventing, delaying, or reducing hospitalizations and nurs-
ing home admissions.[2, 7–12]

Although some recent studies concluded that multifactorial interventions were not cost-
effective compared to usual care,[13–16] other studies described that they were cost-effective
at high willingness-to-pay ratios.[17–19] Despite conflicting evidence on the (cost-) effective-
ness of multifactorial interventions to prevent or postpone new disabilities as shown in a num-
ber of reviews, [20–27] different proactive strategies are already part of national policy of
elderly care in several Western countries.[28]

Over the last two decades, in the Netherlands, there has been an increasing task delegation
towards registered nurses (RN) working in general practice, especially in the care for patients
with chronic conditions.[29] This has become fertile soil to implement multifactorial nurse-
led interventions to prevent new disabilities in older people. In 2008, the Dutch government
launched the National Care for the Elderly Programme (NCEP) stimulating innovative health-
care projects focused on older people with multifactorial care needs to promote physical, men-
tal and social health and well-being.[30] We designed an intervention to prevent or postpone
new disabilities targeting a community-living primary care population, at increased risk of
functional decline, and offered them geriatric interventions based on current evidence or
guidelines, patient-centered care, and nurse-led care coordination.[20, 23, 25, 31, 32] All these
components were designed based on reviews and meta-analyses of interventions with a benefi-
cial effect on overall functioning. The aim of this study was to investigate the cost-effectiveness
of a multifactorial nurse-led care to prevent or postpone new disabilities in community-living
older people at increased risk of functional decline compared to usual care from a healthcare
perspective alongside a cluster randomized trial.

Methods

Design
We conducted a cost-effectiveness analysis (CEA) and a cost-utility analysis (CUA) from a
healthcare perspective alongside a cluster randomized trial with a one-year follow-up in the
Netherlands. The trial was registered at Trial Registration NTR2653 http://www.trialregister.
nl). The study protocol was approved by the Medical Ethics Committee of the Academic Medi-
cal Center, University of Amsterdam, The Netherlands (protocol ID MEC10/182) and all
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eligible participants signed a written informed postponed consent before inclusion. We pro-
vide a summary of the materials and methods in the current article. A more detailed descrip-
tion of the materials and methods is published in the study protocol.[31] The results of the
trial are published elsewhere.[32]

Setting and participants
The cluster randomized trial was conducted between December 2010 and May 2014, in the
north-west of the Netherlands.[32] Twenty-four general practices who had not implemented
nurse-led integrated care for community-living older people, participated. All participating
general practitioners (GP) invited their patients aged 70 years and over to fill in a self-report
questionnaire after first excluding patients who had a life expectancy less than three months,
suffered from dementia, did not understand Dutch, planned to move or spend a long time
abroad, or lived in a nursing home.[32] Participants who were at increased risk of functional
decline based on a score of two or more on the Identification of Seniors At Risk—Primary
Care (ISAR-PC) were eligible for study participation.[33] The ISAR-PC was developed to iden-
tify community-living older persons at increased risk of functional decline and is validated in
Dutch. It comprises three dichotomous risk factors for functional decline, has a moderate pre-
dictive value, and is easy to use.[33]

Randomization
We performed a computerized stratified cluster randomization procedure, in which practices
were the clusters. We stratified on socio-economic status, number of enlisted patients, and
practitioners in both study groups.[31]

Intervention
The participants from practices randomized to the intervention group received nurse-led multi-
factorial care provided by the community-care registered nurses (CCRN) in addition to the
usual care provided by the GP. The intervention was designed to identify and treat geriatric
problems in an early stage, and to improve care coordination between healthcare professionals.
[31, 32] The program included a comprehensive geriatric assessment (CGA), an individually
tailored care and treatment plan (CTP) consisting of multifactorial interventions, and nurse-led
care coordination with multiple follow-up home visits. The CGA focused on somatic, psycho-
logical, functional and social domains, including a physical examination and performance tests
to identify conditions such as urinary incontinence, memory problems, increased risk of falling,
and loneliness.[31, 32] Possible interventions were referral to a GP, referral to a paramedic, giv-
ing advice, or follow-up visit by the CCRN.[34]

Care as usual
The participants from general practices randomized to the usual care group received no extra
care or information besides usual care. In the Dutch healthcare system, the general practitioner
(GP) plays a central role as the gatekeeper of the healthcare system, (s)he is the first and only
freely accessible medical professional, and people are used to visiting their GP first if they have
a health problem.[35]

Outcome measurements
All data were collected using self-report questionnaires at baseline, six and twelve months. The
primary outcome was participants’ change in (I)ADL measured with the modified Katz-ADL
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index score at one year of follow-up.[36] The modified Katz-ADL index score ranges from
zero to 15 points with higher scores indicating more dependence in (I)ADL. The secondary
outcome included Quality-Adjusted Life-Years (QALYs) based on the EuroQol (EQ-5D-3L)
over one year.[37] The EQ-5D-3L is a five-dimension scale to measure health related quality of
life. Resulting health states were converted to utilities using the Dutch EQ-5D-3L tariff which
was based on a sample of the Dutch general population.[38] The utilities reflect the relative
desirability of a particular health state where 0 indicates death and 1 indicates perfect health.
We calculated QALYs by multiplying the utilities by the amount of time spent in a particular
health state. Changes in health states between measurements were considered to be linear.

Healthcare utilization and costs
Healthcare utilization and associated costs were measured from a healthcare perspective. Dur-
ing one year, healthcare utilization rates were collected using self-report questionnaires at
baseline, six and twelve months to measure the number of GP consultations, the number of
GP visits after hours, the hours of personal care and home nursing received, the number of
days receiving day care and residential care, the number of nursing home admission days, the
number of emergency room visits, and the number of hospital admissions. The EMR of partic-
ipants admitted to one hospital (n = 1421) were used to determine the mean length of stay per
hospital admission at six and twelve months per participant. This data was subsequently used
to calculate the total number of hospital admission days. Dutch standard costs were used to
value healthcare utilization according to Dutch guidelines for costing research.[39] All prices
were adjusted for the year 2016 using consumer price index figures.[40] Cost were calculated
by multiplying the volumes of healthcare utilization with cost prices of that unit. S1 Table lists
the cost categories and prices used in the CEA and the CUA.

To calculate the costs of the intervention, time to identify older persons at increased risk
and time to train nurses for the intervention was valued using salary costs (S2 Table). In addi-
tion, the CCRNs used diaries to fill in the number of visits, and time per visit for each partici-
pant including consultation time with the GP. A top down approach was used by calculating
the total costs of intervention (including the people screened) and dividing this by the total
number of participants in the intervention group.

Statistical analysis
All analyses were performed according to the intention-to-treat principle. Baseline characteris-
tics of participants were described for the two study groups. Missing values for cost and effect
data were imputed using multiple imputation by chained equations (MICE) with predictive
mean matching (PMM).[41, 42] Individual sub costs per category were imputed instead of
total costs to maximize the accuracy of the imputation.[43] We created 50 imputed datasets
that were analyzed separately. The analysis results from the imputed datasets were pooled
using Rubin’s rules.[44]

Seemingly unrelated regression analyses were performed to estimate adjusted cost and
effect differences. Cost and effect differences were adjusted for confounding variables, which
were selected on the basis of causal diagrams. Confounders included baseline values of (i) the
outcome variable, (ii) age, (iii) sex, (iv) education (three categories), and (v) socio-economic
status (three categories).[45] Incremental Cost-Effectiveness Ratios (ICERs) were calculated by
dividing the pooled cost difference by the pooled effect difference. Bias-corrected accelerated
bootstrapping techniques (5000 replications) were used to estimate 95% confidence intervals
around cost and effect differences, and the statistical uncertainty around the ICER. The uncer-
tainty surrounding the ICER was visually presented in the cost-effectiveness (CE) planes.
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Cost-effectiveness acceptability curves (CEAC) were estimated to quantify the uncertainty
due to sampling and measurement errors. The CEAC is a plot of the probability that the inter-
vention is cost-effective in comparison with care as usual (y-axis) as a function of the money
society might be willing to pay for one additional unit of outcome (x-axis). The pooled coeffi-
cients and variance parameters from the regression models were used to estimate the CEACs.
[46]

We used IBM SPSS, Version 20.0 (IBM Corp. 2011) and STATA 13 (StataCorp. 2013. Col-
lege Station, TX) for data analysis.

Results
Eleven practices were randomized to the intervention group and 13 practices were randomized
to the usual care group. In total, 35.2% (1209/3430) of the potential participants in the interven-
tion group and 33.2% (1074/3238) of the potential participants in the usual care group (Fig 1)

Fig 1. Flow of practices and participants through the trial. Eleven practices were randomized to the intervention
group and 13 practices were randomized to the usual care group. In both groups around 35% of the invited persons
were at increased risk of functional decline and participated in the study. In both groups the follow-up rates were around
77% after one year respectively.

https://doi.org/10.1371/journal.pone.0175272.g001
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