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Abstract

Background: Educational interventions can reduce potentially inappropriate medication (PIM) use in older people. Their
effectiveness has been measured mainly as changes in PIM use. In this economic evaluation, we analyse the impact of an
educational intervention in terms of costs and quality-adjusted life years (QALYs).
Methods: The educational intervention consisted of activating and interactive training sessions for nursing staff and consulting
physicians, and was compared with treatment as usual (TAU). Participants (n = 227) in a cluster randomised trial (cRCT)
were residents living permanently in assisted living facilities (n = 20 wards). For economic evaluation, participants’ healthcare
service use costs and costs for the intervention were estimated for a 12 month period. Incremental cost-effectiveness ratios
(ICERs) were estimated for QALYs per participant. Cost-effectiveness analysis was conducted from a healthcare perspective. A
bootstrapped cost-effectiveness plane and one-way sensitivity analysis were undertaken to analyse the uncertainty surrounding
the estimates.
Results: The educational intervention was estimated to be less costly and less effective in terms of QALYs than TAU at the
12 month follow-up [incremental costs –e1,629, confidence interval (CI) –e5,489 to e2,240; incremental effect −0.02,
CI –0.06 to 0.02]. The base case ICER was >e80,000/QALY.
Conclusion: The educational intervention was estimated to be less costly and less effective in terms of QALYs compared with
TAU, but the results are subject to some uncertainties. Reduction in PIM use or benefits in quality of life did not seem to
translate into improvements in QALYs. Our findings emphasise the need for better understanding of the impact of decreasing
PIM use on health outcomes.

Keywords: economic evaluation, older people, educational intervention, implementation intervention, potentially inappro-
priate medication

Key Points

• Educational interventions have been studied mainly in terms of potentially inappropriate medication (PIM) use rather than
health outcomes or costs.

• Educational intervention was estimated to be less costly and less effective in terms of quality-adjusted life years (QALYs),
compared with usual treatment.

• We found that reduction in PIM use or benefits in terms of quality of life did not seem to translate into improvements in
QALYs.

• Although QALYs are commonly used in economic evaluations, they might not be suitable in end-of-life care of frail older
people.
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Introduction

Medication of older people is defined as potentially inap-
propriate if the associated risks outweigh the potential ben-
efits [1]. Potentially inappropriate medication (PIM) use
is associated with adverse drug events, reduced cognitive
and physical functioning, decreased quality of life (QoL),
hospitalisation and mortality [2–4], and thus with increased
healthcare utilisation and costs [5], and higher medication
costs [6, 7]. The prevalence of PIM use in Europe is >20% in
community-dwelling older people and 49% in older people
living in nursing homes [8, 9], and in the USA the prevalence
is even higher [10, 11].

The effectiveness of implementation interventions to
reduce PIM use has been widely studied. Implementation
interventions are usually categorised into medication review
services, multidisciplinary interventions, computerised
systems, educational interventions and other interventions
[12]. Educational interventions, including sessions for health
professionals, distribution of materials and training for
patients and caregivers, may reduce PIM use and hospitali-
sation in older people [12]. Educational interventions with
fewer educational sessions and poor physician attendance did
not show improvement in prescriptions [13, 14]. It appears
that interactive approaches with direct feedback are more
effective than the dissemination of written material [15].
However, interventions have been studied more in terms of
changes in PIM use rather than health outcomes or costs
[12, 16].

Although effectiveness studies abound, economic evalu-
ations of implementation interventions to reduce PIMs of
older people are rare. There are generally four types of eco-
nomic evaluations: cost–benefit analysis, cost-minimization
analysis, cost-effectiveness analysis and cost-utility analysis.
Cost-effectiveness and cost-utility analysis can support opti-
mal patient care and the choice of efficient implementation
interventions by comparing the costs of interventions with
their health benefits [17]. Recent literature has recognised
the need for economic evidence in implementation science,
but there is still scope for the use of high-quality cost-
effectiveness analyses [18].

A model-based economic evaluation by Sanyal et al. [19]
estimated the cost-effectiveness of an educational interven-
tion in discontinuing non-steroidal anti-inflammatory drugs
(NSAIDs) in community-dwelling older people. The inter-
vention was dominant, i.e. less costly and more effective
in terms of quality-adjusted life years (QALYs) than usual
care at 12 month follow-up. To reduce antipsychotic use
in persons with dementia living in nursing homes, Ballard
et al . [20] focused on an intervention that consisted of an
antipsychotic review and staff training in person-centred
care and social interaction. They found this educational
intervention to be economically dominant at the 12 month
follow-up: compared with treatment as usual (TAU), it was
more effective in terms of QoL and was also cost-effective.

Economic evaluation studies on other implementation
interventions to reduce PIM use exist. They concern

multidisciplinary interventions and medication reviews
[21–24]. The decision concerning cost-effectiveness in
these studies has been dependent on the decision-makers’
valuation of the specific outcome unit [22], but only short-
term (≤12 months) cost-effectiveness has been evaluated.
The studies used different outcome measures, but the impact
on QALYs received less attention.

In this study, we examine the cost-effectiveness of an
educational intervention to reduce PIM use and its impact
on QALYs in residents in assisted living facilities compared
with TAU. The primary outcomes of this trial have been
reported earlier [25].

Method

We conducted a cost-effectiveness analysis from a healthcare
perspective based on a cluster randomised controlled trial
(cRCT) [25]. This economic evaluation adhered to the Con-
solidated Health Economic Evaluation Reporting Standards
Statement (CHEERS) [26].

Study design

In total, 36 assisted living facility wards in Helsinki, Finland
were assessed for possible participation in this cRCT. The
level of care in assisted living facilities is comparable with
that in nursing homes or long-term hospital care.

Of these 36 assisted living facility wards, seven facilities
with 20 wards were selected. The minimum data set [27]
was used to determine the case mix of each ward. A total
of 20 wards were paired into 10 dyads according to their
case mix. The wards in each dyad shared similar resident
characteristics. These 20 dyads were then randomised to
intervention and control groups during the years 2011 and
2012 [28]. The pairs of wards were randomised rather than
the participants, in order to prevent contamination. Dyads
were randomised using a computerised random number
generator.

Intervention

The intervention consisted of two 4 h training sessions
organised by a research geriatrician for nursing staff and
consulting physicians. Training sessions were based on a
constructive learning theory [29, 30]. The aim of the training
was to enable nurses to recognise different PIMs and adverse
drug events. PIMs were any of the following: Beers criteria
medications [1], anticholinergic medications, use of multi-
ple psychotropic medications, NSAIDs and proton pump
inhibitors.

The first session was lecture based, and the participants
were encouraged to discuss medication-related problems
experienced in their residents. The lecture introduced the
list of inappropriate medications and suitable alternatives,
drug–drug interactions and medication use for residents
with renal impairment. The second session was based on
participants’ own case studies. The nurses participated in
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discussions about medication-related problems by present-
ing and discussing actual cases from their own wards. A
list of inappropriate medications was provided for all nurses
in the intervention wards. Nurses were invited to iden-
tify medication-related problems and inform the consulting
physician who was responsible for changes in medications.

The training was especially targeted to those 2–3 regis-
tered nurses in the intervention wards who were responsible
for residents’ medication. In seven intervention wards, those
nurses participated in both sessions. There were two wards in
which the nurses did not participate in the first session but
participated in the second session. In one ward, the nurses
did not participate in either of the sessions and they received
tailored individual training. In addition, one geriatrician and
one primary care physician were able to participate in one
session, and they received tailored individual training.

Participants

Nurses, who were not aware which of the wards were ran-
domised to intervention and control groups, recruited the
residents to participate in the study. The residents were
included if they were aged >65, living permanently in the
assisted living facilities, Finnish speaking, using at least one
medication, life expectancy >6 months and able to provide
written informed consent (or had a proxy who was able to
do so).

Of the 307 eligible residents, 227 participated; 118 res-
idents in the intervention group and 109 in the control
group. Those who did not participate either refused or were
unavailable. Total loss of residents in the 12 months follow-
up was 63 (28%), which included 55 deaths [intervention
33 (28%), control 22 (20%)].

The Ethics Committee of the Helsinki University Central
Hospital approved the study. Written informed consent was
obtained from the residents and/or their closest proxy. All
study procedures were consistent with good clinical practice
and the World Medical Association Declaration of Helsinki.

Outcome measures

Health outcome measures

The primary health outcome indicator for this cost-
effectiveness analysis was change in QALYs, as calculated
by combining estimates of health-related quality of life
(HRQoL) and life years gained. HRQoL was assessed
using the 15-dimensional instrument (15D) with one
item covering each of the following dimensions: breathing,
mental function, speech, vision, mobility, usual activity,
vitality, hearing, eating, elimination, sleeping, distress,
discomfort and symptoms, depression and sexual activity.
Each dimension was divided into five levels from no
problems to extreme problems. These dimensions build a
weighted 15D index [31]. The assessments were performed
by interviewing the residents or the closest proxy at baseline,
and at 6 and at 12 months follow-up.

QALYs were derived from the area under a curve (AUC)
calculation for the HRQoL values (15D score) from baseline
to the last follow-up, and they ranged from 0 to 1, with 1
being equivalent to full health and 0 equivalent to death. The
AUC method assumes a linear change between consecutive
HRQoL values at 0, 6 and 12 months. There was one partici-
pant in the intervention group whose follow-up observations
of 15D were missing. When this participant was excluded
from the cost-effectiveness analysis, there appeared to be no
discernible effect on the results. For those who died between
6 and 12 months follow-up, the life years gained was assumed
to be 6 months, and for those who died before the first
follow-up, the life years gained was assumed to be 3 months.

Cost measures

Intervention cost included time use of the educating geriatri-
cian, participating nurses, physician and geriatrician. Travel
expenses of the educating geriatrician and preparation costs
were also calculated (4 h per session).

Seventeen nurses, one physician and one geriatrician par-
ticipated in the 4 h sessions. We included 1 h of preparation
for every session for each participant. Because the education
was arranged during working hours, we valued the working
hours of the participants according to the national unit costs
of social care and healthcare in Finland [32] including social
insurance fees, and converted them to 2019 values using the
price index of public expenditure [33]. Study materials were
offered electronically at zero cost.

The residents’ healthcare services included days spent
in assisted living facilities, emergency department visits,
outpatient visits, and hospital ward and subacute hospital
and rehabilitation days. The data on service utilisation were
collected for 12 months and valued according to the national
unit costs of social care and healthcare in Finland [32]. The
unit costs were converted to 2019 values [33]. Data on
primary care physicians’ service use were not collected and
therefore not included in the analysis. The difference in the
medication costs was not statistically significantly different
between the groups at the 12 months follow-up and therefore
was not included in this analysis. The unit costs of healthcare
services and intervention costs are presented in Table 1.

Costs were calculated during the follow-up, and baseline
costs for both groups were assumed to be zero, and there-
fore mean costs were divided by person-years. All costs are
expressed in Euros (e) in 2019 prices. As the duration of
the study was 12 months, we discounted neither costs nor
outcomes.

Statistical methods

Cost-effectiveness

We estimated the incremental cost-effectiveness ratio
(ICER), i.e. the ratio of the mean difference in costs to
the mean difference in QALYs. The interpretation of ICER
is: if the intervention is more costly and more effective,
cost-effectiveness is dependent on the decision-makers’
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Table 1. Intervention cost and unit costs of healthcare services (in 2019 Euros)

Unit Unit cost (e) Total cost (e)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Intervention cost

Time use valuation of a

Nurses (n = 17) 86 h 25 2,151
Physician (n = 1) 5 h 51 255
Participating geriatrician (n = 1)
Educating geriatrician (n = 1)

5 h
18 h

68
68

340
1,223

Travel costb 4 tickets 3 12
Total intervention cost 3,981

Healthcare services costsc

Assisted living facilities, daily fee 134
Specialised care
Emergency department visit 361
Outpatient visit 301
Hospital ward, daily fee 896

Subacute hospital, daily fee 255
aOfficial Statistics of Finland (OSF) [31]. bHSL Helsinki Region Transport ticket (HSL). cThe national unit costs of social and healthcare in Finland [32].

willingness to pay (WTP) for the extra unit of effectiveness.
Conversely, if the intervention is less costly and less effective,
cost-effectiveness is dependent on the decision-makers’
willingness to accept (WTA) compensation for the lower
effectiveness [34].

Statistical comparisons of baseline characteristics between
the groups were made using a χ 2 test, t-test or bias-corrected
bootstrap type t-test. Statistical analyses were performed
using Stata statistical software version 15 (StataCorp, College
Station, TX, USA).

We recognised the skewed distribution of costs at
12 months, the cluster randomisation and the covariate
correlation with costs and effectiveness as recommended
[35, 36]. We tested the correlation of the cluster’s size
and participants’ baseline characteristics with QALYs and
costs. Of the participants’ baseline characteristics, 15D
score and age were significantly correlated with QALYs
and costs. There was no correlation (intraclass correlation
coefficient −0.15 for QALYs and −0.16 for costs) within
a cluster, and individuals were independent. Therefore, in
the cost-effectiveness analysis, we applied bootstrap analysis
adjusted with 15D score and age at baseline. In addition,
we generated a bootstrapped cost-effectiveness plane for
incremental costs and effects (5,000 subsamples).

We conducted one-way sensitivity analyses by changing
costs and effectiveness in the intervention group by 15%
in either direction. In addition, we conducted sensitivity
analysis including only participants alive at the end of the
follow-up.

Results

The mean age of the participants was 83 years, and 93%
were diagnosed with dementia (Table 2). The participants’
cognitive impairment was mainly severe in both groups.
At baseline, the residents in the intervention group had
a higher number of comorbidities [Charlson comorbidity

index (CCI) 3.2 versus 2.5, P = 0.004] and lower HRQoL
measured by the 15D (0.61 versus 0.66, P = 0.002) than
those in the control group. The percentage of females in
the intervention group was lower than in the control group.
The proportion of participants using PIMs was higher in the
intervention group (83.1% versus 71.6%, P = 0.038).

Costs of intervention and healthcare service use
costs

The total intervention costs were e3,981(Table 3). Unad-
justed mean total cost of healthcare services per person-year
was lower in the intervention group than in the control group
during the follow-up, but the difference was not statistically
significant (intervention e40,332 versus control e43,251,
P = 0.17). Costs consisted primarily of the costs of assisted
living facilities. There was no statistically significant differ-
ence between the groups in any of the healthcare services
costs.

Cost-effectiveness

The estimated mean cost per person-year at 12 months
follow-up (adjusted with baseline 15D score and age) was
e40,954 (95% CI e38,223–e43,686) for the intervention
group and e42,584 (95% CI e39,865–e45,302) for the
control group (Supplementary Table 1 available in Age and
Ageing online). The intervention was associated with an
average –e1,629 (95% CI −e5,489 to e2,240) higher but
not statistically significant costs per person-year compared
with the control (Table 4).

Mean QALYs per participant at 12 months follow-up
(adjusted with baseline 15D score and age) was estimated
to be 0.48 (95% CI 0.45–0.51) in the intervention group
and 0.50 (95% CI 0.47–0.53) in the control group
(Supplementary Table 1 available in Age and Ageing online).
The intervention was associated with an average −0.02 (95%
CI −0.06 to 0.02) lower but not statistically significant
QALYs per participant compared with the control (Table 4).
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Table 2. Baseline characteristics
Intervention group (n = 118) Control group (n = 109) P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Females, n (%) 77 (65.3) 84 (77.1) 0.050
Mean age, years (SD) 82.9 (7.5) 83.5 (6.9) 0.41
CCI, mean (SD) 3.2 (2.0) 2.5 (1.8) 0.004
MMSE, mean (SD) 8.8 (8.2) 10.0 (8.2) 0.25
15D score, mean (SD) 0.61 (0.12) 0.66 (0.11) 0.002
Number of drugs used regularly, mean (SD) 7.5 (2.8) 7.8 (3.1) 0.79
Proportion using PIM, % 83.1 71.6 0.038
Mean number of PIM (SD) 2.9 (1.8) 2.5 (1.7) 0.28
Mean number of psychotropics (SD) 1.13 (.99) 1.34 (.99) 0.11

Abbreviations: SD, standard deviation; CCI, Charlson comorbidity index; MMSE, Mini-Mental State Examination; 15D, 15-dimensional instrument of health-
related quality of life; PIM, potentially inappropriate medication.

Table 3. Unadjusted mean costs (SD) of healthcare services per person-year during the 12 months of follow-up (in 2019
Euros)

Intervention group (n = 117) Control group (n = 109) P-value
Mean e/pyr (SE) Mean e/pyr (SE)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Assisted living facilities 39,706 (1,537) 42,541 (1,367) 0.18
Specialized care

Emergency department visit 83 (22) 72 (20) 0.72
Outpatient visit 82 (23) 86 (18) 0.89
Hospital ward 183 (99) 238 (130) 0.74

Subacute hospital 249 (100) 314 (100) 0.65
Intervention cost 30 0
Total costs including intervention 40,332 (1,566) 43,251 (1,376) 0.17

Abbreviations: SE, standard error; pyr, person-year.

Table 4. Incremental cost and effectivenessa of the educational intervention compared with the control group during the 12
months of follow-up (in 2019 Euros)

Incremental cost
(e/pyr)

Incremental effect (QALYs) ICER (CI) e/QALY

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Base case –1,629

(−5,489 to 2,240)
−0.02
(−0.06 to 0.02)

83,424
(−233,191 to 803,989)

Sensitivity analysis
Participants alive at 12 months
(intervention n = 84,
control n = 87)

67
(−551 to 657)

0.00
(−0.03 to 0.02)

–

Cost (e) +15% 4,579
(464 to 8,702)

−0.02
(−0.06 to 0.02)

Control dominant

Cost (e) –15% −7,838
(−11,487 to 4,287)

−0.02
(−0.06 to 0.02)

401,299

QALYs +15% −1,629
(−5,489 to 2,240)

0.05
(0.00 to 0.02)

Intervention dominant

QALYs −15% −1,629
(−5,489 to 2,240)

−0.09
(−0.13 to 0.05)

17,641

aAdjusted with baseline 15D score and age. Abbreviations: pyr, person-year; QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio; CI,
confidence interval

ICER estimation in the base case was e83,424/QALY,
and the cost saving was e83,424 per QALY lost in the
intervention group compared with TAU (Table 4). The
educational intervention was estimated to be less costly
and less effective than TAU at 12 months follow-up, and
therefore the cost-effectiveness of the educational inter-
vention seemed to be dependent on the decision-makers’
WTA.

The bootstrapped cost-effectiveness plane (Figure 1) is
positioned mostly in the south–west quadrant, demonstrat-
ing a positive ICER value, which shows that the intervention
is estimated to be less costly and less effective than TAU. The
sensitivity analysis including only participants alive at the
end of the 12 months follow-up (Table 4) demonstrates that
there was no difference between the groups. The sensitivity
analyses also demonstrate that if costs in the intervention
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Figure 1. Cost-effectiveness plane

group increase by 15% the control group would dominate.
On the other hand, if the effectiveness in the interven-
tion group increases by 15% the intervention group would
dominate.

Discussion

This economic evaluation examined the cost-effectiveness of
an educational intervention to reduce residents’ PIM use in
assisted living facilities. Our results indicate that, compared
with TAU, this educational intervention was estimated to
be less costly and less effective in terms of QALYs. One
interpretation here is that cost-effectiveness is dependent
on the decision-makers’ WTA. However, the differences
between costs and QALYs were not statistically significant.

Previously, the educational intervention of this study was
shown to reduce PIM use and enhance HRQoL [25]. Out-
come measures most adopted in earlier studies were PIM use
and QoL; impact on QALYs received less attention [19–24].
We found that PIM use reduction did not seem to translate
into improvements in QALYs. This finding is consistent with
that of a previous study by Gillespie et al . [22], who observed
that improvements in PIM use translated into neither QALY
gains nor reductions in costs.

QALYs are recognized to have some limitations, although
it is claimed to be a common metric that can be applied to
any healthcare activity where decision-makers try to max-
imise health outcomes [37, 38]. It has been argued that it
is unsuitable for allocating resources particularly in end-of-
life care. Preference-based measures of health valued using
death as an anchor point might be inconsequential in a
patient group in which death is expected imminently, and
potentially desired [39].

Measuring general HRQoL in patients with severe cog-
nitive impairment is complicated, and it has been suggested
that both patient- and proxy-reported outcomes should be
included to measure the effects of an intervention [40].
In this study, most HRQoL responses were provided by
the closest proxy. Thorough validation studies of 15D have

shown that the reliability between the proxy and the par-
ticipant is good and the instrument can be completed by the
closest proxy [31, 40]. In addition, other dimensions of QoL,
such as social relations and spirituality, may become more
important to individuals at the end of life than health status,
and HRQoL metrics are unable to measure these dimensions
[41]. Mortality among our participants was very high. At 12
months, 33% of the residents in the intervention group had
died compared with 22% of participants in the control group
[25]. This might explain our finding that HRQoL declined
more slowly in the intervention group but QALYs per patient
were lower in the intervention group compared with TAU.

Our results differ from the findings of earlier economic
evaluations of educational interventions that observed the
interventions as being more effective and less costly [19,
20]. However, the study populations and outcome measures
differ. For example, Ballard et al . [20] included older people
with dementia living in nursing homes, but only those alive
at the end of the follow-up. Sanyal et al . [19] included
only community-dwelling people. On the other hand, the
intergroup differences diminished in our sensitivity analysis
with the population alive at the end of the follow-up. This
drop indicates that differences in costs and QALYs were
mostly dependent on mortality, and not on the intervention
itself.

Our results are subject to some other sources of uncertain-
ties. First, costs and QALYs, as well as ICER, had wide CIs
and the differences between the groups are not statistically
significant. In addition, the widely spread cost-effectiveness
plane established the possibility that there is no difference
between the arms.

Second, old age and morbidity were associated with a high
mortality rate. At baseline, compared with the control, the
intervention group had lower HRQoL, higher morbidity and
a higher proportion using PIMs. Overall, the intervention
group was frailer at baseline. From all the baseline char-
acteristics, only HRQoL and age were correlated with the
outcome measures. We tested the effects of all the charac-
teristics on the results, and methods appropriate for cRCT
economic evaluations helped reduce bias caused by the study
design [35, 36]. It is still possible that there are some non-
observable individual covariates, for example social relations.
Third, because costs were calculated only during the follow-
up, baseline costs for both groups were assumed to be zero.
Therefore, costs were divided by the person-years. In addi-
tion, costs for residents’ healthcare service use were lacking
complete details, and societal costs were not included.

WTA is typically used to indicate the minimum monetary
amount required to forgo the health benefit from imple-
menting the intervention. For the educational intervention
to be cost-effective, it could well be that a decision-maker
would require that the intervention would be more effective
or achieve bigger savings compared with the control group.
Earlier contingent valuation studies have found that WTA
might also exceed WTP in healthcare; they have also prof-
fered explanations for the disparity [34, 42, 43]. Therefore,
the results of this study need to be treated with caution.
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Previous research has been restricted to short-term effec-
tiveness of interventions, but evidence is lacking regard-
ing the sustainability of implementation. This educational
intervention has demonstrated a positive impact on PIM
use, which however appears to diminish at 12 months [25].
This might partly stem from nursing staff turnover, as train-
ing was not provided on a continuous basis. In addition,
not all nurses in the intervention group participated in
these sessions. A higher level of participation would have
increased the intervention costs, but it might have gained
better effectiveness in the intervention group.

The educational intervention could be considered as quite
minimal and also feasible, and intervention costs were only
arounde30 per participant. To achieve sustainable effective-
ness in implementation, educational intervention could be
organised on a more continuous basis targeted for nurses and
physicians. In practice, nurses play a key role in identifying
medical-related problems in assisted living facilities whereas
physicians make the final decision about medications based
on assessing the risks and benefits.

This economic evaluation indicates that the educational
intervention was estimated to be less costly and less effective
in terms of QALYs compared with TAU. The reduction in
PIMs did not seem to translate into improvements in QALYs
although HRQoL declined more slowly in the intervention
arm. Our study illustrates the apparent difference in HRQoL
and QALY in a very frail long-term care population close to
death. This emphasises that further research into the impact
of reducing PIM use on health outcomes is needed.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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