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Abstract

Background Older adults are at greater risk of medication-related harm than younger adults. The Integrated Medication
Management model is an interdisciplinary method aiming to optimize medication therapy and improve patient outcomes.
Objective We aimed to investigate the cost effectiveness of a medication optimization intervention compared to standard
care in acutely hospitalized older adults.

Methods A cost-utility analysis including 285 adults aged > 70 years was carried out alongside the IMMENSE study.
Quality-adjusted life years (QALYs) were derived using the EuroQol 5-Dimension 3-Level Health State Questionnaire
(EQ-5D-3L). Patient-level data for healthcare use and costs were obtained from administrative registers, taking a healthcare
perspective. The incremental cost-effectiveness ratio was estimated for a 12-month follow-up and compared to a societal
willingness-to-pay range of €/QALY 27,067-81,200 (NOK 275,000-825,000). Because of a capacity issue in a primary care
resulting in extended hospital stays, a subgroup analysis was carried out for non-long and long stayers with hospitalizations
< 14 days or > 14 days.

Results Mean QALY were 0.023 [95% confidence interval [CI] 0.022-0.025] higher and mean healthcare costs were €4429
[95% CI — 1101 to 11,926] higher for the intervention group in a full population analysis. This produced an incremental
cost-effectiveness ratio of €192,565/QALY. For the subgroup analysis, mean QALYs were 0.067 [95% CI 0.066-0.070,
n=222]and — 0.101 [95% CI — 0.035 to 0.048, n = 63] for the intervention group in the non-long stayers and long stayers,
respectively. Corresponding mean costs were €— 824 [95% CI — 3869 to 2066] and €1992 [95% CI — 17,964 to 18,811],
respectively. The intervention dominated standard care for the non-long stayers with a probability of cost effectiveness of
93.1-99.2% for the whole willingness-to-pay range and 67.8% at a zero willingness to pay. Hospitalizations were the main
cost driver, and readmissions contributed the most to the cost difference between the groups.

Conclusions According to societal willingness-to-pay thresholds, the medication optimization intervention was not cost
effective compared to standard care for the full population. The intervention dominated standard care for the non-long stay-
ers, with a high probability of cost effectiveness.

Clinical Trial Registration The IMMENSE trial was registered in ClinicalTrials.gov on 28 June, 2016 before enrolment
started (NCT02816086).

1 Background inappropriate medications is associated with disproportion-
ally high healthcare costs. Improved prescribing quality in

Older adults are at greater risk of medication-related harm  ©older adults may hence potentially improve patient outcomes

than younger adults, leading to increased rates of hospitali- and associated resource use [3].

zation and other healthcare resource use, and reduced health- The Integrated Medication Management (IMM) model
related quality of life [1, 2]. Receiving potentially inappro- 18 an interdisciplinary method aiming to optimize medi-
priate medications, experiencing an adverse drug reaction, ~ cation therapy and improve patient outcomes. The IMM

or having an adverse drug reaction caused by potentially ~ model has previously been shown to reduce healthcare use
[4] and increase survival time [5]. However, other studies

have been unable to demonstrate similar results [6, 7]. A
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Key Points for Decision Makers

This is the first cost-utility analysis alongside a clinical
trial of an integrated medicine management intervention
to be published to date.

The intervention was more effective and cost less than
standard care with a high probability of cost effective-
ness in older adults aged > 70 years with hospital stays
up to 14 days.

The intervention consistently produced more quality-
adjusted life years than standard care and was not costly
compared to other care activities.

recent Cochrane review by Biilow et al. investigating the
effect of medication reviews on 15,076 hospitalized patients
reported that the number needed to treat was 29 to prevent
one hospital readmission [8]. The authors pointed out a lack
of health-related quality of life (HRQoL) data and the need
for cost-effectiveness analyses for such interventions.

The IMMENSE (IMprove MEdicatioN Safety in the
Elderly) study was a randomized controlled trial (RCT)
designed to investigate the effect of an IMM intervention in
acutely hospitalized older adults. The primary outcome was
the rate of emergency medical visits (acute readmissions and
visits to emergency departments) 12 months after the index
hospitalization. Although the study did not demonstrate a
statistically significant effect on the primary outcome of
the study [9], a cost-utility analysis (CUA) was pre-planned
before performing the main analysis of the study. No CUA
alongside a clinical trial of an IMM intervention has been
published to date, and such analyses can guide resource allo-
cation in healthcare. The aim of this study was to investigate
the cost effectiveness of the delivered intervention compared
to standard care in acutely hospitalized older adults.

2 Methods

This trial-based CUA is reported according to the Consoli-
dated Health Economic Evaluation Reporting Standards
(CHEERS) [10]. The CHEERS 2022 checklist is included
in the Electronic Supplementary Material (ESM). We
used an intention-to-treat approach employing data col-
lected during the IMMENSE study and health register data
for the included patients. Previous publications from the
IMMENSE study include the study protocol [11], the effec-
tiveness evaluation for the primary and secondary outcomes
[9], and an intervention fidelity analysis [12].
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2.1 Study Design and Study Population

Patients were recruited from September 2016 to December
2019 at two internal medicine wards at the University Hos-
pital of North Norway: one geriatric ward (Ward 1) and one
general medicine ward (Ward 2). Patients aged > 70 years
acutely admitted to the wards and willing to provide written
informed consent (patient or next of kin) were randomized
into two groups (1:1). The intervention group received the
intervention in addition to standard care, and the control
group received standard care only. Follow-up time was 12
months after discharge. According to the study protocol,
patients for whom the next of kin provided informed con-
sent were excluded from HRQoL measurements [11]. We
have included 285 patients (intervention group, n = 148 and
control group, n = 137) of the 480 IMMENSE trial popula-
tion who were eligible for HRQoL and provided one or more
such measurements in the CUA (Fig. 1).

2.2 The Intervention

The intervention in the IMMENSE study comprised five
steps: (i) medication reconciliation at admission; (ii) medi-
cation review during the hospital stay; (iii) patient coun-
seling about the use of medicines; (iv) comprehensible and
patient-friendly dissemination of the medication list with
explanations in discharge summary; and (v) post-discharge
phone call to the primary care provider (regular general
practitioner or nursing home physician/nurse). The first four
steps were completed during the index hospital stay. The
fifth step was completed shortly after discharge, aiming to
improve the communication of recommendations across
care levels.

2.3 Health-Related Quality of Life

Health-related quality of life was measured using the Euro-
Qol 5-Dimension 3-Level Health State Questionnaire (EQ-
5D-3L) [13]. The five dimensions of the questionnaire are
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension has three possible
response levels, namely no problems, moderate problems, or
severe problems. A trained study nurse blinded to the study
group allocation collected the EQ-5D-3L data at the time of
discharge from the index hospital stay and at 1, 6, and 12
months after discharge. The data collection was performed
face-to-face with the participants at discharge in Ward 1,
while all remaining collections were completed over the
phone. We used the three-level version because of cogni-
tive consideration and practicalities (i.e., time to administer
the questionnaire).



Cost-Utility Analysis of a Medication Optimization Intervention Versus Standard Care in Older Adults 1145
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As recommended by Norwegian authorities owing to a
lack of Norwegian tariffs [14], utility values were derived
using the UK time-trade-off societal value set, translating
the EQ-5D-3L responses for each collection time to a util-
ity value between one for perfect health, zero for death, or
below zero for conditions worse than death [15]. This was
completed starting with a utility of 1 and subtracting accord-
ing to the algorithm for each reported problem in each of the
five dimensions [15]. Quality-adjusted life years (QALYs)
were calculated for each respondent for the 12-month fol-
low-up as the area under the curve combining the utility
value for each collection time, assuming a linear change
between each timepoint. Because of the acute care setting,
the first measurement was performed at discharge after the
intervention had been initiated and we consequently did not
have a baseline measurement available. However, assuming
a common fixed baseline is considered to ensure a minimal
bias to the QALY estimation when the first measurement is
taken close to the time of baseline and in a series of meas-
urements over a 12-month follow-up [16]. We therefore
assumed a baseline utility score for all patients equal to the
mean discharge utility for the control group. Patients who
died during the follow-up were assigned a utility value of 0
at the collection times following their death. Missing utility
values for any collection times were 9.1% and were assumed
to be missing at random.

2.4 Healthcare Resource Use and Costs

Individual-level resource use and costs were obtained from
administrative registers and linked with other trial data
using the unique national identity numbers [17]. Hospital
resource-use data (index stay and readmissions, inpatient
and outpatient hospital care) were obtained from the hos-
pital’s administrative Cost Per Patient register, an activity-
based costing register with patient-level costs per episode.
Primary care resource-use data (general practitioner, spe-
cialist physician, and emergency room visits) were obtained
from the Norwegian Control and Payment of Health Reim-
bursements Database (KUHR), a national administrative
database with patient-level costs per episode for all primary
healthcare, including patient contributions and healthcare
provider reimbursements from the state for treatment and
material costs. All costs covered the time horizon from 12
months before inclusion in the study until 12 months after
discharge from the index hospitalization. A health provider
perspective was taken, including costs of health service use
during the trial period. Costs were transformed to 2021 val-
ues using the Norwegian inflation index for health [18] and
translated to Euros (€) using the 2021 exchange rate (€1 =
NOK 10.16) [19].

The intervention cost was estimated based on mean phar-
macist salary costs from Statistics Norway [20] adjusted
to 2021 values using the Norwegian inflation index for
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healthcare [18] and social costs (factor 1.4). This produced
a cost per hour of €69. We assumed that one clinical phar-
macist could deliver the intervention for an average of 30
patients per working week (1.33 hours per patient), based on
experience with performing the associated steps in clinical
practice. This resulted in an intervention cost of (€ 69%1.33)
€92 per patient. For the cost-effectiveness analysis, we
assumed that the tasks performed by the study pharmacists
were not conducted in standard care and could be performed
without additional time spent by the ward staff.

2.5 Statistical Analysis

We estimated incremental QALY's (AQALY) as the mean
difference in QALY per patient between the groups, based
on mean utility at each observation point and an area-under-
the-curve approach. Mixed-model regression was used
to model the multi-level structure of the data in terms of
repeated measures on an individual level, as well as missing
timepoints [21-24]. The model was fitted with a cluster-
ing on the patient level. Clustering on the ward level did
not contribute to the model, indicating that the variation
between wards was not significant between the study wards
and was not included. The model included an interaction
term between treatment and time and an unstructured covari-
ance matrix was applied [22]. We adjusted the model for the
assumed fixed baseline utility [16, 22, 25]. All other baseline
characteristics in Table 1 were tested as covariates, and the
following covariates significantly contributed to the model:
the total number of medications (continuous), receiving
multi-dose dispensed medication (yes/no), home dwelling
(yes/no), and receiving home care services (yes/no).

Incremental costs (AC) were reported as the difference
in mean total per patient costs between the groups. Cost
differences were adjusted for costs in the year before the
index hospital stay using linear regression. All costs were
described with bias corrected 95% confidence intervals (Cls)
calculated by bootstrap, to account for skewed cost data [26].

The incremental cost-effectiveness ratio (ICER) was
calculated as the ratio between the incremental cost and
incremental QALYs comparing the intervention and control
groups, using the following equation: ICER = AC/AQALY.
The uncertainty of the ICER was assessed by pairwise
bootstrapping of 1000 ICERs plotted in a cost-effectiveness
plane. A cost-effectiveness acceptability curve was gener-
ated from the 1000 bootstrapped ICERs for several will-
ingness-to-pay (WTP) thresholds, to assess the likelihood
that the intervention is cost effective compared to standard
care. As the Norwegian societal WTP threshold for gaining
1 year in full health depends on the severity of the condi-
tion calculated from absolute shortfall, we report a range of
€27,067-81,201 (NOK 275,000-825,000) as recommended
by Norwegian authorities [14, 27].
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Because of a capacity problem in primary healthcare
during the IMMENSE study conduct, hospital stays were
extended beyond the patients’ need for hospitalization for
some participants; however, the available data do not dis-
tinguish between patients who needed extended hospital
care and those affected by the capacity problem. Before
unblinding the group allocation, we inspected the distribu-
tion of extended stays between the study groups. We applied
a cut-off for hospitalizations of > 14 days, as this was twice
the length of a mean hospital stay in the data material. A
post-hoc subgroup analysis was undertaken for patients with
at least one hospitalization (index or readmission) of > 14
days, hereafter called long stayers, and those with no such
extended hospitalizations, hereafter called non-long stayers.

All statistical analyses were carried out using Stata 17.
The analyses were conducted with a 12-month time hori-
zon from discharge, and thus QALY's and costs were not
discounted.

3 Results
3.1 Characteristics of the Study Population

Prior to enrolment, the study groups were balanced in terms
of age, living arrangements, medication use, medical his-
tory, and prior healthcare costs, although there was a higher
proportion of women in the intervention group. However,
the groups differed in terms of patients with hospitalizations
(index or readmission) > 14 days, as there were 42 patients
in the intervention group and 21 patients in the control group
(Table 1). The characteristics of the total CUA population
(n = 285) differed from the full IMMENSE study population
(n =480) with a lower mortality rate and a lower proportion
with dementia (Table S1 of the ESM).

3.2 Cost Outcomes

Hospitalizations (index and readmissions) had a mean cost
of €10,043 [95% CI 9289-10,899]. The mean length of stay
for the total population was 7.0 days and 6.2 days in the
intervention and control groups, respectively (Table 2). The
corresponding incremental cost per patient was €4429 [95%
CI — 1101 to 11,926] (Table 3), indicating that the interven-
tion had higher costs compared with standard care. Readmis-
sions contributed the most to the mean cost difference per
patient, constituting close to the full cost difference between
the groups. However, none of the cost differences between
the groups was statistically significant (Table 3).

For the non-long stayers, the hospitalizations had a mean
cost of €7039 [95% CI 6617-7448] with a mean length of
stay of 4.6 and 4.7 days for the intervention and control



Cost-Utility Analysis of a Medication Optimization Intervention Versus Standard Care in Older Adults

1147

Table 1 Characteristics of the total population (N = 285), non-long stayers (n = 222), and long stayers (n = 63)

Total population (n = 285)

Non-long stayers < 14 days (n = 222)

Long stayers > 14 days (n = 63)

Intervention group  Control group

Intervention group Control group

Intervention group Control group

(N =148) (N=137) (n=106) (n=116) (n=42) (n=21)
Age included, 82.8 (6.0) 82.1(5.9) 82.4 (6.1) 81.9(5.9) 83.9(5.9) 82.9(6.1)
years mean (SD)
Sex, n (%)*
Female 98 (66.2) 74 (54.0) 69 (65.1) 65 (56.0) 29 (69.1) 9 (42.9)
Level of education, n (%)*
Low (<12 years) 75 (52.8) 73 (54.1) 52 (49.1) 64 (55.2) 23 (54.8) 9 (42.9)
High (>12 years) 67 (47.2) 62 (45.9) 50 (47.2) 50 (43.1) 17 (40.5) 12 (57.1)
Missing 6 (4.1) 2 (1.5) 4 (3.8) 2(1.7) 2 (4.8) 0(0)
Living status at admission, n (%)*
Home dwelling 137 (92.6) 129 (94.2) 100 (94.3) 111 (95.7) 37 (88.1) 18 (85.7)
Living alone 86 (58.5) 82 (59.9) 59 (56.2) 69 (59.5) 27 (64.3) 13 (61.9)
Need for assistance, n (%)*
Home care ser- 75 (50.7) 77 (56.2) 48 (45.3) 63 (54.3) 27 (61.3) 14 (66.7)
vices
Multi-dose adher- 43 (29.0) 48 (35.0) 27 (25.5) 38 (32.8) 16 (38.1) 10 (47.6)
ence aid
Handling own 77 (52.0) 64 (46.7) 59 (55.7) 58 (50.0) 18 (42.9) 6 (28.6)
medications
Medication use, mean (SD)
Number of medi- 6.6 (4.0) 7.4 (4.0) 6.8 (4.1) 7.2 (4.0) 6.4 (3.9) 8.5(3.9)
cations regular
use
Number of medi- 8.7 (5.1) 9.6 (5.4) 8.8(5.1) 94 (5.4) 8.5(5.1) 10.5 (5.1)
cations total
Comorbidities in admission notes, n (%)*
Hypertension 75 (51.0) 69 (50.4) 54 (50.4) 58 (50.0) 21 (50.0) 11 (52.4)
Asthma or COPD 44 (29.7) 38 (27.7) 34 (32.1) 33 (28.5) 10 (23.8) 5(23.8)
Atrial fibrillation 37 (25.0) 42 (30.7) 15 (23.6) 36 (31.0) 12 (28.6) 628.6)
Diabetes mellitus 28 (18.9) 31 (22.6) 21 (19.8) 25 (21.6) 7 (16.7) 6 (28.6)
Heart failure 24 (16.2) 21(15.3) 14 (13.2) 17 (14.7) 10 (23.8) 4(19.1)
Renal failure 24 (16.2) 21(15.3) 14 (13.2) 16 (13.8) 10 (23.8) 5(23.8)
Anxiety/depres- 17 (11.5) 11 (8.0) 11 (10.4) 10 (8.6) 6 (13.3) 1(4.8)
sion
Dementia 74.7) 4(2.9) 3(2.8) 4 (3.5) 4(9.5) 0(0)
Study ward, n (%)*
Ward 1 117 (79.1) 103 (75.2) 80 (75.5) 85 (73.3) 37 (88.1) 18 (85.7)
Ward 2 31 (21.0) 34 (24.8) 26 (24.5) 31 (26.7) 5(11.9) 3(14.3)
Died during the 14 (9.5) 12 (8.8) 7 (6.6) 10 (8.6) 7 (16.7) 2(9.5)
study period, n
(%)*
EQ-5D utility score 0.510 0.472 0.512 0.491 0.507 0.366
at discharge®
EQ-5D utility 0.522 0.500 0.568 0.530 0.398 0.328
score at 1 month
follow-up®
EQ-5D utility 0.507 0.454 0.566 0.454 0.346 0.456

score at 6 months
follow-up®
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Table 1 (continued)

Total population (n = 285)

Non-long stayers < 14 days (n = 222)

Long stayers > 14 days (n = 63)

Intervention group  Control group
(N =148) (N=137)

Intervention group
(n =106)

Control group
(n=116)

Intervention group
(n=42)

Control group
(n=21)

EQ-5D utility score 0.441
at 12 months
follow-up®

0.429 0.508

Patients with
prolonged hospi-
talizations (index
or readmissions)
>14 days, n (%)*

Total healthcare
costs in previous
year, € mean
95% CI)*

42 (28.3) 21(15.3) N/A

11,085 (8535-
13,922)

11,975 (8835—
15,249)

8409 (6081—
11,159)

0.441 0.245 0.359

N/A N/A N/A

12,226 (8813—
16,726)

17,840 (11,721-
23,959)

10,586 (5794—
16,807)

CI confidence interval, COPD chronic obstructive pulmonary disease, N/A not applicable, SD standard deviation

“Percentages were rounded
®Adjusted for common fixed baseline of 0.487

°CIs were bias corrected using bootstrap

groups, respectively. The corresponding costs for the long
stayers were €16,658 [95% CI 14,627-19,376] with a mean
length of stay of 10.5 and 12.8 days for the intervention
and control groups, respectively (Table 2). In the sub-
group analysis the incremental cost was €— 824 [95% CI
— 3869 to 2066] for the non-long stayers and €1992 [95% CI
— 17,964-18,811] for the long stayers (Table 3), indicating
that the intervention was cost saving compared to standard
care for non-long stayers but not for long stayers

3.3 Health Outcomes

The incremental QALY for the two groups was 0.023 [95%
CI 0.022-0.025] for the total population, representing a
statistically significant difference in QALYs. For the sub-
group analysis, the incremental QALYs were 0.067 [95%
CI 0.066-0.070] and — 0.101 [95% CI — 0.199-0.033] for
the non-long and long stayers, respectively, representing a
statistically significant increase in the non-long stayers, and
a non-significant decrease in the long stayers (Table 3).

3.4 Cost-Effectiveness Analysis

The ICER was €192,565 per QALY for the adjusted main
analysis (Table 3). The bootstrapped ICERs were predomi-
nantly in the north-east quadrant of the cost-effectiveness
plane, indicating that the intervention produced more
QALYs and had a higher mean cost than standard care
(Fig. 2a). The probability of cost effectiveness was lower
for the intervention than for standard care for the whole
WTP range of €27,067-81,201 per QALY (Fig. 2a). The
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intervention dominated standard care for the non-long stay-
ers with a probability of cost effectiveness of 93.1-99.2% for
the whole WTP range and 67.8% at zero WTP (Fig. 2b). For
the long stayers, the intervention was dominated by standard
care (Fig. 2c¢).

4 Discussion
4.1 Principal Findings

The intervention was not cost effective for the total study
population. However, the intervention was more effective
and less costly and hence dominated standard care with a
high probability of cost effectiveness in the non-long stayer
subgroup. In the long stayer subgroup, the intervention was
dominated by standard care. Hospitalizations were the main
cost driver, and readmissions contributed the most to the
cost difference between the groups. The imbalance in long
stayers and the high costs of these patients were driving for
the cost difference in the total population.

Medication reviews have been implemented in hospital
settings in many parts of the world [8], aiming to optimize
medication therapy and improve patient outcomes. To our
knowledge, this is the first published CUA alongside a clini-
cal trial of an IMM intervention, although several other stud-
ies of IMM or similar interventions have been completed
[4—7, 28-30]. The probability of cost effectiveness was
high for the non-long patient group, and the intervention
per se was not costly compared to other care activities, cor-
responding approximately to the cost of an emergency room
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Table 2 Quantities and costs (in €) per encounter of healthcare resources used, by cost components

Cost compo- Total population (n = 285) Non-long stayers <14 days (n = 222) Long stayers >14 days (n = 63)

nent

Intervention  Control Cost per Intervention Control Cost per Intervention Control Cost per
group group encounter, € group group encounter, € group group encounter, €
(n=148) (n=137) (n =106) (n=116) (n=42) n=21)
Encounters  Encounters  Mean Encounters  Encounters Mean Encounters  Encounters Mean

(95% CI)* (95% CI)* (95% CI)*

Hospi- 351 (7.1, 315 (6.3; 10,043 205 (4.6; 253 (4.7, 7039 (6617- 146 (10.5; 62 (12.8; 16,658
talizations 1-57) 1-88) (9289- 1-13) 1-13) 7448) 1-57) 1-88) (14,627-
(mean 10,899) 19,376)
length
of stay;
range)

Hospital 1072 786 356 (332- 648 633 348 (321- 424 153 374 (327-
outpatient 385) 380) 431)
clinic
visits

Emergency 262 271 77 (74-82) 160 207 79 (74-84) 102 64 73 (67-82)
room care
visits

Emergency 133 120 9 (9-10) 71 105 9(8-9) 62 15 10 (9-12)
room,
other
costs®

GP visits 1392 1281 46 (44-47) 1045 1084 45 (43-46) 347 197 49 (46-52)

GP, other 2332 2218 11 (10-11) 1747 1906 11 (10-11) 585 312 10 (10-11)
costs

Specialist 71 67 122 (111- 52 60 121 (108- 19 7 126 (109-
physician 135) 137) 148)
visits

Specialist 38 27 17 (13-23) 23 21 17 (12-24) 15 6 17 (10-27)
physi-
cian, other
costs®

Primary 645 528 49 (45-54) 411 414 52 (48-58) 234 114 40 (34-48)
care clinic
visits

Primary 1133 984 20 (19-22) 777 823 20 (19-22) 356 161 20 (18-23)
care clinic,
other
costs®

Laboratory 55 69 31 (26-36) 48 58 29 (24-34) 7 11 44 (29-63)
work

Intervention 148 N/A 92 106 N/A 92 42 N/A 92
cost

CI confidence interval, GP general practitioner, N/A not applicable

4CIs were bias corrected using bootstrap

bCosts for laboratory work, phone call, and use of materials and equipment

visit in the data material. We have assumed that one clini-
cal pharmacist can deliver the intervention for 30 patients
per week. It is likely that more time has been spent on the
long stayers, while other patients may have required less
time than assumed. Employing the number needed to treat
of 29 to prevent one hospital readmission reported in the
Cochrane review [8] and a mean cost per hospitalization

from the current study of €10,043, one could spend €346
(€10,043/29) on the intervention per patient to prevent
one readmission. This corresponds to 5.0 hours per patient
(346/69), or eight patients per week (40/5.0). Moreover, the
assumption that the intervention activities are completely
additional to standard care may not be realistic. For exam-
ple, some activities such as producing a medication list
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on admission and writing discharge notes are also done in
standard care. Consequently, when these tasks are included
in the intervention, nurses and physicians may have time
for alternative activities. A QALY difference of 0.067 may
intuitively seem like a small difference. However, on an indi-
vidual level, it approximately translates to a full year without
transitioning from “no problem” to “moderate problems”
in mobility (— 0.069), anxiety/depression (— 0.071), or
from “moderate” to “extreme problems” in usual activities
(—0.094 + 0.036 = — 0.058). On a group level, the reported
difference translates to 24.5 days (0.067 x 365 days) of per-
fect health over 1 year, which is significant for patients with
a mean QALY of 0.552 and 0.485 for the intervention and
control groups, respectively.

Ghatnekar et al. published a probabilistic decision tree
model on an IMM intervention in a Swedish setting [31].
The analysis applied dis-utilities from the literature and
resource use and unit costs were taken from data collected
by the researchers; however, not as a complete RCT. We
found a considerably higher incremental QALY than that
reported by these authors (0.023 in the full population and
0.069 in the non-long stayers vs 0.005 reported by Ghatnekar
et al.). They reported a probability of cost effectiveness of
98% at a zero WTP threshold because of the assumption that
some tasks and associated costs of the ward staff were trans-
ferred to the study pharmacists as part of the intervention.
Another study reported a positive difference in self-rated
global HRQoL over 6 months for older patients receiving
a similar intervention [32]. Unfortunately, very few clinical
trials of IMM or similar interventions have reported HRQoL
data, and tend to have a shorter time frame of 90 days [30]
or 6 months [29, 32] and focus on the difference in utility
scores instead of QALY [30, 32]. Our study is thus one of
the first to contribute to the knowledge gap identified in the
recently published Cochrane review [8].

Improving the quality of medication use and sustaining
the effect of the intervention for as long as possible should
be a goal. We have studied the effect of the intervention
delivered at the index hospitalization on costs and QALY's
for a follow-up of 12 months in the IMMENSE study. How-
ever, there are several factors that may have interfered with
the effect of the intervention. First, the intervention was not
repeated on readmission. A study by Parekh et al. found that
37% of hospitalized older adults were subject to medication-
related harm 8 weeks after discharge, 74% of which was
caused by medications initiated during hospitalization [33].
Medication use, including potentially inappropriate medi-
cations, often increases during a hospital stay [34]. In the
present study, the patients were readmitted on average 1.3
times during the follow-up period. and hence medication
changes during readmissions may have counteracted the
effect of the intervention in the follow-up period. Second, we
do not know to what extent treatment advice resulting from

4 Adjusted for the total number of medications, multi-dose adherence tool (yes/no), home dwelling (yes/no), and receiving home care services (yes/no) before inclusion

CI confidence intervals, GP general practitioner, /CER incremental cost-effectiveness ratio, NA not applicable, QALY quality-adjusted life year

¢ Adjusted for the total number of medications, multi-dose adherence tool (yes/no), and handling own medications(yes/no) before inclusion

PCosts for laboratory work, phone call, and use of materials and equipment

CIs were bias corrected using bootstrap
¢ Adjusted for total costs in the previous year

Table 3 (continued)
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Fig.2 Cost-effectiveness plane with 1000 pairwise bootstrapped
incremental cost-effectiveness ratios [ICERs] (left side) and the cost-
effectiveness acceptability curve showing the probability of cost
effectiveness at different willingness-to-pay thresholds for the inter-
vention (right side) for the a full population (percentage of ICERs
in the north-east quadrant [NE]: 80.80%, percentage of ICERs in the
south-east quadrant [SE]: 6.20%, percentage of ICERs in the north-

the intervention was acted upon in primary care. Medication
changes recommended during the index stay were communi-
cated by phone to primary care givers; however, it was then
up to them to decide to implement these in the outpatient set-
ting. Third, around 30% of the patients received a multi-dose
dispensed medication, an adherence aid with individually
packaged and machine-dispensed disposable sachets with
medicines marked with the intended time of intake [35].
There is some evidence that the multi-dose system is resist-
ant to changes in prescribing and hence prone to sustaining
potentially inappropriate prescribing patterns [36]. Sustain-
ing the effect of the intervention for a full year after dis-
charge without repeating the intervention may be unrealistic,
and the effect of the intervention may have been diluted over
time [37-39]. Repeating the intervention when a patient is
readmitted may be less time consuming and hence less costly
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west quadrant [NW]: 12.70%, percentage of ICERs in the south-
west quadrant [SW]: 0.03%), b non-long stayers (NE: 32.20%, SE:
67.80%, NW: 0.01%, SW: 0.00%), and ¢ long stayers (NE: 0.07%, SE:
0.08%, NW: 57.30%, SW: 41.20%), respectively. The dotted lines rep-
resent minimum and maximum willingness to pay for the Norwegian
setting (€27,067-81,200). QALY quality-adjusted life year

when a previously reconciled medication list and records
of previous recommendations are available and could also
provide information about the uptake of recommendations in
primary care. Further research to study HRQoL, prescribing
patterns, and how healthcare costs were distributed during
the follow-up period of this study may provide knowledge
about the longevity of the intervention effect.

4.2 Strength and Limitations of the Study

A strength of this study is the comprehensiveness of the data
sources and the consistency of the data collection conducted
alongside an RCT. We have included high-quality register
data for the costs of all healthcare use for the patients in
the analysis, including healthcare use of all care levels. All
EQ-5D-3L data were collected by the same trained study
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nurse blinded to group allocation, and the analysis work
was blinded until it was time to interpret the results. Nev-
ertheless, the results must be interpreted with some limita-
tions in mind. First, the capacity problem in primary care to
find a bed for patients in a nursing home, or to arrange for
home care services, may for a number of patients have led to
extended hospital stays even if they were ready for discharge.
This is important because hospitalizations were the main
cost driver. It was not possible to identify which of the 63
long stayers were affected or how long they were retained,
and to what extent this was reflected in the hospitalization
costs. Additionally, the group of long stayers was small and
there were twice as many patients with long stays in the
intervention group compared with the control group. We
undertook subgroup analyses for long stayers versus non-
long stayers to mitigate overestimation of the cost difference
between the groups. However, the intervention may have
served as an “early warning system,” leading to identifying
problems and subsequently prolonged hospital stays [37],
and our analysis would be more reliable if we could identify
patients and hospital stays affected. Therefore, it is difficult
to conclude on behalf of the long-stayer subgroup. Second,
we could only include the patients in the CUA for which
EQ-5D-3L data had been collected. The IMMENSE trial
was a pragmatic trial and results are generalizable beyond
the study population. However, excluding patients who pro-
vided consent through the next of kin makes the study popu-
lation in the CUA less representative of the general older,
acutely hospitalized population. Furthermore, the EQ-5D-3L
was chosen over the EuroQol 5-Dimension 3-Level Health
State Questionnaire, as it was believed to be more feasible to
conduct telephone interviews using the three-level scale for
patients with some degree of cognitive impairment or hear-
ing loss. Future studies should consider the possibility of
performing proxy HRQoL measurements for patients unable
to give informed consent, to improve generalizability of the
results. Third, having a baseline EQ-5D-3L measurement
could have provided a more reliable estimate of the QALY
difference between the groups and provide a higher degree
of certainty of whether the difference in health status was
due to the IMMENSE intervention. Fourth, we were unable
to obtain medication costs for medications not administered
during hospitalization. However, medication costs are likely
to be negligible compared with the hospitalization costs [3]
and are thus not likely to substantially influence the cost
difference between the groups.

5 Conclusions

According to societal WTP thresholds, the medication opti-
mization intervention was not cost effective compared with
standard care for the full population. The effect and costs of

the medication optimization intervention for acutely hos-
pitalized older adults differed for patients who were non-
long and long stayers. The intervention dominated standard
care for the non-long stayers, with a high probability of cost
effectiveness. Further research is needed to facilitate a con-
clusion on behalf of the long-stayer group. Hospitalization
cost was the main cost driver and the intervention was neg-
ligible compared to other care activities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40266-023-01077-7.
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