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Three key points:
1) A physician-implemented medication screening intervention based on the STOPP/START criteria
demonstrated positive outcomes in terms of reduction of adverse drug reactions in older hospitalised patients.

(2) The physician-implemented intervention is not likely to be cost-effective compared with usual care,
unless the healthcare provider is willing to pay a large amount of money to prevent an adverse drug reaction.

3) Pharmacist and/or computerised clinical decision support systems employed to carry out such
medication reviews may be a more cost-effective approach than acquiring a physician.
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Abstract

Background: A recent randomised controlled trial (RCT) conducted in an Irish University teaching hospital
that evaluated a physician-implemented medication screening tool, demonstrated positive outcomes in terms of
reduction of incident adverse drug reactions (ADRS).

Objective: The present study objective was to evaluate the cost-effectiveness of physicians applying this
screening tool to older hospitalised patients compared with usual hospital care in the context of the earlier RCT.

Method: Cost-effectiveness analysis alongside conventional outcome analysis in a cluster RCT. Patients in the
intervention arm (n= 360) received a multifactorial intervention consisting of medicines reconciliation,
communication with patients’ senior medical team and generation of a pharmaceutical care plan in addition to
usual medical and pharmaceutical care. Control arm patients (n= 372) received usual medical and
pharmaceutical care only. Incremental cost-effectiveness was examined in terms of costs to the healthcare
system and an outcome measure of ADRs during inpatient hospital stay. Uncertainty in the analysis was
explored using a cost-effectiveness acceptability curve (CEAC).

Results: On average, the intervention arm was more costly but was also more effective. Compared with usual
care (control), the intervention was associated with a non-statistically significant increase of €877 (95% CI
—€1,807, €3,561) in mean healthcare cost, and a statistically significant decrease of —0.164 (95% CI —0.257,
—0.070) in the mean number of ADR events per patient. The associated incremental cost-effectiveness ratio
(ICER) per ADR averted was €5,358. The probability of the intervention being cost-effective at threshold values
of €0, €5,000 and €10,000 was 0.236, 0.455 and 0.680 respectively.

Conclusion: Based on the evidence presented, this physician-led intervention is not likely to be cost-effective
compared with usual hospital care. More economic analyses of structured medication reviews by other
healthcare professionals and by computerised clinical decision support software (CDSS) need to be explored to
inform future healthcare policy decisions in this field.



1 Introduction

Within the 35 member countries of the Organisation for Economic Co-operation and Development (OECD),
people born today have an average life expectancy of 80.6 years [1]. Given this 10-year increase in life
expectancy from just 45 years ago, the greatly expanded older person population is one of the most resource-
consuming patient groups interfacing with healthcare systems in all OECD countries [2]. This cohort is often
exposed to inappropriate prescribing and polypharmacy [3, 4] which can frequently lead to adverse drug
reactions (ADRS) [5, 6]. The increasing incidence of ADRs within the older population is a growing health
problem [7]. It is estimated that approximately 2000 bed days are due to an ADR at any one time and where the
total costs are likely to exceed £171 million annually for ADRs occurring during admission in the UK [8]. This
cost rises to approximately £1 billion when all ADRs are taken into account [9]. Initiatives which enhance
medication management in the older people can ameliorate patient outcomes and attenuate unnecessary
expenditure [10, 11]. Given that an estimated 57% of all ADRs are considered avoidable, it makes sense to
invest in interventions to prevent ADRs, particularly in older people who are at highest risk [12].

Structured and unstructured medication reviews in the hospital environment can be an effective means to
optimise pharmacotherapy. However, there can be variability in the ways these reviews are implemented. [13].
They are generally carried out on an ad hoc basis and can differ depending on which healthcare professional
performs the review [14]. The published literature has numerous examples of randomised controlled trials
(RCTs) testing different interventions that have the common overarching aim of improving prescribing in the
older adult [15-17]. One trial in particular demonstrated a statistically significant reduction in serious ADRs
[18]. However there are only two published clinical trials that have used potentially inappropriate medication
(P1M) or potential prescribing omission (PPO) criteria as a structured medication review intervention for the
purpose of ADR prevention in high-risk hospitalised older adults [19, 20].

Both of these RCTs have employed the widely used STOPP/START (Screening Tool of Older Persons’
Prescriptions / Screening Tool to Alert doctors to Right Treatment) criteria (version 1) [21]. The fundamental
aim of the STOPP criteria is to minimise medication-related adversity by highlighting and avoiding PIMs. The
complementary aim of the START criteria is to minimise preventable therapeutic failures by highlighting PPOs
and encouraging appropriate prescriptions if they are absent for no justified clinical reason [22]. One of these
cluster RCTs applied a structured pharmacist review of medication (SPRM) which was supported by a
computerised clinical decision support system (CDSS). It resulted in significant reductions of ADRs [20] and
proved cost-effective [23].

The other cluster RCT involved a single time-point intervention in which patients had their medications
screened according to the STOPP/START criteria by a physician. Instances in which STOPP and START
“rules” had been contravened were highlighted to the attending medical team with advice to adjust the patients’
prescriptions accordingly. This once-off application of STOPP/START criteria alongside usual pharmaceutical
care resulted in a significant reduction in incident ADRs compared to similar older patients receiving usual
pharmaceutical care only [19]. However, before adopting any medication optimisation technology, appraisal of
its economic and budgetary impact is important. Notwithstanding the significant ADR attenuation that arose
from the application of the STOPP/START criteria [19], an economic evaluation of this intervention has not yet
been undertaken. The aim of this study was to conduct a cost-effectiveness analysis of the physician-
implemented structured medication review based on its application in a RCT in an older population that aimed
to reduce incident hospital-acquired ADRs. This is the first economic evaluation of a physician-led intervention
that is based on the application of the STOPP/START criteria.

2 Methods
2.1 The Prevention of ADRs in Older Hospitalised Patients RCT

Full details of the particular RCT methods are published elsewhere [19, 24]. In brief, the single-blinded RCT
was conducted in an 810-bed University teaching hospital in the south of Ireland over a 13-month period
between May 2011 and May 2012. This trial was cluster-randomised with consultants from each speciality
represented in each trial arm. Patients were randomised into either intervention or control groups based on the
consultant with primary responsibility for their care during their hospital stay. The intervention arm consisted of
360 patients. The control arm included 372 patients. All in this study received usual medical and pharmacist
inpatient care, which consisted of full medication reconciliation, surveillance of prescription order sheets



(independent of medical prescribers) with specific written advice attached to the prescription order sheets. The
baseline characteristics and trial-related outcomes of the study population are presented (see Table 1). No
significant differences existed between the groups in terms of age, functional status, cognitive function or
number of medications at entry to the study [19]. Although there was a statistically significant sex imbalance
between the groups, it is unlikely that this had a significant influence on the primary outcome results [19, 25].

Table 1 Baseline characteristics and trial-related outcomes of study population in the RCT

Variable Measure Intervention (n = 360) | Control (n=372) | P-value
Age Median (IQR) 80 (73-85) 78 (72-84) 0.100
Male n (%) 130 (36.1%) 187 (50.3%) 0.001
Female n (%) 230 (63.9%) 185 (49.7%) 0.001
Nursing home n (%) 51 (14.1%) 36 (9.6%) 0.080
residents

Total number of n 3,147 3,212 0.520
daily drugs

Distribution of Median (IQR) 9 (6-11) 8 (6-11) 0.710
drugs

Length of hospital | Median (IQR) 8 (4-14) 8(4-14) 0.961
stay

Hospital mortality | n (%) 11 (3.1%) 9 (2.4%) 0.535
rate

Key: IQR — Interquartile range, NS — Non-significant (Type 1 error rate of 0.05 used)

A research physician applied the STOPP/START intervention to patients’ medication lists within 48 hours of
admission. The intervention consisted of three elements. The first of these involved the research physician
applying the STOPP/START criteria once only in each intervention group participant on the basis of the
diagnoses documented in their case records and the list of prescribed drugs and doses at the time of study
enrolment. The second element involved the research physician discussing the presence of any STOPP/START-
defined PIMs and/or PPOs with a senior member of the patient’s attending team (i.e. senior residents or in most
cases, consultants). Thirdly, within 24 hours of applying STOPP/ START criteria, the research physician placed
a printed report in the participant’s case record, reinforcing the oral recommendations based on the specific
criteria that applied in each case. The final decision regarding acceptance or rejection of STOPP and START
criteria recommendations lay with the participant’s attending senior medical staff. All patients aged > 65 years
admitted under the care of the medical or surgical services through the emergency department were considered
eligible for inclusion. However, exclusion criteria were: (i) aged < 65 years, (ii) admission directly to
psychiatric services, intensive care unit, palliative care unit, specialist geriatric or clinical pharmacology
services, (iii) anticipated length of stay (LOS) <48 hours, (iv) elective admission, (v) terminal illness, (vi)
refusal to participate.

2.2 Economic Evaluation

The economic evaluation consisted of a trial-based analysis conducted alongside the cluster RCT. The
perspective of the Irish public healthcare provider, the Health Service Executive (HSE), was adopted with
respect to trial-related costs and outcomes. Evidence on resource use and patient health outcomes were collected
by the research physician during the course of the trial and a retrospective review of patient medical records was
carried out. The time horizon for ADR evaluation was confined to patient discharge or 10-day follow-up,
whichever was sooner; this was informed by average LOS for an elderly patient in the Irish hospital system at
the time [26]. The average LOS for patients aged 65 — 74 years is 7.9 days and is 10.4 days for patients aged 75



— 84 years. The study was not designed to measure the medium/long term impact of this intervention and
discounting of costs or outcomes was not required due to the limited follow-up period. Moreover,
missing/censored data were not an issue in this evaluation, as follow-up was facilitated by a unique hospital
number identifier and confined to a single centre over a short time period. Statistical analysis was conducted on
an intention to treat (ITT) basis, and in accordance with guidelines for conducting economic evaluations
alongside cluster RCTs [27], which require that both the correlation and clustering of the cost and effect data be
explicitly considered.

2.3 Cost Analysis

Multiple cost components were included in the analysis and are described (see Table 2). Costs are expressed in
Euros (€) using 2012 prices (unless otherwise stated). The primary component was the cost of employing the
research physician, who then held the post of specialist registrar (i.e. senior resident) physician in geriatric
medicine, to implement the required intervention steps. The mid-point of the HSE specialist registrar physician
pay scale was used and adjusted according to guidelines for conducting economic evaluation in Ireland [28, 29].
Salary was adjusted for employers’ insurance cost, pension payments and general overheads. Based on
experience-based opinion from the primary research team and estimates from the literature [30], it was assumed
for the analysis that 40 minutes was an appropriate duration to assign for the trained research physician to apply
the intervention.

The second component consisted of the associated follow-up time for senior members of patients’ attending
teams to discuss and decide upon the suggested STOPP/START recommendations. Based on experience-based
opinion from the primary research team, it was assumed for the analysis that this took seven minutes. The mid-
point on the HSE consultant physician pay scale was used in the cost analysis. The third major component was
the cost of hospital inpatient stay; this cost was obtained from aggregated national data [31]. In general, micro-
costing estimates for patients are preferable. However, in the context of this piece of research, the 24-hour
national Irish hospital stay average cost per patient was more pragmatic to use despite patients being admitted
with a diverse range of primary indications. The fourth component consisted of the specialist registrar’s training
in the use of STOPP/START criteria. Interactive training courses given by the creators of the STOPP/START
criteria generally last for approximately four hours and were costed accordingly.

All resource use was valued using a vector of unit cost data presented in 2012 Euro (€) prices and summed to
calculate a total cost variable for the statistical analysis given that the trial was completed in 2012. However, at
the time of manuscript preparation (December 2017), the contemporaneously available healthcare costs (CAHC)
in the Irish context were re-applied to the intervention steps. These costs are expressed in 2015 Euros (€) prices
(unless otherwise stated). See Electronic Supplementary Material Table S1 (ESM Table S1). Statistical analysis
was re-run with the CAHC and original trial effectiveness data (see ESM2). This supplementary analysis was
undertaken as a point of interest to examine the stability of medical inflation in Ireland during the post financial
crisis period.



Table 2 Costs associated with care of patients in intervention arm in 2012

Cost Unit Description Reference

Component Cost(€)

Training of 0.56 Circa 240 minutes of training required Experience-based opinion from
research costing approximately €200.00 primary research team
physician in

intervention
criteria (once-

off)

Research 2.50 Median time of three minutes to apply HSE salary scales [29]
physician intervention [30]

applying the

intervention

Research 5.83 Approximated time of seven minutes HSE salary scales [29]
physician (Experience-based opinion from original

informing research team)

specialist

consultant of
intervention
findings and
answering
related questions

Specialist 16.33 Approximated time of seven minutes HSE salary scales [29]
consultant being (Experience-based opinion from original

made aware and research team)

possibly

implementing

intervention

findings

Research 25.00 Approximated time of 30 minutes HSE salary scales [29]
physician (Experience-based opinion from original

compiling research team)

printed report of
intervention
findings

Hospitalisation | 820.00 | 24-hour national Irish hospital stay average Healthcare Pricing Office [31]
costs cost per patient

Key: HSE — Health Service Executive
2.4 Effectiveness Analysis

The primary outcome measure of this cluster RCT was the difference in the proportion of participants in the two
arms experiencing one or more ADRs during index hospitalisation. ADRs were identified by the research
physician and a blinded second researcher. A comprehensive description of ADR identification and outcomes is
provided elsewhere [19].



2.5 Cost-Effectiveness Analysis

In an economic evaluation, one health technology (treatment/intervention) is considered more cost-effective
than its comparator if it meets one of the following criteria [32];

a)  Less costly and more effective;

b)  More costly but more effective, with an incremental cost-effectiveness ratio (ICER) which is
considered acceptable by decision-makers;

C) Less costly and less effective, but the additional cost per unit of effect of its comparator is not
considered worth paying by decision-makers.

In the context of the current study, we conduct a cost effectiveness analysis to identify which of the three
conditions applies here. Notably, the ICER represents the additional cost per unit effect, which in this case, is
the additional cost of preventing an additional non-trivial ADR in secondary care. This raises the concern of
what healthcare policymakers and decision-makers in Ireland would be willing to pay to prevent an ADR. While
threshold values exist for some generic measures such as quality-adjusted life years (QALY's), no such value per
ADR prevented currently exists. In this analysis, we present our results in the context of a number of
hypothetical thresholds, as previously proposed in the literature [23]. Recent work that compares methods for
estimating direct costs of ADRs may inform a threshold value for ADR prevention in the future [33].

Statistical techniques were adopted to account for the effect of both clustering and correlation of cost and effect
data collected alongside cluster RCTs [34]. The incremental analysis was undertaken using multilevel regression
models for both the cost and effect data. Both models were estimated to control for treatment arm, age, sex,
number of medications at admission and consultant (cluster group). The regression for total cost variable was
estimated using a multilevel mixed-effects linear regression model and the regression for the ADR event
variable was estimated using a mixed-effects logistic regression model. The estimated treatment arm effects
represent the incremental costs and incremental effects for the intervention relative to the control. The 95%
confidence intervals report the statistical significance of these co-efficients based on standard errors estimated
using the ‘mixed’ command in STATA® version 13 (IBM SPSS Statistics 22; IBM Corporation, Armonk, NY,
USA).

Uncertainty in the analysis was addressed by estimating confidence intervals and a cost-effectiveness
acceptability curve (CEAC), which links the probability of a treatment being cost-effective to a range of
potential threshold values () that the healthcare system may be willing to pay for an additional unit of effect
[35]. Commonly, non-parametric bootstrapping can be conducted on the difference in mean costs and mean
ADRs to generate ICER replicates with which to construct a CEAC [36]. However, the CEAC in this analysis
was estimated parametrically using the net benefit regression framework following the method proposed by
Hoch et al. [37]. The CEAC explicitly presents the uncertainty relating to the threshold value coupled with the
statistical variability inherent in trial data.

Finally, a series of scenario analyses was performed which varied the time required by all healthcare
professionals to complete the intervention by +/- 50%. The incremental cost-effectiveness analysis was re-run
using CAHC and the original trial effectiveness data (see ESM Table S2). The aim was to assess the cost-
effectiveness of this intervention if it was to be implemented in usual clinical care by hospitals today. Analysis
was performed using STATA® version 13 and Microsoft Excel® 2010 (Microsoft Corporation, Redmond, WA,
USA).

2.6 Guidelines and Ethical Considerations

This manuscript followed the Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
guidelines for reporting health economic evaluations [38] (see ESM Table S3) with joint reference to the
published good research practices for cost-effectiveness analysis alongside clinical trials, i.e. the International
Society for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force on Good Research Practices:
Randomized Clinical Trials-Cost-Effectiveness Analysis (ISPOR RCT-CEA) report [39]. The original clinical
cluster randomised trial conformed to Consolidated Standards of Reporting Trials (CONSORT) guidelines [40].
The research ethics committee (institutional review board) of the local teaching hospitals network approved the
trial protocol and the trial was registered with the United States National Institutes of Health (NCT01467050-



http://clinicaltrials.gov/show/NCT01467050). Written consent was sought and obtained from all participating
patients, prior to enrolment in the original cluster RCT study.

3 Results

The physician-led STOPP/START intervention resulted in a marked absolute risk and relative risk reduction for
incident ADRs i.e. 11.4% and 47.7% respectively [19]. However, this was accompanied by an increased cost
relative to usual medical and pharmaceutical care (see Table 3). The mean (standard deviation (SD)) cost of
caring for an intervention patient during a single admission was €12,102 (€13,490). In the control group, the
mean (SD) cost of care was €11,160 (€12,506). Median costs were higher for the intervention group (€7,430)
compared to the control group (€7,380). Following application of a multi-level mixed effects model in
STATA® version 13 and accounting for baseline differences across both arms, the adjusted incremental
difference in cost of €877 was statistically non-significant.

In contrast, the effectiveness measures favoured the intervention strategy and were statistically significant. The
odds ratio for a patient experiencing an ADR was 0.391 when comparing the intervention (STOPP/START)
group to the control (usual hospital care) group. This related to an adjusted difference in the mean number of
ADRs of —0.164. Although the physician-implemented STOPP/START intervention was more costly, it too was
more effective than usual clinical care. The calculated ICER was €5,358 for the prevention of an ADR.
However, as with all attempts to calculate the cost-effectiveness of an intervention, there is a degree of
uncertainty surrounding the ICER. Even if the healthcare payer was willing to pay the €5,358 for the prevention
of an ADR, the probability of the intervention being cost-effective was 50%. There was a 92.6% probability that
the intervention would be cost-effective if the healthcare payer was willing to pay €20,000 for the prevention of
an ADR (see Table 3). When the cost-effectiveness analysis was rerun using CAHC and the original trial
effectiveness data, the ICER underwent a slight increase to €5,469 (see ESM Table S2). Scenario analyses
demonstrated that if healthcare professional times associated with the intervention were altered by +/- 50%, this
had a minimal effect on the original ICER estimate (see ESM Table S4). This was also true of the scenario
analyses that used CAHC and original trial effectiveness data (see ESM Table S5).

The overall cost of applying the STOPP/START intervention to a group of 360 patients was estimated to be
approximately €18,000 or €50 per patient. The majority of the intervention costs were associated with the
expense of the research physician’s time conducting the intervention (~€33 per patient). Length of hospital stay
was responsible for the majority of the cost associated with management in both arms of the cluster RCT.


http://clinicaltrials.gov/show/NCT01467050)

Table 3 Incremental cost-effectiveness analysis using 2012 data

Intervention group (n = 360) Control group (n = 372)

Cost analysis

Total healthcare cost (€)

Mean (SD) 12,102 (13,490) 11,160 (12,506)

Effectiveness analysis

Participants experiencing > 1 42 (11.67) 78 (20.97)
ADRs [n (%)]

ADRs experienced per patient

[n (%)]

0 318 (88.33) 294 (79.03)

1 39 (10.83) 67 (18.01)

2 3(0.83) 11 (2.96)
ADRs per patient [mean 0.125 (0.356) 0.239 (0.492)
(SD)]

Incremental cost-effectiveness | Intervention vs Control
analysis

Incremental cost

Difference in mean healthcare | 877 (95% CI —1807, 3561)
cost (€) @b

Incremental effect

Difference in odds ratio for 0.391 (95% CI 0.233, 0.657)
ADR events @9

Difference in mean ADR events | —0.164 (95% CI —0.257, —0.070)

@0

ICER per ADR averted (€) 5,358
Threshold value (1) per Probability that intervention is cost-effective @
ADR averted (€)
0 0.236
500 0.255
1,000 0.275
5,000 0.455
10,000 0.680
20,000 0.926

Key: SD = standard deviation; ADR = adverse drug reaction; Cl = confidence interval; ICER = incremental
cost-effectiveness ratio



3 Reported estimates for incremental differences in costs and effects adjusted to account for baseline
differences between arms

b) Regression for total costs estimated using multilevel mixed-effects linear regression models and
controlling for treatment arm, age, sex, number of medications at admission and clustering

° Regression for ADR event estimated using mixed effect logistic regression models and controlling for
treatment arm, age, sex, number of medications at admission and clustering

9 Probabilities for cost-effectiveness estimated parametrically using net benefit regression models for
analysis at each threshold value

4 Discussion

It is unlikely that the physician-led STOPP/START intervention is cost-effective. For instance, at a willingness-
to-pay threshold of €10,000 per ADR averted; the probability of the intervention being cost-effective is only
68%. The probability of the intervention being cost-effective increases to 92.6% if a significantly higher
threshold of €20,000 is applied. The willingness-to-pay thresholds used in this analysis were arbitrary but when
one considers that the mean cost associated with a single ADR event in secondary care has been estimated at
€2,250 [41], the threshold values presented in Table 3 are a reasonable measure of what could be considered
value for money. This cited mean cost of a single ADR also suggests that it is unlikely decision-makers would
be willing to pay the quoted threshold values because a high probability of cost-effectiveness is only reached at
high threshold values.. Similar increases in the cost of care could be imputed from this study, as patients who
experienced an ADR had their median LOS increased by three days [19].

The principal barrier to the application of this intervention by a trained physician at a wider level is physician
working hours’ capacity. The senior resident research physician screened no more than four new patients each
day for trial enrolment during the cluster RCT. It should be noted that the research physician was not employed
on a full-time basis to apply the intervention to patients. If all older hospitalised patients were to receive this
level of pharmaceutical care, increased staff numbers would likely be required. However, given the results from
the analysis, it could be argued that the role of the specialist physician is to conduct all relevant medical duties
in the secondary care environment. Although there are some published data in the primary care setting literature
[42], we could find no reputable references dealing with economic analyses of physician-led medication-related
interventions in the secondary care setting literature. Thus, it is difficult to align the results of this analysis with
similar studies. One similar trial involving a research pharmacist conducting a similar medication review-based
intervention supported by computerised CDSS proved to be cost-effective relative to routine hospital care [23].
A recent systematic review investigating the effectiveness and cost-effectiveness of interventions aimed at
preventing medication error (medicines reconciliation) at hospital admission demonstrated that the majority of
these interventions are pharmacist-led, not physician-led [43] and that the pharmacist-led interventions are
generally considered more cost-effective than the respective study comparator [44]. In addition, two ongoing
European multi-centre randomised clinical trials i.e. SENATOR and OPERAM [45, 46] implement the
STOPP/START criteria using a computerised CDSS. A recent systematic review concluded that computerised
interventions are associated with a significant reduction in potentially inappropriate prescribing (PIP) in older
hospitalised patients [47]. Computerised interventions in this field appear to reduce cost [48] and be cost-
effective [49]. It is also envisaged that the application of STOPP/START criteria in the SENATOR and
OPERAM ftrials may prove less labour-intensive and more cost-effective than its application in the trial analysed
in this study. Given all of this evidence, it is likely that the more clinically effective and cost-effective
medication screening interventions in older hospitalised patients in the future will comprise of pharmacist-led
and/or computerised CDSS interventions.

A study conducted in Canada assessed the cost-effectiveness of self-managed versus physician-managed oral
anticoagulant therapy over a 5-year period using a Bayesian Markov model [50]. Self-management resulted in
fewer adverse drug events than physician management with the average discounted incremental cost of self-
management relative to physician management calculated to be $989 per patient with incremental QALY's of
0.07 gained [50]. Although this study did not assess medication screening in the elderly per se, it is yet another
example of where a physician-implemented medication intervention was not found to be cost-effective.
Conversely, the literature once again appears to favour medication screening programmes involving or



implemented by pharmacists. This point is supported by two recently published studies demonstrating cost-
effectiveness of pharmacist-driven medication reviews towards optimisation in older patients [15, 51].

Notwithstanding the research physician’s absence during medical rounds, the 83.4% acceptance rate of
STOPP/START recommendations by attending doctors is noteworthy [19]. However, in a very similar analysis
where the research pharmacist was absent during medical rounds, a lower acceptance rate of 38.5% by attending
doctors was notable [52]. As the present analysis argues that pharmacist-led medication screening interventions
are an effective and a cost-effective solution, the low rate of acceptance of pharmacist prescribing
recommendations by attending physicians needs to be further investigated. In relation to pharmacist medication
reviews, a robust method for economic evaluation of such medication assessments has been elucidated [53].
Ideally, the evaluation should be conducted with a 1-year follow-up period from a healthcare service provider
viewpoint. Health-related quality of life (HRQoL) is contended as the preferred effectiveness measure utilised,
allowing correlation with confirmed societal values. The ultimate and most comprehensive appraisal would be a
cost-benefit evaluation over a 5-year period from a societal perspective. Thus, if the standard practice model of
medication reviews is to be pharmacist-led, the economic evaluation aspect of such reviews should be
conducted using the proposed methods.

The cluster randomisation of the RCT that this evaluation is based upon resulted in a statistically significant sex
imbalance between the control and intervention groups (significantly fewer women in the control group (49.7%)
than in the intervention group (63.9%)). Although sex imbalance in any RCT is not desirable, there is no
evidence to indicate that sex had a significant influence on the prevalence rates of PIMs, PPOs, or incident
ADRs in the trial. The literature has shown that females experience higher rates of PIMs and ADRs relative to
males [54-56]. Given the higher proportion of women in the intervention group, one would have expected
higher rates of ADRs in this arm yet the results demonstrated the contrary. Therefore, it is unlikely that the sex
imbalance between groups had a significant influence on primary outcome results. There were no other
significant demographic differences between the two treatment arms. As stated, demographic analysis is
presented in the original RCT paper [19].

It has been established that conducting economic evaluations based on data from RCTs is a suitable
methodology [57]. This approach has two main advantages i.e. (i) internal validity is maintained due to the
comprehensive nature of data collection during the trial and (ii) there is a modest marginal cost associated with
collecting required data from a trial which is predominantly clinically orientated [57]. While a cost-utility
analysis with a health-related outcome measure is recommended as the reference case in the Republic of Ireland
[28], it was not a realistic outcome measure for this analysis. The population under consideration had multiple
co-morbidities and often an initially poor health status [19]. Therefore, HRQoL was not appropriate in this case
[58]. Appropriate methods were used to investigate the cost-effectiveness analysis of the trial data. Multi-level
mixed effect models were chosen as they are an acceptable means for estimating the incremental net benefits for
a clinical trial of this nature. Clustered data can potentially lead to biased results [59]. Normal statistical
analyses are generally inappropriate, however the methods employed for our analysis surmounted this issue
[34]. These techniques account for both the clustering and correlation of cost and effect data.

4.1 Limitations

There are several limitations to this economic evaluation, principally pertaining to extrapolation of the findings
to routine clinical practice. Training costs and time estimates were not recorded at time of event and were
retrospectively informed by the primary research team. It is likely that some costs associated with this
intervention may have been overestimated or underestimated. For example, the seven minute time period
allocated for discussion of STOPP/START recommendations could vary considerably depending on the number
of recommendations generated and the subjective prescribing assessment thought processes of the attending
consultant. In addition, the 30-minute time period allocated to compiling the research physician’s printed report
could be replaced by a five minute handwritten summary of recommendations into patients’ medical records.
However, the scenario analysis demonstrated that if healthcare professional time associated with intervention
implementation was altered by 50% in both directions, this had a minimal effect on the original ICER estimate
(see ESM Table S4). Furthermore, a time and motion study, which gathers data on healthcare professional time
required to complete the intervention, would have reduced uncertainty surrounding this input. As healthcare
professionals become more familiar with the application of the STOPP/START criteria, they will be able to
apply them more effectively and arrive at decisions at a faster rate.
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ADRs are often compared to icebergs [60]; those that are visible and identified, and those that are below the
water’s surface where neither patient nor intervening clinician recognise that they are drug effects, and thus
unquantifiable. Therefore, it is possible that the amount of ADRs identified in both arms of the trial is not the
true value. Depending on the type and severity of ADR, the cost, patient LOS, and overall impact on healthcare
utilisation can vary dramatically [41, 61]. This level of detail was not reflected in our evaluation. Therefore, it is
potentially dangerous to dismiss the intervention as not being cost-effective because the outcome at the time was
not measureable or identifiable. There are also those that may be causing no symptoms or signs at the time but
represent a real risk in the future. Ideally, a longer duration of follow-up for ADR evaluation would have been
more preferable as it possibly could have allowed for further identification of ADRs.

Moreover, this evaluation is based on the work of one research physician in a single centre. Aspects of the
intervention that would be variable between sites include the clinical experience of the research physician
involved and the extent of the uptake of STOPP/START criteria recommendations by the receiving medical
team. The attending physician is solely responsible for deciding whether the application of the STOPP/START
criteria is clinically important or not. This is a subjective choice, irrespective of formal training. There are other
examples of medication optimisation due to the application of the STOPP/START screening tool [22]. This
single study site increased the possibility of crossover learning between healthcare colleagues within the
secondary care environment. However, if healthcare decision-makers are insistent about supporting and
promoting physician-led medication screening interventions, this evaluation should be carried out on a larger
scale involving multiple hospital sites as in the SENATOR and OPERAM trials [45, 46].

As stated, the trial was conducted in 2011/2012 and cost-effectiveness was calculated using 2012 healthcare
costs. When the analysis was re-run using CAHC and original trial effectiveness data, the cost of the
intervention was marginally lower (see ESM Table S1); however, there was a slight ICER increase which is
attributed to the increased 24-hour national Irish hospital stay average cost per patient (see ESM Table S2). It is
unlikely that healthcare policy decision-makers would execute the rollout of this intervention today as it has
become less cost-effective recently. However a budget impact analysis would have to completed alongside the
cost-effectiveness analysis to assess if policymakers were serious about its adoption [62]. In addition, the results
of economic analyses based on RCTs must be interpreted with caution especially if there are limitations or flaws
inherent in trial design. However, the RCT that formed the basis of the present cost-effectiveness analysis
achieved 80% power to detect a statistically significant difference in ADR incidence between the groups at the
95% confidence level [19]. It would have been interesting to calculate the incremental net benefit statistic to
derive the same conclusion on cost-effectiveness like that of the ICER. This was not possible since a
willingness-to-pay threshold for ADRs has not yet been elucidated.

This is the first study to evaluate the economic impact of a physician-led medication review intervention based
upon the STOPP/START criteria. Since their development in 2008 [21], STOPP/ START criteria have become
an extensively used method of identifying and improving instances of potentially inappropriate prescribing [52,
63]. This analysis provides further information about the adoption of STOPP/START guidelines as a
fundamental part of any healthcare review conducted by a healthcare professional in an older population. The
present analysis has implemented recommendations from the CHEERS statement to ensure that this manuscript
presents a transparent high quality evaluation.

5 Conclusion

Based on the information extracted from the cluster RCT, the physician-implemented medication screening tool
based on the STOPP/START criteria is unlikely to be considered cost-effective. The healthcare payer would
have to pay €20,000 to attain a 92.6% probability that this intervention, which prevents ADRs, is cost-effective.
However, as the authors are unaware of decisions previously made based on the cost per ADR prevented, there
is uncertainty regarding the cost-effectiveness status of the intervention from a policy perspective. Moreover,
while the difference in incremental effects on an individual basis did demonstrate statistical significance, the
difference in overall incremental costs did not. To date, the literature appears to be sparse with regard to
physician-implemented medication review interventions in secondary care in contrast with the multiplicity of
studies describing pharmacist-led programs which appear to be clinically effective and budget positive [44]. At
a minimum, this evaluation further adds to the growing body of evidence that a structured form of medication
review and reconciliation incorporating STOPP/START criteria is superior to usual clinical practice. The
present data suggests that a pharmacist with/without CDSS designed for STOPP/START criteria employed to
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carry out such medication reviews may be a more cost-effective approach than a medication review by a
specialist physician.

Compliance with Ethical Standards
Funding

This research project was funded by the Health Research Board of Ireland (Grant HRA_HSR/2010/14) and the
Irish Research Council (GOIPG/2016/635). The funders had no part in the design of the analysis; the collection,
analysis, and interpretation of the data; the writing of the report; or the decision to submit the article for
publication.

Conflicts of Interest

Stephen Byrne and Denis O'Mahony have part ownership in a patent “A Prescription Decision Support System”
(based on STOPP/START prescribing rules); the patent was registered with the European Patent Office
(Munich); Patent No. 11757950.8-1952. Stephen Byrne and Denis O'Mahony are also involved with two
European Commission—funded grants that involve clinical trials in which there is computerized deployment of
the STOPP/START criteria as part of an intervention designed to optimize pharmacotherapy in older adults. The
first EC grant is called “Development and clinical trials of a new Software Engine for the Assessment &
Optimization of drug and non-drug Therapy in Older peRsons [SENATOR],” grant agreement 305930, awarded
under the Seventh Framework Programme (FP7). The trial is registered with the United States National
Institutes of Health (NCT02097654 - http://clinicaltrials.gov/show/NCT02097654). Denis O'Mahony is
coordinator of the SENATOR project. The second EC-funded project is called “OPERAM: OPtimising thERapy
to prevent Avoidable hospital admissions in the Multimorbid elderly.” OPERAM is funded under the Horizon
2020 programme (PHC 17-2014). The OPERAM trial is based on another software intervention called
“Screening Tool to Reduce Inappropriate Prescribing”, which uses STOPP/START rules to assess the
pharmacotherapy of older people. The trial is registered with the United States National Institutes of Health
(NCT02986425 - http://clinicaltrials.gov/show/NCT02986425). Gary O’Brien, Paddy Gillespie, Mark Mulcahy,
Valerie Walshe, Marie O’Connor, David O’Sullivan and James Gallagher declare that they have no conflicts of
interest relevant to the content of this article.

Ethical Approval

The research ethics committee (institutional review board) of the local teaching hospitals network approved the
trial protocol and the trial was registered with the United States National Institutes of Health (NCT01467050 -
http://clinicaltrials.gov/show/NCT01467050).

Informed Consent
Written consent was sought and obtained from all participating patients prior to enrolment in the study.
Author Contributions

Gary O’Brien, Stephen Byrne, Denis O’Mahony, Paddy Gillespie, James Gallagher, Valerie Walshe and Mark
Mulcahy wrote the manuscript; Gary O’Brien, Paddy Gillespie and James Gallagher analysed the data; Stephen
Byrne and Denis O’Mahony designed the original research trial; Marie O’Connor and David O’Sullivan
recruited trial participants and gathered original trial data.

Acknowledgements
The authors would like to thank the patients and practitioners who participated in the trial study.
Journal of Economic Literature (JEL) Classification

This article is classified as 119 according to the JEL system.

12



References

1. Organisation for Economic Co-operation and Development (OECD). Life expectancy at birth
(indicator). 2018. https://data.oecd.org/healthstat/life-expectancy-at-birth.htm. Accessed
26/01/2018 2018.

2. Lehnert T, Heider D, Leicht H, Heinrich S, Corrieri S, Luppa M et al. Health care utilization and costs
of elderly persons with multiple chronic conditions. Medical Care Research and Review.
2011;68(4):387-420.

3. O’Connor MN, Gallagher P, O’'Mahony D. Inappropriate prescribing. Drugs & aging.
2012;29(6):437-52.

4. Linjakumpu T, Hartikainen S, Klaukka T, Veijola J, Kivelad S-L, Isoaho R. Use of medications and
polypharmacy are increasing among the elderly. Journal of clinical epidemiology. 2002;55(8):809-17.
5. Hanlon JT, Pieper CF, Hajjar ER, Sloane RJ, Lindblad CI, Ruby CM et al. Incidence and predictors of
all and preventable adverse drug reactions in frail elderly persons after hospital stay. The Journals of
Gerontology Series A: Biological Sciences and Medical Sciences. 2006;61(5):511-5.

6. Nguyen JK, Fouts MM, Kotabe SE, Lo E. Polypharmacy as a risk factor for adverse drug reactions in
geriatric nursing home residents. The American journal of geriatric pharmacotherapy. 2006;4(1):36-
41.

7. Scott |, Jayathissa S. Quality of drug prescribing in older patients: is there a problem and can we
improve it? Internal medicine journal. 2010;40(1):7-18.

8. Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR, Pirmohamed M. Adverse drug
reactions in hospital in-patients: a prospective analysis of 3695 patient-episodes. PLoS one.
2009;4(2):e4439.

9. Davies EC, Green CF, Mottram DR, Pirmohamed M. Adverse drug reactions in hospitals: a narrative
review. Current drug safety. 2007;2(1):79-87.

10. Forget EL, Roos LL, Deber RB, Walld R. Variations in lifetime healthcare costs across a population.
Healthcare Policy. 2008;4(1):e148.

11. Scott MG, Scullin C, Hogg A, Fleming GF, McElnay JC. Integrated medicines management to
medicines optimisation in Northern Ireland (2000-2014): a review. Eur J Hosp Pharm.
2015:ejhpharm-2014.

12. Ahern F, Sahm LJ, Lynch D, McCarthy S. Determining the frequency and preventability of adverse
drug reaction-related admissions to an Irish University Hospital: a cross-sectional study. Emerg Med
J.2014;31(1):24-9.

13. Christensen M, Lundh A. Medication review in hospitalised patients to reduce morbidity and
mortality. Cochrane Database Syst Rev. 2013;2.

14. Blenkinsopp A, Bond C, Raynor DK. Medication reviews. Br J Clin Pharmacol. 2012;74(4):573-80.
d0i:10.1111/j.1365-2125.2012.04331.x.

15. Gillespie U, Alassaad A, Henrohn D, Garmo H, Hammarlund-Udenaes M, Toss H et al. A
comprehensive pharmacist intervention to reduce morbidity in patients 80 years or older: a
randomized controlled trial. Archives of internal medicine. 2009;169(9):894-900.

16. Hellstrém LM, Bondesson A, Hoglund P, Midlév P, Holmdahl L, Rickhag E et al. Impact of the Lund
Integrated Medicines Management (LIMM) model on medication appropriateness and drug-related
hospital revisits. European journal of clinical pharmacology. 2011;67(7):741-52.

17. Trivalle C, Cartier T, Verny C, Mathieu AM, Davrinche P, Agostini H et al. Identifying and
preventing adverse drug events in elderly hospitalised patients: a randomised trial of a program to
reduce adverse drug effects. The journal of nutrition, health & aging. 2010;14(1):57-61.

18. Schmader KE, Hanlon JT, Pieper CF, Sloane R, Ruby CM, Twersky J et al. Effects of geriatric
evaluation and management on adverse drug reactions and suboptimal prescribing in the frail
elderly. The American journal of medicine. 2004;116(6):394-401.

19. O'Connor MN, O'Sullivan D, Gallagher PF, Eustace J, Byrne S, O'Mahony D. Prevention of
Hospital-Acquired Adverse Drug Reactions in Older People Using Screening Tool of Older Persons'

13



Prescriptions and Screening Tool to Alert to Right Treatment Criteria: A Cluster Randomized
Controlled Trial. Journal of the American Geriatrics Society. 2016;64(8):1558-66.

20. O’Sullivan D, O’Mahony D, O’Connor MN, Gallagher P, Gallagher J, Cullinan S et al. Prevention of
adverse drug reactions in hospitalised older patients using a software-supported structured
pharmacist intervention: a cluster randomised controlled trial. Drugs & aging. 2016;33(1):63-73.

21. Gallagher P, Ryan C, Byrne S, Kennedy J, O'Mahony D. STOPP (Screening Tool of Older Person's
Prescriptions) and START (Screening Tool to Alert doctors to Right Treatment). Consensus validation.
International journal of clinical pharmacology and therapeutics. 2008;46(2):72-83.

22. Hill-Taylor B, Sketris |, Hayden J, Byrne S, O'Sullivan D, Christie R. Application of the STOPP/START
criteria: a systematic review of the prevalence of potentially inappropriate prescribing in older
adults, and evidence of clinical, humanistic and economic impact. Journal of clinical pharmacy and
therapeutics. 2013;38(5):360-72.

23. Gallagher J, O’Sullivan D, McCarthy S, Gillespie P, Woods N, O’Mahony D et al. Structured
pharmacist review of medication in older hospitalised patients: a cost-effectiveness analysis. Drugs &
aging. 2016;33(4):285-94.

24. Prevention of Adverse Drug Events (ADEs) in Hospitalised Older Patients.
https://ClinicalTrials.gov/show/NCT01467050.

25. Sikdar KC, Dowden J, Alaghehbandan R, MacDonald D, Wang PP, Gadag V. Adverse drug
reactions in elderly hospitalized patients: a 12-year population-based retrospective cohort study.
Annals of Pharmacotherapy. 2012;46(7-8):960-71.

26. Economic and Social Research Institute (ESRI). Activity in acute public hospitals in Ireland. Annual
report 2012. Ireland. 2013.

http://www.hpo.ie/latest hipe nprs reports/HIPE 2012/HIPE Report 2012.pdf. Accessed
05/01/2018.

27. Campbell MK, Piaggio G, Elbourne DR, Altman DG. Consort 2010 statement: extension to cluster
randomised trials. Bmj. 2012;345:e5661.

28. Health Information and Quality Authority (HIQA). Guidelines for the economic evaluation of
health technologies in Ireland. Ireland. 2017. https://www.higa.ie/sites/default/files/2017-

10/Draft HIQA Economic Guidelines 2017 consultation.pdf. Accessed 06/01/2018.

29. Health Service Executive (HSE). Consolidated salary scales in accordance with Financial
Emergency Measures in the Public Interest Act 2013. Ireland. 2013.
http://www.hse.ie/eng/staff/benefitsservices/pay/July%202013.pdf. Accessed 04/01/2018.

30. Gallagher PF, O'Connor MN, O'Mahony D. Prevention of potentially inappropriate prescribing for
elderly patients: a randomized controlled trial using STOPP/START criteria. Clinical Pharmacology &
Therapeutics. 2011;89(6):845-54.

31. Healthcare Pricing Office (HPO). Hospital In-Patient Enquiry Scheme (HIPE) Report 2012. In:
(DoH) DoH, editor. National Finance Division, HSE, Brunel Building, Heuston South Quarter, St John’s
Road West, Dublin 82014.

32. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the economic
evaluation of health care programmes. Oxford University Press; 2015.

33. Gyllensten H, Jonsson AK, Hakkarainen KM, Svensson S, Hagg S, Rehnberg C. Comparing Methods
for Estimating Direct Costs of Adverse Drug Events. Value in Health. 2017;20(10):1299-310.

34. Gomes M, Ng ESW, Grieve R, Nixon R, Carpenter J, Thompson SG. Developing appropriate
methods for cost-effectiveness analysis of cluster randomized trials. Medical Decision Making.
2012;32(2):350-61.

35. Gillespie P, O'Shea E, Casey D, Murphy K, Devane D, Cooney A et al. The cost-effectiveness of a
structured education pulmonary rehabilitation programme for chronic obstructive pulmonary
disease in primary care: the PRINCE cluster randomised trial. BMJ open. 2013;3(11):e003479.

36. Fenwick E, Byford S. A guide to cost-effectiveness acceptability curves. RCP; 2005.

37. Hoch JS, Rockx MA, Krahn AD. Using the net benefit regression framework to construct cost-
effectiveness acceptability curves: an example using data from a trial of external loop recorders

14


http://www.hpo.ie/latest_hipe_nprs_reports/HIPE_2012/HIPE_Report_2012.pdf
http://www.hiqa.ie/sites/default/files/2017-10/Draft_HIQA_Economic_Guidelines_2017_consultation.pdf
http://www.hiqa.ie/sites/default/files/2017-10/Draft_HIQA_Economic_Guidelines_2017_consultation.pdf
http://www.hse.ie/eng/staff/benefitsservices/pay/July%202013.pdf

versus Holter monitoring for ambulatory monitoring of" community acquired" syncope. BMC Health
Services Research. 2006;6(1):68.

38. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D et al. Consolidated
health economic evaluation reporting standards (CHEERS) statement. Cost Effectiveness and
Resource Allocation. 2013;11(1):6.

39. Ramsey S, Willke R, Briggs A, Brown R, Buxton M, Chawla A et al. Good research practices for
cost-effectiveness analysis alongside clinical trials: the ISPOR RCT-CEA Task Force report. Value in
health. 2005;8(5):521-33.

40. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting
parallel group randomised trials. BMC medicine. 2010;8(1):18.

41. Rottenkolber D, Schmied| S, Rottenkolber M, Farker K, Saljé K, Mueller S et al. Adverse drug
reactions in Germany: direct costs of internal medicine hospitalizations. Pharmacoepidemiology and
drug safety. 2011;20(6):626-34.

42. Godfrey C, Heather N, Bowie A, Brodie J, Parrott S, Ashton H et al. Randomised controlled trial of
two brief interventions against long-term benzodiazepine use: Cost-effectiveness. Addiction
Research & Theory. 2008;16(4):309-17.

43. Campbell F, Karnon J, Czoski-Murray C, Jones R. A systematic review of the effectiveness and
cost-effectiveness of interventions aimed at preventing medication error (medicines reconciliation)
at hospital admission. Report for the National Institute for Health and Clinical Excellence as part of
the Patient Safety Pilot. 2007.

44. Gallagher J, McCarthy S, Byrne S. Economic evaluations of clinical pharmacist interventions on
hospital inpatients: a systematic review of recent literature. International journal of clinical
pharmacy. 2014;36(6):1101-14.

45, Clinical Trial of a New Software ENgine for the Assessment & Optimization of Drug and Non-drug
Therapy in Older peRsons. https://ClinicalTrials.gov/show/NCT02097654.

46. OPtimising thERapy to Prevent Avoidable Hospital Admissions in the Multimorbid Older People.
https://ClinicalTrials.gov/show/NCT02986425.

47. Dalton K, O’Brien G, O’'Mahony D, Byrne S. Computerised Medication Analysis Designed to
Minimise Inappropriate Prescribing in Older Hospitalised Patients: A Systematic Review. Age and
Ageing. 2017;46(Suppl_3):iii13-iii59. doi:10.1093/ageing/afx144.236.

48. Kuperman GJ, Gibson RF. Computer physician order entry: benefits, costs, and issues. Annals of
internal medicine. 2003;139(1):31.

49. Tierney WM, Miller ME, Overhage JM, McDonald CJ. Physician inpatient order writing on
microcomputer workstations: effects on resource utilization. Jama. 1993;269(3):379-83.

50. Regier DA, Sunderji R, Lynd LD, Gin K, Marra CA. Cost-effectiveness of self-managed versus
physician-managed oral anticoagulation therapy. Canadian Medical Association Journal.
2006;174(13):1847-52.

51. Ghatnekar O, Bondesson A, Persson U, Eriksson T. Health economic evaluation of the Lund
Integrated Medicines Management Model (LIMM) in elderly patients admitted to hospital. BMJ
open. 2013;3(1):e001563.

52. O’Sullivan D, O’'Mahony D, O’Connor MN, Gallagher P, Cullinan S, O’Sullivan R et al. The impact of
a structured pharmacist intervention on the appropriateness of prescribing in older hospitalized
patients. Drugs & aging. 2014;31(6):471-81.

53. Zermansky AG, Silcock J. Is medication review by primary-care pharmacists for older people cost
effective? Pharmacoeconomics. 2009;27(1):11-24.

54. Buck MD, Atreja A, Brunker CP, Jain A, Suh TT, Palmer RM et al. Potentially inappropriate
medication prescribing in outpatient practices: prevalence and patient characteristics based on
electronic health records. The American journal of geriatric pharmacotherapy. 2009;7(2):84-92.

55. Bierman AS, Pugh MJV, Dhalla I, Amuan M, Fincke BG, Rosen A et al. Sex differences in
inappropriate prescribing among elderly veterans. The American journal of geriatric
pharmacotherapy. 2007;5(2):147-61.

15



56. Hofer-Dueckelmann C, Prinz E, Beindl W, Szymanski J, Fellhofer G, Pichler M et al. Adverse drug
reactions (ADRs) associated with hospital admissions—elderly female patients are at highest risk.
International Journal of Clinical Pharmacologyand Therapeutics. 2011;49(10):577.

57. Patterson SM, Hughes CM, Cardwell C, Lapane KL, Murray AM, Crealey GE. A Cluster Randomized
Controlled Trial of an Adapted US Model of Pharmaceutical Care for Nursing Home Residents in
Northern Ireland (Fleetwood Northern Ireland Study): A Cost-Effectiveness Analysis. Journal of the
American Geriatrics Society. 2011;59(4):586-93.

58. McHorney CA. Measuring and monitoring general health status in elderly persons: practical and
methodological issues in using the SF-36 Health Survey. The Gerontologist. 1996;36(5):571-83.

59. Panageas KS, Schrag D, Russell Localio A, Venkatraman ES, Begg CB. Properties of analysis
methods that account for clustering in volume—outcome studies when the primary predictor is
cluster size. Statistics in medicine. 2007;26(9):2017-35.

60. Hohl CM, Dankoff J, Colacone A, Afilalo M. Polypharmacy, adverse drug-related events, and
potential adverse drug interactions in elderly patients presenting to an emergency department.
Annals of Emergency Medicine. 2001;38(6):666-71. doi:10.1067/mem.2001.119456.

61. Gallagher J, Byrne S, Woods N, Lynch D, McCarthy S. Cost-outcome description of clinical
pharmacist interventions in a university teaching hospital. BMC health services research.
2014;14(1):177.

62. Yagudina RI, Kulikov AU, Serpik VG, Ugrekhelidze DT. Concept of Combining Cost-Effectiveness
Analysis and Budget Impact Analysis in Health Care Decision-Making. Value in health regional issues.
2017;13:61-6.

63. Lam MPS, Cheung BMY. The use of STOPP/START criteria as a screening tool for assessing the
appropriateness of medications in the elderly population. Expert review of clinical pharmacology.
2012;5(2):187-97.

64. Health Service Executive (HSE). January 2016 Revised Consolidated Payscales. Ireland. 2016.
http://www.hse.ie/eng/staff/benefitsservices/pay/. Accessed 04/01/2018.

65. Healthcare Pricing Office (HPO). Hospital In-Patient Enquiry Scheme (HIPE) Report 2015. In:
(DoH) DoH, editor. National Finance Division, HSE, Brunel Building, Heuston South Quarter, St John’s
Road West, Dublin 82017.

Electronic Supplementary Material (ESM)
Electronic Supplementary Table S1

Costs associated with care of patients in intervention arm in 2015 (CAHC)

Cost Component | Unit Description Reference
Cost (€)
Training of 0.56 circa 240 minutes of training Experience-based opinion from
research physician required costing approximately primary research team
in intervention €200.00
criteria (once off)
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Research 2.50 Median time of three minutes to HSE salary scales [64]
physician applying apply intervention [30]

the intervention

Research 5.83 Approximated time of seven HSE salary scales [64]
physician minutes (Experience-based opinion

informing from original research team)

specialist

consultant of

intervention

findings and

answering related

questions

Specialist 15.17 Approximated time of seven HSE salary scales [64]
consultant being minutes (Experience-based opinion

made aware and from original research team)

possibly

implementing

intervention

findings

Research 25.00 Approximated time of 30 minutes HSE salary scales [64]
physician (Experience-based opinion from

compiling printed original research team)

report of

intervention

findings

Hospitalisation 839.00 | 24-hour national Irish hospital stay | Healthcare Pricing Office [65]

Costs

average cost per patient

Key: HSE — Health Service Executive

Electronic Supplementary Table S2

Incremental cost-effectiveness analysis using CAHC and original trial effectiveness data

Intervention group (n = 360) Control group (n = 372)

Cost analysis
Total cost (€)

Mean (SD) 12,380 (13,802) 11,419 (12,795)
Effectiveness analysis
Participants experiencing > 1 42 (11.67) 78 (20.97)
ADRs [n (%)]
ADRs experienced per patient
[n (%0)]

0 318 (88.33) 294 (79.03)

1 39 (10.83) 67 (18.01)
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2 3(0.83) 11 (2.96)

ADRSs per patient [mean 0.125 (0.356) 0.239 (0.492)
(SD)]

Incremental cost-effectiveness | Intervention vs Control
analysis

Incremental cost

Difference in mean healthcare | 895 (95% CI —1851, 3642)
cost (€) @

Incremental effect

Difference in odds ratio for 0.391 (95% CI 0.233, 0.657)
ADR events @9

Difference in mean ADR events | —0.164 (95% CI —0.257, —0.070)

@c)

ICER per ADR averted (€) 5,469
Threshold value (1) per Probability that intervention is cost-effective @
ADR averted (€)
0 0.236
500 0.255
1,000 0.274
5,000 0.450
10,000 0.672
20,000 0.921

Key: SD = standard deviation; ADR = adverse drug reaction; Cl = confidence interval; ICER = incremental
cost-effectiveness ratio

3 Reported estimates for incremental differences in costs and effects adjusted to account for baseline
differences between arms

b) Regression for total costs estimated using multilevel mixed-effects linear regression models and
controlling for treatment arm, age, sex, number of medications at admission and clustering

° Regression for ADR event estimated using mixed effect logistic regression models and controlling for
treatment arm, age, sex, number of medications at admission and clustering

9 Probabilities for cost-effectiveness estimated parametrically using net benefit regression models for
analysis at each threshold value

Electronic Supplementary Table S3

Cheers checklist
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Section/item

Title and abstract

Recommendation

Reported
on Page

comm. no.

Title 1 Identify the study as an economic evaluation or use more Pg0
specific terms such as “cost-effectiveness analysis”, and
describe the interventions compared.

Abstract 2 Provide a structured summary of objectives, perspective, Pg1
setting, methods (including study design and inputs), results
(including base case and uncertainty analyses), and
conclusions.

Introduction

Background and 3 Provide an explicit statement of the broader context for the Pg 2

objectives study.
Present the study question and its relevance for health policy
or practice decisions.

Methods

Target populationand | 4 Describe characteristics of the base case population and Pg 3

subgroups subgroups analysed, including why they were chosen.

Setting and location 5 State relevant aspects of the system(s) in which the Pg 2
decision(s) need(s) to be made.

Study perspective 6 Describe the perspective of the study and relate this to the Pg3
costs being evaluated.

Comparators 7 Describe the interventions or strategies being compared and | Pg 2
state why they were chosen.

Time horizon 8 State the time horizon(s) over which costs and consequences | Pg 3
are being evaluated and say why appropriate.

Discount rate 9 Report the choice of discount rate(s) used for costs and Pg 4
outcomes and say why appropriate.

Choice of health 10 Describe what outcomes were used as the measure(s) of Pg5

outcomes benefit in the evaluation and their relevance for the type of
analysis performed.

Measurement of 11b | Synthesis-based estimates: Describe fully the methods used | Pg5

effectiveness for identification of included studies and synthesis of
clinical effectiveness data.

Measurement and 12 If applicable, describe the population and methods used to N/A

valuation of elicit preferences for outcomes.

preference based

outcomes
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Estimating costs and 13b Model-based economic evaluation: Describe approaches and | Pg 4
resources data sources used to estimate resource use associated with
model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit
cost. Describe any adjustments made to approximate to
opportunity costs.

Currency, price date 14 Report the dates of the estimated resource quantities and unit | Pg 5
and conversion costs. Describe methods for adjusting estimated unit costs to
the year of reported costs if necessary. Describe methods for
converting costs into a common currency base and the
exchange rate.

Choice of model 15 Describe and give reasons for the specific type of decision- N/A
analytical model used. Providing a figure to show model
structure is strongly recommended.

Assumptions 16 Describe all structural or other assumptions underpinning N/A
the decision-analytical model.

Analytical methods 17 Describe all analytical methods supporting the evaluation. Pg 6
This could include methods for dealing with skewed,
missing, or censored data; extrapolation methods; methods
for pooling data; approaches to validate or make adjustments
(such as half cycle corrections) to a model; and methods for
handling population heterogeneity and uncertainty.

Results
Study parameters 18 Report the values, ranges, references, and, if used, N/A
probability distributions for all parameters. Report reasons
or sources for distributions used to represent uncertainty
where appropriate. Providing a table to show the input
values is strongly recommended.
Incremental costsand | 19 For each intervention, report mean values for the main Pg8
outcomes categories of estimated costs and outcomes of interest, as
well as mean differences between the comparator groups. If
applicable, report incremental cost-effectiveness ratios.
Characterising 20b | Model-based economic evaluation: Describe the effects on Pg 7
uncertainty the results of uncertainty for all input parameters, and
uncertainty related to the structure of the model and
assumptions.
Characterising 21 If applicable, report differences in costs, outcomes, or cost- | N/A
heterogeneity effectiveness that can be explained by variations between
subgroups of patients with different baseline characteristics
or other observed variability in effects that are not reducible
by more information.
Discussion
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Study findings, 22 Summarise key study findings and describe how they Pg 10
limitations, support the conclusions reached. Discuss limitations and the
generalisability, and generalisability of the findings and how the findings fit with
current knowledge current knowledge.
Other
Source of funding 23 Describe how the study was funded and the role of the Pg 12

funder in the identification, design, conduct, and reporting of
the analysis. Describe other non-monetary sources of
support.

Conflicts of interest 24 Describe any potential for conflict of interest of study Pg 12

contributors in accordance with journal policy. In the
absence of a journal policy, we recommend authors comply
with International Committee of Medical Journal Editors
recommendations.

Electronic Supplementary Table S4

Scenario analysis using 2012 data

50% increase in healthcare professional time Incremental Analysis - Intervention vs Control

Incremental Cost: Total Cost (€) 900 (95% CI—1783, 3584)

Difference in Mean

Incremental Effect: No. of ADR Events (n) —0.164 (95% CI1-0.257, —0.070)

Difference in Mean

Incremental cost-effectiveness ratio (€) 5,500
50% decrease in healthcare professional time Incremental Analysis - Intervention vs Control
Incremental Cost: Total Cost (€) 854 (95% CIl —1831, 3539)

Difference in Mean

Incremental Effect: No. of ADR Events (n) —0.164 (95% CI —0.257, —0.070)

Difference in Mean

Incremental cost-effectiveness ratio (€) 5,216

Key: ADR = adverse drug reaction; Cl = confidence interval

Electronic Supplementary Table S5

Scenario analysis using CAHC and original trial effectiveness data

50% increase in healthcare professional time Incremental Analysis - Intervention vs Control
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Incremental Cost: Total Cost (€)

Difference in Mean

918 (95% CI —1828, 3664)

Incremental Effect: No. of ADR Events (n)

Difference in Mean

~0.164 (95% CI —0.257, —0.070)

Incremental cost-effectiveness ratio (€)

5,608

50% decrease in healthcare professional time

Incremental Analysis - Intervention vs Control

Incremental Cost: Total Cost (€)

Difference in Mean

872 (95% CI 1875, 3620)

Incremental Effect: No. of ADR Events (n)

Difference in Mean

~0.164 (95% CI —0.257, —0.070)

Incremental cost-effectiveness ratio (€)

5,330

Key: ADR = adverse drug reaction; Cl = confidence interval
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