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Abstract
Objectives To determine the economic impact of three drugs
commonly involved in potentially inappropriate prescribing
(PIP) in adults aged ≥65 years, including their adverse effects
(AEs): long-term use of non-steroidal anti-inflammatory drugs
(NSAIDs), benzodiazepines and proton pump inhibitors (PPIs)
at maximal dose; to assess cost-effectiveness of potential
interventions to reduce PIP of each drug.
Design Cost-utility analysis. We developed Markov models
incorporating the AEs of each PIP, populated with published
estimates of probabilities, health system costs (in 2014 euro)
and utilities.
Participants A hypothetical cohort of 65 year olds analysed
over 35 1-year cycles with discounting at 5% per year.
Outcome measures Incremental cost, quality-adjusted
life years (QALYs) and incremental cost-effectiveness ratios
with 95% credible intervals (CIs, generated in probabilistic
sensitivity analysis) between each PIP and an appropriate
alternative strategy. Models were then used to evaluate the
cost-effectiveness of potential interventions to reduce PIP for
each of the three drug classes.
Results All three PIP drugs and their AEs are associated with
greater cost and fewer QALYs compared with alternatives.
The largest reduction in QALYs and incremental cost was
for benzodiazepines compared with no sedative medication
(€3470, 95% CI €2434 to €5001; −0.07 QALYs, 95% CI
−0.089 to –0.047), followed by NSAIDs relative to paracetamol
(€806, 95% CI €415 and €1346; −0.07 QALYs, 95% CI
−0.131 to –0.026), and maximal dose PPIs compared with
maintenance dose PPIs (€989, 95% CI -€69 and €2127;
−0.01 QALYs, 95% CI −0.029 to 0.003). For interventions
to reduce PIP, at a willingness-to-pay of €45 000 per QALY,
targeting NSAIDs would be cost-effective up to the highest
intervention cost per person of €1971. For benzodiazepine
and PPI interventions, the equivalent cost was €1480 and
€831, respectively.
Conclusions Long-term benzodiazepine and NSAID
prescribing are associated with significantly increased costs
and reduced QALYs. Targeting inappropriate NSAID prescribing
appears to be the most cost-effective PIP intervention.

Introduction
Potentially
inappropriate
prescribing
(PIP), the use of medicines where the
risks outweigh the benefits, is prevalent
among adults aged ≥65 years, particularly

Strengths and limitations of this study
►► This study represents a novel application of eco-

nomic modelling methods to assess three common
types of potentially inappropriate prescribing.
►► Analysis included the principal adverse effects of
each potentially inappropriate medication.
►► Uncertainty of estimates was quantified using probabilistic sensitivity analysis.
►► The study did not consider differences in adverse
event risk among individual drugs within each class
or heterogeneity in economic impact among patient
subgroups.

in individuals taking multiple medicines or
with multiple chronic conditions.1 2 Several
explicit measures of PIP have been developed, including Beers criteria and the
Screening Tool for Older Person’s Prescriptions (STOPP), and while their relationship
with some patient outcomes has been evaluated, the effect on the wider health system
is also important to consider, in particular
on healthcare costs.3 The use of potentially
inappropriate medicines can have an impact
on healthcare costs due to pharmaceutical
expenditure relating to the prescriptions
themselves and due to managing the adverse
events which may result. In two systematic
reviews, one of studies assessing the STOPP
criteria and another on the economic impact
of inappropriate drug prescribing more
generally, only direct medication costs of PIP
drugs were assessed.3 4 Increased life expectancy has called into question the use of 65
years and above as a threshold for old age;
however, the literature on PIP (including
STOPP) still focuses on this population due
to physiological changes in ageing and the
prevalence of multiple comorbidities which
can predispose to medication harm.3
Furthermore, in only assessing the direct
cost of inappropriate drugs, the economic
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Methods
Markov models
The Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) statement was used in the design
and reporting of this research (included as online supplementary appendix 1).11 A Markov model was developed
for each of the included PIP drugs using TreeAge Pro 2015
(TreeAge Software, Williamstown, Massachusetts, USA).
This type of decision-analytic model was chosen to allow
for time dependency, a particularly important consideration in the context of older people on long-term medicines.12 The base case analysis used a target population of
hypothetical 65 year olds who were community-dwelling
in Ireland and had no current or previous adverse events
relating to these PIP drugs. A health system perspective
was used over a time horizon of 35 1-year cycles (ie, to
age 100) with a half cycle correction.13 This perspective
is recommended in national guidelines on economic
evaluation,14 and therefore only direct costs to the health
system (including those relating to residential care) were
considered. The primary decision maker is therefore
Ireland’s Health Service Executive which makes funding
allocation decisions relating to health technologies. In
each of the three cases, the PIP strategy was compared
with an alternative strategy, selected as an appropriate
therapeutic option instead of the PIP drug (with respect
to effectiveness and safety). The models incorporated the
principal adverse drug events relating to each PIP (see
table 1). The primary outcomes evaluated were costs and
quality-adjusted life years (QALYs). Life years (LYs) and
number/rate of adverse events were also quantified as
secondary outcomes. A discount rate for costs, QALYs
and LYs was applied at 5% per annum and was varied
from 0% to 6% in sensitivity analysis, in line with guideline recommendations.14
This cohort consisted of healthy community-dwelling
older people; therefore in each model, all individuals
start in a ‘Well’ state (see online supplementary appendix
2, figure A1 for state transition diagrams for each model).
In subsequent cycles, individuals could transition to other
states as a result of adverse events relating to the potentially inappropriate medicines of interest. Individuals
remain in the adverse event state for one cycle unless they

Table 1 Description of included criteria from the STOPP
Potentially inappropriate
prescription

Comparator

NSAID >3 months

Paracetamol

4.1%

Benzodiazepine ≥4 weeks

No sedative medication

4.3%

PPI maximal dose >8 weeks

Maintenance dose PPI

23.6%

Prevalence2

Adverse events represented
Dyspepsia
Gastrointestinal bleed
Myocardial infarction
Hip fracture
Other fall injuries
Hip fracture
Clostridium difficile infection

NSAID, non-steroidal anti-inflammatory drug; STOPP, Screening Tool for Older Persons’ Prescriptions.
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consequences of appropriate prescriptions used as an
alternative to PIP medicines are not accounted for.4 5 The
costs of managing any resulting adverse events have yet
to be quantified for PIP as a whole and have only been
assessed for individual medication classes to date, such
as benzodiazepines and non-steroidal anti-inflammatory drugs (NSAIDs).6–8 The economic impact of PIP is
important when considering whether interventions to
reduce PIP are an efficient use of resources and health
professionals’ time relative to other competing priorities. Few economic evaluations of trials to optimise
prescribing for older people have been published,3 9 10
which may limit implementation of such interventions by
decision-makers, given scarce healthcare resources.
A recent analysis of PIP among older adults in Ireland
found that the most common indicators related to longterm use of NSAIDs, benzodiazepines and maximal dose
proton pump inhibitors (PPIs).2 NSAIDs are indicated for
treating pain in arthritis and low back pain for example;
however, due to their gastrointestinal and cardiovascular
risks, they are not recommended for long-term use. Benzodiazepines are sedative agents used to treat insomnia, but
carry risks of day-time drowsiness as well as tolerance and
dependence following long-term use. PPIs are used for
gastrointestinal conditions such as peptic ulcer disease
and gastro-oesophageal reflux disease. While maximal
doses are indicated for up to 8 weeks in the majority
of cases, following this a maintenance dose has comparable efficacy if continued treatment is necessary. Despite
strong evidence that the balance of benefits and harms
for such prescriptions is unfavourable, the prevalence
of these indicators ranged from 4% to 24% in a primary
care population analysis (where most prescribing of these
agents occurs).2
The aim of this study is to estimate and compare the
economic impact of these three common indicators
of PIP: long-term use of NSAIDs, benzodiazepines and
maximal dose PPIs. Specifically, we compare each of the
three PIP drugs to a more appropriate treatment using
Markov models to assess differences in quality and quantity of life and cost to the health system. We then apply
the models to explore the cost-effectiveness of potential
interventions based on recently published trials targeting
these PIP drugs.

Open access

Model inputs
Transition probabilities
Probabilities of transitions between states for the three
models were taken from published literature sources
which reported rates or probabilities of the adverse events
of interest. Population-based epidemiological studies with
study samples representative of older community-dwelling
adults were used, whenever possible, reflecting the baseline rate of adverse events for individuals in the appropriate
alternative models (see Table A1, online supplementary
appendix 2). In the PIP models, a measure of the relative risk associated with the PIP drug was applied to the
baseline probability for each adverse event. These were
taken from meta-analyses of randomised controlled trials
for NSAIDs,15–17 meta-analyses of observational studies for
benzodiazepines18 19 and for PPIs from a meta-analysis of
observational studies20 and a single observational study.21
Annual probability of death from all causes was based on
age-specific population rates for 2014 from the Central
Statistics Office (CSO).22 Excess mortality estimates
following adverse events were taken from observational
studies23–28 and were assumed to be independent of PIP
exposure (ie, the same postevent mortality was applied in
both PIP and alternative scenarios).
Utility values
To increase comparability between the models, the same
baseline utility value was applied to all ‘Well’ or no event
health states. The source of these values were UK population norms for the EQ-5D visual analogue scale for
people aged 65–74 and 75 years and over.29 Utility decrements or disutilities, the annual reduction in utility due
to an adverse event were taken from previous economic
evaluations or studies that derived these values from
patients with the relevant adverse event.9 30–43 These were
subtracted from this baseline utility to give the utility
value for each state. Further details of these are provided
in online supplementary appendix 2, section 2.
Costs
Each state was assigned a cost reflecting the average
annual costs to the Irish health system for a patient in that
health state, relating to hospital inpatient care, general
practitioner, outpatient department and emergency
Moriarty F, et al. BMJ Open 2019;9:e021832. doi:10.1136/bmjopen-2018-021832

department visits, medicines and long-term (residential)
care. Costs in euro from 2014 were used and, where not
available, historical costs were inflated using the applicable Consumer Price Index (CPI) Health sub index
from the CSO. In the case of C. difficile infection, international estimates of attributable costs were inflated to 2014
costs using the CPI from the origin country and were
then converted to Irish costs using the Purchasing Power
Parity index.14 Additional healthcare use attributable to
adverse events was identified from published studies and
Irish unit costs were assigned.44
Assumptions
It was assumed that prescribed medicines were consumed
(ie, full adherence) and over-the-counter use was not
included in the models. Health states only related to the
adverse events of each PIP, so it was assumed that there
was no significant differences in efficacy between each
PIP and the appropriate alternative, and no significant
adverse effects of the appropriate alternative. In the
NSAID model, following an adverse event, it was assumed
that individuals would be switched to an appropriate
alternative. In the other models, it was assumed that individuals remained on therapy regardless of adverse events,
due to unlikely attribution of the adverse events in the
case of PPIs and dependence and withdrawal effects in
the case of benzodiazepines. The effect of this assumption was assessed in structural sensitivity analysis.
Analytic methods
Economic impact of PIP relative to appropriate alternatives
Model structures were assessed for face validity by the
research team and models were cross-validated by
comparison to other published models concerning these
therapeutic areas.45 Models were validated by double-programming in Microsoft Excel 2010 (Microsoft, Redmond,
Washington, USA) to detect structural or coding errors,
and extreme value testing and comparison of cohort traces
between TreeAge Pro and Excel were also conducted.45
Only the base case analyses were programmed in Excel.
The models programmed in Excel are available from
https://doi.org/10.6084/m9.figshare.5818251.v1, and
TreeAge Pro model structures are included as Figures
A2-4 in section 3, online supplementary appendix 2.
Base case models were run for the PIP and appropriate
scenarios using point estimates for transition probabilities, costs and utilities (as shown in Table A1, online
supplementary appendix 2) and results are presented
as mean differences in costs, QALYs and LYs. An incremental cost-effectiveness ratio (ICER) was also calculated
for each PIP, indicating the expected additional cost
per additional QALY in the PIP scenario relative to the
appropriate alternative scenario. Differences in the total
number of adverse events for the PIP scenario compared
with the appropriate scenario were also determined.
Uncertainty associated with imprecision of the parameter inputs was incorporated into the model using probabilistic sensitivity analysis (PSA) to allow 95% credible
3
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have a further adverse event in the subsequent cycle, and
otherwise they transition to the postevent state (if applicable) or the relevant ‘Well’ state. Mortality attributable
to adverse events and background age-related mortality
were included. An in-depth description of the structure
and transitions for each model is included in section 1
of online supplementary appendix 2. The models were
populated with parameter estimates (see online supplementary appendix 2, table A1) derived from published
sources which are described in detail in section 2 of
online supplementary appendix 2. As this study used only
previously published data, there was no requirement for
ethical approval or patient consent.

Open access

Cost-effectiveness of potential interventions
In the second stage of the analysis, each model was used
to evaluate the cost-effectiveness of a potential intervention to reduce prescribing of each PIP drug by switching
patients to the more appropriate alternative. This analysis
was in the form of a value of implementation analysis,46
and a new decision was framed between implementing an
intervention to reduce PIP or usual care, as illustrated for
NSAIDs in Figure A5 in online supplementary appendix
2, section 5. The intervention was delivered once at the
beginning of the model to all individuals on a long-term
NSAID and resulted in a proportion of these people being
switched to paracetamol for the duration of the model
time horizon. The intervention cost per person and effectiveness (ie, the relative reduction in the proportion on
a long-term NSAID) were varied to determine circumstances in which the intervention would be preferred
to no intervention at a willingness-to-pay or cost-effectiveness threshold of €45 000/QALY (the conventionally used threshold in Ireland)14 as well as thresholds of
€20 000/QALY and €0/QALY. These results were plotted
and this was then repeated for benzodiazepine and PPIs.
Threshold analysis was conducted using effectiveness
estimates from recent primary care trials targeting these
PIP drugs which have no published economic evaluation
to date to determine maximal costs at which each medicines optimisation intervention would be cost-effective

(see section 5 of online supplementary appendix 2 for a
description of these trials).47–49
Patient involvement
Patients were not involved in the conception, design or
conduct of this research.
Results
Economic impact of PIP relative to appropriate alternatives
Based on the study parameters used (Table A1, online
supplementary appendix 2), for all three models the
PIP scenarios were dominated by the appropriate treatment scenarios (ie, they generated higher costs and fewer
QALYs). The incremental costs and QALYs were largest in
the benzodiazepine model, where being on the PIP drug
generated an average of €3470 higher costs and 0.07
fewer QALYs per patient compared with the appropriate
alternative scenario (table 2). For costs, this was followed
by patients on a long-term maximal dose PPI relative to
those on a maintenance dose and then being on longterm NSAIDs compared with paracetamol. The QALY
loss in the NSAID model was 0.07 QALYs and 0.01 QALYs
in the PPI model. The excess adverse events in the PIP
scenarios relative to the appropriate alternative scenarios
are shown in Table A2 (online supplementary appendix
3). Uncertainty in the outcomes is illustrated in figure 1
showing the distribution of cost and QALY differences
for each model in the PSA. The 95% CIs generated from
the PSA showed incremental costs and QALY losses were
statistically significant for the NSAID (95% CI €415 to
€1346 costs; −0.131 to −0.026 QALYs) and benzodiazepine models (95% CI €2434 to €5001 costs; −0.089 to
−0.047 QALYs). For the PPI model, the difference in costs
and QALYs between maximal dose and maintenance
dose prescribing was not statistically significant (95% CI
-€69 to €2127 costs; −0.029 to 0.003 QALYs).
In one-way deterministic sensitivity analysis, the PIP
scenario was still dominated by the appropriate alternative

Table 2 Cost, effect and ICER outputs for PIP compared with appropriate scenarios for each model
Strategy

Cost, € Incr. cost, € (95% CI) QALYs Incr. QALYs (95% CI)

NSAID model
 Paracetamol >3 months

2603

 NSAID for >3 months

3409

ICER, €/
QALY

8.72
806 (415 to 1346)

8.65

LYs

Incr.
LYs

11.54
−0.07 (−0.131 to −0.026)

−11 511

11.46

−0.08

Benzodiazepine model
 No benzodiazepine

25 158

 Benzodiazepine ≥4 weeks 28 628

8.78
3470 (2434 to 5001)

8.72

11.69
−0.07 (−0.089 to −0.047)

−52 672

11.65

−0.04

PPI model
 Maintenance dose >8
weeks
 Maximal dose >8 weeks

24 831
25 819

8.82
989 (−69 to 2127)

8.81

11.70
−0.01 (−0.029 to 0.003)

−85 279

11.68

−0.02

CI, credible interval; ICER, incremental cost-effectiveness ratio; LYs, life years; NSAID, non-steroidal anti-inflammatory drug; PPI, proton
pump inhibitor; QALYs, quality-adjusted life years.
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intervals (CIs) to be fitted (see online supplementary
appendix 2, section 4 for further details). The impact of
varying specific parameter inputs, including costs and
discount rates, was assessed in one-way deterministic
sensitivity analyses.14 Although not prespecified, we also
considered treatment adherence in one-way sensitivity
analysis. Up to 20% non-adherence was assessed, which
applied a reduction to medication costs and a reduction
in the proportion within each state who were exposed to
the medication and the associated relative risk of adverse
events.

Open access
One way deterministic sensitivity analysis results
NSAID
model

Benzodiazepine
model
PPI model

Incremental effect (QALYs)
 Outcome discount rate
  0

−0.157

−0.175

−0.035

  0.02

−0.111

−0.115

−0.022

  0.04

−0.082

−0.079

−0.014

  0.06

−0.061

−0.056

−0.010

 Non-adherence to treatment

Figure 1 Incremental costs and utilities for PIP compared
with appropriate from probabilistic sensitivity analysis for
each model (northwest quadrant). BDZ, benzodiazepine;
NSAID, non-steroidal anti-inflammatory drug; PIP, potentially
inappropriate prescribing; PPI, proton pump inhibitor;
QALYs, quality-adjusted life years.

scenario in each model across the range of values for the
investigated parameters and the rankings of the models
by incremental costs and QALYs did not change (see
table 3). Similarly, the posthoc sensitivity analysis of treatment non-adherence showed a reduction in both incremental costs and QALYs with increasing non-adherence.
Altering the NSAID model structure to assume no switch
from the PIP drug to paracetamol after an adverse event
(ie, if patients remained on a long-term NSAID regardless of adverse events occurrence, consistent with the
benzodiazepine and PPI models) resulted in a larger
cost difference (€1494, 95% CI €756 to €2493) and
QALY difference (−0.11 QALYs, 95% CI −0.042 to −0.203)
between the PIP and appropriate scenarios. The distribution of cost and QALY estimates under this assumption is
plotted in figure A6 in online supplementary appendix 3.
Cost-effectiveness of potential interventions
Applying these models to determine the cost-effectiveness
of potential interventions, the relationship between intervention cost, effectiveness and preferred option (intervention or usual care, ie, no intervention) is represented
graphically for each PIP drug in figure 2. Additionally,
see figure A7 in online supplementary appendix 3 for an
example interpretation of these plots. Taking estimates
of effectiveness from recently published trials targeting
these PIP drugs,47–49 an intervention which reduces
potentially inappropriate NSAID use by 49.8% would be
cost-effective up to a cost of €1971 per person at a CE
threshold of €45 000. For an intervention that resulted
in 23% discontinuation among benzodiazepine users, the
corresponding threshold cost would be €1480 and for
a 55% reduction in potentially inappropriate PPI use it
would be €831 (table 4). The rank order of these potential interventions depended on the CE threshold used.
Taking the extreme case of a CE threshold of €0 per
QALY (ie, willing to pay nothing additional for any QALY
Moriarty F, et al. BMJ Open 2019;9:e021832. doi:10.1136/bmjopen-2018-021832

  10%

−0.064

−0.059

−0.011

  20%

−0.058

−0.052

−0.010

Incremental cost (€)
 Costs discount rate
  0

1145.45

6497.62

1767.79

  0.02

984.56

4978.65

1379.78

  0.04

858.79

3893.76

1099.22

  0.06

758.79

3108.09

893.40

 Inpatient cost of C. difficile
  €4000.00

–

–

961.63

  €6398.72

–

–

996.79

  €8797.45

–

–

1031.94

  €11 196.17

–

–

1067.09

  Low

349.20

3016.20

478.15

  High

1125.73

4474.65

2166.44

 PIP drug cost*

 Non-PIP drug cost†
  Low

1192.38

–

1673.52

  High

660.57

–

477.64

3117.12
2765.54

900.42
810.45

 Non-adherence to treatment
  10%
  20%

740.56
672.11

*PIP drug cost range (€) NSAID: 74.82–202.00, benzodiazepine:
38.96–164.16, PPI: 117.12–261.60.
†Non-PIP drug cost range (€) NSAID: 38.40–120.00, PPI: 56.56–
160.80.
ICER, incremental cost-effectiveness ratio; LYs, life years; NSAID,
non-steroidal anti-inflammatory drug; PPI, proton pump inhibitor;
QALYs, quality-adjusted life years.

gain), cost-effectiveness would be achieved for interventions targeting NSAIDs, benzodiazepines and PPIs up to
costs per patient of €401, €798 and €544, respectively
(table 4).
Discussion
For the three PIP Markov models considered, the costs
were greater and there were fewer QALYs where the
potentially inappropriate medicine was prescribed
compared with an appropriate alternative strategy
5
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Table 3
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(table 2). For PPIs, the differences between the PIP and
appropriate alternative did not reach statistical significance due to uncertainty in the risk of adverse events
attributable to using maximal doses relative to maintenance doses (figure 1). Of the three PIP drugs considered
in this study, benzodiazepines for greater than 4 weeks
compared with no sedative medicine had the greatest
cost and QALY impact per patient (table 2). In the evaluation of the cost-effectiveness of reducing PIP of these
drugs, targeting long-term NSAIDs prescribing would be
most cost-effective due to the published effectiveness of
the intervention that was evaluated, though the ranking
depended on the CE threshold used (table 4).
Table 4 Threshold values across cost-effectiveness
thresholds for intervention cost at levels of effectiveness
from published trials
NSAIDs Benzodiazepines PPIs
Intervention
0.498
0.23
effectiveness (risk
reduction)*
Threshold cost (€) at published intervention
effectiveness*

0.55

WTP (€ per QALY)
 0

401

798

544

 20 000
 45 000

1099
1971

1101
1480

671
831

*Effectiveness estimates used were taken from Dreishulte et al for
NSAIDs,48 Tannenbaum et al for benzodiazepines49 and Clyne et al
for PPIs.47
NSAID, non-steroidal anti-inflammatory drugs; PPI, proton pump
inhibitor; QALY, quality-adjusted life year; WTP, willingness-to-pay.
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Figure 2 Cost and effectiveness at which interventions
would be cost-effective at a cost-effectiveness threshold
of €45 000 per QALY for (A) benzodiazepine, (B) PPI and (C)
NSAID models. NSAID, non-steroidal anti-inflammatory drug;
PIP, potentially inappropriate prescribing; PPI, proton pump
inhibitor; QALYs, quality-adjusted life years.

Context of the literature
No other studies appear to have assessed the economic
impact of PIP defined by STOPP beyond direct costs of
medicines.3 Several studies have quantified the costs of
adverse events relating to drug classes included in this
analysis, although in different settings.50 For NSAIDs, the
costs associated with no gastroprotection among older
patients with peptic ulcer disease in the UK, the excess costs
of GI injury among older US Medicaid patients and the
comparative costs of harm due to different NSAIDs have
been evaluated.6 9 51 Benzodiazepine drug interactions,
although not potentially inappropriate benzodiazepine
prescribing, were associated with significantly increased
healthcare costs in a regression analysis of older patients,7
while a further case-control study considered the attributable fall-related hospitalisation costs.52 They estimated the
cost of fall-related hospitalisations attributable to benzodiazepines in the Netherlands as €48.5 million, which
is 18.9% of the total cost of fall-related admissions. An
economic modelling study comparing benzodiazepines
to cognitive behavioural therapy or no treatment among
older adults with insomnia considering a time horizon of
only 1 year also found substantial falls-related costs associated with sedative drug use.8 While decision-tree analysis
has been used to evaluate different PPI treatment strategies, including dose reduction, to manage oesophagitis,53
the economic impact of adverse events or inappropriate
prescribing of PPIs has not been evaluated. Comparisons
with the present study are difficult, as previous research
has often presented results at the population level rather
than the incremental cost per person over an extended
time horizon.
Despite many studies of interventions to address appropriateness of prescribing in older people in primary
care, few economic evaluations have been published.3 10
The PINCER intervention in English GP practices was
cost-effective in both the in-trial economic evaluation
and the model-based cost-utility analysis over a 5 year
time horizon beyond the trial.9 54 However, there was
uncertainty in the model-based results due to a lack of
precise estimates of harm in the published literature for
some of the prescribing/monitoring errors targeted.9
An older study of clinical pharmacist advice to older US
veterans on five or more medicines and their doctors
reported a cost of $7.50–$30 (€12–€48) per patient per
unit improvement in the Medication Appropriateness
Index.55 Other published economic evaluations have
focused on appropriate prescribing of only specific drug
classes, such as benzodiazepines,56 57 psychiatric medicines58 59 or cardiovascular medicines.60 Of all of these
interventional studies, only the PINCER trial conducted
a model-based economic evaluation presenting results
as an ICER (ie, cost per QALY). Several recent trials of
primary care interventions have successfully reduced
PIP drugs. The OPTI-SCRIPT intervention involved
academic detailing by a pharmacist and a computer decision support system for GPs in Ireland and resulted in a
reduction in PIP, and in particular in long-term use of

Open access

Strengths and limitations
This is the first study to quantify the economic impact
of PIP in older people, considering not just the medication cost but also the adverse consequences. The use of
Markov models allowed for available evidence on harm
relating to PIP criteria from the published literature to be
combined. The analysis also incorporated uncertainty in
these estimates and a number of model validation steps
were conducted. This study directly compared three types
of suboptimal prescribing with distinct adverse effects on
a common scale of costs and QALYs. Similarly, it illustrates that the cost-effectiveness of potential interventions
to improve prescribing in older people can be assessed
using Markov modelling to capture the long-term consequences of medicines optimisation.
This study has several limitations. Only the principal
adverse effects of each PIP were included to reduce the
complexity and increase transparency of the models. Similarly, although prevalent among older adults, we did not
consider drug-drug and drug-disease interactions or exacerbations of underlying conditions within the models. A
number of model assumptions were applied to address
this study’s aim. First, as the STOPP criteria refer to drug
classes, we used pooled estimates for each class for the
risk of adverse effects to provide the average economic
impact of each PIP, and heterogeneity within drug classes
was beyond the scope of this study. Similarly, we did not
consider strategies that modify risks, such as gastroprotection with NSAIDs to prevent GI adverse events with
NSAIDs. Second, the cohort under consideration were
65 year olds, assumed to be continuous users of each PIP,
and in the intervention evaluation, the reduction in PIP
was assumed to be sustained over the full time horizon.
In reality, patients may spend some time exposed and
unexposed; however, these assumptions allowed comparison of the overall effects of each PIP. We considered
treatment adherence in sensitivity analysis and although
adherence to these medication classes is likely to be high
given their symptomatic effects, adherence may be lower
in some cases than is considered here. The analyses were
performed on a cohort basis to assess the average costs
and effects, which does not reflect the variability of these
outcomes among individuals, where some patients may
Moriarty F, et al. BMJ Open 2019;9:e021832. doi:10.1136/bmjopen-2018-021832

incur large costs and have a greater reduction in QALYs.
Heterogeneity was also not considered, as the research
did not aim to evaluate how the economic impact may
vary among patient subgroups. Further research should
determine the extent to which differences in individual
patient characteristics may alter the economic impact
of PIP. This analysis focused only on adverse effects of
prescribing deemed to be potentially inappropriate;
however, appropriate alternatives were selected on
the basis of similar effectiveness and limited adverse
effects. Although these types of prescribing are generally
regarded as inappropriate for older adults, there may be
circumstances where patients and their doctors weigh the
benefits and harms and decide that the ‘inappropriate’
prescription is optimal for them individually.
Implications for policy and practice
Trial-based economic evaluations may not always be informative for policy-maker decisions due to, for example, relevant comparators not being included, an insufficient time
horizon or measurement of intermediary endpoints (eg,
serum cholesterol) or process measures (eg, PIP) rather
than final outcomes.44 Modelling approaches can overcome these weaknesses, by allowing all relevant evidence
to be synthesised, incorporating alternative treatments
not directly compared in a trial and extrapolating beyond
the duration of the trial to assess long-term outcomes.12
Adoption of economic modelling approaches could
increase the number of informative economic evaluations
of prescribing safety interventions, such as in the PINCER
trial.9 Such methods may be particularly useful in evaluating services to improve other aspects of medicines use
where the benefits may not manifest during the period
of a trial, for example, interventions to improve adherence to preventative medicines.61 Future trials of new or
expanded services should conduct robust economic evaluations and include long-term consequences to inform
policy-makers’ decisions on implementation and funding
allocation. Cost-utility analyses presenting results as cost
per QALY are most informative, allowing policy-makers
to compare interventions and make funding decisions
across therapeutic domains. Model-based approaches,
as illustrated here, are an effective method to produce
these estimates and evaluate interventions which affect
outcomes across physiological systems.
Prescribing of potentially inappropriate medicines has
significant economic implications, and interventions to
reduce PIP are likely to be cost-effective if implemented
into primary care for older people. The 95% CIs for cost
and QALY differences in the PPI model both included
zero, which, similar to the PINCER trial, was due to uncertainty relating to the adverse effects.9 This indicates that
more information is needed on the safety of maximal
compared with maintenance doses,62 and therefore these
results should not deter efforts to deprescribe PPIs where
their use is potentially inappropriate.2 47 As illustrated in
table 4, the CE threshold being used by policy-makers (ie,
the cost they are willing to pay for a QALY) can influence
7
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PPIs at maximal dosage.47 The Scottish DQIP intervention employing education, informatics and incentives to
assist GPs reviewing older patients’ prescribing effectively
decreased high-risk prescribing of NSAIDs and other
medicines and reduced the rate of hospitalisation for
GI bleeding and heart failure.48 Finally, the EMPOWER
trial demonstrated that a patient empowerment intervention delivered through Canadian community pharmacies
results in greater discontinuation of benzodiazepines
than standard care.49 The cost-effectiveness of these interventions has yet to be demonstrated through published
economic evaluations, and hence this study illustrates the
use of Markov models to assess the cost-effectiveness of
reducing PIP and the resulting adverse events.

Open access

Conclusion
PIP of benzodiazepines and NSAIDs carry a statistically
significant cost, to both the health system and patients,
and there is an economic case for implementing effective interventions to improve prescribing of these medications for older people. Maximal dose PPI use is highly
prevalent but evidence of harms is less certain, and so
further studies should consider whether continuing
maximal dose PPI is associated with increased risks
compared with maintenance dose prescribing in order
to establish whether targeting this is an efficient use of
resources. Future research should also evaluate which
patient subgroups inappropriate medication use have the
greatest economic impact on, and thus, which patients
would most benefit from prescribing optimisation interventions to maximise cost-effectiveness.
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which interventions are funded. Placing a greater monetary value on each QALY will favour interventions that
improve quality and quantity of life over those that
reduce healthcare costs. While an explicit CE threshold
exists for new drugs in the Irish health system, it is less
clear whether the same applies to other interventions,
such as those to improve prescribing.63 It may be that a
lower CE threshold applies to these, for instance, if no
additional funding is available for medicines optimisation
services and only cost-saving interventions are acceptable
to decision-makers. Using a different CE threshold may
alter healthcare decisions and potentially result in less net
benefit for patients across the health system.63
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