
Royal College of Surgeons in Ireland
Coláiste Ríoga na Máinleá in Éirinn

Economic impact of potentially inappropriate prescribing in older 
people: a Markov modelling study

Frank Moriarty, Catriona Cahir, Kathleen Bennett, Tom Fahey

HSRPP conference, University of Nottingham, 11th April 2017



Outline

• Introduction

• Objectives

• Methods

• Results

• Discussion and conclusions



Introduction

• Potentially inappropriate prescribing

– Use of a medication such that the risks 

outweigh the benefits

– e.g. long-term benzodiazepine prescribing

• Prevalent among older adults and associated with 

adverse outcomes for patients

• Limited research on economic outcomes to date



Objectives

1. To develop Markov models to estimate the economic 

impact of the adverse effects of three types of PIP:

– NSAIDs >3 months, 

– Benzodiazepines >4 weeks, 

– Proton pump inhibitors (PPIs) at maximal dose >8 weeks

2. To apply these models to assess the cost effectiveness 

of hypothetical interventions to reduce these types of 

PIP



Methods – Markov models

• Often used for 

economic evaluations

• Decision between 2

(or >2) strategies

• Extrapolation beyond 

duration of an RCT, 

inclusion of multiple 

evidence sources
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decision are represented as health states
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Methods
PIP Non-PIP alternative Adverse events represented

NSAID >3 months Paracetamol Dyspepsia, gastrointestinal bleed, 

myocardial infarction

Benzodiazepine >4 weeks No medication Hip fracture, other fall injuries

PPI maximal dose >8 weeks Maintenance dose PPI Hip fracture, Clostridium difficile 

infection



Analysis

Population

• Cohort of 
adults aged 
65 years

• Irish health 
system 
perspective

Models

• One year 
cycle length

• Time 
horizon of 
35 years 
(age 100)

• ½ cycle 
correction

Outcomes

• Difference 
in costs

• Difference 
in QALYs

• Discounting 
@ 5%

Analysis

• TreeAge Pro 
(+ Excel)

• Deterministic 
(parameter 
point 
estimates)

• Probabilistic 
sensitivity



Results

Outcome NSAIDs Benzodiazepines PPIs

Cost (95% CI) €806 (€415, €1,346) €3,470 (€2,434, €5,001) €989 (-€69, €2,127)

QALYs (95% CI) -0.07 (-0.131, -0.026) -0.07 (-0.089, -0.047) -0.01 (-0.029, 0.003)

• In all three scenarios, PIP generated higher costs 

and fewer QALYs compared to non-PIP alternative

• Largest cost and QALY difference for 

benzodiazepines versus no pharmacotherapy

• NSAID versus paracetamol and PPI at maximal dose 

versus maintenance dose had similar cost 

differences
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Cost-effectiveness of hypothetical 
interventions

WTP (€ per QALY) NSAIDs Benzodiazepines PPIs

0 €401 €798 €544

20,000 €1,099 €1,101 €671

45,000 €1,971 €1,480 €831

Maximum cost per 
patient at which 
interventions would 
be cost effective

• Published 
effectiveness of 
interventions, 
known 
prevalence



Discussion

• Potentially inappropriate use of long-term benzodiazepines 
and NSAIDs associated with significantly ↑costs, ↓QALYs

• Targeting inappropriate NSAID prescribing appears most 
cost effective at Ireland’s WTP threshold

• Only most common PIP adverse events considered

• Beneficial effects or differences in adverse event 
probabilities within drug classes not evaluated

• Analysed on cohort basis of continuous users of PIP



Practice and policy context

Limited implementation of interventions to improve 
prescribing quality in older people

• Lack of evidence to support cost-effectiveness

– Use of cost per prescribing error avoided

• Competing with other novel treatments/interventions

• Little extra funding available 

– Cost-effective at WTP of €0/QALY? Different WTP 
for non-pharmacological interventions?



Implications of this research

• Provides evidence that adverse effects of PIP has cost 
implications for health service

• Demonstrates how Markov modelling method could be 
implemented in studies of medicines optimisation to:

– Extrapolate beyond time horizon of trial

– Present results in terms of €/QALY rather than 
€/prescribing error avoided

• Uncertainty around the differences in adverse event risks 
between maximal and maintenance dose PPIs



Conclusion

• Adverse effects due to potentially inappropriate use of 
benzodiazepines had the greatest cost, QALY impact in this 
study

• Economic evaluation of any proposed interventions, 
including long-term consequences, should be conducted to 
support their implementation.

• Use of Markov models in medicines optimisation trials 
could provide robust evidence for policy-making
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