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Abstract
Background  The Screening Tool of Older Persons Prescriptions in Frail adults with limited life expectancy (STOPPFrail) 
criteria aim to reduce inappropriate/unnecessary medications in frail older adults, which should minimise adverse drug 
events and additional healthcare expenditure. Little is known about the economic outcomes of applying these criteria as an 
intervention.
Aim  To evaluate cost avoidance of pharmacist-led application of STOPPFrail to frail older nursing home residents with 
limited life expectancy.
Method  Pharmacist-identified STOPPFrail-defined potentially inappropriate medications that were deprescribed by patients’ 
general practitioners were assigned a rating by a multidisciplinary panel, i.e. the probability of an adverse drug event occur-
ring if the medication was not deprescribed. The intervention’s net cost benefit and cost–benefit ratio were then determined 
by factoring in adverse drug event cost avoidance (calculated from probability of adverse drug event ratings), direct cost 
savings (deprescribed medication costs/reimbursement fees), and healthcare professionals’ salaries.
Results  Of the 176 potentially inappropriate medications deprescribed across 69 patients, 65 (36.9%) were rated as having 
a medium or high probability of an adverse drug event occurring if not deprescribed. With €27,162 for direct cost savings, 
€61,336 for adverse drug event cost avoidance, and €2,589 for healthcare professionals' salary costs, there was a net cost 
benefit of €85,909 overall. The cost–benefit ratio was 33.2 and remained positive in all scenarios in sensitivity analyses.
Conclusion  Pharmacist-led application of STOPPFrail to frail older nursing home residents is associated with significant 
cost avoidance. Wider implementation of pharmacist interventions in frail older nursing home residents should be considered 
to reduce potentially inappropriate medications and patient harm, alongside substantial cost savings for healthcare systems.

Keywords  Frailty · Medication review · Nursing home · Pharmacist · Pharmacoeconomic · STOPPFrail

Impact statements

•	 Application of STOPPFrail by a pharmacist to frail older 
adults in nursing homes was associated with significant 
cost savings due to prevented adverse drug events and 
deprescribed medications.

•	 The cost–benefit ratio for this pharmacist-led interven-
tion remains positive in all scenarios when lower and 
upper limit estimates for costs and benefits were tested 
in sensitivity analyses.

•	 If no adverse drug events occurred during the 12 months 
following the intervention, the direct cost savings arising 
from deprescribed medications alone would cover the 
cost of the intervention at least five-fold.

•	 Medications without a clearly documented clinical indi-
cation as well as oral non-steroidal anti-inflammatory 
drugs, anti-diabetics, anti-hypertensives, and anti-psy-
chotics were most often rated as having a higher prob-
ability of an adverse drug event, and should be prioritised 
for deprescribing in medication reviews in frail older 
adults.
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Introduction

The prevalence of multimorbidity (the presence of ≥ 2 
medical conditions simultaneously) and polypharmacy 
(the use of ≥ 5 regular medications) continue to rise, par-
ticularly in older adults, i.e. those aged ≥ 65 years [1–3]. 
Older adults also experience age-related physiological 
changes that can impair their metabolism and excretion of 
medications, increasing sensitivity to their effects [4]. Fur-
thermore, with advancing age, older adults are more likely 
to experience frailty, a distinctive health state related to 
the ageing process in which multiple body systems gradu-
ally lose their in-built reserves [5, 6]. These factors com-
bine to make prescribing an increasingly more complex 
task in frail older adults, particularly in primary care for 
general practitioners (GPs), who are often tasked not only 
with balancing medications started for patients by several 
specialists, but also more frequently in initiating and man-
aging medications for frail older adults without specialist 
input [7, 8].

The appropriateness of prescribing can be assessed 
using explicit criterion-based measures, one of which 
is the Screening Tool of Older Persons Prescriptions in 
Frail adults with limited life expectancy (STOPPFrail) [9]. 
STOPPFrail is a list of explicit deprescribing criteria for 
identifying potentially inappropriate medications (PIMs) 
in frail older adults with limited life expectancy [10, 11]. 
PIM prevalence is typically higher in frail older adults 
in nursing homes compared to their community-dwelling 
counterparts [12]. A recent study of two nursing homes 
in Ireland showed nearly all frail older adults were pre-
scribed ≥ 1 STOPPFrail-defined PIM [13]. The prevalence 
of PIMs in older adults is rising and has been linked to an 
increased risk of adverse drug events (ADEs) and hos-
pital admissions [14, 15]. Many ADEs associated with 
potentially inappropriate prescribing (PIP) are considered 
preventable, and up to 42% of serious, life-threatening, or 
fatal ADEs in primary care may be preventable [16]. PIP 
is also associated with significant avoidable expenditure in 
healthcare systems [17]. Furthermore, PIP has been shown 
to double the total direct healthcare costs compared to 
those without PIP [17]. Thus far, STOPPFrail’s use in a 
medication review intervention had been confined to just 
two research studies, both involving physicians applying 
the tool to frail older adults’ medications in hospital or 
transitioning from hospital to nursing homes [18, 19].

Cost avoidance has been defined as the reduction or 
elimination of additional expenditures that otherwise may 
have been incurred if an intervention had not occurred 
[20]. A cost avoidance study in an Irish hospital estimated 
a cost–benefit ratio of 8.64 due to ADEs prevented from 
pharmacist interventions over the course of a year [21]. 

Similarly, in the outpatient setting, the cost avoidance 
associated with clinical pharmacy interventions among 
patients with chronic disease produced a cost–benefit 
ratio of 5.98 [22]. A favourable return on investment of 
1.71 has also recently been shown to be associated with 
pharmacists performing medication reviews during ward 
rounds in an internal medicine setting over one year [23]. 
Several studies have been conducted in nursing homes 
internationally to evaluate the cost savings associated with 
pharmacist-led interventions, but they have focused solely 
on attributing cost savings to deprescribed medications 
[24–26]. However, calls in the literature have been made 
to evaluate other contributions to the health economic 
value of pharmacist interventions, such as avoided hos-
pital admissions [27]. To the research team’s knowledge, 
no study to date has evaluated the cost avoidance associ-
ated with pharmacist-led application of STOPPFrail in any 
setting.

Aim

To evaluate cost avoidance associated with pharmacist-led 
application of STOPPFrail to frail older nursing home resi-
dents with limited life expectancy.

Ethics approval

Ethical approval for this study was granted by the Clinical 
Research Ethics Committee of the Cork Teaching Hospitals 
(Reference: ECM 3 [ppp] Date: 16/11/2021).

Method

Setting

This descriptive cost avoidance study evaluated pharmacist-
led application of STOPPFrail to frail older adults in six 
GP-affiliated nursing homes (5 private and 1 public) in Cork, 
Ireland from August 2021 to April 2023.

In Ireland, nursing homes may be classified as public or 
private or may be operated by charities or religious orders. 
Public nursing homes are run and funded by the Health 
Service Executive, Ireland’s public healthcare system. By 
contrast private nursing homes are run by private-sector 
agencies and provide approximately 75% of nursing home 
beds in Ireland [28, 29]. Within public and private nursing 
homes in Ireland medications are prescribed on-site by GPs 
who visit the homes (i.e. they are affiliated with ≥ 1 GPs), 
dispensed to nursing homes by community pharmacists who 
are located off-site, and administered by nurses during drug 
rounds. Multidisciplinary medication reviews are currently 
predominantly conducted by GPs in nursing homes with 
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members of the nursing team and occasionally the dispens-
ing community pharmacist at three-monthly intervals [30].

Participants

Eligible participants were those aged ≥ 65 years residing in 
nursing homes, who met all of the following STOPPFrail 
inclusion criteria as decided by their GPs [10, 11]:

•	 End-stage irreversible pathology.
•	 Poor one-year survival prognosis.
•	 Severe functional and/or cognitive impairment.
•	 Symptom control is the priority as opposed to prevention 

of disease progression.

Potential participants were excluded from the study if 
they could not provide explicit informed consent (deter-
mined by patients’ GPs) to participate and there was no 
appropriate proxy to assent on their behalf to partake.

Intervention

A research pharmacist (E.H.) with one year of community 
pharmacy experience reviewed patients' medical notes and 
medications and applied STOPPFrail (version 2) to them to 
identify PIMs for deprescribing [11]. Medications deemed 
clinically appropriate for potential deprescribing were 
flagged to participants’ GPs for review. The deprescribing 
recommendations were discussed in a meeting between the 
pharmacist and GP, and nursing staff where they were avail-
able to attend. Recommendations were recorded as accepted 
or not accepted by patients’ GPs. Patients were followed up 
with after six months to record changes to prescribed medi-
cations. Deprescribing recommendations found not to have 
been implemented or deprescribed PIMs that were re-started 
or increased back to their former dose were excluded from 
the cost avoidance estimates.

Cost analysis

The cost-of-service provision was determined based on 
the cost of employing a pharmacist and GP. The mean 
time ± (standard deviation [SD]) for the pharmacist to con-
duct a review was 35 ± 9 min. This was calculated based 
on the time for the pharmacist to review patients’ medical 
records, create the deprescribing recommendations and com-
municate them to GPs in the multidisciplinary meeting. The 
hourly rate of employing a pharmacist was calculated from 
the mid-point of Ireland’s public healthcare system’s salary 
scale for a basic grade pharmacist: €59,417 [31]. The mean 
time ± (SD) per patient for GPs to consider the STOPPFrail 
recommendations with the pharmacist was 3 ± 1.2 min. This 
was calculated based on the time for GPs participating in the 

multidisciplinary meeting with the pharmacist to discuss and 
implement the deprescribing recommendations. The hourly 
rate of employing a GP was calculated based on the mid-
point of the current Department of Health Northern Ireland 
salary scale for salaried GPs (£82,814); this was converted 
to euro using the conversion rate of 1.13 in June 2023 to 
€93,355.91 [32]. The Northern Ireland salary scale was used 
as there is no published scale for GPs in the Republic of 
Ireland. GP and pharmacist salaries were adjusted by fac-
toring in employer-related costs and other overheads, based 
on guidance for conducting a budget impact analysis within 
Ireland’s healthcare system [33].

Cost avoidance was calculated based on the probability of 
an ADE (pADE) occurring if an accepted recommendation 
to deprescribe a STOPPFrail-defined PIM was not imple-
mented by the GP, multiplied by the potential cost of an 
ADE, as per guidance on conducting cost avoidance studies 
[34]. Occasionally, PIMs had > 1 recommendation associ-
ated with them (e.g. folic acid prescribed for ≥ 4 months 
where there was also no documented indication - such as 
folate deficiency, malabsorption, methotrexate co-prescribed 
etc.). In this case, the more specific deprescribing recom-
mendation was used to describe the PIM, i.e. folic acid pre-
scribed for ≥ 4 months rather than the lack of a clinical indi-
cation. Each STOPPFrail-defined PIM and the associated 
recommendation(s) were provided in a Microsoft Word® 
document to a panel of four independent raters who had 
experience of providing care to patients in nursing homes 
(two GPs and two pharmacists). Where a PIM had ≥ 1 asso-
ciated recommendation, the pADE occurring was only 
evaluated once per PIM. In addition, raters were provided 
with a list of patients’ comorbidities, age, gender, medi-
cations at baseline, and - where available/relevant - their 
laboratory parameters, blood pressures, weights, as well as 
other miscellaneous clinical information to help aid raters’ 
decision-making. A fictional sample case is provided in 
the Supplementary Material (Appendix 1). Each rater was 
asked to rate the pADE if the recommendation to depre-
scribe a PIM was not implemented, based on Nesbit et al. 
methodology [35]. The raters were provided with Table 1 of 
examples developed by the research team. Raters returned 
their independent ratings individually via email. To deter-
mine the final estimated pADE, a consensus approach was 
adopted, whereby 75% of the raters had to choose the same 
pADE score for consensus to be considered achieved, which 
is regarded as the median threshold to define consensus [36]. 
Two teleconference meetings were held with all four raters to 
establish consensus pADE ratings for PIMs which had failed 
to achieve consensus from the initial independent ratings. 
Prior to the meetings, raters were provided with the original 
ratings from other raters.

While previous cost avoidance studies in Ireland [21, 37] 
have used the ADE cost determined by Rottenkolber et al. [38], 
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this was an estimated ADE cost for patients in a hospital setting. 
Therefore, given the present study's nursing home setting, we 
used the ADE cost from Field et al. instead, which determined 
the cost of preventable ADEs amongst older adults in the ambu-
latory setting in the United States of America (USA) [39]. This 
estimate was $1,983 (95% confidence interval, $193–$3,773) 
and adjusted for inflation and purchasing power parity between 
Ireland and the USA to a final estimate of €2,270 for an ADE.

To calculate the total cost avoidance, the savings associated 
with deprescribed medications were added to the summed cost 
avoidance associated with preventing ADEs. Savings associ-
ated with deprescribed medications were calculated based 
on the publicly available drug reimbursement prices in Ire-
land for the least experience generic version of medications 
to provide the most conservative estimate [40], in addition 
to monthly pharmacy dispensing fees of €5.48 per item [41]. 
Following estimation of the cost of conducting the interven-
tions and the resulting cost avoidance, the net cost benefit 
(Eq. 1) and cost–benefit ratio (Eq. 2) for providing the ser-
vice over a 1-year period were calculated. The analysis was 
calculated from the perspective of the healthcare institution, 
as recommended by Irish budget impact analysis guidelines 
[33]. Discounting was excluded given the inclusion criterion 
of a poor one-year survival prognosis, i.e. all ADEs and costs 
were expected to occur within one year.

Equation 1: Net cost benefit: pADE = probability of adverse 
drug event, cADE = cost of adverse drug event, DCS = Direct 
cost savings i.e. reimbursement cost of medications + €5.48 
dispensing fee per item, cGP = cost of GP, cPharm = Cost of 
pharmacist.

Equation 2: Cost benefit ratio.

(1)

Net cost benefit = Total cost avoidance
([

pADE × cADE
]

+ DCS
)

- cost of service (cGP + cPharm)

(2)Cost benefit ratio =
Net cost benefit

Cost of service

Sensitivity analysis

As per Patanwala et al. [34], each parameter included in 
the net cost benefit equation should include a lower and 
upper range estimate to increase confidence in the results 
and transparency. Lower and upper limits for each parameter 
are shown in Table 2.

Statistical analysis

All data were analysed using Microsoft® Excel.

Reporting guidelines

This study was reported in accordance with the Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) 2022 statement [42].

Results

Across the six nursing homes, 99 patients out of total popu-
lation of 328 were recruited to the study. A total of 193 rec-
ommendations pertaining to 176 STOPPFrail-defined PIMs 
across 69 patients were reviewed by the rating panel. Nearly 
all deprescribed PIMs were categorised as having potential 
to cause an ADE (n = 170; 97%). Table 3 provides a break-
down of the pADE occurring for each type of STOPPFrail-
defined PIM. Table 3 also shows that the modal rating for 
the pADE occurring if PIMs were not deprescribed was 'very 
low' (43.7%), whilst 15.9% were rated as ‘low’, 32.4% as 
‘medium’, and 4.5% as ‘high’. The most prevalent STOPP-
Frail-defined PIMs accepted for deprescribing were medi-
cations without a clearly documented indication (61/176; 
34.7%), followed by vitamin D (32/176; 18.2%) and proton 
pump inhibitors being used at full therapeutic doses for a 
duration ≥ 8 weeks (16/176; 9.1%). The most frequent PIMs 

Table 1   Examples of STOPPFrail-defined PIMs and the associated pADE occurring if not deprescribed. Source: Nesbit et al. [35]

Probability of an adverse 
drug event (pADE) occur-
ring

Probability [35] Example

No harm expected 0 Centrum Advance® (multivitamin) continued for a patient for prophylaxis of hypovitaminosis in 
a patient with adequate nutrition

Very low 0.01 Cholecalciferol 800 units daily continued for a patient without vitamin D deficiency
Low 0.10 Atorvastatin continued for primary hypercholesterolemia which is currently well controlled with 

no prior major cardiovascular or cerebrovascular event
Medium 0.40 Tolterodine continued for a patient with persistent, irreversible urinary incontinence without 

painful detrusor overactivity
High 0.60 Olanzapine continued for a patient with dementia without current features of behavioural and 

psychiatric symptoms of dementia
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without a clearly document indication were: diuretics (11/61; 
18%), proton pump inhibitors (9/61; 14.8%), oral antihista-
mines (6/61; 9.8%), other antidepressants e.g. mirtazapine/
trazodone (5/61; 8.2%), and anti-emetics (4/61;6.6%). Cal-
cium, vitamin D, folic acid, multivitamin preparations, and 
oral nutritional supplements all had a pADE rating of either 
'very low' or 'no harm expected' from being deprescribed. 
When calcium, vitamin D, folic acid, multivitamin prepara-
tions, and oral nutritional supplements were excluded, the 
pADE occurring if PIMs were not deprescribed was 'very 
low' (18.1%), whilst 24.1% were rated as low, 49.1% as 
medium, and 6.9% as high.

A considerable cost avoidance for the base case of 
€61,336 was calculated over a 1-year period from the per-
spective of the healthcare institution. Cost avoidance per 
STOPPFrail-defined PIM that was accepted for deprescrib-
ing was €348.5 (€61,336/176 PIMs). Cost avoidance per 
patient was €619.6 (€61,336/99 patients). Cost of deliver-
ing the intervention was calculated as €2,589. A substantial 
net cost benefit of €85,909 and cost–benefit ratio of 33.2 
was determined based on the cost avoidance and direct cost 
savings. The upper and lower range estimates for the cost 
avoidance, cost of delivering the intervention, net cost ben-
efit, and cost–benefit ratio are shown in Table 4.

In all scenarios examined as part of a one-way determin-
istic sensitivity analysis shown in Table 5, the cost–benefit 
ratio was positive. The greatest variance in the cost–benefit 
ratio (21.3–67.6) was seen when the combined GP and phar-
macist time taken to conduct the reviews was varied. The 
greatest variance in the net cost benefit was seen when the 
ADE cost was varied (€30,545–141,327).

Discussion

Statement of key findings

This study has shown considerable cost avoidance from 
a pharmacist applying STOPPFrail to frail older adults in 
nursing homes through deprescribing and preventing poten-
tial ADEs. The cost–benefit ratio for the intervention was 
33.2 and remains positive in all scenarios, even when lower 
and upper limit estimates were tested in one-way sensitivity 
analyses, and could potentially save up to €251,903 in the 
year following STOPPFrail application for this cohort of 
69 patients. Most PIMs (97%) were determined to have the 
potential for an ADE to occur if the GP had not implemented 
the pharmacist’s deprescribing recommendation(s). PIMs 
without a clearly documented indication, oral non-steroidal 
anti-inflammatory drugs, anti-diabetics, anti-hypertensives, 
and anti-psychotics were most often rated as having a higher 
probability of an adverse drug event.

Strengths and weaknesses

This is the first study to the authors’ knowledge to appraise 
cost savings associated with pharmacist-application of 
STOPPFrail. An independent multidisciplinary panel of 
raters was used to estimate the pADE ratings, who each had 
experience in providing care to nursing homes—therefore 
improving the validity of the pADE ratings, rather than the 
research team estimating pADE ratings which may be intro-
duced bias into the study and overestimated cost avoidance. 
The study also included a real-world representative patient 

Table 2   Upper and lower limits of parameters in net cost benefit equation

pADE = Probability of adverse drug event, cADE = Cost of adverse drug event, CI = confidence interval, HSE = Health Service Executive i.e. 
Ireland’s public healthcare system, PPP = Purchasing power parity

Variable Lower limit Mean value Upper limit Rationale

Pharmacist time per patient 17 min 35 min 57 min Minimum and maximum recorded time to review a 
patient in this study

GP time per patient 2 min 3 min 3.5 min Minimum and maximum recorded time to review 
recommendations with pharmacist per patient in 
this study

Pharmacist salary
(+ adjustments)

€45,150
(€60,975)

€59,417
(€80,243)

€80,303
(€108,449)

Lowest point on HSE basic grade pharmacist salary 
scale and highest point on senior grade pharmacist 
scale [31]

GP salary
(+ adjustments)

€74,416
(€103,476)

€93,356
(€130,232)

€112,296
(€156,652)

Lowest and highest point of Department of Health 
Northern Ireland GP salary scale converted to 
euro [32]

pADE Consensus 
probability 
score × 0.5

Consensus 
probability 
score

Consensus probability 
score × 2.0 capped at 
1.0 total

As per Nesbit et al. methodology [35]

cADE €221 €2,270 €4,321 95% CI estimates for cADE from Field et al. con-
verted to euro and adjusted for inflation and PPP 
[39]
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cohort who had high levels of multimorbidity and polyp-
harmacy, and also included those with a dementia diagnosis 
with cognitive impairment. Despite their increasing presence 
in clinical practice, these patients are typically excluded—
and therefore underrepresented—in research, meaning that 
this study may better reflect the cost savings that pharmacists 
can make in frail older adult cohorts [43].

A study limitation was the use of the Field et al. estimated 
ADE cost to calculate cost avoidance. Ideally, local data 
from Irish nursing homes would be used to inform the poten-
tial ADE cost. However, no such data yet exists, so imper-
fect data which best matched the patient cohort remained 
the only option. Given it is not possible to directly compare 
Ireland’s cost of nursing home care with that in the USA the 

use of the Field et al. estimate may reduce the confidence in 
this study’s findings, albeit the confidence intervals of the 
estimate were used in the sensitivity analyses which may 
attenuate this risk [44]. Furthermore, it may have enhanced 
the study to factor a rating of the potential ADE severity. 
While such rating taxonomies exist [16], they do not assign 
a cost to the potential severity of ADE chosen. Lastly, the 
cost-of-service provision for this study was based on oper-
ating costs, rather than implementation costs, the latter of 
which would be higher and may include costs like hard-
ware, software, training, GP/nursing time to consent patients 
or patient proxies, and room rental costs. However, not all 
potential benefits were accounted for in this study either, 
which may counterbalance this, e.g. nursing staff time saved 
not administering medications that were deprescribed and 
GP time saved that would have been spent conducting medi-
cation reviews in the intervention’s absence.

Interpretation

The significant cost–benefit ratio of 33.2 from this study 
is higher than what has previously been reported in other 
economic analyses of pharmacist-led interventions [21, 22, 
37]. Gallagher et al. calculated the costs avoided as a result 
of pharmacist interventions in a hospital over one year and 
reported a cost–benefit ratio of 8.64 [21]. A similar study 

Table 3   Consensus probability of an adverse drug event occurring by STOPPFrail potentially inappropriate medication type (n = 176)

STOPPFrail recommendation No harm 
expected
n (%)

Very low 
probability
n (%)

Low  
probability
n (%)

Medium  
probability
n (%)

High  
probability
n (%)

STOPPFrail  
recommendation n (% of 
total potentially inappro-
priate medications)

Medication with no clear indication 2 (33.3) 14 (18.1) 11 (51.4) 29 (49.1) 5 (62.5) 61 (34.7)
Vitamin D 0 32 (41.6) 0 0 0 32 (18.2)
Proton pump inhibitors 0 0 5 (14.3) 11 (19.3) 0 16 (9.1)
Folic acid 0 9 (11.7) 0 0 0 9 (5.1)
Oral nutritional supplements 0 8 (10.4) 0 0 0 8 (4.5)
Antihypertensives 0 0 0 6 (10.5) 1 (12.5) 7 (3.9)
Calcium supplements 0 7 (12.9) 0 0 0 7 (3.9)
Memantine 0 0 6 (17.1) 0 0 6 (3.4)
Antipsychotics 0 0 0 6 (10.5) 0 6 (3.4)
Medication for symptoms which have 

resolved
0 3 (3.9) 0 0 1 (12.5) 4 (2.3)

Lipid lowering medications 0 0 4 (11.4) 0 0 4 (2.3)
Multivitamin preparations 4 (66.6) 0 0 0 0 4 (2.3)
Anticholinergics or mirabegron 0 0 1 (2.9) 2 (3.5) 0 3 (1.7)
Medication that patient fails to take 0 3 (3.9) 0 0 0 3 (1.7)
Anti-diabetic medications 0 0 0 3 (5.3) 0 3 (1.7)
Anti-resorptive medications 0 1 (1.3) 1 (2.9) 0 0 2 (1.1)
NSAIDs 0 0 0 0 1 (12.5) 1 (0.6)
Total within each probability rating 6/176

(3.4%)
77/176
(43.7%)

28/176
(15.9%)

57/176
(32.4%)

8/176
(4.5%)

Table 4   Cost analysis of all pharmacist interventions (n = 176) over a 
one-year period

Base case (lower–upper range 
estimates)

1. Cost avoidance €61,336 (€2,986–€225,729)
2. Cost of service

 Pharmacist wages
 GP wages

€ 2,589 (€988–€5,320)
€2,292 (€822–€4,904)
€297 (€166–€416)

3. Direct cost savings €27,162
4. Net cost benefit [(1 + 3) − 2] €85,909 (€24,827–€251,903)
5. Cost benefit ratio [4/2] 33.2 (5.7–255.9)
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by Ronan et al. showed a cost–benefit ratio of 16.54 for a 
senior pharmacist and 23.99 for a basic grade pharmacist 
[37]. A study in Jordan found a cost benefit ratio of 5.98 
of a clinical pharmacy intervention among hospital outpa-
tients with chronic diseases [22]. None of the aforemen-
tioned studies [21, 22, 37] factored in the cost savings asso-
ciated with deprescribed medications, which was included 
in the present study’s cost avoidance calculation [34]. There 
are several possible explanations for this study’s higher 
cost–benefit ratio. Firstly, this study utilised the Field et al. 
estimate ($1,983) [39] to calculate the ADE cost, whereas 
the other three studies utilised the Rottenkolber et al. esti-
mate for costs associated with an ADE in hospitalised adults 
(€1,057). We acknowledge that this study’s cost avoidance 
calculation assumes patients will live long enough to experi-
ence an ADE, which may not be the case given their level 
of frailty. However, even if no ADEs occurred during the 
12 months following the intervention, the direct cost savings 
arising from deprescribed medications alone would cover 
the cost of the intervention at least five-fold (Table 4).

This is the first study to have stratified STOPPFrail-
defined PIMs according to the pADE occurring, which 
helps demonstrate PIMs that pose the greatest risk and 
which should be prioritised for deprescribing in frail older 
adults. Over one third of PIMs were rated as either ‘medium’ 
(32.4%) or ‘high’ (4.5%) for the pADE occurring, which is 
similar to the range of 2.0–66.4% reported in similar studies 
[21, 35, 37, 45, 46]. However, PIMs in this study were most 
commonly rated as having a ‘very low’ pADE occurring 
(43.7%), which is higher compared to these similar studies. 
While this may appear to reflect poorly on the potential clini-
cal relevance of pharmacist recommendations, it is largely 
driven by vitamin D, calcium supplements, folic acid, and 
oral nutritional supplements which represented nearly a third 
of all PIMs (31.8%) and over three quarter of these were 
rated as having a ‘very low’ pADE occurring (76.6%). When 
recommendations pertaining to these four PIM categories 
were excluded, the percentage of PIMs rated as ‘very low’ 
pADE occurring decreased to 18.1%—with about half of the 
PIMs having a ‘medium’ pADE occurring (49.1%)—which 

may more accurately represent the overall clinical relevance 
of the intervention.

Of the PIMs that were rated as having a ‘high’ pADE 
occurring, nearly two thirds (62.5%) were for medications 
without a clear clinical indication. Documentation of indica-
tions for medications prescribed to nursing home residents 
has been highlighted as an issue by several studies [47–49]. 
Looking at other PIMs in this study, it should also be noted 
that all PIMs pertaining to anti-diabetics, anti-hypertensives, 
antipsychotics, and oral NSAIDs were deemed as having a 
‘medium’ or ‘high’ pADE occurring (Table 3). Given the 
ADE probabilities for these four drug classes and medica-
tions without a clear clinical indication, (as well as the sub-
sequent significant cost avoidance), it may be prudent to 
prioritise these medications for deprescribing during future 
medication-based interventions for frail older nursing home 
residents.

Further research

Our findings show that pharmacist-led application of 
STOPPFrail to frail older nursing home residents has sig-
nificant potential to reduce healthcare expenditure. How-
ever, given the limitations of a cost avoidance study based 
on a non-randomised, non-controlled prospective study, it 
would be useful in the future to perform a micro-costing 
analysis using real costs and outcomes in the context of a 
randomised controlled study [34]. As highlighted earlier, 
there is a paucity of research focusing on such cost avoid-
ance in the nursing home setting. Therefore, it may be of 
value in future research to explore cost avoidance associ-
ated with pharmacist-led interventions in non-frail nursing 
homes residents at an earlier time point, not just those who 
are very frail with a limited life expectancy to maximise cost 
avoidance. Future research in this area of cost avoidance may 
be improved by the availability of accurate country-specific 
estimations of ADE cost in the nursing home setting. Lastly, 
in order to potentially increase the adoption of STOPPFrail 
by pharmacists providing medication reviews for nursing 

Table 5   Sensitivity analysis for cost–benefit ratios and net cost benefit

ADE = Adverse Drug Event, GP = General Practitioner, CI = Confidence Interval

Variable Lower limit
(cost benefit ratio–net cost benefit)

Upper limit
(cost benefit ratio–net cost benefit)

Pharmacist salary Highest point on senior pharmacist pay scale (25.1–€87,502) Lowest point on basic pharmacist pay scale (42.4–€83,297)
GP salary Highest point on GP pay scale (32.4–€85,790) Lowest point on GP pay scale (34.0–€86,040)
ADE cost Lowest point of Field et al. 95% CI (11.8–€30,545) Highest point of Field et al. 95% CI (54.6–€141,327)
ADE probability − 50% probability score (21.3–€55,241)  + 100% probability score (55.3–€143,159)
Time Maximum combined time for GP/Pharmacist to conduct a 

review (21.3–€84,523)
Minimum combined time for GP/Pharmacist to conduct a 

review (67.6–€87,206)
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home residents; implementation science methodologies e.g. 
the Theoretical Domains Framework or Behavioural Change 
Wheel could be utilised to design a strategy to increase 
STOPPFrail’s utilisation [50].

Conclusion

This study has robustly estimated that a pharmacist-led 
intervention using STOPPFrail in frail older adults in nurs-
ing homes results in considerable cost avoidance for the 
healthcare system - both indirectly due to avoided ADEs 
and directly due to deprescribed medications. The sensitivity 
analysis showed that the cost–benefit ratio for this interven-
tion remained positive in all scenarios when lower and upper 
limit estimates for costs and benefits were evaluated. There-
fore, these findings strengthen the case for wider implemen-
tation of such pharmacist interventions in frail older nursing 
home residents to reduce PIMs and patient harm, alongside 
substantial cost savings for healthcare systems.
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