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Abstract
Purpose  Previous research has suggested that prescribers’ knowledge of drug costs in Ireland is deficient. We aimed to update 
this finding by asking prescribers to estimate drug costs for low-and high-cost drugs, as well as examining their familiarity 
with a national prescribing initiative.
Methods  We conducted a survey of five groups of prescribers and one group of medical students asking them to estimate the 
drug costs. Drugs recommended by the Preferred Drugs Initiative in Ireland were included, as were high-cost monoclonal 
antibody products and nutrition supplements. A 25% margin of error was allowed for a correct estimate. Comparisons were 
performed across participant groups and between drugs. A number of qualitative questions were included to provide context.
Results  The survey received 122 responses. General practitioners (GPs) had the most accurate estimates, with medical stu-
dents having the least. The percentage with a correct estimate was lower for higher cost drugs across all participant groups. 
GPs were also most certain about the estimates and most familiar with the Preferred Drug Initiative, while the students rated 
worst for both these questions. The cost of most drugs was overestimated. Most prescribers were uncertain about their esti-
mates, which was reflected by the large variation in estimates. Eighty-three percent of prescribers would consider a trade-off 
of drug efficacy for affordability at least sometimes.
Conclusions  Prescribers’ knowledge of drug costs in Ireland remains poor and may negatively affect patient outcomes 
and national drug budgets. A national program provides recommendations to improve cost-effective prescribing; however, 
further alterations to national prescribing practices and policies are required to raise awareness of drug costs and these 
recommendations.

Key Messages 

Prescribers’ knowledge of drug costs in Ireland remains 
poor, with significant uncertainty across all drug types.

General practitioners are most accurate in their estimates 
of drug prices, possibly reflecting their greater experi-
ence with these frequently prescribed drugs.

Most prescribers would consider a trade-off of drug 
efficacy for better affordability.

Introduction

In Ireland, the state pharmaceutical budget amounts to 
approximately €2 billion, with 75% of that expenditure in 
ambulatory care [1]. The financial crisis and subsequent 
recession beginning in 2008, led to reviews of Irish phar-
maceutical spending that was initiated by the International 
Monetary Fund [2, 3]. Supply side containment policies 
such as internal reference pricing were introduced, along 
with demand side reforms such as increases in out-of-pocket 
payments (OOPs) for community drug schemes [4]. Most 
healthcare systems use OOPs to control increases in drug 
expenditure by reducing moral hazard [5]. A frequent OOP 
is where patients pay for a portion of the drug cost, a fee 
called a co-payment. The OOP may also take the form of a 
deductible, with a threshold after which the drug costs are 
paid for by the healthcare system. In Ireland, OOPs are pre-
sent as small co-payments (e.g. €1.50 per drug per month) 
for those eligible for state-funded healthcare, while a deduct-
ible (currently €114) caps the monthly cost of drugs for all 
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others [6]. In developing countries, OOPs may equate to 
the full drug cost causing financial hardship for the sick [7, 
8]. OOP and other user charges have been highlighted as an 
issue of healthcare equity by the World Health Organization 
(WHO), among others [9, 10]. The negative effect of OOPs 
on patient adherence to drug regimens is well-described, as 
is the effect of increasing OOPs on subsequent drug utiliza-
tion [11–14]. Reduced drug use is also more evident follow-
ing comparisons of patients with higher versus lower co-pay 
insurance schemes [15]. Studies suggest that failed initia-
tion may occur in up to 15–31% of cases for treatments of 
chronic diseases such as hypertension and diabetes [16–18]. 
The consideration of drug cost should be a key component 
of any clinical consultation during which a new treatment is 
commenced. This allows the prescriber to choose the most 
cost-effective treatment providing best value for the payer, 
whether this is the patient, the healthcare system, or both. 
Informing the patient of the drug cost should positively 
influence their behaviour. It is reasonable to suggest a dis-
cussion with the patient about the treatment cost will result 
in a reduction in failed initiations and improve adherence, 
which should then improve subsequent health outcomes.

Annual increases in healthcare expenditure are perpetu-
ally outstripping inflation. This is an international phe-
nomenon and rising drug costs have been identified as one 
driver of these increases, particularly in the US where price 
controls are lacking [19–21]. Health systems internationally 
continue to have difficulty ensuring access to novel therapeu-
tics due to the cost implications and uncertainty regarding 
the value of some new drugs [22]. Therefore, the optimal 
use of resources to pay for established and lower-cost treat-
ments has been a health policy focus. European countries 
have introduced reforms to reduce pharmaceutical spending 
on drugs with expired patents so that budgets for new drugs 
are available [23, 24]; however, efforts to control drug costs 
are limited if prescribers are not aware of and encouraged 
to use the most cost-effective options. Programs to support 
prescribers and increase the use of generic medicines and 
biosimilars have been established in many jurisdictions 
to address this issue. For example, prescribing initiatives 
implemented by National Health Service (NHS) Scotland 
have ensured the majority of statin and proton pump inhibi-
tor prescriptions are for generic options [25, 26]. The Health 
Services Executive (the body responsible for operating the 
Irish public health system) established the Medicines Man-
agement Program (MMP) in Ireland to provide expertise and 
advice so that frequently prescribed drugs are used in a cost-
effective manner. Among its functions, the MMP reviews 
options for commonly prescribed conditions to find the most 
cost-effective drug—this is the Preferred Drug Initiative. A 
list of preferred drugs is published online, along with the 
evidence and rational for the choice. Similar approaches to 
improve prescribing by way of a preferred drugs list have 

been implemented elsewhere. One example is the Wise 
List in Stockholm, for which significant effectiveness has 
been reported in terms of prescribers’ adherence [27, 28]. 
The MMP also conducts nationwide education sessions for 
prescribers.

It is clear from past studies that prescribers’ knowledge of 
drug costs is suboptimal. A survey of prescribers’ knowledge 
of drug costs in the US reported that prescribers correctly 
identified the cost of the drugs less than half the time [29]. 
A Scottish study also identified an awareness of drug costs 
as a knowledge gap for general practitioners (GPs), although 
the prescribers believed cost was an important considera-
tion [30]. A systematic review of physicians’ awareness of 
drug costs reported a similar conclusion [31]. More recently, 
a study in Nigeria again reported that physicians had very 
poor knowledge of drug costs and suggested health eco-
nomic education was necessary to address this deficit [32]; 
however, there is a paucity of contemporary evidence on the 
topic. Furthermore, previous studies have rarely included 
newer groups of prescribers such as nurse prescribers.

This study aimed to (1) assess the accuracy of drug cost 
estimates for groups of prescribers, using an online survey, 
i.e. hospital doctors, GPs, GPs in training, nurse prescribers, 
and medical students; (2) assess this accuracy for low- and 
high-cost drugs; (3) determine if prescribers are familiar 
with the Irish national program to facilitate cost-effective 
prescribing and whether its recommendations influence their 
prescribing decisions; and (4) identify resources prescribers 
use to inform themselves of drug costs.

Methods

Setting, population and distribution

To examine prescribers’ knowledge of a selection of drugs 
commonly prescribed in Ireland, an electronic survey was 
distributed in April and May 2019 to a relevant population, 
by email via gatekeepers. The newly implemented European 
Union General Data Protection Regulation prohibited the 
attaining of prescribers’ email addresses so that gatekeepers 
were required for groups of prescribers. The groups included 
nurse prescribers (via the Office of the Nursing and Mid-
wifery Services Director), doctors working at St James Hos-
pital Dublin (via the William Stokes Postgraduate Centre), 
qualified GPs, GPs in training (via four Dublin GP training 
networks) and one class of medical students attending Trin-
ity College Dublin (TCD). The students were in the third 
year of medical school, undertaking a module in pharmacol-
ogy that included pharmacoeconomic components, and they 
had been integrated into clinical teams at TCD university 
teaching hospitals. For the purpose of the study, interns were 
regarded as a separate group from other hospital doctors 
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(house officers, registrars, consultants). Gatekeepers were 
chosen based on their involvement with professional educa-
tional groups, for example, the hospital postgraduate educa-
tion centre and GP training networks. At least one reminder 
email was sent to each gatekeeper.

Survey development

The survey consisted of three main sections. The first section 
asked basic information about the participants (professional 
status, age category, and year of graduation), while the sec-
ond section asked participants about their knowledge of pre-
scribing costs of 23 drugs and nutritional products, based on 
a 4-week supply, except inhalers (30 days) and denosumab 
(6 months). The drugs were chosen based on their inclu-
sion in the MMP Preferred Drug Initiative and so that they 
reflected a range of costs and therapeutic indications. The 
list of drugs were simvastatin, atorvastatin, esomeprazole, 
lansoprazole, ramipril, perindopril, bisoprolol, nebivolol, 
duloxetine, venlafaxine, rivaroxaban, warfarin, apixaban, 
Complan Shake® (oral nutritional supplement), Ensure Plus 
Advance® (oral nutritional supplement), Seretide Diskus® 
(inhaler), Bufomix Easyhaler® (inhaler), mycophenolate 
mofetil (proprietary and generic products), alendronate, 
adalimumab (proprietary and biosimilar products), and 
denosumab. The latter two drugs were considered high-cost 
drugs. Examples of the typical packaging of the drugs were 
selected at random, photographed, and added to the ques-
tionnaire for illustrative purposes. The survey was piloted on 
departmental staff prior to implementation.

Where multiple prices existed for the same product, all 
available prices obtained from the Health Service Execu-
tive (HSE) Primary Care Reimbursement Service were gath-
ered, and an average was found. €5 was added to all drugs to 
represent the average pharmacy fee, and respondents were 
informed of this at the outset of the survey, along with the 
source of the costs.

A Likert scale was included after the estimation to assess 
certainty, with 1 indicating complete uncertainty and 10 
indicating complete certainty of cost. Data were collected 
and collated using Google Forms.

Data analysis

It would not have been reasonable to expect participants to 
know the exact cost of drugs (there are often discrepancies 
between published sources of cost information); hence, in 
keeping with other studies of doctors’ perceptions of costs, 
we accepted as accurate those estimates that were within 
25% of the actual cost [30]. Estimates for each group and 
all prescribers (therefore excluding medical students) were 
calculated as a ratio of the actual drug cost to allow compari-
son between drugs and groups of participants. All data were 

imported into JMP v15 (SAS Institute Inc., Cary, NC, USA). 
Cost estimates were compared between the participant cat-
egories using the Kruskal–Wallis tests for non-normally dis-
tributed data. The proportion of correct, underestimates, and 
overestimates were compared between participant categories 
using the Chi-square statistic. As standard, the minimum 
level of statistical significance was 5% (p < 0.05).

Ethics

Ethical permission to conduct the survey was granted by the 
TCD School of Medicine Ethics Committee. The data were 
collected anonymously and no personal data were collected, 
except for basic demographics (professional status, age cat-
egory, and year of graduation). Completion was voluntary 
and participants received no incentive for completion of the 
survey, monetary or otherwise.

Results

A total of 122 responses were included in this study. The 
breakdown of participant categories is 14.8% GPs, 12.3% 
GP trainees, 12.3% hospital doctors, 23.8% interns, 15.6% 
nurses, and 21.3% students. The response rate was 10.4%. 
The majority of respondents (67%) were aged under 35 years, 
while 7.3% were over 55 years of age (eight GPs, one nurse 
prescriber). The cost estimations varied significantly across 
the participant categories for most drugs included (Table 1). 
For example (and excluding students), the mean cost esti-
mates varied from €60 (GP trainees) to €109 (nurse prescrib-
ers) for rivaroxaban, from €16 (GP trainees) to €30 (nurses) 
for esomeprazole, and from €28 (GPs) to €122 (interns) for 
alendronate. The cost estimates of high-cost drugs also var-
ied significantly, with the mean estimates for adalimumab 
(proprietary) varying from €249 (hospital doctors) to over 
€2000 (nurses), and from €161 (hospital doctors) to €3958 
(nurse prescribers) for denosumab.

As evident from Table 1, the estimates for all prescribers 
(excluding medical students) were similar for drugs listed 
on the MMP Preferred Drug Initiative (simvastatin, lanso-
prazole, ramipril and bisoprolol) compared with their drug 
class counterparts (atorvastatin, esomeprazole, perindopril, 
nebivolol). Most drug costs were overestimated, with nota-
ble examples being mycophenolate, alendronate, and den-
osumab, for which the estimates were many multiples of 
the actual cost. The cost of very few drugs was consistently 
underestimated across the participant groups, though this 
was the case for nutritional supplements, Seretide Diskus® 
inhaler and adalimumab in its proprietary form. Those in a 
primary care setting (GPs and GP trainees) estimated the 
cost of the adalimumab biosimilar to be more than that of 
the proprietary product.
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GPs had the greatest proportion of correct cost estimates 
at 31% (Fig. 1), followed by GP trainees (28%) and nurse 
prescribers (27%), with students having the least success 
(12%). All groups were more successful at estimating drug 
costs when compared with the medical student group (all 
groups p < 0.05). Of potential interest is the comparison of 
GPs with hospital doctors, which demonstrated that the lat-
ter were more accurate with their estimates (p < 0.001). All 
groups were more likely to overestimate than underestimate 
the drug cost.

The proportion of correct cost estimates between the 
prescriber groups was similar for drugs across a number of 
different therapeutic groups, for example ramipril, Bufomix 
Easyhaler®, and mycophenolate; however, the proportion 
of correct estimates also varied significantly across many 
other drugs. For example, 72% of GPs correctly estimated 
the cost of denosumab, compared with just 20% of GP train-
ees and no medical students. Fifty percent of GPs correctly 
estimated the cost of Seretide Diskus® inhaler, in contrast to 
7% of hospital doctors and 4% of students. All groups had 
greater difficulty accurately estimating the cost of higher-
cost drugs, with the GPs fairing best (Fig. 2).

Participants were also asked to rank their familiarity with 
the MMP’s Preferred Drugs Initiative. Again, this varied 
across the participant categories, with GPs being the most 
familiar with the initiative; 44% of GPs were very familiar 
with the initiative, 72% were at least somewhat familiar with 
it, and only 6% were not familiar with it at all. Unsurpris-
ingly, 85% of the medical student group were not familiar 
with the program; however, there was also poor awareness 
among hospital doctors, with 60% only slightly familiar with 
the program or not familiar with it at all (Fig. 3). When 
increased familiarity (very/moderately familiar) was plot-
ted against the percentage of correct estimates, the GPs 
and medical students were placed at the opposite ends of 
the graph, indicative of the level of prescribing experience 
(Fig. 4a). This familiarity was not a discerning feature for 
the other prescriber categories, which were clustered in the 
centre.

Participants were also asked to rate the certainty of their 
estimates on a scale of 0–10, with 10 being the highest level 
of certainty. There was a low level of certainty for almost all 
estimates, across all participant groups. The mean certainty 
across all drugs for each category is as follows: GPs, 3.9; GP 

Table 1   Cost estimates for each drug as a proportion of the actual cost, by participant category

GP general practitioner, PDI indicates the drug is listed by the Medicines Management Programme Preferred Drugs Initiative, WHO indicates 
the drug is listed on the World Health Organization essential drugs list

PDI WHO Cost (€) GP GP trainee Hospital 
doctor

Intern Nurse Student All prescribers p value

Simvastatin * * 8.08 1.9 1.8 2.5 2.1 2.9 2.6 2.2 0.21
Atorvastatin * 8.36 2.2 1.8 2.5 1.9 2.3 2.4 2.1 0.13
Esomeprazole 11.44 1.7 1.4 1.8 1.3 2.6 1.9 1.7 < 0.001
Lansoprazole * 9.76 1.6 1.3 2.0 1.5 2.2 2.4 1.7 0.01
Ramipril * 7.52 1.7 1.9 2.8 2.4 2.9 2.7 2.3 0.05
Perindopril 10.18 1.3 1.4 2.6 2.1 4.7 2.0 2.4 < 0.001
Bisoprolol * * 7.24 1.6 1.8 2.9 2.3 2.2 2.8 2.2 0.04
Nebivolol 8.64 1.8 1.7 3.4 2.8 2.7 2.7 2.5 0.02
Duloxetine 10.61 3.2 2.3 2.9 2.9 4.0 2.4 3.1 0.46
Venlafaxine * 12.84 2.2 1.8 2.3 2.7 2.6 2.0 2.4 0.41
Rivaroxaban * 69.11 1.2 0.9 0.9 1.5 1.6 0.4 1.3 < 0.001
Warfarin * * 6.43 1.1 1.6 1.9 2.2 2.5 3.0 1.9 < 0.001
Apixaban * * 68.08 1.1 0.9 0.9 1.5 1.6 0.4 1.3 < 0.001
Complan Shake * 46.44 1.0 0.7 0.8 0.9 1.2 0.7 0.9 0.15
Ensure Plus 103.54 0.8 0.4 0.5 0.5 1.0 0.3 0.7 < 0.001
Seretide Diskus 66.83 0.8 0.6 0.7 0.7 0.7 0.5 0.7 < 0.001
Bufomix inhaler * 36.86 1.0 0.9 1.1 1.5 1.9 0.8 1.4 < 0.001
Adalimumab (proprietary) * 966.63 0.6 0.4 0.3 0.6 1.0 0.1 0.6 < 0.001
Adalimumab biosimilar * * 641.43 1.3 1.0 0.2 0.9 1.2 0.1 1.0 < 0.001
Mycophenolate (proprietary) 67.23 5.8 3.2 2.3 9.3 3.7 0.9 5.5 < 0.001
Mycophenolate (generic) 55.47 9.0 3.3 2.5 8.4 3.8 1.0 5.9 < 0.001
Alendronate 10.04 2.8 3.6 3.8 12.2 4.5 3.3 6.3 < 0.001
Denosumab 231.49 0.9 0.8 0.7 2.6 17.1 0.3 4.6 < 0.001
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trainee, 2.6; hospital doctors, 3.4; interns, 2.9; nurses, 3.8; 
and students, 1.7. While a clear correlation was not evident 
on plotting the certainty of estimates against the percent-
age of correct estimates, the GPs and medical students were 
again at each extreme (Fig. 4b). GP trainees were less certain 
than their success at estimation suggested, while the oppo-
site was the case for hospital doctors.

Participants were asked to provide their source of drug 
cost information in a free-text box. The most commonly 
cited sources were Irish Medicines Formulary (45%), Brit-
ish National Formulary (35%), the local/hospital pharmacist 
(34%), Monthly Index of Medical Specialities Ireland (25%), 
or a combination of the above. Interestingly, 29% of pre-
scribers suggested they would ‘always’ or ‘often’ be willing 
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to trade-off some degree of efficacy for drug affordability, 
and 54% would do so ‘sometimes’ (Fig. 5).

Discussion

This study found that those in primary care, GPs and GP 
trainees, had a better knowledge of drug costs than other 
groups, with the medical student group fairing worst, as 
expected. The more accurate estimates by GPs may reflect 
greater experience but GPs are also more familiar with the 
MMP Preferred Drugs Initiative and may therefore be more 
cost conscious. Costs were more likely to be overestimated 
rather than underestimated in general; however, there was 
significant estimate variation between and within groups 
for many drugs. This variation reflected the uncertainty 
apparent from the Likert scale component of the study. This 
uncertainty correlates with previous research involving Irish 
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hospital doctors, where 88% stated they often felt unaware of 
actual drug costs [33]; however, relaying the cost of a drug 
to the patient on initiation is an important component of the 
therapeutic plan. The cost is particularly important if the 
drug is expensive and if OOPs are involved.

That GPs and GP trainees were the most successful at 
estimating drug costs may indicate a greater appreciation 
and knowledge of drug costs than is the case for hospital-
based prescribers. The consideration of cost may be less of a 
factor for hospital prescribers, who may be more inclined to 
prescribe novel, expensive, on-patent drugs under the guid-
ance of an institutional Drugs and Therapeutics Committee 
[34]; however, the role of hospital prescribers in contain-
ing drug expenditure is critical. It has been demonstrated in 
many studies that prescribing decisions in a hospital setting 
are perpetuated in primary care [35–37]. Nurse prescribers 
in Ireland prescribe from a limited personal formulary as 
their role is usually limited to a specific specialty or condi-
tion. It is therefore not surprising that their estimates were 
less accurate and more varied, as indicated by estimate 
standard deviations. Medical students were least accurate, in 
keeping with previous research on the topic comparing doc-
tors with medical students [38]. Medical students in Ireland 
do not have prescribing rights and knowledge of drug costs 
will undoubtably improve with experience as they practice.

Previous research has suggested that prescribers are likely 
to overestimate the cost of inexpensive drugs and under-
estimate the cost of more expensive drugs [31]. Further-
more, the accuracy of drug cost estimates improved for more 
expensive drugs. In this study, all groups were also more 
likely to overestimate the cost of inexpensive drugs. In terms 
of the expensive drugs, while the cost of adalimumab was 
underestimated, there was a large variation in the estimates 
for denosumab. It was evident that the groups had less suc-
cess estimating the cost of high-cost drugs compared with 
low-cost drugs (Fig. 2).

The prescriber’s awareness of the cost effectiveness of 
the treatments they prescribe is a key component in manag-
ing healthcare expenditure as well as the financial impact 
to the patient. A US study of physicians suggested they pri-
oritize reducing the OOP drug cost for patients over those 
for a health service or insurer [39]. Previous research has 
suggested that physicians consider cost effectiveness as 
an important component of their clinical decision mak-
ing [40–42]. Nearly two-thirds of prescribers were at least 
somewhat familiar with the MMP Preferred Drug Initia-
tive, which provides guidance for cost-effective prescribing. 
Interestingly, our study found that 29% of prescribers are 
always/often willing to concede some degree of efficacy for 
more affordable drug costs, and 83% will consider this trade-
off at least sometimes. The apparent willingness to consider 
this cost-efficacy trade-off is inconsistent with previous Irish 
research asking this question of hospital doctors [33]. We 

considered whether the alternative position evident in this 
study may be due to the inclusion of primary care and nurse 
prescribers. Qualitative research has suggested that GPs 
consider individual patient requirements above the oppor-
tunity cost for the population when prescribing and that cost 
minimization rather than cost effectiveness was considered 
by GPs, although the success of more recent prescribing 
initiatives suggest cost effectiveness is a central considera-
tion [27, 42]. However, in this study, 30% of hospital-based 
prescribers were always/often willing to consider sacrific-
ing some efficacy to make drugs more affordable, a similar 
figure to that for those in primary care (29%).

Many jurisdictions use multi-tier formularies to encour-
age the use of cost-effective drugs. This includes using 
generic versions where possible. These formularies may be 
coupled with reference pricing so that the provider or patient 
will bear the excess cost above the best value option if they 
choose an alternative. This has been an effective method of 
cost control for traditional small molecule drugs. The appli-
cation of this approach to more complex biological drugs 
has been more problematic, although considerable recent 
process is evident [43, 44]. Despite the access to biosimilars, 
the medical community has been slow to adapt at times, 
possibly unaware of the value proposition on offer. In this 
study, we found that the cost of the most commonly pre-
scribed monoclonal antibody drug was consistently underes-
timated. This was particularly the case for hospital doctors, 
who will be initiating the drug in Ireland (it must be initiated 
in hospital by a specialist), with a significant underestimate 
evident for both the proprietary and biosimilar adalimumab 
products. The larger estimates by primary care prescribers 
for the biosimilar versus the proprietary adalimumab may 
suggest they were unfamiliar with the available biosimilars 
at the time of the survey. This is reasonable as prescribers 
in primary care do not initiate adalimumab, and an MMP 
project to integrate biosimilars into prescribing practice is 
more recent than the survey.

Prescribers may consider cost, but evidence suggests 
it is inconsistently applied to their prescribing decisions 
[40]. Prescribers have reported time constraints and patient 
demand as factors when choosing a drug treatment, which 
may affect the influence of cost on decision making [45]. 
Resources are required to improve this consistency. One 
such resource identified in this study is the community 
pharmacist, whom 34% of prescribers surveyed identified 
as an information source for drug costs; however, previous 
research has suggested that while GPs may value the phar-
macist to identify prescription errors, they did not consider 
them as an aid in terms of deciding treatment plans [45]. 
Currently, most prescribers reported they used a national 
formulary as the information source for drugs costs. These 
formularies display the cost in the drug monograph but do 
not include pharmacy fees. When information is available, 
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such as drug price lists from health insurers, evidence sug-
gests that prescribers do not refer to these regularly [29]. The 
HSE-MMP has produced, and updates, a list of cost-effective 
drugs for commonly treated conditions (e.g. hypertension, 
depression) in its Preferred Drug Initiative. Excluding medi-
cal students, 62% of prescribers were very, moderately, or 
somewhat familiar with the initiative. However, guidance 
to aid prescribers in choosing cost-effective options is often 
ignored or awareness of such guidance is poor so that other 
solutions are also necessary [29].

The most pertinent systematic review on the topic of pre-
scribers’ knowledge of drug costs was performed in 2007 
[31]. This was prior to the implementations of many ini-
tiatives to increase generic drug prescribing and the avail-
ability of biosimilars. However, two areas to address the 
knowledge gap identified by the authors at that time, and 
still relevant today, were education and clinical decision 
support. Passive educational interventions aimed at medi-
cal professionals often have no or minimal benefit in terms 
of improving healthcare quality in the longer term. As with 
other healthcare quality issues, this is true of prescribers’ 
knowledge of drug costs [46]; however, it is also recogniz-
ing that interventions with multiple aspects are unlikely to 
succeed without an educational component. Prescribers’ 
and medical students’ willingness to consider drug costs 
when prescribing has been previously established, and an 
understanding of cost effectiveness has been suggested as 
a key component of pharmaco-education [38]. Irish hospi-
tal doctors have previously indicated they had little formal 
education about drug costs and were not aware of where to 
find such information [33]. A review of health economics 
education for medical graduates reported that cost contain-
ment was the primary focus rather than cost effectiveness 
and value [47]. Therefore, curricula components focusing 
on pharmacoeconomics is required at an undergraduate and 
postgraduate level for healthcare professionals.

It is uncertain whether the use of clinical decision support 
systems (CDSS) improves cost control in clinical settings. 
Alerts to display the cost of laboratory and radiological 
investigations have shown mixed results [48]. Older evi-
dence for employing CDSS to reduce drug costs is uncon-
vincing [49–52]. More recent studies have been more favour-
able. One US study using a web-based solution to provide 
drug cost information showed a reduction in costs but not 
in OOPs [53]. Formulary decision support for e-prescrib-
ing demonstrated improvements in the use of more cost-
effective drug options but did not show an improvement 
in co-payments and adherence when these outcomes were 
modelled [6, 54]. An alert system to optimize prescribing 
of high-cost medicines in a hospital setting was success-
ful, but for a limited number of drugs [55]. The regular use 
of information technology (IT) did not necessarily lead to 
improved knowledge of drug prices and no single type of 

IT resource was identified as being particularly useful [56]. 
It is also worth noting that one study that found a reduc-
tion in drug expenditure with implementation of a CDDS 
reported that this saving offset the cost of a subscription to 
the service, resulting in no net saving [57]. The success of 
CDDS and e-prescribing solutions are likely to be setting- 
and situation-dependent.

Falling costs in data storage and increased computing 
power is issuing in a golden age in bioinformatics. Machine 
learning using datasets of patient records has been shown to 
be effective at preventing prescribing errors with the poten-
tial for considerable cost savings [58]. The application of 
similar artificial intelligence (AI) capabilities must be con-
sidered as the next logical step in cost-effective prescrib-
ing. Data analysis features based on machine learning of 
prescriber trends would allow for the creation of a medicine 
management program that provides real-time feedback to 
prescribers on their prescribing habits, including cost-effec-
tive prescribing. With the correct implementation strategy, 
these tools will be an essential component of any solution 
to improve cost-effective prescribing.

It is important to clarify that knowing the cost of a drug 
will not necessarily lead to improved prescribing, adherence, 
and allocative efficiency. Rather, the value of the drug is the 
crucial information required, of which cost is an inherent 
component. The patient may not be able to judge or perceive 
the value of the treatment for themselves, particularly for 
preventive medicines, therefore conveying the actual cost 
is also necessary. However, when comparing a number of 
options for treatment, it is cost effectiveness that the pre-
scriber should consider as the unit of cost for a beneficial 
health outcome. Given the magnitude of this task, doing so 
is only possible with guidance from an independent source 
that assesses the value of available drug treatments.

Strengths and limitations

This study has a number of strengths. It involved a compre-
hensive survey that included high-cost as well as low-cost 
drugs. Its format allowed comparisons of nationally recom-
mended options against others, and it included a qualitative 
aspect to assess prescribers’ use of national recommenda-
tions and whether they were amenable to trade-offs of effec-
tiveness for cost. The survey involved a number of different 
prescriber groups and included medical students to create 
what was effectively a control group. Limitations of the 
study include the relatively low response rate, which may be 
due to the use of gatekeepers to disseminate email requests 
in line with the General Data Protection Regulation require-
ments. The survey included hospital doctors from one site, 
although the GPs and nurse prescribers were from a broader 
area. Another limitation was that the hospital doctors were 
at different career stages and experience of prescribing these 
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frequently used drugs (e.g. dermatologists). Furthermore, 
the study was performed in Ireland, where prescribing is not 
focused by national formularies or guidance, therefore it may 
not be applicable to jurisdictions with stringent enforcement 
of prescribing guidance.

Conclusion

Prescribers’ knowledge of drug costs remains poor and may 
negatively affect patient outcomes and national drug budg-
ets. While resources are provided by a national program to 
improve cost-effective prescribing, further work is required 
to successfully implement these prescribing recommenda-
tions in practice. Solutions are multifactorial, while a focus 
on value rather than cost is essential.
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