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Medicines are a major component of modern healthcare delivery, both in resource

consumption and as drivers of innovation. The ever-increasing application of

digitalisation within day-to-day living and as part of our healthcare systems—with the

resultant data generation—presents the opportunity to better define the populations

exposed to medicines, and their benefits and harm in real world settings. This article

outlines the development of the Scottish National Prescribing Information System

(PIS) and describes how this capability is being used to support the safe and effective

use of medicines, both nationally and internationally. Since 2009, PIS has included e-

prescribed/e-dispensed and reimbursed medicines data, now totalling 976 million

prescriptions, with codified structured data on dose instructions. A literature review,

covering the period from January 2009 to March 2019, identified 40 full publications

using PIS, the first occurring in 2014. The majority involved

pharmacoepidemiology/drug-use studies (50%) in cancer and cardiovascular disease.

Measuring the value and impact of PIS was extended beyond publication quantifica-

tion by illustrating the translation of PIS outputs into the learning health system at

scale. The developing Scottish capabilities add breadth and depth to the wider evolv-

ing international environment, and offer the potential to contribute collegiately to

the global effort on medicine safety and effectiveness, including support for the

World Health Organisation Global Patient Safety Challenge: Medication Without

Harm.
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1 | INTRODUCTION

Medicines are among the most frequently used interventions for the

prevention and treatment of illness, and a major contributor to driving

innovation in modern healthcare. Accordingly, medicines are now

among the largest expenditures in healthcare, accounting for on aver-

age 16% of total healthcare expenditure observed among Organisa-

tion for Economic Cooperation and Development countries in 2015,1

increasing to a mean of 23–30% in low and middle income coun-

tries.2,3 The result is mounting pressure on public resources, and rising

scrutiny by health policy makers worldwide. Drivers of this growth in

expenditure include ageing populations with increasing prevalence of

chronic disease; growing patient expectations; tighter therapeutic

management targets; and the launch of premium priced medicines.

The situation is intensified by political and public demands for acceler-

ated access to new medicines within publicly funded healthcare sys-

tems, and in part is compounded through the move of regulatory

bodies towards the concept of adaptive licensing—recognising that

drug development, licensing, reimbursement, utilisation, and monitor-

ing of outcomes should be viewed as a continuum.4 Therefore, the

challenge for health policy makers, Health Technology Assessment

bodies and clinicians delivering care is a diminishing evidence baseThere is no principal investigator for this study.
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and, consequently, increasing uncertainty as to the value of a medi-

cine at market entry. Furthermore, medicines are not without harm,

with UK studies estimating that 6.5% of hospital admissions are attrib-

utable to adverse effects of medicines.5 Hence, in 2017, the World

Health Organisation launched the Medication Without Harm Patient

Safety Challenge, calling for a 50% reduction in severe, avoidable

medication-related harm globally over the next 5 years.6

In this changing landscape, the importance of improved medicines

intelligence capabilities using real world data, captured as a by-

product of routine care, is recognised by multiple stakeholders.7-9 The

growth in electronic health records integrated in and/or aligned to

digital solutions for medicines prescribing, dispensing and administra-

tion, underpinned by transformative digital health policies, has

enabled the creation of large, accessible data repositories. This avail-

ability of reliable real-world data (RWD) may allow for the early adop-

tion of promising medicines, followed by real-world determination of

value through the study of medicine safety and effectiveness in more

diverse populations, beyond the relatively small populations exposed

within the clinical trials submitted to licensing authorities. Such data

repositories are also central to examining the quality of prescribing

and the impact of interventions designed to promote the rational use

of medicines.

Pharmacoepidemiology and drug utilisation research, embracing

the study of the use and effects/side effects of medicines in

populations, are the main scientific domains positioned to take a lead-

ership role in exploiting these evolving data capabilities.2,10 These dis-

ciplines have built on strong foundations within some regions—

notably the Nordic countries, having invested in developing their indi-

vidual level national medicines registries and record linkage capabili-

ties to understand the burden and outcome of medicines use.11-13 In

2007, the combined Nordic registries contained data from 17 million

prescription users (68% of the total population), and now—in 2019—

have a minimum of 14 years of history (earliest Finland starting in

1994, latest Sweden since 2005).12 However, to realise the potential

of these Big Data within healthcare moving forward, there is a need to

embrace the wider data science/artificial intelligence communities.8

The future benefits, in a medicines context, will be: generation of new

clinical evidence to inform more precise clinical decision support; bet-

ter understanding of inappropriate medicines use; and intelligence to

inform pharmaceutical/health policy.

This review aims to outline the development of the Scottish Pre-

scribing Information System (PIS), quantify the published scientific

outputs, and describe a number of applications of the PIS resource

across Scotland which have been adopted to drive improvements in

prescribing practice.

1.1 | The Scottish National PIS

1.1.1 | Data provisioning at scale

Scotland has a strong international profile in health informatics and a

history of using linked health data for research, embedded within a

rigorous governance framework.9,14,15 This is founded on the adop-

tion of a unique person identifier—the Community Health Index (CHI)

number—allocated to all residents when registering with NHS Scot-

land health services.16 Each time a patient interacts with the health

system this identifier is used, providing the opportunity to describe a

patient's pathway through the healthcare system. From 2009

onwards, the routinely used digital prescribing (e-prescribing) and dis-

pensing (e-dispensing) systems across primary care in Scotland have

mandated the inclusion of the CHI identifier. These digital prescrip-

tions represent almost 900 million of the 976 million prescriptions

within PIS that have been dispensed and reimbursed since 2009;

96.5% of all prescriptions have a valid CHI number attached. For the

first time, this has provided the ability to track medicines exposure

over time at an individual level, and facilitated linking this to other

health and social care records to assess intended and any unintended

consequences of medicines use in the primary care/community set-

ting for the entire Scottish population (5.4 million people, £1.14 billion

medicines expenditure in 2017/2018).17,18 The data variables accessi-

ble through PIS cover 4 broad areas: patient; medicine; prescriber;

and dispenser. A detailed account of these variables is reported

elsewhere.17

Historically, researchers and NHS users seeking to quantify indi-

vidual drug exposure across populations faced spending significant

time transforming data into a usable format, often with variable and

poorly documented methods. The present PIS resource includes

unstructured free-text dose instructions as part of the electronic pre-

scribing message; using a natural language processing algorithm which

takes a zero assumptions approach, structured output from these

free-text instructions (estimated at 100 million items annually) is effi-

ciently generated to allow users maximum flexibility to derive drug

exposure appropriate to the area(s) of study. A detailed account of

the development of the natural language processing tool is reported

elsewhere.19

1.1.2 | Use of PIS in research

Materials and methods

To understand the potential scientific contribution of the PIS, we

undertook 2 tasks. Firstly, an assessment of the number of approvals

for using PIS, requested by researchers/other parties through the

national electronic Data Research and Innovation Service (eDRIS)20;

for the period 2014–2018, we were able to quantify all applications

approved nationally through our information governance systems.

And secondly, a review of the literature covering the time frame from

2009 to 2019, using the search terms (“Prescribing Information Sys-

tem” AND “Scotland”) in EMBASE, MEDLINE and SCOPUS, as well as

searching for “Prescribing Information System” in Google Scholar. In

addition, article reference lists were used to identify further studies.

Key findings

Between 2014 and 2018, 124 national approvals (ranging from 15–36

per annum) were given for using PIS (Figure 1A), record linked to
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other data repositories and provisioned through the Safe Haven net-

work.21 This number is, however, likely to be an underestimation of

total PIS use for 3 reasons: any request before 2014 was not easily

retrievable through the eDRIS documentation system, although antici-

pated to be small in number; PIS has been made available at a regional

level in Scotland through the federated Safe Haven network to sup-

port more localised studies; and within the NHS, various national

health and social care programmes—including the national Infection

Intelligence Platform22 and the National Therapeutics Indicators pro-

gramme23—have also used PIS data. In addition, those seeking to use

PIS data only (i.e. without any linkage to other datasets) can approach

the NHS National Services Scotland Information Services Division

directly through the information request process.

A total of 267 publications were identified over the period

January 2009 to March 2019. After screening titles and abstracts, and

removing duplicates and conference abstracts, 40 full publication arti-

cles were included and reviewed.19,24-62 The number of articles publi-

shed by year for the period 2014–2018, totalling 37, is presented in

Figure 1A; a further 3 studies were published in the first months of

2019.

Of the 40 full publications, 14 (35.0%) were

pharmacoepidemiological studies assessing drug effects, while 6

studies (15.0%) analysed drug utilisation; 3 studies were validation

studies. The effect studies were all retrospective cohort studies focus-

ing on a select patient cohort having been exposed to specific drugs

(based on, e.g. specific diagnoses including invasive breast cancer or

atrial fibrillation, or residency/population characteristics such as hav-

ing attended a Scottish school within a set time frame), 1 of which

was a long-term follow-up study of clinical trials previously conducted

in Scotland. In contrast, the drug utilisation studies were quite diverse

in terms of both study design/methodology and study aim—from

cross-sectional studies describing prescribing practices of individual

drugs to cohort studies analysing patient adherence to medication.

Among the remaining publications, the majority were studies using

prescribing data as proxy for either comorbidities or disease outcomes

(n = 13, 32.5%). PIS has also been used for economic and/or policy

analyses (n = 4, 10.0%). Commonly studied therapeutic areas included

cancer, cardiovascular disease, and mental health; however, drug

utilisation and effect studies focused particularly on the cardiovascular

system and antibacterial drugs. Study types for the period 2014 to

2018 are presented in Figure 1B.

Overall, 82.5% of studies (n = 33) included record linkage: the

most commonly linked datasets were hospital in-patient records

(Scottish Morbidity Records, in-patient and day-case dataset/SMR01),

death records (National Records of Scotland), and the Scottish Cancer

Registry (SMR06),63 although a wide range of other data sources have

been used—from laboratory test results to educational resources such

as the School Leaver database. For details regarding study type,

record linkage and therapeutic areas, see Table 1.

1.1.3 | A learning health system at scale:
application of PIS to improve prescribing practice

Measuring the value and impact of PIS in driving improvements in pre-

scribing practice can in part be quantified by publications, as publica-

tions are often the genesis for changing practice. Nevertheless,

practice impact is not always well captured through traditional publi-

cation routes. Hence, this section outlines illustrations of how PIS is

being used and applied at scale across the Scottish healthcare system,

informing and influencing the global landscape.

Antimicrobial stewardship

The scale of antimicrobial resistance (AMR) and the threat this poses

to public health is well described and internationally recognised.64,65

The strategic aims of the UK 5-year AMR strategy 2013–2018

included optimising prescribing practice through implementation of

antimicrobial stewardship programmes and better access to/use of

surveillance data, and a call for conservation of current antibiotics66;

the optimisation of antibiotic use remains a key area of focus in the

most recent UK 2019–2024 action plan.67

In Scotland, antimicrobial stewardship is coordinated by the Scot-

tish Antimicrobial Prescribing Group (SAPG).68 As 80% of antibiotic

use in humans occurs within a community setting,69 the national sur-

veillance data on antibiotic use held in PIS has been a powerful tool

F IGURE 1 (A) Approvals to use Prescribing Information System
(PIS) and publications based on research using PIS, 2014–2018.
(B) Number and type of studies conducted using PIS, 2014–2018
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for SAPG and NHS Boards to plan, prioritise, and evaluate the impact

of interventions. By example, PIS data has facilitated the reporting of

trends in total antibiotic use/proportion of population use to evaluate

the impact of efforts to reduce prescribing for self-limiting infections;

furthermore, PIS data have enabled the investigation of antibiotic use

in specific groups, e.g. children and the elderly, and specific settings,

such as nursing/care home institutions.26,70,71

To maximise the utility of nationally available data so as to mini-

mise both the threat from AMR and the harm from Community and

Healthcare Associated Infections, the PIS resource has been inte-

grated within a national Infection Intelligence Platform (IIP) enabling

the linkage of PIS with microbiology, hospital activity and deaths data

to allow rapid enquiry, knowledge generation, and feedback to clini-

cians and policy makers. Since 2013, the SAPG has used this intelli-

gence capability to answer important clinical questions.22 One

illustration involved a call from clinicians to understand whether

reductions in prescribing antibiotics in primary care had included

patients who should have received antibiotics. The IIP allowed rapid

identification of patients with severe upper respiratory tract infections

presenting to hospitals across Scotland, and an examination of their

prior antibiotic exposure in the community via PIS. This study demon-

strated that despite overall reductions in primary care antibiotic use,

prescribing rates among patients with these infections had increased,

while mortality decreased.72 Findings provided reassurances to the

clinical community that the SAPG strategy had not adversely affected

patients with serious infections requiring treatment.

Furthermore, the characterisation of patient risk factors (including

prior antibiotic use) for individual infections including Clostridium diffi-

cile and multidrug resistant urinary infections has been an increasing

use of the IIP.37,52 Outputs from these national risk association stud-

ies are currently being used to inform the development of digital deci-

sion support tools to inform clinician treatment choice.

High-risk medicines stewardship

UK studies estimate that 6.5% of hospital admissions are attributable

to adverse effects of high-risk medicines, including warfarin and non-

steroidal anti-inflammatory drugs5—equivalent to approximately

61,000 admissions annually in Scotland.

The impact of using PIS data at scale for providing routine feed-

back to clinicians at a GP practice level on high-risk medicines in their

practice was demonstrated through the EFIPPS study, a cluster

randomised trial across 262 practices located in 3 NHS Boards.35 This

study included generation of 6 validated prescribing safety measures,

deliverable through PIS, and demonstrated the effectiveness of a scal-

able, low intensity intervention.

Translation of these safety prescribing measures into routine

healthcare systems across Scotland was achieved by inclusion into

national polypharmacy guidance,73 and integration within the

established Scottish National Therapeutic Indicators programme.23

Starting in 2012/2013, this programme has provided feedback on pre-

scribing activity to all GP practices and Health Boards across Scotland

to drive improvement in prescribing quality—initially using aggregate

GP practice level data, but the addition of individual level data

through PIS presented the opportunity to include measures that

directly addressed patient safety issues, particularly regarding the pre-

scribing of drug combinations known to increase the risk of adverse

drug events. Since 2017, the EFIPPS study measures have fully been

adopted within the National Therapeutic Indicators programme, fol-

lowing initial designation as additional prescribing measures.23

Additional evolving use of PIS data (national/international)

Several new initiatives by various research communities within Scot-

land and elsewhere—frequently informed by the NHS—to drive wider

application of PIS data are emerging, including:

TABLE 1 Type of study, record linkage and therapeutic area
(n = 40)

Publications n (%)

Study type

Validation study 3 (7.5)

Drug utilisation study 6 (15.0)

Effect study 14 (35.0)

Other a 17 (42.5)

Record linkage

Yes 33 (82.5)

Death records (National Records of Scotland) 23 (57.5)

Outpatient clinic attendance (SMR00) 2 (5.0)

General acute in-patient (SMR01) 28 (70.0)

Maternity in-patient (SMR02) 2 (5.0)

Mental health in-patient (SMR04) 4 (10.0)

Cancer registry (SMR06) 10 (25.0)

Survey data 5 (12.5)

Other b 11 (27.5)

Therapeutic area c

Cancer 9 (22.5)

Cardiovascular disease 7 (17.5)

Mental health 4 (10.0)

Respiratory disease 3 (7.5)

Diabetes 2 (5.0)

Infectious diseases 2 (5.0)

Drug classification d

Cardiovascular system 11 (55.0)

Central nervous system 5 (25.0)

Infections 4 (20.0)

SMR, Scottish Morbidity Records.
aincludes policy analyses, economic evaluations, and studies using

prescribing data as proxy for comorbidities and/or disease outcomes.
bincludes e.g. laboratory data, accident and emergency records, Care

Home Census, School Leaver Database etc.
cincludes all studies, regardless of study type.
dincludes only studies where the focus is drug use (i.e. drug

utilisation/effect studies; n = 20); drug classification based on British

National Formulary.
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• Scottish Atlas of Variation: The Atlas of Variation is a public-facing

interactive data dashboard that utilises PIS data to count numbers

of treated patients, and presents these as standardised rates to

show high-level variation across the healthcare system.74 The Atlas

of Variation currently includes prescribing measures relating to car-

diovascular disease, with further areas under development. Com-

plimentary and more detailed information is available to authorised

users (NHS staff) within other dashboard products, such as the Dis-

covery Dashboard.75 These dashboard developments use multiple

data sources and help in understanding patterns of medicines use

within the wider health and care context.

• Impact of regulatory guidance on primary care prescribing: PIS data

linked to other health records is being used to assess the impact of

various guidelines, including the European Medicines Agency

(EMA) guidance on valproate prescribing and harm reduction strat-

egies for females of childbearing potential within NHS Scotland;

and EMA regulatory label changes on the use of systemic

diclofenac products in a multicountry study covering Scotland,

England, Denmark and the Netherlands.

• Development of data science methods, applied to RWD assessment of

new medicines: Using direct oral anticoagulants as an example,

activities include:

� Applying various data science algorithms, including advanced

statistical modelling and novel machine learning techniques, to

build predictive models of treatment outcomes and adverse

events using increasingly deeply phenotyped data. The aim is to

move beyond single-variable analysis and develop methods

capable of analysing multiple outcomes simultaneously.

� Identifying and testing multiple measures that quantify patient

adherence using PIS data. The outcome is a proposed resource

toolkit for researchers seeking to better understand patients'

medicines management behaviour using PIS.46

2 | DISCUSSION

The increasing burden on health and social care services requires new

and sustainable ways of providing the support people need. The

growing use of digital solutions more widely in society, including in

the health and wellbeing domains, is starting to reshape interactions

between health practitioners and patients. Digital solutions, generat-

ing new data streams from sensors and devices, coupled with the

growth and accessibility of genomics/metabolomics data within

healthcare systems, present an opportunity to gain greater insight into

patient care pathways and the potential reasons for outcome

variation—including the use and effect of medicines.

Exploitation of the advancing volume and depth of these RWD

capabilities in healthcare has been signalled as the next step change

to improving patient outcomes, delivering more efficient and effective

healthcare, and driving innovation in clinical research. Most recently

in the UK, this has been galvanised through the implementation of the

Health Data Research UK (HDR UK) Institute, with the vision for “[…]

large scale data and advanced analytics to benefit every patient

interaction, clinical trial, and biomedical discovery and to enhance public

health.”8 Through HDR UK, the plan is to: grow the next generation of

data scientists with the technical expertise to work with data from

varied sources, often messy and unstructured; apply novel artificial

intelligence techniques at scale to inform and shape clinical research

programmes; and build novel decision support systems for use within

the healthcare setting.

In Scotland, the comprehensive health care system affords the

opportunity to capture whole system exposure to medicines for an

entire population of 5.4 million. The medicines intelligence toolkit

capabilities to date have focused on exploiting the individual primary

care (community) prescribing data as illustrated in this article, to

inform and improve a learning health system. Building on the experi-

ences of others and collaborating with colleagues, particularly the

Nordic countries where similar resources are available,11-13 growing

capabilities at scale will enable Scotland to maximise the learning from

diverse exposed populations across different health systems. Given

the ever-increasing precision therapeutics agenda, this scalability

agenda crossing multiple jurisdictions will become ever more impor-

tant if we are to have the numbers to ascertain benefits and harms

from new, advancing therapies that are often focused on increasingly

specific patient groups.

Building on the PIS experience, the present focus is the hospital

sector, which is currently underrepresented in real-world research, ini-

tially prioritising cancer treatment. Scotland, based on the Beating Can-

cer: Ambition and Action plan,76 has invested in the Cancer Medicines

Outcomes Programme to create a national resource to measure clini-

cal and patient reported outcomes of cancer medicines in the real

world, and to provide rapid feedback to inform clinical practice.77

Scotland's ambition is to extend electronic prescribing and administra-

tion systems across the full inpatient and outpatient hospital setting,

envisaged to be accomplished by 2023.78 This will complete the medi-

cine treatment pathway, facilitating much richer understanding of drug

exposure and its correlation to patient benefits and harm. Remaining

areas that require attention when working with RWD in Scotland

include: absence of diagnosis on prescriptions, necessitating triangula-

tion through other data sources; and national laboratory data (com-

prising e.g. biochemistry and haematology) to better define patient

phenotypes and assess the effect of medicines on disease measures.79

More internationally, from a medicines intelligence perspective,

RWD use is being supported by organisations such as the Interna-

tional Society of Pharmacoepidemiology80 and the EMA coordinated

European Network of Centres for Pharmacoepidemiology and

Pharmacovigilance (ENCePP) initiative,81 amongst others. Such bodies

represent forums to stimulate discussion on evolving data capabilities

and methodological approaches, and produce guidance, standards and

resources for the community to be used for uncovering new evidence.

Further debate is, however, needed to clarify how real world studies

can support and complement randomised clinical trials (RCTs), instead

of being seen as a threat to—or even potential replacement of—

RCTs.82 Delivery of more real-world RCTs, representative of the com-

plex, multimorbid populations being treated in clinical practice, should

be enabled and supported through digital health advancements; we
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will be stronger in our ambitions to understand medicines by adding

to our research toolkit, rather than depleting it.10 In addition, even

though numerous studies using prescribing resources similar to PIS

particularly from the Nordic countries have been published, thus far

there is a scarcity of publications describing how prescribing resources

are impacting and/or are being integrated into routine health care

systems.

Our collective vision must be to shape how our ever-extending

real-world Big Data can contribute effectively across the health and

care policy spectrum to improve medicine safety and effectiveness.

Key research avenues should include:

• Driving the availability and use of RWD by medicines regulators,

Health Technology Assessment and pharmaceutical industry deci-

sion makers.

• Developing advanced analytics and visualisation techniques to

generate new, accessible evidence to populate novel clinical deci-

sion support tools, promoting shared clinician-patient treatment

choice.

• Exploiting and embracing the use of new digital health and lifestyle

data streams to gain new insights into how medicines are

impacting patients' lives, and a deeper understanding of lifestyle

behaviours and their potential to inform tailored approaches to

health interventions involving the choice/use of medicines.

• Making high quality data easily discoverable so that our advancing,

diverse data science community can engage with established com-

munities to foster technical expertise and insight.

The collective benefits of these efforts will be more effective patient

care; more efficient healthcare delivery; and improved value for

money for scarce public resources.

3 | CONCLUSION

Scotland has grasped the opportunity to invest in national prescribing

capabilities to generate novel intelligence in order to improve under-

standing of medicines use in routine clinical care, and to inform and

drive improvement in a learning health system to assure equitable and

safe use of medicines. Nevertheless, we need to recognise—both in

Scotland and elsewhere—that the next major gain will be in building

and strengthening international collaborations, as precision therapeu-

tics and stratified medicines are evolving to shape the future of

healthcare.
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