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Abstract Routine healthcare data is becoming widely available, usually as a result of
administrative systems. Other related data are also often available, such as bio-
chemistry results, mortality data, and sometimes prescribing data. These records
are often linked via a common identification system or by probability matching
techniques. These data sources offer many opportunities to undertake research,
and where prescription data are recorded and linked, the facility to research the
outcome of drug use often exists. There are now a number of research agencies
around the world that use these large routine data sources to undertake drug safety
and outcome studies. The purpose of this commentary is to describe some of the
history behind the development of these systems, illustrate some of their uses
with respect to postmarketing drug safety and to other healthcare research objec-
tives. The review then describes the data sources necessary to develop a system
that would offer an optimal system to undertake a range of studies, including
population drug safety surveillance. There are both positive and negative consid-
erations when using routine data. On the positive side, these data come from ‘real
life’ experiences and not from the clinical trial situation. On the other hand, there
are important biases to be aware of such as confounding by indication. On the
whole, it is argued that large databases originating from routine healthcare pro-
cedures have an important role to play in the cost-effective prescription drug use
in the postmarketing setting. These systems cannot replace other methods of drug
safety evaluation but they do offer an important adjunct to spontaneous reporting
systems.
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The purpose of this commentary is to discuss the
use of routine computerised healthcare systems for
drug safety surveillance, and argue that they are
important alongside the present systems used for
drug safety evaluation and monitoring. The use of
routine computerised mechanisms offers many ad-
vantages over traditional methods; for example, the
complete population coverage that routine systems
allow can assist detection of rare adverse effects by
allowing hypothesis generation and hypothesis

testing. Population coverage does not select for the
sample subgroups that are typically necessary to
evaluate safety in drug trials. Methods involving
large population databases complement spontane-
ous reporting methods. We then list examples of
these systems in secondary and primary care in the
UK and elsewhere. These systems are cost effec-
tive when employed for this purpose because they
can simultaneously allow for the investigation of
drug safety for all prescribed medicines should the



need or hypotheses arise. The review then de-
scribes the data requirements for an optimal system
for population drug safety surveillance, and for
other health intelligence purposes.

1. Computerisation in Health Systems

Computers and information technology have in-
creasingly been adopted to help administer hospi-
tals, general practices and other agencies involved
in healthcare provision. In the UK, routine hospital
patient administration systems were introduced in
the mid to late 1960s. Along with the necessary
demographic and administrative patient details, a
typical routine inpatient record includes diagnostic
coding using clinical coding systems such as the
International Classification of Diseases (ICD), and
coding that describes any operative procedures that
have been undertaken.

More recently, in the 1980s, computerisation
was introduced into primary care. In the UK, the
introduction of these systems in primary and sec-
ondary care was uncoordinated; this was true espe-
cially in the primary care sector where a number of
commercial organisations courted general practi-
tioners, for example, Value Added Medical Prod-
ucts (VAMP)[1] and AAH-Meditel.[2] The majority
of these primary care systems employed the Read
clinical coding system.[3,4] Routine hospital inpa-
tient data in the UK became more organised in
1982 after the recommendations of the Steering
Group on Health Service Information were
adopted (commonly known as the Körner re-
port).[5] Other health systems, for example, in the
US, were notably better in terms of completeness
and coding quality than those in use in the UK be-
cause more financial resources were targeted at
healthcare administration in response to differing
methods of healthcare remuneration.

Although healthcare computer systems have
been generally designed for administrative pur-
poses, collation of health data on a routine basis has
offered opportunities for public health surveillance
and research by converting this into meaningful
health intelligence.

2. Routine Health Information and 
the Intelligence Cycle

The ‘intelligence cycle’ is the means by which
we convert data into useful and disseminated
health intelligence.

Many healthcare systems now record enormous
amounts of health related data, for example, from
patient administration systems, biochemistry re-
sults, pharmaceutical prescribing, or from other
routine sources, as well as from ad hoc research
initiatives. These data often describe the health ex-
periences of entire populations, certainly in rela-
tion to hospital care. Nevertheless, they are rarely
used for anything other than their original and lim-
ited purpose, and only very unusually are they an-
alysed or examined in some collective way such as
in some form of record linkage study. Enormous
potential research yield is being missed by limiting
the use of routine healthcare data. Secondary anal-
yses of these sources are relatively inexpensive
since such data already exist for their original ad-
ministrative purposes.

The potential uses of routine health service data
are very varied, for example, from low level intel-
ligence on patient length of stay and other ‘process’
parameters, to higher level intelligence related to
resource use,[6] quality of care,[7] and epidemiol-
ogy.[8] Interestingly, the use of routine data sources
potentially reduces or eliminates some sources of
bias found in biomedical research, for example,
procedure or patient selection bias, recall bias and
volunteer bias.[9] However, studies using these data
suffer from their own sources of biases, such as
confounding by indication.[10] If, or when, pre-
scribing data are linked to these various sources of
data, a wealth of opportunities arise to study drug
use in relation to outcome.

3. Drug Safety Surveillance

Drug safety surveillance can be broadly sepa-
rated into 2 categories, pre- and postmarketing sur-
veillance. Premarketing safety evaluation relates to
laboratory assessment of drug toxicity and phases
I to III clinical trials in patients. Use of large
databases for drug safety evaluation and surveil-
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lance relates to mechanisms of postmarketing drug
surveillance. Excluding methods that use these
large databases – which do have some recognised
limitations[11] – postmarketing drug surveillance
data have come mainly from spontaneous report-
ing systems such as the ‘Yellow Card’ system in
the UK, and from ad hoc company-based studies.
However, Waller and colleagues[12] reviewed 31
such studies and identified serious limitations.

The wide array of drugs we use, as well as newly
introduced compounds, are often very effective.
The down-side is that pharmacotherapy can result
in adverse effects. There is therefore a balance of
risk in taking a drug between its positive therapeu-
tic effects and its negative side effects. These ad-
verse effects can evade detection in clinical trials,
particularly if they occur with low frequency or
involve a long time lag effect, or if the adverse
event is of an unusual nature. Increasing the risk of
road traffic accidents with benzodiazepines would
be an example.

There is no doubt that the toxicological studies
presently employed to avoid dangerous drugs get-
ting into the marketplace usually work; neverthe-
less, it does sometimes happen that drugs with dan-
gerous adverse effects are marketed. For example,
the insulin sensitising agent troglitazone was with-
drawn in the UK as a precautionary measure after
it was found to be hepatotoxic in a very small num-
ber of cases.[13] This example illustrates that the
present mechanism of drug safety evaluation is fal-
lible, and needs supporting with postmarketing
surveillance for spontaneous adverse effects, such
as in the UK ‘Yellow Card’ system.

In summary, although we accept that the present
methods of drug safety evaluation and surveillance
are largely effective, as shown by the minimal
number of occasions where a dangerous adverse
effect is discovered after approval, there is still
room for improvement. This improvement could
be achieved by establishing routine mechanisms
that bring together data that describe a range of
patients’ health experiences and include reference
to the drugs that these patients are taking, whether
being prescribed or encashed. Methods are avail-
able to draw together data from these disparate

sources to identify the records that pertain to a sin-
gle individual. Once established, these systems
then offer a valuable resource for the study of a
range of public health issues in populations.

4. Examples of Drug Surveillance
Systems That Use Large Databases

The use of record-linkage techniques for the
postmarketing surveillance of drugs was pioneered
in the US and Canada, partly as a result of the more
commercial approach to provision of healthcare.
For example, Medicaid is the US joint federal-state
healthcare insurance system, in existence since
1965 to provide medical care for the poor, needy
and disadvantaged. Most widely used for post-
marketing surveillance studies have been Tennes-
see data for 400 000 patients, data for 1 million
patients in New Jersey, and data for 8 million pa-
tients from 11 states which have been combined in
the Computerized On-Line Medical Pharmaceuti-
cal Analysis and Surveillance System (COM-
PASS).[14,15] Linkage in Medicaid is deterministic
and therefore does not relay on probability match-
ing techniques, with registered patients allocated a
unique Medicaid number. Computerised data gen-
erated by healthcare contacts, including detailed
information on dispensed drugs and inpatient and
outpatient hospitalisation data, are collected for
payment purposes and indexed by the Medicaid
number. The main advantage of the Medicaid
databases is that they are frequently large. How-
ever, because Medicaid caters for disadvantaged
citizens, the registered population is not repre-
sentative of the general US population and the
generalisability of studies could be questioned.
Also, people tend to move in and out of Medicaid
eligibility, causing considerable loss to follow-up.
There are no data on drug indication or lifestyle
factors such as smoking which are often potentially
confounding.

Patients in the US who are not eligible for Med-
icaid can enrol in a Health Maintenance Organisa-
tion (HMO), which provides comprehensive med-
ical coverage for paid-up members. In 1991, there
were 550 HMO plans in the US, covering 38 mil-
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lion people. Of these, the Group Health Co-
operative of Puget Sound in Seattle (GHC), has
been most widely used for postmarketing surveil-
lance.[16] In 1992, GHC had approximately 370 000
members, who had accumulated 2 million outpa-
tient visits, 30 000 hospital admissions, more than
3 million prescriptions and 2.5 million laboratory
tests. Person-specific computerised information on
prescriptions from a formulary that are dispensed
in GHC pharmacies (over 90%), including over-
the-counter medication, and hospital admissions to
GHC hospitals, are collected for costing. Other
datasets include inpatient drugs, a cancer registry,
outpatient visits and laboratory and radiographic
data. So, although the database is relatively small,
the varied nature of the datasets is a major asset.

An example of a government or provincial
healthcare plan in North America is Saskatchewan,
which funds a comprehensive range of health ser-
vices almost universally to the residents of Sas-
katchewan, Canada (population of 1 million).
Computerised data on these services are collected
centrally, with 10 separate databases available for
research in 1993, with the proviso that rigorous
guidelines are followed and confidentiality is
maintained.[17] Record linkage is deterministic, de-
pendent on a unique 9-digit number that patients
are allocated when they register with Saskatche-
wan Health. A computerised prescription plan was
established for Saskatchewan Health in 1975, with
data available from pharmacy claims for dispensed
drugs; but only those from the Saskatchewan drug
formulary (comprising 2306 drug products in
1995). Examples of outcome databases include
hospital discharges with limited routine validation
of discharge codes (about 200 000 per year), phy-
sician services data, a cancer registration database,
birth and death certificates, alcohol and drug abuse
treatment, institutionalised care for the elderly and
disabled, home care services and children’s dental
care. So, in contrast to Medicaid and HMOs, the
Saskatchewan databases cover a large repre-
sentative population, with centralised validation of
linkage. However, information on exposure is lim-
ited by the use of a drug formulary, and there are
no data on over-the-counter or inpatient medica-

tions. The indication for the drug is also not re-
corded. The databases are sensitive to administra-
tive changes that can affect their suitability for re-
search, a notable example being the collection of
family-specific rather than patient-specific expo-
sure data between July 1987 and January 1989. Ac-
cess to the data is also strictly controlled.

An example of a record-linkage database that is
unusual in that it developed within a primary care
setting in the UK is the General Practice Research
Database (GPRD).[18,19] GPRD data are derived
from a GP computer system that records medical
information for individual patients. Information
routinely recorded includes an identification num-
ber for each patient, demographics, a record of all
prescriptions written, and coded GP and hospital
diagnoses. In theory, GPRD has coverage of sev-
eral million patients over 6 or more years, although
not all their data are of research quality. The expo-
sure data are for prescribed rather than dispensed
medication, with an estimate of 90% of recorded
prescriptions actually dispensed. Information on
hospital admissions may be incomplete, with inpa-
tient diagnoses recorded for 87% of a sample of
1191 patients.[14]

The Medicines Monitoring Unit (MEMO) col-
lects data for the population of Tayside, Scotland
(approximately 400 000 people) which are record-
linked and used for a variety of research pur-
poses.[20] These data cover all prescriptions dis-
pensed in community pharmacies, all inpatient
hospital discharges (acute, maternity, psychiatric,
neonatal), cancer registrations, a diabetes register,
biochemistry data and road traffic accidents. The
main strengths of MEMO are that it covers a rep-
resentative population accurately defined, there are
no formulary restrictions, there are detailed dis-
pensed prescribing data, numerous outcome
datasets and easy access to original medical re-
cords. However, its main weaknesses are limited
size, no data on inpatient or over-the-counter med-
ication, no information on indication, and limited
information on confounding factors, although
these criticisms are invariably true about the other
sources.
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From this brief description of just a few of the
databases that are available for research, it is clear
that each has its own unique set of advantages and
disadvantages. So, while no one database has a
clear advantage over the others, the most important
priority is that it is suited for the research questions
for which it is used.

5. Other Public Health Benefits 
of Routine Surveillance Involving 
Drug Therapy

The evaluation of drug effectiveness does not
stop at the drug safety stage. Appropriate prescrib-
ing practice such as correct dosage, patient compli-
ance and awareness of drug interactions all play a
role in maximising the potential benefits from
pharmacotherapy. Other issues such as drug cost-
effectiveness, the prescription of cheaper generic
formulations and variation in prescribing practice
are also important to public health organisations
and purchasing authorities. The use of routine sur-
veillance systems allows for all of these demands
to be satisfied. In 2 examples from studies using
the MEMO database we can illustrate the potential
diversity for a range of studies surrounding the en-
tire health experience in relation to the administra-
tion of prescription drugs. First, a recent paper se-
riously questions the notion of ‘brittle diabetes’[21]

by showing that the outcome of poor glycaemic
control (ketoacidotic events) in these participants
is a function of the quantity of insulin that they
collect from pharmacies, and they simply do not
collect enough insulin to maintain normoglycae-
mia.[22] Secondly, a study that examined the rela-
tionship between newly prescribed nonsteroidal
anti-inflammatory drugs (NSAIDs) and upper gas-
trointestinal haemorrhage and perforation con-
cluded that the increased risk with NSAIDs was
only apparent for participants without a history of
upper gastrointestinal events.[23]

6. What Would the Optimal 
System Look Like?

In an ideal world, for any given population, the
health experiences that need to be recorded for

comprehensive postmarketing drug safety surveil-
lance, cost-effectiveness and other analyses are as
follows:
• patient demographic details
• details of all drugs used (hospital, community

and over-the-counter)
• routine computerised hospital records, includ-

ing process measures (length of stay, method of
admissions and discharge and so on), health
plan enrolment/eligibility data, diagnostic cod-
ing and operation and procedure codes

• primary care data from general practice and
community care

• biochemistry, radiology, microbiology, and other
test results

• mortality records (ideally including coded
cause of death and any contributing factors or
diagnoses)

• patient experiences (functional health status,
health related quality of life).
These various sources of data then need a mech-

anism to identify the records from each source that
relate to the same individual. In Scotland, for ex-
ample, the ‘community health number’ is used rou-
tinely on most relevant sources.[24] Methods do ex-
ist, however, to match records by probability where
similar methods of attributing patient identity are
not employed, for example the matching tech-
niques developed for the Oxford Record Linkage
Study.[25] The resources required to achieve this
would not be that great, but other changes to the
present drug remuneration mechanism may be nec-
essary for most cost-efficient data capture. For ex-
ample, throughout the UK, when details of pre-
scribed drugs are computerised from prescription
by the authorities, patient demographic details are
excluded. Here in MEMO these details are in-
cluded post hoc, although computer systems are
now being piloted to download data directly from
pharmacies.

Again, in an ideal world, these systems would
all be online and in real time. There are considera-
tions concerning patient confidentiality, but it can
be argued that when used for research purposes
these can be easily addressed because the identity
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of the patient, in terms of their name and address,
is of little or no significance to the research inves-
tigator.

7. Conclusion

It can be argued that large databases originating
from routine healthcare procedures have an impor-
tant role to play in the achievement of safe and
cost-effective prescription drug use in the post-
marketing setting. These systems cannot replace
other methods of drug safety evaluation such as
spontaneous reporting mechanisms. What they can
offer, though, is a flexible, long term method of
collating data related to drug safety – and simulta-
neously many other public heath issues – in order
to provide an information resource that describes
the majority of the important health experiences of
those in our populations. They offer an ongoing
facility to test hypotheses related to questions of
drug safety as and when they arise. Since they col-
late data from entire populations, the use of large
databases also overcomes some of the important
criticisms of the present methods of drug safety
evaluation by drug companies, for example by
eliminating sample selection bias.
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