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In this paper I discuss the value of using linked data from 
medical records of illness. The rationale for studies based on 
medical records is that each person’s illness – if recorded, 
added to others and analysed – has the potential to contribute 
to the advancement of medical knowledge. There is nothing 
new about this idea, at least in respect of hospital care. A paper 
in the Lancet in 1841 commented: “When we refl ect upon 
the great number of institutions for the treatment of disease 
which exist in this country, the gratifi cation arising from the 
thought of how much suffering might be saved, and affl ic-
tion relieved by them, is mingled with regret that so vast a 
source of information on the history of disease and the results 
of therapeutic treatment should be lost to mankind.”1 The 
author commented on the potential value of analysing hospital 
records for among other things, what we would nowadays call 
outcomes research, audit and public accountability. There is 
nothing new about the importance of analysing data from 
medical records. What is fundamentally different between 
now and 160 years ago, and indeed between now and even fi ve 
or ten years ago, is the enormous power, at very low cost, of 
large-scale information processing.

In record-based studies, the added value of data linkage is that 
two or more items of information about an individual, when 
recorded at different times and perhaps in different places, may 
have greater value, if both are considered together, than when 
either is considered alone. Donald Acheson, the founder of 
the Oxford record linkage study in England, wrote that when 
episode-based statistics were fi rst introduced in England in the 
19th century – notably statistics based on death registrations – 
most diseases of public health importance were abrupt, brief, 
and often fatal.2 These characteristics of brevity and fatality 
meant that, typically, an individual doctor had the opportu-
nity to observe the full circumstances of the disease. Clearly, 
this is very different with many of the diseases of public health 
importance today.

I am going to develop my themes on the value of linkage 
by illustrative examples, drawing, fi rst, on examples from a 
couple of well-established registration systems; then from work 
on health inequalities; then studies of treatment rates and 
outcomes in the English National Health Service (NHS); 
and fi nally on some clinically- and epidemiologically-related 
examples from our recent work.
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Cancer and death registration

As we consider novel applications of data linkage, it is also 
important to acknowledge the value of public health systems 
that already use data linkage and have done so for decades 
(though we might not generally think of them in those terms). 
With these, the value of linkage is already established beyond 
doubt. Cancer registration is an important example. Typically, 
to ensure that data capture is as complete as possible, cancer 
registers receive data about cancers from multiple sources – 
hospital discharge records, pathology laboratories, death cer-
tifi cates – and often from several sources for the same person 
and same illness. The data are collated by linkage of one sort 
or another – historically by drawing data together clerically – 
to ensure that each individual is counted once, and once only, 
for each cancer. From these processes, we have a vast body 
of information, locally, nationally, and internationally, on the 
incidence of cancer. And, with linkage of cancer registrations 
to death registrations, we have extensive information about 
survival rates.

There can be no doubt about the contribution of cancer regis-
tration systems to our understanding of the epidemiology and 
outcomes of cancer. I shall give an example with particular 
impact on health policy and planning in England. Compari-
sons of regional and national cancer registry data with those 
from other countries show that, for some cancers, survival rates 
in parts of England are worse than those in some continental 
European countries.3 This contributed to the evidence behind 
the cancer policies in the government’s NHS Plan.4 The NHS 
Plan is the government’s key policy document that will guide 
the development of services over the next few years. The Cancer 
section of the Plan says that “the government will invest in 
cancer services to develop services to rival the best in Europe;” 
to ensure that quality of care is uniformly high across the 
country; and, to these ends, to develop better professional 
networks of cancer care” (my italics, to emphasise government’s 
acceptance that in some respects we lag behind). We know 
about cancer, and about how outcomes compare, because we 
have information systems, including linkage, to draw on.

Another system of linkage in England which we tend to take 
for granted, but which we should note as having amply proved 
its value, is that for the linkage of study cohorts to national 
death registration data. These are often cohorts that the investi-
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gators have established through initial personal contact with the 
individuals who comprise the study population; from whom 
the investigators have obtained exposure data; and whom the 
investigators follow up personally for at least a number of 
years. The importance of also linking to the national death 
fi les is that it increases completeness of ascertainment of death 
in the study population; it reduces or eliminates biases result-
ing from loss to personal follow up; and it makes automated 
long-term follow-up possible after the time when personal fol-
low-up becomes impractical or unaffordable. One example 
of an English cohort linked to national mortality fi les is 
Richard Doll’s study of doctors, their smoking histories, and 
their development of smoking-associated diseases.5 Another 
is Martin Vessey’s study of women using different forms of 
contraception.6–7 Both have benefi ted enormously from very 
long-term follow-up. I mention these examples because of the 
considerable importance of their fi ndings in public health, 
health policy, and in guiding clinicians’ advice to patients in 
clinical practice. Doll’s study is one of the greatest contribu-
tions to understanding causes and prevention of disease from 
any medical discipline. Vessey’s study, and several others of 
similar design on the same topic, are important because the 
extensive use of widely available, effective contraception – par-
ticularly in the past thirty years or so – has been one of the 
most far-reaching developments in the entire social history of 
humankind. Accordingly, the issue of safety of contraceptive 
methods – in particular, the pill – has been one of considerable 
importance too. Linkage of survey data to national death data 
has played an important part in understanding both the risks 
of smoking and (by and large) the safety of oral contraception 
and of sterilisation for family planning purposes.

Inequalities in health

My next example concerns inequalities in health, as measured 
by social class. It is well recognised that there are steep social 
class gradients in mortality in England, with much higher mor-
tality rates in lower than in higher social classes. There has been 
some uncertainty, however, about how much of the gradient 
may be attributable to ‘drift’ down the social class scale of 
people who are unfi t or unwell.

The English national linked Longitudinal Study, which I shall 
describe more fully in my next presentation, comprises linkage 
between census records and mortality records. One of its most 
important uses has been to demonstrate social class gradients in 
mortality, with the lowest (least advantaged) social classes having 
the highest mortality rates. By studying the time sequence of 
events, it demonstrated that ‘drift’ of ill people down the social 
scale has only a very small part to play in the cause of the 
gradient. The importance of this in policy terms is consider-
able. To quote the NHS Plan again, government in England 
now gives this full recognition.4 It says: “No injustice is greater 
than the inequalities in health which scar our nation. The life 
expectancy of a boy born now into the bottom social class is 
nine years less than a boy born into the most affl uent social 
class.” The evidence for the latter statement comes from the 
linked longitudinal study. The NHS Plan continues: “The 

worst health problems in our country will not be solved without 
dealing with their fundamental causes. This means tackling dis-
advantage in all its forms – poverty, lack of educational attain-
ment, unemployment and social exclusion.”4

Hospital admission rates in an English population

My next example illustrates the use of linkage of hospital 
admission data. In conventional systems of hospital statistics, 
if a person is admitted to hospital, say, ten times, ten admis-
sions are counted; and there is no way of knowing whether 
the ten admissions represent one person, or ten people, or any 
combination in between. Hospital admission rates in England 
have risen, seemingly inexorably, for many years. A high rate 
tends to be taken as a mark of high productivity; and the claim 
is often heard that the National Health Service is “treating 
more people than ever before”. However, it is possible, of 
course, that an increasing rate may simply refl ect higher levels 
of repeat admissions rather than an increase in the treatment 
of individual patients; and, without linkage, it is impossible to 
know. We have studied long-term trends in admission rates in 
the Oxford Record Linkage Study (ORLS) area. The ORLS 
comprises linked data on hospital admissions and deaths. The 
data show that admission rates measured as unlinked episodes 
have risen impressively over many years. Linkage allows us to 
identify admission rates measured as “people admitted”. These 
rates, of people admitted, have risen much less sharply. Much 
of the increase in the episode-based rates is clearly an increase 
in multiple admissions per person. Much of the increase in 
the component that represents admissions from the waiting 
list comprises a rise in admissions for relatively minor proce-
dures, like endoscopies; and there has been a large increase 
in multiple short-stay admissions per person (e.g. repeat cys-
toscopies). Admission rates for ordinary elective admissions – 
admissions from the waiting list which include at least one 
overnight stay – have actually declined. Once dissected out, 
it is clear that the scale of the decline in person-based admis-
sions from the waiting list is actually rather striking. Admis-
sion rates from the waiting list, counting individual people 
treated, dropped to a lower level in the late 1990s than at any 
time since the 1960s. This would not matter if the NHS had 
succeeded in clearing, or radically shortening, its waiting lists 
for elective admissions. In fact, however, waiting lists stand 
at very high levels. At least some of the increase in NHS pro-
ductivity, measured as a rise in episodes of hospital care, is 
illusory. We did our studies as part of the present Govern-
ment’s National Beds Inquiry.8 Our study is one of a number 
of pieces of a jigsaw which led the National Beds Inquiry 
to the conclusion that the NHS has reduced its capacity for 
elective hospital care too far.8

 

Mortality rates following care

Linkage of hospital data to mortality enables one to study 
death rates after care, regardless of when and where deaths 
occur. There is much current interest in mortality rates follow-
ing care; and, in particular, following surgical care. This partly 
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follows from the Bristol case of high death rates following pae-
diatric cardiac surgery. But, as well as the occasional extreme 
example of poor performance, there is important information 
to be obtained about prognosis, more generally, by analysing 
patients’ records. Information about the outcomes expected 
after hospital treatment, based on contemporary experience 
systematically analysed, should be routinely available to doctors 
and patients. Using unlinked hospital statistics, the only 
measure that is generally available in England is the so-called 
‘in-hospital fatality rate’. For example, in-hospital post-surgi-
cal fatality rates include only those deaths that occur in the 
admission in which the surgery was undertaken. Those that 
occur after transfer to other hospitals, or after discharge, are 
not identifi ed. We have studied the profi le of deaths in the fi rst 
30 days after surgery in the Oxford record linkage study area.9 

In-hospital fatality within 30 days of surgery is a convention-
ally used statistic. In the 1960s and 1970s, when hospital 
statistics were fi rst routinely collected in England, and when 
lengths of hospital stay were much longer than they are now, 
the great majority of post-surgical deaths within 30 days of 
operation occurred in the admission episode for the opera-
tion. Nowadays, with much shorter lengths of stay and higher 
transfer rates between hospitals, the proportion of deaths 
which would be missed by counting in-hospital deaths only 
is substantial: about 40% of all 30-day deaths would now 
be missed by unlinked data on in-hospital deaths only.9 It is 
clear that any serious attempt to study post-operative mor-
tality must include deaths beyond those in the admission in 
which surgery took place.

The English Department of Health has recently publicly 
published ‘hospital league tables’ of fatality rates for fractured 
neck of femur and stroke, comparing hospitals across the 
country, using routine national unlinked hospital statistics. 
We have compared fatality rates for each hospital in the ORLS 
region, using unlinked and linked data, regardless of when 
and where death occurred, for the two conditions. Compar-
ing hospitals, in-hospital fatality (that without linkage) was a 
poor predictor of the hospitals’ ranking on true fatality rates 
after fractured neck of femur.10 This is partly because hospi-
tals have different lengths of stay – some ‘miss’ more of their 
own deaths than others – and partly because small but signifi -
cant differences at 30 days had gone by 90 days. Comparing 
hospitals, in-hospital fatality after stroke correlated quite well 
with longer-term fatality rates which did indeed vary between 
hospitals. The implication of these fi ndings is that, if effort 
is invested in promulgating death rates, comparing hospitals, 
based on unlinked data, false alarms will be sparked (as with 
fractured neck of femur). But, conversely, if death rates are 
not monitored, because of concerns about the inadequacies 
of unlinked data, one may be missing the identifi cation of 
hospitals that have unacceptable results. The important point 
is that one could not know, either way, whether there are real 
differences in outcomes unless linked data are used. There 
is a move towards public provision of hospital death data. 
It is important to make data as reliable as possible. This, 
if nothing else, is driving a move towards national record 
linkage in England.

National record linkage in England

So, a brief mention of national record linkage in England. 
Our research team now has a commission to do pilot studies of 
two years’ national hospital-to-hospital and hospital-to-death 
linkage. Its scale is fairly formidable – in two years, 24 million 
hospital records and 1.6 million death records in a total popu-
lation of 50 million people – but we are confi dent that the 
pilot will be successful.

Suicide following discharge from psychiatric care

A specifi c study undertaken by us on “death after care”, which I 
believe helped infl uence policy, was one of suicide in patients after 
discharge from psychiatric in-patient care.12 We became inter-
ested in this because of a smallish number of local high profi le 
cases, reported in the media, of people who had killed them-
selves shortly after being discharged from care. We wondered 
whether suicide was truly a rare event following discharge; or 
whether it was more predictable than that. We showed, on a 
large-population basis, that suicide rates are indeed substantially 
elevated shortly after discharge.12 These fi ndings led, I believe, to 
a greater general awareness of the vulnerability of some psychiat-
ric patients in the early period after discharge; and of the need 
for careful post-discharge planning. Our Western Australian col-
leagues have done similar work on this.13

 

Disease associations

An interesting application of medical data linkage is the 
study of associations between different clinical conditions.14 
Examples we have studied or are currently studying, using 
linkage, include the following. Does cholecystectomy predis-
pose to colon cancer?14 Is trauma an aetiological factor in 
multiple sclerosis? Does appendicectomy in childhood protect 
against Crohn’s disease and ulcerative colitis?15 Does vasectomy 
increase the long-term risk of testicular cancer and prostate 
cancer?14 Is abortion followed by an increase in long-term risk 
of breast cancer?16 As a comment on study design, all these 
hypotheses have something methodological in common: it is 
very unlikely that anyone will ever do a randomised controlled 
trial to test them.

I shall briefl y describe one example, the issue of whether ter-
mination of pregnancy causes breast cancer. This is a controver-
sial issue, which has been quite extensively but inconclusively 
studied. Most of the studies have been interview-based case-
control studies and some have reported a small elevation of risk 
of breast cancer in women who have had an abortion. One of 
the issues in the literature is whether retrospective interview 
studies of this topic have been prone to responder bias: are 
women with breast cancer more likely than controls to tell 
an interviewer if they have had an abortion? Responder bias 
would be impossible in a randomised controlled trial; but it 
would be impossible to do one. Responder bias would be 
impossible in prospective cohort studies or in studies of linkage 
of independent records. It would be diffi cult, however, to do 
cohort studies following women for many years after abortion 
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to monitor adverse events. Few women would welcome long-
term personal follow-up, perhaps for 25 years, after abortion. It 
is therefore attractive to use data linkage, with linkage of infor-
mation from independent records. This is what we did; and we 
found no evidence of an elevation of risk of breast cancer follow-
ing abortion.16

 There are other data linkage studies on this topic, from New 
York, Denmark and Sweden.17–19 The New York study, the 
earliest, reported an elevated risk. The Scandinavian studies, 
like ours, did not confi rm any elevation of breast cancer risk. 
This is a story without a fi nal ending as yet. It would be good 
if others with longstanding record linkage systems could add 
more studies to the literature.

Measles-mumps-rubella immunisation (MMR) and meningitis

This is a study that we did a few years ago because of concerns 
that MMR vaccine might have caused cases of aseptic men-
ingitis. In the Oxford record linkage study area, we linked 
hospital records of children with meningitis to immunisation 
records.20 The hypothesis was that, if aseptic meningitis was 
caused by immunisation, it would have occurred within 15 to 
35 days of immunisation. We did indeed fi nd a small cluster 
of infants with aseptic meningitis within this time-frame.20 In 
none of the cases had the clinicians considered a link between 
immunisation and meningitis. This, and other laboratory-
based evidence, led the government to change from the Urabe 
vaccine (the vaccine that had been used in the cases studied at 
the time) to Jeryl-Lynn vaccine.

Data from general practice

For many purposes, including some of my examples, general 
practice is obviously the best place to go, if possible, for data.21 
There is now, in England, a very extensive research dataset 
from general practice, the General Practice Research Database 
(GPRD), which contains about 20 million person-years’ data. 
The GP systems which now feed into it were developed at a 
time when the English Department of Health had no interest 
in general practice information systems. It was therefore left 
to individual entrepreneurs, notably Dr Alan Dean who devel-
oped what became the basis of the GPRD, to develop GP data 
commercially for research. It is now being extensively used by 
those who can afford to use it!21,22

Comment

A few refl ections. First, recent advances in data processing 
should make it possible to realise ambitions with data linkage 
studies that previous generations of advocates have only dreamt 
of. Second, partly made possible by this, general practice data 
are increasingly being computerised. They have enormous 
potential if they can be accessed for research. Third, it is impor-
tant to get a wide base of commitment to medical data systems 
and data linkage. In our experience there is a tendency for 
health service management to say “this sounds good, but it’s 
obviously research”; and for research bodies to say “this sounds 

good, but it’s obviously health service management”. Fourth, 
it is clearly important, if possible, to develop systems in large 
representative populations, because fi ndings from small popu-
lations can be questioned, rightly or wrongly, as being unrepre-
sentative. For this reason, in particular, I welcome the prospect 
of national hospital record linkage in England.
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