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Liaison des enregistrements: développement et état actuel des connaissances au Canada

par

Howard B. Newcombe

Résumé

Si l'on veut savoir si un produit est bon ou mauvais pour les gens à
long terme, il n'y a qu'une façon d'être sûr. Il faut suivre ceux qui ont essayé
le produit et ceux qui ne l'ont pas essayé pour voir ce qui leur arrive. Pour les
gens exposés à des agents susceptibles de causer le cancer, la période de suivi peut
atteindre plusieurs décennies, ce qui peut donner lieu à des difficultés si l'on veut
effectuer des études appropriées en ayant recours aux méthodes conventionnelles.
Aujourd'hui, cependant, les techniques de l'informatique permettent de retrouver
rapidement les enregistrements relatifs aux cancers et touchant de grandes sections
de la population que l'on croit en danger par suite d'une exposition à des agents
que l'on croit carcinogènes reçus par exemple dans le lieu de travail ou à la suite
de diagnostics ou traitements médicaux. Il suffit d'avoir des informations appro-
priées pour identifier les personnes conjointement avec les données de l'exposition.
Sans cela, cependant, les risques peuvent ne jamais être détectés et mesurés à moins
qu'ils ne soient très importants et des mesures de protection peuvent ne jamais être
prises.

Le développement au Canada des méthodes d'informatique et des fichiers
d'enregistrement pour ce travail est passé en revue. Les tendances futures dans ce
domaine devraient permettre une détection beaucoup plus rapide même en ce qui concerne
les petits risques encourus par des carcinogènes dans le lieu de travail et ailleurs.

L'épidémiologie du cancer à grande échelle est déjà techniquement réali-
sable et partout où le public et ceux en danger le veulent, elle peut être effectuée
dans des conditions qui respectent l'anonymat de la personne.
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RECORD LINKAGE: DEVELOPMENT AND PRESENT STATE OF THE ART IN CANADA

by

Howard B. Newcombe

ABSTRACT

If one wants to know whether something is good or bad
for people, in the long run, there is only one way to be sure.
This is to follow up those who have tried it, and those who have
not, to see what has happened to them. For people exposed to
agents suspected of causing cancer, the follow-up period may be a
number of decades, and this often creates difficulties in carrying
out appropriate studies using conventional methods. Today,
however, computer techniques make it possible to search rapidly for
the death records and cancer records pertaining to very large study
populations that are believed to be "at risk" because of exposures
to suspected carcinogens, received for example in the workplace or
as a result of medical diagnostic and treatment procedures. All
that is required is adequate personal identifying information, in
conjunction with the exposure data. Without this, however, the
risks may never be detected, and quantified, unless they are very
large, and protective measures may never be instituted.

The development, in Canada, of the computer procedures
and record files for such work, will be reviewed. Future trends
in these matters should result in much earlier detection of even
small risks from carcinogens in the workplace and elsewhere.

Large-scale cancer epidemiology is already technically
feasible and, wherever the public and those at risk want it, it
can be carried out under conditions which carefully guard the
privacy of the individual.
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INTRODUCTION

If one wants to know whether something is good or bad for
people, over the long run, there is only one way to be sure. This
is to follow those who have tried it, and those who have not, and
see what happens to them. In the case of agents suspected of
causing cancer, a number of decades may be required before the
majority of the induced malignancies are expressed, so that the
follow-up is not necessarily a simple matter. For this reason,
such studies have tended in the past to be limited in scale, and to
be carried out only in retrospect after the elevation in cancer
risk has become too large to be missed. This was true, for example,
of the investigations on lung cancer in the early uranium miners
(25,26).

Today, public concern has focused on much lower levels of
preventable cancer risks, so that very much larger numbers of
exposed persons and controls must be followed in order to determine
whether an elevated risk in fact exists. For example, study
populations of just a few thousand have been sufficient for the
demonstration of an elevated incidence of breast cancer among
female tuberculosis patients who received repeated fluoroscopic
examinations in which the beam entered the chest from the front, as
was shown in Nova Scotia by MacKenzie (17) and Myrden and Hiltz
(21). But much larger numbers may be required where the beam has
entered from the back and the dose to the breast has been lower as a
result. To obtain these numbers, it is now possible to repeat the
Nova Scotia study on a national scale with something like 100,000
tuberculosis patients, as will be described later by Dr. Miller
(14).

What makes this scale of study possible is the use of a
computer to carry out the file searches that would otherwise be
prohibited by the amount of human clerical labour required.
Indeed, in the same session Dr. Howe will be describing another
kind of follow-up study based on some 700,000 occupational
histories as documented in unemployment insurance statistical
punchcards (15). There are many others, but I mention these two
because I have a personal interest in them, having been involved in
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some of the planning at an early stage (22,23). In this type of
investigation, the unit cost may be enormously reduced wherever the computer
can take over most or all of the work which would otherwise have to be done
by human clerks.

What is obvious when one thinks about it, but is nevertheless often
forgotten, is that names and other items of personal identification are
required at each end of a follow-up study, to correctly link the starting
points with the end points of the individual histories. A record of some
sort of exposure to an individual must be matched with a record of a death or
of a cancer diagnosis affecting the same individual, perhaps decades later.
Erase the names, birthdates and such from either of these records and the
study cannot be done. More importantly, if•the means for detecting a cancer
risk is thus destroyed, no preventive measures are likely to be instituted.

It is almost as simple as that. Or at least it would be in this era
of the computer, if occupational histories and the relevant exposure
histories were well recorded in readily retrievable summary form, if death
registrations and cancer records were accurate and specific, and if everyone
were unambiguously identified on these kinds of personal records. The
complications arise because none of these conditions hold absolutely, and one
must do the best one can in an imperfect world.

The program for the present meeting may be regarded as bringing
together for your inspection some of the successes which modern computers and
their masters are achieving in a world of mainly untidy records, for the
immediate purpose of identifying sources of cancer risks, and for the longer
term purpose of reducing those risks.

The task which I have been assigned is that of describing some of the
developments in Canada that have made this sort of thing possible. I shall
be speaking particularly to those members of the audience who are not
familiar with the manner in which the individual records are linked into
personal histories, and to whom it may not have been apparent that certain of
the administrative and statistical files of personal records could have any
value for the detection of preventable delayed risks to health.

THE IDEA OF LINKAGE

There is nothing new about the idea of following up people to see
what happens to them; it is common experience. Even the idea of using
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routine health records for the purpose goes back at least to William Farr in
1861 (12), and was revived again by Stocks in 1944 (30). What is new to most
people, however, is that, in order to detect the small increases in risk about
which the public are concerned today, the scale of the follow-up nust be very
much larger than was conceived to be possible before the advent of the
punchcard and the computer. It is therefore interesting that the term "record
linkage" was coined by a person,Dr. Halbert L. Dunn, who had in mind its
application to the vital registration system of a whole country and to the data
processing methods that were used in connection with that system.

The events in the life of an individual, of birth, marriage,
procreation, and death, are recorded for virtually the whole of the population
of any developed country. And because these records are legal documents they
contain a redundancy of personal identifying information as a safeguard against
ambiguity and mistaken identity. Moreover, much of the information they
contain is converted into machine-readable form for two purposes, the
production of annual vital statistics and the creation of alphabetic indexes to
the bound volumes records. Thus for each event there is a machine summary that
contains not only the essential biological and social data but also the name
and personal identification.

Dunn first used the term "record linkage" when speaking to a group of
Canadian vital statisticians in 1946, when he was chief of the U.S. National
Office of Vital Statistics, as follows:

"Each person in the world creates a book of
life. This book starts with birth and ends with
death. Its pages are made up of the records of
the principal events in life. Record linkage is
the name given to the process of assemblying the pages
of this book into a volume." (11)

At that time the punchcard versions of the Canadian vital records were made
uniform across Canada, partly for the purpose of verifying the applications
received from mothers for family allowance on behalf of newborn children. It
was realized that only minor modification would be required to make these
vital statistics punchcards linkable with each other; when further personal
identifying information is added, from the original registration forms, it
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becomes possible to group the punchcards (or their magnetic tape images)
personal and family histories of vital events. By 1959, with the help of
J.M. Kennedy and in collaboration with Statistics Canada and the British
Columbia Health Department, these ideas had been tested and the first
computerized linkages had been carried out at Chalk River as a demonstration
of the feasibility of computer-aided linkage (24).

Later, when universal hospital insurance came into effect in Canada
followed by universal medical care insurance, it became possible in principle
to incorporate into a person's "book of life" some additional pages
pertaining to illness. But the practical problems were more troublesome than
in the case of the vital registrations.

Still greater difficulties are encountered if one wishes to
incorporate into the "book of life" some pages relating to employment in
occupations that may involve exposure to agents which are suspected of
causing cancer. Only rarely do employers keep even name rosters of all their
past employees, and the Government of Canada has a policy of destroying the
personnel files of its ex-employees when they reach age 70 or one year after
they die, whichever comes earlier (27). In certain circumstances, however,
such difficulties have been overcome, in ways which will be described at this
meeting.

For anyone contemplating a record linkage study I should hasten to
add that the custodians of the various record files are, quite properly,
subject to strict regulations governing the confidentiality of the personal
information which these contain. Before a linkage study can be carried out,
it is necessary not only to solve the purely technical problems, but also to
plan procedures which will adequately safeguard personal privacy. This is
simplest where the investigator receives only bulk statistics, which identify
no individual but are broken down so that the appropriate comparisons and
analyses can be carried out. (The record linker, however, whether this be a
human or a machine, must by definition have individual identifying
information.)

SOME TECHNICAL PROBLEMS

Our own early work at Chalk River was motivated by an interest in the
delayed effects of radiation on man, but initially it had to be focused on
solving some of the technical problems of linkage. I will take a moment to
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describe two of these problems because they illustrate how a machine can be

made to imitate certain of the stratagems employed, largely subjectively, by

a human filing clerk, and be more precise about it than a human would be.

The first of these problems has to do with the task of searching a large

sequenced file of named individuals (e«g. sequenced by surname and birth year)

when one knows that the same name is apt to be spelled differently on separate

occasions; the second problem has to do with matching pairs of records which seem

to relate to the same person, and determining from detailed comparisons of the

full names, birthdates and such the odds in favour of, or against, a correct

match. These are functions which a human may perform almost intuitively. We were

told at the outset that people are exceedingly untidy about the spellings of their

surnames, which of their given names they use as their first, the reporting of

their birth dates, and such, and that a machine could not be expected to duplicate

the performance of a human filing clerk unless everybody was given a number at

birth and used it on all personal documents. This proved not to be true,

however.

To facilitate the searching by machine, a phonetic surname code was

used by the computer for the prior sequencing of the files. The phonetic

coding avoided about two-thirds of the difficulties created by variant

spellings. In some cases it was worthwhile to search in a different and

alternative sequence to find matches for those records that remained unlinked

after the first searching and matching operations, ignoring the surnames, for

example, and using the birthdates and given names instead, to pick up the

remaining potential matches that had been missed because of differences in the

spellings of the surnames.

A more difficult problem initially was that of calculating the odds

in favour of a correct match, when some of the identifying information on a
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pair of records agreed and some did not. Back in 1958, no satisfactory

method had as yet been developed for doing anything like this, so we had to

start from scratch.

The solution turned out to be simpler than we had thought. Any

filing clerk knows that a number of different people by the name of Mr. J.

Brown are likely to be represented in any large file, but will not expect

nearly as many named Mr. Z.Q. Brown. Obviously, rare initials carry greater

discriminating power than do common initials, and the same is true of

surnames, full given names, birth places and such. The amount of this

discriminating power can be determined for the various initials, surnames and

such, simply from their frequencies in the general population, or in the

files themselves. Similarly, some discrepancies have more negative

discriminating power than others; occupations and addresses may change over

people's lifetimes, but the sex of an individual is quite unlikely to change

or even to be wrongly reported on one of his records. Again, the magnitudes

of these negative discriminating powers may be derived empirically, this time

from the frequencies with which different kinds of identifying information

disagree in pairs of records that are genuinely matched using a large

redundancy of identifying information.

Results from the first test of these computer methods were published

back in 1959 (24). Only recently, however, did files become available which

made it possible for- Miss Martha Smith to carry out, at Chalk River, a direct

comparison of the accuracy of the computer, with that of its human

counterparts, when linking the same large files of vital and health records

(29). The comparison showed the machine to be somewhat more accurate than

the human clerks; it managed to find a few more genuine links, and made many

fewer wrong links.

The speeds with which modern computers can carry out such tasks are,

of course, enormous. And the costs are modest, once the record files have

been prepared in the proper format and sequence, and the programs have been

written and tested. In the tests done by Miss Smith some 45,000 records of

ill health and death were linked to a large file of birth registrations in

just over one minute of central processor time, and at a computer rental cost

for the linkage operation proper (i.e. excluding development costs and

overheads) in the vicinity of 1/4 cent per incoming ill-health record.
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IDENTIFYING INFORMATION

For those who may be contemplating the establishment of a name roster
for employees in some potentially hazardous occupation, I should mention the
importance of having an adequate redundancy of identifying information which
will enable the computer to resolve otherwise uncertain linkages. Where such
a file is to be used to search for subsequent death registrations, it would
be well to ask all employees for their:

- birth name (in full),
- birth date (year, month, day),
- birth place (province or country, and city or place), and
- mother's maiden surname

the last item having been found to be of special value in resolving
ambiguities.
Also of use, and worth collecting from employees, are the:

- parental given names, and

- spouse's birth name.
These are of use for searching both the death registrations and the cancer
registrations, as well as other potential sources of morbidity data.

The cost of collecting adequate identifying particulars, while one is
at it, is small. Over against this, the cost of having to employ human
clerical labour to complement the work of the computer can be substantial,
where the identifying information is scanty and the numbers of uncertain
matches are large as a result.

OTHER RECORD LINKAGE PROJECTS

One of the prime purposes in carrying out the early work at Chalk
River was to foster the idea that many of the epidemiological problems about
which there is public concern, quite apart from radiation, could be tackled
economically and effectively if only better use were made of the routine
vital and health records in their machine-readable forms.

No one has been more effective in propagating this idea than Dr.
Donald Acheson, who is on this program and who started the Oxford Record



Linkage Study in Britain around 1962 (1,2). Other such projects started in
the I960's, for a variety of purposes connected with epidemiology, genetics,
vital statistics and demography, included those at Pavia (4), Honolulu (18),
Belfast (8), Bethesda (3) and Reykjavik (6). Within Canada one should
mention also the use of computerized record linkage for a study in historical
demography in Quebec (5,16), for the construction of a unique cancer register
in Ontario (7), and for occupational morbidity studies in Saskatchewan (10),
plus a continuation in British Columbia of the work started at Chalk River
using the B.C. records. This last project was initially under the late
B.K. Trimble and is being continued by Soo Hong Uh who is working with
J.R. Miller. A review of such work up to 1968 has been published by the
Medical Research Council of Canada (19), and an extensive bibliography was
published in 1970 (32).

One special source of satisfaction in all of this is the extent to
which, in Canada, the provincial vital statistics registrars and Statistics
Canada have helped in collaborating with the National Cancer Institute of
Canada, and others, to exploit the potential for cancer epidemiology Inherent
in the Canadian vital registration and health records systems. Various of
the papers at the present meeting will describe the results, and the
anticipated results, from such collaboration.

FUTURE TRENDS

This brings me to the most interesting part of my assignment, which
is to consider what trends in the near future ought to make it easier to
detect and study preventable causes of cancer. Favourable trends may be
expected in a) the amount of interest in those kinds of cancer epidemiology
that can best be carried out in this manner, b) the quality of the
"end-point" files, and c) the availability and ease of access to appropriate
"starting-point" files.

Between 1977 and 1978, for example, there has been a well-documented
upswing of interest in the health consequences of specific industrial
exposures as reflected in the amount of relevant ongoing research (20).

The records of "end-points", that is of deaths and of cancers,
although already well developed for computerized follow-up, may be expected
to improve in the future as their use increases. Better personal
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identifying information, for example, is especially required on the cancer
records. These are all provincial records, and one would hope to encourage
the use, within the provinces, of the nationally consolidated records files,
by mutual agreement. By thus revealing to the originators of the files the
value of entering adequate personal identifying information into the records,
in a uniform fashion, one might reasonably hope for continued improvement in
the records themselves and increased efficiency in their use for
epidemiological follow-up. Canada is already far ahead of other major
countries in these matters, and we are at a stage when the extent of the
immediate payoff could act as a stimulus to further improvement. With this
in mind, one is intrigued to learn that compact and inexpensive microfiche
listings can be derived from such magnetic tapes for manual searching and
follow-up. I am told that the size would be about that of a kitchen card
file of recipes.

A much more serious factor limiting epidemiological follow-up is the
shortage of files that might be used as starting points. Employment records,
drug prescription records and even records of residential histories may be
viewed as falling in this category. Although it is rare for employers to
keep name rosters for all past employees, there is increasing recognition of
a need for registers of persons who have been exposed to toxic agents in the
workplace. National registers of radiation workers, for example, are in
various stages of evolution in Britain, Canada and, at least as a concept, in
the United States as well. There are signs that this trend is spreading also
to workers exposed to hydrogen sulphide (13), other chemicals and asbestos.

Potential future sources of occupational and employment histories
include the magnetic tape records of all job placements across the country;
this file is being developed for the purposes of unemployment insurance and
manpower, at the joint request of the Canadian Labour Congress and the
Canadian Manufacturers Association (9). Such sources also include the
taxation tapes derived from the T4 forms which identify annually each
employee with his employer. It would be technically simple to derive from
such magnetic tapes the working histories of all individuals employed in
particular industries that seem in need of investigation. The
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acceptability of such an operation, carried out with appropriate safeguards
of confidentiality and for statistical (as distinct from administrative)
purposes, would presumably depend on the amount of concern, felt by the
public and by the workers themselves, over the risks which one is seeking to
detect and assess by epidemiological means. However, union approval of the
principle is a matter of public record (31) and we will be hearing more on
this matter at the present meeting from Mr. Valentine; management also has
frequently shown an enlightened interest in distinguishing those health
problems that are real from those that are not.

Even environmental risks in residential areas could be studied, if
there were sufficient reason to do so, and sufficient public concern to make
the. procedures acceptable. Census tapes do not normally record names, but it
is technically quite possible to have this information keyed to tape from the
appropriate parts of the enumeration forms for the area under study. Linkage
with the taxation (Tl) tapes is possible on the basis of address and would
yield further personal identification with which to search for death
registrations. The approach is susceptible to a variety of refinements based
on the availability of information on duration of residence, family or
household composition, occupation, and socio-economic factors as revealed by
earnings, education, and type of housing. The presence of excessive levels
of lead in the atmosphere, or of mercury in the diet, might be sufficient
reason for the setting up of a regional study population in this fashion.
Other possible reasons could include the presence locally of high
concentrations of combustion produces from the burning of coal, smelting, or
from motor traffic.

Where prescription drugs are suspected of causing cancer, there is at
present little opportunity to identify economically a large cohort at risk.
However, there is current talk of entering records of all prescriptions, for
a geographic area (in particular, the province of Alberta), onto magnetic
tape for the purpose of detecting the consumption of excessive amounts and
incompatible combinations of drugs, when dispensed to an individual by more
than one pharmacist (and presumably prescribed by more than one physician).
The scheme is still controversial but, if it materializes, its potential as a
tool for epidemiological follow-up and clinical testing could be substantial
(28).

Finally, there is the seemingly minor but none-the-less troublesome
problem of distinguishing members of a study population who are still alive
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and living within the country from those who have emigrated and may have died
abroad. Pension records, while of use, are unlikely to cover the whole study
population; they would also tend to be scattered, and they would require that
the information be extracted manually. Alternatively, the income tax (Tl)
tapes could be used to verify that certain individuals are alive.

CONCLUSION

The use of computerized files, to identify and follow-up groups which
may be at special risk of developing cancer, is now possible on a scale never
before contemplated.

Such large-scale epidemiology is already technically feasible and not
too expensive and, wherever the public and those at risk want it, it can be
carried out under conditions which carefully guard the privacy of the
individual.
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