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INTRODUCTION

KNOWLEDGE OF the health effects of radiation has been
enhanced by several cohort and case-control epidemiological
studies that have been carried out in various exposed
groups. Several of these studies have involved populations
in Canada associated with the nuclear industry. Recently, a
cohort of approximately 267 000 individuals in the 1951-
1983 National Dose Registry (NDR) of Canada has been
assembled using existing historical files. The NDR cohort
has been linked to the Canadian Mortality Data Base
(CMDB), which is a centralised file representing all deaths
occurring in Canada from 1950 to the present. This paper
will concentrate on the essential linkage steps required to
organise some of the historic data files in a form suitable for
this cohort mortality study: more details may be found in a
separate report [1].

Public demands to know what delaved risks are associated
with various working and living environments has led pri-
vate industry, the health and research communities, labour
unions, and government to intensify their efforts to obtain
quantitative human data. In particular, there is a need to
study effects of lower doses and dose rates typical of occu-
pational exposures to radiation, and to address public con-
cerns over effects of low doses of radiation in the general
population resulting from increased emphasis on nuclear
power generation and the growing application of radiation
in industry, medicine and research.

In Canada, several mortality investigations have been car-
ried out over the last twenty vears by a number of agencies
(e.g. Department of National Health and Welfare, Atomic
Energy Control Board, National Cancer
Canada) in collaboration with Statistics Canada [2]. These
studies have aided in the development of the necessary files,
facilities and record linkage methods and software necessary
for follow-up studies. Specific examples of the study cohorts
being examined include: nuclear power workers and persons
involved in research and development in the nuclear power
industry, such as emplovees of Atomic Energy of Canada
Limited (3], Ontario uranium and non-uranium miners [4,
5], Newfoundland fluorspar miners [6], miners and refinery
workers of Eldorado Nuclear Resources Limited [7], per-
sons involved in the 1953 and 1958 clean-up operations at
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Chalk River, and personnel who witnessed nuclear tests in
Australia and Nevada [8]. Medical exposure is recognised
to contribute a substantial proportion of the total radiation
received by the population. Radiation-induced breast cancer
is of particular concern because of the increased use of
mammography. Women aged 35-39 who participated in an
individually randomised controlled trial are being followed
up to assess the efficacy of the combination of annual
screening with mammography, physical examination of the
breasts and the teaching of breast self-examination in redu-
cing the rates of death from breast cancer among women
[9, 10]. The Canadian fluoroscopy study is a cohort study
of tuberculosis patients first treated in Canadian institutions
between 1930 and 1952, A substantial proportion of the
cohort was exposed to various levels of low-LET ionising
radiation through the extensive use of fluoroscopy to moni-
tor artificial pneumothorax amongst such patients. A study
of mortality and cancer incidence in this group is in pro-
gress [11].

THE FILES USED

In 1984, a mortality study based on the National Dose
Registry was set up by the Bureau of Radiation and Medical
Devices (BRMD) of the Department of National Health
and Welfare, in conjunction with Statistics Canada and the
Aromic Energy Control Board. It involved linkage of the
1951-83 National Dose Registry with the 1951-87
Canadian Mortality Data Base files to determine the causes
of death. This large cohort of workers are occupationally
exposed to radiation. The purpose of the study is to exam-
ine the causes of mortality, with specific emphasis on the re-
lationship between certain types of cancer and cumulative
radiation exposure.

Since the amount of identifving information available in
machine-readable form in the National Dose Registry was
sometimes limited, the Social Insurance Number (SIN)
master index file was accessed to help supply additional in-
formation to uniquely identify individuals. However, this file
1s available only from 1964 onward.

The identifiers on the National Dose Registry were not
always edited, and thus some basic checks were required to
ensure the logical sense of variables. There was no unique
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Figure 1. Creation of the Master Identification File from the
different data sources.

personal lifetime personal identifier available on the records.
Over the period, several numbering systems had been uti-
lised to record the annual doses for individuals. There were
five different identification files (known as IDFILE,
IDNEW, IDCOMB, IDACLAM and IDSIN), which were
merged to create a Master Identification File (MIF) of this
study (Figure 1).

Concurrent with this work was the development of a new
computer system for the National Dose Registry [12].
There is also constant updating of this registry file, which
can complicate the generation of appropriate work and ex-
posure histories. The Canadian Mortality Data Base con-
tains records for all registered death events from the
provinces and territories since 1950, and is under the cus-
tody of Canada’s central statistical agency. Statistics Canada
(Figure 2). These records exist in both machine-readable
and microfiche formats. The machine-readable records con-
sist of provincial records that have been converted into a
standardised form [13].

The files on the CMDB used in this study are sequenced
by : (i) a phonetic code of the surname (referred to as the
NYSIIS code); and (ii) the gender of the deceased. The
total number of death registrations from 1951 to 1987 is
5.9 million. The file contains identifving information, plus
the date, place and coded underlying cause of death, in
effect at the time of death. Some of the personal identifiers
on historical death records were missing. The availability of
identifiers can vary by province and by year [14].

All studies, such as the National Dose Registry Mortality
study, involving long-term medical follow-up carried out at
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Statistics Canada must satisfy and
approval process. The Statistics Act protects the confidenti-
ality of all records.

a4 rigorous review

AN OVERVIEW OF RECORD LINKAGE

Record linkage is the process of bringing together or
‘grouping’ two or more separately recorded pieces of infor-
mation pertaining to the same individual or entity. The pro-
cedures for a computerised probabilistic record and the
generalised record linkage system (GRLS) have been
described in detail elsewhere [15-20]. The generalised sys-
tem that has been developed at Statistics Canada is particu-
larly flexible and permits the introduction of numerous
refinements, such as carrying out one-file (e.g. to create in-
dividual histories for a person within the National Dose
Registry regardless of the company where an individual has
worked) and two-file linkages (e.g. linking the dose registry
with mortality records).

Often the decision to ‘link’ particular records depends on
the similarities of names, birth dates, birth places and such.
Each of these identifiers carries only a limited discriminating
power and is fallible, so it may sometimes seem dissimilar
when in fact the same person is involved. First the files have
to be searched to bring pairs of records together for com-
parison. Conceptually, each record on file A (e.g. the
National Dose Registry) is compared with each record on
file B (e.g. the Canadian Mortality Data Base) to form a set
of records C, which one attempts to classify as links or non-
links. In practice, the files are blocked using identifiers (e.g.
by the phonetic code of surname and gender code) to limit
the number of pairs compared. A decision is made as to
whether the link is true, and then a group of the appropriate
records relating to the same individual is formed.

The generalised system estimates how likely it is that a
pair of records refer to the same individual. It does this by
comparing corresponding fields one at a time between
records, and seeing if the values agree, partially agree, dis-
agree or are missing. The type of comparison outcomes can
be similar to those that a human clerk would do in carrying
out the same task.

Quite briefly, when comparing values Ax from a record A
(e.g. an NDR record, which is used to initiate the search)
with value By from a record B (e.g. a death record, which is
the file being searched), the ODDS in favour of LINK
associated with the outcome Ax-By (i.e. the comparison pair
of values) may be written in terms of the relative probability
of occurrence of the particular outcome in LINKS as com-
pared with NONLINKS, that is:

P (Ax - By|LINK)

) = .
DDS P (Ax - ByUNONLINK)

As in information theory, the odds are usually expressed as
logarithms 1o the base 2, and are often multiplied by ten
and rounded to avoid decimals:

Outcome Weight = 10 x log, (ODDS).

A rule is created to compare the fields (x. y) in the records.
The comparisons can be straight comparisons, cross com-
parisons (e.g. comparing first forename on record x with the
second forename on record y), or specially written func-
tions.
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Figure 2. Linkage of the Master Identification File with the Canadian Mortality Data Base.

The total odds in favour of a match may be expressed as
the sum of a number of ‘cutcome weights’:

Total Weight = Outcome Weight (O))
+ Outcome Weight (O)---
+ Outcome Weight (O,,))

where O, O,...,0,, are the outcomes for the rules 1 to »
(including any used for blocking) used to compare fields on
the records.

The outcomes are assumed to be statistically indepen-
dent.

The total weight becomes the overall estimate of how
‘probable’ it is that the potential link is in fact a definite
link. By comparing the total weight against two thresholds
this estimate is converted into a decision as to whether or
not the link is a ‘true’ one. If the total weight is above the
upper threshold, the link is assigned a temporary status of
‘definite link’; if it is below the lower threshold, the tempor-
ary status is ‘unlinked’; if it is between the two thresholds
the temporary status is ‘possible’:

Possibly
Linked

(Lower

Unlinked Linked

Possible links are then examined in more detail, perhaps on
a sample basis, to fine-tune the setting of the thresholds. In
smaller projects, manual resolution can be carried out on
these links. Further reference is usually made to the original
death registration source documents where further identify-
ing information may be available, or by reference to other
source documents relating to the cohort file. In large pro-
jects, one threshold value is sometimes chosen to classify
records as links and non-links.

The selection of thresholds involves two types of error. A
Type 1 error occurs if an unlinked pair is erroneously classi-
fied as linked because it falls above the upper threshold (i.e.
false positives). A Type II error occurs if a pair is erro-
neously classified as non-linked (i.e. false negatives). The
upper and lower thresholds are determined by the setting of
acceptable error bounds to limit the number of errors for
the analysis, as is determined to be appropriate.

Where linkages can be based on some sort of personal
identifying number, there is much greater certainty of
achieving a correct match. However, that number may be
incorrectly recorded on some records so that disagreement
of it is not necessarily proof of a non-match. Such numbers
are occasionally improperly ‘borrowed’ from other people so
that agreement is not always positive proof of a correct
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match. Although rare, such occurrences make it prudent to
check names and other usual identifiers as a backup when
doing numerical linkages. Thus, the method of probabilistic
record linkage should still be applied to improve the accu-
racy of even the numerical linkages.

THE VARIOUS LINKAGE STEPS IN THE NDR
STUDY
For the National Dose Registry Mortality study, there
were several types of linkages required to bring together the
appropriate personal identifiers, dose histories, and death in-
formation.

Internal inkage—creating the cohort file

The Master Identification File (referred to as the
‘identification’ file) contained more records than there were
people. Duplicate records required consolidation with
appropriate provisions for cross-referencing entries where
there have been changes of name and/or where key identi-
fiers have been reported differently on separate occasions.
After a series of internal linkages (i.e. by numerical identifi-
cation, and then later by personal identification), the result
was the cohort of individuals to be included in the study.

Social Insurance Number master index linkage

Even after the series of internal linkages, the availability
of personal identifiers was still relatively poor for parts of
the cohort. These identifiers are vital for a successful death
linkage. Permission was granted for Statistics Canada to use
the Social Insurance Number master index for the sole pur-
pose of unambiguously identifying cohort members.

The identification file had to be matched to the index file,
for records having a social insurance number, in order to
extract the required personal identifying variables. The link-
age was conducted to confirm that the matched individual
was Indeed the correct individual. Data abstracted from the
index file were strictly for internal use only.

Dose history linkage

Since the cohort file was originally sent to Statistics
Canada, the Department of National Health and Welfare
has been conducting dynamic merges to their database.
This will help to regroup dose records, reduce the number
of fragmented records, and consolidate records into compre-
hensive dose histories for each study member. The file
resulting from the internal linkages indicated which records
on the NDR appear to belong to the same individual. A file
containing original master identification file information
(surname, and numerical identifiers) and the Statistics
Canada sequence number was sent to the Department of
Health and Welfare to allow the creation of the dose history
file required later in the study.

Death linkage

The internally linked cohort was matched against the
mortality records. By linking the two files, it is possible to
measure the cohort members subsequent risk of death, and
to add information regarding the fact, underlying cause,
place of death, place of birth, and birth vear information.
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Preparation of the analysis file

A match of data from the identification, mortality and
dose history files was performed to create a comprehensive
record for each member of the study cohort. Where the in-
formation was available, each record included month and
year of birth, gender, the death data, an availability word,
the death linkage weight, and a dose history. The availability
word indicates whether items were stated or blank on the
records being compared. Any unmatched records from the
identification or dose history files underwent special scru-
tiny.

RESULTS AND RECOMMENDATIONS ARISING
FROM THE STUDY TO DATE

The record linkage work for the National Dose Registry
Study has been divided into seven stages as shown in
Figure 3. The details of this work have been described else-
where [1]. The results of each stage will be described, and
finally some recommendations will be made about optimal
designs of centralised dose registries for epidemiological fol-
low-up purposes.

Stage I: Evaluanion of the NDR Master Identification File

Five files of identifying particulars and other data that
would be helpful during the mortality linkage were provided
to Statistics Canada by the Department of National Health
and Welfare (see Figure 3). Duplicate entries were created
for records having two-part surnames, bringing the total
number of records in the identification file to 442,226.
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Figure 3. The seven stages of the NDR mortality study.
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Checks were made to detect inconsistencies in coding and
data entry. For example, some names contained characters
other than A-Z, and some months had values greater than
12. Initially, 12,000 records were returned for correction,
particularly to do with variables essential for the mortality
linkage (e.g. surname, given name, gender, and complete
birth date).

Stage 1I: Editing and correcting the Master Identificarion File

Customised computer programs were written to check
discrepancies in gender coding and in given names. A dic-
tionary was created which gives the frequency of occurrence
of given names by gender. The probability of the forenames
relating to a male or female are calculated, and a gender
code is derived based on the highest odds. This gender code
is then compared to that available on the record. Where the
gender code had been derived, but disagreed, these were
then reviewed and corrected if necessary. Given names were
also edited.

Stage III: Internal linkage in the Master ldentification File

One of the major tasks was to create a file of individuals
that defined a cohort of special interest and to create a cor-
responding file of personal employment and exposure his-
tories. Records were fragmented in the Master Identification
File for two main reasons: (1) there were multiple entries
for persons who had left and rejoined the workforce at
different times; and (2) name changes, especially for mar-
ried women and nuns. The purpose of the internal linkage
was to assign a common number to all records relating to
the same individual.

Several internal linkages were carried out. A numeric link-
age was the first, as these are inexpensive and easy to per-
form. The identification record could contain one or more
of the following numerical identifiers: Namecode, Radiation
Protection Bureau number or Social Insurance Number.
The second internal linkage used the phonetic code of the
surname [21] plus the gender code as the combined pocket
identifier within which individuals were searched. At this
time, significant additional data became available to the
NDR. Atomic Energy of Canada Limited (AECL) did not
send its dose records to the National Dose Registry on a
vearly basis until 1981. A file containing pre-1981 records
from AECL was given to the NDR to link to the existing
identification file. Subsequent to the two numeric linkages
above, 18,057 records from Atomic Energy of Canada
Limited were added to the identification file. These records
were matched to the existing identification file by SIN
where available. Many of the records in the file were vir-
tually the same, and it was decided to combine records hav-
ing no conflicting identification into a single record so that
superfluous records could be deleted. This process left ap-
proximately 437,599 records corresponding to a possible
371,849 individuals. This collapsed identification file was
renamed by Statistics Canada as the new master identifi-
cation file, NEWMIF, to avoid confusing it with the original
identification file.

Collapsing the groups was not sufficient to increase the
availability of data to a level necessary for linkage to the
deaths. To improve the availability of identifiers, it was
necessary to match records having a valid SIN with the SIN
Master Index File. When an exact match (SIN, surname,
etc.) was found, information was shared between the
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records, creating hybrids. Duplicate entries were deleted
leaving a total of 534,159 records (235,166 unchanged
NDR records, 203,855 hybrids, and 95,138 SIN records).
From the NEWMIF, 64,007 groups (individuals) were split
off because they did not meet the minimum data required
(surname, first initial and birth year) to participate in the
mortality linkage. A tape file of these records was sent to
Health and Welfare for further examination. A total of
31,054 groups were dysfunctional in that they had no nu-
merical keys or no dose records. The remaining 32,953
groups that apparently linked to dose records may have
already existed on the NEWMIF, or may have more identi-
fving data available to permit their re-entry into the study at
some point. The answers to these concerns are pending. At
present, they will not affect the number of individuals in the
current cohort, ready for the mortality linkage.

Srage 1V: Merging of NEWMIF with exposures and work
histories

After the final internal linkage by a phonetic surname
code (NYSIIS), and all updates were finalised, the
NEWMIF to be used for the mortality linkage contained
464,974 records representing an estimated cohort of
266,465 individuals. This number does not include those
54,007 individuals split off earlier. This number of individ-
uals will also vary slightly after further checks with corre-
sponding dose histories are made.

A file containing the group sequence number, surname
and the original numerical identifiers was sent to the
Department of Health and Welfare for two purposes: (i) to
add any updated information on birth data, province of last
contact, and year of last contact, resulting from internal
maintenance of the NDR; and (ii) to identify the cohort
members for which dose histories will be required. Statistics
Canada appended this updated information in (i) to the cor-
responding records on the NEWMIF. This recent infor-
mation from the updated National Dose Registry was
particularly helpful in the mortality search.

Stage V7 Linkage of the new identification file (NEWMIF) with
the death file (CMDB)

A file of about 465,000 NEWMIF records was matched
with about 5.7 million death records. Since large files were
involved, this linkage was split by gender code, so that
males and females could be linked separately to the CMDB.
All potenually linkable records were extracted. A lower
threshold (—30), below which there was unlikely to be any
correct links, was established. Samples were drawn to aid in
the establishment of suitable thresholds, depending on the
availability of linkage identifiers.

Phase VI: Production of the analysis file with death, dose and
work histories

An analysis file was created containing the required infor-
mation for each individual. All unique numbers and names
were deleted from the file. A new number was assigned for
each record and its corresponding dose record to facilitate
checking, should a need arise. Some anomalies are currently
being investigated, where the dose and work histories did
not correspondingly merge together.
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Phase VII: Quality assessment of the study

Further analysis may be carried out to explore, measure,
and document the ways in which thresholds were selected
and the linkage errors occurring at various stages. There are
a number of approaches that might be used. For example,
manual resolution, with reference to source documents that
may have additional information, may assist in the esti-
mation of error rates in the setting of thresholds. In ad-
dition, other approaches might include comparing the
methods used here with other results from sub-cohorts
within the file that have been linked earlier, or that help
confirm the vital status of the individual (e.g. drivers
licence, income tax files etc.).

Recommendations

A number of recommendations for a centralised dose reg-
istry arise as a result of the experience of the various phases
in this study. (a) A centralised dose registry should contain
a unique lifetime number for the individual plus surname at
birth and currently complete forenames, birth date, birth
place and gender code. The birth year and gender code are
generally essential in the analysis. (b) The data should be
edited, and particular attention should be given to the hand-
ling of surnames and forenames in a standardised manner.
A typical set of edit rules for items has been outlined else-
where [18]. (c) All records relating to the same individual
should be brought together. The effects that errors in this
phase will produce in both the linkage with mortality and in
the analysis should not be underrated. For example, if the
internal linkage fails to bring together the records of women
when the maiden and married names differ, then the num-
ber of individuals in the cohort will be inflated, and the
mortality search may fail to find a linkage for one of the
records. If records are incorrectly combined, then the work
and exposure histories will be incorrect, and the mortality
search may be less effective. (d) An ongoing centralised reg-
istry should phonetically code surnames and have the date
and province of last contact available to facilitate the follow-
up of individuals. (e¢) If one wishes to ascertain the causes
of death and cancer, it is necessary to have this information
recorded in accessible media, preferably centralised and in
machine-readable form. (f) The development of individual
exposure and work histories are required over time. (g)
Sources of error should be understood and measured.

The experiences of cancer registration principles and
methods may be helpful in setting up national dose regis-
tries [22], particularly as it relates to items of patient identi-
fication {Chapter 6).

Overall, the idea underlying the study is quite simple.
Records of the National Dose Registry are accessible by
computer as are centralised death records. Linkages of the
two sorts of records on an individual basis is dependent, in
principle, on the availability of sufficient personal identifying
information common to the two sorts of records, to ensure
against ambiguous matches and mistaken identities.
Analysis of cause of death, cumulative individual radiation
exposure and work histories is then possible.
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