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Abstract-The validation of a computerised record linkage system for matching members of a 
defined cohort with routinely collected national data sources is reported for the first time. The 
two national sources relate to mortality and inpatient data and provide contrasting character- 
istics in their method of collection. The linkage system produces a group of possible matches 
based on identifying information restricted to surname, initials, sex and date of birth which, with 
a clerically assisted scrutiny, gives levels of sensitivity of 66% for the mortality and 81% for the 
inpatient data. Specificity can be increased to 100% if conventional follow-up methods are used 
for the limited set of matches classified as probable by the clerical scrutiny. 

INTRODUCTION 

THE COHORT study is a major methodological technique in epidemiological investigation. 
Long term follow-up of subjects to identify appropriate end points can provide infor- 
mation to test hypotheses about groups within the cohort with a particular characteristic 
or exposure to an occupational, environmental or other potential hazard. 

Present methods of following individuals range from personal contact to tagging in 
appropriate data sources such as nationally collected data files. The problems involved 
include declining response rates at re-examination, the cost and time needed to conduct 
re-examination on large populations and the accuracy and completeness of manual 
tagging systems. 

With the advent of national computerised medical records, it is possible to use auto- 
mated linkage procedures to improve the completeness of follow-up and to economise in 
resources. However, the use of a computerised system for matching records does not 
include all the subjective judgements which could be made when comparing 
non-identical identifying information. At the present state of development of automated 
matching, the best method of allowing for variability of identifying data seems to be 
clerical scrutiny of the limited number of linkages provided by the computer. 

The effectiveness of any linkage system can only be ascertained by examining its 
performance with different sets of data. This paper evaluates the effectiveness of one such 
system which includes a clerical check, in matching data directly collected from a cohort 
with two sets of nationally collected data. 

MATERIAL AND METHODS 

The study cohort was a sample of 3062 residents from the Scottish town of Renfrew, 
aged between 45 and 64 yr and examined in 1972 for a large scale prospective study of 
‘asymptomatic’ cardio-respiratory disease by Hawthorne et al. [l]. Each member of the 
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cohort gave written permission for his or her medical record to be examined by the study 
team for research purposes. 

The two sets of nationally collected data were the Scottish mortality and inpatient files. 
The mortality data are derived from death certificates held by the General Register Office 
(Scotland) and for this study related to all deaths occurring in Scotland between 1972 
and 1974 inclusive. These are coded centrally by the G.R.O. directly from the death 
certificates. The hospital inpatient data, collected on the statistical abstract form SMRl, 
contains all discharges from Scottish hospitals (excluding mental hospitals and maternity 
units) and information for the year 1973 was used. The SMRl document is completed by 
medical records clerks at each hospital taking information from the case record. These 
data are processed by the Scottish Office Computer Service for the Information Services 
Division of the Common Services Agency. Heasman [2] has described the characteristics 
and content of this material. 

The linkage method employed was derived from the work of Newcombe and his 
colleagues [3] in Canada, Acheson at Oxford [S] and is summarised in a paper by 
Phillips [5]. It used as identifying information the surname, first two initials, sex, day, 
month and year of birth. 

Comparison is made on the similarity of the Russell-Soundex phonetic representation 
of the surname and the equivalence of the other items. A probability weighting is 
assigned according to the correspondence of the compared items and their value in 
establishing a match. A detailed description of the weighting procedure is given in a 
paper by Sunter [6]. The probability weightings are converted into numerical match 
weights for all possible pairs of records. A listing can then be produced of all pairings 
above any given threshold match weight. In this study a match weighting of 140 was 
selected because pilot studies suggested that this level would produce all probable 
matches. 

The terminology used in this study is defined below (Fig. 1). A pair of records whose 
weight exceeds the given threshold is called a ‘match’. In some matches the identifying 
data are the same and these are described as ‘identical’ matches. Both ‘identical’ and 
‘non-identical’ matches are described as ‘correct’ if the pair of records refer to the same 
person. 

Study Cohort 

I 

Match 

+ 
Identical Non-identical 

+l n 
Correct Incorrect Correct Incorrect 

Fig. 1. 

Non-match 

+7 
Correct Incorrect 

For the ‘non-matches a record is defined as ‘incorrect’ if it is found from other sources 
that a death or inpatient stay has occurred for that person. 

The correctness and completeness of the mortality matches were established by com- 
parison with deaths reported as a result of manual tagging of the study cohort in the 
National Health Service Central Register (NHSCR). 

The correctness of hospital inpatient matches was assessed by one observer checking a 
stratified random sample of the matched cohort records with the hospital case records 
indicated on the matching SMRl. 

The completeness of the hospital inpatient matches was assessed by examining a 
random sample of the non-matches using their general practitioner records to determine 
whether any hospital discharge had occurred. A subject with such a recorded discharge 
was thus described as an incorrect non-match. 
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The clerical checking procedure was carried out in the following manner. Three ob- 
servers independently judged the correctness of the computer matches and allocated each 
match to a category-positive, equivocal, improbable or negative. To discover whether a 
combined judgement was superior to the individual ones, arbitrary weights of 5, 3, 2, 0 
were assigned to the respective decision categories. A combined score between 0 and 15 
was then obtained for each match by summing the scores of the three observers. Arbi- 
trary cut points were selected to divide these combined scores into the four decision 
categories analogous to those used by individual observers. The decisions reached by the 
three observers, taken both individually and collectively, were then compared with the 
results obtained using the manual tagging (mortality) and the check with hospital case 
records (inpatient discharges). 

The criteria on which a match was accepted was varied to allow an examination of the 
way in which the levels of sensitivity and specificity of the linkage system changed. 

RESULTS 

(a) Computer Linkage 

Linkage of the cohort with Scottish mortality data for 1972-74 (containing 194,302 
entries) generated 319 matches above the 140 threshold. Table 1 shows the breakdown of 
these matches and their accuracy. 

TABLE 1. ACCURACY OF COMPUTER LINKAGE FOR MATCHES OBTAINED 

WITH 1974 MORTALITY FILE 

No. in 
Type of Match Cohort 

Identical 58 
Non-identical 261 

No. traced and verified as 
dying (?A) not dying (“d) 

57 (98”“) 1 (2”;;) 
2 (I”,) 259 (99”,) 

Total matches 319 59 (18”~) 260 (82’:;) 

Non-matches 2743 27 (17,) 2716 (99”h) 

Total 3062 86 (3%) 2976 (97”d) 

2% of the identical matches were incorrect as were 1% of the non-matches. 
Table 2 presents the results for the linkage with the 1973 hospital inpatient file con- 

taining 600,000 entries. All identical and non-identical matches with a weighting greater 
than or equal to 220* were examined, a 1 in 3 random sample of those with weights 
between 170 and 219 and a 1 in 8 random sample of those between 140 and 169. In 
addition, a 1 in 10 random sample of non-matches was examined. As with the mortality 
linkage a small percentage (3%) of identical matches were incorrect. Among non-identical 
matches with weightings less than 220, 5% and 6Y! were correct and 20/, of non-matches 
were incorrect. These percentages may appear small but the number of discharges they 
represent form a sizeable proportion of the total discharges. 

(b) Clerical check 

The performance of the clerical check is shown in Tables 3 and 4. Examination of the 
mortality linkage (Table 3) showed that the clerical check failed to identify the identical 
match which was incorrect and expressed doubts about one of the fifty-seven identical 
matches which were correct. Additionally, it failed to identify the two non-identical 
matches (which referred to the same individuals. 

The performance of the clerical check in assessing the inpatient linkage (Table 4) 
shows one of the three identical matches which was incorrect being identified whilst the 
114 identical matches were all correctly classified. 

*This was the lowest weight at which an identical match appeared. 
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TABLE 2. ACCURACY OF COMPUTER LINKAGE FOR MATCHESOBTAINEDWTH 1973 INPATlENT FILE 

Type of 
Match 

No. traced and verified 
No. in No. not as having Estimated No. having 

Number sample traced a discharge (%) no discharge (%) a discharge no discharge 

d I ntical 
on-identical 
weights > 220 
170-219 
140-169 

123 123 6 114 (97%) 3 (3%) 120 3 

31 31 4 18 (67%) 5(: (33%) 21 10 
224 69 13 3 (5%) (95%) 12 212 
348 43 10 2 (6%) 31 (94%) 21 327 

Total matches 726 - - - 174 552 
Non-matches 2336 212 30 3 (2%) 179 (98%) 38 2298 

Total 3062 - - - 212 2850 

Additionally, the majority of the non-identical matches sampled which were correct 
were identified. This was achieved without wrongly classifying a large proportion of 
non-identical matches for which there was no discharge. The clerical check was more 
reliable for those matches with lower weightings. The loss of reliability at the higher 
weightings is not critical because a further stage of checking is available in which 
additional information from hospital case records or other sources can be used to ident- 
ify those who are wrongly matched. 

(C) Sensitivity and Specijicity 

The critical test of the effectiveness of any linkage system is the sensitivity and speci- 
ficity of the procedure in identifying correctly members of the cohort having subsequent 
events. Table 5 illustrates for mortality data the levels of sensitivity and specificity 
obtained using different criteria for accepting a match as correct. By taking only identical 
matches 66% of deaths reported by the NHSCR tagging scheme were detected. Clerical 
checking of the limited data did not improve this. 

Table 6 illustrates the sensitivity and specificity of the linkage system for inpatient data 
and shows the number_ of estimated correct linkages (derived from Table 2, column 6) 
and the number of estimated incorrect linkages (derived from Table 2, column 7) in the 
study cohort which would be accepted as correct using the criteria specified. Sensitivity 
rises from 57% when only identical matches are accepted to 81% when a clerical check is 
included. This incurs the penalty of including 1.9% of discharges which are incorrect but 
this is a less serious error as a further stage of checking can eliminate these. It should be 
noted that the levels of sensitivity obtained in the two lower lines of Table 6 are based on 

TABLE 3. PERFORMANCE OF COMBINED CLERICAL CHECKING IN CLASSIFYING MATCHES CORRECTLY; MORTALITY 

DATA 

No. No. classified % classified No. not No. classified % classified 
Type of match dying as dying correctly dying as not dying correctly 

Identical 51 56 98 1 0 0 
Non-identical 2 0 0 259 255 98 

TABLE 4. PERFORMANCEOFCOMBINEDCLERICALCHECKINGINCLASSIFYINGMATCHESCORRECTLY;INPA'TIENTDATA 

No. classified % No. classified as % 
No. having as having classified No. having having no classified 

Type of match a discharge a discharge correctly no discharge discharge correctly 

Identical 114 114 100 3 1 33 
Non-identical 

2220 18 18 100 9 6 67 
170-219 3 2 67 53 50 94 
14&169 2 2 100 31 31 100 
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TABLE 5. SENSITIVITY AND SPECIFICITY OF MORTALITY LINKAGE 

Criteria for 
acceptance 

Sensitivitv 
No. (X) of the 8b true positives 
correctly classified as positive 

lOOSpecificity 
No. (7;) of the 2976 true 

negatives incorrectly 
classified as positive 

Computer 
listing taking 
only identical 
matches 

Computer 
listing and 
clerical 
check 

57 (66%) 

56 (65%) 

1 (0.031,“) 

5 (O.l7”/J 

TABLE 6. SENSITIVITY AND SPECIFICITY OF INPATIENT LINKAGE 

Criteria for 
acceptance 

Sens~ivjty 
No. (%) of the 212 true positives 

correctly classified as positive 

1OCJSpecificjty 
No. (%) of the 2850 true 

negatives incorrectly 
classified as positive 

Comnuter 
lisiing taking 
only identical 

120 (57%) 3 (0. I”<) 

matches 
Computer 

listing with 
weighting 
> 220 

Computer 
listing with 
clerical 
check 

141 (677<) 

172 (81%) 

I3 (0.5%) 

54 (1.91,) 

sample estimates combined across strata. The figures thus produced are unbiased but are 
subject to sampling variability. 

DISCUSSION 

The importance of long term follow-up studies in epidemiological investigations has 
been recognised for many years. Methods of identifying individuals correctly at points in 
time which may be well separated are greatly simplified when some constant and easily 
reproducible information relating to that individual is available. The system of issuing a 
unique number at birth to all persons in a national population, and providing for all 
immigrants, is fully established in several countries [7]. In the United Kingdom an 
identifier is assigned at birth for use in the National Health Service. However, the 
elements of this identifier are not easily recalled and while, theoretically, it appears on 
many health documents, in practical terms, its completion is poor [S]. 

An alternative system, using the surname, initials, date of birth and sex as identifying 
information for linking, is considered here. The collection of this data routinely on 
national (Scottish) health documents allows computerised linkage systems to be 
employed and this paper examines the performance of one such system. 

The value of a computerised linkage system depends on a number of factors. Primarily, 
it should identify a high percentage of true events of interest without including any which 
are wrongly classified. In addition, work involved in excluding ‘false positives’ should be 
of manageable proportions. Cost should not exceed that incurred when follow-up is by 
alternative methods. Finally it is most important that the outcome should be relevant to 
the investigation being conducted. 
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This study concentrates on the first of the above requirements and tries to answer the 
questions-what is the sensitivity and specificity of this linkage system and what ad- 
ditional criteria, if any, can improve these levels? 

The use of match weighting and the inclusion of identical matches produces sensitivity 
levels of 66% for mortality and 57% for inpatient data. Even when accepting all pairings 
with weights greater than 220 as correct, these levels still remain low for epidemiological 
investigations. In order to increase these levels the threshold value of the match weight- 
ing has to be lowered and this consequently includes a higher proportion of false posi- 
tives. At present the linkage system can be considered as a screening procedure. 

The reasons for low sensitivity are twofold: firstly, mistakes in spelling the surname, 
initials not agreeing and odd figures out in the date of birth, contribute a large propor- 
tion and the majority of these errors can be retrieved in weightings between 140 and 190. 
Secondly, the required follow-up documents are either not completed or so radically 
dissimilar that they are missed completely. The linkage system avails little here. 

The addition of the clerical check of the limited range of data produced by the linkage 
system is of considerable value when matching the inpatient data. This contrasts with the 
linkage using mortality data and is probably because data collected for the inpatient 
system passes through more stages, each of which may produce errors. 

The low sensitivity associated with the mortality data reflects a failure to find the 
appropriate record in the computer file as compared with the ability to identify and 
match subjects using the NHS Central Register. 

In order to achieve an optimal strategy for this linkage system, a further stage should 
be added which will virtually eliminate false positives. This requires that the group of 
matches identified by the clerical checkers as ‘probable’, be checked against further 
information either by more detailed examination of the hospital case record or by con- 
ventional follow-up. 

Thus, levels of sensitivity of 66% for the mortality linkage and 81% for the inpatient 
linkage have been attained. Specificity can be considered as 100% if the final stage of 
checking is completed. For the 3062 members of the cohort, this would involve checking 
58 (2%) annually for mortality linkage and 183 (6%) for inpatient linkage. 

This study has been based on a single linkage system and two sources of data of 
differing quality. We do not know if this is the best linkage system available or indeed 
whether it has been adapted to its maximum potential. It may be that this will vary with 
the characteristics of the files being matched. The ultimate criteria for accepting or 
rejecting such a system really lies in the answer to the questions-is the sensitivity high 
enough for the required purpose and is the use of resources to increase the specificity to 
the desired level of accuracy justified? 

For particular purposes, the identifying information may be extended to include other 
factors such as area of residence and maiden name for females. However, the object of 
the present study has been to evaluate the system in the most general circumstances. 

The extent to which the results reported here can be generalised to other data sets is 
limited. The levels of sensitivity obtained will vary according to the completeness, accu- 
racy of recording and transcription involved in establishing the data sets. What can be 
inferred from these results is that in other data sets where the characteristics are similar 
to those pertaining here and knowledge exists about the relative errors involved, a 
bounded estimate is available. However, it should be emphasised that very few attempts 
to validate linkage systems in practical situations have been reported and experience of 
how they perform with different data sets is limited. Consequently, this paper is more 
concerned with the description of a methodology for assessing the effectiveness of a 
linkage system than in the actual results themselves. It is hoped that other linkage 
systems could be assessed in a similar manner so that a body of data would be available 
from which comparisons could be made of the way in which data sets with different 
characteristics influence the sensitivity and specificity of the system. 

In summary, outcome in cohort studies can be validly assessed by using computerised 
record linkage techniques provided certain requirements are satisfied. The sources being 
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used must have a high degree of completeness and, if the accuracy of any of the identify- 
ing information is in doubt, a clerical check of the linkage should be incorporated. 

Finally, confirmation of the probable matches obtained should be sought using other 
sources such as hospital case records or death certificates. 
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