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A b s t r a c t

Re c o rd linkage is a pow e rful tool in assembling
information from different data sources and
has been used by a number of public health re-
s e a rc h e r s . In this re v i ew, we provide an ove rv i ew
of the re c o rd linkage methodologies, f o c u s i n g
p a rt i c u l a rly on probabilistic re c o rd linkage. We
then stress the purposes and re s e a rch applica-
tions of linking re c o rds by focusing on studies of
infant health outcomes based on large data sets,
and provide a critical re v i ew of the studies in
Bra z i l .

Child We l f a re ; Re c o rd s ; Re c o rd Li n k a g e

I n t ro d u c t i o n

Public health re s e a rchers have used multiple
o p p o rtunities for re c o rd linkage processes be-
t ween datasets. The pri m a ry purpose of linking
d i f f e rent data sets is to increase the amount of
i n f o rmation available on a unit of analysis that
can be an individual or other unit. As a genera l
p ri n c i p l e, any re c o rd file can undergo re c o rd
l i n k a g e, as long as there is adequate identifica-
tion in each re c o rd to be linked, but that is not
always the case. In this re v i e w, we provide an
ove rview of the re c o rd linkage methodology,
focusing particularly on probabilistic re c o rd
l i n k a g e. We then stress the purposes and re-
s e a rch applications of linking re c o rds by focus-
ing on studies on infant health outcomes. T h i s
review was presented as part of a doctoral dis-
s e rtation submitted to the De p a rtment of Po p-
ulation Dy n a m i c s, Bl o o m b e rg School of Pu b l i c
Health, Johns Hopkins Un i ve r s i t y, in Nove m-
b e r, 2002 1.

Material and methods

We conducted this review from Ma rch 2000 to
August 2002, as part of ongoing work on the
d o c t o ral dissertation. We searched for art i c l e s
in Pu b Med and MEDLINE (http://www. n c b i .
n l m . n i h . g ov / e n t rez / q u e ry.fcgi), and a few doc-
uments (mostly technical re p o rts or confere n c e
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papers) on Google (http://www. g o o g l e. c o m ) .
For Brazil, we searched in SciELO (Scientific
El e c t ronic Libra ry Online: http://www. s c i e l o. b r ) ,
with three exc e p t i o n s : one article was found in
the journal Informe Epidemiológico do SUS by
manual search conducted in issues since 1992
at the Fe d e ral Un i versity in Minas Ge rais – Li-
b ra ry of the Center for De velopment and Re-
gional Planning (CEDEPLAR/UFMG) in Ju l y
2001. Two other doctoral dissertations submit-
ted at Un i versities in Brazil we re obtained
t h rough personal communication. We selected
the seminal studies on re c o rd linkage, and in
o rder to obtain a “s t a t e - o f - t h e - a rt” picture we
chose recent studies (from the late 1990s on-
w a rd) whenever possible. In Machado 1, 70 s t u d-
ies we re re v i e wed, and the 42 most inform a t i ve
we re chosen for this art i c l e. We selected stud-
ies that used large data sets and focused exc l u-
s i vely or pri m a rily on infant health outcomes,
for example, birth certificates linked to death
c e rtificates or medical re c o rds linked to death
re c o rd s. With the exception of Brazil, all stud-
ies located in the search we re from deve l o p e d
c o u n t ri e s.

R e s u l t s

I n t ro d u c t i o n

The idea of re c o rd linkage is by no means new.
Je n n e r’s re s e a rch on cow p ox and smallpox va c-
cination in the late 18t h c e n t u ry produced a de-
tailed re c o rd system that linked all sorts of
c ows with human beings. Je n n e r’s motiva t i o n
to link data was the fact that there was some-
thing “s p e c i a l” about the material taken fro m
the cows which, when injected into humans,
p roduced protection against smallpox 2. Je n-
n e r’s linked re c o rds we re used as evidence that
the intervention was efficacious. To d a y, histo-
rians consider Je n n e r’s bre a k t h rough a turn i n g
point in We s t e rn medicine 3.

In the 20t h c e n t u ry, the first time the term
“re c o rd linkage” appeared in the litera t u re was
in Dunn 4 , 5. T h e re is a distinction between the
two main types of re c o rd linkages. De t e r m i n i s-
tic re c o rd linkage links pairs of re c o rds on the
basis of whether they agree on specific identi-
fiers; p robabilistic re c o rd linkage uses pro b a-
bilities to determine whether a pair of re c o rd s
refers to the same individual. De t e rm i n i s t i c
re c o rd linkage can be undertaken wheneve r
t h e re is a unique identifier, such as a personal

identification code. In addition, if the res e a rc h e r
possesses a fair amount of identifying inform a-
tion for individuals in two different files, these
pieces can almost uniquely identify an individ-
ual and allow a deterministic linkage. A cri-
tique of the deterministic match rules is that
they do not adequately reflect the uncert a i n t y
that may exist for some potential links 6.

Ne wcombe et al. 7 d e s c ribe the problem of
automatically linking re c o rds from separa t e
hospital databases. This is the ve ry first men-
tion in the litera t u re about the possibility of
p robabilistically linking re c o rd s. The authors
wanted to link re c o rds of individuals exposed
to low levels of radiation to determine the
causes of their eventual death, the impact on
their fert i l i t y, and later genetic defects in the
Province of British Columbia, Canada. How a rd
Ne wcombe is indeed considered the scientist
who had crucial insights that led to computer-
i zed approaches to re c o rd linkage in the ab-
sence of a unique identifier. He observed that
the frequency of occurrence of a chara c t e ri s t i c ,
such as surn a m e, among matches and non-
matches could be used to compute a s c o re o r
matching weight associated with the linking of
two re c o rds (links are pairs formed, not neces-
s a rily re f e r ring to the same individual or enti-
t y, while a match is a pair formed that refers to
the same individual or entity). For example, an
a g reement involving surnames “Sm i t h” and
“Sm i t h” is certainly more likely to happen
among unmatched pairs than an agre e m e n t
b e t ween “Ro t h s c h i l d” and “Ro t h s c h i l d” (pho-
netic indexes such as Soundex or NYSIIS have
been used in the context of deterministic and
p robabilistic re c o rd linkage; their key feature is
that they code names based on the way they
sound rather than on how they are spelled).
Ne wcombe also observed that matching we i g h t s
over different va ri a b l e s, such as age, surn a m e,
and first name, should be computed and added
to obtain an ove rall matching weight. Pairs w i t h
higher values would be considered matches.
Fellegi & Sunter 8 built on Ne wc o m b e’s intu-
ition and introduced the mathematical and
statistical foundation for probabilistic re c o rd
l i n k a g e, which is extensively used to the pre-
sent. Fellegi & Su n t e r’s approach is an exten-
sion of the classical theory of hypothesis test-
ing, and can be summari zed as follows: (1) In
o rder to establish a summation of the match-
ing we i g h t s, they had to be assumed to be sta-
tistically independent. (2) It is not always pos-
sible to consider a pair as a m a t c h or as a n o n -
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m a t c h, and there f o re a third category, a p o s s i-
ble match, should be introduced. Fellegi &
Sunter 8 established decision rules based on
fixed upper bounds of rates of false matches
and false non-matches that minimize the num-
ber of cases that need to be manually re v i e we d .
(3) Hypothesis-testing theory was used to as-
s e rt that there are error probabilities invo l ve d
in the decision to classify pairs as m a t c h e s o r
n o n - m a t c h e s. (4) A mechanism was established
in comparing two sets of re c o rds in order to
a void having to deal with eve ry single pair- w i s e
c o m p a rison; the authors suggested the use of a
b l o c k i n g mechanism which essentially re q u i re s
that to be suitable for comparison, re c o rd s
should agree exactly on a unique va ri a b l e, such
as place of residence or date of birt h .

Much re s e a rch has been done since this
g ro u n d b reaking work. It has been re c o g n i ze d
that when there is a high probability that one
individual in one file is uniquely re p resented in
the other file, the power of re c o rd linkage can
i n c rease immeasurably 9. Once a best link is es-
tablished between an individual in the first file
and an individual in the second file, on the ba-
sis of having the highest probability weight, the
p rocess of searching the corresponding re c o rd
in the second file is terminated for the re c o rd
in the first file. Another area that has evo l ve d
e n o rmously since the late 1960s is computer
t e c h n o l o g y, which boosted the development of
much software suitable for re c o rd linking. To
d a t e, the software developed by Matthews Ja ro
in 1985 1 0, called Au t o m a t c h©, has been used
e x t e n s i vely in the United States by individual
and group re s e a rchers and also by the Ce n s u s
Bu reau. In Canada, considered well adva n c e d
since the early 1980s in linking national data
s y s t e m s, especially to monitor health 1 1, the
s o f t w a re GRLS (Ge n e ra l i zed Re c o rd Linkage
System) was developed at Statistics Canada 1 2.

The use of the commercial software Au-
t o m a t c h© was considered unfeasible in Bra z i l
due to the high cost of its pri vate license (US$
12,500 in 1999 for the least expensive ve r-
s i o n )1 3. Me a n w h i l e, Ca m a rgo Jr. & Coeli 1 3 d e-
veloped the Re c k l i n k© s o f t w a re, which imple-
ments Fellegi & Su n t e r’s theory and work s
much the same as Au t o m a t c h©.

R e s e a rch application on re c o rd linkage: 
infant health outcomes

The need to link birth records and death re c o rd s
to assess risk factors for perinatal and infant
outcomes has been re c o g n i zed by re s e a rc h e r s
in developed countries 1 2. The rationale is that
b i rth re c o rds provide information about the

p a re n t s’ chara c t e ri s t i c s, the mother’s use of
p renatal care, and neonatal health status, in-
cluding birth weight and gestational age 1 4,
w h e reas death re c o rds provide information on
the age at death and causes of death. In Bra z i l ,
w h e re data on birth weight and gestational age
a re collected on birth re c o rds and death re c o rd s,
the quality of information on death re c o rds is
far inferior to that in birth re c o rd s. T h e re f o re
t h e re is a need to re t ri e ve information from the
b i rth re c o rd s.

Combining information from birth re c o rd s
and death re c o rds allows one to assess seve ra l
a s s o c i a t i o n s. For example, it allows measure-
ments of birth weight-specific infant mort a l i t y
rates (Wi l c ox & Russell 1 5 f o rmulated a model
of birth weight-specific infant mortality that is
widely used in epidemiology). Based on a se-
ries of studies in 1983 and 1986, they showe d
that reduced birth weight is not sufficient in it-
self to increase mortality and hence should not
be used as a surrogate of adverse outcome,
since the optimum birth weight maintains a
fairly constant distance from the mean we i g h t .
This suggests that a shift in the birth we i g h t
d i s t ribution yields an equivalent shift in the
m o rtality curve. If all else is constant, such a
shift produces no net effect on infant mort a l i t y
1 6. In the field of epidemiology, it was only with
the series of studies by Wi l c ox & Russell that
the implications of such a phenomenon in
populations started being re c o g n i zed. T h e i r
w o rk provided a powe rful conceptual tool for
understanding birth weight and mortality 1 7.
All of this was made possible by using a linked
data set of birth and death re c o rds from 49,000
early neonatal deaths in the United States in
1960 1 5. In a later study they matched birt h s
and deaths in No rth Ca rolina from 1970 to 1973
and used this linked data to study birth we i g h t
d i f f e rentials in black and white infants in re l a-
tion to their re s p e c t i ve birth weight distri b u-
tions 1 8 and soundly established their theory.
Previous studies had been seve rely we a k e n e d
by their small data sets 1 7. Today it is almost
unacceptable not to review Wi l c ox & Ru s s e l l’s
studies on birth weight and perinatal surv i va l
g i ven the sound basis of their findings.

Studies in selected countries

• United States

The United States has compiled national linked
b i rth and death files on a routine annual basis,
s t a rting with the 1983 birth cohort. To date, the
combined analysis of birth and infant death
c e rtificates is considered a mainstay of mater-
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nal and child health epidemiology in the coun-
t ry 1 9. Major issues underlie the infant mort a l i-
ty problem in the United States assessed by
linking birth and death re c o rd s. For example,
the data set showed that infants born we i g h i n g
less than 1,500 grams account for less than two
p e rcent of all births but half of all deaths coun-
t rywide 1 4. The gap between black and white
infant mortality rates is an additional feature
in the U.S. infant mortality picture. Bi rth we i g h t
for blacks is more likely to be less than 2,500
g rams (and more mark e d l y, less than 1,500
g rams) as compared to whites, but the neona-
tal mortality rate was actually lower among
black infants weighing less than 1,500 grams as
c o m p a red to whites, which is in accord a n c e
with Wi l c ox & Ru s s e l’s fra m e w o rk. In contra s t ,
the post-neonatal mortality rate is twice as
high among infants 2,500 grams and above for
black than for white infants. It was thus possi-
ble to identify one of the major elements asso-
ciated with general infant mortality in the Un i t-
ed States as well as the major racial dispari t i e s.

The State and national linked birth and in-
fant death file is generated essentially by m a t c h-
ing the death and the birth re c o rd of the de-
ceased infant by using highly specific inform a-
tion, such as mother’s and father’s names. Ot h-
er information is also used as needed. Co m-
bined, these seve ral pieces of information can
be seen as ve ry specific and almost uniquely
identify the infant. Most studies using birt h
and infant death re c o rds in the United St a t e s
e m p l oy deterministic re c o rd linkage, which
S c h e u ren 6 refers to as an operation that re l i e s
on multiple exact matches. Howe ve r, we are
a w a re of a few exc e p t i o n s. Adams et al. 2 0 l i n k e d
1.4 million fetal deaths and birth cert i f i c a t e s
filed in Ge o rgia from 1982 to 1990 in order to
build birth histories for women. Mo t h e r’s name
was used, in addition to her social securi t y
number whenever ava i l a b l e. The authors men-
tioned problems in the linkage related to the
u n d e r- re c o rding of fetal deaths and incorre c t
linkages of mothers’ offspring in the case of
twins (having similar names, same date of b i rt h ,
e t c.). Holian 2 1 also discussed the possibility of
linking birth and infant death re c o rds pro b a-
bilistically in each State and used the example
of Cleveland, Oh i o. The two studies we re es-
sentially methodological.

Attempts to use probabilistic re c o rd linkage
in United States to study birth outcomes seem
to be an option in case there is a need to extend
the linkages to other databases. Holian 2 2 l i n k e d
data from the compre h e n s i ve maternity and
infant care project (MIC) in Cleveland and the
adjoining suburbs of East Cleveland with a

hospital database by deterministic re c o rd link-
a g e, in order to add more personal identifiers
to the MIC data. The second step was linking
this newly constructed database with live birt h
and stillbirth cert i f i c a t e s, by means of a combi-
nation of deterministic and probabilistic pro-
c e d u re s. Eve n t u a l l y, 85 percent of all re c o rd s
we re matched, but the author seemed to con-
sider this percentage too low to deri ve conclu-
sions from the data. The discussion focuses on
the failure of linking infants to their re s p e c t i ve
b i rth (or stillbirth) re g i s t ration rather than on a
discussion of the substantive findings based on
the matched data 2 2. Bell  et al. 2 3 linked data
f rom 1.46 million Medicaid claims with 53,000
b i rth re c o rds from Ca l i f o rnia vital statistics for
ve ry low birth weight infants, from 1980 to
1987. The task invo l ved a large amount of miss-
ing data, erro r s, and va riations in names, and
the authors re p o rted that without pro b a b i l i s t i c
re c o rd linkage, the analysis of this combined
data would have been impossible or pro h i b i-
t i vely expensive.

• C a n a d a

By means of re c o rd linkage, Chen et al. 2 4 e x-
amined, in Quebec, differences in fetal and in-
fant mortality by maternal and infant chara c-
t e ristics and concluded that marked differ-
ences existed between educational groups that
we re substantially reduced after controlling for
gestational age, birth weight, and smoking.
Higher mortality rates we re found in women
with less than 12 years of education, especially
in the post-neonatal period and for non-con-
genital diseases. In another study, all birt h s
and infant deaths in 1985-87 and 1992-94 in
Canadian provinces we re analyzed to assess
the impact of the increased use of labor induc-
tion for post-term pregnancies in recent ye a r s
2 5. They found a reduction in post-neonatal
m o rtality in 1992-94 in comparison to 1985-87
and suggested that the assessment of the effi-
cacy of labor induction for post-term pre g n a n-
cies should be expanded to include the post-
neonatal period. These findings, obtained by
re c o rd linkage, we re in disagreement with most
ra n d o m i zed clinical trials but are probably a
better reflection of current clinical pra c t i c e,
and suggested new avenues for re s e a rch. In ad-
dition, changes in stillbirth and infant mort a l i-
ty rates for triplets we re analyzed for the peri-
od 1985-90 to 1991-96 and we re shown not to
e x p e rience the significant decline that the ove r-
all fetal and infant mortality experienced 2 6.

In all studies, probabilistic re c o rd linkage
was used. Ac c o rding to Fair et al. 1 2 p ro b a b i l i s-
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tic linkage is considered the pre f e r red linkage
method in Canada. Indeed, the authors as-
sessed the validity of probabilistically linking
b i rth and infant deaths in Canada and showe d
that 99 percent of infant deaths in the Nova
Scotia provincial data we re successfully locat-
ed in the Public Health Statistics Canada file.
Fu rt h e rm o re, the fact that the theory of pro b a-
bilistic re c o rd linkage was established by two
Canadian statisticians, Ivan Fellegi and Allan
Su n t e r, may play a role in the methodology’s
m o re widespread acceptance by re s e a rchers in
that country.

• S c o t l a n d

In the field of health re s e a rch, pro b a b i l i s t i c
matching has been used in Scotland to identify
re c o rds belonging to an individual since a
unique patient identification number has not
been in general use. Over the last ten ye a r s,
e vent histories for patients have been built
t h rough the use of this methodology 2 7. Ma t e r-
nity records have been matched to birth re c o rd s
to ve rify whether maternal hypert e n s i ve dis-
ease alters the association between intra u t e r-
ine growth re t a rdation (IUGR) and neonatal
m o rtality in pre t e rm infants. In fact, there is
c o n s i d e rable debate on this issue in the litera-
t u re. Most authors believe that IUGR is a ri s k
factor for neonatal mort a l i t y, while others be-
l i e ve that neonatal mortality is unaltered and
still others believe that IUGR exerts a pro t e c-
t i ve effect on neonatal mortality 2 8. Ma t e rn i t y
re c o rds we re subsequently matched to mort a l-
ity re c o rds 2 8 in an extended linkage opera t i o n .
Ma t e rnity re c o rds provided information on
m a t e rnal morbidities; birth re c o rds on birt h
weight and gestational age; and death re c o rd s,
on status of the infant (death in the neonatal
p e riod). IUGR was shown to be a risk factor for
neonatal death and the presence of matern a l
h y p e rt e n s i ve disease did not alter the inci-
dence of neonatal death. The linkage allowe d
the authors to investigate a substantial num-
ber of infants and to achieve the necessary
p ower to assess the associations. Small studies
would not allow the assessment of associations
in which the probability of the outcome mea-
s u re is low, as well as the number of hypert e n-
s i ve morbidities, with such a degree of capacity
for genera l i z a t i o n .

Scotland has a number of registers under
the supervision of its In f o rmation and St a t i s-
tics Division and National Health Se rvice 2 7.
Established in 1990, the Scottish Register of
C h i l d ren with a Motor Deficit of Ce n t ral Ori g i n
( S RC M D CO) contains information on the cor-

responding cases born from 1984 onward s. In
o rder to calculate cere b ral palsy ra t e s, ro u t i n e-
ly collected maternity data from the Scottish
Morbidity Re c o rd series (SMR2) we re pro b a-
bilistically linked to cases of cere b ral palsy in
the SRC M D CO. In this re c o rd linkage opera-
tion, each cere b ral palsy re c o rd was allowe d
only to make a best possible match to a corre-
sponding SMR2 re c o rd 2 9, since it was know n
that each cere b ral palsy re c o rd would corre-
spond to only one maternity re c o rd from the
SMR2. The aim of the study was also to inve s t i-
gate whether or not twinning is a risk factor in
itself for cere b ral palsy after controlling for
other factors considered pre d i c t i ve of cere b ra l
p a l s y. The authors confirmed that being a twin
poses an independent risk for cere b ral palsy.

• S w e d e n

Re c o rd linkage between registers in Sweden is
immensely facilitated by the fact that identifi-
cation numbers are given to eve ry resident and
a re unique for each individual. These numbers
a re extensively used and accepted thro u g h o u t
s o c i e t y, which allows deterministic re c o rd link-
a g e s.

Four central health registers in Sweden we re
used to assess specific effects of maternal age,
p a ri t y, educational level, and smoking for spec-
ified causes of neonatal deaths and stillbirt h s
3 0. Those registers are the Medical Bi rth Re g-
i s t ry, which contains medical data on 99 per-
cent of all delive red infants; the Re g i s t ry of
Congenital Ma l f o rmations; the Child Ca rd i o l o-
gy Re g i s t e r; and the Cause of Death Re g i s t ry. A
re c o rd linkage was made to the Re g i s t ry of Ed-
ucation, where the mothers’ level of education
could be assessed. All linkages we re made pos-
sible by using the infant’s date of birth com-
bined with the identification number of the
mother or the infant. Among the authors’ many
c o n c l u s i o n s, smoking aggra vates the risk of
death from abruptio placentae; in addition, the
risk of death for IUGR infants appears to be
g reater among higher- p a rity as compared to
l owe r- p a rity mothers.

• N o r w a y

In No rw a y, as in Sweden, a unique identifica-
tion number is assigned to all re s i d e n t s. Me d-
ical birth re g i s t ries we re established in No rw a y
in 1967, with unique identification numbers,
which facilitates deterministic re c o rd linkage
b e t ween seve ral data sets 3 1. Stene et al. 3 2 d e-
signed a cohort study linking re c o rds in the
medical birth re g i s t ry with those in the nation-
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al childhood diabetes re g i s t ry, which contains
all newly diagnosed cases of type-1 diabetes in
c h i l d ren under 15. The authors we re able to
match 1,824 of the 1,863 cases of type-1 dia-
betes diagnosed from 1989 to 1998. Ma t e rn a l
and paternal age was obtained in the medical
b i rth re g i s t ry, and the birth order of the child
was inferred from the number of previous live
b i rt h s. The authors concluded that the risk of
diabetes in first-born children is not associated
with maternal age, but increasing maternal age
is a risk factor in children of second or higher
o rd e r. This study was important because many
other studies have failed to detect a significant
association, and this is attributed partially to
small sample sizes 3 2.

Another study aimed to assess the associa-
tion between birth defects and paternal occu-
pational exposure. All births in No rway fro m
1970 to 1993 we re linked to the population cen-
suses of 1970, 1980, and 1990. Presumably the
p a t e rnal identification number in the child’s
b i rth register was linked to his identification
number in the census. Mo re than 1 million
b i rths we re matched 3 3, and it was possible to
make seve ral specific associations. Some asso-
ciations observed in the litera t u re we re con-
f i rmed (such as a tendency tow a rds incre a s e d
f requency of spina bifida among children of
painters), but others we re not (such as a ten-
dency tow a rds increased frequency of cleft
lip/palate and neural tube defects in childre n
of fathers in sales-related occupations). T h e
authors discuss in detail the possibilities of
misclassification of the exposure (occupation)
and outcome (malformations) and the impli-
cations for such a study.

• D e n m a r k

Since 1968, all Danes have been given a 10-dig-
it personal re g i s t ration number at birth that is
used in all Danish data sourc e s. It makes the
linkage between re g i s t ries simple and valid 3 4.
Linkages are thus perf o rmed with a determ i n-
istic methodology. So rensen et al. 3 4 m a t c h e d
data on cognitive function obtained from the
d raft board with data from the Danish birt h
re g i s t ry. The authors studied all men born in
De n m a rk after Ja n u a ry 1973 who we re dra f t e d
at age 18 and resided in the fifth conscript Ju-
risdiction of De n m a rk (5,183 men). Low birt h
weight was found to be negatively associated
with early adulthood cognitive perf o rm a n c e.
This study was not subject to self-selection
b i a s, such as studies in which individuals are
invited to part i c i p a t e. For example, in En g l a n d
individuals we re identified in the birth re g-

i s t ries and then invited to be interv i e wed; if
they accepted, they underwent cognitive test-
ing 3 5. About 47 percent of the identified indi-
viduals did not want to be tested (1,576 out of
3,318 individuals). If individuals with higher
c o g n i t i ve perf o rmance we re more likely to par-
ticipate (a reasonable assumption) then a posi-
t i ve association would not be found. In d e e d
the study by Ma rtyn et al. 3 5 failed to show an
association between fetal growth and poore r
c o g n i t i ve perf o rm a n c e. In the Danish study the
population is larger and is not self-selected,
which was an advantage obtained from the
re c o rd linkage study.

Mo re re c e n t l y, using the same cohort of
Danish men, it was possible to examine the as-
sociations between fetal growth indicators and
sight and hearing. A birth weight of less than
3,000 grams and body mass index at birth of
less than 3.4 we re associated with reduced vis u-
al acuity and impaired hearing 3 6. These stud-
ies are important for testing whether biologi-
cally plausible hypotheses hold in large popu-
lations and can thus suggest new pathways for
re s e a rch and explanations for findings.

• E n g l a n d

One study in England may well exemplify the
i m p o rtance of re c o rd linkage in studies associ-
ated with neonatal and maternal health in the
e ra of HIV/AIDS. In t e r p reting sero p re va l e n c e
t rends is usually difficult because of the limited
amount of demographic information re t a i n e d
in each sample. In trying to ove rcome that dif-
f i c u l t y, Ades et al. 3 7 studied surveys in which
computer re c o rds holding data on mother’s
a g e, ethnic status, and both pare n t s’ country of
b i rth had been electronically linked to samples
p rior to anonymization tagging and testing.
The neonatal sero p re valence surveys we re
matched electronically with data from child
health computer systems (that had inform a-
tion on maternal age and ethnicity) and birt h
re g i s t ration (pare n t s’ country of birth). The re-
sults showed that even though there is an in-
c rease in pre valence of HIV/AIDS in So u t h e rn
Asia and Africa, the spread of HIV within the
U K - b o rn So u t h e rn Asian and Su b - Sa h a ra n
A f rican communities is ve ry limited. A ve ry low
s e ro p re valence rate was observed in infants of
mothers or fathers born in So u t h e rn Asia, in
spite of cultural and tra vel ties to high-pre va-
lence countri e s. The authors suggest that this
kind of data linkage helps monitor the impact
of the worldwide epidemic on pre valence and
incidence locally 3 7.
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• J a p a n

Due to excellent data quality in Japan, which
a l l ows ve ry accurate matching and high match-
ing rates 3 8, it has been possible to do some ex-
tended linkages using seve ral databases. Mi u ra
et al. 3 9 i n vestigated whether birth weight and
also childhood growth (especially rate of height
i n c rease in childhood) we re independently re-
lated to high serum cholesterol and/or high
blood pre s s u re. The authors matched clinical
re c o rds from infants with re c o rds at one ye a r,
t h ree ye a r s, and then at 20. A high number of
individuals in a single city (5,127) had their
re c o rds matched, using the names and date of
b i rth, in a two-item deterministic re c o rd link-
a g e. The authors found that birth weight and
g rowth rate in early childhood we re associated
with subsequent card i ovascular disease ri s k
f a c t o r s. This population-based study adds con-
s i d e rably to the so-called “Ba rker hypothesis”,
which asserts that an infant’s nourishment be-
f o re birth and during infancy, as manifested in
fetal and infant growth pattern s, is a determ i-
nant of the development of risk factors for
c o ro n a ry heart disease 4 0. T h e re has been con-
s i d e rable controversy on this issue in the liter-
a t u re 4 1 , 4 2. All re l e vant evidence so far comes
f rom the re t ro s p e c t i ve study of cohorts of
c o u n t ries that possess good vital re g i s t ration of
e vents over a long period of time, such as Fi n-
land 4 2, Au s t ralia, and the United Kingdom 4 3.

• B r a z i l

In Brazil the idea of linking birth and infant
death re c o rds in a more systematic way is re l a-
t i vely recent. It is closely related to the intro-
duction of the In f o rmation System on Live
Bi rths (SINASC), which established ro u t i n e
physician re p o rting of va riables like birt h
weight and gestational age in the birth re c o rd s.
Se ve ral methodological studies since the mid-
1990s have explored the possibilities of linking
b i rth and death re c o rd s. Almeida & Me l l o - Jo rg e
4 4 linked birth and death re c o rds of infants who
died in the first semester of 1992 for mothers
who resided in the city of Santo André, São
Paulo St a t e, at the time of the birth. The link-
age was determ i n i s t i c. First, re c o rds we re com-
p u t e r-linked using sex and date of birth. T h e n ,
within this set of possible birth re c o rds for each
death re c o rd, there was a manual search of the
c o r responding birth re c o rd by mother’s name.
Since there we re 3,225 birth re c o rds and 66
death re c o rd s, there we re initially an ave rage of
49 birth re c o rds for each death re c o rd, later re-
duced after sorting by sex and date of birth; on

this reduced scale, the matching was a feasible
task. Almeida & Me l l o - Jo rge 4 5 used the m a t c h e d
data in a later study and concluded that IUGR,
e ven after controlling for categories of gesta-
tional age, significantly increased the risk of
neonatal death. Older maternal age (35 or old-
er) and lower maternal schooling (less than
completed pri m a ry school) also posed extra
risks to neonatal mortality in that population.

Fe rnandes 4 6 linked birth and death re c o rd s
of infants born in 1989, 1990, and 1991 in the
Fe d e ral Di s t rict of Brazil. The linkage was
based pri m a rily and almost solely on the name
of the mother and was done manually and in-
vo l ved many clerks and re s e a rch assistants.
Eve n t u a l l y, of the 3,062 infant deaths, it was
possible to match 2,943 to their re s p e c t i ve
b i rth re c o rd s. An important result of this study
was the re c ove ry of much information from the
b i rth re c o rds not otherwise known for infants
who had died. The percentage of missing infor-
mation on the death re c o rds for mother’s age,
d e l i ve ry mode, and birth weight decreased af-
ter the re c o rd linkage, from 30 percent to 4 per-
cent; from 29 percent to 7 percent; and from 43
p e rcent to 18 percent, re s p e c t i ve l y. The re c ov-
e ry of information was substantial for all va ri-
a b l e s, and especially for maternal age.

No ronha et al. 4 7 automatically and deter-
ministically linked birth and neonatal infant
death re c o rds for mothers residing in the city
of Rio de Ja n e i ro. The infants belonged to the
1996 birth cohort (second semester). The au-
thors we re able to identify and match 556
deaths with their corresponding birth re c o rd s
by using almost exc l u s i vely the mother’s name
that was typed in both databases. T h e re was no
mention of using phonetic codes such as
Soundex. Bi rth weight and sex we re used in
case of homonymous mothers. As in Fe rn a n d e s
4 6, the authors we re able to re c over consider-
able information re p o rted as missing from or
not re c o rded on the death re c o rd. The match-
ing process substantially reduced the perc e n t-
age of missing information for all va riables in
death re c o rd s. For example, for birth we i g h t
and gestational age the percentage of missing
data decreased from 8% to 1%; for maternal ed-
ucation, from 21% to 1.3%; for multiple pre g-
n a n c y, delive ry mode, and maternal age it de-
c reased re s p e c t i vely from 6.3%, 6.5%, and
19.1% to ze ro in all three va ri a b l e s. This study
was essentially methodological, and the au-
thors stressed the importance of using birt h
re c o rds to re t ri e ve information to supplement
death re c o rd inform a t i o n .

Mo rais Neto & Ba r ros 4 8 used the same pro-
c e d u re described in Almeida & Me l l o - Jo rge 4 4,
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a combination of automated and later manual
s e a rch of re c o rds by mother’s name, and
matched birth and infant death re c o rds for
mothers whose city of residence was Go i â n i a
( Goiás St a t e, in Ce n t ra l - West Brazil) at the time
of childbirth. The authors matched 342 infant
death re c o rds with their corresponding birt h
re c o rds for infants from the 1992 birth cohort .
Bi rth weight under 2,500 gra m s, gestational age
b e l ow 37 we e k s, non-cesarean delive ry, and
b i rth in a public hospital we re independently
associated with neonatal mort a l i t y. The va ri-
ables birth weight below 2,500 grams and birt h
in a public hospital we re independently associ-
ated with post-neonatal mort a l i t y. Low mater-
nal education was found to be significantly as-
sociated with post-neonatal mort a l i t y, and il-
l i t e racy posed extra risks for post-neonatal
death, but not for neonatal death.

Cunha 4 9 used an automated and determ i n-
istic re c o rd linkage pro c e d u re to match birt h
and infant death re c o rds for infants from the
1997 birth cohort in the State of São Pa u l o. Ma-
t e rnal names we re not available for this link-
a g e. The author, in a first phase, used four va ri-
ables to conduct the deterministic linkage: ex-
act date of birth, sex, city of residence within
the State of São Pa u l o, and maternal age.
Re c o rds with missing values for any of the four
va riables we re excluded from the re c o rd link-
age operation. In addition, since the author
wanted to study racial differentials in infant
s u rv i val, re c o rds with missing values for the
race va riable we re also excluded. The author
found 7,260 possible birth re c o rds for 5,820
death re c o rd s, or about 1.25 birth re c o rds for
each death re c o rd. In order to decide which
b i rth re c o rd was truly matched to each of the
5,820 death re c o rd s, there was a comparison of
all other common va ri a b l e s, such as birth we i g h t
or delive ry mode, and a decision was made
based on agreements and disagreements on
these va ri a b l e s, using a deterministic app ro a c h .
For the final analysis, the author decided that
in case the information in birth and death
re c o rds was in disagreement, for a single va ri-
able, the information on the birth records w o u l d
be used, rather than that on the death re c o rd .

The author re p o rted seve ral important f i n d-
i n g s. As compared to white infants, black in-
fants who died before the age of one year we re
m o re likely to have been born to multiparo u s
m o t h e r s. Infants of mothers with less school-
ing showed a higher post-neonatal mort a l i t y
ra t e, and the mothers we re more likely to have
d e c l a red at least one abortion. In a multiva ri-
ate analysis in which the outcome va riable was
infant death (< 1 year of age), Apgar scores of

less than seven at one and five minutes we re
the strongest predictors of infant mort a l i t y.
Other factors independently pre d i c t i ve of in-
fant mortality we re: birth weight below 2,500
g ra m s, gestational age below 37 we e k s, ra c e
(black), maternal education below secondary
l e vel, maternal age less than 20 or more than
35, fewer than 7 prenatal care visits, non-sin-
gleton birth, and non-cesarean delive ry 4 9.

Discussion and conclusion

Re c o rd linkage processes can be determ i n i s t i c
or pro b a b i l i s t i c. In this review we aimed to
p rovide evidence on what Scheuren 6 ( p. 419)
stated after 25 years of experience in re c o rd
linkage: “Re c o rd linkage can aid a society in
achieving advances in the well being [ o f ] its cit-
i zens (…). [ T h e ] epidemiological litera t u re is
full of health studies that use re c o rd linkage
techniques to advance know l e d g e”. In coun-
t ries where there is a longstanding tradition of
a unique identifier for all citizens and re s i-
d e n t s, re c o rd linkage is a stra i g h t f o rw a rd task;
Sweden, No rw a y, and De n m a rk are among
these countri e s. In Scotland, England, and
Japan, a combination of good data quality and
use of some personal identifiers has allowe d
re s e a rchers to conduct re c o rd linkages with a
high degree of success and accura c y, using
p robabilistic and deterministic methods. In
Canada much importance is placed on the
re c o rd linkage potential, and re s e a rchers ap-
pear to see the probabilistic re c o rd linkage as
the “road to follow” for the next century 1 2. We
h a ve speculated that this is also related to a
“m i l i e u” in the re s e a rch area of health and sta-
tistics in Canada. In the United St a t e s, some re-
s e a rch uses probabilistic methodology – the
most notable example is the Po s t - En u m e ra t i o n
Su rvey carried out to evaluate U.S. census cov-
e rage 6. In the area of infant health and mort a l-
i t y, the vast majority of studies made use of
multiple-item deterministic re c o rd linkage.

Brazil is in the ve ry early stages of re c o rd
linking. Most studies on infant health that used
re c o rd linkage we re based on a combination of
d e t e rministic automated and manual re c o rd
l i n k a g e, while a few used probabilistic re c o rd
l i n k a g e, a methodology that takes into account
the uncertainty that may exist in personal iden-
t i f i e r s. Based on our search, no other deve l o p-
ing c o u n t ry has conducted such a body of stud-
ies using the method of re c o rd linking of larg e
d a t a s e t s. Re s e a rchers should consider utilizing
re c o rd linkage pro c e d u res in order to link data
to increase knowledge on infant health in Brazil.



Machado CJ3 7 0

Cad. Saúde Pública, Rio de Janeiro, 20(2):362-371, mar- a b r, 2004

R e s u m o

O relacionamento de dados é um instrumento meto-
dológico importante que possibilita que difere n t e s
fontes de informações sejam unificadas em um só re-
g i s t ro. Este procedimento é utilizado por vários pes-
q u i s a d o res na área de saúde pública. Neste art i g o, f a z -
se uma revisão das metodologias de re l a c i o n a m e n t o
de dados, especialmente do relacionamento pro b a b i-
lístico de re g i s t ro s . Enfatiza-se os motivos e as apli-
cações de pesquisa do relacionamento de dados, f o c a-
lizando estudos sobre saúde infantil que fize ram uso
de bancos de dados com um grande número de re g i s-
t ro s . Fi n a l m e n t e , faz-se uma revisão crítica dos estu-
dos de relacionamento de dados nesta áre a , no Bra s i l .

Saúde In f a n t i l ; Re g i s t ro s ; Relacionamento de Da d o s
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