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Abstract  The International Agency for Re s e a rch on Cancer (IARC) proposed this international
historical cohort study trying to solve the controversy about the increased risk of cancer in the
w o rkers of the Pulp and Paper In d u s t ry. One of the most important aspects presented by this
study in Brazil was the strategies used to ove rcome the methodological challenges, such as: d a t a
a c c e s s , data accura c y, data ava i l a b i l i t y, multiple data sourc e s , and the large follow-up period.
T h rough multiple strategies it was possible to build a Brazilian cohort of 3,622 work e r s , to follow
them with a 93 percent success rate and to identify in 99 percent of the cases the cause of death.
This paper, has evaluated the data access, data accuracy and the effectiveness of the stra t e g i e s
used and the different sources of data.
Key words  Ep i d e m i o l o gy ; C o h o rt St u d i e s ; Data Sourc e s ; Ne o p l a s m s

Resumo  A Agência Internacional para Pesquisa sobre Câncer (IARC) propôs uma coorte históri-
ca internacional para tentar re s o l ver a controvérsia sobre o risco aumentado de câncer em tra-
b a l h a d o res das indústrias de celulose e papel. Um dos aspectos mais re l e vantes deste estudo no
Brasil re f e re-se às estratégias utilizadas para superar desafios metodológicos, tais como: a c e s s o
aos dados, acurácia e disponibilidade dos dados, múltiplas fontes de dados e longo período de
a c o m p a n h a m e n t o. At ravés de múltiplas estra t é g i a s , foi possível construir uma coorte bra s i l e i ra
de 3.622 tra b a l h a d o re s , acompanhar 93% dos casos e identificar a causa de 99% dos óbitos. Es t e
a rtigo avalia o acesso aos dados, sua acurácia e a efetividade das estratégias utilizadas para o
acompanhamento da coort e .
Palavras-chave  Ep i d e m i o l o g i a ; Estudos de Coort e ; Fontes de Da d o s ; Ne o p l a s i a s
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I n t ro d u c t i o n

The cancer risk in the Pulp and Paper In d u s t ry
has been controversial. Chlorine compounds
a re some of the most important chemical sub-
stances suspected to be carc i n o g e n i c. T h e
studies already done have suggested an exc e s s
of certain cancers, especially lung cancer, ma-
lignant lymphomas, but for most part, they are
i n c o n c l u s i ve with re g a rd to considerations of
etiologic agents (Boffetta et al., 1991; Torén et
al., 1996). 

T h u s, the In t e rnational Agency for Res e a rc h
on Cancer (IARC) decided to perf o rm the Mu l-
ticentric International Cohort Study of Wo rk e r s
in the Pulp and Paper In d u s t ry which included
18 countries (Boffetta et al., 1991). The aim of
this project was to investigate the mort a l i t y
and cancer morbidity in personnel employe d
in plants producing pulp, paper and paper
p ro d u c t s, and in mills invo l ved in the re c yc l i n g ,
in relation to specific processes and c h e m i c a l
e x p o s u res in these industries (Bo f f e tta et al.,
1991). The historical cohort was planned to fol-
l ow more than 100,000 workers (W H O, 1995).

The Brazilian Co h o rt is participating in the
m o rtality study with 3,622 workers of one Pu l p
and Paper In d u s t ry. The studied industry is one
of the 10 biggest in Brazil producing 300,000
tons per year of pulp and 2,000 tons per year of
paper with a Kraft pro c e s s. This is one of the
first historical cohort studies carried out in
Brazil and one of the few which had completed
the follow-up with an acceptable lost.

This study is significant because of m e t h o d-
ological challenges, such as data access, data
a c c u ra c y, data ava i l a b i l i t y, multiple data sourc e,
and the large follow-up period. The lack of
models in the country and the lack of experi-
ence of the re s e a rch team with this study de-
sign we re also important challenges. 

To people interested in learning more
about historical cohort studies, or to imple-
ment them, it is instru c t i ve to examine in de-
tail the methodology and operational issues of
p revious studies (Bre s l ow & Da y, 1987). Co n-
s i d e ring that, this paper describes the stra t e-
gies used to complete the follow-up of the
Brazilian Co h o rt, and discusses some cri t i c a l
issues to carry out a historical cohort study. 

M e t h o d o l o g y

The Brazilian cohort

The Brazilian cohort invo l ves blue and white-
collar work e r s, both sexes, with a minimum of
one year continuous employment in the indus-
t rial area of a Pulp and Paper In d u s t ry, wich is
located in a city nearby the capital of the state
of Rio Grande do Sul. 

The exposition period of the cohort goes
f rom June 1969 – when the industry starts – to
December 1991. The workers dismissed before
Ma rch 1972 we re excluded, because a gre a t
p a rt of them we re working in the constru c t i o n
of the industry. The follow-up period stops in
December 1994 (Fi g u re 1). 

L o g i s t i c

C o h o rt constru c t i o n

To construct the cohort, the following identify-
ing data we re collected: work e r’s name, name
of pare n t s, date of birth and sex, and the occu-
pational data, such as department, job titles
and dates of starting and ending each occupa-
tional peri o d .

This information was extracted at the in-
d u s t ry from three databases: the arc h i ve s, the
a c t i ve workers files and the computeri ze d
re c o rd s. The identification data was computer-
i zed to build the list of workers and to start the
vital status identification. The list allowed us to
check the workers who had been employe d
m o re than one time to join their data.

Four re s e a rch assistants had worked in the
c o h o rt construction for two months. After this
first data collection, it was re a l i zed that the
p a re n t s’ names we re needed to link the identi-
fication data with other databases. One re-
s e a rch assistant collected this extra inform a-
tion in six months.

Vital status identification

Electoral Court searc h

The central strategy to identify the vital status
of the cohort was the El e c t o ral Co u rt searc h .
This option was related to the legal obligation
to vote for the Brazilian people over 18 years of
a g e. T h u s, all Brazilians over 18 years old who
are formally employed are registered at the Elec-
t o ral Co u rt, and these re c o rds are computeri ze d .

To establish this vital status, a list was pri n t-
ed with the identification data of the cohort
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and sent to the El e c t o ral Co u rt. The work e r s’
n a m e, pare n t s’ names and date of birth we re
used by the El e c t o ral Co u rt to check the data-
base of the state of Rio Grande do Sul. It identi-
fied the workers that we re alive, some re c e n t
deaths and the ones who we re not on the re g i s-
t e r s. A number of voting re g i s t rations we re not
used because it had changed in 1986, and for
the most part the workers with voting re g i s t ra-
tion numbers in the industry re c o rds we re the
old ones.

The El e c t o ral Co u rt completed the searc h
in six months.

Identification, at the industry, of the Vo t i n g
Registration Emission Place and the curre n t
number of the voting re g i s t r a t i o n s

For the workers who we re not in the El e c t o ra l
Co u rt re c o rd s, they we re identified at the in-
d u s t ry, and the Voting Re g i s t ration Em i s s i o n
Pl a c e. Also the voting re g i s t ration that had the
c u r rent numbers we re sent to the El e c t o ra l
Co u rt, which did a new search. One industry
w o rker was paid by the re s e a rch to do this
s e a rch ove rt i m e. It took one month.

I n f o rmation from professionals of the 
i n d u s t ry ’s health center and from workers
employed at the industry for a long time

Reseachers asked the professionals of the
health center and the workers that had been at
the industry for a long time to look at the list of
w o rkers that we re not on the El e c t o ral Co u rt
re c o rds and if they knew, to identify their vital
s t a t u s. 

Household search in the city where 
the industry is located

This search was done for the 329 workers re g i s-
t e red at the industry who we re living in the city
w h e re the industry is located. 

Fi ve people we re selected from the city
w h e re the industry is located to do the searc h .
If the worker or his (her) family we re living at
the addre s s, the vital status was identified. If
t h e re was another person living currently at the
a d d re s s, they we re asked, or their neighbors
we re asked if they knew any information con-
c e rning the work e r’s where a b o u t s. People liv-
ing in the city for a long time updated the
names of the streets that had been changed.
The household search took two months.

THE BRAZILIAN COHORT OF PULP AND PAPER WORKERS 1 1 9

Phone search at the city were the industry 
is located and at the state capital

A phone search was done in the city where the
i n d u s t ry is located and at the state capital. A
similar search was done in the city where the
i n d u s t ry is, in the capital of state, and in small
cities around the area. It used the work e r’s
n a m e, the family name and the address (in-
cluding neighbors) to search the phone num-
b e r s. At least one number was tried for each
one of the 165 workers searched, but in some
cases two or three phone numbers we re tri e d .
One re s e a rch assistant and the coordination of
the Brazilian cohort did the identification of
the phones. The phone calls and the househ o l d
s e a rch we re done simultaneously.

Identification of the state to where the
workers migrated: Electoral Court search 
in other states

T h rough the information gained during the
household search and from workers employe d
at the industry for a long time, the place of re s-
idence was identified for 24 work e r s. After that,
the El e c t o ral Co u rt was asked to search for
them in the registers of the specified states.

S e a rch in the Death Registration Office in
the city where the industry is located, and 
in the oldest and largest Death Registration
O ffice of the capital of the state

The Death Re g i s t ration Office of the city where
the industry is located and the oldest and largest
Death Re g i s t ration Office of the capital of the
state we re searched to find the 297 lost work e r s
who we re not found through other stra t e g i e s.

F i g u re 1

Design of the historical cohort. Brazilian pulp and paper study, 1998.

F o l l o w - u p

C o h o rt 
Inclusion period c o n s t ru c t i o n

1 9 6 9 1 9 8 1 1 9 9 1 1 9 9 4

Exposition period
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In the Death Re g i s t ration Office of the city
w h e re the industry is located, the data had two
types of organization: books in order of date of
death with an alphabetical resume at the end,
and cards in alphabetical ord e r, but not ve ry
well org a n i zed. The data was not computer-
i zed. One re s e a rch assistant took 2 months to
do the searc h .

In the oldest and largest Death Re g i s t ra t i o n
Office at the capital of the state, the data was
c o m p u t e ri zed. The workers of the Death Re g-
i st ration Office had done this search in one
we e k .

Cause of Death Identification

The search for cause of death was done in the
Death Re g i s t ration Office of the city where the
i n d u s t ry is located and in all seven Death Re g-
i s t ration Offices in the capital of the state. T h i s
s e a rch was done for the 95 workers identified
as dead. The process took one month. Just two
of the Death Re g i s t ration Offices we re comput-
e ri zed, the others we re org a n i zed in two ways:
a book ord e red by date of death and cards in al-
phabetical ord e r. Some Death Re g i s t ration Of-
fices we re contacted by phone in other cities
w h e re some deaths we re re g i s t e red. The Office
sent us a photocopy of the documents by mail
or fax. For the cases that the search in the
Death Re g i s t ration Offices we re unsuccessful,
the family was contacted to get a photocopy of
the Death Ce rt i f i c a t e. The workers of the De a t h
Re g i s t ration Offices did the search of cause of
death and one re s e a rch assistant got the De a t h
Ce rtificates with the families.

R e s u l t s

C o h o rt constru c t i o n

It has identified 3,622 workers that had been
w o rking in the industrial area for more than
one ye a r. It made a careful search to exclude re-
peated re c o rd s, to join complementary re c o rd s,
and to pre s e rve the homonymous (Fi g u re 2).

Vital status identification

Electoral Court searc h

From the list of 3,622 workers of the Pulp and
Paper In d u s t ry, the El e c t o ral Co u rt identified
81 percent alive, 0.3 percent dead and 19 per-
cent who we re not in their re c o rd s. Once the
El e c t o ral Co u rt eliminated from the re c o rds the
deaths that occurred seve ral years ago, it was

identified re l a t i vely more workers alive t h a n
dead. (Fi g u re 2).

Identification, at the industry, of the Vo t i n g
Registration Emission Place and the curre n t
number of voter re g i s t r a t i o n s

At the industry, the Voting Re g i s t ration Em i s-
sion Place was identified for all 19 percent of
the lost work e r s, but the current number of the
voting re g i s t rations we re available only for
one p e rcent of the lost work e r s. With this infor-
mation, the El e c t o ral Co u rt had done a new
s e a rch, identifying 85 percent alive, 0.3 perc e n t
dead and 15 percent we re still not in their
re c o rds (Fi g u re 2).

I n f o rmation from professionals of the 
i n d u s t ry ’s health center and from workers
employed at the industry for a long time

This strategy allowed us to identify 11 lost
w o rk e r s, six workers we re alive and five work-
ers we re dead. T h u s, the pro p o rtion of lost
w o rkers was reduced to 14.6 percent (Fi g u re 2).

Household search in the city where 
the industry is located

For the 329 workers re g i s t e red as living in the
city where the industry is located, the house-
hold search identified the vital status of 44.4
p e rcent of them. This strategy decreases the
study loss to 10.6 percent (Fi g u re 2). 

Phone search at the city where the industry
is located and at the state capital

T h rough the phone list, it was searched 165
w o rk e r s, identifying the vital status of 44.8 per-
cent of them. The loss was reduced to 8.6 per-
cent by the phone search (Fi g u re 2). 

Identification of the state for where the
workers migrated: Electoral Court search 
in other states 

The 24 lost workers identified as migrant we re
t raced in the specified states by the El e c t o ra l
Co u rt. It has identified one worker as dead and
13 workers as alive. The pro p o rtion of lost
w o rkers was reduced to 8.2 percent thro u g h
this strategy (Fi g u re 2). 
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S e a rch in the Death Registration Office in
the city where the industry is located and 
in the oldest and largest Death Registration
O ffice of the capital of the state

This strategy identifies only dead work e r s, re c-
ognizing 25 percent of the deaths in the cohort .
After this pro c e d u re, the study loss decre a s e d
to 7.5 percent (Fi g u re 2).

Cause of death identification

Despite the difficulties in the Death Re g i s t ra-
tion Offices and the constraints in asking the
family for the Re g i s t ration of Death, the cause
of death was identified in 99 per cent of the
cases ( Fi g u re 2).

D i s c u s s i o n

After four years of developing multiple stra t e-
gies and using a va riety of sources we obtained
the success to construct a cohort of 3,622 work-
ers and to follow them until 1994 with an ac-
ceptable lost (Monson, 1990). Despite all logis-
tical difficulties, it was possible to complete the
f o l l ow-up of this historical cohort study. As
Bre s l ow & Day (1987) mentioned, the success
with which the follow-up is achieved is pro b a-
bly the basic measure of the quality of c o h o rt
s t u d i e s.

In Brazil, like other countri e s, the access to
personal data is re s t ricted by law (He rn b e rg ,
1992). Howe ve r, this access can be facilitated
to re s e a rc h e r s, if ethical re q u i rements are ob-
s e rved. This study obtained an ethical approva l
f rom the IARC and the Ethical Committee of
the Faculty of Medicine of the Un i ve r s i d a d e
Fe d e ral de Pelotas (UFPel), who considered the
re l e va n c e, the objectives of the study, and the
confidentiality of the data. The industry and
the Chief Judge of the El e c t o ral Co u rt, taking
into account the ethical commitment of the
s t u d y, allowed access for all the data. Fu rt h e r-
m o re, as soon as the vital status was identified,
the work e r’s name and pare n t s’ names we re ex-
cluded from the database. The greater pro b l e m
re g a rding access to the data was the re s t ri c t i o n
to do quality control in the search re a l i zed by
the El e c t o ral Co u rt and the Death Re g i s t ra t i o n
O f f i c e s.

The logistic was facilitated by the size and
location of the invo l ved cities. The studied
w o rkers mostly lived in the city where the in-
d u s t ry is located or in the capital of state. In
many cases, industries are located in industri a l
a reas with seve ral cities of different size s

a round where the workers live. This can make
it impossible or ve ry expensive for the house-
hold search, and the search in the Death Re g i s-
t ration Offices, which was essential to re d u c e
the losses. 

The most important problem to deve l o p
this historical cohort was the data quality. Ge n-
e ra l l y, seve ral problems can be found in the
databases available in Brazil, such as under
re g i s t ration, missing-data and outdated data,
once they are collected regularly for other pur-
poses than re s e a rch (Schilling, 1986). Ho p e f u l-
l y, the state of Rio Grande do Sul has one of the
best registers in the country. Ot h e rw i s e, form a l
w o rkers need to update their registers to get
new employment. Both aspects c o n t ribute to
the data quality of the cohort .

On the other hand, in Brazil, each person
has seve ral personal identification numbers,

F i g u re 2

Strategies used to follow-up the cohort. Brazilian pulp and paper study, 1998.

C o h o rt construction 

(N = 3,622)

Vital status identification

Electoral court searc h

Alive = 2,939 Dead = 12 Lost = 671

Identification, at the industry, of the voting registration emission place 
and the current number of the voting re g i s t e r s

Electoral court searc h

Alive = 3,067 Dead = 13 Lost = 542

I n f o rmation from professionals of the industry ’s health center and from workers
employed at the industry for a long time

Alive = 3,073 Dead = 18 Lost = 531

Household search in the city where the industry is located (n=329)

Alive = 3,185 Dead = 52 Lost = 385

Phone search at the city where the industry is located and 
at the state capital (n=165)

Alive = 3,241 Dead = 70 Lost = 311

Identification of the state where the workers migrated: 
electoral court search in other states (n=24)

Alive = 3,254 Dead = 71 Lost = 297

S e a rch in the death registration office in the city where the industry is located 
and in the oldest and largest death registration office of the capital in the state

Alive = 3,254 Dead = 95 Lost = 273

Cause of death identification (n=95)

S e a rch in the death registration office of the city where the industry is located
and in all (7) death registration offices of the capital in the state

Identified = 94 Not identified = 1

Cancer cases = 19 Other causes = 75
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which make difficult to link different sources of
i n f o rmation (He rn b e rg, 1992). With the lack of
a unique identification number, the link was
done using the work e r’s n a m e, pare n t s’ names,
and date of birt h .

The database of the industry used to con-
s t ruct the cohort had re l a t i vely accurate data
on identification and exposure of work e r s,
which is essential to the identification of the
vital status, and the cause of death, but also to
the data analysis (Schilling, 1986). One of the
few problems found was missing data re l a t e d
to parents‘ names. Howe ve r, the losses due
this missing data we re ve ry low (He rn b e rg ,
1 9 9 2 ) .

The El e c t o ral Co u rt was the central stra t e g y
to follow-up the cohort, once it identified the
vital status for 81 percent of the cohort in the
first search. Then, the other strategies needed
to follow only 671 unidentified work e r s, in-
stead of the whole cohort (3,622 work e r s )
needing to be done. Despite this, there was a
re l a t i vely greater identification of living people
in relation to the dead people, because the
El e c t o ral Co u rt did not maintain the re c o rds of
deceased people a long time ago. Among the
unidentified work e r s, there we re deceased
w o rk e r s, migra n t s, or lost work e r s. This is a po-
tential problem in any type of cohort study,
p a rticularly those involving a long follow - u p
p e riod (Kleinbaum et al., 1982). 

The El e c t o ral Co u rt updated their re c o rd s
based on the information sent by the De a t h
Re g i s t ration Offices, but they often did not
h a ve control of the ones that we re re s p o n s i b l e
for this obligation and the others that we re
l a t e.

T h u s, there was a possibility of false living
p e o p l e. To manage this problem, it was decid-
ed to wait six months from the end of the fol-
l ow-up to the beginning of the search. T h i s
was done to allow the Death Re g i s t ration Of-
fices time to send the data of death to the El e c-
t o ral Co u rt. T h e re is no possibility of false
dead people, once the death was confirmed by
the Death Ce rt i f i c a t e. An up-to-dated number
of the voting registers could be ve ry useful in
the vital status identification, making quicker
and more precise the El e c t o ral Co u rt searc h .

The identification of the vital status of
some workers by the professionals of the in-
d u s t ry ’s health center and by workers em-
p l oyed at the industry for a long time was pos-
sible because they had a relationship with sev-
e ral ex-work e r s. In some cases, the inform a t i o n
about ex-workers was obtained with their re l a-
t i ves working at the industry in the data collec-
tion peri o d .

The household search and the phone s e a rc h
we re the first tentative to depurate the gre a t e r
c o n c e n t ration of dead people among the lost
w o rk e r s. One problem in this strategy was that
some addresses we re ve ry old. In the last two
d e c a d e s, seve ral streets changed their names,
and seve ral places did not exist anymore, like
hotels and lodging houses that had been closed
or changed their function, and households that
changed to businesses. The most import a n t
p roblem in the phone search was that many
w o rkers did not have a telephone and that the
women tended to list their phone numbers un-
der the husband’s name ( S c h o n o r r, 1993). De-
spite these obstacles, the mentioned stra t e g i e s
ove rcome the expectations. They we re applied
to sixty percent of the lost work e r s, and they
made possible to find almost half of the con-
tacted work e r s, reducing the losses by four per-
centage points.

The vital status of the identified migra n t
w o rkers we re also made by the El e c t o ral Co u rt
of the state of Rio Grande do Sul, because they
h a ve access to the registers of other states.
Howe ve r, the El e c t o ral Co u rt is able to do the
s e a rch only if the state of residence is know n .
The current number of the voting re g i s t ra t i o n s
could have enlarged this type of searc h .

The last strategy to establish the vital status
was the search of lost workers in the De a t h
Re g i s t ration Offices. This search identifies just
dead workers and compensates the gre a t e r
identification of living people in relation to the
dead people introduced by the first search at
the El e c t o ral Co u rt .

The identification of the cause of death was
done by the search in the Death Re g i s t ra t i o n
Offices and by the collaboration of some fami-
l i e s. These strategies we re ve ry effective once it
identified 99 percent of the causes of death.
The unidentified case was the one which the
cause of death we re not found in the search at
the Death Re g i s t ration Offices, the place of re g-
i s t ration of death was unknown and communi-
cation with the family was not possible.

The accuracy of the cause of death cert i f i-
cate is always a worry in mortality studies. Bu t
the authors evaluated that the broader the cat-
e g o ry, the better the reliability of the re g i s t e re d
cause of death. In addition, they agree that the
major categories of cause of death, such as
c a n c e r, are usually correctly re g i s t e red. Ot h e r-
w i s e, the cause of death re p o rted on death cer-
tificates was coded by a trained professional in
the rules specified by the In t e rnational Classi-
fication of Diseases (ICD) and World He a l t h
O rganization ( WHO) based on the 10th re v i-
sion (Bre s l ow & Da y, 1987; Checkoway et al.,
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1989; Ha l p e ring et al., 1996; He rn b e rg, 1992;
Monson, 1990). 

Hi s t o rical cohorts on mortality data may
still be useful to investigate undiscove red oc-
cupational hazards that are fatal. The most im-
p o rtant study limitations are related to the
quality of the information and the complete-
ness of the follow-up (Bre s l ow & Da y, 1987;
He rn b e rg, 1992; Schilling, 1986). In this study,
the selected strategies made it possible to iden-
tify the vital status of 93 percent of the cohort ,
and almost 100 percent of the cause of death of
the deceased work e r s, thus achieving the re-
q u i red completion of the follow - u p.
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