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Introduction and objectives. To describe mortality
patterns in a cohort of workers followed for 28 years, to
estimate possible trends, and to compare the findings
with those for the general population.

Subjects and method. The cohort included 1059 he-
althy male workers aged 30 to 59 years and followed for
28 years. Physical examinations and structured inter-
views were carried out every 5 years. Deaths were recor-
ded from death certificates. The standardized mortality ra-
tio (SMR) was calculated using sex- and age-specific
mortality rates for the Catalan population as a reference
for the same time period.

Results. The number of observed deaths in this co-
hort was 259 (24%). The main causes of death were
cardiovascular diseases (n = 90, 35%) and cancer (n =
90, 35%). No excess mortality was observed in the co-
hort in comparison to the general population. All-cause
mortality was lower, and cause-specific mortality was lo-
wer than or similar to rates in the general population.
Overall, 382 deaths were expected, resulting in a signifi-
cantly lower standardized mortality ratio of 67.7% (95%
CI: 59.7%-76.5%).

Conclusions. The patterns of mortality in this cohort of
male workers were similar to those in the general popula-
tion. Total mortality was lower than expected–evidence of
the «healthy worker effect» which was particularly strong
during the early part of the follow-up period.

Key words: Epidemiology. Occupational cohort morta-
lity. Healthy worker effect. Manresa study.

INTRODUCTION

The leading cause of death in industrialized coun-
tries is cardiovascular disease (CVD), followed by
cancer and respiratory diseases. Together, these three
account for almost 75% of all deaths. The latest avail-

EP I D E M I O L O G Y A N D PR E V E N T I O N

Patterns of Mortality in a Cohort of Workers Followed During 
28 Years: the Manresa Study
Teresa Puig,a Cristina Varas,b Iñaki Pérez,b Lluís Tomàs Abadal,b and Ignasi Balaguer Vintrób

aServicio de Epidemiología Clínica, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain.
bDepartamento de Cardiología, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain.

Correspondence: Dra. T. Puig Reixach.
Servei d’Epidemiologia Clínica i Salut Pública.
Casa de Convalescència, 4.a planta.
Hospital de la Santa Creu i Sant Pau.
Sant Antoni M. Claret, 171. 08041 Barcelona. España.
E-mail: tpuig@hsp.santpau.es

Received January 5, 2004.
Accepted for publication June 8, 2004.

Patrones de mortalidad en una cohorte 
de trabajadores seguida durante 28 años: 
estudio Manresa

Introducción y objetivos. Describir los patrones de
mortalidad de una cohorte de trabajadores seguida du-
rante 28 años, estimar posibles tendencias y compararlas
con las observadas en la población general.

Sujetos y método. La cohorte estudiada incluye a
1.059 trabajadores varones sanos de 30 a 59 años segui-
dos durante 28 años. Cada 5 años se realizaron exáme-
nes de salud a la población estudiada. La información
acerca de los fallecimientos se obtuvo a partir de los cer-
tificados de defunción. La razón de mortalidad estandari-
zada (RME) se calculó utilizando las tasas específicas
por sexo y edad del registro de mortalidad poblacional de
Cataluña para el mismo período.

Resultados. El número de defunciones observadas en
esta cohorte fue de 259 (24%). Las primeras causas de
mortalidad fueron las enfermedades cardiovasculares
(ECV) (n = 90; 35%) y las neoplasias (n = 90; 35%). No
se observó ningún exceso de mortalidad en esta cohorte
con respecto a la observada en la población general; la
mortalidad total y las tasas por causas específicas fueron
inferiores o similares a las de la población general. El nú-
mero de fallecimientos esperados fue de 382. La RME
fue significativamente inferior: 67,7% (intervalo de con-
fianza [IC] del 95%, 59,7%-76,5%).

Conclusiones. Los patrones de mortalidad de este
estudio son similares a los de la población general; la
mortalidad total es inferior a la esperada; se describe por
tanto el «efecto del trabajador sano» que afecta a la mor-
talidad total, especialmente durante los primeros perío-
dos de seguimiento.

Palabras clave: Epidemiología. Mortalidad en una co-
horte de trabajadores. Efecto del trabajador sano. Estu-
dio Manresa.
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able data1 for our area of Catalonia, in northeastern
Spain, show the main causes of death in men to be tu-
mors, cardiovascular and respiratory diseases, external
causes, and digestive and mental diseases; in women
they are cardiovascular diseases, tumors, respiratory
diseases, mental diseases, digestive diseases, and ner-
vous system diseases. In both men and women, there-
fore, the most important causes of death are tumors
and CVD. However, whereas tumors are the leading
cause of death in men, in women they are the second
cause.

Cardiovascular disease is an especially important
cause of death in persons over 65 years of age. Within
this group, coronary disease is more frequent in men
and in persons aged between 65-74 years, whereas
stroke is the most common cause in women and in all
persons over the age of 75 years.

In the period covering 1999-20002 the most com-
mon tumor in men was lung cancer, with a mortality
rate of 87.6 per 100 000 inhabitants, and in women it
was breast cancer, with a mortality rate of 31.0 per 
100 000 inhabitants. The main cause of cardiovascular
death in men was ischemic heart disease, with a mor-
tality rate of 104.4 per 100 000 inhabitants, and in
women it was cerebrovascular disease, with a mor-
tality rate of 96.8 per 100 000 inhabitants.

A study of the evolution of mortality in Catalonia
from 1983-19923 showed an increase in the annual
number of deaths (approximately 707) as a result of
the aging of the population. By sex, the increase was
slightly greater in men than in women (109 men for
every 100 women, a ratio which remained stable
throughout the whole study period). Life expectancy
rose during the study period but it was not the same
for both sexes; in 1983 the life expectancy for women
was 5.79 years more than for men, and in 1997 this
difference was 6.55 years.

Different patterns of mortality compared with the
general population have been reported in certain
groups of workers, especially those employed in the
chemical industry, mainly as a result of exposure to
certain components with possible cancerigenous ef-
fects. However, the excess risk and the magnitude of
the difference vary considerably, depending on the
study.4 These differences may be due to the progres-
sive introduction of safety measures in this type of

industry, tending to reduce the associated serious
effects.

In Spain, few studies have been undertaken of pat-
terns of mortality in working populations followed
over a long period of time. A prospective, observatio-
nal study was started in 1968 of a cohort of 1059 men
aged 30-59 years, all workers in a factory making tires
in the town of Manresa, situated in Catalonia in north-
east Spain. The cohort was followed for 28 years, with
periodic re-examinations every 5 years, the last in
1996. The aims of this present study were to describe
the patterns of mortality of this cohort of workers fol-
lowed for 28 years, assess the possible changes and
compare the patterns with those of the general popula-
tion.

SUBJECTS AND METHOD

Study Population

Manresa is a town in the county of Bages, which in
1968 had a population of 58 101 inhabitants. The
study included all healthy male employees and wor-
kers aged 30-59 years at an important factory in Man-
resa manufacturing tires. The total number of partici-
pants was 1059 out of the 1084 who were eligible.
This group was followed for 28 years. A detailed des-
cription of this cohort has already been published else-
where.5 Importantly, the only criteria for leaving the
study throughout the whole 28 years of follow-up
were death during this period or loss to follow-up.

Baseline and Follow-up Examinations 

The initial examination was undertaken in 1968,
with repeat examinations every 5 years during the fol-
low-up (1973, 1978, 1983, 1988) and in 1996. De-
tailed information concerning cardiovascular risk fac-
tors and other factors determined at the initial
examination and during the follow-up examinations
have been reported previously.5 The present study also
included information regarding smoking and place of
work, that is either in an administrative area or in the
production area.

All episodes giving rise to periods of sick leave
longer than 3 weeks were recorded and investigated.
Data concerning any illnesses requiring hospitalization
were obtained during the follow-up from the clinical
charts at the health centers. The sick leave certificates
and hospital records also provided useful information
regarding death and causes of death.

The main source of information regarding death
was the official death certificate, with additional in-
formation provided by the cause of death report from
the insurance company. The factory had contracted
life insurance policies for its workers. When the
death of a worker occurred the insurance company

ABBREVIATIONS

CVD: cardiovascular disease. 
CI: confidence interval.
SMR: standardized mortality ratio. 
RR: relative risk.
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physician issued a report, which was used to corrobo-
rate and validate the information on the official death
certificate.

Data for those workers who had retired were ob-
tained directly from the family or the reports of the
Social Security physicians. Although retired workers
left the factory and had no further dealings with it,
they were still observed for the purposes of this study.
Thus, data regarding the vital status of these retired
workers and their diseases were obtained from the pri-
mary care physicians and the hospital of Manresa. The
specific causes of death were classified according to
the eighth revision of the international code for the pe-
riod 1975-79 and the ninth revision thereafter.

Statistical Analysis

Rates were calculated for total mortality, death from
cancer, and death from CVD, with person-years of fol-
low-up as the denominator. The standardized mortality
ratio (SMR) was calculated with PAMCOMP.6 The ex-
pected number of cause-specific deaths was calculated
using the rates of male mortality for Catalonia for spe-
cific age groups,7 information which was available
from 1975 on. Associations were calculated between
the risks of death from any cause, from cancer and
from CVD, and smoking habit and place of work,
using the Cox proportional risk model. This model in-
cluded age as a covariable with the introduction of
smoking and place of work (administrative or non-
administrative area). The statistical analyses were
done with SPSS 11.0.

RESULTS

Table 1 shows the main characteristics of the study
population. More detailed information concerning this
population has been previously reported.5 Notably, of
the 1059 participants at the start of the study, 49.1%
were aged from 30-39 years, 32.3% from 40-49 years,
and 18.6% from 50-59 years. At the first health exami-
nation, 67% of the workers were smokers and at the
last examination 13.3% were smokers. Information
was obtained for 96.4% of all the participants through-
out the whole study period. Information concerning vi-

tal status was obtained for all participants at the end of
the 28 years observation period. Those participants
who failed to attend their last examination were con-
tacted directly if possible or else by means of ques-
tioning a close relative about the participant’s vital sta-
tus. The cause of death was ascertained in all cases
where the participant had died. The total number of
deaths in the cohort was 259 (24%). The leading cau-
ses of death were CVD and cancer, with 90 (35%)
deaths each (Figure 1).

Myocardial infarction was the most important cause
of death within the group of CVD, followed by sudden
death and stroke, with 37, 29, and 24 cases, respec-
tively. The main cancers leading to death were lung
cancer (23 cases) and stomach cancer (11 cases), fol-
lowed at some distance by the other cancers. The type
of cancer was not mentioned on the death certificate of
23 persons.

Table 2 presents the crude relative risk (RR) and the
95% confidence interval (CI) for death from lung can-
cer associated with smoking status at the start of the
study and with place of work. The risk of death from
lung cancer was two-fold greater in smokers compared
with non-smokers and two-fold greater in labor wor-
kers compared with administrative staff. In no case,
though, was the association significant. Multivariate
analysis with Cox proportional hazards model showed
that the RR of death from lung cancer associated with
smoking was 2.4 (95% CI, 0.8-7.2), after adjusting for
age and place of work (Table 2).

The trends in the patterns of mortality over the 28
years showed a slight drop in overall mortality be-
tween 1975-79 and between 1985-89, thereafter in-
creasing in 1990-94 and 1995-98. The pattern of mor-
tality was also different in these periods. After 1990
the rates of death from cancer were much higher than
the rates of death from CVD (Figure 2).

No excess mortality was detected in this cohort in
comparison with the general population. The SMR for
overall mortality was 67.7% (95% CI, 59.7%-76.5%),
for death from cancer the SMR was 84.3% (95% CI,
67.8%-103.6%), and for death from CVD the SMR
was 100.5% (95% CI, 80.8%-123.6%) (Figure 3). 

Table 3 shows the specific rates of mortality accord-
ing to age, cancer, CVD, and all-causes. The table also

TABLE 1. General Characteristics of the Participants in the Different Health Examinations. Number of Deaths

From Different Causes*

Examination Baseline 10 Years 15 Years 20 Years 28 Years

Age, mean±SD 40.96±8.6 51.58±8.7 54.77±8.5 59.49±8.3 65.71±7

Smokers, n (%) 710 (67.0) 495 (63.7) 335 (40.0) 309 (36.0) 91 (13.3)

Administrative post, n (%) 181 (17.7) 163 (15.4) 150 (14.2) 161 (15.2) 76 (7.2)

All-cause mortality, n – 46 38 41 134

Mortality from CVD, n – 15 19 16 40

Mortality from cancer, n – 16 11 16 47

*CVD indicates cardiovascular disease.
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Fig. 1. Description of the causes of
death. CVD indicates cardiovascular
disease; AMI, acute myocardial in-
farction. 

Fig. 2. Mortality rates according to
the calendar periods from all causes,
cardiovascular disease, and cancer.
CVD indicates cardiovascular disea-
se; PYO, person-years observation.

TABLE 2. Mortality From Lung Cancer According to Smoking Habit and Place of Work at the Start of the Study*

Deaths From Lung Cancer

Risk Factor n (%) RR 95% CI Adjusted RRa 95% CI

Smoking habit

Nonsmoker (n=349) 4 (1.1) 1 – 1 –

Smoker (n=710) 19 (2.7) 2.4 0.8-6.8 2.4 0.8-7.2

Work place

Administrative post (n=186) 2 (1.1) 1 – 1 –

Technician/machine operator (n=873) 21 (2.4) 2.3 0.5-9.5 2.9 0.6-10.0

*CI indicates confidence interval; RR, relative risk. aRelative risk adjusted for age and for each of the variables included in the table.
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shows the corresponding numbers of observed deaths
and expected deaths according to the mortality pattern
for men in Catalonia during the same periods. Finally,
as can be seen, the overall SMR according to age was
approximately 50% lower than expected in the age
groups of 60 years or above.

During the first 3 periods the overall mortality was
much lower than expected from the figures for the
general population. Death from CVD was also lower,
whereas death from cancer was similar. During the last
2 periods, however, overall mortality, death from CVD

and death from cancer were all similar to that expec-
ted. This pattern appears to correspond to the so-called
“healthy worker effect,” which means that actively
employed persons are healthier than the general popu-
lation. The rate of overall mortality in our study was
lower than that for the general population because of a
lower mortality rate during the first observation pe-
riods. The rate of cardiovascular death was slightly
lower during the first periods, but overall the rate was
similar to the expected rate, whilst the rate of death
from cancer was similar to the expected rate during

Fig. 3. Observed/expected deaths
per calendar period. CVD indicates
cardiovascular disease; CI, confiden-
ce interval; SMR, standardized mor-
tality ratio.

TABLE 3. Adjusted Observed and Expected Mortality Rates According to Age Group*

Death per 10 000 Person/Years Number of Observed/Expected Death

Age PYO Cancer CVD Total Cancer CVD Total SMD 95% CI

30-39 590.44 16.9364 0 33.8728 1/0.41 0/0 2/0.75 263.43 29.58-951.11

40-49 4745.24 14.7516 6.3221 27.3958 7/4.59 3/3.81 13/15.00 86.65 46.09-148.18

50-59 7675.28 22.1490 27.3605 74.000 17/24.76 21/16.49 57/60.52 94.18 71.32-122.02

60-60 13 869.66 53.3492 38.7994 92.3477 33/47.20 24/36.65 71/116.19 61.11 47.72-77.02

>70 3109.50 102.9102 135.0696 373.0493 32/17.16 42/26.76 116/215.70 53.76 44.42-64.49

*PYO indicates person-years observation; CI, confidence interval; CVD, cardiovascular disease; SMR, standardized mortality ratio.



the first periods and slightly higher at the end of the
study, with the overall rate just below the expected
rate.

DISCUSSION

The Manresa study is the first prospective study in
Spain of a cohort of workers observed over a long pe-
riod of time. The population in question is ideal for
carrying out epidemiological studies because it is a
closed population with very little or no movement of
labor, controlled over time and with almost no losses
to follow-up. The results of the Manresa study show a
similar pattern of mortality to that of the general popu-
lation for the same period of time,3,8 with overall mor-
tality rates lower than or the same as, but never higher
than those of the general population. The main causes
of death were CVD and cancer.

As with the general population, the results of this
study also showed an increase in death from cancer
over the last few decades and a slight reduction in
death from CVD. The rate of death from CVD in
Spain rose up until the mid 1970s,9,10 after which it has
decreased slowly but constantly. This reduction began
with women and was later seen in men. The reduction
in absolute mortality in Catalonia has been greater in
men, although it has also been seen in women over re-
cent years.11 

The death rate from cancer, however, rose progres-
sively in Catalonia to peak in the 1990s, at which time
it became stable and then began to decline slowly.12

Lung cancer has been the leading cause of death from
cancer in men over the last decades. The most notable
increase occurred between 1981-90, after which the
rate stabilized and then fell until 1998. This pattern of
death closely resembles the pattern for the European
Union, comparing the period 1975-79 with 1990-94,
the last period for which published data are available.
The death rate reported in the Manresa study under-
went a similar increase to that seen in other countries
in southern Europe.13

Smoking could account for the progressive in-
crease in cancer, more pronounced in men. The fact
that smoking accounted for no more than 5% of
deaths in our study may be due to the small sample
size of persons with events. The decreasing trend in
cardiovascular death, however, could be due to the
identification of different cardiovascular risk factors
and their subsequent control, as well as improvement
in the early treatment of CVD.14,15 This reduction in
the number deaths is very important, especially con-
sidering the high rate of CVD. Nevertheless, despite
the fall in the number of deaths from coronary dis-
ease, the number of persons with the disease conti-
nues to rise, although at a slower rate now after a pe-
riod of rapid increase.

Although the patterns of mortality in our study were

the same as those for the general population, overall
mortality was 30% lower than expected. This diffe-
rence may be due to the “healthy worker effect”. A
study published in 200016 reported the rates of mortali-
ty over 8 years in healthy male workers and compared
them with persons who did not participate in the study
and with the general population. The healthy worker
effect was shown by the fact that the active workers
had constantly lower rates of mortality than those of
the general population.

The possible effect of rubber on death rates has been
studied by others. A systematic review published in
1998 analyzed the cancerigenous effect of rubber.4 The
conclusion was that most studies showed a moderate
increase in the risk of cancer of the bladder, larynx,
and lung and also an increase in leukosis, although the
magnitude of the association varied considerably. Re-
cent studies, however, have provided specific informa-
tion about the lack of increase in the risk of cancer
with exposure to rubber, although the preventive mea-
sures taken by the industry over recent years could ex-
plain the reduction in the risk. A study published at the
end of 1998 reported on a retrospective cohort of
15 649 male workers involved in the treatment of rub-
ber, for whom information had been collected about
death and the cause of death.17 The study found an ex-
cess risk of death from leukemia, but not from other
types of tumor. No increased risk of cancer was detec-
ted in the workers in our study, either overall or after
adjusting for smoking and place of work. Nor was
there an increase in death from CVD, as has recently
been reported.18 However, the interpretation of the re-
sults of this latter study and the conclusions have been
subject of controversy.19

In conclusion, this study shows that the main causes
of death were CVD and cancer in this cohort of wor-
kers who were followed-up over 28 years. The leading
cause of death from CVD was acute myocardial in-
farction, with lung cancer being the most common
cause of death from cancer. The rates of mortality ac-
cording to the calendar periods changed over time,
with an increase in death from cancer during the last
period. The healthy worker effect could be seen in this
cohort, which had a similar pattern of mortality to that
of the general population, but with a lower overall
mortality, due to a lower number of deaths during the
first years of the study compared to the number of ex-
pected deaths according to the male population from
Catalonia with the same age range.
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