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Objectives This study attempts to estimate the proportion of annual deaths related to occupational factors in
Finland and considers related methodological issues and associated uncertainties.

Methods  Statistics on causes of death, numbers of subjects exposed, and risk ratios obtained from the
epidemiologic literature were used to estimate the population attributable fraction and disease burden for causes
of death from work-related diseases. Gender-, age- and disease-specific numbers of deaths were provided by
Statistics Finland for 1996. Information on the size of the population, broken down by gender, age, occupation,
and industry, was acquired from population censuses. A Finnish job-exposure matrix supplied data on the
prevalence of exposure for specific agents and the level of exposure among exposed workers.

Results The attributable fraction of work-related mortality in the relevant disease and age categories was
estimated to be 7% (10% for men and 2% for women), and for all diseases and ages the fraction was 4%. For the
main cause-of-death categories, the attributable fraction became 12% for circulatory system diseases, 8% for
malignant neoplasms, 4% for respiratory system diseases, 4% for mental disorders, 3% for nervous system
diseases, and 3% for accidents and violence. The following estimates were obtained for specific important
diseases: 24% for lung cancer, 17% for ischemic heart disease, 12% for chronic obstructive pulmonary disease,
and 11% for stroke. Based on these fractions, the total number of work-related deaths that occurred in Finland in
1996 was calculated to be on the order of 1800 (employed work force of 2.1 million); 86% involved men.
Conclusions High-quality epidemiologic studies and national survey data are essential for obtaining reliable
estimates of the proportion of deaths attributable to occupational factors. The magnitude of work-related
mortality is an insufficiently recognized contributor to total mortality in Finland, especially from circulatory

diseases and other diseases caused by exposure to agents other than asbestos.
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Global estimates of the burden of disease due to occu-
pational factors have been calculated through the appli-
cation of Finnish rates of registered work-related dis-
eases (1). The approach is subject to the following two
fundamental uncertainties: (i) the validity of the data on
disease incidence from the national reporting scheme
and (ii) the validity of worldwide extrapolations to dif-
ferent regions with different exposure circumstances.
With the exception of studies using workers’ compen-
sation records, only a few research projects have esti-
mated the magnitude of morbidity or mortality induced
by exposure to hazardous agents or stress factors in the
work environment at a state or national level. The in-

attributable fraction, burden of disease, epidemiologic methods, health statistics, occupational

vestigations conducted in this area have covered New
York State (2), the whole of the United States (3), Can-
ada (4), and Australia (5). Given the lack of direct reli-
able data on morbidity or mortality due to work-related
disease, these studies used the indirect method of ap-
plying the attributable fraction (6) to estimate incidence
rates and the total number of deaths in major disease
categories. In this approach, attributable fractions were
applied to the vital statistics on disease incidence and
mortality in the general population. However, for many
disease categories, inadequate scientific evidence was
available for an accurate estimation of the proportion
of cases attributable to occupational factors.

1 Finnish Institute of Occupational Health, Helsinki, Finland.

Correspondence to: Dr Markku Nurminen, Department of Epidemiology and Biostatistics, Finnish Institute of Occupational
Health, Topeliuksenkatu 41 a A, FIN-00250 Helsinki, Finland. [E-mail: Markku.Nurminen @occuphealth.fi]

161

Scand J Work Environ Health 2001, vol 27, no 3



Mortality related to occupational factors in Finland

Consequently, the assigned proportions and their rang-
es represent crude approximations that relied on profes-
sional, though subjective, judgment concerning the
work-relatedness of various diseases.

The aim of this study was to estimate the mortality
from work-related disease (or injury) in Finland and to
consider methodological issues and associated uncer-
tainties. We tried to obtain gender-specific estimates of
the population attributable fractions by reviewing epi-
demiologic studies of cancers and other major diseases
that contribute to the burden of fatal work-related dis-
ease. We aimed to find, for each disease, the risk esti-
mate that would be the most valid for the Finnish expo-
sure circumstances. Fortunately, many high-quality ep-
idemiologic studies have been conducted in occupation-
al health in recent years in Finland. These studies, sup-
plemented by studies from Scandinavia and other indus-
trialized countries similar to Finland, yielded sufficiently
specific and valid data for the accurate estimation of the
attributable fractions. These estimates were applied to
the cause of death statistics in Finland for 1996 to com-
pute the total number of fatalities. Although this paper
is written from the point of view of Finnish conditions,
it may nevertheless offer a perspective of work-related
mortality for wider circumstances.

Example of the description of agents in FINJEM (14)

Domain: Chemical agents Name: Polycyclic aromatic hydrocar-
bons (PAHSs)

Definition of unit: wg/m?, microgram of all PAH compounds in
cubic meter of workroom air

Definition of exposure: Occupational, inhalatory exposure to
particulate or volatile PAH compounds including 2-ring PAHs
(naphthalene), 3-ring PAHs (phenanthrene, anthracene, carba-
zole, fluorene), and 4-n -ring PAHS (e.g., pyrene, benzo(a)pyrene,
chrysene, benzo(ghi)perylene)

Assessment threshold: Possibly at least 5% of the occupation
exposed to an annual mean level of 0.1 ug/m? of the agent at any
time in 1945-95

Lowest mean value: 0.05 ug/m? Highest mean value: 70.0 pg/m?

Remarks: Nonoccupational annual mean exposure originating
from indoor emissions (tobacco smoke, fireplaces) and ambient
air (traffic, combustion processes) does not usually exceed 0.1
mg/m?

Time Percentage  Level of
Occupation period  of exposed  exposure
persons
Metal smelting furnacemen 1960-84 100 12.0
Welders and flame cutters  1960-84 9.6 1.1

Cookers and furnacemen  1960-84 18.3 70.0
(chemical processes)

Etc

Total number exposed workers in 1960-84 (percentage of the
1970 population)

Men: 68928 (6.6%) Women: 1773 (0.2%)
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Data and methods

Cause-of-death statistics and population statistics

The numbers of subjects exposed, the population sizes,
and the risk ratios (RR) were used to estimate the popu-
lation attributable fractions of death in the cause-, gen-
der-, and age-specific categories that conceivably could
be at risk from work-related disease in Finland. The
number of fatalities was available from Statistics Fin-
land by cause of death (3-digit code), gender, and age
(5-year group). The official cause-of-death statistics,
which use the 10th revision of the International Classi-
fication of Diseases (ICD-10) (7), were for 1996 (8). Oc-
cupational accidents were compiled by the Federation
of Finnish Insurance Companies (9) and the Farmers’
Social Insurance Institution (10). We did not rely on the
Register of Occupational Diseases in Finland maintained
by the Finnish Institute of Occupational Health (11) be-
cause the reporting activity is probably influenced by
the national practice of compensating occupational dis-
eases. Accordingly, the register underestimates the
number of workers who become incident cases annual-
ly, especially for ischemic (or coronary) heart disease
(IHD) and chronic obstructive respiratory disease. Nei-
ther does the register provide data on deaths.

Information on the size of the population, broken
down by gender, age, and occupation and industry, was
acquired from Finnish censuses in 1970 (12) and 1990
(13); the former data were used for diseases with a long
latency period (eg, typically 25 to 40 years for asbes-
tos-induced cancers). A national job-exposure matrix,
FINJEM (14), provided data on the average number of
exposed workers in Finland in 1960—1984 and 1985—
1994. The occupational exposures consist of 74 chemi-
cal, physical, and microbiological agents based on oc-
cupational hygiene measurements. In addition, we used
questionnaire information on ergonomic and psycholog-
ical or stress factors from quality of worklife surveys
performed by the Finnish Institute of Occupational
Health in cooperation with Statistics Finland. (For an
example, see reference 15.) The exposures included in
FINJEM are described by the prevalence and level of
exposure among the exposed, both estimated mainly
according to continuous scales. Thus the system enables
one to quantify the exposure-response relation.

The assumption about the relevant age range is cru-
cial because deaths are heavily skewed towards older
persons. In estimating the deaths due to occupational
factors, we excluded decedents aged <24 years for all
causes of death from disease. The exposure interval be-
fore the age of 25 years is probably too short to have a
pathological effect for most young workers. For most
carcinogens the exposure interval even before the age
of 40 years may be too short. However, we did not



exclude the very few deaths in this age range. For ma-
lignant neoplasms, chronic respiratory diseases, mental
disorders, and nervous system diseases, it is important
to include the age category =65 years because of the
long latency period of these diseases. For circulatory
diseases, whose mortality risk carries over to retirement
age (16, 17), which is about 59 years on the average in
Finland (although the official retirement age is 65
years), we reduced the risk, somewhat arbitrarily, by
25%, 50%, and 75% in the vulnerable age ranges of
60—64, 65—69, and 70—74 years, respectively. We
ignored decedents aged >75. (See, for example, refer-
ence 18). For diseases of the digestive system and for
infectious diseases, the upper age limit was set at 64
years. For accidents at work, the included age range was
15—64 years because of the exact records.

In estimating the proportion of the total population
exposed to an occupational factor, we restricted the age
range to 25—64 years. People under 25 years of age
were excluded because deaths that occurred in this age
category were not counted. People >64 years of age
were also excluded because very few persons are em-
ployed after the official retirement age.

Attributable fraction methodology

The population attributable fraction measures the frac-
tion of disease cases that is attributable to an exposure
in a population and that would not have been observed
if the exposure had been nonexistent. The population at-
tributable fraction can be estimated both for cohort and
case-referent studies.

For cohort data on disease risk (under the assump-
tion of no confounding), the formula is as follows (19):

AF=P(RR-1)/[P(RR- 1)+ 1], (equation 1)

where AF is the attributable fraction, RR is the risk ra-
tio or rate ratio (whichever measure was estimated) for
the exposed, with the unexposed as the referent, and P
is the proportion exposed in the cohort (source popula-
tion). If adjustment for confounding is needed, an equiv-
alent formula that produces an unbiased attributable
fraction estimate is as follows (20):

AF=P/(RR,-1)/RR,, (equation 2)

where RR, is the adjusted estimate of the RR (assumed
to be uniform across the strata of the confounding fac-
tors) and P, is the exposure prevalence among the cas-
es. Unfortunately, information about P, is seldom avail-
able for a total target population that would permit the
estimation of the adjusted attributable fraction accord-
ing to equation 2. If the only information available is P,
then the substitution of RR, to equation 1 may be the
best possible method. However, this method produces
biased estimates (21, 22). The magnitude of bias will
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depend on the degree of confounding. If the unadjusted
RR were available, then an unbiased estimate can be
obtained by replacing P, in equation 2 by the expres-
sion P X RR /[P (RR - 1) + 1] to obtain (20):

AF={PxRR/[PRR- 1) + 1]}(RR,— 1) /RR,

A corresponding equation for case-referent sampling
studies, analogous to equation 2, is as follows (23):

(equation 3)

AF=P,(OR,-1)/0OR,, (equation 4)

where OR, is the adjusted odds ratio. Equation 4 can be
derived from equation 1 if it is assumed that the disease
risk is low in the population from which the cases arose.
Hence the proportion exposed in the study population
(P) can be estimated from the exposure prevalence
among the noncase (“reference”) subjects, and the odds
ratio approximates RR (23).

However, the exposure proportion in the source pop-
ulation — especially in a study population located out-
side Finland (as, eg, in reference 24) — may be mark-
edly different from that in the target population to which
the RR estimate would be applied in Finland. In this
case, the estimate of P obtained from Finnish sources
was used in the presented equations.

Given an array of significant risk factors, the com-
putation of the attributable fraction due to all of the risk
factors simultaneously can be performed by a general
method for both cohort and case-referent studies (25).
However, the original data sets were not available for the
multivariate analysis. Therefore, we estimated an overall

Attributable fraction concept

" The population attributable fraction is the proportion of
the total burden of a disease that is related to a given risk
factor in a population.

* The attributable fraction can be interpreted as the fraction of
a disease which would not have occurred had the factor been
nonexistent in the population in question.

Illustration of the estimation of attributable fraction

* In a pooled analysis of two case-referent studies on lung
cancer in Germany (24), 716 of the 3498 men who formed
the cases were exposed to diesel engine exhaust (ie, the
exposure prevalence among the cases was 20.5%). The
unadjusted odds ratio (OR) was 1.91, and the adjusted OR
was OR, = 1.43. The application of equation 4 yields an
attributable fraction (AF) estimate of 0.205 x (1.43 — 1)/
1.43 = 6.2% for the German study population.

* The German occupational exposure levels may, however, not
be comparable to the Finnish ones. Therefore, we calculated
an alternative attributable fraction estimate. In the Finnish
male population the proportion of men occupationally
exposed to diesel engine exhaust in around 1970 was
46 780/1 041720 = 4.5%. Using the preceding OR estimates,
equation 3 yields AF = {0.045 x 1.91 /[0.045 x (1.91 - 1) +1]}
x (1.43-1)/1.43 =2.5%.
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attributable fraction for multiple risk factors in terms of
the component attributable fractions by making a strong
assumption of statistical and biological independence
between the factors as follows (20):

AF=1-(1-AF)x (1 -AF,) ..., (equation 5)

where AF, is related to exposure a, and so forth. As an
example, occupational exposures to metal dust and wood
dust were considered biologically independent risk fac-
tors for cryptogenic fibrosing alveolitis (26) (ie, both
factors predict the disease occurrence, but the factors
do not modify each other’s effects). In this case both
factors were jointly present in equation 5. We attempt-
ed to achieve the assumption of statistical independence
by excluding risk factor b from equation 5 if an occu-
pational hygienist of the Finnish Institute of Occupation-
al Health assessed that exposure to b was highly associ-
ated with exposure to a. For instance, insulators engaged
in construction work were exposed to asbestos and sili-
ca, both of which are recognized lung carcinogens.
Therefore, calculating the component attributable frac-
tions for the two factors involving simultaneous expo-
sure to both, and including them in equation 5, would
result in an overestimate of the composite attributable
fraction for lung cancer.

If the exposures overlap only partly, then one way
of dealing with the problem is to estimate the number
of workers exposed to factor a plus those exposed to fac-
tor b but not to factor a. This worker population can be
identified from the job-exposure matrix by examining
the occupational distribution of workers exposed to
agents. For example, shift work and environmental to-
bacco smoke? are putative risk factors of ITHD. Some
shift-work professions (eg, waitering work in restau-
rants, cafés, and bars) expose workers to environmental
tobacco smoke. It was estimated that about 40% of the
employees who were passive smokers at work had a
work pattern that extended beyond the conventional 8-
hour workday in Finland in 1997 (15). To avoid an over-
estimation of the total attributable fraction for IHD due
to work characteristics, we reduced the number of those
exposed to environmental tobacco smoke by 40%.

There may be situations, however, in which an ex-
cluded factor acts synergistically with one of the includ-
ed factors (27). For example, it may not be correct to
assert that the risk of lung cancer due to lead exposure is
the same regardless of whether the work environment is
polluted by engine exhaust or is free of gases. Ignoring

such a synergistic effect results in bias. As for the di-
rection of the bias, the composite estimate of the attrib-
utable fraction is prone to be “diluted” relative to what
would prevail if the excluded factor would be properly
modeled in a multivariate analysis. Despite the impor-
tance of the interactions between occupational exposures
and other risk factors, we did not attempt to estimate
separately their main effects and synergistic effects be-
cause of the general lack of reliable data on such rela-
tions and on the pertaining numbers of exposed work-
ers. Two notable examples of such effects were the mul-
tiplicative interaction of asbestos exposure and to-
bacco smoking on lung cancer risk (28) and the interac-
tion (intermediate between additive and multiplicative)
between arsenic exposure and tobacco smoking in rela-
tion to the risk of developing lung cancer (29).

Estimates of RR values for disease incidence were
used instead of mortality RR values when the latter were
not available. When an epidemiologic study was based
only on the experience among men, the same estimated
RR was also applied to women, given that the exposure
to the risk factor was comparable, and vice versa. The
attributable fraction for women was then computed as
follows:

AF,=AF,xP,/P,, (equation 6)

where P, and P, are the respective proportions of ex-
posed women and men in the population. When attrib-
utable fractions were only available for both genders
combined, the gender-specific attributable fractions
were computed from equations 2—3, on the assumption
that the RR or OR values were equal for both genders.

Example. As an illustration of the estimation of attributable
fraction using the alternative formulas, consider shift work as
arisk factor for IHD. The proportion of shift workers in a Finn-
ish cohort of 1806 industrially employed men equaled
P =666/1806 = 36.9% (30). The “crude” (ie, only age-adjust-
ed) estimate of the risk ratio for total IHD (incidence and mor-
tality) was RR = 1.48, and the multivariate-adjusted one was
RR, = 1.38, according to Cox’s regression (proportional haz-
ards) models (31). An unbiased estimate of the attributable
fraction was obtained using equation 3 with the values of P,
RR, and RR,: AF = {(0.369 x 1.48) / [0.369 x (1.48 — 1) +
11}(1.38-1)/1.38 = 12.8%. Of all the 153 industrial workers
who suffered a myocardial infarction, 73 were shift workers
(L Tenkanen, personal communication), so that the exposure
prevalence among the cases of IHD was P, = 47.7%. The ap-
plication of equation 2 gave an alternative estimate of AF =
0.477 x (1.38 = 1)/ 1.38 = 13.1%. Equation 1, with the values

2 Definition of environmental tobacco smoke at work in the FINJEM (14): occupational, inhalatory exposure to tobacco
smoke from cigarettes, pipes, or cigars due to smoking of workmates or clients. Does not include passive smoking at
home (spouse, other people of the household) or during leisure time (bars, etc). The estimates of the proportion of
workers exposed to environmental tobacco smoke are based on the data from the quality of worklife survey made in
1990 by Statistics Finland. Only persons reporting exposure during at least 25% of their workhours are considered
exposed. Only occupations having at least 5% of workers exposed are included.
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of P and RR,, produced only a slightly attenuated point esti-
mate, AF = 0.369 x (1.38 = 1) / [0.369 x (1.38 - 1) + 1] =
12.3%, because confounding was minor.

However, the aforementioned proportion of shift workers
(P =37%) pertained to an industrial population, and it is prob-
ably an overestimate of the proportion in the general popula-
tion. The average proportion of people with worktime arrange-
ments in the total Finnish male population aged 25—64 years
in 1985—1994 was estimated using the quality of worklife
survey conducted in 1990 to be P = 328 700 / 1 363 800 =
24.1% (source: FINJEM). For women the corresponding pro-
portion was P = 24.3%. These figures may be underestimates
because of the difficulty to define shift work unambiguously.
A part of irregular work and night work may not be included
in the definition of shift work. A population-based survey (32),
which targeted the entire employed workforce, came up with
an estimate of P = 29%. Another survey (33) on work condi-
tions reported that 30% of salaried workers are not employed
in regular daytime work. We thus took the proportion of shift
workers to be 30%. When this figure was inserted into equa-
tion 3, the final estimate of the attributable fraction for men
became 10.7%.

In a United States cohort study (34) on shift work and IHD
among female nurses, the multivariate-adjusted risk ratio esti-
mate was RR, = 1.19 for fatal myocardial infarction, and the
age-adjusted one was RR = 1.23. In this study, also the total
IHD risk (nonfatal myocardial infarction and fatal IHD) was
lower for the women than the corresponding risk in the Finn-
ish study on men. An application of equation 3 for women
yielded an attributable fraction estimate of 5.5%.

As statistical criteria for a significant association, we
used an RR with the lower limit of the 95% confidence
interval (95% CI) exceeding 0.9 and a positive trend for
the RR over increasing exposure levels at the 5% sig-
nificance level. We were unable to provide interval es-
timates of the attributable fractions for three reasons.
First, the data needed to calculate the standard errors of
the attributable fraction estimates for individual risk fac-
tors were not obtainable from most of the study reports.
Second, estimation of the standard errors of the attrib-
utable fractions is problematic when the RR and popu-
lation exposure prevalence data come from different
sources. Third, the interval estimation of attributable
fractions for a composite risk factor is generally not fea-
sible unless one uses the regression approach (25). In
any case, the imprecision due to statistical variability,
especially in a meta-analysis, is likely to be overridden
by the uncertainty arising from the many assumptions
underlying the estimation of the attributable fraction.
Instead, we performed a sensitivity analysis (see the
Discussion section) for the most important associations
(asbestos and lung cancer, shift work and IHD).

Finally, attributable fraction is not to be interpreted
as the “probability of causation” (or its generalization,
the “attributable proportion of risk”) (35, 36), a term
used in compensation lawsuits. The public-health inter-
pretation of the attributable fraction is the potential
caseload reduction as a result of the removal of the risk
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factor in question. In addition to the preceding assump-
tions, this interpretation assumes that removing the risk
factor will not affect the size of the population at risk

(6).

Evidence and rationale for risk ratios and attributable
fractions

Estimates of “causal” RR values, that is, the proportion-
ate increases in average risks among the exposed due
to a causal exposures (6), were based on the evidence
culled from epidemiologic literature and register statis-
tics, as well as from consultations with experts in the
fields of occupational medicine, occupational hygiene,
toxicology, and the like. (See the acknowledgments.)
We considered both known and suspected occupational
risk factors. We prioritized studies in which specific
agents were implicated in the etiology of the diseases;
secondarily, we considered studies that linked diseases
with occupations or branches of industry. Preference
was given to studies conducted in Finland and Scandi-
navia, but estimates were also taken from studies car-
ried out in western Europe, North America, and coun-
tries with a basically similar industrial development as
in Finland. We included findings from cohort studies,
population-based (or hospital-based) case-referent stud-
ies, and record-linkage studies. In the assessment of the
best available evidence, we considered the main crite-
ria for causation to be the strength of the association,
the presence of a dose-response relation, the specificity
of the association, the consistency of the results, and the
analogy to a previously proved causal relation (6). We
evaluated the methodological quality of the reviewed
studies with a special view to the recording of occupa-
tional histories and to the consideration of biases. Only
high-quality studies, in which exposures were fairly

Basic estimation approach

* Risk ratio (RR) estimates for specific exposure-disease
associations were identified from epidemiologic studies.

* When the RR values were based on disease incidence
studies, an assumption was made that the incidence rate
ratio was comparable to the corresponding mortality risk
ratio.

" The proportion of people exposed to an occupational risk
factor was obtained from census data on occupation and
branch of industry with the aid of a Finnish job-exposure
matrix.

= The RR values and exposure proportions were then used to
calculate the attributable fractions (AF) of deaths according
to equations 1-6.

* Finally, the attributable fractions were applied to the cause-,
age-, and gender-specific mortality statistics of Finland for
1996 to obtain estimates of the number and proportion of
work-related fatalities.
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accurately measured or recalled, disease outcome was
classified according to the ICD, and confounding by ex-
traneous factors was reasonably well prevented in the
study design or controlled in the data analysis, were ac-
cepted as references for the cause-effect relations. In this
section, we concentrate on categories that carry the
greatest burden of disease and on select exposure-dis-
ease associations for which new epidemiologic knowl-
edge has recently been gained. The disease-by-exposure
list with references is presented in the appendix. Al-
though the attributable fraction estimates are given with
one decimal, one should consider their relative magni-
tude, rather than be concerned about overprecision. We
have given precise figures not because we think that they
are absolutely correct but so that our estimates can be
corrected as further information accrues from future
studies of specific diseases.

Cancers

The International Agency for Research on Cancer
(IARC) classifies the evidence for human carcinogeni-
city of specific exposures into the following five cate-
gories (37): carcinogenic, probably carcinogenic, pos-
sibly carcinogenic, not classifiable as to carcinogenici-
ty, and probably not carcinogenic. For an agent to be
classified as carcinogenic there must be sufficient evi-
dence from studies on humans. Sufficient evidence im-
plies that a causal relation has been established between
exposure to the agent, mixture, or exposure circum-

Criteria used for selecting the studies

The studies that served as the basis for the attributable fraction
estimates were selected primarily using the following criteria:
* Epidemiologic studies conducted in
— Finland and Scandinavia
— western Europe
— North America
— other countries with industrial development that
resembled Finland’s
* High methodological quality with regard to
— accurate assessment of exposure

— precise diagnosis of disease according to international
classification

— important confounding factors reasonably well under
control
* Causality of the exposure-disease association assessed
mainly by
specificity of the association

strength of the association, including the presence of a
dose-response relation

consistency of the result with summary results from
reviews and meta-analyses

analogy to a previously proved causal relation
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stance and human cancer and that chance, bias, and con-
founding can be ruled out with reasonable confidence.
By 1995, TARC had classified 22 occupational agents
as human carcinogens and an additional 22 agents as
probable human carcinogens (38). In addition, evidence
of increased risk of cancer has been associated with par-
ticular industries and occupations, although no specific
agents have been identified as etiologic factors. Al-
though TARC classifies agents according to their car-
cinogeneity only overall, specific sites are also consid-
ered. Most estimates of the attributable fractions used
by us were supported by recent investigations on the
links between the exposure to a number of definite and
probable carcinogenic agents or processes in the work-
place, and the incidence and mortality risks of specific
cancers. Today many of the significant risks represent
well-known relations, whereas other agents are classi-
fied as possible or suspected carcinogens. Examples of
the former links include that between asbestos and lung
cancer and that between wood dust and nasal cancer,
whereas examples of the latter links include that be-
tween asbestos and gastrointestinal cancer and that be-
tween polycyclic aromatic hydrocarbons and urothelial
cancer. Other work-related cancer studies have demon-
strated increased risks for specific industrial branches
and job titles without a clear identification of the respon-
sible agent, although certain exposures are suspected
(39, 40). The following are examples of such work-re-
lated associations: tobacco workers (cigarette smoking)
and restaurant and bar workers (environmental tobacco
smoke) with rectum cancer, milkmaids [aflatoxins (41)]
with liver cancer, hairdressers and barbers [with limit-
ed evidence that occupation as a hairdresser or barber
entails exposures that are carcinogenic (42)] with ovar-
ian cancer, and rubber industry workers (aromatic
amines, solvents) with bladder cancer (39). Nonmalig-
nant neoplasms and malignant neoplasms of unspecified
sites were excluded. Some well-known relations, such
as that between arsenic and skin cancer (nonmelanoma)
and that between ionizing radiation and leukemia, were
excluded because occupations with the exposures are
rare in Finland.

Lung cancer. Our selection of the attributable fraction
estimates for lung cancer relied on the results from oc-
cupational cohort studies conducted in Finland (43—47)
and Sweden (29, 48) and also on results from popula-
tion-based case-referent studies carried out in Finland
(49), Norway (50), Germany (24, 51—55), and Belgium
(56).

A Finnish case-referent study (49) of male surgically
treated patients from the greater Helsinki area was the pri-
mary basis for our RR estimate of 2.3 (95% CI 1.3—3.9)
for asbestos-induced lung cancer. An early cohort mor-
tality study (57) of workers in an anthophyllite



asbestos factory in eastern Finland had given the same
RR point estimate. A combined RR estimate of 2.0 (95%
CI 1.9—2.1) was obtained in a meta-analysis of 20 co-
hort studies of asbestos-exposed workers (58). The Hel-
sinki study used lung asbestos content measurements as
an objective measure of exposure (59) and obtained an
estimate of 19% (95% CI 8—26%) for the population
attributable fraction for men. The attributable fraction
of asbestos is mainly due to exposure in construction
work. Extrapolation of this estimate to the whole male
population of Finland in a comparison of the incidence
rates of reported asbestos-related malignancies in the
greater Helsinki area and all of Finland (60) resulted in
an attributable fraction estimate of 14% (95% CI 6—
19%).

A Norwegian study (50) on male lung cancer cases
was conducted in two neighboring counties in the south-
ern part of the country. When either title-related or ex-
posure-related occupational information was used (al-
together 22 agents or processes were assessed), this
study showed a statistically increased risk for lung can-
cer among persons judged to have been exposed to res-
piratory carcinogens, especially asbestos, and other in-
dustrial pollutants, in their work. However, several of
the exposures were correlated. For instance, half of the
cases exposed to either stainless steel welding fumes or
fertilizers were also exposed to asbestos. This study pro-
vided useful quantitative information on the interaction
between asbestos exposure and smoking.

The design of the German study (51) resembled that
of the Norwegian one (50), but was much larger and in-
volved both genders (839 male cases and 686 female
cases; a later pooled analysis of two case-referent data-
sets (55) involved 3498 cases among men. The assess-
ment of occupational exposure was derived from a job
history, an exposure checklist for known and suspected
carcinogens, and 33 job-specific questionnaires. The
analysis adjusted for smoking and asbestos exposure and
found that their joint effect was multiplicative. As ex-
pected a priori, significant associations with increased
lung cancer risk were observed for several industries,
occupations, and specific exposures such as asbestos
(54), crystalline silica (54), man-made mineral fibers
(54), polycyclic aromatic hydrocarbons (54), welding
fumes (52), and diesel engine emission (24). Many of
the industries or occupations for which an increased risk
was found were ones for which the responsible agent
was known or suspected, for example, the rubber indus-
try (solvents) and metal production (cadmium and nick-
el) among men and personal service work in hotels and
restaurants (environmental tobacco smoke), stock clerk-
ing and storage and warehousing work (diesel engine
exhaust) among women.

There is sufficient evidence of an increased risk for
lung cancer among miners in underground work due to
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radon and its progeny (61). In Finland, the risk of lung
cancer among radon-exposed workers in a copper and a
zinc mine was 2.3 times that expected (44). The impact
of occupational exposure to radon in mining and quar-
rying is minor, owing to the small number of exposed
workers: the number of miners has decreased from 3600
in 1970 to 400 in 1998 (62). However, there is potential
radon exposure to large numbers of workers in poorly
ventilated buildings, although generally less than min-
ers’ exposure (58). According to a carcinogen exposure
database (63), 49 000 people were regularly working in
Finland in the early 1990s in workplaces whose aver-
age annual radon dose exceeded the nonoccupational
dose limit of 400 Bq/m? (62).

There is also sufficient evidence that exposure to
crystalline silica is carcinogenic in humans (64). Data
on a cohort of 1026 Finnish granite workers exposed to
pure silica dust showed a 40% increased mortality from
lung cancer (47). This finding is supported by earlier
Finnish studies on male silicotics (65, 66). A combined
excess risk of 33% was estimated in a meta-analysis of
16 larger cohort and case-referent studies of silica-ex-
posed workers (58). In a new German study (54), 23%
of the 3498 men who formed the case group had worked
for at least half a year in a job with a silicosis risk. Their
risk was also elevated by about 40%. Thus we applied
the RR of 1.4.

To avoid co-exposure with asbestos in the calcula-
tion of the attributable fraction, we excluded most con-
struction work, metallurgical work, and foundry occu-
pations from occupations carrying a risk of exposure to
silica. Miners were also excluded because of their con-
comitant exposure to radon and diesel exhaust. We in-
cluded only stone cutters, glass, ceramic and clay work-
ers, bricklayers, plasterers and tile setters, concrete shut-
terers and finishers, and assisting building and construc-
tion workers.

Several other agents capable of causing lung cancer
in humans have been classified as definite or probable
carcinogens by IARC. These agents include acryloni-
trile, arsenic, cadmium, hexavalent chromium, and nick-
el. However, new evidence and a review of the previ-
ous literature do not support a causal relation between
acrylonitrile exposure and lung cancer (67, 68). For ar-
senic, a combined RR estimate of 3.7 was obtained from
seven studies in which worker populations had primari-
ly a history of high exposures in the past (58). We used
the summary RR estimate of 3.2 found in a Swedish
study (29) for workers with 10 to 29 years of arsenic
exposure and who smoked 1 to 10 cigarettes per day.
Recent studies on humans support the conclusion that
the evidence for cadmium as a definite carcinogen is
rather weak; its probable carcinogenicity to humans has
been suggested as a more appropriate classification (69).
We used the RR estimate of 1.2 found in five studies of
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cadmium workers (48). In one review, the ten selected
largest and best-designed studies of workers exposed to
hexavalent chromium yielded an overall RR of 2.8 (58).
Our estimate for chromium comes from a Belgian hos-
pital-based case-referent study (56) conducted in a high-
ly industrialized region; it showed a weaker risk ratio
of 1.4. Data from 13 international studies of the nickel
and lung cancer relation gave a summary RR estimate
of 1.6 (95% CI 1.4—1.7) (70). Our RR estimate of 1.4
comes from a Finnish study of workers exposed to nick-
el sulfate (43).

Six studies conducted between 1986 and 1990 on
lung cancer and exposure to diesel engine exhaust were
fairly consistent, and they indicated a combined RR of
1.3 (58). The weight of evidence tends to confirm the
judgment of IARC that occupational diesel engine ex-
haust is a probable lung carcinogen (71). A more recent
pooled analysis of two large population-based case-ref-
erent studies carried out in Germany (24) yielded a
pooled RR estimate of 1.4 for men. This estimate was
based on job code information of having ever worked
for at least 6 months in a job that involved exposure to
diesel engine exhaust. When this RR was applied to the
Finnish population, the attributable fraction estimate was
2.5% for men. (See the illustration of the estimation of
attributable fraction on page 163.) In a new population-
based case-referent study (72) in Stockholm County,
Sweden, occupational exposures were assessed by an
occupational hygienist, who coded the intensity and
probability of each exposure. This study estimated an
attributable fraction of 2.7% for men and provided fur-
ther evidence that emission from diesel engines is caus-
ally associated with an increased lung cancer risk. Die-
sel exhaust includes polycyclic aromatic hydrocarbons
and other combustion by-products. These agents are also
known to cause cancer of the urinary bladder and the
esophagus (73).

The epidemiologic evidence for lead exposure has
previously shown a fairly consistent increase, although
small, in lung cancer risk (74, 75). Results from a co-
hort study from Finland (46) showed an excess risk for
lung cancer and bladder cancer among 20 700 workers
exposed to lead. In view of these new data, an editorial
on lead and lung cancer concluded (76): “When all the
available evidence is taken into account, occupational
exposure to lead and lead compounds should therefore
be considered as carcinogenic to humans [p 3].”

For calculating the summary attributable fraction for
lung cancer among men we scrutinized the interdepend-
encies between several of the exposures and the provi-
sion of adjustment for concomitant occupational expo-
sures. The following substances were included as inde-
pendent risk factors: asbestos (and its interaction with
smoking), arsenic (and its interaction with smoking),
and cadmium, chromium, crystalline silica, diesel en-
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gine exhaust, lead, nickel, radon and welding fumes
[mild steel welding (52, 77)]. Hexavalent chromium and
nickel welders [stainless steel welding (78)] were ex-
cluded from the estimate of the size of the chromi-
um- and nickel-exposed populations in Finland. Ex-
cluded exposures included, among others, polycyclic
aromatic hydrocarbons, man-made mineral fibers,
metal dust (replaced by specific studies on exposure to
arsenic, cadmium, lead, and nickel), leaded engine ex-
haust (46), solvent exposure of painters, and fertilizer
exposure of chemical process workers. Some of the oc-
cupations, such as welder, sheet-metal worker, and
transportation worker, can directly be connected with
the exposure that the work involves (welding fumes,
metal dust, and engine exhaust). However, we chose
not to include any nonspecific industry or occupa-
tion categories that were highlighted in the Norwe-
gian or German studies in the quantitative assessment;
rather, we used the nonspecific results as corroborative
evidence for the specific agents. In two occupational co-
hort studies, one among Finnish hairdressers (45) and
the other among Finnish seafarers (79), women were
found to have an elevated risk of lung cancer. The sus-
pected agent in hairdressers’ work was hair dyes. Be-
cause an elevated risk for lung cancer was also report-
ed for hairdressers in the German study (51), hairdress-
ing was added to the list of risky occupations. The sea-
farers’ excess risk was probably caused by exposure to
asbestos.

We also included environmental tobacco smoke as
arisk factor for lung cancer. The causal relation between
this factor and lung cancer has been strongly established
(80, 81), but estimates of the magnitude of the risk vary.
The Occupational Safety and Health Administration
(OSHA) in the United States estimated that the RR for
lung cancer among nonsmokers as a result of chronic
exposure to environmental tobacco smoke ranges be-
tween 1.2 and 1.5 (82). In a meta-analysis of 37 studies
on environmental tobacco smoke and lung cancer, Hack-
shaw et al (83) used a log-linear model for an exposure-
response relation to estimate a summary RR of 1.23
(95% CI 1.13—1.34) for both genders on the basis of
smoking patterns of spouses. Wells (84) reported the
best summary estimate of the RR for lung cancer, spe-
cific to the sources of exposure to environmental tobac-
co smoke at work from the five studies (out of 14) that
satisfied his rather strict quality criteria, to be 1.4 (95%
CI 1.2—1.7). Another meta-regression analysis of five
eligible United States studies by Brown (85) predicted
the increase in lung cancer risk due to the average ex-
posure to environmental tobacco smoke at work (among
those exposed at work) among nonsmoking women to
be on the order of 25% (95% CI 8—41%). The excess
risk from environmental tobacco smoke at work is typi-
cally lower than that from spousal smoking, but it may



be greater at high levels of exposure (85). In yet anoth-
er review, of 12 hospital-based and 4 population-based
studies, Raynolds (86) concluded that the workplace risk
estimates across studies tend to be consistent with those
from exposure to a smoking spouse. A large [ARC study
(87) estimated an RR of 1.17 (95% CI 0.94—1.45). The
study found weak evidence of a dose-response relation
between risk of lung cancer and exposure to environmen-
tal tobacco smoke at work. The TARC results on expo-
sure to environmental tobacco smoke during adulthood are
in agreement with the available evidence and, in particu-
lar, with the two large studies from the United States (88,
89). The former study showed a 39% excess risk for wom-
en ever exposed to environmental tobacco smoke in the
workplace. The somewhat lower risk estimate found in
the IARC study may be explained by the fact that most of
its subjects reported having ended their environmental to-
bacco smoke exposure in relation to their spouse or work-
place several years earlier. When the duration of expo-
sure exceeded more than 30 years, the RR increased to
about 1.25. For comparable exposure to tobacco smoke,
the risk of lung cancer is comparable for men and women
(83, 90). Therefore, our preferred estimate of the RR for
exposure to environmental tobacco smoke at work was set
equal to 1.25 for both genders. In 1985—1994, the esti-
mated proportions of Finnish male and female workers
reporting exposure to environmental tobacco smoke dur-
ing at least 25% of their workhours were 12% and 8%,
respectively. [For men in the United States, the estimate
of the fraction taken from the reference series of the Cor-
rea et al study (91) was 14% for those exposed to envi-
ronmental tobacco smoke.] Under these assumptions, the
attributable fractions for Finnish male and female popu-
lations became 3% and 2%, respectively. However, the
excess number of lung cancer deaths due to environmen-
tal tobacco smoke in 1996 reflects the exposures from pre-
vious decades when the number of passive smokers was
considerably greater than today. But only a few of the
published studies give quantitative estimates of expo-
sure to environmental tobacco smoke (eg, in terms of
exposure level and duration per workday). The new Ger-
man study (55) quantified exposure as an index of du-
ration and level of smokiness and concluded that the risk
of ever exposure in the workplace was elevated 14% for
women. Moreover, for the highest category of exposure,
the lung cancer risk was nearly threefold, with a statis-
tically significant trend.

Overall, our summary estimate of the attributable
fraction for lung cancer became 29% for men and 5%
for women. Although there is clear analogy, we did not
attribute cancers of other sites that are causally associ-
ated with active smoking (such as the larynx, esopha-
gus, mouth and tongue, pancreas, lower urinary tract,
and kidney) to environmental tobacco smoke because
of inadequate data.
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Prostate cancer. Prostate cancer is now the second lead-
ing cause of cancer mortality among men in Finland,
after lung cancer. The evidence reviewed (92, 93, 94)
indicates that nonoccupational life-style and dietary fac-
tors have not been consistently associated with prostate
cancer. A slightly elevated risk has been found for met-
al workers (95) and farmers and other agricultural work-
ers (96—101). Of the occupational risk factors, cadmi-
um compounds (48, 102) and herbicides (RR 1.3, 95%
CI 1.0—1.8) (103) have been linked with an excess risk
of prostate cancer. In a study of rubber workers, the
highest risk was observed in the work area with the
greatest exposure to oxides of heavy metals (104). In a
Swedish study (105), nitrate fertilizer workers had an
elevated prostate cancer risk. A population-based case-
referent study (106) among men in Montreal, Canada,
provided evidence on the possible associations between
many types of cancer, including prostate cancer, and
hundreds of occupational exposures. There was moder-
ately strong support for risk of prostate cancer due to
metal dust (RR 1.2, 95% CI 0.9—1.8). Aronsen et al
(106) concluded: “While the population attributable risk,
estimated at between 12% and 21% for these occupa-
tional exposures, may be an overestimate due to our
method of analysis, even if the true attributable fraction
were in the range of 5—10%, this represents an impor-
tant public health issue [p 363].” The upper limit of the
95% CI for the attributable fraction for prostate cancer
was 30%. Extrapolation to Finland, based on the risks
from exposure to metal dusts and herbicides, yielded a
conservative estimate of 6%.

Pancreatic cancer. Several occupational exposures seem
to be associated with the risk of pancreatic cancer, but
the results are not fully consistent (107). The Finnish
examination of the risk of pancreatic cancer associated
with occupation, by industrial branch and job titles, was
conducted in a nationwide case-referent study (108).
This study was designed in such a way as to be able to
implicate also specific hazardous substances (109). Ion-
izing radiation, organic solvents (including aliphatic and
aromatic hydrocarbons), pesticides (insecticides and
herbicides), inorganic dust containing crystalline silica,
and rubber chemicals including acrylonitrile were iden-
tified as plausible causative factors. A Spanish case-ref-
erent study (110) using FINJEM lent moderate support
to the association between exposure to each type of pes-
ticide group and pancreatic cancer. A meta-analytic
study (111) of 20 populations published between 1969
and 1998 concluded that verified exposure to chlorinat-
ed hydrocarbon solvents and nickel carried an excess
risk for pancreatic cancer. Excesses were also found for,
among other agents, particulate and volatile polycyclic
aromatic hydrocarbons, organochlorine insecticides, sil-
ica dust, and aliphatic and aromatic hydrocarbon
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solvents. The occupational attributable fraction of pan-
creatic cancer was estimated to be 12%. With the selec-
tion of the aforementioned agents, our attributable frac-
tion estimate of pancreatic cancer was set at 13% for
men and 3% for women.

Cancer of the stomach, colon and rectum. Several epi-
demiologic studies have reported associations between
occupations and stomach cancer (112). However, the
results have been inconsistent. More recently, specific
workplace exposures have been studied in more detail
in a large population-based case-referent study in Mon-
treal, Canada (113). The referents in a Finnish pancre-
atic cancer study (108, 109) were cases of cancer of
three sites, primary malignant neoplasms of the stom-
ach, the colon (the large intestine) and the rectum. We
inverted the design and reanalyzed the data to yield risk
estimates for these three cancers with pancreatic cancer
cases serving as the reference series. Some occupations
with an increased risk involved plausible exposures to
carcinogenic substances. In particular, asbestos exposure
was associated with elevated RR values for stomach
cancer, colon cancer, and rectum cancer (109). In a Ca-
nadian study (114) of chrysotile asbestos workers, se-
vere exposure was associated with elevated RR values
for cancers of the upper and lower gastrointestinal tract,
but rather unclearly. For other abdominal cancers, risks
and exposure were not positively associated. A Swed-
ish population-based case-referent study (115) also
found elevated risks of colon and rectal cancer among
subjects exposed to asbestos. To be consistent with these
results, we excluded the relation of asbestos exposure
with stomach cancer, but included the relation of asbes-
tos with colon cancer and rectum cancer. In case of gas-
tric cancer, we included farming work that involved ex-
posure to herbicides (116) and also grain and animal
dust as a risk factor. A dusty work environment in many
other occupations has been linked with a risk of gastric
cancer (117, 118). The Montreal study (113) also report-
ed an elevated risk of gastric cancer for specific work-
place dusts (grain dust, lead dust, and zinc dust). For
colon cancer, the other included occupational exposures
were welding and soldering fumes and gases. A con-
sistent observation in a Swedish register-linkage study
(119) reported a significant excess of colon cancer
among metal smiths and foundry workers in the metal
manufacturing industry.

Cancer of the urinary bladder. The best-known etiologic
cause of work-related cancer of the urinary bladder is a
group of aromatic amines that includes industrial chem-
icals used as intermediates in the manufacture of dyes,
paints, and plastics and also chemicals used as antioxi-
dants in the preparation of rubber for the manufacture
of tires and cables (120). The proportion of bladder
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cancer due to occupational exposure varies with the in-
dustrialization of the area in question. In heavily indus-
trialized countries the attributable fraction may be as
high as 25% for men (121). A combined analysis of data
from six European countries furnished an estimate of at-
tributable fraction of 8% for women (122). Our overall
attributable fraction estimate became 14% for men and
1% for women. Other included occupational exposures
were lead (46), hydrocarbon solvents (14), and polycy-
clic aromatic hydrocarbons (73, 123).

Cancer of the female breast and genital organs. A com-
prehensive review of occupational risk factors for breast
cancer among women revealed that few high-quality
studies have been conducted that allow unambiguous
conclusions (124). Notable exceptions are the longitu-
dinal studies from Finland (125, 126), in which occu-
pations from censuses were linked with subsequent can-
cer incidence. One of these studies (125) found an in-
creased risk of breast cancer among health care person-
nel (RR 1.4,95% CI 1.2—1.5), especially among regis-
tered nurses (RR 2.0, 95% CI 1.7—2.3). The other study
(126) was directed towards specific agents with the aid
of a job-exposure matrix and controlled for confound-
ing by reproductive factors. For postmenopausal wom-
en, exposure to ionizing radiation was associated with
an increased risk of breast cancer, an RR of 1.2 (95%
CI 1.1—1.3) for low-level and 1.4 (95% CI 1.1—1.8)
for medium- or high-level exposure, and there was a sig-
nificant trend for the incidence RR values. The excess-
es for ionizing radiation were largely caused by slight
excesses in large groups of physicians and nurses (126).
A significant excess of breast cancer (RR 1.9, 95% CI
1.2—2.2) has also been found among Finnish airline
cabin attendants (long-haul passenger flights), most ap-
parently after at least 10 years of exposure to cosmic
radiation at work (127). An updated review concluded
that ionizing radiation probably increases the risk of
breast cancer among women (128). (See also reference
129.) An increased risk has also been observed among
Finnish hairdressers (RR 1.2, 95% CI 1.0—1.6) (45). Fi-
nally, exposure to asbestos, chlorinated hydrocarbons,
and textile dust showed a significant association (126),
indicating that there may be causal risk factors, but the
evidence is still inadequate. Thus the attributable frac-
tion estimate became 2%.

Ovarian cancer is the primary cause of gynecologi-
cal cancer fatalities in several industrialized countries.
The current evidence of occupational risk factors relat-
ed to ovarian cancer is inadequate, however (130). Pre-
vious studies have found significant associations with
exposure to solvents in a wide range of industries and
processes, for example, in rubber manufacturing and the
printing industry (131). Hairdressing has also been
linked to an excess risk of ovarian cancer (45, 132), the



suspected agent being some constituent of hair dyes.
Furthermore, excess risks have been reported for occu-
pational exposure to asbestos and, even more convinc-
ingly, to talc-containing asbestiform fibers (130). The
new record-linkage study (132) carried out in Finland
found significant associations with exposure to aromat-
ic hydrocarbon solvents (RR 1.3, 96% CI 1.0—1.7), as-
bestos (RR 1.3, 95% CI 0.9—1.8), and man-made vit-
reous fibers (RR 1.3, 95% CI 1.1—1.9), leather dust (RR
1.3, 95% CI 1.0—1.8), diesel engine exhaust (RR 1.3,
95% CI 0.9—1.8), and gasoline engine exhaust (RR 1.5,
95% CI 1.0—2.0). In accordance with these results the
following job-titles were associated with the agents
(132): rubber product worker and printer (chlorinated
hydrocarbon solvents), assisting building worker (asbes-
tos and man-made vitreous fibers), pattern maker and
cutter for footwear (leather dust), and forklift operator
(diesel and gasoline engine exhaust). Regarding cancers
of the uterus, a putative risk factor was exposure to hy-
drocarbon solvents (133, 134) and a low level of occu-
pational physical activity (134, 135). For details, see the
appendix.

Malignant lymphomas and leukemias. Hodgkin’s disease
has been associated with farming, although no specific
exposure has been identified (136). In Finland, the lack
of the excess risk among female farmers and the obser-
vation that the highest risk occurred for male farmers
without animals suggests that the potential causes may
lie in exposure to pesticides and other chemicals used
in cultivating grain, potatoes, and the like (137). Increas-
es in the risk of non-Hodgkin’s lymphoma have also
been noted for exposure to herbicides and fungicides
(138), as well as to various organic solvents (133, 139).
For details, see the appendix.

Workers exposed to benzene carry an increased risk
of acute nonlymphocytic leukemia and myelogenous
leukemia, especially workers engaged in painting and
rubber production and in chemical processing (120).
There is also limited evidence to the effect that expo-
sure to low-frequency electric fields is carcinogenic to
humans on the basis of studies of chronic lymphocytic
leukemia (140). A fairly consistent pattern of a small,
increased risk of leukemia pertaining to occupational
exposure to electromagnetic fields was found in 38 stud-
ies for a broad group of electrical occupations such as
electric utility workers, machinists, and welders (141).
Our risk estimate was taken from a recent Swedish study
(142) that provides unique information on the potential
importance of combined occupational and residential
exposure among adults. For occupational exposure of
20.2 uT, excluding residentially exposed subjects from
the occupationally unexposed category, the study de-
rived an RR estimate of 1.7. In Finland, the prevalence
of occupational exposure to low-frequency electromag-
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netic fields over 0.2 uT was 27% for men and 4% for
women (source FINJEM). Our overall attributable frac-
tion estimate for leukemia became 18% for men and 2%
for women.

Skin cancer. Excess exposure of the skin to sunlight
causes skin cancer (143). Almost all nonmelanocytic
skin cancers and malignant melanomas are due to the
damage to skin cells caused by ultraviolet radiation (144,
145). Whereas nonmelanocytic skin cancers occur with
increased risk in the occupational groups most exposed
to sunlight, the highest risks for malignant melanomas
are often registered in indoor occupations. For these can-
cer types, excess risks have been reported in studies on
airline pilots conducted in Finland (79), Canada (146,
147), the United States (148), Iceland (149), and Nor-
way (150). In the Norwegian study (150), an increasing
trend was observed for the standardized incidence rate
with a cumulative dose for malignant melanoma. Expo-
sure to cosmic radiation is also an important occupation-
al risk factor for malignant melanoma and nonmelano-
ma skin cancer (151). The origin of cosmic rays is not
known with certainty, although some appear to emanate
from the sun (152). But it may be that the excess risk is
explained in part by factors related to leisure-time ac-
tivities (sunbathing) rather than to conditions at work.
Repeated sunburns can occur also in outdoor work, for
example, among the deck crew of seafaring vessels (79).
Almost 90% of these Finnish seafarers were exposed to
an average ultraviolet radiation energy level of about
190 J/m? at some time from 1960 to 1996 (source FIN-
JEM). In addition to natural sunlight, X-rays and ultra-
violet light from artificial sources expose workers in
certain occupations to risk. Only occupations with ex-
posure to ultraviolet radiation that corresponds to the
level of Finnish seafarers were included in the estima-
tion of the attributable fraction. See the appendix.

Circulatory diseases

The impact of the work environment on illnesses of the
circulatory system is considerable. In the United States,
IHD (including heart attack) and cerebrovascular dis-
eases (including stroke) were the cause of death in 75%
of the cases within a large workers’ compensation data
set (153). However, many of the occupational factors
linked to heart conditions in the literature are still not
well established as causal risk factors (154). Olsen &
Kristensen (155) estimated that, in Denmark, the attrib-
utable fraction for all occupational risk factors for pre-
mature cardiovascular disease mortality, due to both
chemical and nonchemical (excluding sedentary work)
risk factors, was 16% for men and 22% for women. The
figure was higher for women because monotonous high-
paced work, which was used as a proxy measure for job
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strain, was more widespread among women. Our attrib-
utable fraction estimates were based on studies measur-
ing both incident cases of nonfatal myocardial infarc-
tion and fatal IHD. Similarly, the attributable fractions
for stroke were estimated from both incidence and mor-
tality data.

Cardiovascular diseases. Regarding the nonchemical risk
factors of cardiovascular diseases, there is a burgeon-
ing body of epidemiologic studies regarding the etio-
logic function of workplace factors in the risk of hyper-
tension and IHD morbidity and mortality (156, 157).
The empirical, theoretical, and biological evidence is the
most abundant and most convincing for psychosocial
factors, especially job strain (high psychological de-
mands and low decision-making latitude) (158—165).
[The Job Stress Network site (http://www.workhealth.
org) gives information about job strain (specifically) and
work stress (in general).] One plausible pathway be-
tween job strain and heart disease is elevated blood pres-
sure (166), possibly mediated by increases in catecho-
lamines and cortisol (167), increased autonomic nerv-
ous system activity (eg, increased heart rate), or in-
creased mass of the heart’s left ventricle (168). Exten-
sive evidence is not available showing that stressful
work conditions and psychosocial personal characteris-
tics contribute to the development of coronary dysfunc-
tion and diseases via sustained autonomic nervous sys-
tem activation. For example, in several series of Swed-
ish studies (169) it has been shown that the output of
“stress hormones” of the sympathetic nervous system is
stepped up in almost every form of exposure to psycho-
social stressors, including job stressors. A German pro-
spective study (170) of blue-collar workers indicated
that high work pressure and cumulative workload in
combination with low status control and monetary grat-
ification obtained (“effort-reward imbalance”) are
strongly related to new coronary events and to elevated
levels of established IHD risk factors (eg, hypertension,
atherogenic lipids), as well as to reduced cardiovascu-
lar responsiveness.

Although the association between exposure to job
strain and IHD is particularly pronounced among those
with lower occupational status (30, 161), the risk is not
in excess only among blue-collar workers. In a popula-
tion study in eastern Finland (171), the multifactorially
adjusted risk of death from heart disease among both
blue-collar collar workers and white-collar workers was
equal. In the United States, managers, administrators,
supervisors, and proprietors were among the white-col-
lar occupations with top-ranking fatality rates from com-
pensated heart conditions (including heart attack) and
illnesses of the cerebrovascular and circulatory systems
(including strokes and varicose veins) (153).
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There is also sufficient evidence that shift work is a
“quite definite” causal risk factor for IHD (155, 172—
174). Shift workers tend to have heavier work, experi-
ence more stress, have less influence on their work, and
have a lower level of education than day workers (174).
A comparative study in the European Community (175)
identified occupations at high risk of IHD. None of the
groups worked day work only, and several of the groups
had psychologically demanding work but low decision
latitude. According to a review of 17 studies (176), shift
work seems to entail about a 40% increase in IHD risk.
Even if the magnitude of the risk is not high, the expo-
sure prevalence in Finland is about 30% (172), which
would yield a population attributable fraction of 11%.

The Helsinki Heart Study (30) drew a representative
sample of 1806 men from a Finnish industrial popula-
tion. The cohort comprised 37% shift workers, 48%
among blue-collar workers compared with only 9%
among white-collar workers. The IHD end points were
obtained from the Hospital Discharge Register main-
tained by the National Research and Development Cen-
tre for Welfare and Health and the Register of Deaths
kept by Statistics Finland. The study suggested that job
strain is responsible for part of the 38% increased IHD
risk among industrial workers. Moreover, shift work
seemed to accentuate persistently the effect of adverse
life-style-related risk factors of IHD, such as smoking,
physically nonactive life-style and obesity, the joint ef-
fect being at least multiplicative (177). Thus it is im-
portant that the epidemiologic studies adjust for the pos-
sible confounding effects of social class (178) and life-
style factors, as well as for the effects of smoking and
other established cardiovascular risk factors. In fact, the
effect of shift work should also be analyzed within a
social class, as was done in the Helsinki Heart Study
(30). Interestingly, the restriction of the occupational
group to blue-collar shift workers and those on gem-fi-
brozil medication (or with previously diagnosed IHD
excluded) raised the risk (RR 1.6).

The Nurses’ Health Study (33) on IHD followed a co-
hort of 79 109 women prospectively. Having ever worked
in rotating night shifts was associated with an approxi-
mately 1.4-fold increase in the risk of nonfatal [HD and
an approximately 1.2-fold increase in fatal IHD. The ex-
cess risk persisted after adjustment for a variety of cardi-
ovascular risk factors. However, if high blood pressure and
serum cholesterol are the hypothesized mechanisms
through which shift work raises the risk of IHD, then the
RR estimate based on the multivariate-adjusted model
controlling for these factors may constitute statistical over-
adjustment. The authors concluded that these data were
compatible with the possibility that 26 years of shift work
may increase the risk of IHD among women.

Lately Knutsson et al (179) shed further light on the
alleged relation between shift work and the risk of IHD



by conducting a population-based case-referent study in
two Swedish counties (Stockholm and Visternorrland).
The study base comprised 2006 cases in the age cate-
gory 45—70 years. Acute first-time myocardial infarc-
tion was associated with shift work for both the men
(OR 1.3, 95% CI 1.1—1.6) and the women (OR 1.3,
95% CI 0.9—1.8). The results could not be explained
by job strain, age, region, job education, or smoking.
However, insufficient control for socioeconomic status
may have caused residual confounding. No interaction
between shift work and job strain was found that may
induce or modify the development of disease. In the old-
er age groups, many people were already retired when
their heart attack occurred, and the exposure to shift
work could have taken place more than 5 years earlier.
The authors concluded that the present study strength-
ened the evidence of a relation between shift work and
IHD and that job strain was not a mediating factor.

The prevalence of workers with strain (dichotomized
mean score of workload) in Finland was estimated to
be 19% for men and 23% for women (14). With the use
of an RR of 2.0 (156), the component attributable frac-
tions due to work strain took on the values of 16% for
men and 19% for women. These figures were calculat-
ed using a prevalence ratio of 2.0 for IHD in a random-
ly selected representative sample of 13 800 Swedish
male and female workers exposed to the combined ef-
fect of job strain and social isolation (158). As it turned
out, the magnitudes of the attributable fractions for shift
work were lower than those for work strain (11% for men
and 6% for women). Thus it can be hypothesized that,
even if shift work would exert an effect on cardiovascu-
lar risk via the strain pathway, strain at work nevertheless
carries an extra IHD risk. Because the disease mechanism
is still not completely clear, however, we did not account
for the independent effect of work strain, so that the ap-
plied attributable fractions for the shift work or work
strain-induced IHD or both may represent marked under-
estimates of the combined effect of these two risk factors.

Most of the reviews on noise and nonauditive effects
point out that noise is a physical stressor and that the
nonauditive effects are based on this fact (156). Despite
the methodological deficiencies of earlier epidemiolog-
ic research on noise, Kristensen (156) concluded, in
1989, that ... this research yields reasonable support for
the noise-CVD [cardiovascular disease] hypothesis,
which actually can be regarded as a partial hypothesis
in relation to the question of a causal relationship be-
tween stressors and CVD. The hypothesis is furthermore
supported by experimental research and is biologically
plausible [p 171]”.

More recent occupational and community noise stud-
ies have shown that exposure to high noise levels (most-
ly >65 dBA) is a risk factor for cardiovascular disease
(180). [In FINJEM (14), exposure to sound levels above

Nurminen & Karjalainen

85 dB was defined as noise.] If the exposure is of suffi-
cient intensity and unpredictability, cardiovascular and
hormonal responses can appear, including increases in
heart rate and peripheral vascular resistance and chang-
es in blood pressure, blood viscosity, and blood lipids.
These effects are of interest because of noise-related
IHD (181). Many studies in occupational settings have
indicated that workers exposed to high levels of indus-
trial noise for 5-30 years have increased blood pressure
and statistically significant increases in risk for hyper-
tension, in comparison with workers in reference areas
(182). Today there is sufficient scientific evidence that
noise exposure can induce hypertension and IHD (183).
The current overall conclusion is that cardiovascular ef-
fects are associated with long-term exposure to noise lev-
els in the range of 265—70 dB (for LAeq, 24 hours)
[Source: World Health Organization (http://www.who.int/
environmental_information/Noise/Comnoise3.htm)]. An
RR of 1.3 (95% CI 0.8—2.2) was estimated for IHD due
to prolonged exposure to traffic noise (184). We preferred
the estimate of 1.2 proposed by Olsen & Kristensen (155)
for IHD risk in the occupational setting.

Other nonchemical factors that could contribute to
IHD have also been implicated. These include high risk
of physical injury (185), long workhours, social isola-
tion, and the physical inactivity inherent in many jobs.
Although over 10% of Finnish workers do sedentary
work, which is regarded as a stress factor, we did not
consider it to be a risk factor of IHD because its adverse
effect can be compensated by leisure-time physical ac-
tivity.

The attribution rate for IHD due to chemical risk fac-
tors has been calculated to be 1% for Australian men and
women (5). Only for two cardionoxious chemical agents,
carbon disulfide (186) and nitroglygol or nitroglycerin
(187), was the causal relation with IHD well documented
and graded as “very definite”, on the basis of the method-
ological quality of the studies (155, 188). In Finland, a
large excess risk was found for fatal IHD in a 5-year fol-
low-up of a small cohort of male workers exposed to car-
bon disulfide in a viscose rayon plant (186). The risk was
eliminated after vigorous intervention; calculations yield-
ed a “preventive fraction” (20) of 68% (189). Other puta-
tive chemical risk factors for IHD include lead, cobalt,
arsenic, antimony, dioxin, carbon monoxide, and other
combustion products, as well as environmental tobacco
smoke and its constituents, such as benzo(a)pyrene (188).
With the exception of environmental tobacco smoke,
Olsen & Kristensen (155) rated the causality of carbon
monoxide as “quite possible” and the causality of the oth-
er factors as “quite definite”. The other factors mentioned
were not included in the present study because of inade-
quate evidence.

It has been estimated that there are about 10 times
more cases of death due to environmental tobacco
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smoke in relation to heart disease than to environmen-
tal tobacco smoke in relation to lung disease at the 28%
prevalence of unrestricted smoking in office work-
places (190). The occupational Safety and Health Ad-
ministration in the United States estimated that the RR
for IHD among nonsmokers due to chronic exposure to
environmental tobacco smoke ranges between 1.2 and
3.0 (82). The evidence relating IHD with exposure to
environmental tobacco smoke from a spouse has become
substantially stronger since risk assessment of the Oc-
cupational Safety and Health Administration in 1994.
A meta-analysis (191) of 19 epidemiologic studies has
found an adverse effect of exposure to environmental
tobacco smoke at home on the subsequent risk of IHD
(RR 1.30, 95% CI 1.22—1.38). Summary estimates
were similar for the women and men in cohort studies
(in which almost all the IHD events were fatal) and in
case-referent studies (in which most events were non-
fatal myocardial infarctions). However, the causality of
the relation between environmental tobacco smoke and
IHD is still being debated (192—196). The latest review
(197) of 17 epidemiologic studies concluded that the
magnitude of the relation (RR 1.25) across the combined
studies is remarkably consistent, and it does not weak-
en the association when adjustment is made for poten-
tial confounders in these studies. The eight studies re-
porting RR values for environmental tobacco smoke at
work have been reviewed by Wells (198) and Steenland
(17), who gave a pooled RR estimate of 1.2. Two of the
best studies (199, 200) suggested a positive dose-re-
sponse trend. In the case-referent study by He et al
(199), the adjusted odds ratio for IHD among women
exposed to environmental tobacco smoke at home was
1.2, compared with 1.8 for exposure at work. The re-
cently released prospective nurses’ health study by Ka-
wachi et al (200) prospectively followed, for 10 years,
a cohort of 32 000 women aged 36—61 years in 1982;
these women had never smoked. The authors managed
to adjust for a broad range of IHD risk factors (see the
appendix), and found a significant total IHD (nonfatal
myocardial infarction and IHD death) RR of 1.7 for
those reporting any exposure to environmental tobacco
smoke in comparison with those with no such exposure.
There was no apparent difference in the magnitude of
the association of passive smoking with nonfatal events
compared with fatal end points. Among women exposed
only at work, the RR was 1.5 for those occasionally ex-
posed to second-hand smoke and 1.9 for those the regu-
larly exposed to this agent, and there was a significant
dose-response. Thus the emerging epidemiologic data
on exposure to environmental tobacco smoke in the
workplace indicate a raised risk for IHD that points to a
causal relation (201). We accepted an intermediate RR
value of 1.3 as the basis for our attributable fraction
calculation for both genders; it yielded 3.6% for men
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and 2.4% for women. [These percentages were reduced
to 2.2% for men and to 1.5% for women when we ac-
counted for the co-exposure with shift work.] These esti-
mates can be compared with the attributable fraction of
4% obtained by Steenland (17), who assumed that 20%
of nonsmokers are exposed to environmental tobacco
smoke at work.

The analogous findings from the study of the effect
of occupational exposure to carbon monoxide on heart
disease mortality (16) and the studies showing a rela-
tion between cigarette smoking and cardiovascular mor-
tality suggest that carbon monoxide is probably an im-
portant occupational risk factor for heart diseases. A
Finnish study (202) observed an increased mortality
from IHD among foundry workers. The long-term ef-
fects of carbon monoxide may aggravate arteriosclerot-
ic disease (203). A Swedish cohort study on 5500 chim-
neysweeps over a period of 40 years (1951—1990)
found a 26% increase in mortality from IHD and impli-
cated carbon monoxide and other combustion products
(73). An earlier similar result was found for Danish
chimneysweeps (204). A cohort study of 1200 traffic
control officers working in tunnels and exposed to car-
bon monoxide as a constituent of vehicle exhaust at or
above the current standards in New York City (16)
showed a 24% excess standardized mortality risk (SMR)
of all heart disease (ICD-9 codes 390—458, excluding
codes 430—438) and a 35% increase in arteriosclerotic
heart disease (ICD-9 codes 410—414) mortality com-
pared with the mortality experience of the New York
City population. A proportional hazard analysis showed
an even more pronounced excess risk from arterioscle-
rotic heart disease mortality for tunnel officers when
compared with that of less-exposed bridge officers, ad-
justed for duration of employment, age, and calendar
time (RR 1.54). Because tunnel officers’ work entails
heavier exposure than in most other occupations in
which workers are exposed to engine exhaust gases, we
used a more conservative risk ratio estimate, which was
equal to the estimated SMR of 1.24. The mortality risk
of arteriosclerotic heart disease started to decline after
the workers had been retired at least 5 years. But, the
risk was still greater among former officers who died at
the age of 65 years than the corresponding risk among
the comparison group of bridge workers. This finding
supports the general hypothesis that the effects of chem-
icals on cardiovascular mortality persist some years af-
ter the cessation of environmental exposure.

For the IHD risk factors combined, our overall at-
tributable fraction became 19% for men and 9% for
women.

Cerebrovascular diseases. A register study based on lon-
gitudinal census data on Finnish men between 1981 and



1994 indicated a 17% (95% CI 0—37%) increase in
mortality caused by cerebrovascular diseases in associ-
ation with shift work (205). The excess risk could not
be explained away by adjustment for other work and
socioeconomic factors.

A hospital-based study (206) with community-based
neighborhood referents showed that exposure to smok-
ing by a spouse was an independent risk factor for a
whole group of patients with cerebral ischemia (OR 1.7,
95% CI 1.1—2.6). The recent Auckland Stroke Study
(207) provides compelling evidence to the effect that
passive smoking, analogously with active smoking, can
increase a nonsmoker’s risk of having a cerebrovascu-
lar stroke of vascular origin. In this population-based
case-referent study, the 1851 referents were derived
from the same population as the 521 cases aged 35—74
years. All strokes, whether fatal or not, were included.
At least for IHD there does not appear to be a differ-
ence in the magnitude of the association with passive
smoking with respect to fatal and nonfatal outcome
(200). Furthermore, the researchers made no attempt in
the analyses to differentiate between exposure to envi-
ronmental tobacco smoke at home, at work, or else-
where, because exposure at work has been found to con-
fer a greater risk from IHD than exposure at home (208,
209). The study showed that nonsmokers exposed to
environmental tobacco smoke have a significantly in-
creased risk of stroke incidence and fatality among both
men (OR 2.1, 95% CI 1.3—3.3) and women (OR 1.7,
95% CI 1.1—2.6) when compared with nonsmokers not
exposed to environmental tobacco smoke.

For the stroke risk factors combined, our overall at-
tributable fraction became 12% for men and 8% for
women.

Mental disorders and neurological diseases

Vascular dementia. One of the ICD-10 diagnostic crite-
ria of vascular dementia is that evidence of cerebrovas-
cular disease etiologically related to the dementia (7).
Therefore, several reported risk factors for vascular de-
mentia are the same as those for stroke (210). Nonvas-
cular risk factors include psychosocial stress in early life
(211) and work in a blue-collar occupation (212). Be-
cause vascular dementia is preventable (213), the de-
termination of risk factors for the disease is vitally im-
portant (214). The population-based Canadian Study of
Health and Aging (215) analyzed risk factors for vas-
cular dementia for which an a priori hypothesis existed
along with additional risk factors that were statistically
significantly elevated in the study data (subjects aged
265 years). The study confirmed that occupational ex-
posure to pesticides and fertilizers (OR 2.6) were asso-
ciated with vascular dementia. The association with ex-
posure to liquid plastics or rubbers (OR 2.6) should be
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further considered for biological plausibility and stud-
ied in more detail before it is counted as a risk factor
for vascular dementia.

Parkinson’s disease and Alzheimer’s disease. Exposure
to pesticides has also been linked to an increased risk
of Parkinson’s disease (216, 217) and Alzheimer’s dis-
ease (218). The contribution of pesticides (fungicides,
herbicides, and insecticides) to the nonvascular etiolo-
gy of these neurological diseases is important because
pesticide exposure is prevalent in the general popula-
tion, especially among farmers. The foremost catego-
ries of pesticides that are thought to cause neurological
diseases are herbicides and insecticides (215, 216, 218).
However, the epidemiologic data are too sparse to es-
tablish whether a particular herbicide (eg, paraquat) or
an insecticide is associated with the greatest risk. More-
over, the mix of pesticides to which workers are exposed
often varies from one population to another.

In addition, data from three independent clinical se-
ries (2 from Finland and 1 from California) indicated
that working in occupations (such as seamstress, dress-
maker, and tailor) with exposure to extremely low-fre-
quency electromagnetic fields is etiologically a possi-
ble relevant risk factor for sporadic Alzheimer’s disease
(219). These findings were supported by the population-
based Swedish twin-register study (220), which indicat-
ed that occupational magnetic field exposure at the lev-
el of 20.2 uT may possibly raise the risk ratio for Alzhe-
imer’s disease to approximately 2.5. Additional support
for an association with Alzheimer’s disease mortality
among electric utility workers was provided by a cohort
study in the United States (221). Exposure to styrene in
the reinforced plastics industry may also increase mor-
tality from chronic diseases of the nervous system, es-
pecially from epilepsy (222). Although epidemiologic
studies have associated exposures to organic solvents
with epileptic seizures (223, 224), the evidence is still
inadequate to infer causality. For details of the attribut-
able fraction estimates, see the appendix.

Respiratory diseases

In addition to pneumoconiosis (asbestosis, silicosis, and
“farmer’s lung”), other respiratory diseases are being
recognized as job-related. Exposure to occupational
dusts and, to a less extent, gases and fumes has been
shown to be associated with an increase in symptoms
and pulmonary function deficit, which is characteristic
of chronic obstructive pulmonary disease (225). Only
some of the many occupational exposures that are asso-
ciated with asthma have been assessed in epidemiolog-
ic studies on the general population (226). Even though
chronic obstructive pulmonary disease and asthma are
common respiratory disorders in many industrialized
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countries their contribution to the occupational health
problem has not received enough attention.

Chronic obstructive pulmonary disease. Evidence impli-
cating occupational exposure as an etiological factor in
association with chronic obstructive pulmonary disease
has accumulated from community-based studies, longi-
tudinal studies of lung function, pathology studies, and
cohort mortality studies. This evidence, reviewed by
Becklake (227) according to accepted criteria for estab-
lishing causality, leaves little doubt that occupational
exposure to dust and welding fumes plays an important
role in the genesis of chronic obstructive pulmonary dis-
ease. To recognize the likelihood that occupational ex-
posure (including exposure to coal, silica, and grain
dust) plays a limited but definite part in deaths from
chronic obstructive pulmonary disease, Leigh et al (3)
assigned an attributable fraction estimate of 10% to
mortality from chronic obstructive pulmonary disease
in the United States. A nationwide study carried out
among male farmers in Finland revealed a mortality rate
for respiratory diseases that was about 40—50% great-
er than that of all economically active men (228). Oc-
cupational exposure to dust may independently provoke
the development of chronic airflow obstruction (229).
Farming work involves exposure to organic dusts, mi-
crobial dusts, and endotoxins. The prevalence of chron-
ic obstructive pulmonary disease in an elderly Finnish
population living in a semi-industrialized rural district
was common (17%) among those with a history of work
in dusty occupations such as manufacturing and con-
struction work (230). In these studies, there was no con-
founding by smoking, but especially among women the
effect of exposure to dust was related to low social class.
In addition to dusts, we regarded occupational exposure
to welding fumes as having a causal role in mortality
from chronic obstructive pulmonary disease. The RR
estimate that we applied to welding fumes derives from
a survey of sheet metal workers (excluding welders)
with 1—3 years of exposure (231). Therefore, as ex-
posed workers in the employed Finnish population, we
included only persons who regarded the welding fumes
occurring in their workplaces as either considerably
harmful or very harmful (prevalence 2.0% for men and
0.4% for women). Last, environmental tobacco smoke
in the workplace has been associated with increased risk
of symptoms of chronic obstructive pulmonary disease
(232—234). In a study of 36 800 Seventh-day Advent-
ists (232), working in the same room with a smoker for
at least 10 years increased the risk of symptoms of the
disease by 11% (statistically significant increase). Sev-
enth-day Adventists are similar to the general popula-
tion in most of the pertinent life-style characteristics,
except for alcohol intake, tobacco smoking, and in-home
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passive smoke exposure, which are extremely low. A
dose-response relation has also been observed between
environmental tobacco smoke and the occurrence of
symptoms of chronic obstructive pulmonary disease
(235). Our overall attributable fraction estimate became
14% for men and 4% for women.

Asthma. Work-related asthma can be caused by more
than 200 specific agents detected in the workplace (236).
In Finland, the mean annual incidence rate of notified
occupational asthma for 1989—1995 was 17.4 cases per
100 000 employed workers (237). The incidence rate
was highest for bakers, spray painters and lacquerers,
farmers, welders, and plastic product workers. An up-
to-date review (238) obtained 43 attributable fraction
estimates for occupationally associated asthma from 19
countries with a median of 9% (interquartile range 5—
19%). The 12 highest-quality studies yielded a median
attributable fraction estimate of 15%. These percent-
ages may nevertheless underestimate the true attributa-
ble fractions, because adjusted RR estimates were used
in the calculations using equation 1 (22). The European
Community Respiratory Health Survey estimated that
the attributable fraction of work-related asthma in the
general population is 10% (226). High-risk groups in-
cluded, among others, farmers and cleaners. A regional
prevalence study conducted in Finland showed that the
prevalence of asthma was related to exposure to dust in
the workplace (239); dusty occupations are multiple and
include agricultural workers, textile workers, cleaners,
and others. A Finnish retrospective cohort study indi-
cated that female hairdressers are at a greater risk of
developing asthma (240). This finding was corroborat-
ed by a Swedish mortality study (241) that also disclosed
increased mortality from asthma among male farmers.
In a case-referent study (242) from Goteborg, Sweden,
exposure to welding fumes, man-made mineral fibers,
solvents, and textile dust was related to an increased risk
of asthma. In that study, the proportion of asthma at-
tributed to occupational factors was 11% (95% CI 7—
14%). With respect to welding fumes, textile dust, and
solvents a causal relation may well exist. For man-made
mineral fibers, the causality is not so evident because
other interacting exposures may be of importance, and
we chose not include them in the calculations. For weld-
ing fumes, we applied the same low exposure prevalenc-
es as for chronic obstructive pulmonary disease. Final-
ly, there are limited but consistent epidemiologic data
on the relation between environmental tobacco smoke
exposure at work and adult asthma (234, 243—245). A
large Swiss study (234) found an elevated risk of phy-
sician-diagnosed asthma (OR 1.4). In the longitudinal
study (232) of nonsmoking California Seventh-day Ad-
ventists, the diagnosis was made on the basis of the



diagnosis reported in a questionnaire (RR 1.45). In a
Swedish population-based case-referent study (244), the
diagnosis of asthma was based on clinical examinations
(OR 1.5). Our risk estimate for environmental tobacco
smoke comes from the Swedish study (244) because of
its best diagnostic validity and adjustment for several
potential confounders. Our overall attributable fraction
estimate became 18% for both genders.

Results

The attributable fraction for work-related mortality of
all deaths in the total Finnish population was estimated
to be 3.7%, 6.4% for men and 1.0% for women. When
only the relevant disease and age categories were includ-
ed, the corresponding attributable fraction estimates be-
came 6.7%, 10.2% for men and 2.1% for women. (See
the appendix.) For the main categories for cause of
death, the estimated attributable fractions were as fol-
lows: 12% for circulatory system diseases, 8% for ma-
lignant neoplasms, 4% for respiratory system diseases,
4% for mental disorders, 3% for nervous system diseas-
es, and 3% for accidents and violence. For specific im-
portant diseases, we obtained the following estimates:
24% for lung cancer, 17% for IHD, 12% for chronic ob-
structive pulmonary disease, and 11% for stroke. We
then applied these percentages to the disease-specific
numbers of deaths to estimate the burden of work-relat-
ed disease.

An estimated total of roughly 1810 deaths from dis-
eases and accidents occurred in Finland in 1996 (em-
ployed workforce 2.1 million) that can be ascribed to
occupational factors, acting either independently or
jointly with other risk factors (table 1). Eighty-six per-
cent of the decedents were men. Of the total work-re-
lated mortality, malignant neoplasms and diseases of the
circulatory system accounted for 46% and 31%, respec-
tively. IHD was a leading cause of death (26%), and its
prime risk factor was shift work or work involving
stress. Malignant neoplasms of the bronchus and lung
accounted for 25% of all the work-related fatalities, and
half of these cancers were induced by exposure to as-
bestos dust. Other major causes of death were chronic
obstructive pulmonary disease (6%) due to exposure to
various dusts, stroke (5%) resulting mainly from expo-
sure to environmental tobacco smoke at work, and vas-
cular dementia (5%) in relation to occupational expo-
sure to pesticides. Occupational accidents accounted for
4% of all fatal work-related injuries (diseases, accidents
and violence); the annual accident rate was 3.6 per
100 000 workers.
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Discussion

General approach

We attempted to provide some useful data on the issue
of work-related causes of death. Yet it is an elusive goal
and a daunting task to estimate the fraction of mortality
due to occupational factors. We anticipate that the gen-
eral idea advanced in this paper and the specific points
in the estimating process will receive intense criticism.
Already in a premonitory commentary, an eminent epi-
demiologist expressed that he was at a loss regarding
both the theoretical and applied relevance of this work
at the outset (OS Miettinen, personal communication).
Theory aside, it is easy to disagree in practice with the
agents and occupations selected as being related to a
specific cause of death, and even easier to disagree with
the level of risk selected to represent each association.
Nevertheless, we maintain that a careful and thorough
analysis is called for, because many people believe that
occupational exposures no longer pose any health prob-
lem. This vague impression is, however, based on scanty
solid information; therefore original data would seem
to be welcome. Those who disagree with our method
and interpretation of the available information may sub-
stitute alternative attributable fractions and perhaps ar-
rive at a more correct result based on newly produced
data.

A referee of an earlier version of the manuscript
pointed out a methodological concern with respect to
the employed approach, namely, that the exposures or
work conditions used to estimate the attributable frac-
tions were mostly based on the RR results from a few
selected studies rather than a weighing of the evidence
from the entire literature by means of a meta-analysis.
The possible limitation of basing the attributable frac-
tion estimates on a few studies is that some of the ex-
cesses in attributable fractions may be due to chance,
bias, or confounding. An impression of overestimated
attributable fractions may be created by the illusion that
all published risk estimates are equally reliable. Yet crit-
ical reviews show that it is the methodologically high-
quality studies that tend to produce a greater share of
positive results rather than studies that are rated as be-
ing of poor quality. (See, eg, reference 155). On the oth-
er hand, the “quality scoring” of studies is a subjective
scheme, and it can be misleading (246, 247). Instead of
using quality scores as weights in a meta-analysis, we
preferred to examine directly the influence of compo-
nent issues of study informativeness (absence of bias,
size of study, etc) on the results. The studies that we
chose as a basis for the attributable fraction estimation
were the most recently published and, in our opinion,
best scientifically representative within the experience
of relevant epidemiologic research conducted in Finland
and in countries with similar industrial circumstances.
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Table 1. Estimated number of work-related fatalities in Finland in 1996 by causes of death.

Cause of death

Total number

Estimated number of

Percentage of total

of deaths 2 work-related deaths work-related mortality
All causes 49161 =1810 100
Infectious and parasitic diseases ° 21 <2 <0.1
Tuberculosis 14 <1 <0.1
Pneumococcal disease 7 <1 <0.1
Malignant neoplasms ¢ 10005 839 46.3
Oral cavity 73 1 <01
Pharynx 38 1 <0.1
Esophagus 187 7 0.4
Stomach 666 54 3.0
Colon 587 15 0.8
Rectum 295 5 0.3
Liver and intrahepatic bile ducts 314 14 0.7
Gall bladder 106 <1 <0.1
Pancreas 690 55 3.0
Nose and nasal sinuses 18 2 0.1
Larynx 38 3 0.2
Lung and bronchus 1878 451 249
Bone 17 <1 <0.1
Melanoma of skin 114 3 0.2
Other malignant neoplasms of skin 27 2 0.1
Mesothelioma (all sites) 59 42 2.3
Breast 777 13 0.7
Uterus (cervix uteri and corpus uteri) 205 5 0.3
Ovary 308 6 0.4
Prostate 784 47 2.6
Kidney 340 1 0.6
Urinary bladder 220 23 1.3
Brain 273 17 1.0
Hodgkin’s disease 23 <1 <0.1
Non-Hodgkin’s lymphoma 657 31 1.7
Leukemia 286 31 1.7
Mental disorders ¢ 2673 94 52
Vascular and unspecified dementia 2358 92 5.1
Depressive episodes 22 2 0.1
Nervous system diseases ¢ 1249 39 2.2
Spinal muscular atrophy 142 <1 <01
Parkinson’s disease 286 26 1.5
Alzheimer’s disease 499 12 0.6
Diseases of the circulatory system & 4466 556 30.7
Ischemic heart disease 2772 469 259
Cerebrovascular disease 817 87 4.8
Diseases of the respiratory system ¢ 4197 171 9.4
Pneumonia 65 <1 <01
Chronic obstructive pulmonary disease 999 117 6.4
Asthma 97 18 1.0
Pneumoconiosis 19 19 1.0
Cryptogenic fibrosing alveolitis 107 16 0.9
Diseases of the digestive system ¢ 694 15 0.8
Gastric and duodenal ulcer 51 15 0.8
Diseases of the genitourinary system ¢ 1128 15 0.8
Chronic renal failure and nephritic syndrome 563 15 0.8
Accidents and violent incidents 2588 82 45
Accidents 9 1406 76 42
Homecide and injuries " 170 2 0.1
Suicides ' 1012 4 0.2

a Includes deaths in the relevant age range as specified in the given footnotes.

b Deaths at all ages.

¢ Includes only deaths between the ages of 25 and 64 years.

4 Includes deaths at ages >25 years.

¢ Includes all deaths between the ages of 25 and 59 years and a limited number of deaths in the range 60 to 74 years.
f There were only deaths from asbestosis, silicosis, and farmer’s lung.

9 Includes only deaths between the ages of 15 and 64 years.

" Includes deaths at ages of >15 years.

i Includes only deaths between the ages of 20 and 64 years.
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Furthermore, the results of these studies were corrobo-
rated by other research. By and large, the RR estimates
that we used were consistent with those summarized in
several editorials, review articles, meta-analyses, and
pooled analyses; we refer to the Data and Methods sec-
tion. Thus it is improbable that many of the associations
included in the analysis would not be causal or that the
figures produced would be gross overestimates.

Although meta-analysis has become an important
part of epidemiologic research, mainly for reconciling
previously conducted studies that display inconsistent
results, the use of this type of quantitative summary of
published data is still controversial (246, 248, 249).
Meta-analysis is mainly used for summarizing the evi-
dence in a situation when the risk is small but may have
important implications for public health, such as the as-
sociation of passive smoking with lung cancer and IHD.
However, this approach is nearly impossible to follow
in the case of many associations because of the vast
number of studies that would have to be assessed. More-
over, meta-analyses from published data are, in gener-
al, insufficient for calculations of reliable estimates since
published estimates are based on heterogeneous popu-
lations, different study designs, and mainly different sta-
tistical models (250). A pooled analysis using individu-
al original data would yield a more reliable estimate. For
the criteria of strength of association and dose-response,
meta-analysis provides precise quantitative estimates,
but the causal relevance of these estimates remains a
matter of judgment (251).

In situations in which different studies gave qualita-
tively discordant estimates of RR values (eg, an RR for
a specific risk factor above 1 and another below 1), we
rejected a conclusion of consistency and excluded the
ambiguous hazards in order not to overestimate their
risk. It may also well be that the summary attributable
fraction for each disease is approximately correct be-
cause of the balancing of over- and underestimates.
Another way around this problem of the credibility of
the analysis would be to give lower or higher estimates
of the attributable fractions based on a more conserva-
tive or liberal estimate of risk. This is exactly what we
tried to accomplish with a sensitivity analysis for the
main causes of work-related mortality (ie, lung cancer
and IHD, presented later in the discussion). Yet another
approach would be to consider only the most certain
hazards in the attributable fraction estimation. For work-
related cancer, a Nordic study (252) provided attributa-
ble fraction estimates for agents that are carcinogenic
in humans (group 1), as documented in the IARC mon-
ographs, and excluded cancers only suspected to be re-
lated to occupational exposures (such as those of the
colon, prostate, and stomach). However, the decisions
as to which associations to consider and which are def-
initely causal were, in the end, based on a subjective
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evaluation, even though it may have been a collective
one. [Compare the IARC evaluations of carcinogenic
risks (37).] The relative importance of the various ex-
posures is presented in the appendix in terms of the at-
tributable fractions. From these figures it is easy to com-
pute and judge the approximate effect of including or
excluding a particular hazard from the summary esti-
mate of the attributable fraction.

Methodological limitations of the estimates

Causality of the exposure-disease relation

Causality cannot be inferred until any potential con-
founder that may explain the association has been ruled
out with reasonable confidence. As Miettinen (20) has
stated: “In nonexperimental epidemiologic research it
would usually be pretentious to offer any specific esti-
mate of the etiologic fraction attributable to a given
marker of increased risk — as if confounding by extra-
neous factors were well under control. Instead, it would
be prudent to think in terms of the etiologic fraction re-
lated to the marker — with certain, though not all, con-
founding factors under control [p 325—326]”. Other re-
searchers have proposed that calculating attributable
fractions may be justified even if causality has not been
demonstrated to a high degree of certainty (253—255).
Through the estimation of attributable fractions, epide-
miologists can recognize the potential reduction in dis-
ease incidence and mortality that could be attained by
the elimination of the risk factors, were they later proved
to be causal.

In 1981, Siemiatycki (39) launched an exposure-
based case-referent monitoring system in Canada to dis-
cover carcinogens in the occupational environment. He
and his co-workers estimated attributable fractions us-
ing three different methods. The first was based on iden-
tified carcinogens as judged by IARC, group 1 (carci-
nogenic to humans) and group 2A (probably carcino-
genic to humans) (37). This method gave much lower
estimates than the second one, which was based on sta-
tistically significant associations in the Canadian data.
The third method was not based on any list of identi-
fied high-risk substances of occupations; instead it re-
gressed the risk on a “dirtiness scale” of occupations.
Our method was intermediate. We did not restrict our-
selves to a predefined list of carcinogens and high-risk
occupations. Rather, we also included some RR esti-
mates for agents that belong to IARC group 2B (possi-
ble human carcinogen) and suspected agents that, in
recent epidemiologic studies, have been causally impli-
cated with cancer in humans, irrespective of their ap-
pearance on the IARC list of work-related carcinogens.
For example, ionizing radiation had not been evaluated
by IARC when this work started, but it is now a recog-
nized human carcinogen (256). To be able to proceed
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with the analysis, we made plenty of assumptions, some
of which were strong and may not have been convinc-
ingly defensible but were nevertheless upheld because
of a lack of data to indicate otherwise. As already
mentioned, the decision on which diseases were regard-
ed as having an occupational etiologic component was
reached as a result of our assessment of the strength and
the consistency of the epidemiologic evidence, among
other criteria. The causality of the relation between a
specific disease and an occupational risk factor can be
judged for certain causes to be definite when based on
a large consistent body of evidence. For other causes,
the causality may be only probable or suggestive, espe-
cially if the inference relies on a small series of moder-
ate-sized, though high-quality, studies.

Based on our present knowledge, specific and rea-
sonably unbiased estimates of RR for exposure-disease
relations can be obtained from a number of well-de-
signed and well-conducted epidemiologic studies. How-
ever, many of the agents showed relatively weak rela-
tions with the diseases studied (typically RR values in
the range of 1.2—2.0). Thus it can be questioned wheth-
er sufficient epidemiologic evidence can ever be collect-
ed to provide an unambiguous judgment of causality. It
can be argued, however, that it is important to interpret
such small risk increments as “real” if the diseases are
common, and, hence, the absolute risks are high. Thus
it may be prudent policy to act in the interest of public
health in the face of marginal evidence. In practical
terms, the evaluation of whether residual bias persists
in small associations is a matter of judgment. Shapiro
(257) gives a counterpoint, “However, neither impor-
tance nor prudence nor judgement is a criterion of sci-
entific validity. As a matter of good science, these con-
siderations cannot be invoked as if they constitute bol-
stering evidence, in conjunction with low-magnitude
associations, to justify causal inferences [p 945]”. Sha-
piro defined an association to be of relatively low mag-
nitude if an RR estimate is less than 2.0. To safeguard
against bias in the evaluation of very low-magnitude as-
sociations, we did not consider RR values of <1.2 (ex-
cept for the association of chronic obstructive pulmo-
nary disease with environmental tobacco smoke).

Application of the risk ratio estimates

Two decades ago Doll & Peto (258) cautioned, “If esti-
mates of the current proportion of cancers attributable
to occupational factors are to be made, it seems unwise
to try to make them by estimating the number of work-
ers that have been exposed to some agent and ‘estimat-
ing’ their excess relative risk of cancer. Even if deliber-
ate bias is avoided, the data bearing on the likely mag-
nitude of the excess risk are in most instances so unreli-
able (especially for the large numbers of less heavily
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exposed) that substantial errors are probable, unless the
estimate of relative risk derives from direct epidemio-
logical observation of a strictly representative random
sample of the workers to whose future it will be applied
[p 124]".

Since then several informative epidemiologic stud-
ies have produced valid RR estimates, which can be ap-
plied to estimate reliably the number of deaths that oc-
curred in the Finnish population in a recent year as a
result of past occupational exposures during preceding
years. Our estimates apply to a certain year (ie, 1996)
so that a general picture of the overall burden of work-
related mortality can be envisioned. In the future, these
estimates will change to some extent. However, given
the difficulties of anticipating changes in the workforce,
as well as changes in exposure distributions, changes in
the proportion of workers exposed to different agents
over the years, and the like, we made no attempt to as-
sess how current occupational exposures would predict
the risk of future deaths. Such a prediction would re-
quire making some rather precarious assumptions. As
the ability to make credible assumptions improves, a
forecast of the effects of the current occupational expo-
sures may become more viable. Be that as it may, the
approach followed in our limited attempt will hopeful-
ly have some use for other occupational health research-
ers.

Extrapolation of a research finding depends on the
generality of the assumed cause-effect relation. In situ-
ations in which the RR can be thought of as a biologi-
cal constant that would not be restricted to particular
(spatiotemporal) circumstances (259), we can use an
estimate of this constant as derived from some previ-
ously studied population and combine it with the expo-
sure prevalence of the Finnish population in order to
calculate the attributable fraction.

In international terms, the quality of the epidemio-
logic data from medical registrations and surveys in the
Nordic countries is high. For example, the Nordic na-
tional cancer registers rely on reporting from multiple
sources, and they achieve close to 100% coverage (252).
In particular, the Finnish Cancer Registry (260) has col-
laborated with the Finnish Institute of Occupational
Health in conducting outstanding epidemiologic stud-
ies on occupational cancer.

We tried to choose cohort studies that represented
samples of workers similar to the employed population
to which the RR estimate was applied and thus ensure
that substantial errors in the attributable fraction esti-
mates were unlikely. Optimally, the similarity should
hold with respect to both the level and duration of ex-
posure, but in practice these properties could not always
be guaranteed. When the risk estimates were extrapo-
lated to the whole Finnish population, it was possible to
obtain fairly precise national enumerations of people



who have been occupationally exposed to specific
agents and also quantitative estimates of exposure lev-
els for particular time periods with the aid of FINJEM
(14). Thereby we could obtain valid population-based
estimates of the excess risk of work-related mortality.
For example, in the estimation of the attributable frac-
tion for nasal cancer, we applied the RR estimate of 2.4
for nickel exposure, taken from a Nordic case-referent
study (261). In that study, the cases were derived from
national registration systems, rather than from the cor-
responding greater RR estimate of 8.7 from a smaller
cohort study of nickel refinery workers (43). In the case
of lung cancer, the attributable fraction for lead expo-
sure was based on the experience of the cohort of 20
000 workers who were biologically monitored for the
concentration of lead in their blood. A yearly mean
blood lead level of >0.8 umol/l was used as the defini-
tion of occupational cumulative exposure. We did not
expand the exposed population to all the 56 000 employ-
ees who were possibly exposed to lead in their work (ie,
at least 5% of the occupation was exposed to an annual
mean level of 0.3 umol/l of lead). The annual mean non-
occupational exposure originating mainly from the en-
gine exhausts of vehicles using leaded gasoline as fuel
usually does not exceed 0.3 umol/I.

Many of the case-referent studies that we selected
as the scientific basis for this estimation were popula-
tion-based and served a large study area. Case-referent
studies in the general population may be subject to re-
call bias that can bias risk estimates. To avoid such bi-
ases, we paid special attention to the means by which
exposure to a suspected hazard was ascertained for the
cases and referents. For example, in the case of lung
cancer, exposure to asbestos was objectively measured
in the Finnish study (49) as pulmonary fiber concentra-
tions. However, the accuracy of information given by
the relatives of the referents on smoking-years may have
been less than that given by the lung cancer patients in
their personal interviews. Moreover, a complete adjust-
ment for smoking could not be done because there were
only two nonsmokers among the cases and smoking hab-
its were not known for all the referents. Yet it is unlike-
ly that these methodological inaccuracies would appre-
ciably distort the risk estimates associated with past ex-
posure to asbestos. As for the other occupational risk
factors of lung cancer, the assessment of exposures in
the German study (51) was based on a job history, an
exposure checklist for known and suspected carcino-
gens, and job-specific questionnaires. Given the com-
prehensive and systematic method of inquiry, it is un-
likely that the acquisition of exposure information would
have been asymmetric between the cases and their ref-
erents. Regarding other associations studied by the case-
referent design, we scrutinized the descriptions of the
method of exposure ascertainment in the published
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reports. According to our judgment, there was no rea-
son to suspect that the definition of exposure would be
on a higher level among the cases than among the ref-
erents.

Selection of specific exposure-disease associations

In previous studies (3—35) estimating the national bur-
den of disease, a lack of disease-specific attributable
fractions has led to the assignment of somewhat arbi-
trarily defined point estimates and ranges of attributa-
ble fractions for major disease categories. This assign-
ment was done on the basis of the available literature
and relying on “established” estimates from similar
countries. We conducted a nonsystematic literature re-
view of occupationally induced cancers, cardiovascular
diseases, respiratory diseases, and other major causes of
death. [A systematic search of databases would have
been an insurmountable task. For example, a search for
only one disease, pancreatic cancer, and job titles, in-
dustrial branches, and occupational exposures, produced
1902 references, of which the 365 most relevant papers
were accepted (111).] The starting point for the selec-
tion of studies was our quest for Finnish epidemiologic
investigations. Of the references that were used as the
basis of the attributable fraction calculations, half were
studies conducted in Finland. We specifically included
also minor causes of death (eg, tuberculosis and pneu-
monia) in order to indicate that the spectrum of work-
related mortality is wider than what is generally recog-
nized. The only deaths from work-related diseases that
are identifiable in Finnish official statistics are those
which receive compensation under the workers’
compensation system, that is, virtually only cases of me-
sothelioma, asbestos-induced lung cancer, and pneumo-
coniosis. The specificity comprised also exposures. Thus
we evaluated the overall evidence based on specific ex-
posure-disease relations that had been adjusted for
confounding factors.

Comparability of the level of exposure in the source (base)
population providing the risk ratio estimate and in the
Finnish target population

To ensure the comparability of exposure levels in the source and
target populations we chose:

* cohort studies representing exposure levels similar to those
prevalent in the particular target populations to which the risk
ratio (RR) estimates were applied

* case-referent studies whose referents were drawn by
representative sampling of the source populations from
which the cases were derived

* record-linkage studies based on national data on mortality
risk or disease incidence, population census statistics on
job-title or branch of industry, and job-exposure information
defining the level of exposure in a specific job or industry.
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A possible reason for overestimating attributable
fractions would be the inclusion of unsubstantiated or
poorly substantiated associations. To be on the conserv-
ative side, we excluded a large number of associations
that were not supported by similar observations in oth-
er studies. For example, a multiple risk factor study from
Canada (106) suggested that prostate cancer was asso-
ciated with formaldehyde exposure. But there are co-
hort studies that do not show significant evidence of this
association (262). It seems unlikely that this association
would be missed among these heavily exposed cohorts.
Another similar exclusion was the association between
asbestos exposure and stomach cancer [a reanalysis of
the data of Kauppinen et al (14)]. Although asbestos has
been listed as a recognized or probable carcinogen for
gastrointestinal cancer (39), this positive finding was
probably generated by chance because an earlier Finn-
ish cohort study failed to find evidence supporting the
link (57). A further example of an exclusion was for-
maldehyde in relation to cancer of the colon [a reanaly-
sis of the data of Partanen et al (108)]. Given the lack
of conclusive data demonstrating that cell proliferation
and tissue damage occur in humans exposed to formal-
dehyde (262), it is difficult to postulate a mechanism
that could explain the way in which exposure to formal-
dehyde could cause tumors in the large intestine.

Admittedly, a few of the included associations in-
volving minor occupational hazards are new and based
on results from well-conducted studies that alone do not
provide a substantial body of evidence. Two novel stud-
ies furnish examples of such associations, exposure to
welding fumes in the etiology of lobar pneumonia (263)
and the link between passive smoking and pneumococ-
cal infection (264). These results were nevertheless ac-
cepted because they bear evidence of the breadth of the
occupational health problem area.

Incidence versus mortality

In estimating mortality risk from incidence data, we as-
sumed that the incidence RR values were similar to the
respective mortality RR values. For lung cancer, which
is the most common work-related cancer, this compara-
bility assumption would seem to be reasonably tenable
because the malignant tumor is highly fatal. A Finnish
cohort study (265) on cancer incidence and mortality
among asbestos sprayers and asbestosis and silicosis
patients provides empirical evidence. In the follow-up,
the estimates of the standardized incidence ratios and
standardized mortality ratios for all cancers and lung
cancer were very similar. This observation indicates
that, for diseases with a high case fatality rate, both in-
cidence and mortality are reliable and interchangeable
measures of the frequency of work-related cancer.
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According to a Nordic study (252), the proportions
of incident lung cancers that could be avoided in Fin-
land, if carcinogenic exposures in the workplaces were
eliminated, would be 13% for men and <1% for wom-
en. Our attributable fraction estimates for lung cancer
mortality were 29% for men and 5% for women. This
discrepancy is principally due to the different approach-
es in the two studies. The Nordic study reported num-
bers of cancers that are “convincingly” linked with
known exposure to carcinogens in the workplace as doc-
umented in the TARC monographs (IARC group 1). Our
estimates are also “evidence-based”, but we have also
included relations in which the evidence pointing to a
causal link between occupational exposure and cancer
has not yet been established definitely — the link may
be probable or only possible. Our attributable fraction
estimates are therefore to be interpreted as the total pro-
portion of cancers potentially caused by workplace car-
cinogens.

Another reason for the different attributable fraction
estimates lies in the occurrence of cancer among wom-
en. As noted by Nordic scholars (252), “. . . it is likely
that we have underestimated the numbers of workplace-
related cancers among women [p 77]”; they estimated
that fewer than 25 cancers occur annually among wom-
en in all the five Nordic countries combined. Using new-
ly conducted studies (126, 132, 134), we have estimat-
ed that, in Finland alone, 24 women succumb to breast
cancer and cancers of the genital organs. [Of the deaths
recorded in the United States in 1978, Doll & Peto (258)
classified cancers of the female breast and genital or-
gans as not known to be produced by work-related
causes. ]

The lower attributable fraction estimates in the Nor-
dic study (252), as compared with our estimates, may
also result from two methodological problems. First, the
calculations in the Nordic study were based on the as-
sumption that the RR for each cancer associated with
any occupational category is equal for men and wom-
en. However, empirical studies show that the gender-
specific risk can differ. Women may be more suscepti-
ble to the inception of some cancers (such as liver can-
cer), or their work may entail different exposure patterns
within the same occupation (108, 137). We thus decid-
ed to apply separate RR estimates to men and women
whenever reliable data were available. Second, the Nor-
dic study used equation 1 in all the computations of at-
tributable fraction. This formula is only strictly valid for
cohort data with an unadjusted RR estimate. Substitut-
ing an adjusted RR estimate in equation 1 will, in gen-
eral, produce biased estimates of attributable fraction
(22).

For some other sites of cancer, such as the prostate
and bladder, risks of morbidity and mortality may differ
vastly, however. In a Swedish cohort study of chimney-



sweeps, there was an appreciable increase in the inci-
dence of bladder cancer, without any increase in mor-
tality (73). As noted by the researchers, this discrepan-
cy may be chance generated, given the low mortality of
bladder cancer. Alternatively, it is possible that sweeps
receive more intense screening for cancer than the gen-
eral population, thus increasing the detection of com-
mon tumors such as those of the prostate and bladder.
This possibility seems unlikely, however, since the in-
cidence of cancer was followed from the early year 1958
until 1987. A third possibility is that the bladder cancer
seen in this cohort may have a different natural history
than that of the general population because of exposure
to a complex mixture produced by the combustion of
coal, coke, oil, and wood.

The studies on shift work and the risk of IHD used
both incidence and mortality data (30, 34). The Helsin-
ki Heart Study (30) did not analyze the data on men sep-
arately for nonfatal IHD and fatal IHD. Therefore we
applied the RR for total incident IHD. The Nurses’
Health Study (34) on shift work did analyze the data on
women according to the disease outcome. The RR val-
ues for nonfatal IHD and fatal IHD were of the same
order of magnitude: =1.2 and =1.4, respectively. We
applied the mortality RR estimate. Similarly, there was
no apparent difference in the magnitude of the associa-
tion of passive smoking with nonfatal IHD events when
compared with the association with fatal IHD end points
(34).

For some cause-effect relations, however, the com-
parability assumption may not hold. In a Finnish follow-
up study (186), for example, exposure to carbon di-
sulfide worsened the prognosis of IHD in addition to
increasing its incidence. In other words, when the THD
outcome changed from the milder manifestations to the
more severe ones, the RR increased consistently: 1.4 for
“coronary” electrocardiographic abnormalities, 2.2 for
angina pectoris, 3.7 for nonfatal infarction, and 4.8 for
fatal infarction (186). In this case, the effect of using an
incidence RR in place of a mortality RR would have re-
sulted in an underestimation of the risk. In the present
assessment, cardiovascular disease due to chemical ex-
posure was not attributed to carbon disulfide because
the exposure has been eliminated in Finland (266).

The accuracy of information on disease incidence
and cause of death differs between different sources. For
example, the diagnosis and site of tumors recorded by
the Finnish Cancer Registry are more reliable than the
respective information available in the Finnish Register
of Hospital Discharges maintained by the National Re-
search and Development Centre for Welfare and Health
and the Causes of Death Register kept by Statistics Fin-
land (267). Incidence and mortality rates may not be
comparable also for other reasons. For instance, the Reg-
ister of Occupational Diseases kept by the Finnish In-
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stitute of Occupational Health reports an average of 10
incident cases of tuberculosis per year among medical
and social workers. Even if the fatality rate of tubercu-
losis in the working age category is about 5% (268),
work-related tuberculosis may not claim any lives at all
because of the ease of access to medical treatment
among health care personnel. As another example, Par-
kinson’s disease will probably be listed as the underly-
ing cause of death in only the most severe cases and for
those deceased who did not concurrently suffer from
other fatal diseases, such as cancer or IHD (269). The
same situation applies to Alzheimer’s disease and vas-
cular dementia.

Social class may affect the attributable fractions
based on incidence ratios and mortality ratios. Exposures
causing work-related cancer are the most common in
occupations of the lowest social classes. In general, the
survival of cancer patients in Finland is best among
those in the highest social classes (270). This would
mean that morbidity-based attributable fractions slight-
ly overestimate work-related cancer mortality. Never-
theless, survival from lung cancer does not display any
significant differences according to social class in Fin-
land (270); that is, the comparability assumption seems
to be tenable at least for the most important type of
work-related cancer.

For IHD, access to the most efficient care, coronary
bypass surgery, is better among those in the highest so-
cial class (271). In Finland, the Myocardial Infarction
Register Study (272) has shown that those in the lowest
social class have higher mortality rates from myocar-
dial infarction than those in the highest or middle social
class, and the differences are not fully explained by dif-
ferences in the incidence rate of myocardial infarction.
In England, in the Whitehall Study (273), socioeconom-
ic status measured by employment grade was inversely
associated with IHD mortality in civil servants with and
without prevalent IHD at the beginning of the study.
Exposure to some of the causative factors, for instance,
shift work and noise, are more common in occupations
of the lowest social classes, while the situation may not
be the same for exposure to work strain. However, it is
difficult to quantitate the impact that these effects may
have on our attributable fraction estimates. In the Hel-
sinki Heart Study (30) over 70% of the participants were
blue-collar workers. Consequently, the RR of IHD (in-
cidence and mortality combined) due to shift work was
similar for all shift workers and for blue-collar shift
workers.

A recent Finnish register study (205) on socioeco-
nomic inequalities in cardiovascular mortality found that
the elimination of unfavorable work conditions (includ-
ing work stress, shift work, and noise) would have re-
duced the portion of cardiovascular deaths and myocar-
dial infarctions by about the same magnitude. However,

Scand J Work Environ Health 2001, vol 27,n0 3 183



Mortality related to occupational factors in Finland

the effect of income was strong in that mortality in the
lowest income category was about twice as high as in
the reference category.

Relevant age range

This study provides an overall approximate estimate of
work-related mortality at a national level, the first of its
kind in Finland. The main cause-specific contributions
to total work-related mortality are due to IHD and lung
cancer. When it is considered that these causes of death
are common in the general population, especially in old-
er age groups, it is crucial to decide on the vulnerable
age range that the study encompasses. Presumably most
of the work-related diseases that are potentially fatal are
latent for some years from the start of occupational ex-
posure. Thus the starting age was set at 25 years, ex-
cept for accidents and violent incidents, for which we
included all reported fatalities. More importantly, the
exclusion of the age category of 265 years for cancer
would result in a marked underestimate of the total
number of work-related fatalities because so many can-
cers do not manifest themselves until retirement. Those
over 65 years of age have had time to experience long-
er latency and exposure to workplace carcinogens. It is
also plausible that occupational risk and stress factors
of IHD and cerebrovascular disease can carry over their
adverse effects to retirement age (ie, beyond the age of
59 years), with their effects decreasing with increasing
age. As for other diseases of chronic etiology, work-re-
lated respiratory diseases may even take decades to de-
velop. Similarly, vascular dementia and neurological
diseases that are probably caused by occupational ex-
posure to pesticides may occur even in the oldest age
groups (T Erkinjuntti, personal communication).

Finnish job-exposure matrix

Although FINJEM (14) has many advantageous features
(such as providing the numbers of exposed workers in
Finland by agent, occupation, and level of exposure for
several calendar periods), the general exposure informa-
tion system also has weaknesses. FINJEM was devel-
oped for exposure assessment in large register-based
studies. While the number of major chemical, physical,
and microbiological agents and the like is large (N=74),
the selection is not wide enough to cover many of the
more specific agents investigated for job-related hazards
in epidemiologic studies. By comparison, the job-expo-
sure matrix of the Montreal cancer mortality study (274)
used a checklist of 293 workplace chemicals, including
both known and suspected carcinogens, as well as sub-
stances that had not been previously evaluated for car-
cinogeneity. FINJEM is by no means error-free, since
it is based on the subjective judgment of chemists, in-
dustrial hygienists, and other experts concerning occu-
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pational exposures in different jobs. The system is con-
structed by averaging across jobs that shared the same
occupation. It follows that employees having the same
job title may actually be subjected to quite different lev-
els and durations of exposure. Some degree of exposure
misclassification is inevitable in spite of the efforts made
to attenuate its various sources. The efforts included
accurate definitions of agents, exposures, and occupa-
tions. The definition covered inclusions and exclusions,
minimum criteria of exposure, and routes of chemical
exposure. Some factors, such as worktime arrangements
and work strain were assessed directly using interview
survey data. Furthermore, occupational classes were di-
vided into more homogeneous subgroups according to
exposure variability. Soundness was strived for in FIN-
JEM by having the best available experts of the Finnish
Institute of Occupational Health carry out the exposure
assessment. Relevant background information was also
used to enhance the validity of the resulting estimates.
In addition, the experts documented their inferences and
confidence in the estimates in FINJEM, and this docu-
mentation enabled the identification of unreliable esti-
mates and their reassessment. Even then other occupa-
tional factors and nonoccupational confounders such as
socioeconomic status may bias the matrix data. Despite
these limitations, FINJEM is a useful translator of oc-
cupational title information into quantitative agent-spe-
cific data.

Interpretation of attributable fractions

The correct interpretation of attributable fractions is
important. The population attributable fraction is the
fraction of all disease cases (exposed and unexposed)
that would not have occurred if exposure had not taken
place (6). In other words, attributable fraction is the ex-
pected percentage of cases that are preventable by elim-
inating exposure from the population. These interpreta-
tions assume (275) (i) a causal relation between expo-
sure and disease (ie, biases are absent), (ii) the attain-
ment of the unexposed disease risk among the formerly
exposed following the elimination of the exposures, and
(iii) independence of the considered risk factors from
other factors that affect the disease risk.

Consider, for example, our attributable fraction es-
timate of 6% for cerebrovascular disease due to expo-
sure to environmental tobacco smoke. This percentage
would seem to suggest that 6% fewer deaths (exposed
and unexposed) would have occurred in the Finnish pop-
ulation if no one had been exposed to environmental
tobacco smoke. This interpretation assumes that the ab-
sence of exposure to environmental tobacco smoke
would not affect the number of persons at risk (6).
However, this assumption does not hold completely in
practice because eliminating environmental tobacco



smoke will prevent deaths from other (competing) caus-
es such as IHD, lung cancer, and respiratory diseases.
Therefore the population at risk of cardiovascular death
would expand.

It may appear counterintuitive that a set of conven-
tional attributable fractions can sum up to a total equal-
ing more than 100%. This possibility follows from the
“multicausal” model under which a case of disease can
be prevented by eliminating any one of the necessary
causal factors. The alternative notion of an “average at-
tributable fraction” (276) for single factors does sum up
to their combined attributable fraction. The attributable
fraction estimates may give an overoptimistic view of
the preventive effect for two reasons. First, deaths from
a given cause cannot be prevented, but only postponed
or transferred to another cause of death. For example, a
fatal coronary infarction may be postponed by a few
years if a person is relieved from work involving expo-
sure to carbon monoxide. However, if the person is sus-
ceptible to IHD infarction, the infarction will not be pre-
ventable, although the manifestation may be milder.
That is, in case of a disease with a multifactorial etiolo-
gy, only the elimination of a necessary cause will pre-
vent the disease incidence effectively. Second, it may
not be possible to remove exposure to a risk factor com-
pletely but only partially. In this situation, a more gen-
eral measure that the attributable fraction, namely, the
“potential impact fraction” (277, 278), can be estimat-
ed. This measure is defined as the fractional reduction
of the disease load that would result from shifting the
current exposure distribution to a lower level.

Although the confidence interval of the attributable
fraction is often wide, the point estimate is the most like-
ly value of the attributable fraction parameter compati-
ble with the observed data. We displayed the collection
of exposure-specific point estimates of the attributable
fractions primarily to allow for the inspection of their
relative magnitudes by disease category and gender. The
precise absolute magnitude of the specific point esti-
mates was of secondary concern. In the absence of bias,
however, the composite attributable fraction is a more
precise estimate than its component attributable fraction
estimates. The same interpretation holds for the specif-
ic point estimates of the number of deaths.

Occupational burden of disease

Increasingly diseases (in addition to pneumoconiosis,
mesothelioma, and asbestos-induced lung cancer) are
being recognized as causes of job-related deaths. These
diseases include some malignant neoplasms caused by
exposure to agents other than asbestos (eg, lung cancer
due to exposure to radon), IHD, and chronic obstruc-
tive pulmonary disease. Although several occupations
and industries have previously been associated with job
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hazards (279), the emphasis in this work has been on
the specific agents associated with the disease risk in
the workplace.

Cancers

Exposure to most of the agents that have been judged
to cause cancer in humans can occur in the workplace
(280). Previously it has been estimated that less than 5%
of cancer deaths (and at most 15%) among men and 1%
of cancer deaths among women (and no more than 5%)
can be attributed to occupational factors (258). This ap-
parent discrepancy is related to the insufficient high-
quality information available on human carcinogens, as
well as to the fact that most workers have minimal ex-
posure to potentially carcinogenic agents (substances or
processes) in the workplace. The estimated number of
cancer deaths due to work-related exposures in New
York State constituted 10% of all cancer deaths (2). An
updated estimate of the fraction of all cancer deaths that
are caused in the United States by work-related expo-
sures ranged from 6% to 10% (3). Unlike this estimate,
our estimate of work-related cancers included environ-
mental tobacco smoke as a risk factor and resulted in
an overall attributable fraction estimate of 8% (14% for
men and 2% for women). A Nordic study (252) estimat-
ed that, in Finland, 8% of the newly diagnosed cancers
of the studied sites were “convincingly” related to work-
place exposures.

Lung cancer. The attributable fraction for work-related
lung cancers assigned for men in previous studies has
varied from 10% to 33% (3), depending on the defini-
tion of occupational exposures and other methodologi-
cal constraints. Applying our attributable fraction esti-
mate of 29% to the 1480 lung cancer deaths among men
in Finland in 1996 yielded about 430 deaths among men
from lung cancer caused by occupational agents. These
deaths from lung cancer represented 8% of all cancer
deaths among Finnish men in 1996.

Most of the lung cancer deaths assumed to be due to
occupational exposure in the present study are related
to asbestos. The attributable fraction estimate of 14%
(95% CI 6—19%) for asbestos among men in Finland
was extrapolated using the attributable fraction estimate
of 19% (95% CI 8—26%) from the greater Helsinki area
and comparing incidence rates of reported asbestos-re-
lated malignancies in the Helsinki area with those in all
of Finland. This proportion is lower than the correspond-
ing estimate obtained in Norway (50), or 23%. Howev-
er, the Norwegian results on asbestos may not be appli-
cable to Finland because the area in which the study was
conducted is more industrialized than the average for
the country. In the German studies (51, 54) the corre-
sponding attributable fraction estimate was 8—9% for
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asbestos-related lung cancers among men. Although
Jockel et al (51) claimed that their estimate of risk was
one of the highest in hospital-based (or population-
based) case-referent studies described in the literature,
most of the methodologically valid studies from defi-
nite occupational asbestos exposure have produced at-
tributable fraction estimates in the range of 10—20%
(281). Our estimate is well within this range.

A Nordic study (252) derived asbestos-related can-
cer estimates indirectly, for example, by counting four
excess cases of lung cancer for each pleural mesotheli-
oma in excess of the expected number. However, the
method hinged on the incredible assumption that the
mesothelioma incidence among women reflected a back-
ground rate totally unrelated to past occupational expo-
sure to asbestos. Thus this method underestimates as-
bestos-related cancer incidence among both women and
men (the attributable fraction estimate being 4% for lung
cancer among men).

Smoking affects the total lung cancer risk but does
not detract from the asbestos-related risk. On the con-
trary, the combined effect of asbestos exposure and
smoking on lung cancer risk is multiplicative (28). In a
Finnish study (49), all the exposed men with lung can-
cer were smokers. Therefore, it was not possible to mod-
el for either the separate effects of asbestos and smok-
ing or for their joint effect. Accordingly, the estimated
attributable fraction of 14% for lung cancer has to be
interpreted as the proportion of lung cancers that would
not have been observed if asbestos exposure and its in-
teraction with tobacco smoke had been absent. In a Nor-
wegian study (50), the attributable fractions due to the
independent effects of smoking and asbestos exposure
were 61% and 1%, respectively, and 22% for their com-
bined effect. This finding implies that the hypothetical-
ly preventable proportion of all the cases is 23% by the
elimination of asbestos alone (1% + 22%) and 83%
(61% + 22%) for smoking alone. Note that the sum of
the percentages exceeds 100%. The reason for this dis-
crepancy is that cases caused by the joint action of as-
bestos and smoking can be prevented by the removal of
either risk factor, but each disease event can be prevent-
ed only once.

Incidentally, the proportion of lung cancers due to
asbestos exposure and preventable by removal of the
carcinogen is different from that used in some compen-
sation schemes. These schemes quantify separately the
attributability of lung cancer to asbestos, smoking, and
their interaction, which is regarded as a third independ-
ent risk factor. This apportionment is accomplished by
distributing the attributability of the interaction effect
between the primary causes and weighting the compo-
nent attributable fractions to sum up to 100% (282).

Smoking is likely to be responsible for an over-
whelming proportion of lung cancer deaths, about 85%
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(283), in the sense of probability of causation. Expo-
sures to asbestos and radon are the major work-related
causes of lung cancer. Therefore, it would seem that the
share of lung cancer deaths allotted to the other work-
related causes is marginal. Even though more than 95%
of the persons with lung cancer are active smokers, it
does not, of course, follow that all smokers develop lung
cancer. In fact, only a tiny proportion of smokers dies
from lung cancer. Nor does it mean that occupational
exposures do not contribute substantially to lung can-
cer mortality. Many lung cancer cases involve persons
whose disease is probably the joint effect of smoking
and exposure to asbestos, arsenic, and the like.

The attributable fractions for the population burden
of lung cancer due to environmental tobacco smoke pre-
sume that the “unexposed” persons have not been ex-
posed to environmental tobacco smoke. Wald & Ritch-
ie (284) have shown that, in fact, the “unexposed” sub-
jects have, on the average, 8.5 ng/ml of cotinine in their
urine. From this finding, it follows that the observed RR
of, say, 1.3 is an underestimate of the true adverse ef-
fect of environmental tobacco smoke on “exposed” per-
sons. The correct measure of the effect of environmen-
tal tobacco smoke on “exposed” persons would be the
ratio of the lung cancer mortality risk of “exposed” per-
sons to the risk of truly unexposed persons. Robins (285)
used the data collected by Wald & Ritchie (284) on the
levels of urinary cotinine in “exposed” and “unexposed”
persons to estimate the true RR by applying the nonlin-
ear multistage model of cancer risk to the data on ac-
tive smokers. Robins assumed that the excess RR of a
nonsmoker is proportional to the lifetime dose of envi-
ronmental tobacco smoke. On the basis of the empirical
observation, Robins further assumed that the concentra-
tion of cotinine in the urine of passive smokers is about
three times that of nonsmokers with no exposure to en-
vironmental tobacco smoke. These two assumptions
imply that the estimated true RR for “exposed” persons
is 1.54, and for “unexposed” persons the true RR is 1.18.
[Note that 1.54/1.18 =13 and (1.54-1)/(1.18 - 1) =
3.] Using these estimates, Robins estimated that about
6470 lung cancer deaths in the United States among life-
long nonsmokers per year from passive smoking. The
average over eight studies yielded a mean estimate of
5000 (SD 2400) deaths (286). In 1988, this mean esti-
mate was 3.6 (SD 1.7)% of all lung cancer deaths in the
United States. When extrapolated to the total number
of lung cancer deaths in the age category of >25 years
in Finland in 1996 (ie, 1878 deaths), the proportion
yields 68 (SD 32) deaths from environmental tobacco
smoke. Furthermore, using a phenomenological model,
Repace & Lawley (286) estimated that the proportion
of lung cancer deaths due to environmental tobacco
smoke derived from the exposure at work is about 50%.
Three other reviewed studies, which explicitly estimated



the workplace contribution to lung cancer risk, suggest-
ed that the proportion is at least half of the risk (286).
Applied to the Finnish statistics, the 50% estimate gives
34 (95% CI 2—66) lung cancer deaths from passive
smoking at work, comparable with the 43 deaths per
year based on Robins’ estimate. Given the disparity in
the various risk assessment methodologies for lung can-
cer induced by environmental tobacco, the estimated
numbers of death are approximately of the same order
of size.

Only a small proportion of nonsmokers is currently
exposed in Finland to levels of environmental tobacco
smoke that can cause lung cancer. Given this fact, it can
be predicted that only a few passive smokers who are
exposed currently to environmental tobacco smoke at
work would succumb from lung cancer in Finland an-
nually in the future (T Kauppinen, personal communi-
cation). This risk assessment is in apparent disagreement
with our estimate of about 52 lung cancer deaths in 1996
attributable to past higher levels of exposure to envi-
ronmental tobacco smoke in the workplace. Risk assess-
ment serves the purpose of standard setting, whereas our
estimates can be used, for example, for deciding on the
allocation of resources for etiologic research on work-
related diseases. The 52 are the cases of lung cancer that
would not have been observed if people had not been
exposed to levels of environmental tobacco smoke that
can cause lung cancer. This number would be even
greater if environmental tobacco smoke acts jointly with
other carcinogens, for example, environmental radon
exposure that is prevalent in certain regions of Finland.

Mesothelioma. The number of deaths due to mesotheli-
oma attributable to occupational exposure can also be
roughly estimated from the number of lung cancer
deaths. Exposure to asbestos accounts for about 50% of
all cases of lung cancer attributable to occupational
agents (50). [According to our estimation based on the
attributable fraction method, this proportion was 47%.]
On the other hand, in Finland four cases of asbestos-
attributable lung cancer occur for each asbestos-attrib-
utable case of mesothelioma (60). This ratio is greater
than in most countries and is due to the wide use of an-
thophyllite asbestos in Finland in the past. Modern data
indicate that the ratio of recorded asbestos-related lung
cancer to mesothelioma is lower than in the historical
cohorts, 1.6:1 in Britain (287) based on cancer mortali-
ty data and 1:1 in Germany (288) based on a compen-
sation system. If the assumed figures are applied to the
451 work-related lung cancer deaths (table 1), it can be
estimated that 56 deaths from mesothelioma (men and
women) would be expected to be attributable to asbes-
tos exposure. This number is 33% greater than the 42
cases in table 1 and nearly equals the total number of
59 for mesotheliomas (asbestos-related and nonasbes-
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tos-related). The discrepancy probably derives from the
underdiagnosing of mesothelioma as the underlying
cause of death.

Circulatory diseases

Most occupational health studies have focused on the
study of pneumoconiosis and cancers, and only a few
have addressed circulatory diseases. Circulatory diseas-
es nevertheless comprise a larger share of all job-relat-
ed deaths than is generally acknowledged, 31% when
all risk factors were included and 26% when environ-
mental tobacco smoke was excluded. Our attributable
fraction estimate for the occupational burden of circu-
latory disease deaths was 12%. The corresponding pre-
ferred estimate (or informed guess) in a novel study
from the United States was 15% (18). In spite of the sim-
ilar attributable fraction estimates, there is a striking dis-
parity between the Finnish Register of Occupational
Diseases and the Census of Fatal Occupational Injuries
in the United States (289). The register of the Finnish
Institute of Occupational Health does not include inci-
dent cases of circulatory disease except for a few cases
of hand and arm vibration syndrome. Neither are deaths
recorded. Whereas the bulk (85%) of the job-related dis-
eases causing death according to the United States cen-
sus were diseases of the circulatory system. Within the
circulatory category, IHD claimed the highest percent-
age, 71% of all job-related diseases (289). In Finland,
circulatory diseases are responsible for 49% of all dis-
ease deaths (nonjob-related and job-related). In part, this
discrepancy is a result of the different views of stress
created by jobs. In a number of states in the United
States, workers’ compensation is awarded automatical-
ly to police officers and firefighters who have a heart
attack, regardless of whether or not they were working
at the time (but not during retirement), because work in
these professions is regarded inherently stressful (289).
The advocates of the “job-strain” hypothesis hold the
view that work conditions can generate stress, which in
turn can lead to or exacerbate circulatory disease (290,
291).

Ischemic heart disease. Shift work and work strain were
regarded as two of the most important risk factors of
IHD. There are several putative pathways for the effect
of shift work on IHD risk. [See, especially references
30 and 177.] Shift work that causes loss of sleep may
have a direct effect on the risk of IHD by desynchro-
nizing the circadian pattern. Shift workers have also
been shown to have elevated levels of serum triglycer-
ides (292, 293). This trend may indicate that shift work
is associated with metabolic effects, which, in turn, may
increase the risk of IHD. Chronic strain may act as a
causal link in the indirect relation between shift work
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and IHD. On the other hand, work strain may exert an
independent effect on the risk of IHD. The strain-relat-
ed biological mediating mechanism may function either
by raising blood pressure and increasing the risk of hy-
pertension (294) or by decreasing fibrinolytic activity
(295) and predisposing to thrombosis. If the arterioscle-
rotic growth inside the coronary arteries is discontinu-
ous as a result of the coaction of low-density cholester-
ol and fibriolytic factors, then the effects of shift work
could carry over far into the retirement age (L Tenkanen,
personal communication).

We are not aware of any studies on the risk of arteri-
osclerotic disease among retired shift workers. In a study
(16) of workers exposed to carbon monoxide in the Unit-
ed States, the risk of death from arteriosclerotic heart
disease was elevated after 60 years of age. For persons
65 years of age at death the risk ratio was 2.5- to 5.5-
fold. However, after being away from work for 5 years,
the mortality risk of the exposed workers declined and
started to approach that of the general population. The
data in the Census of Fatal Occupational Injuries in the
United States (289) also suggest that the job-related cir-
culatory-disease link should be extended to concern re-
tired people as well. Although deaths due to illness
among retirees are largely ignored, 12% of the IHD
deaths nevertheless occurred in the age category of 265
years. Thus, although the hypothesis on the long-term
effect of work stress on the risk of cardiovascular dis-
ease has not been proved, there is new empirical evi-
dence to support it (296).

The RR estimate of 1.30 that we used as the basis of
the attributable fraction calculation for IHD induced
by environmental tobacco smoke may seem high
when compared with the RR of 1.78 for active smok-
ing of 20 cigarettes a day (191). This result is, how-
ever, probable because many of the possible agents
in environmental tobacco smoke (eg, carbon monox-
ide) that may cause IHD are in the vapor phase
(297); they are therefore deposited more completely
in the lung and are harder to clear than particle depos-
its (298). The toxins must be cleared into the body flu-
ids, where they can circulate to distant sites, such as the
heart or the brain (298).

There is also a methodological reason why the risk
of IHD due to passive smoking seems to be high when
compared with the risk of active smoking. In fact, the
two risk estimates may not be directly comparable (299).
For studies of active smoking, the reference group in-
cludes all nonsmokers, those with and without exposure
to environmental tobacco smoke, whereas for studies of
involuntary smoking, nonsmokers with higher levels of
exposure to environmental tobacco smoke are compared
with nonsmokers with lower levels of exposure to envi-
ronmental tobacco smoke (299). This incomparability
of the reference categories has the effect of attenuating
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the relative risk of IHD in association with active smok-
ing.

Cerebrovascular stroke. The association between active
smoking and stroke has been demonstrated in many
studies and is likely to be causal. The Auckland study
(207) is one of the few large population-based case-ref-
erent studies to investigate the relation between passive
smoking and the risk of stroke. After adjustment for
known risk factors for stroke, such as high blood pres-
sure, diabetes, and heart disease, the study suggested
that nonsmokers who have been exposed to environmen-
tal tobacco smoke have an 82% (95% CI 34—149%)
increased risk of stroke. The size of the RR estimate may
seem excessive. Actually, it is much smaller than the
RR of 4.1 (95% CI 3.0—5.6) observed for active smok-
ers. The stroke risk increased further for active smok-
ers (RR 6.3, 95% CI 4.5—8.9) when those who had been
exposed to environmental tobacco smoke were exclud-
ed from the nonsmoking reference group (207). The re-
searchers concluded that the finding of an independent
increased risk of stroke in association with exposure to
environmental tobacco smoke provides support for cur-
rent efforts to reduce the prevalence of passive smok-
ing and strengthens public health arguments against
smoking.

Total mortality

The size of the work-related death toll (ie, about 1800)
can be put into perspective by comparing it with other
causes of death. In Finland, in 1996, altogether 1247
persons died by suicide, 593 died of diabetes, and 345
died of poisonings due to the abuse of alcohol. Even a
very low estimate of 500 deaths would imply a signifi-
cant occupational health problem. This number is about
as large as the annual number of deaths from traffic and
transportation accidents in Finland. If our estimates
would prove to be accurate, work-related diseases, es-
pecially circulatory diseases and other nonasbestos-re-
lated diseases, are responsible for more deaths than what
has been previously recognized and reported.

The two problems of occupational health statistics
— unwillingness to recognize occupational causes of
injuries or health problems and failure to report them
even when recognized — are common in both devel-
oped and developing countries. Reliable information for
most developing countries is scarce, mainly because of
serious limitations in the diagnosis of occupational ill-
nesses and in the reporting systems. Even in developed
countries, the reporting systems are sometimes fragmen-
tary. The problems have their historical background in
workers’ demand for protection and preventive meas-
ures or compensation and their employers seeking to



deny or reduce their liability for work-related diseases
and injuries. This conflict has greatly affected statisti-
cal reporting. As a result, the burden of disease due to
occupational exposures is frequently underestimated. In
Australia, for example, there was an estimated total of
about 2000 deaths in 1996 attributed to occupational
exposures (300). This figure is of about the same mag-
nitude as our estimate for Finland, in spite of the fact
that the population of Australia is 3.6-fold that of Fin-
land’s.

The magnitude of the attributable fraction estimate
naturally depends on the chosen age ranges. Given our
age-interval specifications, the estimated percentage of
deaths attributed to work-related diseases as a fraction
of deaths from all diseases (work-related and work-un-
related) in the relevant age categories became 6.7%.
This percentage can be compared with the estimated at-
tributable fraction range of 6.2—9.7% (3) attributed in
the United States to selected causes of death (cancer,
cardiovascular and cerebrovascular disease, chronic res-
piratory disease, nervous system disorders, renal disor-
ders, and pneumoconiosis) in the age category of 225
years, except for circulatory diseases, which included
only deaths between the ages 25 and 64 years. Leigh et
al (3) assumed a 5—10% range for the percentage of
deaths due to circulatory disease, which they later re-
garded as too conservative and therefore revised to 5—
20% (18). This revision raises the upper limit of their
range estimate for total work-related mortality to 11%.
For the same selected causes our corresponding estimate
would be 9.4%.

Health issues are also relevant from an economic
point of view. It has been estimated that the costs in-
curred by premature work-related deaths in Finland in
1991 totaled 3.2% of the gross national product (301).
This percentage is higher than those in the other Nordic
countries (Denmark 2.2%, Sweden 2.4%, and Norway
1.7%) (301), mainly due to the higher occurrence of cir-
culatory diseases in Finland. The distribution of total
economic costs by cause of death demonstrated that the
greatest losses were due to circulatory diseases (50%),
cancer (20%), respiratory diseases (7%), and accidents
(9%) (302). These figures underscore the fact that the
costs resulting from circulatory diseases represent a ma-
jor share of the total costs of work-related diseases and
an important drain on national health economics.

Sensitivity analysis

Given the aforementioned methodological constraints,
it is important to underline the uncertainty pertaining to
the use of attributable fraction point estimates. One way
of assessing the effect of uncertainty in the attributable
fraction estimates is sensitivity analysis. Sensitivity
analysis is a quantitative extension of the qualitative
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conjecture that characterizes any thorough discussion of
study results (303). Morrell et al (5) adopted an ap-
proach that provided the likely lowest and likely high-
est attributable fractions. These fractions give an indi-
cation of the ranges in which the numbers of deaths in
the employed population due to occupational risk fac-
tors probably lie. However, Morrell et al (5) did not sup-
port these ranges with empirical data. In the sensitivity
analysis by Leigh et al (3), the ranges relied on national
survey data. As shown later in the discussion, sensitivi-
ty analysis calls for improving the precision of epide-
miologic data in connection with the estimation of at-
tributable fractions, for instance, by means of a pooled
analysis of two or more studies.

Lung cancer risk due to ashestos exposure

Our approach to dealing with the problem of the uncer-
tainty of estimates was to depict attributable fraction as
a function of RR and the proportion of exposed cases.
Thus, in the case of asbestos and lung cancer (49), the
procedure is as follows. Suppose that we know with cer-
titude that 35% of the lung cancer cases were exposed
to asbestos. We can then use this prevalence together
with an RR estimate to yield a corresponding estimate
of the attributable fraction.

Figure 1 shows the point and interval estimates of
attributable fraction as projections from the “spline”
surface (304) at the intersections of the estimated val-
ues of the RR values and the prevalence of asbestos ex-
posure among disease cases. Consider a reduction in the
asbestos exposure prevalence among cases from the ob-
served value of 35% in the Helsinki metropolitan area
(49) to the extrapolated value of 25% in Finland at large,
and to a lower value of 15%. These reductions would
result in a decrease in the attributable fraction from the
point estimate of 19% to 14%, and to 8%. This result is
reassuring from the preventive point of view. But the
effect of imprecision on the attributable fraction is
marked because the size of the study population was
rather small in terms of the number of incident cases of
lung cancer (113 cases). The 95% CI for RR ranging
from 1.3 to 3.9 around the point estimate of 2.3 corre-
sponds to an attributable fraction interval of 8—26% for
all of Finland. With this range of attributable fractions,
the estimated number of lung cancer deaths due to as-
bestos among men varied from about 85 to 273 around
the point estimate of 208.

This analysis indicates that the attributable fraction
estimate is sensitive to the exposure prevalence or the
risk ratio when these sources are not known with great
precision. This uncertainty is reflected in a wide inter-
val estimate for the attributable fraction, and this wide
interval estimate, in turn, translates to widely separate
lower and upper limits for the estimated number of
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ATTRIBUTABLE FRACTION

Table 2. Effect of the assumptions of attributable fraction, age
range, and disease risk after retirement on the estimated total
number of work-related deaths from ischemic heart disease
(codes 121-125 of the International Classification of Diseases, 10th
revision) in Finland.

Age range
Attributable fraction 25—74 25—69 25—64
years years years

Unreduced risk after retirement

10% 500 315 183

15% 750 472 274

20% 1000 629 366
Reduced risk after retirement?

10% 277 231 165

15% 416 346 247

20% 554 462 330

2 Risk reduced by 25%, 50%, and 75% in the age categories of 60—64
years, 65—69 years, and 70—74 years, respectively.

deaths. The same formal inference applies to other ex-
posure-disease relations.

Risk of ischemic heart disease due to shift work and
other stress factors

The RR for IHD among male shift workers, when com-
pared with day workers, was 1.38 with a 95% CI of
1.01—1.89 (30). These estimates convert to the esti-
mates of attributable fraction (according to equation 3)
as follows: point estimate 10.7% and interval estimate
0.4—18.3%. The corresponding upper and lower limits
of deaths among men due to the shift work effect alone
then are 8 and 405. In the interpretation of this result, it
is inappropriate to treat all the values of RR in the con-
fidence interval as if they were equally plausible. Even
in the very wide interval, the point estimate of 237
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Figure 1. Effect of risk ratio and
exposure prevalence (%) assump-
tions on the attributable fraction
(AF) (%) for lung cancer deaths
among men due to occupational
exposure to ashestos, as estimated
from a Finnish case-referent study
(49). [solid lines = AF projections
using the point and confidence in-
terval estimates of the risk ratio and
afixed exposure prevalence (35%),
broken lines = AF projections using
exposure prevalences of 25% and
15% and a fixed point risk ratio
estimate of 2.3]

deaths is the number that makes the observed data most
likely. Had we not imposed the linearly decreasing trend
on the IHD risk in the age categories between 60—74
years, the death toll would have been about 70% heavier.
Conversely, if we had assumed that the population at risk
was halved when it ages 5 years, then the IHD deaths
would have been reduced by a quarter. A restriction of
the THD deaths to the 25- to 60-year age range would have
more than halved the estimated number. Some authors
have also extrapolated the attributable fractions of [HD
and stroke to some additional cardiovascular disease enti-
ties, or even to total cardiovascular mortality (18). We did
not find enough specific evidence for this approach, which
would have raised the number of work-related cardiovas-
cular deaths by as much as 20%.

The estimated total number of work-related THD
deaths depends on assumptions involving which ICD
codes to include, which ages apply, and which attribut-
able fraction percentages are appropriate. The signifi-
cance of the included ICD codes is pronounced. For ex-
ample, the addition of aortic aneurysm (ICD-10, code
I71) to the list of included circulatory diseases would
have increased the number of deaths by about 100. The
choice of the percentage attributable is also important.
In table 2 the percentages — 10%, 15%, and 20% —
refer to the percentages of all the IHD deaths (men and
women) we alternatively assumed to be caused by job-
related factors. By definition, the 20% assumption pro-
vides numbers twice the size of those of the 10% as-
sumption. The numbers of deaths range from a low of
165 to a high of 1000 (ie, a 6-fold difference). Our pre-
ferred estimate was based on an attributable fraction of
17% and a decreasing portion of the ICD 121—I25
deaths at ages 60 through 74 years. Use of these data
yielded 469 deaths due to shift work (or work strain)
and other risk factors.



From national estimates to global estimates

Existing Finnish statistics on fatal occupational acci-
dents are readily available and reliable, and these fig-
ures were used by us (a total of 76 accidents). But a re-
liable national estimate of fatal work-related diseases
should not be based on data from official statistics be-
cause the only deaths from work-related diseases that
are identifiable in the compulsory reporting sources are
those compensated under the workers’ compensation
system (9) or the farmers’ insurance system (10). In
1996, only 76 fatalities from occupational diseases were
reported in these statistics (74 due to asbestos and 2 due
to organic dusts). Thus the ratio of fatal occupational
diseases to fatal occupational accidents was 76:76=1.
But this ratio estimate is inaccurate given that the re-
ported number of fatal diseases is an underestimate of
the true number. Moreover, it is imprecise because the
number of fatal-disease end points is small. We chose
the attributable fraction method for estimating the
number of deaths attributable to work-related diseases.
In this study, the disease:accident fatality ratio was
about (1810 — 876):76 = 23, which is in stark contrast
to the aforementioned ratio of unity. The discrepancy is
due to the fact that diseases such as work-related IHD
and cancer due to exposures other than asbestos are not
covered by official statistics.

Thus precautions are needed in the interpretation of
these figures and in the extrapolation based on them.
For example, Takala (305) used the occupational
disease:accident fatality ratio of 0.96 obtained from
the official statistics of Finland in 1990—1994 to
estimate the number of fatal work-related diseases
in the world. His global annual estimate was 325 000
fatalities from work-related diseases. As the author
remarked, this estimate does not cover such work-
related diseases as those of the circulatory system. In
contrast, our ratio estimate of 23 would yield about 7.6
million fatalities when based on the estimated number
of occupational accidents in the world (ie, 335 000)
(305). If deaths from diseases of the circulatory system
were not counted, the ratio would be about 16, and the
global burden of mortality from work-related diseas-
es would still be as high as 5.2 million. Takala (306)
gave another estimate of the global work-related disease
mortality based on the attributable fractions applied in
a study in the United States (3), that is, 990 000 deaths.
The global number for work-related-disease mortality
can also be estimated crudely by multiplying the total
number of disease deaths in table 1 by the ratio of the
world population to that of Finland, namely, 1100. This
calculation would yield about 2 million work-related
disease deaths per year in the world as an estimate.
However, this figure is surely an underestimate because
the Finnish occupational mortality rates are more favo-
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rable than those prevailing in many developing coun-
tries.

Another example of invalid extrapolation would be
the estimation of the number of fatal injuries (accidents
and diseases) in Australia based on the Finnish injury
rate. The rate of fatal occupational injuries (work-relat-
ed diseases and accidents), based on the official statis-
tics of Finland for 1996 (9, 10), was 7.2 per 100 000
workers. An estimate of the corresponding annual rate
in Australia was 35.2 per 100 000 (305, 307). The five-
fold difference in the rates probably derives from the
different standards of occupational health and safety in
the two countries, and these differences influence
strongly the injury rates. Therefore, applying the Finn-
ish rate to the Australian population would result in a
gross underestimation of the burden of occupational fa-
talities, and the result would be even worse if it were
applied to populations of world regions in developing
economies. On the other hand, estimating the number
of fatal injuries in the world solely on the basis of
linear extrapolation of the Australian rate [Takala’s
(305) estimate was 843 299] is problematic because the
extrapolation is targeted at a highly heterogeneous glo-
bal population.

Global estimates of the burden of disease due to oc-
cupational factors have been based on the incidence
rates of occupational disease in Finland by Leigh et al
(1), who applied twice the Finnish rates for the devel-
oping regions of the world. However, the rationale for
the method was not characterized, so it is unlikely that
the token rates would be uniformly applicable. There-
fore, as the authors reminded, “Local estimates, partic-
ularly at the subnational and national levels, would be a
valuable contribution to the further development of the
process [p 630]”.

It is evident that the distribution of exposures con-
tributing to our Finnish estimate differs drastically from
the exposure circumstances in many other countries,
especially in developing countries. For example, two
nested case-referent studies, based on an international
register of workers exposed to phenoxy herbicides, chlo-
rophenols, and dioxins, showed an increased risk for
soft-tissue sarcoma (308). But these pesticides, in par-
ticular 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
have not been used as widely in Finland as in many other
countries. Accordingly, the absence of Finnish attribut-
able fraction estimates for the link between phenoxy her-
bicides and their contaminants should not be taken
as evidence of an absence of an excess risk. The
availability, sources, and quality of information also
vary from country to country. Therefore any attempt of
straightforward extrapolation of our estimates to other
countries or regions of the world at a different level of
industrial development with different socioeconomic
standards would be treacherous. Instead, local estimation
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of the work-related disease load should start with a care-
ful examination of existing information sources and a
thorough literature search to identify the most reliable
study base. When the necessary data are not available,
representative surveys may be needed to obtain esti-
mates of disease rates and the sizes of employed popu-
lations.

Prevention of work-related diseases

Knowledge of the role of exposure to occupational fac-
tors in inducing morbid events is crucial to the preven-
tion of disease. Most work-related illnesses are prevent-
able. For instance, all illnesses and deaths related to as-
bestos are entirely avoidable. In Finland, many regula-
tory measures have been undertaken to prevent the ad-
verse outcomes of hazardous substances: all asbestos
usage has been banned; hygienic standards for occupa-
tional exposures have been set for arsenic, cadmium,
chromates, carbon disulfide, nickel, and organic sol-
vents; lead-exposed workers are being biologically mon-
itored; and the like. However, as Vineis (309) has re-
marked, the sufficient evidence that is needed before
preventive action is undertaken is “a matter of political
decision, not only of scientific evaluation, and it depends
on the circumstances [p 447]”. Moreover, the overall
health impact on the population has to be considered.
Consider, for example, congenital malformations in
relation to reproductive hazards in the workplace (310).
An early Finnish register-based case-referent study
found an association between the occurrence of congen-
ital defects of the central nervous system after mothers’
exposure to organic solvents during the first trimester
of pregnancy (311). This tentative observation has been
corroborated in an up-to-date meta-analysis of retrospec-
tive studies (312). A new Canadian prospective cohort
study (313) confirmed the strong significant association
and concluded that it is prudent to minimize women’s
occupational exposure to organic solvents during preg-
nancy. This step is important because occupational ex-
posure limits are not usually based on reproductive
health effects. In Finland, legislation on the protection
of the reproductive health of working men and women,
as well as of pregnant women, has been in effect since
1991 (314). According to the law on special maternity

Uncertainty of the mortality estimates

Debating whether the actual number of work-related deaths per
year in Finland due to hazardous substances or environments is
nearly 2000 or only 1000 is missing the point, unless one truly
feels that the 1000 annual deaths are acceptable.
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leave, female workers who are exposed to certain chem-
ical, physical, or biological agents that are considered
harmful to the fetus are entitled to special maternity
leave and benefits. The main cause of the leave has been
exposure to organic solvents. On the other hand, in many
cases the worktasks of a pregnant woman can be modi-
fied or she can be transferred to another job. Because
of these effective measures to reduce exposure to repro-
ductive toxic agents, we excluded congenital defects
from our mortality analysis. In the European Union, the
classification of “toxic to reproduction” has not only
been widened to encompass structural defects, but now
includes functional deficits as well (315).

A more current example concerns the health risks
attributable to exposure to environmental tobacco smoke
at work (316). In 2000, an amendment of the Tobacco
Control Act came into force in Finland. It stipulates that
environmental tobacco smoke is a carcinogenic sub-
stance. Hence the Finnish Institute of Occupational
Health will officially register all employees who are
significantly exposed to environmental tobacco smoke
along with employees exposed to other carcinogenic
substances or processes in their work. The estimated
average number of employed passive smokers in the
country in 1998—2000 was 167 000. Consequently, the
potential preventive impact on the population is consid-
erable. In 1994 the Finnish Tobacco Control Act had
already banned smoking in workplaces other than res-
taurants. When the new law becomes fully effective in
2003, places free of environmental tobacco smoke must
be allocated for nonsmoking customers in Finnish res-
taurants and cafés, and bar areas must be free of tobac-
co smoke. Preventive measures that effectively reduce
lung cancer induced by environmental tobacco smoke
will also be powerful means of reducing the high bur-
den of heart attack, stroke, and respiratory diseases
worldwide.

Concluding remarks

We restricted our analysis to the most severe health out-
come of harmful exposures, death. An analysis covering
total work-related morbidity, as well as consequent loss-
es in work ability and quality of life, would bring in addi-
tional important (nonfatal) disease entities and add to the
case load of the diseases already included in our study.
This addition would, however, further increase the meth-
odological difficulties and demands for adequate epide-
miologic data. Such an analysis would probably reveal that
recognized risks represent just the tip of the iceberg. Our
estimate of approximately 1800 work-related fatalities
annually already indicates that there is no reason to be-
lieve that occupational factors no longer cause harm. Al-
though methodological improvements may be achieved in



future studies, preventive efforts should not be impeded
by the uncertainties of the current estimate.

The new constitution of Finland, which became ef-
fective in March 2000, requires that public authorities
ensure the protection of the workforce. This noble obli-
gation has not been fulfilled, however, because so many
fatalities are still annually caused in Finland by expo-
sure to factors associated with employment. Of course,
not all occupational deaths are avoidable. Fatal disease
incidents and accidents do occur in spite of legislative
rules and other efforts made to prevent them. In consid-
eration of our results, however, it would be unjust to
claim that everything that is reasonably possible has
been done to protect workers’ health and safety. We
conclude that the burden of work-related mortality in
Finland is considerably heavier than what has been gen-
erally recognized and reported.
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Appendix

Attributable fraction estimates of mortality in the Finnish population

Nurminen & Karjalainen

Cause of death @

Attributable

fraction ® (%)

Potentially implicated
exposure or work
environment ¢

Study design and data analysis

Primary source of
quantitative estimate ¢

Total  Men Women
Total deaths 6.7 10.2 2.1
(all codes)
Infectious diseases 88 48 325
(all' A and B codes)
Tuberculosis 6.0 06 =75 Healthand social Based on register data Karjalainen et al, 1998,
(A15—A18, B90) worker (infection) Finland (11); National
Public Health Institute,
1998, Finland (268)
Pneumococcal 143 156 109  Environmental tobacco  Adjusted for age, gender, race, level of Nuorti et al, 2000, United
disease (A40.3) smoke education, chronic illness, study site, and status States (264)
of children in the houshold
Malignant neoplasms, 84 13.8 2.2
by site or type (all C
codes)
Oral cavity 08 1.2 0.3  Combined risk factors
(C01-C06)
0.3 0.0  Polycyclic aromatic Restricted to men; adjusted for age, geographic Gustavsson et al, 1998,
hydrocarbons (high level region, and alcohol and tobacco consumption ~ Sweden (317)
of exposure)
0.9 0.3  Hydrocarbon solvents  Restricted to men; adjusted for age and social ~ Kauppinen et al, 1998,
class Finland (14)
Pharynx (C09-C14) 1.9 20 0.5 Combined risk factors
1.1 0.2 Welding fumes (metal  Restricted to men; adjusted for age, geo- Gustavsson et al, 1998,
dust, irritant gases, graphical region, and alcohol and tobacco Sweden (317)
polycyclic aromatic consumption
hydrocarbons)
0.9 0.3 Hydrocarbon solvents  Restricted to men; adjusted for age and social ~ Kauppinen et al, 1998,
class Finland (14)
Esophagus (C15) 36 6.4 0.2  Combined risk factors
6.1 0.1 Polycyclic aromatic Restricted to men; adjusted for age, geo- Gustavsson et al, 1998,
hydrocarbons graphical region, and alcohol and tobacco Sweden (317)
consumption
0.3 0.1  Hydrocarbon solvents  Restricted to men; adjusted for age and social ~ Kauppinen et al, 1998,
class. Finland (14)
Stomach (C16) 8.0 10.3 5.4  Farming and rearing of  Restricted to decedents; adjusted for age, Partanen et al, 1994,
live stock (grain dust, gender, cigarette smoking in the 1960s, alcohol  Finland (108)
animal contact, herbi-  consumption in the 1960s, and diabetes
cides, diesel fuels)
Colon (G18) 25 56 0.0 Combined risk factors
2.3 0.0  Asbestos Restricted to decedents; adjusted for age, Kauppinen et al, 1995,
gender, cigarette smoking in the 1960s, alcohol  Finland (109)
consumption in the1960s, and diabetes
3.4 0.0  Welding and soldering  Restricted to decedents; adjusted for age, Kauppinen et al, 1995,

fumes and gases
(polycyclic aromatic
hydrocarbons and other
combustion products)

gender, cigarette smoking in the 1960s, alcohol
consumption in the1960s, and diabetes
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Cause of death @ Attributable Potentially implicated Study design and data analysis ¢ Primary source of
fraction ® (%) exposure or work quantitative estimate ©
environment ¢
Total Men Women
Rectum (C20) 1.7 31 0.1 Combined risk factors
2.9 0.0 Asbestos Restricted to decedents; adjusted for age, Kauppinen et al, 1995,
gender, cigarette smoking in the 1960s, alcohol Finland (109)
consumption in the 1960s, and diabetes
0.2 0.1 Styrene Standardized incidence ratios based on age-,  Anttila et al, 1998, Finland
gender-, and period-specific incidence rates of (318)
cancer in the general population
Liver and intra- 43 35 5.3 Combined risk factors
hepatic bile ducts
(C22) 3.1 0.3 Inorganic dusts (mainly Frequency-matched for age and gender; Kauppinen et al, 1992,
silica) stratified by alcohol consumption; hepatitis B Finland (319)
infection and the use of oral contraceptives and
other hormone preparations were rare
0.0 2.1 Milk maids (aflatoxins ~ Frequency-matched for age and gender; Kauppinen et al, 1992,
from crops used by the stratified by alcohol consumption; hepatitis B Finland (319)
livestock feed- infection and the use of oral contraceptives and
processing industry) other hormone preparations were rare
3.0 Chlorinated hydrocarbon Estimate for women; control for confounders ~ Hernberg et al, 1988,
solvents as in Kauppinen et al (319) Finland (320)
0.4 Chlorinated hydrocarbon Estimate for men; adjusted for age and social ~ Kauppinen et al, 1998,
solvents class Finland (14)
Gallbladder (C23) 01 02 04 Hydrocarbon solvents  Restricted to men; adjusted for age and social ~ Kauppinen et al, 1998,
class Finland (14)
Pancreas (C25) 80 134 35 Combined risk factors
Gardener Restricted to decedents; adjusted for age, Partanen et al, 1994,
gender, cigarette smoking in the 1960s, alcohol Finland (108)
consumption in the 1960s, and diabetes
Transport inspectors Restricted to decedents; adjusted for age, Partanen et al, 1994,
and supervisors gender, cigarette smoking in the 1960s, alcohol Finland (108)
(polycyclic aromatic consumption in the 1960s, and diabetes
hydrocarbons in engine
exhaust)
Warehousemen Restricted to decedents; adjusted for age, Partanen et al, 1994,
(polycyclic aromatic gender, cigarette smoking in the 1960s, alcohol Finland (108)
hydrocarbons) consumption in the 1960s, and diabetes
21 0.4 Organic solvents Adjusted for age, gender, cigarette smoking in  Kauppinen et al, 1995,
(including aliphatic and  the 1960s, alcohol consumption in the 1960s, Finland (109)
aromatic hydrocarbons) and diabetes
1.5 0.6 Inorganic dust Adjusted for age, gender, cigarette smoking in  Kauppinen et al, 1995,
containing crystalline the 1960s, alcohol consumption in the 1960s, Finland (109)
silica and diabetes
14 0.0 Rubber chemicals Adjusted for age, gender, cigarette smoking in  Kauppinen et al, 1995,
including acrylonitrile  the 1960s, alcohol consumption in the 1960s, Finland (109)
and diabetes
0.8 1.9 lonizing radiation Adjusted for age, gender, cigarette smoking in  Kauppinen et al, 1995,
the 1960s, alcohol consumption in the 1960s, Finland (109)
and diabetes
2.5 0.3 Pesticides (herbicides  Adjusted for age, gender, cigarette smoking in  Kauppinen et al, 1995,
and insecticides) the 1960s, alcohol consumption in the 1960s, Finland (109)
and diabetes
3.1 0.2 Nickel Risk estimates from a meta-analysis; estimates Ojajarvi et al, 2000,
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adjusted for at least known risk factors for international (111)
pancreatic cancer (age, gender, tobacco
smoking, and social class), if there was a

choice
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Cause of death 2 Attributable Potentially implicated ~ Study design and data analysis ¢ Primary source of
fraction ° (%) exposure or work quantitative estimate ©
gnvironment ¢
Total Men Women
Pancreas 2.8 0.1 Polycyclic aromatic Risk estimates from a meta-analysis; estimates ~ Ojajarvi et al, 2000,
(continued) hydrocarbons adjusted for at least known risk factors for international (111)
pancreatic cancer (age, gender, tobacco
smoking, and social class), if there was a choice
Nose and nasal 125 24.0 6.7 Combined risk factors
sinuses (C30-C31)
15.7 2.4 Hardwood dust or Matched for country, gender, age at diagnosis, ~Hernberg et al, 1983,
softwood dust or both  and survival status; confounding by exposure to Denmark, Finland, Sweden
formaldehyde unlikely (261)
2.8 44 Leather dust (shoe and  Pooled analysis of data from 8 studies; adjusted t'Mannetje et al, 1999,
boot manufacturing) for age, gender, study center, and smoking France, Germany, ltaly,
status, as well as for the remaining occupational Sweden, The Netherlands
exposures examined (321)
7.3 0.0  Welding, flame-cutting  Pooled analysis of data from 8 studies; adjusted t'Mannetje et al, 1999,
and soldering for age, gender, study center, and smoking France, Germany, Italy,
(hexavalent chromium,  status, as well as for the remaining occupational Sweden, The Netherlands
nickel) exposures examined (321)
Larynx (C32) 91 93 0.5 Combined risk factors
8.3 0.3 Asbestos Adjusted for age, geographic region, and alcohol Gustavsson et al, 1998,
and tobacco consumption Sweden (317)
1.1 0.2 Welding fumes (metal ~ Adjusted for age, geographic region, and alcohol Gustavsson et al, 1998,
dust, irritant gases, and tobacco consumption Sweden (317)
polycyclic aromatic
hydrocarbons)
Bronchus and 24.0 29.0 5.3  Combined risk factors

lung (C34)

Industries f: metal
production and
processing workers,
transportation workers
and freight handlers,
rubber and plastics
industry, engine and
vehicle construction,
installation

Industries : chemical
and oil processing,
production of pottery
and glass, engine,
engine and vehicle
construction, paper,

wood, printing, cleaning

services, hairdressing,

housekeeping, and waste

disposal

Occupations . metal
production and
processing worker
(polycyclic aromatic
hydrocarbons,
chromates, arsenic

Results for men; matched for age, gender, and
region of residence; adjusted for smoking and
asbestos exposure

Results for women; matched for age, gender,
and region; adjusted for smoking and time
since quitting, asbestos, and education

Results for men; matched for age, gender, and
region of residence; adjusted for smoking and
asbestos exposure

compounds), transporta-
tion workers and freight
handlers (diesel engine
exhaust)

Scand J Work Environ Health 2001, vol 27, no 3

Jockel et al, 1998,
Germany (51)

Jahn et al, 1999, Germany
(53)

Jockel et al, 1998,
Germany (51)
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Mortality related to occupational factors in Finland

Cause of death 2 Attributable Potentially implicated ~ Study design and data analysis ¢ Primary source of
fraction ® (%) exposure or work quantitative estimate ©

environment ¢
Total Men Women

Bronchus and . . Occupations *: Results for women; matched for age, gender, Jahn et al, 1999, Germany
lung (continued) assemblers, metal work- and region; adjusted for smoking and time (53)

ers (soldering fumes since quitting, ashestos, and education

containing cadmiun and

lead), stock clerks, etc

(diesel engine exhaust),

restaurant and hotel

service workers, wait-

resses (environmental

tobacco smokers),

ceramic and pottery

workers (arsenic, ashes-

tos, lead, silica), laudry

workers and dry

cleaners (chlorinated

solvents and other

industrial solvents)

14.0 0.6 Asbestos (and its Restricted to male surgical patients from a Karjalainen et al, 1994,
synergistic joint action  general urban population; reference subjects Finland (49)
with smoking) were deceased men from the same metropolitan
area; adjusted for age and smoking
2.7 0.2 Crystalline silica (quartz Standardized mortality ratio Koskela et al, 1994,
dust) Finland (47)
Matched for age, gender, and region; adjusted Briiske-Honhlfeld et al,
for smoking and asbestos 2000, Germany (54)
2.5 0.1 Diesel engine exhaust ~ Matched for age, gender, and region; adjusted Briiske-Hohlfeld et al,
for smoking and asbestos 2000, Germany (54)
0.5 0.1 Welding fumes (mild Restricted to men; matched for age, gender, and  Jockel et al. (52), 1998,
steel welding, chromium region; adjusted for smoking and asbestos Germany
and nickel welders
excluded)
0.9 0.2 Arsenic (and its Matched for year of birth and survival time Jérup & Pershagen, 1991,
synergistic joint action Sweden (29)

with smoking)

0.2 0.0 Cadmium Restricted to men; standardized mortality ratio  Elinder et al, 1985,
estimates based on gender and calendar year Sweden, United Kingdom,
specific rates in the whole population; confound- United States (48)
ing by nickel hydroxide possible

1.6 0.1 Chromium (hexavalent) Adjusted for age, educational level, marital and  Droste et al, 2000,
socioeconomic status, smoking history, and Belgium (56)
other carcinogens under study

14 0.2 Lead Restricted to men; matched for gender, year of  Anttila et al, 1995, Finland
birth, vital status, and, age at the end of follow-  (46)
up

15 0.0 Nickel sulfate Restricted to men; matched for gender, year of  Anttila et al, 1998, Finland
birth, age at the end of follow-up, and vital (43)

status; adjusted for smoking, asbestos,
chromates, cadmium, solvents, and gasoline

45 1.2 Radon progeny Standardized mortality ratio estimates based on  Ahlman et al, 1991,
national and regional cancer rates; silica dust Finland (44)
and exhaust gases probably had co-carcinogenic
or synergistic effects; smoking alone did not
explain excess risk

3.0 2.0 Environmental tobacco  Restricted to subjects who had not smoked Boffetta et al, 1998,
smoke (tar and more than 400 cigarettes in their lifetime; western European
nitrosamines) multicenter case-referent study; matched for countries (87)

age and gender; adjusted in addition for
educational level, proportion of life spent in
urban areas, occupational exposure to lung
carcinogens, intake of vegetables, beta-carotene,
total carotenoids, and retinol

(continued)
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Cause of death @ Attributable Potentially implicated ~ Study design and data analysis ¢ Primary source of
fraction ° (%) exposure or work quantitative estimate ¢
environment ¢
Total Men Women
Bronchus and 0.0 0.7 Hairdressing (hair dyes Standardized incidence ratio estimates Pukkala et al, 1992,
lung (continued) and colorants) Finland (45)
Bone (C40-C41) 06 06 0.6 Air carrier personnel Standardized incidence ratio estimates based on  Pukkala et al. (127), 1995,
(ionizing radiation) national cancer incidences. Finland
Skin melanoma 27 43 0.4 Combined risk factors
(C43)
2.4 0.3 Warehouse clerks Adjusted for age, years of schooling, and ethnicity Fritschi & Siemiatycki,
(indoor work, diesel 1996, Canada (322)
engine exhaust)
1.9 0.0 Seafarer’s outdoor work Standardized incidence ratio based on national ~ Pukkala & Saarni, 1996,
(repeated sunburns) cancer incidences Finland (79)
0.1 0.1 Airline pilots’ work Restricted to men; standardized incidence ratio  Haldorsen et al, 2000,
(cosmic radiation) based on national cancer incidence; proportion of Norway (150)
current smokers among the pilots was similar to
that expected in the general polulation
Skin non-melanoma 8.3 13.1 3.8 Ultraviolet radiation Standardized incidence ratio based on national  Pukkala & Saarni, 1996,
(C44) (outdoor work) cancer incidences Finland (79)
Mesothelioma (all  71.3 90.0 25.0 Asbestos Case series study Spirtas et al, 1994, United
sites) (C45) States (323)
Asbestos Case series study Yates et al, 1997, United
Kingdom (324)
Female breast (C50) 1.7 1.7 Combined risk factors
1.7 lonizing radiation Restricted to postmenopausal women; adjusted ~ Weiderpass et al, 1999,
for mean number of children, mean age at first ~ Finland (126)
delivery, and turnover rate for each job title
0.1 Hairdressing (hair dyes) Standardized incidence ratio estimates Pukkala et al, 1992,
Finland (45)
Cervix uteri (C53) 59 5.9 Aromatic hydrocarbon  Standardized for birth cohort, follow-up period, ~ Weiderpass et al, 2001,
solvents (co-exposure  and social status; adjusted for mean parity, Finland (134)
with aliphatic and mean age at birth of first child, and turnover rate
alicyclic, and chlorinated
hydrocarbons)
Corpus uteri (endo- 1.1 1.1 Sedentary work Standardized for birth cohort, follow-up period,  Weiderpass et al, 2001,
metrium) (C54) (industrial sewers, low  and social status; adjusted for mean parity, mean  Finland (134)
level of occupational age at birth of first child, and turnover rate
physical activity)
Ovary (C56) 241 21 Combined risk factors
0.7 Aromatic hydrocarbon  Stratified by birth cohort, follow-up period, and ~ Vasama-Neuvonen et al,
solvents (co-exposure  socio economic status; adjusted for mean number 1999, Finland (132)
with aliphatic and of children and turnover rate for each job title
alicyclic, and chlori-
nated hydrocarbons)
0.3 Asbestos (co-exposure  Stratified by birth cohort, follow-up period, and ~ Vasama-Neuvonen et al,
with silica dust and man- socio economic status; adjusted for mean number 1999, Finland (132)
made vitreous fibers)  of children and turnover rate for each job title
0.4 Leather dust Stratified by birth cohort, follow-up period, and ~ Vasama-Neuvonen et al,
socio economic status; adjusted for mean number 1999, Finland (132)
of children and turnover rate for each job title
0.4 Diesel or gasoline engine Stratified by birth cohort, follow-up period, and  Vasama-Neuvonen et al,
exhaust $0Cio economic status; adjusted for mean number 1999, Finland (132)
of children and turnover rate for each job title
0.3 Hairdressers (hair dyes Stratified by birth cohort, follow-up period, and ~ Vasama-Neuvonen et al,

and colorants)

socio economic status; adjusted for mean number
of children and turnover rate for each job title
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1999, Finland (132)
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Mortality related to occupational factors in Finland

Cause of death 2 Attributable Potentially implicated ~ Study design and data analysis ¢ Primary source of
fraction ® (%) exposure or work quantitative estimate ©
environment ¢
Total Men Women
Prostate (C61) 6.0 Combined risk factors
35 . Metal dust, especially Adjusted for age, ethnicity, socioeconomic Aronsen et al, 1996, Canada
cadmium dust status, Quatelet index, self versus proxy status ~ (106)
of the respondent, and core substances
2.7 . Herbicides Adjusted for age, calendar period, and other Morrison et al, 1993,

Kidney (renal cell 31 47 0.8

Combined risk factors

carcinoma) (C64-

C65)
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Qil refinery workers f
(petroleum refining,
constituents of gas-
oline: benzene, etc)

Printers,
printing industry f

Aviation gasoline'

Printing press operators
used gasoline as as a
cleaning agent

Nonchlorinated

hydrocarbon solvents f

Iron and steel industry f

Dry-cleaning solvents

Gasoline and other
petroleum products

1.1 0.0  Gasoline (tetraethyl lead
used as additive)

0.4 0.2 Solvents

3.4 0.6 Heavy metals (cadmium

and lead)

Scand J Work Environ Health 2001, vol 27, no 3

farm exposures. Income, education, ethnic
origin, and immigrant status examined as
potential confounders

Standardized incidence ratio estimates based
on national cancer incidences; adjusted for
social class

Adjusted for age, cigarette-years, body mass
index, and respondent status (self versus
proxy); potential occupational confounders
were chosen independently for each substance
under study

Adjusted for age, cigarette-years, body mass
index, and respondent status (self versus
proxy); potential occupational confounders
were chosen independently for each substance
under study

Restricted to subjects with reported occupa-
tional history; matched for year of birth,
gender, and survival status at the time of data
collection; adjusted for smoking, obesity, and
coffee consumption

Restricted to subjects with reported occupa-
tional history; matched for year of birth,
gender, and survival status at the time of data
collection; adjusted for smoking, obesity, and
coffee consumption

Multicenter population-based case-referent
study

Multicenter population-based case-referent
study

Multicenter population-based case-referent
study

Multicenter population-based case-referent
study

Matched for gender, age, and region; adjusted
for smoking

Matched for gender, age, and region; adjusted
for smoking

Canada (103)

Pukkala, 1998, Finland
(325)

Parent et al, 2000, Canada
(326)

Parent et al, 2000, Canada
(326)

Partanen et al, 1991, Finland
(327)

Partanen et al, 1991, Finland
(327)

Mandel et al, 1995, Austra-
lia, Denmark, Germany,
Sweden, United States
(328)

Mandel et al, 1995, Austra-
lia, Denmark, Germany,
Sweden, United States
(328)

Mandel et al, 1995, Austra-
lia, Denmark, Germany,
Sweden, United States
(328)

Mandel et al, 1995, Austra-
lia, Denmark, Germany,
Sweden, United States
(328)

Pesch et al, 2000 Germany
(329)

Pesch et al, 2000 Germany
(329)
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Cause of death @ Attributable Potentially implicated  Study design and data analysis ¢ Primary source of
fraction ° (%) exposure or work quantitative estimate ¢
environment ¢
Total Men Women
Urinary bladder 10.3 142 0.7 Combined risk factors
(C67)
4.0 0.0 Textile dyes, paints, and Pair-matched for age, gender, and hospital Tola et al, 1980, Finland
pigments (2-naphthyl- (330)
amine)
54 00 Leather and rubber Pair-matched for age, gender, and hospital Tola et al, 1980, Finland
(aromatic amines) (330)
2.8 0.4 Lead Restricted to men; matched for gender, year of  Anttila et al, 1995, Finland
birth, age at the end of follow-up, and vital 43)
status; adjusted for smoking and vital status
0.9 0.3 Chlorinated hydrocarbon Restricted to men; adjusted for age and social ~ Kauppinen et al, 1998,
solvents class; the male population of Finland used as Finland (14)
the reference
1.9 0.0 Polycyclic aromatic Matched for age, gender, and region; adjusted  Pesch et al, 2000,
hydrocarbons for smoking Germany (329)
Brain (C71) 6.4 10.6 1.3 Combined risk factors
6.8 0.1 Precision metal workers, Restricted to men; adjusted for age at death and Thomas et al, 1986, United
including machinists, marital status States (331)
tool and die makers, and
sheet metal workers
(metal dusts and fumes,
lubricating oils, and
solvents)
2.8 0.7 Lead Restricted to men; matched for birth-year, age  Anttila et al, 1996, Finland
at diagnosis, and vital status; adjusted for year ~ (332)
of first exposure measurement, smoking,
exposure to gasoline and cadmium
1.3 0.5 Aromatic hydrocarbon  Standardized incidence ratios based on age-, Anttila et al, 1998, Finland
solvents gender-, and period-specific incidence rates of ~ (318)
cancer in the general population
Hodgkin’s disease 2.2 3.9 0.0 Farmers (pesticides and  Adjusted for age, gender, geographic region of ~ Pukkala & Notkola, 1997,
(c81) other chemicals used in  farm, and their interactions using Poisson Finland (137)
cultivating grain, etc) ©  regression modeling
Farmers (no specific The meta-analysis estimate of risk ratio was Khuder et al, 1997, mostly
exposure identified) f calculated using a random-effects model European countries and
United States (136)
Non-Hodgkin’s 47 135 31 Combined risk factors
lymphoma
(C82-C85)
15 0.5 Halogenated hydrocar- ~ Based on age-, gender-, and calendar-period- Anttila et al, 1995, Finland
bon solvents (trichlo- specific rates for the general Finnish population  (133)
roethylene, tetrachlo-
roethylene, 1,1,1-
trichloroethane)
52 0.9 Herbicides Restricted to men; matched for age, county, and  Hardell & Eriksson, 1999,
(phenoxyacetic acids)  vital status Sweden (138)
74 1.7 Fungicides Restricted to men; matched for age, county, and  Hardell & Eriksson, 1999,
vital status Sweden (138)
Leukemia (C91- 109 185 2.5 Combined risk factors
C95)
0.7 0.2 Benzene Evaluation of 4 independent epidemiologic Tomatis et al, 1991,
studies international (120)
17.8 2.3 Electrical occupations ~ Matched for age, gender, parish, and proximity ~ Feychting et al, 1997,

(low-frequency magnetic
fields)

to a power line; adjusted for age, gender, motor
fuel or exhaust fumes, benzene, oil products,
solvents, and welding fumes
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Sweden (142)
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Mortality related to occupational factors in Finland

Cause of death @

Attributable
fraction ® (%)

Potentially implicated
exposure or work
environment ¢

Study design and data analysis ¢

Primary source of
quantitative estimate ©

Total Men Women
Mental disorders (all 3.5 7.3 1.8
F codes)
Vascular and un- 39 100 1.8 Pesticides (herbicides  Restricted to cases with symptoms occurring Lindsay et al, 1997, Canada
specified dementia and insecticides) and not more than 3 years before diagnosis (control  (215)
(FO1, FO3) fertilizers for survival bias); adjusted for gender, education,
and residence in community or institution
Depressive episode 11.3  14.6 9.8 Job strain (high levels  Adjusted for personal and occupational Niedhammer et al, 1998,
of psychological characteristics, including age, marital status, France (333)
demands, low levels of  number of children, educational level, occupa-
decision latitude, and  tion, previous absenteeism for mental disorders,
low levels of social and stressful personal and occupational events
support at work) during the previous 12 months
Diseases of the 31 541 1.7
nervous system and
(all G andH codes)
Spinal muscular 07 1.2 0.2 Electrical work (low- Restricted to men; adjusted for age, calendar Sawitz al, 1998, the United
atrophy (G12) frequency magnetic year, social class, and race States (334)
fields)
Parkinson’s di- 92 16.0 49 Pesticides (herbicides  Frequency-matched for age, gender, and race;  Gorell et al, 1998, the
sease (G20-G21) and insecticides) adjusted for age, gender, race, smoking status,  United States (216)
and farming
Pesticides (herbicides A review of recent evidence Checkoway and Nelson,
and insecticides) 1999, Canada, Germany,
Taiwan, the United States
(335)
Alzheimer’s di- 23 34 1.8 Electrical work (low- Adjusted for education or social class, and age  Sobel et al, 1995, Finland,
sease (G30) frequency magnetic at onset or age at examination; age and gender ~ United States (219)
fields) not considered confounders
Diseases of the 124 144 6.7
circulatory system
(all I codes)
Ischemic heart 169 18.9 9.1 Combined risk factors
disease (121-125)
10.7 Shift work (involves Restricted to men (shift workers versus day Tenkanen et al, 1997,
work strain) workers); total risk from ischemic heart disease  Finland (30)
adjusted for age, smoking, total cholesterol,
systolic blood pressure, body mass index, spare
time physical activity, and alcohol intake
55 Shift work (involving Restricted to women; mortality risk adjusted for  Kawachi et al, 1995, United
work strain) age, cigarette smoking, body mass index, history States (34)
of hypertension, diabetes mellitus and hyper-
cholesterolemia, menopausal status, current use
of postmenopausal hormones, past use of oral
contraceptives, alcohol intake, level of physical
activity, quintiles of vitamin E intake, average
aspirin use, and parental history of myocardial
infarction before 60 years of age; stratified by
spouse’s educational status
6.2 2.3 Noise Review and quantitative estimation of risk ratio  Olsen & Kristensen, 1991,
Denmark (155)
1.0 0.0 Engine exhausts Adjusted for calendar time and duration of Stern, 1988, United States
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(including carbon
monoxide)
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employment; similar distributions of smoking
habits and social class among the exposed and
reference subjects

(16)
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lacquerers (epoxy resins
or paints, isocyanates)

Cause of death @ Attributable Potentially implicated ~ Study design and data analysis ¢ Primary source of
fraction ° (%) exposure or work guantitative estimate ¢
environment °
Total Men Women
Ischemic heart 2.2 15 Environmental tobacco  Restricted to women; adjusted for age, alcohol ~ Kawachi et al, 1997, United
disease smoke (carbon dioxide intake, body mass index, history of hypertension, States (200)
(continued) and nicotine) diabetes and hypercholesterolemia, current use
of postmenopausal hormones, past use of oral
contraceptives, vigorous fat intake, vitamin E
intake, exercise, quintiles of saturated average
aspirin use, and parental history of myocardial
infarction before 60 years of age
Cerebrovascular 105 121 7.8 Combined risk factors
diseases (160-169)
48 4.8 Shift work Longitudinal register study; adjustment by a Virtanen & Notkola, 2001,
Poisson regression analysis of the impact of Finland (205)
occupational and socioeconomic variates on
mortality
7.6 3.2 Environmental tobacco  Adjusted for age, gender, history of hyperten- Bonita et al, 1999, New
smoke (including carbon sion, heart disease, and diabetes Zealand (207)
monoxide)
Diseases of the 41 6.8 1.1
respiratory system
(all J codes)
Pneumonia (J12, 11 14 0.3  Welders (metallic Standardized mortality ratios were calculated Coggon et al, 1994, United
J13, J15, J17) component of the based on age-, gender, and period-specific Kingdom (336)
welding fumes, oxides  death rates of pneumonia in the general
of nitrogen, and ozone) population; the fact that the excess mortality
among men was confined to men younger than
65 years makes confounding by nonoccupational
causes improbable
Chronic obstructive 11.7 14.0 3.8 Combined risk factors
pulmonary
diseases
(J41-J44, J47)
183 9.6 2.6 Dusty work such as Stratified by gender, history of smoking, and Isoaho et al, 1994, Finland
manufacturing industry, social status (230)
construction work, and
farming (organic dust,
microbial dusts,
endotoxins)
3.6 0.6 Welding fumes Adjusted for age, cigarette pack-years, duration  Hunting & Welch 1993,
(chromium and nickel  of occupational exposures, and demographic United States (231)
dust in stainless steel  variables
welding)
1.2 0.9 Environmental tobacco  Adjusted for age, gender, race, education, Euler et al1, 1987, United
smoke occupational exposure, and past smoking history States (232)
Asthma (J45) 18.2 17.8 18.4  Combined risk factors
Occupations’: bakers,  Incidence rates based on register data Karjalainen et al, 2000,
food manufacturing Finland (237)
workers, painters and
lacquerers, floor layers,
farmers, animal
husbandry workers,
welders, plastic product
workers
8.6 5.9 Farmers and agricultural Adjusted for age, gender, smoking status, and ~ Kogevinas et al, 1999,
workers, animal country (study center) Australia, New Zealand,
husbandry workers United States, western
(grain dust, hay dust, Europe (226)
animal epithelia, hairs or
secretions, fodders)
1.2 0.1 Spray painters and Adjusted for age, gender, smoking status, and  Kogevinas et al, 1999,

Australia, New Zealand,
United States, western
Europe (226)

country (study center)

(continued)
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Mortality related to occupational factors in Finland

Cause of death 2

Attributable
fraction ® (%)

Potentially implicated
exposure or work
environment °

Study design and data analysis ¢

Primary source of
quantitative estimate ¢

Total Men Women
Asthma (continued) 0.3 47  Cleaners (chlorine and  Adjusted for age, gender, smoking status, and  Kogevinas et al, 1999,
acids, solvents, dusts)  country (study center) Australia, New Zealand,
United States, western
Europe (226)
0.3 0.2 Plastics and rubber Adjusted for age, gender, smoking status, and  Kogevinas et al, 1999,
workers (eg, epoxides) country (study center) Australia, New Zealand,
United States, western
Europe (226)
0.6 1.2 Bakers and pastry
makers (flour dust)
2.0 0.4 Welding fumes Adjusted for age, gender, smoking, and Torén et al, 1999, Sweden
formaldehyde exposure (241)
04 32  Textile dust Torén et al, 1999, Sweden
(241)
0.0 0.2 Hairdressers and Adjusted for age, smoking and atopy Leino et al, 1997, Finland
beauticians, etc (hair, (240)
acrylic monomers, resin,
phthalates, persulfate
salts, hair dyes and
colorants)
5.8 3.9 Environmental tobacco  Adjusted for age, gender, air pollution at work-  Flodin et al, 1995, Sweden
smoke place, occupational contact with animals, atopy, (244)
and ever-smoking
Pneumoconioses 100 100 100 Asbestos dust, silica Based on the rarity of nonoccupational cases of ~ Karjalainen, 1998, Finland
(J60-J64, J67) dust, organic dust pneumoconiosis (1
Cryptogenic fibros- 154 25.3 3.2 Metal dust, wood dust  Matched for age, gender, area of residence, and  Hubbard et al, 1996,
ing alveolitis (J84) general practitioner; adjusted for smoking status United Kingdom (26)
and exposure to wood or metal dust
Diseases of the 21 23 1.5
digestive system
(all K codes)
Gastric and 29.0 290 29.0 Shift work (involving Restricted to men; age-standardized hospitaliza- Tiichsen et al, 1994,
duode nal ulcer work strain) tion ratios for non-daytime workers; occupational Denmark (337)
(K25-K26) groups with similar employment status but with
daytime workers used only as a comparison
group
Diseases of the 13 3.0 0.4
genitourinary system
(all N codes)
Chronic renal failure 2.6 17.6 2.3 Combined risk factors
and nephritic syn-
drome (NO3, N11,
N18, N19, N28)
3.6 0.6 Lead Matched for age, gender, and region of Nuyts et al, 1995, Belgium
residence (urban or rural area) (338)
57 0.3 Chromium Matched for age, gender, and region of Nuyts et al, 1995, Belgium
residence (urban or rural area) (338)
7.3 0.7 Quartz Matched for age, gender, and region of Nuyts et al, 1995, Belgium
residence (urban or rural area) (338)
2.2 0.7 Oxygenated hydrocar-  Matched for age, gender, and region of Nuyts et al, 1995, Belgium
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residence (urban or rural area)

(338)
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Cause of death @

Attributable

fraction ® (%)

Potentially implicated
exposure or work
environment ¢

Study design and data analysis ¢

Primary source of
quantitative estimate ¢

Total Men Women
Accidents and 31 37 0.4
violent incidents
(alVv, W, X, Y
codes)
Accidents includ- 54 65 0.4 Annual rate 3.6 per Based on statistics Federation of Finnish
ing accidental 100 000 workers Insurance Companies,
poisonings) 1999, Finland (9), Farmer’s
(V01-X59, Y85- Social Insurance Institution,
Y86) 1999, Finland (10)
Homecide and in- 11 13 0.7 Policemen and guards ~ Based on statistics Isotalus & Saarela, 1999,
jury purposely in- Finland (339)
flicted by other
people (X85-Y09,
Y87.1)
Suicides (X60- 04 04 0.3 Combined risk factors
X84, Y87.0)
0.2 0.2 Physicians (work stress) Age-standardized death rates with other Rimpel4 et al, 1987, Finland
professionals (high social status, all or most (340)
members had an academic degree) and
economically active population used as a
comparison group
0.2 0.1 Lawyers (work stress) ~ Age-standardized death rates with other Rimpeld et al, 1987, Finland

professionals (high social status, all or most
members had an academic degree) and
economically active population used as a
comparison group

(340)

2 Codes of the International classification of diseases, 10th revision, in parentheses.
b Estimates are given separately by gender for those causes of death for which there was evidence of occupational etiology.
¢ Agents, occupation or industry.

4 Control of confounding variables.

e Authors, year, country, reference number (in parentheses as listed in the body of the text).
f The implicated industries or occupations were not explicitly used as a basis for the estimates of attribured fraction.
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