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Objectives The association between the risk of breast cancer and the physical load of work was studied because
physical activity may reduce breast cancer risk via hormonal mechanisms.

Methods Occupational physical activity was estimated from a self-determined rating [scale 1 (low)-5 (high)] of
occupational physical load for 1800 randomly selected women born in 1930-1969. The medians of the ratings
were used as occupation-specific indices of occupational physical activity. All 65 occupations with at least 5
ratings, covering 75% of the economically active female population in Finland, were included in further
analyses. The occupation-specific numbers of observed and expected cases of breast cancer during 1971-1995
among women born in 1906-1945 (17 986 cases) were grouped according to the index for occupational physical
activity. Expected rates were calculated with the social-class-specific population and the entire Finnish female
population as reference populations. The relative risks (RR) of breast cancer for categories 3-5, in comparison
with categories 1-2 were calculated using Poisson regression models. The occupation-specific mean number of
children and mean age at first childbirth were adjusted for.

Results The RR was lower for occupations in category 5 than for those in categories 14, especially in the
youngest (25-39 years) age group (RR 0.51, 95% confidence interval 0.44-0.58). Adjustment for social class
and reproductive factors raised the RR (95% confidence interval 0.56—0.74) for category 5 in different age strata,
all the RR values still being statistically significant.

Conclusions The results support the hypothesis that occupational physical activity, if high enough, markedly

reduces breast cancer risk.
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An increasing number of epidemiologic studies has re-
ported an inverse association between the risk of breast
cancer and recreational or occupational physical activi-
ty. [For reviews, see references 1-3.] Studies on occu-
pational physical activity in the United States, Europe,
and Asia have, in most cases, found a slightly decreased
risk of breast cancer in physically straining occupations
(4-11). However, there are also studies that have shown
no association (12, 13) or have even shown an increased
risk (14).

The objective of this study was to obtain an estimate
of breast cancer incidence in association with self-rated
occupational physical activity among the economically
active female population of Finland. We created a five-
class index for the physical load of the most common

Finnish occupations and linked it to the occupation-spe-
cific incidence of breast cancer during 1971-1995, with
adjustment for age, social class, and two reproductive
factors.

Material and methods

In the 1970 population census of Finland, an occupa-
tion was defined as the major activity performed
towards earning an income. The job titles, provided
by every Finnish citizen in the self-administered
questionnaire of the census, were converted into three-
digit job codes according to the Nordic Classification
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of Occupations and the International Classification of
Occupations (15). These codes were added to the files
of the Finnish Cancer Registry for every cancer patient
born in 1906-1945 with a cancer diagnosed in 1971-
1995 through record linkage based on the personal iden-
tification numbers of Finnish citizens.

In order to create an index for occupational physi-
cal activity, we randomly selected 1800 Finnish wo-
men, born in 1930-1969, and asked them to name their
occupation in a structured postal questionnaire in 1994
and, further, to rate the physical load of their occupa-
tions with scores of 1-5. Class 1 consisted of jobs in-
volving sitting and the performance of light tasks with
the hands only. Class 2 involved the handling of heavi-
er items, such as in work along industrial conveyor belts.
Class 3 involved bodily motion such as in light work
incorporating walking and standing. Professions in this
class included, for example, teachers, pharmacists, hair-
dressers, and shopkeepers. Class 4 involved walking up-
stairs or long distances, bending from the waist, and car-
rying, in other words, all activities that use the major
muscle groups of the body and notably increase energy
consumption. Professions in this class included nursing,
warehouse work, and cleaning. Class 5 differed from
class 4 in that heavy tasks were performed for most of
the workday, for example, the tasks performed by farm-
ers and livestock workers. In addition to the women’s
“current” occupation, their occupations “at 20 years of
age” and “at 35 years of age” were also similarly re-
quested. The medians of the load ratings for each occu-
pation served as the job-title-specific physical activity.
The “current” occupation, as stated by the subjects, was
included in the classification. Only occupations with at
least five ratings were accepted. These occupations cov-
ered 76% of the economically active female population
in Finland in 1985 (ie, 680000 women or over 16 mil-
lion person-years at follow-up) (16). The number of the
breast cancer cases was 17 986. The 24% of the Finnish
women in excluded occupations had 5721 cases of
breast cancer (ie, 24% of all breast cancer cases in this
age range).

For each of the 65 job titles with occupational phys-
ical activity, the observed number of breast cancer cas-
es for each job title during 1971-1995 was subdivided
into eight 5-year and birth-year categories between
19061945, five 5-year calendar periods, and four so-
cial classes (17). Expected numbers were counted sep-
arately for each stratum according to the following two
alternative reference populations: (i) the entire econom-
ically active female population and (ii) women of the
social class to which the subjects belonged. The four
social classes were defined as follows: (i) managers and
other higher administrative or clerical employees, farm-
ers owning more than 50 hectares of land, (ii) lower ad-
ministrative or clerical employees, small-scale entrepre-
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neurs, farmers owning 15 to 49.9 hectares of land, (iii)
skilled and specialized workers, farmers owning 5 to
14.9 hectares of land, (iv) laborers, farm and forestry
workers, institutions’ inmates, farmers owning less than
5 hectares of land, pensioners whose former occupations
were unknown (18). Job-title-specific standardized in-
cidence ratios were calculated as intermediary statistics
adjusting for year of birth and calendar period, and, for
the social-class-adjusted SIR values, also for social
class.

Poisson regression models (19) were used for assess-
ing the adjusted ratios of observed to expected cases,
which were interpreted as the relative risks for differ-
ent occupational physical activities. A combined class
containing the greatly similar scores of 1 and 2 was used
as the reference class. The number of observed cases
(response variable) and the number of expected cases
(offset) were incorporated into the multiplicative Pois-
son regression model. It would have been possible to
base the model also on observed cases and person-years,
but it would have forced us to calculate the age estimates
from the data and would have led to a loss of degrees of
freedom and broader confidence intervals. Therefore the
method based on observed and expected cases has been
frequently used in analyses in which age relations are
essential (and for which a calculation of expected rates
is possible). The occupation-specific average number of
children among Finnish women 40-45 years of age in
1985 and the respective mean age at first childbirth were
included in the analysis (17). Some earlier studies have
reported that there is a greater decrease in the risk of
breast cancer with increasing levels of occupational
physical activity among premenopausal than postmen-
opausal women or that protection was only observed
during the premenopausal period (5, 8-10). On the ba-
sis of these findings, the subjects were grouped as clear-
ly of premenopausal age (25-39 years of age at the be-
ginning of each 5-year calendar period), of postmeno-
pausal age (=55 years of age), and of intermediate age
(40-54 years of age). All the calculations were made
using the SAS 6.12 computer statistics software pack-
age (20).

Results

In our cohort, 17986 breast cancer cases were found by
the Finnish Cancer Registry. The cases were rather even-
ly distributed through the various classes of occupational
physical activity. The age-specific standardized inci-
dence ratios varied from 1.05 to 1.16 for the lightest
occupations and from 0.77 to 0.80 for the heaviest
occupations (table 1). Adjustment for social class and
reproductive factors diminished the variation between
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Table 1. Observed and expected numbers of breast cancer cases
and the standardized incidence ratios (SIR) with 95% confidence
intervals (95% CI) for breast cancer at different levels of occupa-
tional physical activity as classes 1-52. Reference: entire female
population adjusted for age, period, and social class.

Age at Observed  Expected  SIR 95%Cl
follow up® (N) (N)
25-39 years
Class 1+2 374 323 1.16 1.04-1.28
Class 3 304 259 1.17 1.05-1.31
Class 4 585 554 1.06 0.97-1.14
Class 5 431 562 0.77 0.70-0.84
40-54 years
Class 1+2 1371 1222 1.12 1.06-1.18
Class 3 1033 930 1.11 1.04-1.18
Class 4 1832 1763 1.04 0.99-1.09
Class 5 1255 1568 0.80 0.76-0.85
>55 years
Class 1+2 3430 3254 1.05 1.02-1.09
Class 3 2401 2303 1.04 1.00-1.09
Class 4 3543 3357 1.06 1.02-1.09
Class 5 1427 1824 0.78 0.74-0.82
All ages
Class 1+2 5175 4799 1.08 1.05-1.11
Class 3 3738 3491 1.07 1.04-1.11
Class 4 5960 5675 1.05 1.02-1.08
Class 5 3113 3954 0.79 0.76-0.82

a2 Class 1 = jobs involving sitting and light tasks with the hands only,
class 2 = handling of heavier items (eg, work along industrial conveyor
belts), class 3 = jobs involving bodily motion (eg, in light work
incorporating walking and standing), class 4 = jobs involving walking
upstairs or long distances, bending from the waist, and carrying (ie, all
activities using major muscle groups and notably increasing energy
consumption, class 5 = same as class 4 except that heavy tasks were
performed for most of the workday.

b At the beginning of each 5-year period.

the classes. When both were added to the model, the rate
ratio remained remarkably low only for class 5 when
compared with the classes 1 and 2 combined (table 2).
The relationship between occupational physical activi-
ty and rate ratio was strongest in the youngest age group,
the rate ratio for class 5 being 0.68 (95% CI 0.51-0.93).

Discussion

Currently, we know of 12 studies on the association be-
tween breast cancer and occupational physical activity.
Nine of these studies are retrospective or prospective
cohort studies (4-7, 9, 11, 12, 14, 21), and three are pop-
ulation- or hospital-based case-referent studies (8, 10,
13). Job titles (4, 5, 10, 21), subjects’ self-ratings of ac-
tivity level at work (7-9, 12), estimated time spent in a
sitting position during workhours (6, 13), index of week-
ly energy expenditure (11), and index based on hours at
each level of activity during a day as weighted by rela-
tive oxygen consumption (14) have been used as the
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basis for classifying the occupational physical activities.
Most of these studies have suggested a decreased risk of
breast cancer in physically demanding occupations. The
greatest reported risk reduction was 52% in the study by
Thune et al (9) with control for age at entry, county of
residence, number of children, age at birth of first child,
intake of total fat and energy, and body mass index (9).

In our study the risk decrease of the physically most
active occupation was about 30% when adjusted for so-
cial class or reproductive factors, but only some 20% if
adjusted for both of these factors. It is evident that the
main factor shown as social class variation in breast can-
cer incidence is actually social class variation in repro-
ductive factors (17). Therefore, adjustment for both so-
cial class and reproductive factors in the same model
probably leads to overadjustment. Thus the standardized
incidence ratios adjusted for social class only may be
closer to the truth.

Our results showed a decreased risk of breast can-
cer for physically heavy occupations in Finland, and
they are therefore in agreement with the majority of find-
ings from earlier studies. Due to the nondifferential mis-
classification error, the variation between the categories
used for occupational physical activity was smaller when
classified by group averages than it would have been if
the index for occupational physical activity could have
been used for each person (ie, the true protective effect
of physically intense work is likely to be more than that
observed in this study setting). In class 5 (“heavy phys-
ical work™), workload was perceived very similarly by
the subjects. All the subjects rated their workload with
scores of 4 or 5. In some other occupations, such as nurs-
ing, the rating distributions were broad due to the varia-
tion in their status in hierarchy (chief nurse or ward
nurse, etc) and worksite (emergency unit, chronic ward,
operating theater, hospital administration, etc).

However, when our analysis was restricted to the
most homogeneous occupations with 80% occupational
physical activity scores of +1 class around the median
(31 occupations, 11 139 breast cancer cases), the trend
of decreasing risk by increasing workload did not mate-
rially change (table 2). Not only can the between-work-
er variability in occupational physical activity differ
from week to week, but subjective intrapersonal report-
ing can also, and thus cause misclassification.

The ratings of the women born in 1930-1969 were
applied to the women working in the 1970s. This use
was considered justified. Although the absolute heavi-
ness of work may have diminished, the ranking of oc-
cupational physical activity can be assumed to be rather
stable. In our analysis the occupation-specific average
numbers of children and mean ages at first birth in 1985
were used to adjust for reproductive factors instead of
having had these data available on an individual level.
Since residual confounding is possible among women



Table 2. Relative risk (RR) of breast cancer and the 95% confidence intervals (95% Cl) for occupations according to the index for

Rintala et al

occupational physical activity as classes 1-52 and age group, derived from models with different exclusions and adjustments.

Occupations Age group
according to
adjustment 25-39 years 40-54 years >55 years
RR 95%Cl RR 95%Cl RR 95% Cl

All occupations, unadjusted

Class 1+2 1.0(reference)
Class 3 0.92 0.79-1.07
Class 4 0.68 0.64-0.74
Class 5 0.51 0.44-0.58
All occupations, adjusted for social class only
Class 1+2 1.0 (reference)
Class 3 1.01 0.87-1.18
Class 4 0.91 0.80-1.04
Class 5 0.66 0.58-0.76

All occupations, adjusted for reproductive
factors only

Class 1+2 1.0 (reference)

Class 3 0.97 0.83-1.14
Class 4 0.74 0.62-0.88
Class 5 0.56 0.41-0.76

All occupations, adjusted for both social class
and reproductive factors

Class 1+2 1.0 (reference)

Class 3 0.99 0.85-1.17
Class 4 0.90 0.76-1.07
Class 5° 0.68 0.51-0.93
Class 5¢ 0.58 0.45-0.69

1.0(reference)

1.0(reference)

0.87 0.80-0.94 0.90 0.86-0.95
0.69 0.64-0.74 0.82 0.78-0.86
0.55 0.51-0.59 0.61 0.57-0.65

1.0 (reference)

1.0 (reference)

0.99 0.91-1.07 0.99 0.94-1.04
0.93 0.86-0.99 1.00 0.95-1.05
0.71 0.66-0.77 0.74 0.70-0.79

1.0 (reference)

1.0 (reference)

0.96 0.87-1.05 0.96 0.91-1.02
0.81 0.74-0.89 0.89 0.84-0.95
0.71 0.59-0.85 0.71 0.59-0.85

1.0 (reference)

1.0 (reference)

1.02 0.94-1.11 1.01 0.96-1.07
0.99 0.91-1.09 1.04 0.98-1.11
0.84 0.70-1.00 0.82 0.71-0.94
0.77 0.67-0.87 0.87 0.77-0.98

Only occupations with homogeneous physical
load ¢, unadjusted

Class 1+2 1.0(reference)

Class 3 0.94 0.76-1.15
Class 4 0.64 0.52-0.78
Class 5 0.52 0.42-0.63

1.0(reference) 1.0(reference)

0.92 0.81-1.03 0.84 0.77-0.90
0.73 0.66-0.82 0.77 0.71-0.83
0.61 0.54-0.69 0.62 0.57-0.67

a Class 1 = jobs involving sitting and light tasks with the hands only, class 2 = handling of heavier items (eg, work along industrial conveyor belts), class
3 = jobs involving bodily motion (eg, in light work incorporating walking and standing), class 4 = jobs involving walking upstairs or long distances,
bending from the waist, and carrying (ie, all activities using major muscle groups and notably increasing energy consumption, class 5 = same as class

4 except that heavy tasks were performed for most of the workday.
®Including agricultural workers.
¢ Excluding agricultural workers.
480% of the self-reported ratings fell in the median category +1.

differing from the average, we studied the effect of ex-
cluding an occupation, agricultural workers, with excep-
tionally large variation in this respect. Agricultural
workers are known to have considerably more children,
on the average, than the general Finnish population and
also a markedly low incidence of breast cancer (22).
Agricultural work is the predominant occupation in class
5 (16% of all class 5 occupations). Excluding them did
not change the result (table 2). Thus the low risk of
breast cancer in occupational physical activity class 5
was not attributable to agricultural work.
Endocrinologic mechanisms are crucial to the devel-
opment of breast cancer. High levels of estrogens and
progesterone play a central role in exposing breast tis-
sue to harmful effects. Their serum levels are known to
decrease with exercise (23), even with exercise of mod-
erate intensity (24-26), under experimental conditions.

Whether this mechanism holds true for occupational
physical activity is not known, although moderate lev-
els of physical activity, as found among cleaners, kitch-
en staff, and clerical workers at hospitals, appear to af-
fect the female reproductive system, as measured by the
time to pregnancy (ie, fecundability) (27). Leisure-time
physical activity is not related to menopausal age (28).
We are not aware of any studies on the age at meno-
pause and occupation or on sex-steroid serum hormone
levels and occupation. It is assumed that physical activ-
ity exerts its protective effect on breast cancer risk
through ovarian function via changes in menstrual char-
acteristics; certain time period(s) in a woman’s life, such
as preadolescence, adolescence and menopause, may be
of special importance. In the case of occupational phys-
ical activity, effects on early menstrual events are can-
celed out in today’s Finland.
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So far, it is not known what property or dimension
of physical activity may be related to the risk of breast
cancer. Some studies on recreational physical activity
and breast cancer (1, 29, 30) have shown the risk to de-
crease with an increasing intensity of leisure-time phys-
ical activity. In this study the protective effect of occu-
pational physical activity after all adjustments increased
towards the heaviest class of occupational physical ac-
tivity. This finding highlights the importance of exer-
cise intensity.
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