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Objectives. The purpose of this
study was to estimate, for the period
1971 through 1989, occupation-
specific risks of breast cancer among
Swedish women employed in 1970.

Methods. Age—period standard-
ized incidence ratios were computed.
Log-linear Poisson models were fitted,
with geographical area and town size
taken into account. Risks were further
adjusted for major occupational group,
used as a proxy for socioeconomic sta-
tus. Risk estimators were also calcu-
lated for women reporting the same
occupation in 1960 and 1970.

Results. Most elevated risks
among professionals, managers, and
clerks were reduced when intragroup
comparisons were carried out, indicat-
ing the confounding effect of socioeco-
nomic status. Excess risks were found
for pharmacists, teachers of theoretical
subjects, schoolmasters, systems ana-
lysts and programmers, telephone oper-
ators, telegraph and radio operators,
metal platers and coaters, and hair-
dressers and beauticians, as well as for
women working in 1960 and 1970 as
physicians, religious workers, social
workers, bank tellers, cost accountants,
and telephonists.

Conclusions. While the high risks
observed among professional, admin-
istrative, and clerical workers might
be related to lower birth rates and
increased case detection, excess risks
found for telephone workers and for
hairdressers and beauticians deserve
further attention. (Am J Public Health.
1999;89:875-881)
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Most of the known risk factors for breast
cancer—namely, early menarche, late
menopause, late or null first-term pregnancy,
lactation, hormone-replacement therapy, and
obesity—can be seen as measures of the
cumulative exposure of the breast to estrogen
and, perhaps, progesterone.' However, it has
been estimated that as much as 53% of the
incidence rate cannot be explained by these
factors.? Allowance should therefore be made
for other environmental exposures, among
which occupational exposures might play an
important role.>

Studies have shown an increased risk of
breast cancer associated with several occupa-
tions.*'* The positions most frequently
reported are teachers,m’g’”‘13 administrative
workers,**'2 religious workers,*5° and health
care workers.*”>10!

Record linkage between the Swedish
cancer registry and a population registry com-
prising all individuals included in the 1970
census (with information on occupation and
residence in 1970, occupation in 1960, and
date of death) rendered it possible to construct
a retrospective cohort that was followed up
over a 19-year period. The goal of the present
study was to estimate the occupation-specific
risk of breast cancer among the female mem-
bers of this cohort. As a means of obtaining
more valid estimators, relative risks were
adjusted for other important confounders
(county and town size), and the definition of
occupation was refined by means of comput-
ing relative risks for those women reporting
the same occupation in both censuses.

Methods

The base population for this historical
cohort study was made up of all Swedish
women who (1) were gainfully employed at
the time of the 1970 census, (2) had also been
present in the country during the 1960 cen-
sus, and (3) were still alive and older than 24

years as of January 1, 1971. The sample
included 1101669 women who were aged 25
to 64 years at the beginning of the study and
who were subsequently followed up for 19
years until the end of 1989.

Information was drawn from 2 linked
data sets. The first was the Swedish cancer
environment registry, which provides infor-
mation on incident cancer cases (reporting
rate: 95%—98%),'*'¢ including occupation,
residence, and certain demographic variables
from the 1960 and 1970 censuses. This reg-
istry was used to compute specific rate
numerators; breast cancer was defined as any
case classified under code 170 of the Interna-
tional Classification of Diseases, 7th Revi-
sion.' The second data set was a background
population registry comprising all individuals
included in the 1970 census, with informa-
tion on occupation in 1960, occupation and
residence in 1970, and date of death. This
registry was used to calculate specific rate
denominators.

During the study period, death was the
only event defined as end of follow-up.
Women not reported as deceased were con-
sidered to be alive until the end of follow-up.
This led to a slight overestimation of person-
years, since those who emigrated were not
withdrawn. Nevertheless, the annual emigra-
tion rate among Swedish citizens was very
low, approximately 1 per 1000."”"
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In the 1970 census, occupations were TABLE 1—Broaet C. incid oc ional G d1orTh
coded according to the Nordic Classification reast Cancer Incidence per Occupational Group and for Those
of Occupations.zo Almost exactly the same Occupations With at Least 10 Cases Observed and a 10% Excess Risk
codes were used in the 1960 census. Each Cumu- Ob- Ex-
occupation is represented by a 3-digit num- Group and Adjusted lative served pected
ber. The first digit refers to 1 of 10 major Occupational Code Rate® Risk® Cases Cases SIR° 95% Cl
occupational groups (0-9), with higher num-
bers indicating manual occupations and Group 0: professional
lower numbers indicating occupations and technical work 161 9.0 6630 5928 112 109,115
involving more education and a high 002 Electrical engineer 204 9.9 18 12 149 88, 236
¢ gm cation a gher 003 Mechanical engineer 171 8.6 20 15 135 82,208
SOCI0€CONOMmIC status. 006 Engineer and technician, other 163 9.1 25 22 114 74,169
The overall person-time that each 008 Technical assistant 166 7.8 109 90 121 99,145
woman contributed to the study was allocated 011 Chemist N 193 9.4 25 16 152 99,225
to the Correspond.ing cells of the variables of 014 Laboratory technician 159 8.1 114 98 116 96, 140
R . . 031 Physician 216 11.8 59 40 147 112,190
stratification. These variables were (1) occu- 032 Dentist 201 110 52 37 140 105,184
pation, (2) county of residence in 1970, (3) 040 Registered nurse 172 99 754 643 117 109, 126
size of town of residence in 1970 (less than 041 Midwife N 178 9.7 47 37 128 94,170
2000, 200020000, 20000100000, or more 045 Medical technician 173 9.6 122 99 123 102,147
than 100000 inh: t;'tant ) 4 . 046 Pharmacist 234 13.2 83 55 150 120, 186
an Inhabitants), (4) age group (in 047 Physiotherapist, occupational therapist 160 8.1 159 136 117 99,136
5-year categories ranging from 25-29 to 050 Principal, headmaster 178 10.1 21 17 122 75,186
75-79 years), and (5) calendar time period 051 University, higher education teacher 182 9.6 46 34 137 100, 183
(1971-1975, 1976-1980, 1981-1985, and 052 Teacher in theoretical subjects 188 10.5 409 315 130 118,143
. : 053 Formal schoolmaster 190 10.6 827 651 127 119,136
1985-1989). The variables of occupation, 054 Teacher: painting, music, physical 168 9.5 292 249 117 104,132
county, and town size, because they were education
drawn from the 1970 census, were regarded as 055 Teacher in vocational subjects 193 11.0 131 100 131 110, 156
fixed; age and period were time dependent. 056 Preprimary education teacher 170 9.2 154 133 116 99, 136
Clavton’s algorithm ed in calculatin 058 Other educational worker 188 9.9 45 34 134 98, 179
th v ot lg%e £ was used 21 ¢ g 068 Other religious worker 224 1.3 22 15 149 94,226
€ exact number of person-years. 081 Sculptor, painter, photographer, artist 172 9.2 35 29 122 85,170
Age-standardized incidence rates per 085 Journalist, editor 169 83 70 57 122 95,154
occupation for the entire period were com- 086 Performing artist 272 188 32 20 157 107,222
puted with the European population as the gg? gther |itt<:ra;ry agf: artistic worker :x 132 :g }2 :gg gg gg;
S ccountant, auditor . \
standard. Cumulative risk from 25 to 79 092 Social worker 178 98 281 226 124 110,140
years of age was also assessed. This risk can 093 Librarian, archivist, curator 172 84 144 118 122 103,144
be interpreted as the theoretical probability of 096 Staff officer 183 9.2 97 71 137 111,167
a 25-year-old woman in a given occupation 097 Systems analyst, programmer 196 9.1 24 13 179 115,267
developing breast cancer before the age of 80 098 Other professions, technical & related 198 12.2 43 33 129 93,174
years, assuming that she were not to die from Group 1: administrative and managerial 177 9.7 403 320 126 114,139
any other cause.” 101 Gov:rqrpetnt :egislator and 200 107 165 116 142 122,166
The relative risk of breast cancer was administrator
. . . 118 Oth i nage 172 9. 216 178 121 106, 138
estimated on the basis of the standardized er business manager °
incidence ratio: the ratio of the observed to Group 2: bookkeeping and clerical work 165 93 6115 5382 114 111,117
the expected number of cases in any given 201 Bookkeeper and cashier 165 9.0 1084 929 117 110, 124
. Incid . adiusted b 203 Bank teller 194 11.7 97 79 122 99, 149
occupation. Incidence ratios were adjusted by 290 Secretary, typist 176 98 1416 1172 121 115,127
age and period, the overall cohort being used 291 Computer operator 165 86 174 153 114 98,132
to provide reference rates. The expected 293 Travel agency employee 192 9.1 23 16 143 91,215
number of cases was then generated by 294 Forwarding and shipping agent 141 5.6 10 9 118 56,217
. s 295 Property and store manager 156 8.8 40 35 114 81,155
applying the specific reference rates to the 206 Insurance rater, claims adjuster 182 92 135 100 135 113,160
person-years in each age and period stratum. 297 National insurance office worker 197 123 87 71 123 98,151
Under the Poisson distribution, confidence 298 Cost accountant, estimating clerk 249 177 26 18 147 96,215
intervals for standardized incidence ratios 299 Nonspecified clerical work 161 9.2 2517 2268 111 107,115
. ) S 2]
were computed via Byar’s approximation. Group 3: sales work 138 79 3691 3858 96 93,99
Because of the low numbers of women in 313 Advertising personnel 179 8.2 29 20 143 96,205
f;ertam occupations, only 0ccupat19n§ involv- Group 4: agriculture, forestry, and fishing 115 6.5 1264 1587 80 82, 93
ing at least 200 exposures and a minimum of 418 Other agricultural, horticultural, 162 75 10 8 129 62,237
10 observed cases were considered. Stan- livestock worker
dardized incidence ratios were also computed Group 5: mining and quarrying 119 50 4 4 104 28,267
for the 10 major occupational groups. o ; 86 1076 1044 103 97,109
Breast cancer risk showed a geographi- Grggg ?A.ﬁﬂiﬁi’iﬁﬂfafﬁmm""m°"s 2?3 143 157 123 128 109, 150
cal variation, with Stockholm and MalmShus 654 Office telephonist 164 90 347 303 115 103,127
as areas of highest incidence and the northern 655 Telegraph and radio operator 193 94 43 29 147 106,197
counties as areas of lowest incidence; risk also Continued
tended to be greater for urban than for rural
areas. Since occupations are not uniformly
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TABLE 1—Continued

Cumu-

Ob-

Ex-

Group and Adjusted lative served pected

Occupational Code Rate® Risk® Cases Cases SIR° 95% Cl

Group 7: production | 132 7.9 1855 2016 92 88, 96
713 Hatmaker and milliner 178 9.6 38 32 121 85, 165
757 Metal plater and coater 376 23.1 12 6 204 105, 356
779 Nonspecificied woodworker 186 12.6 15 12 126 70,207

Group 8: production Il 128 7.6 1361 1550 88 83, 93
808 Other printing worker 177 11.4 26 23 116 76,170
814 Glass, ceramic painter, and decorator 187 9.3 10 8 131 63, 242
851 Rubber products worker 170 11.5 44 39 113 82, 152
854 Photographic laboratory worker 168 8.8 25 21 118 76,174

Group 9: services and military work 129 7.4 6889 7599 91 89, 93
917 Purser, steward, stewardess 159 7.0 22 19 115 72,175
941 Hairdresser, beautician 158 8.7 284 258 110 98, 124
946 Photographer 187 13.0 20 17 120 74,186

°Per 100 person-years.

Note. SIR = standardized incidence ratio; Cl = confidence interval.
2Per 100 000 person-years using European standard population.

°Using age- and period-specific rates for the whole cohort as standard.

distributed geographically, a more detailed
analysis was carried out for occupations with
standardized incidence ratios greater than 110
to take these possible confounders into
account. Sweden is divided into 24 counties.
To simplify analysis, counties were grouped
into 5 categories based on their standardized
incidence ratio: (1) less than 90, (2) between
90 and 95, (3) between 95 and 105, (4)
between 105 and 110, and (5) more than 110.

On the assumption that the observed
number of cases was distributed in each stra-
tum as a Poisson variable, log-linear Poisson
models were fitted in which occupations
were compared, with geographical risk area
and town size taken into account. In these
models, the number of expected cases was
introduced as an offset.”! Given that the
expected number was computed on the basis
of the age- and period-specific reference
rates, the relative risk for each occupation
was likewise age and period adjusted.

As a means of taking into account the
relationship between social class, lifestyle,
and occupation, the same analysis was car-
ried out for the selected occupations, but this
time solely with other occupations in the
same major group (i.e., those with the same
first digit) as the reference.

In occupations that still showed an
excess risk of at least 10%, relative risks were
calculated separately for women reporting
such occupations in both censuses and for
those reporting such occupations in 1970 but
not in 1960. In each case, the relative risk was
calculated with the other occupations in the
same major group as the reference. Further-
more, risk gradients were computed, with
greater exposure (at least in terms of years)
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assumed among women reporting the same
occupation in both censuses. In all instances,
geographical area and town size were also
considered.

Results

During the follow-up, 29284 breast
tumors were reported in the study cohort. The
overall standardized rate was 143.8 cases per
100000 person-years, and the cumulative risk
for the 25- to 79-year age group was 8.5%.
Table 1 depicts the adjusted rates, cumulative
risks, and standardized incidence ratios for
major occupational groups and for occupa-
tions with an incidence ratio of 110 or higher.
There were substantial intergroup differ-
ences, with incidence rates considerably
higher among administrators, clerks, and pro-
fessionals and lower among workers in agri-
culture, production, and services.

Of the 270 occupations reported in 1970,
143 involved more than 200 women and at
least 10 observed cases. Half of those with a
standardized incidence ratio greater than 110
(Table 1) corresponded to professional and
technical staff (group 0). Among respondents
with these occupations, systems analysts and
programmers showed the highest standard-
ized incidence ratio (179), and positions
involving more than 30% excess risk included
electrical engineers, mechanical engineers,
physicians, dentists, pharmacists, different
types of teachers, religious workers, artists,
and staff officers. Government legislative and
administrative workers in group 1 and travel
agency employees, insurance raters, and cost
accountants and estimating clerks in group 2

Breast Cancer Risk

recorded an excess risk of more than 30%.
Other job codes with a similar excess risk
were those corresponding to working propri-
etors, advertising personnel, telegraph and
radio operators, glass and ceramic painters,
and metal platers and coaters, with the last-
mentioned registering the highest standard-
ized incidence ratio (204).

In general, relative risks from Poisson
models taking geographical area and town
size into account (see Table 2) were lower
than the corresponding standardized inci-
dence ratios as a result of the positive con-
founding effect of these 2 variables.

In intragroup comparisons that took as a
reference only job codes having the same
first digit (Table 2), attenuation of risks
toward unity was also observed in groups 0,
1, and 2. Some occupations failed to show a
10% excess risk and were not considered in
subsequent analyses. In contrast, there were
increases in relative risks for most occupa-
tions in groups 3 through 9—a finding that
was to be expected in view of the exclusion
of high-risk occupations in groups 0 through
2 from the reference category.

The only job classifications associated
with excess risk that attained statistical sig-
nificance were pharmacists, teachers in theo-
retical subjects, schoolmasters, systems ana-
lysts and programmers, telephone operators,
office telephonists, telegraph and radio oper-
ators, metal platers and coaters, and hair-
dressers and beauticians.

For job codes exhibiting at least a 10%
excess risk in the right-hand side of Table 2,
Table 3 sets out the relative risks for (1)
women reporting such occupations in 1970
but not in 1960 and (2) women reporting the
same such occupations in both censuses.
Again, the reference group was formed
by the other job codes having the same first
digit. In some instances, the number of cases
in the second category was too small to allow
conclusions to be drawn, but a statistically
significant gradient was found for physicians,
pharmacists, teachers in theoretical subjects,
schoolmasters, social workers, telephone
operators, office telephonists, telegraph
and radio operators, and hairdressers and
beauticians. Moreover, an almost statisti-
cally significant gradient was found for
religious workers and for cost accoun-
tants and estimating clerks.

It is interesting to note that some of the
occupations with excess risks that failed to
reach statistical significance in the previous
analysis (see Table 2) registered a significant
excess risk among women reporting such
occupations in both censuses; this was true of
physicians, religious workers, social workers,
bank tellers, and cost accountants and esti-
mating clerks.
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Discussion

This study focused on occupations
posing increased risk of breast cancer
among Swedish women employed in 1970.
After adjustment for age, period of diagno-
sis, geographical area, and town size, 25
occupations were identified with a relative
risk greater than 1.20 in comparison with
other job classifications in the same major
occupational group (used as a proxy for
education level and other socioeconomic
factors). Of these positions, 8 had elevated
risk that attained statistical significance:
pharmacists, certain types of teachers,
schoolmasters, systems analysts and pro-
grammers, telephone operators, office tele-
phonists, telegraph and radio operators,
metal platers and coaters, and hairdressers
and beauticians. Another 6 positions were
shown to have a significantly elevated risk
among women reporting them in both 1960
and 1970: physicians, religious workers,
social workers, bank tellers, cost accoun-
tants and estimating clerks, and office tele-
phonists. Furthermore, a statistically signif-
icant gradient in risk was obtained for
physicians, pharmacists, teachers, social
workers, telephone operators, office tele-
phonists, telegraph and radio operators, and
hairdressers and beauticians when occupa-
tional groups were subdivided; women
reporting such jobs in both censuses were
considered to represent a category of higher
exposure.

The definition of exposure was limited
in this population study; however, the avail-
ability of additional information about the
1960 census allowed us to increase the
specificity of this definition by considering
the subcohort of women exposed in both
censuses. This is one of the strengths of the
present study. Standardized incidence ratios
were computed with only age and period
taken into account, since the reference rates
proved to be unstable when stratification for
geographical area and town size was
attempted. As an alternative, Poisson regres-
sion analysis possesses major advantages
over standardization in controlling for con-
founding.”? However, the general theory of
goodness-of-fit analysis in Poisson regres-
sion requires the number of exl)ectations per
stratum not to be overly small.” In our mod-
els, the total number of cases for any occu-
pation was split into the corresponding cate-
gories, producing strata with very low
figures. Nevertheless, the use of observed
and expected values afforded the opportu-
nity of collapsing the different strata (i.e.,
different age groups and periods),”’ thereby
increasing their stability and rendering the
regression analysis more efficient.
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TABLE 2—Breast Cancer Risk for Occupations With a Minimum of 10 Observed
Cases and a 10% Excess Risk, Adjusted for Age, Period,
Geographical Category, and Town Size

Reference: Reference:
All Other Other Occupations
Occupations in Same Group
Occupational Code RR® 95% ClI RR? 95% ClI
002 Electrical engineer 1.40 0.88, 2.23 1.28 0.81, 2.03
003 Mechanical engineer 1.29 0.83, 1.99 1.18 0.75, 1.80
006 Engineer and technician, other 1.1 0.75, 1.64 1.00 0.67, 1.48
008 Technical assistant 1.16 0.96, 1.40 1.05 0.87,1.27
011 Chemist 1.42 0.96, 2.11 1.30 0.87,1.92
014 Laboratory technician 1.14 0.95, 1.37 1.02 0.85, 1.23
031 Physician 1.39 1.08, 1.80 1.27 0.98, 1.64
032 Dentist 1.35 1.03,1.77 1.22 0.93, 1.60
040 Registered nurse 1.17 1.09, 1.26 1.05 0.97,1.13
041 Midwife 1.30 0.98, 1.73 1.16 0.87, 1.55
045 Medical technician 1.19 1.00, 1.42 1.08 0.90, 1.29
046 Pharmacist 1.47 1.18, 1.82 1.32 1.07, 1.64
047 Physiotherapist, occupational therapist 1.16 0.99, 1.36 1.04 0.89, 1.22
050 Principal, headmaster 1.19 0.77,1.82 1.07 0.70, 1.65
051 University, higher education teacher 1.29 0.97,1.72 1.18 0.88, 1.57
052 Teacher in theoretical subjects 1.28 1.16, 1.41 1.16 1.05,1.28
053 Formal schoolmaster 1.30 1.22,1.40 1.18 1.09, 1.27
054 Teacher: painting, music, 1.18 1.05, 1.32 1.05 0.94, 1.19
physical education
055 Teacher in vocational subjects 1.31 1.10, 1.55 117 0.99, 1.39
056 Preprimary education teacher 1.13 0.97,1.33 1.02 0.87,1.19
058 Other educational worker 1.31 0.98, 1.76 1.18 0.88, 1.58
068 Other religious worker 147 0.97,2.24 1.33 0.88, 2.02
081 Sculptor, painter, photographer, artist  1.15 0.83, 1.61 1.04 0.75,1.45
085 Journalist, editor 1.14 0.90, 1.44 1.04 0.82, 1.32
086 Performing artist 1.45 1.02, 2.05 1.32 0.93, 1.87
088 Other literary and artistic worker 1.35 0.81,2.24 1.24 0.75, 2.07
091 Accountant, auditor 1.25 0.80, 1.95 1.14 0.72,1.78
092 Social worker 1.23 1.10, 1.39 1.1 0.98, 1.25
093 Librarian, archivist, curator 1.18 1.00, 1.39 1.07 0.90, 1.26
096 Staff officer 1.30 1.06, 1.59 1.18 0.97, 1.44
097 Systems analyst, programmer 1.65 1.11,2.46 1.51 1.01,2.26
098 Other professions, technical and related 1.22 0.91, 1.65 1.1 0.82, 1.50
101 Government legislator and administrator 1.34 1.15, 1.56 1.21 0.99, 1.48
118 Other business manager 1.16 1.02, 1.33 0.93 0.76, 1.13
201 Bookkeeper and cashier 1.13 1.06, 1.20 1.04 0.97,1.11
203 Bank teller 1.22 1.00, 1.50 1.12 0.92, 1.37
290 Secretary, typist 1.15 1.09, 1.21 1.06 0.99, 1.12
291 Computer operator 1.08 0.93, 1.25 0.99 0.85, 1.15
293 Travel agency employee 1.33 0.88, 1.99 1.21 0.81,1.83
294 Forwarding and shipping agent 1.12 0.60, 2.08 1.03 0.55, 1.91
295 Property and store manager 1.09 0.80, 1.48 1.00 0.73, 1.36
296 Insurance rater, claims adjuster 1.24 1.04, 1.46 1.13 0.95, 1.34
297 National insurance office worker 1.20 0.97, 1.48 1.10 0.89, 1.36
298 Cost accountant, estimating clerk 1.39 0.94, 2.04 1.27 0.86, 1.87
299 Nonspecified clerical work 1.08 1.04,1.13 0.97 0.92, 1.02
313 Advertising personnel 1.32 0.92, 1.91 1.42 0.97,2.05
418 Other agricultural, horticultural, 1.29 0.69, 2.40 1.37 0.73, 2.60
livestock worker

653 Telephone operator 127 1.08, 1.48 1.31 1.11,1.56
654 Office telephonist 1.10 0.99, 1.22 1.15 1.01,1.31
655 Telegraph and radio operator 1.40 1.04, 1.88 1.41 1.04, 1.92
713 Hatmaker and milliner 1.19 0.86, 1.63 127 0.92, 1.76
757 Metal plater and coater 2.02 1.15, 3.56 2.14 1.21,3.77
779 Nonspecified woodworker 1.40 0.84, 2.32 1.44 0.87,2.40
808 Other printing worker 1.09 0.74,1.60 1.24 0.84, 1.83
814 Glass, ceramic painter, and decorator  1.35 0.72, 2.50 1.50 0.80, 2.80
851 Rubber products worker 1.08 0.80, 1.45 1.14 0.84, 1.56
854 Photographic laboratory worker 1.12 0.76, 1.66 1.29 0.87,1.92
917 Purser, steward, stewardess 1.12 0.74,1.70 1.24 0.82, 1.89
941 Hairdresser, beautician 1.09 0.97,1.23 1.21 1.08, 1.37
946 Photographer 1.17 0.75, 1.81 1.30 0.84, 2.01

Note. RR = relative risk; Cl = confidence interval.
2For each occupation in comparison with others.
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TABLE 3—Breast Cancer Risk for Selected Occupations: Number of Cases and Relative Risks
Women Reporting Occupation Women Reporting Occupation
Only in 1970 Census in Both Censuses

Occupational Code Observed RR? 95% ClI Observed  RR? 95% Cl Pt
002 Electrical engineer 17 1.27 0.79, 2.04 1 1.50 0.21, 10.65 .29
003 Mechanical engineer 19 1.18 0.75, 1.85 1 0.90 0.13,6.39 .56
011 Chemist 20 1.37 0.88,2.12 5 1.07 0.45, 2.58 .30
031 Physician 20 0.93 0.60, 1.45 39 1.55 1.13,2.12 .02
032 Dentist 16 1.19 0.73, 1.94 36 1.23 0.89, 1.71 a7
041 Midwife 21 1.14 0.74,1.75 26 1.18 0.80, 1.73 .32
046 Pharmacist 36 1.19 0.86, 1.65 47 1.45 1.09, 1.93 .01
051 University, higher education teacher 43 1.19 0.88, 1.61 3 0.96 0.31, 2.99 .34
052 Teacher in theoretical subjects 267 1.13 1.00, 1.28 142 1.22 1.03, 1.44 <.01
053 Formal schoolmaster 264 1.03 0.91,1.17 563 1.26 1.15,1.37 <.01
055 Teacher in vocational subjects 111 1.20 1.00, 1.45 20 1.03 0.66, 1.60 13
058 Other educational worker 45 1.21 0.90, 1.62 0 0.00 e e
068 Other religious worker 1 0.97 0.54, 1.76 1 2.09 1.16, 3.78 .05
086 Performing artist 19 1.41 0.90, 2.21 13 1.21 0.70, 2.09 19
088 Other literary and artistic worker 14 1.36 0.80, 2.30 1 0.56 0.08, 4.01 .61
091 Accountant, auditor 17 1.14 0.71,1.83 2 1.13 0.28, 4.51 .60
092 Social worker 196 1.04 0.90, 1.20 85 1.31 1.06, 1.63 .03
096 Staff officer 97 1.18 0.97,1.44 0 0.00 e e
097 Systems analyst, programmer® 24 1.51 1.01,2.26 0 0.00 . e
098 Other professions, technical and related 41 1.12 0.82, 1.52 2 0.89 0.22, 3.56 .56
101 Government legislator and administrator 146 1.22 0.99, 1.50 19 1.15 0.72,1.84 .10
203 Bank teller 71 1.02 0.81,1.30 26 1.52 1.04,2.24 .10
293 Travel agency employee 18 1.29 0.81, 2.05 5 0.99 0.41,2.39 .49
296 Insurance rater, claims adjuster 81 1.10 0.88, 1.37 54 1.17 0.89, 1.563 .16
297 National insurance office worker 66 1.02 0.80, 1.30 21 1.49 0.97,2.29 A7
298 Cost accountant, estimating clerk 16 0.99 0.60, 1.61 10 2.35 1.26, 4.37 .05
313 Advertising personnel 28 1.53 1.05,2.22 1 0.48 0.07, 3.44 .15
418 Other agricultural, horticultural, livestock worker 7 1.15 0.54, 2.45 3 2.49 0.80, 7.76 18
653 Telephone operator 27 1.00 0.68, 1.47 130 1.41 1.17,1.70 <.01
654 Office telephonist 234 1.08 0.93,1.25 113 1.32 1.08, 1.62 .01
655 Telegraph and radio operator 18 1.05 0.66, 1.68 25 1.87 1.26,2.79 .01
713 Hatmaker and milliner 18 1.23 0.78,1.97 20 1.31 0.84,2.04 15
757 Metal plater and coater 11 2.11 1.17,3.83 1 2.38 0.34, 16.93 .01
779 Nonspecified woodworker 15 1.51 0.91, 2.52 0 0.00 e e
808 Other printing worker 23 1.22 0.81,1.85 3 1.40 0.45, 4.36 27
814 Glass, ceramic painter, and decorator 7 1.64 0.78, 3.45 3 1.25 0.40, 3.90 .30
851 Rubber products worker 31 1.17 0.81, 1.68 13 1.09 0.63, 1.90 47
854 Photographic laboratory worker 20 1.28 0.82, 2.00 5 1.32 0.55, 3.17 .28
917 Purser, steward, stewardess 21 1.29 0.84, 1.98 1 0.70 0.10, 5.01 A
941 Hairdresser, beautician 85 1.09 0.88, 1.35 199 1.27 1.11,1.47 <.01
946 Photographer 12 1.31 0.74, 2.31 8 1.28 0.64, 2.56 .28
Note. RR = relative risk; Cl = confidence interval.
aadjusted for age, period, geographical category, and town size. Reference: other occupations in the same group.
®Testing linear trend among exposed categories.
°This occupation did not exist in the 1960 classification.

To our knowledge, this is the only study
of its kind to take geographical area and town
size into account. In our cohort, breast cancer
incidence rates varied markedly among
Swedish counties. The highest incidence
(161.2 per 100000 residents) was registered
in Malmdhus (southern Sweden), and the
lowest (110.2 per 100000 residents) was reg-
istered in Norrbotten (in the north). The same
was true for urban and rural areas; the incidence
rate ratio for towns with more than 100000
inhabitants vs those with less than 2000
inhabitants was 1.27. These factors proved to
be confounders in our study, since some
occupations are more predominant in urban
than in rural areas, and vice versa. Adjusted
relative risks for most job titles were lower
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than their corresponding standardized inci-
dence ratios. These factors can be seen as
markers of other environmental exposures;
for instance, the urban excess of breast can-
cer has been partly attributed to nutritional
differences as well as to an older average age
at first childbirth.

It was not possible to take into account
several well-known risk factors for breast
cancer, namely, family history of breast can-
cer, menopausal status, age at menarche, par-
ity, age at first childbirth, and body mass
index. Although case—control studies includ-
ing such factors have shown no difference
between crude and adjusted occupational risk
estimates,>*? their role as confounders can-
not be ruled out.

A consistent association between high
socioeconomic status and breast cancer risk
has been observed.>?**" In our study, half of
all job titles with standardized incidence
ratios in excess of 110 corresponded to pro-
fessionals and technicians (group 0), and
another 20% involved administrative, man-
agerial, or clerical workers (groups 1 and 2),
a finding in line with the excess of breast
cancer reported for these occupational
groups.’ 169,12,13.27.28 \We attempted to allow for
these differences by calculating the relative
risk for each job code, using the other occu-
pations in the same major group as the refer-
ence. These analyses yielded lower relative
risks only in groups of higher socioeconomic
levels.
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The same selective reduction of relative
risks was found in another study, confirming
the confounding role of socioeconomic sta-
tus. The relationship between socioeconomic
level and breast cancer incidence has been
ascribed to differences in reproductive his-
tory, including older age at first childbirth
and lower number of children among more
affluent women.®** As mentioned earlier,
however, none of these factors have substan-
tially succeeded in explaining the risk found
in other studies for professionals and admin-
istrative workers.*>® An alternative hypothet-
ical explanation may lie in the lack of physi-
cal activity involved in most of these
occupations. Physical exercise has proved to
be protective with respect to breast cancer,”*®
although this association has not always been
found.” Finally, a detection bias is possible
owing to the reported increased use of mam-
mography concomitant with higher educa-
tional attainment.®* Mammography came into
widespread use for population screening
around 1985 and would have affected the
present study to a small degree. It is still pos-
sible, however, that women of higher socio-
economic status are more prone to seek med-
ical care for breast problems.

In spite of the high number of compar-
isons run in this study, certain results proved
consistent, thus reducing their likelihood of
being chance findings. Physicians, pharma-
cists, some teachers in theoretical subjects,
schoolmasters, religious workers, and social
workers reporting these job codes in both
censuses showed an elevated risk relative to
other professionals and technicians. The
excess risk for teachers is consistent with
most,>™'*1* but not all,” studies on this topic.
The same is true for religious and social
workers, whose risk has been ascribed to
their having no children or low numbers of
children.** All of these occupations can be
regarded as sedentary, which might account
for a portion of the observed risk.”*

Among health care professionals, physi-
cians in both censuses registered a 55%
excess risk relative to other professionals and
technicians, while pharmacists recorded a
45% excess risk. The relative risk for dentists
was also elevated (23%) but was not signifi-
cant. In the former Soviet Union, physicians,
as a group, were shown to have the highest
breast cancer mortality rate,” and a Chinese
study reported an elevated incidence among
female diagnostic x-ray workers.’' Despite the
small numbers exposed, ionizing radiation
might be related to the high risk observed in
physicians; indeed, physicians are exposed to
other established or potential carcinogenic
agents,’® but better detection among this occu-
pational group could also serve to explain
their risk. Another study confirmed a moder-
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ately increased risk among pharmacists,
although this result was not statistically signif-
icant.® A number of studies have reported an
elevated risk of breast cancer among regis-
tered nurses.””''"* In our analyses, nurses
exhibited a significant (17%) excess risk vs
the remainder of the female working popula-
tion, yet no increased risk was found when the
comparison group was restricted to other pro-
fessionals and technicians.

The relative risk of women working as
systems analysts and programmers in 1970
was 1.51 with respect to other professionals.
The risk for women in this job category in
both censuses could not be computed, since
the occupation was not included in the Nordic
Classification of Occupations in 1960. The
risk could hypothetically be related to these
women’s moderate exposure to electromag-
netic fields.> The possible link between elec-
tromagnetic fields and increased breast can-
cer incidence has been supported by
experimental findings.*> Whereas some epi-
demiological studies of occupational expo-
sure to electromagnetic fields and risk of can-
cer are in agreement with this hypothesis,’****
others are not.***” In our study, several job
categories regarded as involving exposure to
electromagnetic fields (e.g., electrical engi-
neers, telephone operators, and telegraph and
radio operators) also produced high relative
risks. There were too few women in other
positions that involve exposure to electromag-
netic fields (e.g., electricians, wire and line
workers) for any conclusions to be drawn. It is
interesting to note that occupational exposure
to electromagnetic fields has been rather con-
sistently linked to breast cancer among men in
several studies.***

Most occupations involving administra-
tive, managerial, and clerical tasks did not reg-
ister an elevated risk in comparison with other
jobs in the same group. The 2 exceptions were
bank tellers and cost accountants/estimating
clerks; both involved significant relative risks
for women employed in these occupations in
1960 and 1970. Other studies have consis-
tently reported a higher risk for these occupa-
tions but have failed to conduct intragroup
comparisons.***12*7% In one case, the asso-
ciation disappeared after adjustment for edu-
cation’; in other cases, this adjustment failed
to reduce the observed risk.'*?’

In relation to other transport and com-
munication positions, the relative risks found
for telephone operators, telegraph and radio
operators, and even office telephonists are
very consistent, showing a dose-response
gradient and yielding an excess risk of more
than 30% among women reporting these
occupations in both censuses. This result
agrees with a mortality-data—based cohort
study conducted in the telephone industry in

the United States.!" As mentioned earlier,
exposure to electromagnetic fields is among
the factors that can give rise to such excess.

Among production workers, only metal
platers and coaters exhibited a significant
excess risk, even though only 205 women
reported this occupation in 1970. Metal plat-
ing and coating involves exposure to hexava-
lent chromium, cadmium, and organic sol-
vents, the first two established carcinogens
and the third a suspected carcinogen. On the
basis of experimental data, an etiological role
for organic solvents in female breast cancer
has been hypothesized, although epidemiolog-
ical evidence is inconclusive.*' Finally, in
the services group, hairdressers and beauti-
cians registered an increased risk with a dose—
response gradient. This relationship has been
found in some studies**® but not in others.””*
It has been suggested that cosmeticians may
be at increased risk of breast cancer because of
occupational exposure to hair dyes,** but their
risk could also be related to other exposures,
since most studies have failed to detect any
association between self-reported exposure
to hair dyes and breast cancer.**

In summary, this study not only fur-
nishes valuable information on occupational
risks for breast cancer in women but also pro-
vides leads that merit fuller investigation.
Some associations proved to be very stable
even when intragroup comparisons were
made. Further research is needed to clarify the
accuracy of and reasons for these findings. [
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