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Objectives The aim of this study was to describe the cancer risk pattern of male and female Finnish farmers
and to define the role of the type of farm production as a risk determinant.

Methods All farmers on 31 December 1978 living on 1 January 1995 were included in the cohort. The data
concerning continuation as a farmer and the type of farming was collected from the 31 December 1990 and 1994
farm registries. The observed number of cases in each stratum was divided by the respective expected number
based on national incidence rates to calculate the standardized incidence ratio.

Results The overall cancer incidence was smaller than that of the general population. For most of the cancer
sites, the standardized incidence ratios were below 1.0. The lowest rates for farmers continuing to farm were
determined for mesothelioma and cancers of the liver, larynx, lung, nose, esophagus, and urinary bladder. The
only significantly elevated standardized incidence ratio was that for lip cancer. Permanent beef and dairy farmers
had the lowest standardized incidence ratios for overall cancer. Dairy farmers of 1978 who had changed their
production type to crop farmers had increased their risk for overall cancer from a standardized incidence ratio
of 0.82 to 0.92.

Conclusions The cancer incidence of Finnish farmers was significantly below the national average. The finding
that lung cancer risk was low among dairy farmers but increased with a change to another type of farm production

gives some support to the hypothesis that endotoxin exposure may decrease cancer risk.
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The occupational group of farmers includes field crop
and vegetable growers, market-oriented animal pro-
ducers, and related workers. The tasks performed in-
clude purchasing seeds, fertilizer, and other supplies;
performing farm operations; sowing, cultivating, and
harvesting crops; breeding, raising, and tending animals;
and maintaining farm buildings, machinery, and equip-
ment. Farmers are one of the largest single occupational
groups. There were 9.3 million people employed in
agriculture (4.9% of total workforce) in the 25 member
states in the European Union (EU25) in 2005, and agri-
culture accounted for 1.9% of the total gross value added
generated in these countries (1).

Farmers are in contact with a number of potential
hazardous chemicals and biological agents, including
pesticides, solvents, fuels and oils, dusts, zoonotic
viruses, microbes, and fungi. Some of these factors are
known or suspected carcinogens (2).

A cancer deficit of about 20% was found for the
overall cancer incidence for both male and female farm-
ers in the Nordic countries (3). Among the male farmers,

the risk of lip cancer was elevated in all four countries
(Denmark, Finland, Norway and Sweden), whereas al-
most all other types of cancer showed deficit risks. The
only significantly elevated risk among women was found
for multiple myeloma.

The aim of this study was to describe the cancer risk
pattern of Finnish farmers and to define the role of the
type of farm production as a risk determinant. A specific
aim was to test the hypothesis suggested by Mastrangelo
et al (4) that dairy farmers exposed to endotoxin would
have a decreased lung cancer risk that would disappear
if the farmers change to occupations in which exposure
to microbial agents is lower.

Study population and methods

The study cohort was based on the Finnish Farm Reg-
istry, which was founded on the basis of information
from the general farm census of 1969 and has been
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used thereafter in forming official farm statistics. All
persons or corporations owning a farm of at least one
hectare of cultivated land (field or garden) are included
in the registry.

All persons who were farmers on 31 December 1978
and living on 1 January 1995 were included in the co-
hort. Information about the owner (practically all farm-
ers) of the farm was taken from the 31 December 1978
Farm Registry, and data concerning the type of farming
were collected separately from the 31 December 1977
Farm Registry (because it was not included in the 1978
registry). Only male farm owners were registered in the
Farm Registry; therefore, the female farmers living on

type of farming were collected from the 31 December
1990 and 1994 farm registries. The numbers of farmers
by farm type, continuation as a farmer, age, and gender

are presented in tables 1 and 2.

The identification of the persons and the follow-up
for death and emigration up to 2005 were done automati-
cally at Statistics Finland using a unique personal iden-
tification number given to everyone residing in Finland
since 1 January 1967. The follow-up for cancers through
the files of the Finnish Cancer Registry was also done
automatically. In our present study, the follow-up started
on 1 January 1995 and ended at emigration or death or

on 31 December 2005, whichever occurred first.

these farms and actually working as farmers were traced
through the register of the Farmers’ Social Insurance
Institution (5, 6). The cohort and classification of farm
type was the same as in the previous study of cancer in-
cidence among Finnish farmers by Pukkala & Notkola
(5). Data concerning continuation as a farmer and the

The numbers of observed cases and person-years
at risk were counted by gender and 5-year age groups.
The type of farming was classified into the following
siXx main categories: crop, beef, dairy, pig, poultry,
and other. The criteria were formed in such a way that
traditional farm types in Finland were well separated,

Table 1. Number and person-years of Finnish farmers in 1978 and alive in 1995, by gender and type (production) of farm in 1978 and
1990 or 1994.

Type of Production 1978 Production 1990 or 1994° Quit farming ©
production
Men Women Men Women Men Women
N Person-years N Person-years N Person-years N Person-years N Person-years N Person-years

Crop 18848 173 941 14873 151239 9643 96289 842 8468 11480 98809 14274 145065
Beef 387 3969 279 2984 4050 39992 575 5792 166 1588 267 2852
Dairy 42923 407973 34771 363082 13939 144907 1042 10902 26 002 234446 33553 350380
Pig 5286 51605 4349 45771 2217 23418 94 994 2910 26998 4222 44418
Poultry 4995 44848 4194 42719 763 7784 82 824 2992 24870 3972 40456
Other 15095 129 847 17086 165675 2413 23495 347 3564 10960 89600 16283 157 766
Total 87534 812183 75552 771469 33025 335885 2982 30543 54510 476309 72571 740937

a All farmers of 1978 who were living on 1 January 1995.
b Farmers of 1978 who were continuing to farm in 1990 or 1994, by farm type in 1990 or1994, respectively.
¢ Farmers of 1978 who had quit farming by 1990 or1994, by farm type in 1978.

Table 2. Number of Finnish farmers in 1978 and alive in 1995, by gender and age at the start of the follow-up in 1995 and person-years
(attained age) at the follow-up in 1995-2005.

Age Production 19782 Production 1990 or 1994° Quit farming ©
Men Women Men Women Men Women
N Person- N Person- N Person- N Person- N Person- N Person-
years years years years years years

<29 years - - 7 4 1 3 1 6 - - 7 4
3044 years 5587 21249 4286 14216 3959 14221 211 647 1628 7 036 4075 13575
45-59years 26330 201167 29143 210837 17 782 149 352 1378 10854 8548 51814 27765 199 983
60-74years 42079 388325 36191 400651 9817 143 288 1138 14414 32262 245037 35053 386 237
>75 years 13538 201443 5925 145760 1466 29020 254 4622 12072 172422 5671 141138
Total 87534 812183 75552 771469 33025 335885 2982 30543 54510 476 309 72 571 740937

2 All Farmers of 1978 who were living on 1 January 1995.
b Farmers of 1978 who were continuing to farm in 1990 or 1994, by farm type in 1990 or1994, respectively.
¢ Farmers of 1978 who had quit farming by 1990 or 1994, by farm type of 1978.
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and all the mixed or atypical farms were categorized as
“other farms”.

The expected numbers of cases were calculated by
multiplying the number of person-years in each 5-year
age group by the corresponding average gender-specific
cancer incidence in the overall Finnish population dur-
ing the period of observation. The specific cancer types
selected a priori included the cancer sites with known
or suspected exceptional risk among farmers in earlier
studies, as well as the other common cancer types, to
give the whole picture of the cancer situation among
Finnish farmers.

To calculate the standardized incidence ratio (SIR),
the observed number of cases was divided by the ex-
pected number. The 95% confidence intervals (95% CI)
of the standardized incidence ratios were calculated on
the basis of the Poisson assumption.

Results

There were 87 534 men and 75 552 women followed
in the cohort, with total person-years of >800 000 and
>750 000, respectively (table 2). Only 22% (N=36 007)
of the farmers in 1978 continued to farm in 1995. The
main reason for not continuing was retirement. Two-
thirds of the men who had quit farming were 65 years
of age or older in 1995. Nearly all (96%) of the female
farmers had quit farming by 1995, many of them before
the age of 65 years.

During the follow-up period, altogether 19 640 in-
cident cases of cancer were found (table 3). The overall
cancer risk was reduced in comparison with that of the
general population both among those who continued to
farm in the early 1990s and those who had quit farming
(table 3). For most of the cancer sites, the SIR values
were below 1.0. The lowest rates among the farmers
who continued to farm were found for mesothelioma
(SIR 0.29, 95% CI 0.11-0.62) and cancers of the liver
(SIR 0.40, 95% CI 0.26-0.59), larynx (SIR 0.51, 95%
CI 0.30-0.79), lung (SIR 0.60, 95% CI 0.54-0.66), nose
and nasal sinuses (SIR 0.62, 95% CI 0.17-1.58), esopha-
gus (SIR 0.65, 95% CI 0.44-0.91), and urinary bladder
(SIR 0.69, 95% CI 0.58-0.80). The only significantly
elevated SIR was that for lip cancer (SIR 1.39, 95%
CI 1.00-1.86). The SIR values for all of these cancers
were higher for the farmers who quit farming before
1990 (table 3). The only cancer that showed a markedly
lower SIR value for those who quit farming was cervical
cancer (SIR 0.67, 95% CI 0.49-0.88).

Among the more homogeneous farm types (the group
other was heterogeneous) and the farmers who kept the
same type of farm (production), beef and dairy farmers
had the lowest SIR value for overall cancer, although the
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rate for beef farmers was based on only 5 observed and
11 expected cases (table 4). The lowest SIR values for
the dairy farmers who continued as dairy farmers were
for cancers of the liver (SIR 0.32, 95% CI 0.12-0.70),
bladder (SIR 0.47, 95% CI 0.32-0.67), breast (SIR 0.48,
95% CI10.24-0.85), lung (SIR 0.51, 95% CI 0.42-0.62),
and colon (SIR 0.60, 95% CI 0.43-0.82). The only sig-
nificantly elevated SIR value was the one for lip cancer

Table 3. Observed numbers of cancer cases and standardized
incidence ratios (SIR) with 95% confidence intervals (95% CI) for
Finnish farmers in 1995-2005, by cancer site. (Reference popula-
tion: general population of Finland).

Primary site Continuing farming in Quit farming

in 1990 or 1994 by 1990 or 1994

(N=36 007) (N=127 081)
Observ- SIR 95% CI  Observ- SIR  95% ClI

ed (N) ed (N)

All sites 2 - 3584 0.84 0.82-0.87 16056 0.89 0.88-0.90
Lip 43 1.39 1.00-1.86 191 1.59 1.37-1.82
Esophagus 32 0.65 0.44-0.91 140 0.85 0.71-0.99
Stomach 162 1.07 0.91-1.24 715 1.09 1.01-1.16
Small intestine 10 0.68 0.33-1.24 41 0.73 0.52-0.99
Colon 162 0.72 0.61-0.83 919 0.85 0.79-0.90
Rectum 161 0.94 0.80-1.08 599 0.87 0.80-0.94
Liver 24 0.40 0.26-0.59 180 0.78 0.67-0.90
Gallbladder, bile ducts 36 1.14 0.80-1.58 175 0.85 0.73-0.97
Pancreas 120 0.84 0.70-1.00 590 0.92 0.85-0.99

Gastrointestinal, not
otherwise specified 18 0.91 0.54-1.44 75 0.74 0.58-0.92

Nose, nasal sinuses 4 062 0.17-1.58 21 0.79 0.49-1.21
Larynx 19 0.51 0.30-0.79 59 0.69 0.53-0.89
Lung, bronchus 352 0.60 0.54-0.66 1443 0.73 0.69-0.76
Mesothelioma 6 0.29 0.11-0.62 17 0.30 0.17-0.47
Breast 64 0.72 0.55-0.91 1530 0.74 0.71-0.77
Cervix uteri 4 1.48 0.40-3.79 46 0.67 0.49-0.88
Corpus uteri 19 091 0.55-1.42 529 0.98 0.90-1.06
Ovary 10 0.87 0.42-1.59 310 1.05 0.93-1.16
Other female genitals 3 0.86 0.18-2.50 72 0.78 0.61-0.97
Prostate 1309 0.98 0.93-1.03 3589 0.96 0.93-0.99
Testis 5 0.83 0.27-1.92 10 1.50 0.72-2.76
Kidney 128 0.83 0.69-0.98 570 1.00 0.92-1.08
Bladder, ureter,

urethra® 147 0.69 0.58-0.80 618 0.78 0.72-0.84
Skin melanoma 102 0.95 0.77-1.14 360 0.93 0.84-1.03
Other skin® 121 0.89 0.74-1.05 723 0.98 0.91-1.05
Nervous system 88 0.91 0.73-1.12 381 0.93 0.83-1.02
Thyroid gland 23 093 0.59-1.39 159 1.11 0.95-1.29
Soft tissue 15 0.67 0.38-1.10 85 0.89 0.71-1.10
Non-Hodgkin’s

lymphoma 142 0.96 0.81-1.12 608 0.97 0.89-1.04
Hodgkin’s lymphoma 13 1.15 0.61-1.96 35 1.10 0.77-1.52
Multiple myeloma 42 0.86 0.62-1.16 238 1.02 0.89-1.15
Leukemia 70 0.90 0.71-1.14 337 1.00 0.89-1.10
Unspecified 64 0.73 0.56-0.93 457 0.96 0.88-1.05
Skin, basal cell

carcinoma® 576 0.69 0.63-0.74 3281 0.80 0.77-0.82

@ Garcinoma in situ lesions were excluded from all of the cancer
categories.

b Excludes papillomas of the urinary organs.

¢ Excludes basal cell carcinoma.

4 Not included in all sites.
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Table 4. Observed (0) numbers of cancer cases and the standardized incidence ratios (SIR) with their 95% confidence intervals (95% Cl)
for selected cancers among Finnish farmers in 1995-2005, by type of farm. Only cancer cases among farmers in 1978 who had the same
type of farm production in 1990 or 1994 as in 1978 have been included.

Primary Type of farm production
cancer
site Crop (N=4 648) Beef (N=132) Dairy (N=12 388) Pig (N=1271) Poultry (N=537) Other (N=787)

0 SIR 95%ClI O SIR 95%Cl 0 SIR 95%Cl 0 SIR 95%Cl 0 SIR 95%ClI 0 SIR 95%Cl
All sites 491 0.90 0.83-0.98 5 0.45 0.15-1.06 1075 0.82 0.77-0.86 113 0.88 0.72-1.04 56 0.90 0.68-1.17 85 0.78 0.62-0.96
Lip 5 126 041-2.93 - 0.00 0.00-53.0 20 2.171.32-3.34 1 1.120.03-6.22 - 0.00 0.00-8.19 2 241 0.29-8.71
Esophagus - 0.00 0.00-0.57 - 0.00 0.00-248 10 0.620.30-1.14 1 0.61 0.02-3.42 - 0.00 0.00-5.03 3 2.59 0.53-7.56
Colon 24 0.84 0.54-1.24 - 0.00 0.00-6.63 41 0.60 0.43-0.82 7 1.06 0.43-2.17 5 1.53 0.50-3.56 9 1.47 0.67-2.79
Liver 5 065 0.21-1.51 - 0.00 0.00-24.3 6 0.320.12-0.70 - 0.00 0.00-2.02 1 1.14 0.03-6.35 1 0.65 0.02-3.63
Lung 40 053 0.38-0.71 - 0.00 0.00-2.48 94 0.51 0.42-0.62 13 0.72 0.38-1.23 5 0.58 0.19-1.34 8 0.55 0.24-1.08
Breast 9 096 044-1.82 1 481 0.12-26.8 11 0.480.24-0.85 3 1.790.37-5.23 2 1.64 0.20-5.91 2 0.46 0.06-1.65
Kidney 23 1.15 0.73-1.73 - 0.00 0.00-8.21 39 0.78 0.55-1.06 5 1.00 0.32-2.32 - 0.00 0.00-1.61 2 0.55 0.07-1.97
Bladder 19 0.69 0.42-1.07 - 0.00 0.00-7.17 30 0.47 0.32-0.67 7 1.12045-2.30 1 0.32 0.01-1.79 4 0.71 0.19-1.82
Multiple
myelgma 5 0.80 0.26-1.87 - 0.00 0.00-29.9 17 1.160.67-1.85 2 1.390.17-5.03 - 0.00 0.00-5.19 2 151 0.18-5.44
Skin, basal cell
carcinoma? 72 0.67 0.53-0.84 2 094 0.11-3.41 180 0.71 0.61-0.81 11 0.44 0.22-0.79 7 0.58 0.23-1.18 18 0.79 0.47-1.25

2 Not included in all sites.

Table 5. Observed (0) numbers of cancer cases and the standardized incidence ratios (SIR) with their 95% confidence intervals (95%
Cl) for selected cancers in 1995-2005 among the Finnish dairy farmers who had dairy production in 1978 and stayed as dairy farmers or
changed the type of farm or quit farming by 1990 or 1994, by type of farm in 1990 or 1994, respectively..

Primary Type of farm production, 1990 or 1994 Quit farming
cancer (N=59 555)
site Dairy (N=12 388) Crop (N=2 620) Beef (N=2 029) Pig (N=251) Other (N=795)

0 SIR 95%CI 0 SIR 95%Cl 0 SIR 95%ClI 0 SIR 95%ClI 0 SIR 95%Cl 0 SIR  95%Cl
All sites 1075 0.82 0.77-0.86 354 0.92 0.83-1.02 234 0.86 0.79-0.97 19 0.83 0.50-1.29 86 0.76 0.61-0.94 7323 0.86 0.84-0.88
Lip 20 217 1.32-3.34 2 0.66 0.08-2.38 3 1.45 0.30-4.24 - 0.00 0.00-23.1 - 0.00 0.00-4.26 93 1.66 1.34-2.03
Esophagus 10 0.62 0.30-1.14 4 0.97 0.26-2.47 1 0.33 0.01-1.86 - 0.00 0.00-12.8 1 0.81 0.02-4.52 64 0.84 0.64-1.06
Colon 41 0.60 0.43-0.82 18 0.87 0.51-1.37 8 0.55 0.24-1.07 1 0.85 0.02-4.73 1 0.16 0.00-0.90 411 0.82 0.74-0.90
Liver 6 0.32 0.12-0.70 2 0.36 0.04-1.31 1026 0.01-1.45 1 3.11 0.08-17.3 1 0.62 0.02-3.47 64 0.60 0.46-0.76
Lung 94 051 0.42-0.62 40 0.73 0.52-0.99 33 0.87 0.60-1.21 - 0.00 0.00-1.15 12 0.76 0.39-1.32 633 0.66 0.61-0.71
Breast 11 048 0.24-0.85 2 5.61 0.04-1.28 2 0.33 0.04-1.19 - 0.00 0.00-10.8 2 0.78 0.09-2.83 706 0.72 0.67-0.77
Kidney 39 0.78 0.55-1.06 10 0.77 0.37-1.42 9 0.96 0.44-1.81 1 1.11 0.03-6.20 4 1.04 0.28-2.67 260 0.96 0.85-1.08
Bladder 30 047 0.32-0.67 22 1.05 0.66-1.58 12 0.84 0.44-1.47 - 0.00 0.00-3.32 5 0.83 0.27-1.93 263 0.71 0.63-0.79
Multiple
myeloma 17 116 0.67-1.85 2 045 0.05-1.62 1 0.32 0.01-1.77 - 0.00 0.00-14.3 - 0.00 0.00-2.81 101 0.94 0.76-1.13
Skin, basal cell
carcinoma? 180 0.71 0.61-0.81 56 0.73 0.55-0.94 33 0.61 0.42-0.85 1 0.23 0.01-1.26 19 0.84 0.50-1.30 1529 0.81 0.77-0.84

2 Not included in all sites.

among the dairy farmers (SIR 2.17, 95% CI 1.32-3.34). switched to a crop and to 0.87 (95% CI 0.60-1.21) for

Crop and pig farmers also had an elevated SIR value for
lip cancer.

Dairy farmers in 1978 who had changed their pro-
duction type to a crop had increased their risk for overall
cancer from an SIR value of 0.82 to 0.92 (table 5). The
SIR values for cancers of the colon, lung, and bladder
were elevated by more than 0.2 for the most common
cancers. A similar trend of increasing risk was shown
for the dairy farmers who switched their production
type to beef. The SIR value for lung cancer varied from
0.51 (95% CI 0.42-0.62) for those who continued as
dairy farmers to 0.73 (95% CI 0.52-0.99) for those who
76
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those who switched to beef production. Lip cancer risk
showed an opposite reducing risk trend among the dairy
farmers who switched farm type or quit farming.

Discussion

The cohort consisted of all farmers registered in the
31 December 1978 Farm Registry. These data contain
information on the type of production of the male farm-
ers and are considered basically reliable. The female



farmers were classified in a more complicated way (6),
and there may have been some slight misclassification
in the type of farming. We also had farm type informa-
tion from 31 December 1990 (or for some persons from
1994). We thus had reliable information on occupational
and production type stability.

The computerized record-linkage procedures used in
Finland are accurate, and the identification of the cohort
members and the follow-up for incident cancer cases and
vital status are virtually complete (7). Hence the results
of our study are reliable. Farmers have consistently
shown a decreased overall cancer risk in numerous stud-
ies (8). We also found a decreased cancer risk among
Finnish farmers. The relative risk estimate (SIR) was
lowest for the beef and dairy farmers, and it seemed to
increase towards the level of the general population if
a farmer quit farming. Retirement age seemed to be the
major reason for quitting farming for the men, but the
causes for quitting were less clear among the women.

However, if we look for an absolute incidence differ-
ence between the farmers and the reference population,
it is similar with respect to pension ages as for working
ages (ie, the strong increase in the reference incidence
rate dilutes the relative difference).

Farmers have been found to have elevated rates of
lip cancer (8—11). Lip cancer among Norwegian farmers
was found to be associated moderately with grain pro-
duction, fungal forecasts (events of wet and temperate
conditions known to favor fungal growth and mycotoxin
formation) and solar exposure (12). We also found el-
evated risks of lip cancer predominantly among the crop
and dairy farmers. We did not have weather data. Mi-
crobe exposure combined with smoking and ultraviolet
radiation may have been the cause of the elevated risk
for lip cancer.

An elevated mortality from esophagus cancer has
been shown in one study (13), and decreased mortality
has been found in others (8). Elevated risks of stomach
cancer have been found for agricultural workers in Brazil
(13) and Italy (14), but not among farmers in the United
States (15). Male farmers and female farm residents have
been shown to have significantly lower mortality risks
for colon cancer (8, 16, 17). The risk of liver cancer has
been below unity in many studies (8). Female agricul-
tural workers have been found to have an increased risk
for pancreas cancer in Spain (18). We found signifi-
cantly reduced risks of cancers of the esophagus, colon,
and liver but a rate slightly above the national average
for stomach cancer. The risks of the farmers who had
changed production type, from dairy farming to crop
farming, or quit farming increased towards the risk of
the general population. The farmers who changed their
production type were somewhat older than those who
kept the same production type, and this difference could
explain some of the relative risk difference.
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An elevated risk for sinonasal cancer has been shown
for agricultural workers in orchards (19). Agricultural
workers had increased mortality from laryngeal cancer
in Brazil (13). Farmer applicators of herbicides and in-
secticides have been shown to have an elevated risk of
lung cancer (20). Reduced lung cancer rates have been
found among agricultural workers in numerous studies
(8). Endotoxin exposure in agricultural work has been
suggested as the reason (21). We did not find excesses
of cancer of the nose or nasal sinuses, and the incidence
of laryngeal and lung cancers was significantly reduced.
Lung cancer risk was lowest among the dairy farmers
and increased if the dairy farmer quit farming or changed
the type of farming. This finding supports the theory of
cancer-protective effects of endotoxins. It is also known
that Finnish farmers, and particularly women in the
countryside, especially in earlier times, smoked less than
Finns on the average (22). Farmers leaving dairy farming
may contract a more urban lifestyle.

Breast cancer has been found to be associated with
pesticide use on farms in some studies (23), but not in
others (24). We found a significantly reduced risk for
breast cancer that could be attributable to the greater
number of children among the farmers (25). However,
the incidence of other cancers related to low parity
(endometrial and ovarian cancers) was not reduced,
and therefore other factors, such as the protective effect
of physical activity, may explain the low breast cancer
incidence (25). The SIR value for cervical cancer was
significantly low in the oldest birth cohorts but exceeded
1.0 for the current farmers. This finding may reflect the
change in sexual behavior to a more liberal direction in
rural areas.

Elevated standardized incidence ratios for prostate
cancer have been found for farmers in several countries
(8, 26, 27). Farm workers with relatively high expo-
sures to organochlorine pesticides, organophosphate
pesticides, fumigants, or triazine herbicides have shown
elevated risks of prostate cancer when compared with
workers with lower levels of exposure (28, 29). We
did not find any elevated risks for prostate cancer. The
incidence of prostate cancer is heavily linked to the
frequency of prostate-specific antigen (PSA) tests. If
the frequency is markedly lower among farmers than
among other Finnish men, then their SIR value of 0.97
can be interpreted as an excess risk. There is no data on
the PSA testing of farmers in Finland.

The risk of kidney cancer among farmers has been
significantly decreased in some studies (8). An elevated
risk for bladder cancer has been shown for female field
crop and vegetable farm workers (30). We found reduced
risks of kidney and bladder cancer.

Low incidence and mortality rates for skin mela-
noma (16), but excesses for nonmelanoma skin cancer
(8,9, 31), have been shown for male farmers. We did
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not observe excesses of skin cancer among Finnish
farmers. On the contrary, basal cell carcinoma risk was
significantly reduced. This finding may reflect a lower
than average diagnostic activity among the farmers.
However, another indicator of low diagnostic activity,
incidence of spread tumors with an unknown primary
site, showed low rates. We believe that the Finnish medi-
cal care system offers similar diagnostic possibilities for
farmers and other Finns.

Farmers and farm workers have been shown to have
an elevated glioma incidence in some studies (32) but
not in others (33, 34). Mortality from brain cancer was
elevated among French farmers, and it was associated
with pesticide use (35). An elevated risk of brain cancer
was also found for Italian dairy farmers (36). We did not
find excesses of cancers of the nervous system. The pre-
vious finding of an elevated risk of soft tissue sarcoma
(9) did not gain support in our study either.

An excess of non-Hodgkin’s lymphoma has been
found for farmers (37) and has been suggested to be at-
tributable to exposure to pesticides (38). Pesticides (39)
and certain animal viruses (40) may also be involved
in the excess myeloma risk observed in several farmer
cohorts (8-10), and glyphosate has been suggested to
be associated with the incidence of multiple myelomas
for pesticide applicators (41). Farmers have been found
to have excesses of leukemia (8, 9, 39). Exposure to
pesticides has been suggested to increase the risk for
leukemia (38). We did not find excesses of cancers of
the hematopoetic system. It may be that the excess can-
cer risks found in previous studies were not replicated
in our study because of less use of pesticides and other
chemicals on Finnish farms.

The results for overall cancer and lip cancer were
similar in comparison with those of a previous study
based on the same cohort with an earlier follow-up time
(1979-1993). Farmers with animals had lower cancer
rates than crop farmers in both studies.

In conclusion, the cancer incidence of Finnish farm-
ers was significantly below the national average. The
only cancer site with a markedly increased risk was
lip cancer. The finding that lung cancer risk was low
among dairy farmers but increased with a change to
another type of farm production gives some support to
the hypothesis that endotoxin exposure may decrease
cancer risk.
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