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Or ig ina l  articles 
Scand J Work Environ Health 1996;22: 14-26 

Incidence and risk factors of cancer among men and women in Norwegian 
agriculture 
by Petter Kristensen, MD,' Aage A n d e r ~ e n , ~  Lorentz M Irgens, MD,3 Petter Laake, PhD,4Anne S Bye5 

Kristensen P, Andersen A, lrgens LM, Laake P, Bye AS. Incidence and risk factors of cancer among men and 
women in Norwegian agriculture. Scand d Work Environ Health 1996;22:14-26. 

Objectives The objective of the study was to examine cancer incidence and identify risk factors among 
subjects born in 1925-1971 and engaged in agricultural activities in Norway. 
Methods A cohort was established through linkage between agricultural censuses in 1969-1989 and the 
Central Population Register, which identifies farm holders and their spouses. Available census information on 
the activity of the farm provided the exposure indicators. Incident cancer in 1969-1991 was identified in the 
Cancer Register. In an analysis for standardized incidence ratios (SIR), the cohort was compared with the total 
rural population of Norway. Associations with exposure indicators were investigated in a Poisson regression 
analysis. 
Results In the follow-up of 136 463 men for 1.5 million person-years and 109 641 women for 0.6 million 
person-years, 3333 and 2145 cancer cases were identified, respectively. The subset defined as farmers had an 
SIR of 77 [95% confidence interval (95% CI) 73-81] for the men and 92 (95% CI 85-99) for the women, with 
particularly low SIR values for lung cancer and other sites linked to life-style. The several positive associations 
found confirmed the a priori hypothesis of an association between dairy farming and acute leukemia among men 
[rate ratio 1.76, 95% CI 1.02-3.051. Multiple myeloma was associated with pesticide indicators for both 
genders, mainly for subjects cultivating potatoes. 
C O ~ C ~ U S ~ O ~ S  The results support the hypothesis of a relationship between acute leukemia and animal contact 
and between multiple myeloma and pesticides in potato cultivation. Other exposure associations, especially for 
cancer among women, warrant further investigation. 

Key terms animal husbandry, cohort study, farming, leukemia, life-style, multiple myeloma, neoplasm, 
pesticide. 

Cancer among male farmers and agricultural workers 
has been extensively studied and reviewed (1-4) .  In 
most studies, the total cancer incidence has been about 
20% lower than that of the general population, mainly 
due to a low risk for lung cancer, but also due to moder- 
ately low risks for cancer of the esophagus, colon, liver, 
kidney, and bladder (4). In a meta-analysis (4) a doubled 
risk was found for lip cancer. Small (5-20%) but signif- 
icant excess risks were also found for cancer of the 
ventricle and prostate, malignant melanoma, multiple 
myeloma, Hodgkin's disease, and leukemia (4). 

Only few studies have been performed on cancer 
among women in farming and agriculture (5-9). The 
results give no clear indications of deviances from ex- 
pected cancer risks, except for low incidences of lung 

cancer and breast cancer (9). Mortality data for Norway 
show that male farm managers have a total mortality that 
is about 20% lower than that for all economically active 
men in 1970-1980, primarily due to low lung cancer 
mortality (10). Females engaged in farming (managers 
and workers) have only a slightly lower mortality than 
all economically active women (10). 

Cancer occurrence among men in agricultural work 
resembles that found in rural populations in several coun- 
tries, with low incidence mainly concentrated in sites 
where life-style risk factors have been verified (1 1). The 
lip and eye are the only sites of cancer with a consistent 
increase in rural rates as compared with urban rates (1 1). 

No exposure-outcome association has firmly been 
established as causal, but the following three potential 
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groups of risk factors and mechanisms of carcinogenicity 
have been proposed: carcinogenic effects of agrochemi- 
cals, in particular pesticides; animal viruses; and in- 
creased cancer risk due to immunologic perturbations of 
an unknown nature, caused by organic dust, pesticides, 
or other agents (2, 4). 

Nine percent of the total work force was involved in 
agricultural activities in Norway in 1970 (12). The hold- 
ings are mainly small and medium-sized family farms 
without employed workers; only 10% of the total agri- 
cultural work force in the 1970 population census were 
employees (12). The numbers of farms and farmers have 
declined markedly during the last few decades, but agri- 
cultural production has been stable. 

In Norway, inultiregister linkage is possible due to 
the unique identification number assigned to all residents 
of Norway. Through linkage between data from the agri- 
cultural censuses in 1969-1989, the Central Population 
Register, and the Norwegian cancer register a cohort of 
farm holders in Norway and their families was estab- 
lished. We anticipated that the total and site-specific 
cancer pattern resembled the one found for farmers and 
agricultural workers in other countries. 

Associations that have been repeatedly, although not 
consistently, found earlier formed the basis of our fol- 
lowing hypotheses concerning relationships between in- 
dicators of different occupational exposures and cancer: 
(i) acute leukemia has been associated with farm expo- 
sures to animals, in particular dairy cows and poultry 
(3, 13); (ii) soft tissue sarcoma and non-Hodgkin's lym- 
phoma have been connected with pesticide exposures, in 
particular herbicides in forestry and grain farming (3); 
(iii) acute leukemia (3), multiple myeloma (3, 14), lym- 
phoma (3, 15, 16), soft-tissue sarcoma (3), and brain 
tumor (3) are suspected to be caused by insecticides and 
other pesticides commonly used in horticulture; (iv) lym- 
phoma (2, 17) and soft-tissue sarcoma (2) have been 
associated with livestock animals; and (v) brain tumors 
may be linked to Toxoplasr?za gnndii through animal 
(pig, poultry) infection (18, 19). 

For melanoma and nonmelanoma skin cancer, eye 
cancer, and lip cancer, we specifically searched for asso- 
ciations with types of farming related to much sun expo- 
sure and outdoor life (3, 11). 

The risk-factor investigation was to some extent ex- 
ploratory, especially for cancers among women, for 
whom few studies are available. 

Subjects and methods 

Cohort 
The national agricultural censuses held by Statistics Nor- 
way have provided computerized file information since 

1969, and therefore it was possible to identify the ma- 
jority of individuals engaged in agricultural work. We 
used data from the agricultural censuses made in 1969, 
1979, and 1989, and the horticultural censuses made in 
1974 and 1985. The criteria for participation in the dif- 
ferent censuses have changed. The 1969 census included 
all farm holdings with an agricultural area of at least 
0.5 ha. The 1979 and 1989 censuses were combined 
agriculture and forestry censuses and included farm 
holdings with at least 2.5 ha of productive forest area 
and farms which met minimum criteria on livestock size, 
area of cultivation of grain, vegetables, or berries, area 
of greenhouses, or number of fruit trees. Participation in 
the horticultural censuses depended on area of green- 
houses, field-grown vegetables or berries, or number of 
fruit trees. 

All persons who were personal holders at the time of 
any of the censuses and who were bosn later than 1924 
were identified by means of their personal identification 
number; there was a total of 149 254 individual holders 
(1 25 873 men, 23 381 women). The cohort was original- 
ly designed for a study of offspring of farmers, and 
therefore the restriction to subjects born after 1924. 

In record linkage between the file of holders and the 
Central Population Register 104 370 spouses (13 802 
men, 90 568 women) and their children were identified. 
The Central Population Register was established in 1964 
and is based on information from all residents of Norway 
at the time of the 1960 population census with continu- 
ous updating since 1964 (20). Divorced or dead spouses 
were not identified for certain by the linking procedure 
in the culrent version of the population register. How- 
ever, we were able to trace all spouses from 1986 or later 
from historical files in the register. 

Cancer follow-up 
The resulting file of holders and spouses was linked to 
the Norwegian cancer register in which incident cancers 
including the site code of the International Classification 
of Diseases (seventh revision) (21), morphology (22), 
and date of diagnosis were identified. The cancer register 
receives reports on all new cases of cancer and benign 
tumors of the central nervous system. Case reporting has 
been mandatory since 1952 and is considered to be com- 
plete (23). 

Cancer sites were also classified according to some 
known etiologic life-style factors. We defined cancers of 
the oral cavity, esophagus, and liver as alcohol-related 
(24) and cancers of the pancreas, larynx, lung, and blad- 
der as tobacco-related (25). 

The holders were followed for incident cancer from 
the agricultural census year when they were first identi- 
fied. Spouses were followed from the year of complete 
identification (1986), or from 1989 if this was the start of 
the follow-up for the corresponding holder. Spouses born 
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prises with limited agricultural production. We used an- 
nual work input on the farm as an indicator of farming 
activity. Census information on when the holder was 
first identified was considered the most relevant and was 
used in the analyses; 52% of the men and 30% of the 
women had a worlc input of at least 500 h annually 011 a 
farm (table 1). The 500-h limit is the standard criterion 
applied for a farmer in censuses by Statistics Norway 
(12). Study subjects who fulfilled the minimum criterion 
of 500 annual hours of work input on a farm have been 
called farmers; subjects with less work input on a farm 
per year have been referred to as nonfarmers. 

Statistical methods 

The analyses were performed with the "Epicure" statisti- 
cal software program (26). Two analytic methods were 
applied: indirect standardization (observed over expected 
cases) with an external reference population and Poisson 
regression modeling with reference populations within 
the cohort. 

The cancer morbidity experience was investigated 
with indirect standardization, comparing the observed 
and expected number of cancer cases. The expected 
number of cases were estimated from the five-year age- 
and sex-specific rates for the total rural population in 
Norway for each year from 1969 through 1991. The total 
rural population was defined as the subjects who lived 
outside towns and cities at the time of the population 
census in 1980; it comprised 57% of the population of 
Norway (23). Standardized incidence ratios (SIR) were 
calculated for both total cancer and specific cancer sites 
if rural reference rates were available. Ninety-five per- 
cent confidence intervals (95% CI) were computed under 
the assumption of a Poisson distribution of the observed 
cancers under the null hypothesis. Confidence limits that 
were not obtained in the computer analysis were calcu- 
lated from a table of confidence limit factors for a Pois- 
son-distributed variable (27). 

I11 the Poisson regression analysis, the measure of 
association was the ratio of incidence rates (RR) between 
the subjects with the exposure indicator in question and 
the subjects without the exposure indicator. Rate ratio 
estimates were adjusted for age and calendar year. Other 
explanatory variables were included in the models if they 
altered the estimates of exposure-outcome association by 
more than 15% or acted as effect modifiers. Wald-based 
95% confidence intervals were computed, and those that 
did not include unity were considered statistically signif- 
icant. 

The exposure-outcome associations were investigated 
for main cancer sites and also for the following specific 
subsites: nonmelanoma skin cancer of the head and neck 
(ICD 191.0-191.2); brain cancer (ICD 193.0); acute 
leukemia; and Hodgkin's disease, divided as to nodular 
sclerosis and the mixed cellulmity type. 

Analyses of exposure-outcome associations of par- 
ticular interest were also performed for the following 
specific subsets of subjects or person-time: subjects who 
fulfilled the criterion of a farmer (at least 500 h of worlc 
input on the farm annually); subjects from families where 
the farm holder lived on the farm at the time of the first 
census of identification; subjects from farms with the 
exposure indicator in question for more than one census; 
and person-time restricted to 15 years' latency or more 
from the first information on exposure. We considered 
that the probability was higher for a true exposure for the 
first two restrictions and that the requirement of an expo- 
sure indicator for more than one census was a measure of 
cumulative exposure, whereas the latency requirement 
provided more relevant timing of exposure. 

Results 

Analyses of standardized incidence ratios 

In the follow-up, 3333 inen and 2145 womeil were iden- 
tified as cancer cases (table 2). For both the men and 
women the observed cases and SIR values for the total 
and site-specific cancers for which the expected number 
for either gender was higher than 20 are given in table 2. 

The low SIR for total cancer among the men (table 2) 
was due to significantly low incidences for several sites 
of the gastrointestinal tract, respiratory system, and uri- 
nary system. The men had 100 alcohol-related cases (SIR 
63, 95% CI 52-76) and 740 tobacco-related cases (SIR 
75, 95% CI 70-80). Slight SIR increases were found 
among the men for the following sites, previously linked 
to farming: lip, testis, noninelanoma skin, connective 
tissue, leukemia, and Hodgkin's disease; leukemia was 
the only cancer with an excess of borderline signifi- 
cance. 

The SIR for total cancer among the women was 104 
(95% CI 99-108). Significantly low SIR values were 
found for lung cancer and cancer of the uterine cervix 
(table 2). Increases in the SIR values were found for 
several cancers, but they were significant only for malig- 
nant melanoma and Hodgkin's disease. We observed 28 
alcohol-related cases (SIR 97,95% CI 65-137) and 150 
tobacco-related cases (SIR 86, 95% CI 73-101). 

The results for the subset of farmers are presented in 
table 3. The low total cancer incidence for the men was 
due to a low occurrence among the farmers. The SIR 
values for male farmers was lower for lung cancer in 
particular, but also for cancers of the stomach, colon, 
rectum, and bladder, as well as malignant melanoma, 
nonmelanoma skin cancer, nervous system tumors, and 
non-Hodgkin's lymphoma. Lip cancer was the only form 
for which the SIR excess for the whole cohort was re- 
stricted to farmers. but the increase was still moderate 
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Table 2. Cancers by site in 136 463 men (1 515 482 person-years) and 109 641 women (598 342 person-years) engaged in agriculture 
according to the Norwegian agricultural censuses, 1969-1989, ( 0  = observed number of cancer cases, SIR = standardized incidence 
ratio, 95% CI = 95% confidence interval) 

Cancer sitea Men Women 

0 SIR 95% CI 0 SIR 95% CI 

All sites (140-209) 
Lip (140) 
Oral cavity (1 41, 143-1 48) 
Esophagus (150) 
Stomach (151) 
Colon (153) 
Rectum (154) 
Liver (155) 
Pancreas (1 57) 
Larynx (1 61) 
Lung (1 62) 
Breast (I  70) 
Uterine cervix (171) 
Uterine body (172) 
Ovary (1 75) 
Prostate (1 77) 
Testicle (1 78) 
Kidney (180) 
Bladder (181) 
Melanoma (190) 
Skin (191) 
Eye (i92) '  
Nervous system (1 93) 
Thyroid (194) 
Connective tissue (197) 
Multiale mveloma (2031 ~, 
~eukemia (204) 
Hodgkin's disease (201) 
Non-Hodgkin's lymphoma (200, 202) 
Other or unspecified (199) 
Remaining sites 

a Code of the International Classification of Diseases, seventh revision, in parentheses. 

Table 3. Selected cancers by site among male and female farmersvngaged in agriculture according to Norwegian agricultural censuses, 
1969-1989. ( 0  = observed number of cancer cases, SIR = standardized incidence ratio, 95% CI = 95% confidence interval) 

Cancer siteb Men Women 

0 SIR 95% CI 0 SIR 95% CI 

All sites (140-209) 
Lip (140) 
Stomach (151) 
Colon (153) 

Lung (162) ' 
Breast (I 70) 
Uterine cervix (171) 
Uterine body (172) 
Prostate (1 771 
Testicle (i 78)' 
Bladder (I 81) 
Melanoma (190) 
Skin (191) 
Eye (192) 
Nervous system (193) 
Thyroid (194) 
Connective tissue (197) 
Multiple myeloma (203) 
Leukemia (204) 
Hodgkin's disease (201) 
Non-Hodgkin's lymphoma (200,202) 
Alcohol related cancers (141, 143-148, 150, 155) 
Tobacco-related cancers (1 57, 161, 162, 181 ) 

a Subjects working 2 500 annual hours on a farm (men: N = 66 080, 836 597 person-years; women: N = 30 218,174 028 person-years). 
Code of the International Classification of Diseases, seventh revision, in parentheses. 

a n d  o f  b o r d e r l i n e  s igni f icance.  T h e  subset o f  f e m a l e  cohort .  In part icu lar ,  t h e  l u n g  cancer  SIR f o r  t h e  farmers 
fa rmers  a lso  h a d  a l o w e r  t o t a l  cancer  SIR than  t h e  w h o l e  w a s  l o w ,  whereas t h e  SIR values f o r  o t h e r  tobacco-  a n d  
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alcohol-related cancers were close to those of the total 
rural population. Compared with a lung cancer SIR as 
low as 43 for female farmers, the bladder cancer SIR of 
128 was unexpectedly high. The farmers also had dis- 
tinctly lower SIR values for breast cancer, cervical can- 
cer, stomach cancer, and nonmelanoma skin cancer. 

Among the nonfarmers the SIR for total cancer was 
close to unity (1806 cases, SIR 98,95% CI 94-103) for 
the men and slightly increased (1555 cases, SIR 110, 
95% CI 104-1 15) for the women. The latter was prima- 
rily due to the increased breast cancer incidence (SIR 
114, 95% CI 104-125). Nonfarmers of both genders 
had a lung cancer SIR close to unity, and increases in 
melanoma (men: SIR 116, 95% CI 99-135; women: 
SIR 118,95% CI 98-139) and nonmelanoma skin can- 
cer (men: SIR 122,95% CI 92-157; women: SIR 147, 
95% CI 100-208). 

Lung cancer among the men and breast cancer among 
the women were the most common forms of carcinoma, 
and clear differences were found between the farmers 
and nonfarmers. Figure 1 shows the age-specific lung 
cancer rates for the male farmers and nonfarmers. The 
farmers had lower rates than the nonfarmers at all ages; 
the relative difference between the two groups was larger 
above 50 years of age. Figure 2 shows that even the 
breast cancer rates were lower for the farmers than for 
the nonfarmers in all the age groups; the relative differ- 
ence was largest for the premenopausal age group. The 
fact that the female farmers had more children than the 
female nonfarmers might explain the difference. We in- 
cluded age, parity, and farmer-nonfarmer status in a Pois- 
son regression model. The results indicated a somewhat 

0 farmers 
@ nonfarmers 

Figure 1. Lung cancer rates by age forthe male farmers and nonfarmers 
engaged in agriculture according to Norwegian agricultural censuses in 
1969-1 989. (farmers: subjects working 2500 annual hours on afarm 
holding, nonfarmers: subjects working < 500 annual hours on a farm 
holding, - number of cases in parentheses) 

different age profile for the farmers than for the non- 
farmers, in agreement with figure 2. This modeling also 
indicated that the beneficial effect of child birth was 
larger among the farmers than the nonfarmers. However, 
parity only explained a minor portion of the difference 
between the farmers and nonfarmers (data not shown). 

Exposure-cancer associations in the Poisson 
regression modeling 
The results of the Poisson regression analysis for the 
exposure indicators given in the a priori hypotheses are 
shown in table 4. Dairy cattle was associated with male 
acute leukemia (total 54 cases, 33 exposed cases, RR 
1.76, 95% CI 1.02-3.05). The estimate for the subjects 
living on a farm was slightly higher, whereas estimates 
for farmers and for dairy cattle in more than one census 
was slightly lower, and considerably lower when the 
analysis was restricted to a latency time of over 15 years 
(table 5). 

Positive, but unstable estimates were also found for 
orchards and greenhouses in association with Hodgkin's 
disease among the men, as well as for orchards and 
greenhouses and soft-tissue sarcoma among the women 
(table 4). However, the two cancers were not positively 
associated with the pesticide indicators, and associations 
for subsets considered to be more precise were markedly 
weaker (data not shown). Hodgkin's disease, in particu- 
lar nodular sclerosis, was even more strongly associated 
with field vegetables. The nodular sclerosis risk ratio for 
the men in association with field vegetables was 2.40 
(95% CI 0.95-6.09), based on eight exposed out of a 
total of 18 cases. The same association was positive even 

0 formers 
e nonfarmers 

Figure 2. Breast cancer rates by age for the female farmers and 
nonfarmers engaged in agriculture according to Norwegian agricultural 
censuses in 1969-1989. (farmers: subjects working 2500 annual 
hours on a farm holding, nonfarmers: subjects working < 500 annual 
hours on a farm holding, - number of cases in parentheses) 

Scand J Work Environ Health 1996, 1/01 22, no I 19 



Cancer in Norwegian agriculture 

for the women, but there were only four exposed cases 
(total 10 cases) and wide confidence limits (RR 1.93, 
95% CI 0.54-6.85). 

For both the men and the women, 50% nonsignifi- 
cant risk increases were found for multiple myeloma in 
association with pesticide purchase (table 4). The pesti- 

cide indicator was related to orchards and greenhouses 
among the women, but not among the men. Multiple 
myeloma was more strongly associated with potato culti- 
vation for both the men and the women; this association 
was strengthened for farms for which pesticide indica- 
tors were also reported (tables 5 and 6). The association 

Table 4.A priori suspected associations between cancer and exposure indicators for the men (N = 136 463,l  515 482 person-years) and 
women (N = 109 641, 598 342 person-years) engaged in agriculture according to the Norwegian agricultural censuses, 1969-1989. 
(95% CI = 95% confidence interval) 

Cancer diagnosis Exposure indicator Men Women 

Exposed Rate 95% CI Exposed Rate 95% CI 
cases ratioa cases ratioa 

Acute leukemia Dairy cattle 33 1.76 1.02-3.05 7 1.22 0.44-3.37 
Chicken 13 0.89 0.48-1.67 1 0.21 0.03-1.61 
Orchards and greenhouses 7 1.51 0.68-3.35 2 1.69 0.38-7.52 
Pesticide purchaseb 17 0.93 0.51-1.69 3 0.56 0.15-2.06 

Hodgkin's disease Cattle 25 0.98 0.58-1.66 3 0.43 0.12-1.53 
Orchards and greenhouses 9 1.85 0.91-3.77 1 0.76 0.10-5.76 
Pesticide purchaseb 17 0.93 0.51-1.69 4 1.43 0.38-5.35 

Non-Hodgkin's lymphoma Cattle 
Forestry 
Grain farming 
Orchards and areenhouses 9 0.64 0.33-1.25 4 0.63 0.23-1.73 
Pesticide purchaseb 43 0.98 0.67-1.43 22 1.12 0.66-1.91 

Multiple myeloma 

Soft tissue sarcoma 

Brain tumor 

Orchards and greenhouses 
Pesticide purchaseb 
Cattle 
Forestry 
Grain farming 
Orchards and greenhouses 
Pesticide purchaseb 
Pig farming 
Orchards and greenhouses 
Pesticide purchaseb 

a Adjusted for age and period. 
b Restricted to subjects covered in the 1969 census (men: N = 102 584, 1 225 691 person-years; women: N = 80 990, 439 312 person-years) 

Table 5. Positive associations between cancer and the exposure indicators for the men born in 1925-1971 ( N  = 136 463, 1 515 482 
person-years), engaged in agriculture according to the Norwegian agricultural censuses, 1969-1989. (RR = rate ratio, 95% CI = 95% 
confidence interval) 

S ~ t e  or morphology Exposure indicator Total study population RRa estimates for population subsets 

Exposed Person- RRa 955% CI Lives Farmers Exposed Latency 
cases years on farm at the 15 years 

time of 
more than 
one census 

Acute leukernla 
Multiple myeloma 

Malignant melanoma 
Nonmelanoma skin 
(head or neck) 

Lip 
Prostate 
Testicular 
Brain tumor 

Dairy cattle 33 
Potato cultivation 35 
Potato plus pesticide purchaseb 19 
Pesticide p ~ r c h a s e ~ , ~  94 
Grain farming 25 

Horsesd 22 
Orchards and greenhouses 33 
Orchards and greenhouses 20 
Grain farminge 53 

a Adjusted for age and period unless otherwise stated. 
b Restricted to men covered in the 1969 census (N = 102 584, 1 225 691 person-years). 

Adjusted for age, period, and region. 
"Adjusted for age, period, region, and agricultural education. 

Adjusted for age, period, fraction of family income from farm holding, and agricultural education 
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Table 6. Positive associations between cancer and the exposure indicators for the women born in 1925-1971 (N = 109 641, 598 342 
person-years) and engaged in agriculture according to Norwegian agricultural censuses i n  1969-1989. (RR = rate ratio, 95% GI = 95% 
confidence interval) 

Site or morphology Exposure indicator Total study population RRa estimates for population subsets 

Exposed Person- RRa 95% CI Lives Farmers Exposed Latency 
cases years on farm at the 15 years 

time of 
more than 
one census 

Multiple myeloma 

Malignant melanoma 
Nonmelanoma skin 
(head or neck) 
Colon 

Uterine body 

Ovary 
Urinary bladder 
Thyroid 

Potato cultivation 
Potato plus pesticide purchaseb 
Pesticide purchasebC 
Field vegetables 

Field vegetables 
Field vegetables plus 
pesticide purchaseb 
Pig farming 
Grain farming 
Chicken farmingd 
Orchards and greenhousese 
Orchards and greenhousesd 

a Adjusted for age and period unless otherwise stated. 
Restricted to women covered in the 1969 census (N = 80 990, 439 31 2 pe 
Adjusted for age, period, and region. 
Adjusted for age, period, and parity. 
Adjusted for age, period, and agricultural education. 

was of borderline significance for the men and nonsig- 
nificant for the women, but the associations for the sub- 
sets anticipated to have more precise estimates were 
mostly stronger than for the total cohort. 

Malignant melanoma showed positive associations 
with several of the types of farming that are common in 
the southern part of Norway. However, melanoma rates 
in Norway have a strong north-south gradient, and most 
of the associations were close to unity after adjustment 
for region. A moderate association of borderline signifi- 
cance remained for pesticide purchase for both the men 
and the women even after adjustment for region (tables 5 
and 6). 

Nonmelanoma skin cancer of the head and neck (49 
cases among the men and 13 cases among the women) 
was associated with types of farming compatible with 
sun exposure, that is, grain farming for the men (table 5) 
and cultivation of field vegetables for the women (table 
6). Except for the restriction of 15 years' latency for the 
men, both associations were strengthened for the subsets 
of more precise estimates. Eye cancer cases were too few 
for meaningful analysis. 

Lip cancer was associated with animal husbandry 
and was strongest for horses (table 5). Associations were 
strong and significant even for cattle, more moderate for 
sheep, but close to unity for pigs and poultry (data not 
shown). Lip cancer was far more common among the 
men, and only three cases were identified among the 
women, all of which were associated with exposure to 
animal farms. 

rson-years) 

Both cancer of the prostate and cancer of the testis 
were associated with orchards and greenhouses (table 5), 
but they showed moderate negative associations with 
the pesticide indicators, and were only moderately asso- 
ciated with horticulture and pesticides combined (data 
not shown). 

The men had a total of 145 brain tumors, and a 
positive association of borderline significance was 
present for grain farming (table 5). The association was 
markedly lower for the farmers and for a latency time of 
over 15 years. 

Several positive associations were found between 
cancer among the women and the exposure indicators 
(table 6). Colon cancer was associated with field vege- 
tables on a farm, and the rate ratio estimate was nearly 
doubled for field vegetables combined with pesticides. 
Cancer of the uterine body was positively associated 
with several exposure indicators. After adjustment, in- 
dependent and highly significant associations remained 
for pig farming and grain farming. Ovarian cancer 
showed a significant 50% increase in association with 
poultry farming, based on 47 exposed cases. The point 
estimates were higher for the subjects living on a farm, 
for farmers, for those exposed at the time of more than 
one census, and when follow-up was restricted to a la- 
tency time of 15 years. Both bladder cancer and thyroid 
cancer were associated with orchards and greenhouses, 
although the associations were based on few exposed 
cases. Both of the associations were mostly restricted to 
exposed cases in the western part of Norway, where 
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orchards are common, and they were both of borderline 
significance. 

Discussion 

Results 
In this cohort study the total cancer incidence among the 
men in the agricultural sector was considerably lower 
than for the total rural population. The female study 
subjects had a total cancer incidence close to the total 
rural population. Our results demonstrate that the cancer 
pattern in this cohort is heterogeneous for both the men 
and the women. The total cancer incidence was markedly 
lower for the subjects who were defined as farmers ac- 
cording to the standard occupational criterion, compared 
with that of the nonfarmers. Male farmers had a total 
cancer experience in agreement with results for farmers 
in other studies (4, 5, 9), whereas the female farmers had 
a higher total cancer SIR than Danish farmers (9). 

The difference between the observed and expected 
cases can be expressed as the prevented fraction (28), 
defined as the difference between the reference rate and 
the index rate, divided by the reference rate. When the 
nonfarmers were considered the reference group and the 
farmers the index population, the prevented fraction of 
farming, as adjusted for age and period, was 0.21 for the 
men and 0.17 for the women. When the national rural 
population was considered to be the reference, the ad- 
justed prevented fraction was 0.23 for the men and 0.08 
for the women. 

The differences in tobacco- and alcohol-related can- 
cers and gastrointestinal cancers account for most of the 
total cancer difference between the male farmers and 
nonfarmers. For the women, breast cancer had the largest 
impact on the difference between the farmers and non- 
farmers, but also cancer of the lung and uterine cervix 
was important. The results indicate that the farmers of 
both genders had favorable habits with respect to several 
life-style factors, and they therefore agree with results 
from other countries (4,5,9).  

Surveys of smoking habits have been performed an- 
nually in Norway since 1973. For the adult female popu- 
lation, the percentage of daily smokers during the 1970s 
in agriculture, fishing and forestry was 12, compared 
with 37% of the total female adult population. For the 
men the corresponding percentages were 43 and 53. 
Smoking prevalences were two to three percentage 
points lower for the rural population than for the total 
population (Hilde Rudlaug, National Council on Tobac- 
co and Health, personal communication, 1994). When 
Axelson's method (29) is applied, these figures can be 
used to assess the impact of smoking on lung cancer in 
our farming population. Let the relative risk of daily 

smoking for lung cancer be 20 and the percentages of 
daily smokers among the female farmers, the female 
rural reference group, the male farmers, and the male 
rural reference group be 10, 35,40, and 50, respectively. 
Smoking alone would then yield an SIR estimate of 38 
for the women and 82 for the men. The actual SIR values 
were 43 for the female farmers and 51 for the male 
farmers. It is therefore possible that smoking male farm- 
ers smoked less than other smokers or they were exposed 
to unaccounted factors that are protective. However, in- 
terpretations without individual information on smoking 
habits should be made with caution - the smoking epi- 
demic in Norway has shown complex trends influenced 
by social changes and the level of awareness of the 
health hazards involved (30). There are indications that 
farmers follow the national trends, but with a delay in 
time and at a lower prevalence level (31). 

We anticipated a correlation between the level of 
farming activity and cancer incidence for farm-related 
sites. Apart from lip cancer among the men and Hodg- 
kin's disease among the women, such a correlation did 
not appear; for most of the "farm-related" cancer sites, 
there were no specific patterns and only small differ- 
ences between the farmers and nonfarmers. The non- 
farmers had in fact higher SIR values than the farmers 
for stomach cancer, melanoma, and nonmelanoma skin 
cancer, and other sites. It is reasonable that this pattern is 
real for stomach cancer. The population under study was 
rather young, and the follow-up was for recent years. 
The socioeconomic status of the families in modern Nor- 
wegian farming is relatively high (32). The social 
structure of the farmers of the cohort may differ from 
that of older agricultural populations and some other 
countries where increased risk of stomach cancer has 
been shown (4). 

The high socioeconomic status may also explain the 
fact that the SIR excess of lip cancer was lower than in 
most other studies (4). Further follow-up is needed to 
determine if this is a true birth cohort effect; lip cancer 
occurs mainly among old men, and some of the gradients 
seen among older men are less pronounced at younger 
ages (eg, urban-rural difference) (23). 

Several significant positive associations were found 
between the exposure indicators and specific cancers. 
However, they should be interpreted with caution since 
many associations were investigated. 

The most interesting confirmation of an a priori hy- 
pothesis was the relationship between acute leukemia 
among the men and dairy cattle. In many studies, mostly 
in the United States and New Zealand (3), the risk of 
leukemia for agricultural and slaughterhouse workers has 
been linked to animals. The mechanism is unknown, but 
a viral etiology or causation by animal insecticides has 
been suspected. Different subtypes of leukemia have 
been studied (2, 3). Our population was young, and most 
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of the leukemia cases were acute. Changes in the leuke- 
mia classification of the cancer register during the study 
period made it difficult to interpret the results of more- 
detailed subtyping. 

Our results suggest an associatioil between pesticides 
in potato cultivation and multiple myeloma. Multiple 
myeloma has been related to farming in several studies 
with male subjects (4, 33), whereas the associations be- 
tween multiple myeloma and farming or farm exposures 
among women are less consistent (34-39). Pesticide 
exposure has been suspected as a risk factor in several 
studies (40-43), but potato cultivation has, to our 
knowledge, not been addressed, although fungicides and 
other pesticides commonly used in potato farming have 
received attention (1 4). 

Lip cancer is recognized as a farm-related cancer, 
and it is also related to other outdoor occupatio~ls (4,44, 
45). Unexpectedly, we found a relationship between lip 
cancer and animal contact. It is interesting that lip cancer 
has been associated with dairy farming in New Zealand 
(46) and that a viral origin has been suggested (45). Like 
many other farm-related cancers (4), lip cancer can be 
considered immune-related, and the risk is strongly in- 
creased among immunosuppressed patients (47,48). 

The work pattern in agricultural work in Norway (49) 
makes sun exposure a plausible explanation for the asso- 
ciations found for nonmelanoma skin cancer. The work 
in grain farming is to a large degree carried out in the 
fields during the summer, usually by the male farmer on 
a tractor; female farmers often take part in work in the 
vegetable fields during the summer season. A stronger 
association for cancer located in the area of the head and 
neck is in agreement with the findings of other studies 
(5,501. 

The evidence for causality for the other revealed as- 
sociations was not so strong. An association between the 
pesticide exposure indicator and melanoma was found 
for both the men and the women, but it was moderate. A 
connection between pesticides and melanoma has been 
suggested earlier (51), but the evidence is scarce. Pesti- 
cides are mostly used in southern Norway, and con- 
founding from sun exposure may partly remain even 
after adjustment for region. 

The link of pig farming and grain farming to cancer 
of the uterine body has not been reported earlier. Contra- 
ry to other gynecological cancers, rural and urban inci- 
dences are similar for uterine cancer (1 I), even if parity 
in rural populations is often higher. The high-risk groups 
in our cohort had more children than the average, and the 
finding was unexpected. 

The combination of a low lung cancer incidence and 
a rather high bladder cancer incidence among the fe- 
male farmers was unexpected. This discrepancy was not 
found among the men and may indicate that female 
farmers are exposed to occupational bladder carcino- 

gens. The association with orchards and greenhouses is 
in agreement with the risk excess of the same magni- 
tude found among Swedish professional gardeners (52). 
Excess bladder cancer has also been reported for male 
orchard farmers (37). 

Orchard and greenhouse farming was also associated 
with thyroid cancer among the women. Thyroid cancer 
has a strong geographic gradient in the country, with 
high rates in the northern part of Norway and in coastal 
regions (53). During 1982-1991 the thyroid cancer in- 
cidence was higher for women in the part of western 
Norway where orchards are common than in surrounding 
parts (53). 

The associatioll between grain farming and brain 
tumors among the men is in agreement with the results of 
a previous report (54), but we found no risk increase in 
combination with pesticide exposure indicators, as earlier 
reports indicate (55, 56). 

The low SIR values for colorectal cancer among the 
male farmers is in agreement with the finding presented 
in other reports (4, 57). The interpretation is not straight- 
forward. Dietary intake of animal fat has been high and 
the intake of fruit and vegetables low among farmers in 
national surveys (58), but high physical activity was like- 
ly in this group and may be protective. The women, in 
particular nonfarmers, had a moderate increase in colon 
cancer. The associations between field vegetables in 
combination with pesticides and colon cancer among the 
women was unexpected since a diet high in vegetables 
could be anticipated among farmers who grow them. 

Fortuity is a likely explanation for the association 
between horticulture and both cancer of the prostate and 
testis. The associations were of borderline significance, 
and both were considerably weaker when combined with 
indicators of pesticide exposure, which has been related 
to prostate cancer (4, 59) and testicular cancer (60) in 
earlier reports. 

Validity 

Norwegian agriculture is dominated by family farms, 
and the cohort under study comprised the majority en- 
gaged in agricultural work and born after 1924. The 
personal identification number made complete identifi- 
cation and linkage possible, except for dead spouses. 
Negative bias due to the selective loss of decedents with 
cancer could have been a problem (61), but it was avoid- 
ed because the follow-up of spouses started after the 
identification in the population register (1986). 

Several factors introduced nondifferential misclassi- 
fication in both the SIR analysis and the Poisson regres- 
sion modeling. The most serious problem was the crude, 
inaccurate exposure indicators available. We had infor- 
mation on the activity on the farms but not on the actual 
exposures of interest. Pesticide use is an example. We 
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