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FORASTIEREF, QUERCIA A, MICELI M,SETTIMIL, TERENZONI B, RAPITI E, FAUSTINI A,
BORGIA P, CAVARIANI F, PERUCCI CA. Cancer among farmers in central Italy. Scand J Work
Environ Health 1993;19:382-9. This case-referent study evaluated cancer risks among farmers in
central Italy. Cancer cases (N = 1674, 17 sites) were selected from all deceased men aged 35­
80 years; a random sample of 480 decedents formed the reference series. Farmers had a decreased
risk of lung and bladder cancer and melanoma and nonsignificant excess risks for stomach, rectal,
kidney, and nonmelanomaskin cancer. Stomachand kidney cancer were significantly increased among
the farmers with> 10 years' experience, and stomach, rectal, and pancreatic cancer were increased
among licensed pesticide users with> 10 years' experience. Possible relationships emerged between
specific crops and cancer: fruit and colon and bladder cancer, wheat and prostate cancer, olives and
kidney cancer, and potato and kidney cancer. The results regarding stomach, pancreatic, lung, blad­
der, and prostate cancer and melanoma congrue with earlier results. The kidney cancer excess, the
association of colon and bladder cancer with orchard farming, and the excess of rectal cancer among
licensed farmers are new and unexpected findings.
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Cancer occurrence among farmers has been exten­
sively studied because of the potentially hazardous
substances farmers are exposed to (eg, pesticides,
solvents, paints, and engine exhaust). Although the
most common cancer types (eg, lung cancer) seem
to be underrepresented in this group, some rarer
forms are seen in excess, perhaps as a result of pes­
ticide exposure (I, 2). Results from different coun­
tries are conflicting, however. Even within the United
States, excesses of cancer mortality among farmers
are not entirely consistent by gender, race, or geo­
graphic area (3).

The extent of exposure to pesticides, as well as to
other chemicals, is not homogeneous among farm­
ers. Instead it depends on such factors as crop type,
climatic conditions, chemicals available on the mar­
ket, specific tasks performed, and protective equip­
ment used. Exposure evaluation in analytical stud­
ies of cancer among farmers is thus a critical issue
(4), and exposure assessment is often more qualita­
tive than quantitative. The present case-referent study
was conducted in a province of central Italy to study
specific cancer sites among farmers in comparison
with those among nonfarmers. On the assumption
that farmers growing the same agricultural product
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within a defined geographic area during a specific
period will tend to share similar work conditions, in­
cluding exposure to chemicals, the relationship be­
tween cancers and various crops raised by agricul­
tural workers in the area was studied.

Subjects and methods

Selection of cases and referents
The study concerned the population of the Viterbo
Province, located northwest of Rome and compris­
ing about 250 000 inhabitants. The area has an agri­
cultural tradition, with only one industrialized town
(containing ceramics factories). Farms mainly con­
centrate on raising typical products of the Mediter­
ranean area: wheat, olives, and grapes. There are also
zones dedicated to a variety of other crops: hazel­
nuts, fruit, potatoes, corn (maize), and strawberries.

The regional mortality file, available for the pe­
riod 1980-1986, was the source for selecting the
cases and referents. The cases included 1674 cancer
deaths among men aged 35-80 years who had re­
sided in the 59 rural municipalities of the province
(the main town, Viterbo, was excluded). The follow­
ing tumors were included in the case series (table I):
esophagus, stomach, colon, rectum, pancreas, larynx,
lung, prostate, bladder, kidney and brain cancer,
melanoma, nonmelanoma skin cancer, non-Hodg­
kin's lymphoma, Hodgkin's lymphoma, multiple
myeloma, and leukemia. A random sample of 480
individuals was drawn as the reference series from
those deceased from all causes (including cancer
deaths). Personal data and residence history of all of



the subjects were ascertained from the municipa l reg­
istry offices.

Exposure data
The identity of farmers , for both the cases and the
referents, was ascertained from the register of the
local farmers' pensio n fund (SCAU and INPS, Vit­
erbo). Th is register has records of farmers and agri­
cultural workers resident in the province, and the
pension contributi on for each year worked as a farm­
er or agricultural worker is annotated. Complete data
were available from 1953 to 1985, and a subject was
classified as a farme r if he was present for at least
one year in the register dur ing this period . All other
subjects were classified as nonfarmers. In order that
a latency time restriction could be applied, those who
were registered as farmer s only during the IO years
before their date of death were considered nonfarm ­
ers . Duration of farming was taken as the total years
registered as a farme r in the pension fund register
between 1953 and 10 years prior to death .

A national law passed in 1969 requires a special
license to purchas e and use pest icides of high levels
of toxicity (median lethal dose <500 mg . kg' in oral
administration to rats). The provincial inspectorate
of agriculture provided a list of all individuals (about
6000) who had been licensed as pesticide users dur­
ing the first years of the law's application, 1971­
1972. Cases and referents on this list were consid­
ered to be licensed pesticide users.

Expert agronomis ts from the loca l farmers' union
were asked to provide an estimate of the prevalence
of different crops in each municipality of the prov-
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ince durin g the study period . The main crops were
consi dered (wheat, grapes, olives, hazelnuts, fruit ,
potatoes, corn, and strawbe rries) over five calendar
periods (1950- 1955, 1956-1960, 1961-1965,
1966-1970, and 1971-1975). On the basis of his­
torica l data avai lable from the local farmers ' union,
the agronomists gave a score of 0-3 concerning the
likelihood of each of the eight different crops, spe­
cific for each of the 59 municipalities and for the five
calendar periods; a crop rated zero for a given peri­
od was very unlikely to have been raised by anyone
in the municipality, whi le one rated 3 was grown by
virtually every farmer in the area. On the basis of
the matrix of scores (5 perio ds, 8 crops, 59 munici­
paliti es), indiv idual indices of work with a particu­
lar crop were calculated. For a specific calendar pe­
riod , the individual's index was the product of his
years of farming and the agronomists' score for the
given crop . The individ ual cumulative "exposure in­
dex" was the sum of the period-spec ific indices. For
example, a subject whose farming activity was reg­
istered from 1958 troug h 1966 (ie, °years, 3 years,
5 years, I year, 0 years, in each of the 5 calendar
periods), in a municipality where the scores for ha­
zelnuts were 1,2,I,0,0 for the five periods, had a cu­
mulative "exposure index" for hazelnuts equal to
II [(0 x 1)+ (3 x 2)+(5 x 1) + (1 x 0) +(0 X 0)] . The
estimates of the exposure indices were made blind­
ly with regard to case versus reference status.

Cumulative exposure indices were categorized ac­
cording to cutoff points determined by the exposure
distribution of the referents . For wheat, grapes, and
olives , the most widespread agric ultural products,
subjects below the median were classified as unex-

Table 1. Case-refere nt data on the associat ion betwe en farmin g, durat ion of farmin g (:5 10, > 10 years). and di ff erent cance r
sites with nonfarmers as the refer ence category. [OR = Mantel- Haenszel odds rat io adjusted for age (35-49, 50- 59, 60-69,
70-80 years), 90% CI = exact 90% confidence intervals]

Farmers

Nonfarmers :510 years > 10 years Total(N)

N OR 90% CI N OR 90% CI N OR 90% CI

Cases

Esoph agus 21 6 0.50 0.19-1 .19 17 1.02 0.54-1.91 23 0.79 0.45-1 .41
Stomach 113 75 1.01 0.72-1.41 119 1.38" 1.03- 1.87 194 1.21 0.93- 1.58
Colon 48 23 0.76 0.46-1.25 36 0.93 0.60-1 .43 59 0.86 0.59-1 .26
Rectum and sigma 21 19 1.40 0.76-2.58 24 1.45 0.82-2.59 43 1.44 0.87-2.40
Pancreas 29 17 0.95 0.52-1.71 20 0.88 0.50-1 .54 37 0.93 0.58-1.49
Larynx 30 19 1.02 0.57-1.80 22 0.94 0.54-1 .61 41 1.00 0.63- 1.59
Lung 245 103 0.70" 0.52-0.93 160 0.81 0.62-1.05 263 0.76" 0.61-0.96
Melanoma 11 1 0.16" 0.01-0.94 2 0.22" 0.03-0.85 3 0.19" 0.05-0.63
Nonmelanoma skin 1 3 4.43 0.46-120 3 3.76 0.41-98.2 6 4.34 0.66-100
Prostate 46 23 0.66 0.39-1.10 49 1.25 0.83- 1.89 72 0.99 0.68- 1.44
Bladder 43 14 0.54" 0.29-0.98 22 0.62 0.37-1 .03 36 0.58" 0.38-0.90
Kidney 15 5 0.67 0.22-1.78 21 2.00" 1.03-3.94 26 1.39 0.75-2.64
Brain 13 1 0.16" 0.01-0.93 9 1.04 0.43-2.44 10 0.67 0.29-1 .50
Non-Hodgkin's lymphom a 13 3 0.35 0.08-1.14 8 0.80 0.33-1 .87 11 0.59 0.27-1 .28
Hodgkin 's lymphoma 5 3 1.24 0.25-5.34 2 0.62 0.08-3.14 5 0.84 0.23-3.04
Multi ple myel oma 6 4 1.15 0.29-4.10 4 0.76 0.20-2.69 8 0.95 0.33-2.79
Leukemia 24 14 0.80 0.41-1.52 24 1.29 0.74-2.27 38 1_07 0.66- 1.77

Referents 188 121 153 274

" P<0.10 (two-sided).
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posed, while subjects above the median were placed
in the "any exposure" group. Individuals above the
referents' upper quartile were considered as having
"high exposure." For the other five crops, which have
a more limited diffusion in the area, all persons with
a nonzero cumulative index were classified in the
"any exposure" group and a cutoff point at the me­
dian of the distribution among the referents indicat­
ed membership in the group with "high exposure."

Data analysis
Some 17 categories of cancer sites were first con­
sidered, as indicated in table I. The associations were
studied through comparisons of the cases of cancer
at each site with the entire reference group for the
various exposures of interest. The reference group
was basically the same for each cancer site, except
that, in each run, any subjects deceased from the spe­
cific cancer site were removed from the reference
series.

The data analysis was conducted in several stag­
es. First, farmers were compared with nonfarmers in
calculations of age-adjusted odds ratios (OR) (age in
four classes) according to the Mantel-Haenszel tech­
nique (5) together with exact two-sided 90% confi­
dence intervals (90% CI). In addition, farmers with
a license for pesticide use were compared with both
nonfarmers and other farmers using the same Man­
tel-Haenszel procedure. Second, the analysis was re­
stricted to farmers; for all cancer categories with at
least 10 observed cases among the farmers, screen­
ing for possible associations with the eight different
crop categories was performed, calculating the Man­
tel-Haenszel odds ratios after stratification by age
(four classes) and duration of farming (two classes).
Adjustment for duration of farming might involve
overadjustment; however, it allows the effect of spe­
cific exposures in growing a particular crop to be es­
timated. Third, all of the positive associations which
emerged from the screening procedure with a P-value

of <0.10 were studied with logistic regression. The
logistic models for each cancer-crop association in­
cluded categorized variables for age (nine classes)
and duration of farming (three classes). Adjustment
was also made for other possible crops that were re­
lated in the screening analyses to the cancer site of
interest.

Results

The study was based on 1579 (94.3%) cancer cases
and 462 (96.2%) referents, since personal identifi­
cation data were incomplete for 98 cases and 18 ref­
erents. Altogether 888 (56.2%) cancer cases and 274
(59.3%) referents were classified as farmers. Farm­
ers had a statistically significant decreased risk for
lung cancer (OR 0.76), bladder cancer (OR 0.58), and
melanoma (OR 0.19) (table I). Nonstatistically sig­
nificant excess risks were found for cancer of the
stomach (OR 1.21), rectum (OR 1.44), skin (OR
4.34), and kidney (OR 1.39). Among the subjects
with more than 10 years of farming, stomach and kid­
ney cancer were significantly increased (OR 1.38 and
OR 2.00, respectively); prostate cancer (OR 1.25)
and leukemia (OR 1.29) were also slightly increased
in this group.

Table 2 shows the results of cancer risks among
licensed pesticide users for those cancer sites with
more than two exposed cases. The odds ratios were
calculated taking for comparison both nonfarmers
(OR

I
) and other farmers (OR

2
) . This choice was jus­

tified by the fact that nonlicensed farmers may ac­
tually be exposed to pesticides. The cancer site that
was clearly increased among the licensed pesticide
users was pancreatic cancer (6 exposed cases, IS ex­
posed referents, OR

l
2.34, OR

2
2.89); the excess was

greater when the analysis was restricted to individ­
uals with more than 10 years of farming (OR I 3.78,
OR

2
5.18). In addition cancers of the stomach, rec­

tum, and prostate appeared in excess among the li-

Table 2. Case-referent data on the association between cancers of different sites- and license for pesticide use. [OR, = odds
ratio comparing licensed farmers with nonfarmers (Mantel-Haenszel adjustment for age), OR2 = odds ratio comparing licensed
farmers with other farmers (Mantel-Haenszel adjustment for age), 90% CI = 90% confidence interval]

Licensed farmers Licensed farmers
(>10 years of farming)

Number Number
of 90% CI OR2

90% CI of OR 90% CI OR2
90% CI

exposed OR, for OR, for OR2 exposed ' for OR, for OR2
cases cases

Cases

Stomach 15 1.79 0.88-3.64 1.43 0.71-2.86 12 2.62* 1.11-6.30 1.77 0.75-4.25
Rectum and sigma 5 2.91 0.92-8.29 2.01 0.66-5.39 4 4.22* 1.08-14.7 2.82 0.75-9.32
Pancreas 6 2.34 0.83-6.06 2.89* 1.02-7.52 6 3.78* 1.24-11.0 5.18* 1.55-16.7
Lung 14 0.70 0.34-1.41 0.87 0.42-1.80 11 0.89 0.38-2.14 1.07 0.44-2.67
Prostate 5 1.53 0.50-4.14 1.60 0.53-4.33 5 2.68 0.81-8.23 2.13 0.64-6.49

Referents 15 9

a Only those site series with more than two exposed cases are presented.
* p < 0.10 (two-sided).
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censed farmers, especially among individuals with
more.than 10 years of farming. However, the excess
was significant only for stomach and rectal cancer
when nonfarm ers were taken for comparison (OR

I

2.62 and OR , 4.22).
Out of 274 referents categori zed as farmers, 140

(5 1%) were classified as farming wheat, 130 (47.4%)
grapes, 135 (49.3%) olives, 97 (35.4%) hazelnuts,
140 (5 1%) fruit, 66 (24.1%) potatoes, 155 (56.6%)
corn, and 37 (13.5%) strawberries. Only 13 cancer
sites were admitted to screening for crop-cancer site
associations through the Mantel-Haenszel technique.
Melanoma, nonmelanoti c skin tumors, Hodgkin' s
lymphoma , and multiple myeloma were eliminated
because fewer than 10 cases were observed among
the farmers. The screening, applied to 104 potential
relationships (13 cancer sites x 8 crops) (tables 3 and
4), revealed the following nine statistically signifi­
cant associations (P <O. IO, two-sided) to be further
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studied through logistic regression: wheat -rec tum
(OR 2.6 1), wheat-prostate (OR 3.45), olives-kidney
(OR 3.16) (table 3), fruit-colon (OR 3.18), fruit-blad­
der (OR 4.15), potatoes-kidney (OR 2.42), corn-pros­
tate (OR 1.67), corn -bladder (OR 3.07), and straw­
berries-colon (OR 2.48 ) (table 4).

Table 5 presents the results of the logistic regres­
sion analysis for each cancer-crop association. Ad­
justment was made for age and duration of farming,
and also for other crops positive in the Mantel-Hae n­
szel screening. In the examination for colon cancer
among farmers, the association with fruit was con­
firmed (OR 3.85) and an exposure-response effect
was present (OR 4.40 in the high-expos ure catego­
ry). Furthermore, the association was stronger in the
age group below 70 years (OR 7.81 for all those ex­
posed and 12.5 for those highly exposed). The colon
cancer-strawberries association was less consistent.
The overall odds ratio (OR 2.69) was reduced after

Table3. Case-referent data on the associat ion between farmin g of different cro ps and various cancer sites. [OR=Mantel ·Haenszel
odd s ratio adjusted for age (35- 49, 50-59, 60-69, 70-80 years) and durat ion of farm ing (s 10, > 10 years), 90% CI = exac t
90% confid ence interval]

Wheat Grapes Olives

N OR 90% CI N OR 90% CI N OR 90% CI

Cases

Esophagus 14 0.84 0.29- 2.58 15 1.76 0.56-6.22 12 0.81 0.31-2.17
Stomach 107 1.03 0.66-1 .59 97 0.87 0.54-1.41 97 1.01 0.54-1.23
Colon 31 0.90 0.44- 1.86 29 1.03 0.50-2.16 25 0.61 0.32-1 .14
Rectum and sigma 27 2.61* 1.10-6.41 18 0.75 0.33-1 .78 18 0.76 0.37-1.57
Pancreas 21 1.47 0.60- 3.57 19 1.46 0.57-3.89 22 1.68 0.75-3.83
Larynx 21 1.02 0.41-2.54 18 0.88 0.35-2.30 22 1.41 0.61-3.28
Lung 134 0.79 0.52-1 .22 132 0.90 0.59-1 .38 122 0.72 0.49- 1.05
Prostate 55 3.45* 1.78- 6.88 43 1.23 0.66-2.32 43 1.18 0.68-2.06
Bladder 22 1.64 0.69- 3.96 17 0.81 0.35-1 .93 16 0.73 0.34-1.56
Kid ney 19 1.49 0.50-4.88 17 1.12 0.40- 3.48 21 3.16* 1.00-12.1
Brain 8 1.21 0.18-1 4.9 7 0.91 0.20-6.46 7 0.90 0.20-5.53
Non-Hodgkin's lymphoma 6 0.54 0.12-2.66 8 2.79 0.51-20.0 8 2.17 0.51- 11.5
Leukemia 21 0.94 0.41-2.22 16 0.50 0.22-1.13 17 0.63 0.30-1.31

Referents 140
130 135

, P< 0.10 (tw o-sid ed).

Table 4. Case-referent data on the assoc iation between farmi ng of different cro ps and various cancer sit es. [OR=Mantel·Haenszel
odds ratio adjusted fo r age (35-49, 50-59, 60- 69, 70-80 years) and du rati on of farmi ng (s 10, > 10 years), 90% CI = exact
90% confidence interval]

Haze lnuts

N OR 90% CI

Fruit

N OR 90% CI

Pot atoes

N OR 90% CI

Corn

N OR 90% CI

Strawbe rries

N OR 90% CI

Cases

Esophagus 10 1.44 0.62- 3.27 13 1.12 0.49-2.61 6 0.97 0.36- 2.42 17 1.89 0.78-5.03 5 1.48 0.49-3.93
Stomach 72 1.05 0.74-1 .48 111 1.22 0.87- 1.71 58 1.35 0.92-1.97 119 1.22 0.87- 1.70 28 1.05 0.64-1.72
Colon 17 0.78 0.44-1 .36 45 3.18' 1.74- 6.06 19 1.52 0.85- 2.69 39 1.42 0.83-2.49 16 2.48' 1.30- 4.65
Rectum and sigma 11 0.61 0.30-1 .19 24 1.25 0.68- 2.32 14 1.73 0.88- 3.35 29 1.50 0.80-2.86 6 1.11 0.42-2.62
Pancreas 10 0.66 0.31- 1.34 21 1.17 0.61-2.28 14 1.99 0.98- 3.97 24 1.40 0.73-2.79 7 1.38 0.55-3.20
l arynx 16 1.07 0.56-2.02 19 0.75 0.38- 1.46 9 1.04 0.46-2.25 29 1.68 0.86-3.38 3 0.57 0.14-1.76
l ung 105 1.17 0.85- 1.60 129 0.88 0.64-1 .20 72 1.18 0.83-1 .69 146 0.92 0.67-1.26 34 0.89 0.55-1.43
Prostate 19 0.67 0.39-1 .14 36 0.92 0.57- 1.49 19 0.98 0.56- 1.69 49 1.67' 1.01-2.80 8 0.70 0.31- 1.47
Bladder 9 0.61 0.28-1 .24 29 4.15' 1.89-9.96 11 1.36 0.65- 2.76 29 3.07' 1.42-7.31 8 1.87 0.79-4.15
Kidney 5 0.38' 0.12-0.94 18 1.80 0.77-4.45 11 2.42' 1.04-5.61 18 1.45 0.83-3.53 3 0.80 0.19- 2.61
Brain 4 1.15 0.29- 4.14 5 0.56 0.13-2.20 3 1.18 0.24-4.74 8 2.02 0.45-14.0 1 0.71 0.03-4.89
Non-Hodqki n's lymphoma 5 1.58 0.46-5.23 6 0.86 0.24-3.10 6 3.12 0.94- 10.7 7 1.14 0.32-4.44 2 1.38 0.20-5.91
l eukemia 14 1.06 0.55-2.03 19 0.88 0.47- 1.66 9 0.92 0.42-1 .91 21 0.91 0.49-1.72 4 0.71 0.22- 1.88

Referents 97 140 66 155 37

• P<0.10 (two-sided).
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Table 5. Assoc iations between crops and cancers at different sites among the farmers emerging in the analysis with the Mante l-
Haenszel procedure . (N = number of exposed cases, OR = odds rat io, 90% CI = 90% co nf idence int erval)

Exposure

Any High

Neop lasms-crop Number Number
of

OR 90% CI of
OR 90% CIexposed ex posed

case s cas es

Colon-fruit

Comparison 1" 45 3.85 1.91-5.99 23 4.40 2.20-8.80
35-69 years 28 7.81 2.88-21.2 15 12.5 3.79-41.3
70-80 years 17 1.87 0.89-3.91 8 2.14 0.85-5.41

Comparison 2b 45 2.96 1.64-5.34 23 3.97 1.88- 8.35
Colon -strawberrles

Comparison 1" 16 2.69 1.49-4.85 3 1.04 0.35- 3.13
35-69 years 10 4.26 1.75-10.4 2 1.14 0.23-5.72
70-80 years 6 1.65 0.69-3.94 1 0.62 0.10- 3.75

Com parison 2b 16 1.96 1.06- 3.61 3 0.59 0.19-1 .88
Rectu m and siq rna-wheat

Comparison 1" 27 1.92 0.91-4.07 14 1.93 0.85-4.77
Prostate-wheat

Comparison 1" 55 2.80 1.51-5.16 26 3.07 1.46-6.41
Comparison 2b 55 2.49 1.30-4.79 26 2.68 1.19-6.02

Prostate-corn

Comparison 1" 49 1.70 1.10-2.75 32 1.83 1.08-3.16
Comparison 2b 49 1.31 0.80-2.18 32 1.28 0.70-2.33

Bladder-fruit

Comparison 1" 29 3.97 1.92-8.23 12 3.57 1.51-8.42

35-69 years 13 6.38 1.70-24.0 5 5.64 1.20-26.5
70-80 years 16 3.34 1.37-8.12 7 2.93 1.03-8.31

Com parison 2b 29 3.03 1.41-6.53 12 2.52 0.99- 6.41
Bladder-co rn

Comparison 1" 29 3.20 1.55-6.60 13 2.38 1.03-5.53
Comparison 2b 29 2.15 1.00-4.64 13 1.79 0.71-4.50

Kidney-ol ives

Compariso n 1" 21 2.99 1.03-8.66 10 2.47 0.76-8.03
Compariso n 2b 21 3.20 1.09-9.40 10 2.69 0.81-8.89

Kidney-potatoes

Com parison 1" 11 2.17 1.05-4.51 4 2.22 0.77-6.40
Comparison 2b 11 2.30 1.10-4.83 4 2.14 0.73- 6.26

a Comparison wit h unexposed farmers ; OR and 90% CI from logistic models including age (nine-year clas ses) and duration
of farmi ng (0-9, 10-19, 20- 25 years) .

b Comparison w ith unexposed farme rs; OR from logist ic mod els whic h also incl ude ot her crops posit ive in the Mant el-Haenszel
sc reening.

adjustment for fruit (OR 1.96), and no exposure-re­
sponse effect was found . However a high odds ratio
was found for the age group below 70 years for those
in the "any" strawberries category (OR 4.26).

The logistic regression analysis did not substan­
tiate the association between cancer of the rectum
and wheat (OR 1.92, 900/0CI 0.91-4.07). The asso­
ciation between prostate cancer and wheat (OR 2.80)
was confirmed, and an exposure response was
present (OR 3.07 for the high-exposure group) . The
association of prostatic cancer with corn seemed spu­
rious since the odds ratio was reduced when expo­
sure to wheat was introduced into the logistic model.

The association of bladder cancer with fruit re­
mained in the logistic analysis (OR 3.97) and was
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stronger among younger subjects (OR 6.38) . No ex­
posure response was found, however. Bladder can­
cer was also associated with corn production (OR
3.20), but the odds ratio was reduced after adj ust­
ment for fruit (OR 2. 15), and no dose-response ef­
fect was detected .

Kidney cancer was associated with growing olives
and potatoes (OR 2.99 and 2.17, respectively) , and
both associations remained when the two var iables
where considered in the same logist ic model. In­
creased odds ratios were found in the high expos ure
categories, but the confidence intervals were wide.

In summary, on the basis of the logistic procedure,
the strength of the evidence was higher for the fol­
lowing five associations: colon-fru it, prostate-wheat ,



bladder-fruit, kidney-olives, and kidney-potatoes. We
performed an additional analysis taking nonfarmers
as the reference category , instead of unexposed farm­
ers, while adjusting for age. The associations pros­
tate cancer-wheat (OR 1.54, 900/0CI 1.05-2.25), kid­
ney cancer-olives (OR 2.28, 90%CI 1.24-4.18), and
kidney cancer-potatoes (OR 3.04 , 90%CI 1.46­
6.33) were still statistically significant. Colon can­
cer (OR 1.32, 900/0CI 0.89-1.95) and bladder can­
cer (OR 0.92, 900/0CI 0.59-1.43) were no longer
associated with the category of fruit growers in this
comparison.

Discussion

In this study cancer risks were investigated among
all farmers as a group , among licen sed pesticide us­
ers, and among farmers engaged in growing specif­
ic crops. The rationale for the latter approach was
similar to that commonly used in industrial settings
(ie, the analysis of cancer risk indifferent job cate­
gories gives the opportunity to examine the role of
specific occupational exposures or it might indicate
clues for further studies). Similarly, examining farm­
ers according to the type of crops might help to iden­
tify possible agricultural exposures of potential eti­
ologic interest.

The farmers in this study had mortality deficits of
lung and bladder cancer but an increased risk of
stomach cancer. These results are well in agreement
with previous findings in other countries (2). In par­
ticular, stomach cancer was increased among farm­
ers with more than 10 years of occupational activity
and among those licensed for pesticide use. In Italy
gastric cancer, although displaying a constant de­
crease over time, still represents a leading cause of
death, and rural areas show a 10% higher rate than
urban areas (6, 7) . Farmers may be exposed to a
number of suspected etiologic factors for stomach
cancer, among which are nitrate fertilizers, nitrosa­
ble pesticides, and various types of dusts.

Pancreatic cancer was in excess among licensed
pesticide users in this study. Deaths from cancer of
the pancreas have been reported to be increased in
two studies of workers employed in the grain indus­
try with potential expo sure to fumigants and insec­
ticides (8, 9). Recently, a risk of pancreatic cancer
was associated with exposure to DDT (dichlo­
rodiphenyltrichloroethane) and related compound s in
a case-referent study within a cohort of chemical
workers (10). In the area of our study, farmers with
a license for pesticide use were directly involved in
spraying and applying agricultural chemicals, and an
etiologic role for cancer of the pancreas is plausible.

Kidney cancer was increased among farmers with
more than 10 years of activity and, specifically,
among farmers raising olive trees and potatoes. Some
studies have reported an increased risk of kidney can­
cer among farmers or occupational group s with pes-
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ticide exposure. Alavanja et al (11) reported in­
creased mortality from kidney cancer among agricul­
tural extension agents. Subsequently, a similar in­
crease was found also among forest and soil conser­
vationists (12) . An elevated risk for kidney cancer
was also seen among Swedish forestry workers (13).
An increased risk of kidney cancer has been previ ­
ously found among Italian farmers (14, 15). A recent
mortality study of farmers in the United States (3)
revealed an increased risk for renal cancer among
white men. Exposure to pesticide and fertilizers was
associated with increased renal cancer risk in a large
case-referent study in Montreal (16). Potential occu­
pational risk factors for renal cancer are hydrocar­
bons (17), asbestos (18), and gasoline exhaust (19) .
Inorganic lead compounds are established renal car­
cinogens in animals (20), and occupational exposure
to inorganic lead has also been associated with an
increased risk of kidney cancer (21) . In Italy , lead
arsenate was extensively used in agriculture, includ­
ing olive cultivation, until the late 1960s. Exposure
to lead arsenate , then, might be considered to explain
the renal cancer excess. Specific studies, however,
should address the issue of renal cancer among farm­
ers in more detail.

Several studies among farmers have reported slight
exces ses of prostate cancer (2). Our data show an in­
creased risk specifically related with wheat farming.
Similarly, Siemiatycki et al (22) found an associa­
tion between grain dust and cancer of the prostate.
More generally, two previous studies have reported
high prostate cancer rates among farmers (23, 24).
Wiklund & Holm (25) reported a positive time-re­
lated trend of prostate cancer among agricultural
workers in Sweden. An increased incidence of pros­
tate cancer has also recently been reported among
nitrate fertilizer workers (26). Little is known about
the etiologic factors of this cancer. Cadmium is a sus­
pected prostate carcinogen (20). The presence of cad­
mium impurities in insecticides and fertilizers has
been suggested as a possible explanation for the ob­
served excesses among farmers (27).

Whereas farmers as a group had a decreased risk
of bladder cancer, an elevated odds ratio was found
for orchard farmers . Epidemiologic evidence linking
bladder cancer and agricultural exposures is limited.
Agricultural workers have low mortality from and
low incidence of bladder cancer and other tobacco­
related diseases (I, 28). This observation may be ex­
plained by a lower prevalence of smoking among
farmers (29-31). In a case-referent study of blad­
der cancer among nonsmokers, the occupation of
farmer was associated with an increased risk (32).
A slight excess of bladder cancer was reported in one
cohort of pesticide applicators (33) . Crop spraying
was associated with this tumor in one Canadian pop­
ulation-based study (34). In the United Kingdom,
workers exposed to the rodenticide ANTU (alpha­
naphthylthiourea) containing beta-naphthylamine as
an impurity had an increase of urothelial tumors (35).
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The incidence of bladder cancer was also increased
in a cohort of workers engaged in the synthesis of
the insecticide chlordimerform (36). Recently, an
Italian case-referent study reported a strong associ­
ation with herbicide exposure (37).

An association between fruit farming and colon
cancer was detected in this study. Physically active
jobs, including farming, have previously been asso­
ciated with a decreased risk of colon cancer (38).
Siemiatycki et al (22), however, investigating sev­
eral site-exposure combinations, reported an in­
creased risk of colon cancer in association with grain
dust exposure. Increased risks were also reported
among agricultural extension agents (II) and among
soil and forest conservationists (12). The increased
risk of rectal cancer among licensed pesticide users
in this study was an unusual finding; previous studies
reporting a similar association are lacking.

For both colon and bladder cancer there was a
strong excess among the subjects employed in fruit
production, and the risk was higher among the
younger farmers. Many chemicals are normally em­
ployed in this agricultural practice but, in the absence
of specific exposure information, it is difficult to de­
termine the role of any specific agent. Mildly refined
mineral oils should, however, be considered in more
detail since these products have been extensively
used as insecticides for the winter treatment of fruit
trees. Untreated and mildly treated mineral oils are
known carcinogens, and both digestive tract cancer
and bladder cancer have been detected among ex­
posed workers (20).

This study is based on death certificates and on
exposure information previously recorded for prima­
rily administrative purposes. Furthermore, the farm­
ing activities were assessed with an "ecological" ap­
proach rather than with the use of direct interviews,
as in other studies on farmers (39-43). Two main
validity issues arise , namely , possible misclassifica­
tion of the disease entity and of the exposure status.
Random misclassification is probable but would tend
to bias the risk estimates toward the null (44) and,
therefore, would underestimate the true risk ratio.
Hematologic malignancies were not in excess in this
study, in contrast to most other surveys of cancer
among farmers. Some unreliability of the death cer­
tificates and exposure misclassification may explain
the nonpositive results. Similarly, the observed dis­
crepancy with regard to skin melanoma and other
skin cancers may be partially explained by the known
low accuracy of death certificates for cutaneous sites.
On the other hand, a statistically significant deficit
of melanoma has been observed among farmers in
Alberta (45), whereas lip cancer was in excess in this
group.

From a validity point of view the selection of ref­
erents is a matter of concern, especially since we
have included cancer deaths in the reference serie s.
In theory this may be considered a strategy leading
to more conservative risk estimations. However, it
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might cause a bias towards false positive result s
among occupational groups with a lower risk for can­
cer, such as farmers . As a matter of fact, we have
repeated several analyses using two alternative sets
of controls, only noncancer deaths and only other
cancer deaths . The results were very similar to those
reported . For example, the odds ratio for stomach
cancer for subjects with more than 10 years of farm­
ing (1.38 as reported in table 2) was 1.36 when non­
cancer deaths were used as the reference series and
lAO when other cancer deaths were used .

The problem of multiple comparisons should be
considered . Some of the significant associations were
unexpected and may have been generated only by
chance. This issue, however, has been specifically
addressed in the epidemiologic literature, and it has
been suggested that, as has been done in the present
study, every association should nonetheless be eval­
uated independently (46, 47).

In conclusion, this study shows that, overall, farm­
ers in central Italy have low rates of death from lung
and bladder cancer, whereas stomach cancer is in­
creased. This finding, together with the elevated odds
ratio for pancreatic cancer observed among licensed
pesticide users and the association between prostate
cancer and wheat, are all consistent with findings of
other studies. The excess of kidney cancer, particu­
larly among olive and potato farmers, as well as the
strong associations of colon and bladder cancer with
orchard farming , are new finding s. They warrant fur­
ther investigation to identify preventable exposures.
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