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Objectives The impact of grain farming and climate on late-term abortion among female farmers, male genital
birth defects among their sons, and hormone-dependent cancer among male and female farmers and their adult
children was investigated.

Methods National registers were cross-matched in Norway and 246 043 male and female farmers born in 1925—
1971 were identified, as were their 264 262 children, born in 1952—1980, in agricultural censuses and in the
population register. The subjects were followed in the Cancer Register through 1995. Farmers’ births, conceived in
1973—1991, were identified, and the prevalences of late-term abortion in mothers and hypospadias and cryp-
torchidism in their sons at birth were examined. Exposure, defined as the combination of grain farming and
categories of seasonal or cumulative warnings, was based on data in agricultural censuses and on local, seasonal,
field fungal warnings. Estimated adjusted rate ratios or prevalence ratios served as the measures of association.
Results Categories of high exposure were associated with reproductive outcomes and cancer among female
farmers, the strongest occurring for late-term abortion (ratio 2.6, 95% confidence interval (95% CI) 1.6—4.3).
Exposure associations for ovarian and breast cancer, and male genital defects, were more moderate. Endometrial
cancer was associated with grain farming (ratio 2.0, 95% CI 1.4—2.8) across all levels of fungal warnings.
Exposure associations for cancer were strongest for premenopausal, parous women. Exposure was not associated
with cancer among male farmers or children.

Conclusions Climatic conditions favoring fungal growth in grain were associated with hormone-dependent
adverse outcomes among female farmers; the results are consistent with hormonal effects of inhaled mycotoxins
during pregnancy.
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neous abortion.

The hypothesis that exposure to endocrine-disrupting
xenobiotics and natural toxins causes adverse health ef-
fects as a result of hormone modulation has attracted
wide attention (1—3). Male reproductive performance,
genital birth defects, testicular cancer, prostate cancer,
and breast cancer have been main concerns. Except for
conflicting results in breast cancer studies (4—=6) the ep-
idemiologic evidence is scarce. Ovarian and endometri-
al cancer have rarely been considered in this respect (7,
8). Occurrences of several of these outcomes have in-
creased; therefore man-made chemicals have been sus-
pected culprits. Several natural toxins also have endo-
crine-modulating properties (2, 3), and the mycotoxin
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zearalenone produced by Fusarium field fungi has re-
ceived attention (2, 3, 9). Zearalenone and other myco-
toxins have been identified in grain, and are recognized
problems in grain harvests under difficult climatic con-
ditions (10—12).

We have earlier studied perinatal outcomes and can-
cer among Norwegian farmer families (13—16) and
found that very preterm delivery was associated with
poor regional harvest conditions on grain farms (13). In
our present study, we have investigated associations be-
tween meteorological conditions on grain farms, and sev-
eral hormone-dependent reproductive outcomes and can-
cers in the earlier established family cohort. We used
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fungal warnings based on local climate data in the grow-
ing seasons and updated the cancer data by extending fol-
low-up through 1995. The study hypothesis was that con-
ditions favoring fungal growth and mycotoxin formation
constitute a risk for hormone-dependent adverse out-
comes.

Material and methods

Statistics Norway conducted 3 agricultural and 2 horti-
cultural censuses during 19691989, and these census-
es resulted in computerized data files. By means of the
personal identification number assigned to all Norwegian
residents, we identified farm holders, born in 1925—
1971, in the censuses, as well as spouses, born in 1925—
1971, and their children, born in 1952—1991, in a link-
age with the Central Population Register. These farm
holders, spouses, and children were followed for incident
cancer in the Cancer Register. We linked the file of farm-
ers and spouses to the Medical Birth Register of Norway
to identify their births. The establishment of the cohort
and linking procedures have been described in more de-
tail elsewhere (13—16). On the basis of these linking
procedures we established 6 analysis files: a file of moth-
ers (late-term abortion study), their newborn sons (hyp-
ospadias and cryptorchidism), female farmers (cancer),
male farmers (cancer), farmers’ daughters (cancer), and
farmers’ sons (cancer).

Exposure

We linked information about grain farming provided in
the agricultural and horticultural censuses to all the

Tahle 1. Study populations at risk and the distribution of grain
farming in the Norwegian farming population.

Study populations Study  Total  Non- Grain
outcome grain

Female farmers with Late- 56 720 41383 15337

pregnancies conceived term

during June 1973—May 1991 abortion
0 seasonal late blight warnings? 24366 7176
1 seasonal late blight warnings? 11050 4922
2 seasonal late blight warnings? 3390 1855
>3 seasonal late blight warnings® 2577 1384

Sons, conceived during Birth 52 062 39 846 12 216

June 1973—May 1991 defects
Female farmers born in 1925—1971 Cancer 109 752 72 026 37 726
0 seasons with >2 warnings® 18 959 11616

1—2 seasons with =2 warnings® 20123 6850
3—5 seasons with >2 warningst 22760 9744
>6 seasons with >2 warnings® 10184 9516

Cancer 136 291 89 006 47 285
Cancer 128 578 93 611 34 967
Cancer 135 634 98 897 36 787

Male farmers born in 1925—1971
Daughters born in 1952—1980
Sons born in 1952—1980

2 |n season of first conception.
® During 1973—1990.
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records. For reproductive outcomes (late-term abortion,
birth defects) and offspring cancer, categorization was
dependent on data in the census closest in time to the
conception or birth, respectively; about 25% were cate-
gorized to have grain farming parents. In the study of
cancer among male and female farmers, approximately
35% of the subjects were classified as grain farmers on
the criterion that grain was cultivated in any census year.

As a tool against field fungus (late blight) growth in
potato, the Norwegian Meteorological Institute and the
Norwegian Crop Research Institute have, since 1958, pro-
vided daily warnings during the growing season (mid-
June to mid-September) (17). Warnings are based on ob-
servations from local weather stations. The criteria for a
warning apply for 2 consecutive days, and they remained
unchanged until the 1990s, being a minimum tempera-
ture of 210°C, a maximum temperature of between 17
and 24°C, a relative humidity of 275%, and precipita-
tion. We allocated computerized warning data from 46
stations during 1973—1990 to all the study farms accord-
ing to their location.

Reproductive outcomes

The Medical Birth Register of Norway, comprising since
1967 birth notifications for all deliveries from 16 com-
pleted weeks of gestation, provided data on the repro-
ductive outcomes under study, namely, late-term abor-
tion defined as stillbirth during 16—27 completed weeks
of gestation and genital birth defects (hypospadias and
cryptorchidism) among the boys.

We identified 101 192 births with exposure informa-
tion (conceptions between June 1973 and May 1991, see
the Analysis section). On the basis of these births, the
following 2 analysis files were prepared: 56 720 women
with singleton pregnancies (late-term abortion investiga-
tion) and 52 062 newborn boys (investigation of hypos-
padias and cryptorchidism recognized at birth; table 1).

Cancer

Case reporting to The Cancer Registry of Norway in-
cludes both clinical and pathological data and has been
mandatory since 1952. In the linkage and follow-up we
identified incident cases of breast adenocarcinoma (fe-
male farmers, daughters), ovarian adenocarcinoma (fe-
male farmers, daughters), endometrial adenocarcinoma
(female farmers), testicular cancer (male farmers, sons)
and prostate cancer (male farmers).

The follow-up of cancer among the male and female
farmers born in 1925—1971 started 1 January in the year
of the first agricultural census participation, but not be-
fore the attained age of 20 years. Children born in 1952—
1980 were followed from the date of their 15th birthday.
Follow-up continued through 1995 or to the time of death
or emigration, whichever occurred first. Thus the oldest
farmers were 70 years old and the oldest children were



43 years old at the end of the follow-up. In an attempt to
avoid bias from a selective loss of unidentified dead chil-
dren or spouses in the population register (14, 15), the
children were not followed before 1971 and spouses not
before 1986.

The 4 populations contributing person-years were
109 752 female farmers (1 024 344 person-years),
136 291 male farmers (2 023 903 person-years), 128 578
daughters (1 716 867 person-years), and 135 684 sons
(1 810 263 person-years; table 1).

Analysis

The analyses were performed with the Epicure software
package (18). We computed prevalences for those at risk
of reproductive outcomes (per 1000 mothers for late-term
abortion and per 10 000 male offspring for birth defects).
Cancer incidence rates were calculated per 100 000 per-
son-years at risk.

The exposure under study was the combination of
grain farming and late blight warnings. We constructed
time-specific and cumulative variables on the basis of the
warning counts allocated to each farm during 18 seasons.
For reproductive outcomes, the warning count in a spe-
cific season was assigned to pregnancies or births con-
ceived between June in the same season and May of the
next year. Thus conceptions between June 1973 and May
1991 were studied. Time of conception was based on in-
formation on the first day of the last menstrual period in
the Medical Birth Register. For cancer, we used the cu-
mulative number of years with more than 1 warning, di-
vided into quartiles according to the distribution among
grain farmers (0, 1—2, 3—5 and =6 years). Examples of
the distributions of season-specific warnings and the
number of years with more than 1 warning are provided
in table 1.

We used ratio estimates as measures of association,
prevalence ratios for reproductive outcomes, and rate ra-
tios for cancer. The ratios were computed in contingen-
cy tables that were stratified by potential confounders,
and Poisson regression models controlled for these vari-
ables.

An initial analysis showed that maternal age (<20,
20—34, 235 years) and calendar year (5-year intervals)
were associated with late-term abortion and birth defects.
Age (5-year intervals) and calendar year (5-year inter-
vals) were associated with all the cancers under study;
in addition, parity (0, 1—2, 3, 24) influenced female can-
cers. Hence, we deemed adjustment relevant and control-
led for these variables in the analyses. Reproductive pat-
terns, which could influence risks of adverse reproduc-
tive outcomes and reproductive cancer, vary in different
parts of Norway. Furthermore, both grain farming and
late blight warnings were dependent on farm location and
pesticide application. Therefore we adjusted for geo-
graphic region (5 regions) and an indicator of pesticide
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use. Pesticide use was defined as having spent money on
pesticides (1969 census) or having pesticide spraying
equipment on the farm (1979 census). Approximately
40% of the subjects in the different analysis files used
pesticides; about 4% did not participate in the 1969 or
1979 census.

We also performed analyses in separate strata of ma-
ternal age and parity. Female reproductive cancer risk is
dependent on childbirth and hormonal status (6—8);
therefore we had a specific interest of investigating the
heterogeneity of exposure effects across categories of
parity and age in relation to menopause.

Results

Reproductive outcomes

A total of 395 women (7.0 per 1000) experienced late-
term abortion. The prevalence of the grain farmers was
moderately higher than that of the nongrain farmers, 7.8
and 6.7, respectively. Grain farmers had increasing prev-
alence ratios of late-term abortion in association with
seasonal warnings [23 warnings, ratio 2.6, 95% confi-
dence interval (95% CI) 1.6—4.3] (table 2).

The prevalence ratio for hypospadias was increased
in the category of grain farming with 22 warnings in the
season of conception (table 2). The prevalence of

Table 2. Associations between the combination of grain farming
and number of season-specific late blight warnings and selected
reproductive outcomes for the 56 720 Norwegian female farmers
who conceived between June 1973 and May 1991 and their
52 062 sons at birth. (95% CI = 95% confidence interval)

Exposure category Cases Prevalence* Prevalence 95% Gl
(N) ratio®

Late-term abortion

Nongrain® 276 6.7 1.0

Grain
0 warnings 51 7.1 1.4 1.0—1.9
1 warning Kl 6.3 1.2 0.8—1.8
2 warnings 19 10.2 1.8 1.1—2.9
>3 warnings 18 13.0 2.6 1.6—4.5

Hypospadias

Nongraine 103 25.8 1.0

Grain
0 warnings 19 31.2 1.0 0.5—1.7
1 warning 8 22.3 0.8 0.4—17
>2 warnings 13 50.7 1.8 0.9—3.4

Cryptorchidism

Nongrain® 88 221 1.0

Grain
0 warnings 6 9.9 0.3 01—0.7
1 warning 11 30.8 0.9 0.5—1.8
22 warnings 11 43.0 1.2 0.6—2.4

2 | ate-term abortion per 1000 women; birth defects per 10 000 male
births.

b Adjusted for maternal age, calendar year, region and pesticide use.

¢ Reference group.
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Tahle 3. Associations between the combined exposure of grain
farming and number of years with >2 late blight warnings and
hormone-dependent cancer in the Norwegian farming population.
(95% Gl = 95% confidence interval)

Table 4. Associations between endometrial and ovarian adeno-
carcinoma among Norwegian female farmers and the combined
exposure of grain farming and number of years with >2 late blight
warnings, by parity and age.

Exposure category Cases Incidence Rate 95% Cl Exposure category Cases Incidence Rate 35% Cl
(N) rate? ratio® N) rate? ratio®
Endometrial adenocarcinoma, female farmers Endometrial adenocarcinoma, parous farmers
Nongraine 125 18.4 1.0 Nongraine 91 16.0 1.0
Grain Grain
0 warning years 31 291 1.8 11-29 0—2 warning years 32 22.7 16  1.0—27
1—2 warning years 13 20.5 13 0.7—25 >3 warning years 50 32.3 26  1.5—4.1
36_5 warning years gi ggé ?g H—g; Endometrial adenocarcinoma, nulliparous farmers
=0 warning years : A Nongrain® 34 314 1.0
Ovarian adenocarcinoma, female farmers Grain
Nongramc L 252 10 0—2 warning years 12 41.2 1.7 0.7—3.9
Gfg‘” . 0w 282 1 or1s >3 warning years 9 414 15  0.6—3.8
warning years . . 7—1. ; . : -
$—2 warning years 23 36.3 14 0.9—24 svar/anl a;!enocarcmoma, parou;farmeri,f;tamed afeOZO 49 years
3—5 warning years 31 347 1.5 1.0—2.3 oqgraln ' )
>6 warning years 26 29.9 14 0.8—2.2 Grain _
Breast adenocarcinoma, female farmers 0—2 warning years 18 207 16 08-32
Nongrain® 635 93.6 10 >3 warning years 27 27.6 2.5 1.3—4.7
Grain Ovarian adenocarcinoma, nufliparous farmers or attained age =50 years
0 warning years 79 74.2 10 0713 Nongrain® 124 35.4 1.0
1—2 warning years 64 100.9 1.3 1.0—1.8 Grain
3—b5 warning years 72 80.5 1.2 0.9—1.5 0—2 warning years 35 42.3 1.1 0.7—1.7
>6 warning years 71 81.7 1.3 1.0—1.7 >3 warning years 30 38.2 1.0 0.6—1.7
Testicular cancer, farmers Breast adenocarcinoma, parous farmers, attained age 20—49 years
Nongrain® 114 8.9 1.0 Nongrain¢ 207 63.2 1.0
Grain Grain
0 warning years 20 8.9 1.0 0.6—1.8 0—2 warning years 43 494 1.0 0715
1—2 Warning years 13 9.9 1.0 0.5—2.0 >3 warning years 62 63.5 1.6 1.1—23
3—5 waming years 14 73 0.7 04—14 Breast adenocarcinoma, nulliparous farmers or attained age 250 years
>6 warning years 23 121 1.2 0.7—2.0 Nongrain® 428 192.1 1.0
Prostate cancer, farmers Grain
Nongrain® 49 388 1.0 0—2 warning years 100 1208 12 09—15
Grain >3 warning ysars 81 103.0 10  0.8—14
0 warning years 72 32.0 1.0 0.7—1.3
1—2 warning years 50 38.3 12 09—16 a Incidence density (cases per 100 000 person-years).
3—5 warning years 49 255 0.8 06—10 b Adjusted for age, calendar year, parity, region and pesticide use,
>6 warning years 51 26.9 0.8 0.6—1.2 except for endometrial cancer analysis in nulliparous farmers (adjusted
Ovarian adenocarcinoma, daughters for age, calendar year, region, and pesticide use).
Nongraine 55 44 1.0 * Reference group.
Grain
[ 5 05  0.2—1. . . . ,
?ﬁg”\;vlggn?/:; r;ears g g_o 0215 cryptorchidism was not increased for the grain farmers
3—5 warning years 0 0.0 — . sons, but within the grain farming group it was highly
26 warning years 5 3.9 07 02—18 dependent on seasonal warning counts, being only 9.9
ﬁg f,;‘a;rta;arienocar cinoma, da”ghtgg s i 0 per 10 000 in the zero warning category and 43.0 in the
Grain 22 warning category.
0 warning years 1 0.7 0.1 0.0—11
1—2 warning years 4 51 1.2 0.4—3.6
3—5 warning years 3 25 06 02—21 Cancer
>6 warning years 3 2.3 0.5 0.1—1.8 . .
Testicular cancer. sons Exposure was associated with hormone-dependent can-
Nongraine 193 14.7 1.0 cers among the female farmers. Endometrial adenocar-
Grain cinoma was associated with grain farming (adjusted rate
?—Vgrwg?n?/r?;r;ears 12 ]?g ?g g;:;g ratio 2.0, 95% CI 1.4—2.8) across all the warning strata;
3—5 warning years 11 8.5 06  03—11 the highest ratio was found in the 3rd warning quartile
>6 warning years 22 16.3 12 07—241 (table 3). Ovarian adenocarcinoma showed a moderate

2 Incidence density (cases per 100 000 person-years).

b Female farmers: adjusted for age, calendar year, parity, region, and
pesticide use; male farmers, daughters and sons: adjusted for age,
calendar year, region, and pesticide use.

¢ Reference group.
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association with grain farming (adjusted rate ratio 1.3,
95% CI 1.0—1.8), with moderately increased associa-
tions (ratios 1.4—1.5) in all the grain farming strata with
years of warnings (table 3). Breast adenocarcinoma was




slightly associated with grain farming (adjusted rate
ratio 1.2, 95% CI 1.0—1.4). The crude rates for breast
adenocarcinoma were low in most of the grain-warning
strata in comparison with those of the nongrain farmers
(table 3). However, pesticide use was a confounder, and
the adjusted rate ratios were slightly increased (ratios
1.2—1.3).

Contrary to the results for female farmers, we found
no positive exposure associations with testicular and
prostate cancer among the male farmers, breast adeno-
carcinoma and ovarian adenocarcinoma among the
daughters, or testicular cancer among the sons (table 3).

The exposure associations for female farmers were
dependent on parity and age, being stronger for parous
women during premenopausal age (table 4). For endome-
trial adenocarcinoma, the association was stronger for
parous than for nulliparous women. The rate ratio for
parous grain farmers with >3 warning years was 2.6 (95%
1.5—4.1); the incidence rate in this stratum was in fact
higher than for nulliparous nongrain farmers. An even
stronger exposure association was found for parous wom-
en aged 20—49 years, but the estimate was based on few
cases (data not shown).

For ovarian adenocarcinoma, the exposure associa-
tion was almost entirely restricted to parous women who
were followed before 50 years of age (=3 warning years,
rate ratio 2.5, 95% CI 1.3—4.7) (table 4). The same as-
sociation was also found for breast adenocarcinoma (=3
warning years, rate ratio 1.6, 95% CI 1.1—2.3), but the
crude rate was not increased in a comparison with the
nongrain farmers.

Discussion

This study provides evidence that weather conditions in
grain farming are associated with late-term abortion and
ovarian adenocarcinoma among female farmers. A more
moderate association was found for breast adenocarci-
noma. Endometrial cancer was associated with grain
farming across all the strata of fungal warnings. Expo-
sure associations were stronger for cancer among pre-
menopausal parous women. The support of a similar ex-
posure association for genital birth defects among male
offspring was more limited. There was no indication of
exposure associations with study cancers among the male
farmers and their sons and daughters. The late-term abor-
tion result is in accord with earlier findings in the same
population, for which a cruder regional assessment of
harvest conditions was applied (13). We are not aware
of other epidemiologic studies supporting these results,
with the exception of an increased incidence of ovarian
cancer among premenopausal paper pulp workers who
were potentially exposed to fungi (19).
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In addressing these novel findings, we must first con-
sider noncausal explanations. Complete participation was
made possible by the unique identification number as-
signed to all national residents, but our study shares the
limitations that have been found for most register-based
studies with respect to exposure data quality.

The grain farming variable was based on cross-sec-
tional census data. However, the resulting misclassifica-
tion was likely to be limited since nearly 90% of those
who cultivated grain according to 1 census reported grain
farming in all the censuses. Fusarium and Fusarium tox-
ins are widespread in Norwegian grain (10), and the re-
lation between climate and toxin levels in grain (12) sug-
gests that our warning variables were useful indicators
of fungal growth and mycotoxin formation. Furthermore,
Fusarium growth and mycotoxin formation have been
demonstrated in storage silos under realistic conditions
(20). The climate in Norway requires that grain be stored
and dried indoors from the harvest in August—October
until December—January. Grain handling during harvest,
storage, drying and mill delivery can involve dust inha-
lation (21). However, our data on exposure opportunity
do not indicate actual levels or the exact timing of expo-
sure. The cumulative warning variable was a particular
problem, reflecting an average of over 18 years. We were
not able to investigate effects of time-specific prenatal
exposure on cancer in the sons and daughters because the
study cancers were few among subjects born in 1973—
1991. The exposure misclassification in our study was
likely to be independent of outcome; therefore the effect
would be conservative, attenuating true associations and
dose-response gradients.

The results may have been confounded by determi-
nants not fully accounted for. For female farmers, we
lacked data on some reproductive parameters (age at
menarche, first birth and menopause, interpregnancy in-
tervals, breast feeding), obesity, diet, and the use of oral
contraceptives. Compared with the general population,
the farming population in Norway is rather conservative
in life-style and reproductive patterns, and there are no
indications of distinct differences within this population
concerning these potential confounders. Therefore we do
not consider them to be likely explanations of the strong-
er exposure associations observed, but such factors could
possibly explain weak associations, for example, the
breast cancer results.

Pesticide use is a particular concern that could have
had a complex influence on our results. Fungicides, her-
bicides, and growth regulators, of which some have weak
endocrine-disrupting properties (2, 3), are more likely to
be applied under climatic conditions that favor fungal
growth. At the same time, the use of pesticides alters fun-
gal and mycotoxin formation. Our pesticide use indica-
tor was correlated with fungal warnings, and it was neg-
atively associated with late-term abortion and the study
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cancers among female farmers and positively associated
with cryptorchidism. Accordingly, pesticide-use adjust-
ment strengthened the exposure associations for the can-
cers, in particular breast adenocarcinoma, and weakened
the exposure associations for cryptorchidism. One spec-
ulative interpretation would be that pesticides counter-
act the exposure effects on cancer and are truly related
to male genital birth defects in accordance with earlier
results from our study population (16) and also results
from other studies (22, 23).

Given that the reported exposure effects truly were
causal, they could still apply to factors other than endo-
crine-disrupting mycotoxins. After a difficult harvest,
grain dust not only contains fungi and mycotoxins, but
also organic matter, mites, bacteria, and endotoxins (21).
Several of these constituents, including mycotoxins, have
immunologic effects (9, 21), and these effects could be
relevant for reproductive cancer (6—8) and pregnancy
outcome (24).

The inferential problem with obscure exposure indi-
cators is partly compensated by the opportunity to inves-
tigate several outcomes in the same family cohort, and
therefore interpretations of risk patterns are possible for
outcomes where common causes might be plausible.

Pregnancy is a strong protective factor for cancer of
the breasts, ovaries, and endometrium (6—S8). Thus the
stronger exposure-cancer associations for parous women
of premenopausal age are interesting and could be im-
portant from an inferential point of view. The results
could be interpreted as hormonal alterations during preg-
nancy that cause late-term abortion and reduce or elimi-
nate the protective effect of pregnancy on the study can-
cers. Although mycotoxins (as well as other grain dust
constituents) have recognized immunologic and endo-
crine effects, we are not aware of any single mechanism
of action from those constituents that could explain the
combined results. The exposure-cancer associations
among farmers’ daughters were negative, but there were
few cases and wide confidence intervals. These results
suggest that the same exposure factors that could have
an impact among adult farmers were not active in prena-
tal or early life.

This is the first report of such associations, and fur-
ther evidence is warranted. There is a need for a better
identification, characterization and toxicologic assess-
ment of potential endocrine-disrupting constituents in
grain dust and actual exposure data of these constituents
in grain handling.
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