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Death certificate analyses of 1675 white, male lowans over age 30 years
who died of leukemia in 1964-1978 were completed. Each case was matched
to two controls on age (within two years) at death, county of usual residence
and year of death. Consideration of usual occupation, as recorded on the
death certificate, resulted In an odds ratio for leukemia mortality among farm-
ers of 1.24 (p < 0.05). The highest odds ratios for farmers were observed in
those born after 1890, those dying after 1970, and those dying at age 65 years
or younger. Odds ratios for farmers were also elevated in counties with high
soybean and corn production per acre for those born between 1890 and 1900.
For those born after 1900, odds ratlos for farmers were increased In counties
with the greatest numbers of egg-laying chickens and the largest number of
acres treated with herbicides. The types of leukemia causing elevated mor-
talities in lowa farmers were chronic lymphatic and unspecified lymphatic.
Mortality from unspecified lymphatic leukemia was associated with corn per

acre, number of milk cows and number of egg-laying chickens.

agricultural workers’ diseases; death certificates; leukemia; mortality

During the past two decades, several
studies (1—6) have concluded that farm-
ers are subject to increased mortality
from leukemia. The studies have been
based on a wide range of geographic
areas, including Great Britain (5), the en-
tire United States (1, 6) and the western
United States (2—4). Of particular con-
cern are the upper midwestern states be-
cause of the importance of farming in
these states and because of the identifica-
tion of high-rate leukemia mortality
counties in this area (6).

More recent studies (7) have continued
to indicate that leukemia mortality rates
are elevated in the midwestern states. Al-
though mortality from all cancers was

Received for publication August 31, 1981, and in
final form November 3, 1981

! From the Dept of Preventive Medicine and En-
vironmental Health, University of Iowa, Iowa City,
1A 52242. (Reprint requests to Dr. Burmeister.)

This work was supported by Public Health Service
grant 1 RO1-CA24302-01-EDC from the National
Cancer Institute.

lower in Iowa farmers, leukemia was one
of six cancers with statistically signifi-
cant elevated mortality (8). A study of
Nebraska death certificates by Blair and
Thomas (9) also indicated an increased
mortality from leukemia in farmers. The
Nebraska study is extremely important
since it attempts to identify farming prac-
tices associated with leukemia. The farm-
ing practice in Nebraska most strongly
associated with leukemia mortality on a
county basis is corn production.

In contrast to the suggestion that farm-
ing practices peculiar to corn production
may be associated with leukemia, the
possibility that dairy farming may be as-
sociated with leukemia has also been
suggested (10—16). Not all epidemiologic
studies evaluating the association of
dairy cattle and leukemia have been posi-
tive, however (17, 18). Therefore, further
research to identify suspected farming
practices is necessary.

Because of its high corn and dairy pro-
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duction, Iowa provides an excellent oppor-
tunity to compare the association of sus-
pected farming practices with leukemia.
Iowa ranked first in corn production by
state in 1950 and 1960, compared to fifth
in 1950 and third in 1960 for Nebraska
(19, 20). Although Iowa’s dairy production
(number of cows and heifers two years old
and over kept for milk) did not rank as
high nationally (fifth in both 1950 and in
1960) as did corn production, it is much
higher than that of Nebraska (19th and
18th in 1950 and 1960, respectively). It
may be that Nebraska’s dairy production
is not sufficiently large to allow any as-
sociation with leukemia mortality to be
detected; therefore, the Iowa death cer-
tificate study was completed to determine
which farming practices are associated
with leukemia mortality rates.

MATERIALS AND METHODS

The methods utilized in the Nebraska
study were duplicated whenever possible
to assure comparability of the two studies.
The Nebraska study was based on deaths
in 1957-1974, whereas the Iowa study
was based on deaths 1964 —-1978. The fol-
lowing steps, however, are common to the
two studies:

1) The records of all white males, aged
30 years or more at time of death from
leukemia as classified by the Seventh
(code 204) and Eighth (codes 204—207)
Revisions of the International Classifica-
tion of Diseases (ICD) (21, 22), were
abstracted from computer listings.

2) For each leukemia death (1675 in
Iowa compared to 1084 in Nebraska), two
nonleukemic deaths were selected as con-
trols. The controls were matched by
county of usual residence, age at death
(* two years) and calendar year of death.
When more than two eligible controls
were identified for a case, the two controls
included in the study were selected ran-
domly. Only white males were included in
both studies.

3) The usual occupation indicated on

the Iowa death certificate was coded ac-
cording to the 1960 Census (23) for the
years 1964—1970 and according to the
United States Bureau of Labor (24) for
1971-1978. The entire Nebraska study
was based on occupations defined by the
Bureau of the Census. However, both
studies combined all “non-farmer” occu-
pations.

4) Farm owners, tenants and laborers
were all considered “farmers.”

Iowa counties were ranked according to
1949 crop and livestock production pro-
vided by the Iowa Crop and Livestock Re-
porting Service and by pesticide usage
provided by the 1964 agricultural census
(25), which is the only year for which pes-
ticide usage data are available. Crop and
livestock production figures from 1949
were used to provide a 15-year lag period
from time of production until the first
year included in the death certificate
analyses. However, agricultural produc-
tion in Iowa counties has changed very
little during the past three decades.
Spearman rank correlation coefficients
for Iowa counties ordered for each of the
major agricultural production figures in
1949 and 1974 were highly significant
(p < 0.001).

The geographic distributions of the
highest producing 33 counties (of 99 coun-
ties) for selected commodities are indi-
cated in figure 1. Ratios of production of
the median county in the highest produc-
ing 33 counties to the median county in
the lowest producing 66 counties ranged
from 1.52 for acres in oats to 3.49 for acres
in soybeans.

Estimated relative risks and associated
confidence intervals were computed as
suggested by Miettinen (26). All computa-
tions utilize the matching of two controls
to each case.

RESULTS

Heart disease, stroke and circulatory
disease accounted for 43.5 per cent of the
control deaths in Iowa (compared to 54.2
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Ficuge 1. Geographic distributions of highest producing 33 Iowa counties for selected agricultural pro-
duction characteristics A, milk cows; B, corn, C, soybeans, D, herbicides; E, egg-laying chickens.

per cent in Nebraska). Cancer deaths
other than leukemia totaled 18.9 per cent
in Iowa (compared to 10.3 per cent in
Nebraska).

The distributions of usual occupation
for both cases and controls are quite simi-
lar in Iowa and Nebraska (table 1). Also
similar are the elevated risks of leukemia
mortality for farmers. An odds ratio of
1.25 (95 per cent confidence limits of 1.05
and 1.49) was computed for Nebraska.
The odds ratio for farming in Iowa was

1.24 with 95 per cent confidence limits of
1.09 and 1.42.

Table 2 summarizes the odds ratios for
leukemia mortality computed for sepa-
rate strata according to year of birth, year
of death and age at death. Iowa farmers
born after 1890 and those whose age at
death was less than or equal to 65 years
have odds ratios significantly greater
than 1. These results are similar to those
found in Nebraska where farmers born
after 1900 and those aged 65 years or less
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TABLE 1
Dustributions of usual occupation, by death certificate analysis, of leukemia deaths and matched controls,
white males over 30 years of age, resident in Nebraska dying 1957 -1974,
and resident in Iowa dying 19641978

723

Cases Controls
Occupational group Iowa Nebraska Iowa Nebraska
No % No % No % No %
Teachers 17 10 9 0.8 37 11 12 0.6
Engineers, scientists 49 29 25 23 64 19 66 30
Farmers 661 39.56 433 39.9 1184 35.3 781 360
Clerks, salespersons 116 6.9 84 7.7 230 6.9 163 75
Carpenters, woodworkers 89 5.3 31 2.9 183 55 52 2.4
Printers 12 07 3 0.3 8 0.2 9 04
Machinists, mechanics 71 4.2 33 3.0 162 48 71 36
Laborers 116 6.9 49 45 298 89 126 58
No occupation listed 6 03 65 6.0 19 0.6 161 7.4
Other 539 32.2 352 3256 1165 348 721 333
Total 1675 1084 3350 2168
TABLE 2
Odds ratios for leukemia mortality in white, male Iowa farmers over 30 years of age,
according to year of buth, year of death and age at death, 1964 —1978
Stratum Cases Controls Odds ratio  95% CL*
No. of farmers % Farmers No of farmers % Farmers
Year of birth
1869—-1889 166 4917 392 520 089 067-118
1890-1900 290 472 488 399 136 110-168
1901-1947 206 282 304 222 139 111-173
Year of death
1964—-1970 344 404 640 378 115 096-139
1971-1978 3817 3856 544 330 136 111-166
Age (years)
at death
<65 116 241 166 185 138 102-180
>66 546 4517 1018 4156 121 104-1.41

* CL, confidence limits.

at death had increased odds ratios. The
odds ratio for farming was also elevated
for those dying after age 65 years in Iowa,
whereas it was not elevated in Nebraska.
The odds ratio for years of death in
1971-1978 was elevated in Iowa; how-
ever, the odds ratio for the years of death
1957-1965 was markedly higher in Ne-
braska.

As noted in table 2, the greatest risk for
leukemia mortality in Iowa farmers ap-
pears to be in those born after 1890.
Therefore, analyses stratified by counties
according to selected county production

figures were completed by year of birth of
the cases. The results are summarized in
table 3.

As might be expected from the low odds
ratio for Iowa farmers in those born before
1890 (table 2), there are no significantly
elevated risks in this cohort. Soybeans per
acre and corn per acre are associated with
increased leukemia mortality risks
among farmers for those born from 1890
to 1900. However, neither association is
statistically significant for those born
after 1900. The relatively low livestock
producing counties have increased odds
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ratios. None of the agricultural produc-
tion figures evaluated in Nebraska led to
increased risk among farmers in the
1890—-1900 cohort.

It is for those born after 1900 that the
Iowa and Nebraska studies have the
greatest inconsistencies. The odds ratios
for farmers in Nebraska were signifi-
cantly greater than 1 in those counties
with the highest production of corn, cattle
and hogs and highest number of acres
treated with insecticides. None of these
farming practices were associated with
leukemia mortality in Iowa. Only acres
treated with herbicides and egg-laying
chickens per county were statistically
significant at the 5 per cent level.

The odds ratios for Iowa farmers for
specific leukemia cell types are summa-
rized in table 4. Only those dying in
1968—-1978 are included in table 4 since
the ICD Seventh Revision (used prior to
1968) may not separate acute lymphatic
and acute myeloid leukemias. Both

725

chronic lymphatic and unspecified lym-
phatic leukemias cause increased mortal-
ity in Iowa farmers. The odds ratios for
chronic lymphatic leukemia are elevated
in those born after 1890 (table 5). Al-
though the odds ratios for unspecified
lymphatic leukemia are greater than 1
for each birth cohort, none is statistically
significant, due in part to small numbers
in each cohort.

Odds ratios for chronic and unspecified
leukemias according to county agricul-
tural production figures associated with
combined leukemia types are summarized
in table 6. Chronic lymphatic leukemia is
elevated in both the high and low produc-
ing counties for the five county character-
istics investigated. The strongest associa-
tions, both in magnitude of the odds ratios
and differences in the high and low pro-
ducing counties, are with soybeans per
acre and acres treated with herbicides.
Unspecified lymphatic leukemia mortal-
ity in farmers is associated with corn per

TABLE 4

Odds ratiws for leukemia mortality in white, male Iowa farmers over 30 years of age
for specific leukermia types, 1968—1978

Cases Controls
Leukema ICD No No of % No of % Odds ratio 95% CL*
type f
armers Farmers farmers Farmers

Acute

lymphatic 2040 28 289 69 356 0.68 037-1.23
Chronic

lymphatic 204.1 132 458 207 35.9 1.70 122-2.38
Unspecified

lymphatic 2049 64 51.2 102 408 166 103-268
Acute

myeloid 2050 86 30.7 168 30.0 1.04 074-1.48
Chronic

myeloid 205.1 46 326 90 31.9 104 0.65—-165
Unspecified

myeloid 205.9 36 36.7 80 408 0.80 0.45-1.41
Chronic

myeloid 206 0 10 32.3 19 30.1 1.07 044-259
Leukemia

unspecified 2079 31 41.3 60 40.0 1.07 0.58—197

* CL, confidence limits.
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TABLE 5

Odds ratws (ORs) for leukemia mortality in white, male Iowa farmers over 30 years of age
for selected leukemia types and year of birth, 1968—1978

Year of birth
I‘“t:;em‘“ ICD No Before 1890 1890— 1900 After 1900
OR 95% CL* OR 95% CL OR 95% CL
Chronic
lymphatic 204.1 1.00 0.54—185 2.03 124-310 180 109-2.97
Unspecified
lymphatic 204.9 158  065—454 230 097-6.97 125  0.64-2.55

* CL, confidence limits.

TABLE 6

Odds ratws (ORs) for leukemia mortality in white, male Iowa farmers over 30 years of age, according
to selected leukemia types and selected county crop and lwestock production, 1968 —1978

County Leuk ¢ Highest 33 counties Other counties
characteristics erma type OR 95% CL* OR 95% CL
Soybeans/acre Chronic lymphatic 2.21 1.33—- 366 139 097-200

Unepecified lymphatic 0.62 0.256~ 1.52 249 138-4.48

Corn/acre Chronic lymphatic 134 0.87—- 2.06 1.94 129-292
Unspecified lymphatic 4.63 1.82-1174 100 056-1.80

Milk cows Chronic lymphatic 1.19 0.76— 1.85 210 141-3.14
Unspecified lymphatic 494 196-12 47 094 0562-1170

Egg-laying Chronic lymphatic 136 0.82— 2.25 1 80 125-259
chickens Unspecified lymphatic 247 103- 5.92 137 0.77-2 45
Herbicides Chronic lymphatic 1.89 1.16~ 308 1 50 103-218
Unspecified lymphatic 1.21 051- 285 1.90 107-3.37

* CL, confidence limits

acre, number of milk cows and egg-laying
chickens.

DiscussioN

Mortality from several types of cancer
has been shown to be elevated in farmers
(2, 8). These include stomach, prostate
and lip cancer, as well as lymphomas and
multiple myeloma. However, leukemia is
perhaps the cancer most consistently as-
sociated with farming during the past 30
years (1—9). Therefore, it is incumbent
upon epidemiologists not merely to re-
peatedly demonstrate that such an as-
gociation exists, but to diligently search
for reasons for the association.

The Nebraska study of Blair and
Thomas (9) represents an attempt to iden-
tify such reasons or farming practices.

Previous epidemiologic evidence has as-
sociated dairy farming with leukemia
mortality in farmers (10-16). The Ne-
braska study is particularly important
since it implicates corn production with
leukemia in those born after 1900, rather
than any measure of dairy production.
The results of the Iowa study lend some
support to those found in Nebraska. The
odds ratios for farmers based on the high
producing counties are statistically sig-
nificant for only corn and soybean produc-
tion for those born from 1890 to 1900. Ap-
parently, soybean production in Nebraska
is not sufficient to be evaluated for associ-
ation with leukemia mortality in farmers;
however, the association of corn produc-
tion with leukemia mortality in both
states indicates that modern farming
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practices used in corn production may be
a cause of the higher leukemia mortality
rates in farmers. This possibility is given
credence by the fact that corn production
is implicated only in those born after 1890
in Iowa and after 1900 in Nebraska. In
addition, the number of acres treated with
herbicides in Iowa and the number of
acres treated with insecticides in Ne-
braska are associated with leukemia mor-
tality in farmers born after 1900. These
results also tend to implicate modern
farming practices as possible causes of
leukemia. There is no evidence linking
leukemia mortality in farmers with corn
production, use of herbicides or use of in-
secticides in either state for those born be-
fore 1890.

The fact that the number of egg-laying
chickens is associated with increased
leukemia mortality in farmers was not
anticipated from the results of the Ne-
braska study. However, Milham’s study
(4) of Washington and Oregon death cer-
tificate data did indicate that a statis-
tically significant association existed be-
tween farming and leukemia mortality,
and that the greatest excess of leukemia
mortality was in poultry farmers.

Analyses by type of leukemia indicate
that chronic and unspecified lymphatic
leukemias cause increased mortalities in
Towa farmers. Thus, it appears that it is
the lymphatic leukemias that are of
greatest concern. Sixty-three per cent of
incident acute lymphatic leukemias in
Iowa males in 1969—-1979 occurred in in-
dividuals under age 30 years. Con-
sequently, relatively few (table 4) acute
lymphatic deaths in those over age 30
years were included in this study.

Analyses by leukemia type are also of
importance because of strong associations
of unspecified lymphatic leukemia with
number of dairy cows and corn production
per acre by county. Donham et al. (14)
showed significant association between
acute lymphatic leukemia incidence in
Iowa and dairy farming. As noted above,

acute lymphatic leukemia mortalities
were of limited number in this study;
however, it is of importance to note the
continued evidence of association between
dairy farming and lymphatic leukemia.
Since corn per acre was also highly as-
sociated with unspecified lymphatic
leukemia mortality, any elements com-
mon to both corn and dairy production are
worthy of further investigation.

Many agricultural innovations that
have greatly increased corn production,
such as extensive use of hybrids and pes-
ticides, have been introduced since World
War I1. One that is particularly important
is commercial fertilizer usage, increased
from 8,425,000 tons in the United States
in 1930 to 18,400,000 tons in 1950 (27).

The amount of nitrogenous fertilizer
applied has added to the agricultural
runoff problem (28). This problem is
exacerbated by the fact that the nitroge-
nous waste of dairy animals is much
greater than that of other common farm
livestock (28). Although highly specula-
tive, one mechanism of increasing the
risks for farmers for leukemia and other
cancers is contamination of shallow farm
wells and farm ponds. This research, of
course, offers no direct evidence that shal-
low wells might contribute to increased
farmer mortality from leukemia. How-
ever, studies such as this and that of Blair
and Thomas (9) are important since they
go beyond identification of farming as a
risk function and attempt to identify
farming practices and specific mecha-
nisms that must be closely studied if the
cancer risks of farmers are to be de-
creased.
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