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Exposures to farm animals has been associated with certain rare
cancers. Simultaneously, using the same methodology and control
group, we conducted a six-province incident, population-based study of
Hodgkin’s disease (HD), multiple myeloma (MM), and soft tissue
sarcoma (STS). Farm residence or work was reported by 38% (n � 119)
of HD, 45% (n � 178) of MM, 43% (n � 156) of STS cases and
45% (n � 673) of controls. We conducted conditional logistic
regression analyses and report odds ratios (ORadj) and 95% confidence
intervals. After adjustment for covariates, exposure to farm animals had
minimal effect on risk. The independent risk factors after adjustment for
covariates were a family history of cancer (MM, STS), occupational
uranium exposure (HD), professional driving (MM), and personal
previous cancer (MM) or shingles (HD, MM). (J Occup Environ
Med. 2003;45:857–868)

D uring the period 1971 to 1991,1 the
proportion of farms reporting animal
production in Canada decreased for
major classes of animals with the
exception of farms raising sheep and
lambs (Table 1). However, the aver-
age number of production animals
per farm increased dramatically.
Acute and chronic health effects of
intensive livestock production have
been investigated.2–4 Exposure to
farm animals has been studied in
relationship to risk of hematopoietic
and lymphoid tumors as well as soft
tissue sarcomas with conflicting re-
sults.5–20 The rationale for these
studies included the following: 1)
domesticated animals develop simi-
lar conditions21–24; 2) possible viral
transmission from animals to hu-
mans,25–34 3) increased exposure of
workers to mycotoxins and fungi,
some of which are carcinogenic2,25;
4) chronic antigenic stimulation by
exposure to animal hair, dander, sa-
liva, feather and dusts27,30,35,36; and
5) previous epidemiological studies
linking certain occupations to risk of
developing these tumors.15,10,27,37–54

In addition, farm animals are regu-
larly treated with insecticides and
fungicides,51,54 exposure to a few of
which have been associated with
these types of cancer. We previously
reported5 that raising swine and ex-
otic animals (bison, elk, ostriches)
were independent risk factors for
non-Hodgkin’s lymphoma whereas a
decreased risk was associated with
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raising cattle after adjustment for
covariables.

Methods
Details of the methodology of the

Cross Canada Study of Pesticides
and Health have been previously
published.5 In brief, living males
with an incident first diagnosis of
Hodgkin’s disease (HD; ICD-9 201;
n � 316), multiple myeloma (MM;
ICD-9 203; n � 347), or soft tissue
sarcoma (STS; ICD-9 171 and se-
lected morphology codes; n � 365)
self-administered a postal question-
naire to record demographic, per-
sonal and family medical history,
lifetime occupations, and occupa-
tional exposure information. Age,
province, and sex-matched controls
(n � 1506) selected from population

based sources within each province
completed the same questionnaires.
The response rates varied by re-
sponder category as follows: HD
(68.4%); MM (58.0%); STS
(60.8%); and controls (48.0%).

A specific section of the question-
naire was completed only by those
men who had lived or worked on a
farm during any period of their lives.
This section queried sources of
drinking water, hygiene practices in
relationship to pesticide exposure,
and exposure to animals on the farm.
This report focuses on the subset of
cases (HD, n � 119; MM, n � 178;
STS, n � 159) and controls (n �
673) who had lived or worked on a
farm. We conducted conditional lo-
gistic regression analyses with ad-
justment for the matching variables

of age and province of residence and
report adjusted odds ratio (ORadj)
and 95% confidence intervals (95%
CI).

Results
For each of the three types of

tumor (HD, MM, STS) and controls,
Table 2 first shows the proportion
who had lived and/or worked on a
farm, who reported farming as their
current occupation or as their longest
held job, and the mean number of
years worked as a farmer. There was
a higher proportion of “ever” farmers
among MM cases (27%) compared
with controls (15%). Controls had
farmed more years than HD cases
and fewer than MM or STS cases.
The rest of Table 2 and subsequent
tables refer to the analyses of the

TABLE 1
Census Overview of Canadian Agriculture: 1971 to 1991

1971 1991 % change

Cattle and calves
% of total farms 67.9 52.0 �23
Average number per farm 53 89 �68

Chickens
% of total farms 32.7 15.2 �53
Average number per farm 732 2,224 204

Horses and ponies
% of total farms 30.4 20.9 �31
Average number per farm 3 6 100

Swine
% of total farms 33.5 10.6 �68
Average number per farm 66 345 422

Turkeys
% of total farms 3.7 3.0 �19
Average number per farm 711 954 34

Sheep and lambs
% of total farms 3.8 4.7 24
Average number per farm 61 71 16

Commercial fertilizer
Area in acres 17,121,551 53,280,448 211
% of total farms 38.5 59.2 54
Average area in acres per farm 121 322 165

Herbicides
Area in acres 21,179,650 53,371,080 152
% of total farms 39.6 49.4 25
Average area in acres per farm 146 386 164

Insecticides or fungicides
Area in acres 2,257,327 6,856,737 204
% of total farms 9.9 14.4 46
Average area in acres per farm 62 170 174

During the period 1971 to 1991, the proportion of farms reporting animal production decreased with the exception of farms raising sheep
and lambs. The number of animals raised per farm reporting animal production increased. The usage of agricultural chemicals including
commercial fertilizer, herbicides, insecticides and fungicides increased dramatically for each variable (applied area in acres, % of total farms
and average area in acres per farm).
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subset of individuals who lived or
worked on a farm during any period
of their lives. Data in Table 2 dem-
onstrate that 1) HD cases had lived
fewer years on a farm and those who
left were younger than controls who
left; 2) MM cases lived longer on a
farm and those who left were older
than controls and (c) STS cases were
similar in both duration and age at
leaving to controls.

Exposure to individual types of
farm animals (cattle, dogs, cats,
chickens, horses, swine, turkeys,
ducks, geese, sheep, rabbits, goats,
exotics) was examined using cut
points for dose based on distributions
among control subjects. The propor-
tions of subjects who reported per-
sonal care of the animals and the
presence of animals on the farm di-
agnosed with leukemia or lymphoma
were scrutinized. There were two
statistically significant results, a de-
creased risk of MM associated with
raising small (�1 and �15) numbers
of turkeys and an increased risk of
MM associated with the highest cat-
egory of number of sheep (�26).
There were no significant associa-
tions with personally caring for farm
animals or the presence of animals
with leukemia or lymphoma on the
farm.

Tables 3, 4, and 5 share the same
format, a summary of reported expo-
sures to pesticides and agricultural
chemicals among those who reported
a total of �10 hours per year to any
combination of those listed, selected
occupational exposures, types of an-
imals and medical conditions/treat-
ments. In addition, each table in-
cludes a conditional logistic model
with adjustment for age, province of
residence and covariates with a P
value of 0.20 or less in univariate,
age and province adjusted analyses.
In univariate analyses of information
related to HD cases and controls
(Table 3), occupational exposure to
uranium and a previous diagnosis of
shingles were statistically significant
predictors of HD. The conditional
logistic model included exposure to
dogs, to horses, personal care of

animals, exposure to sheep/cattle
dips/veterinary drugs/creosote
wound dressing, fungicides, severe
acne, shingles, treatment for lice/
scabies and work related exposures
to uranium or ultraviolet radiation.
After adjustment for covariates, the
statistically significant risk factors
for HD were a previous medical
diagnosis of shingles and exposure to
uranium at work while treatment for
lice/scabies lowered risk.

Table 4 displays the findings re-
lated to Multiple Myeloma. In uni-
variate analyses, the occupational de-
terminants were professional driving
and a temporary job as a chicken
farmer and ever holding a job in
farming. The medical conditions of
interest were shingles, previous diag-
nosis of cancer or rheumatoid arthri-
tis. A positive family history of can-
cer in a first degree relative was also
a risk factor. The conditional logistic
model included those factors as well
as exposure to chickens, turkeys,
ducks, geese, sheep, goats, rabbits,
sheep/cattle dip/veterinary drugs/
creosote wound dressing, a history of
allergies, and allergy skin prick tests.
The statistically significant risk fac-
tors for MM were professional driv-
ing, a previous diagnosis of shingles,
a previous diagnosis of cancer, and a
positive family history of cancer in a
first-degree relative. Exposure to an-
imals on the farm did not have a
substantial effect on risk.

Results related to STS are dis-
played in Table 5. Exposure to
sheep/cattle dips/veterinary drugs/
creosote wound dressing, signifi-
cantly lowered risk, a temporary job
in chicken farming increased risk,
and a positive family history of can-
cer in first-degree relatives increased
risk in univariate analyses. The con-
ditional logistic model included
those variables as well as exposure to
cattle, personal care of farm animals,
work-related exposure to radium or
uranium, and exposure to potato seed
dust. The statistically significant
variables after adjustment for covari-
ates, which increased risk, were a
positive family history of cancer or a

temporary job as a chicken farmer.
Exposure to sheep/cattle dips/veteri-
nary drugs/creosote wound dressing
significantly decreased risk.

Discussion

Hodgkin’s disease (HD)
For many years, the overall inci-

dence rates of HD were declining or
stable in the US SEER data for men
and women.55 In Connecticut,56 the
incidence rates approximately dou-
bled for young adult men and women
between 1935 and 1992. In Cana-
da,57 there has been a total decline in
incidence rates of 1.4% between
1991 and 1998, which followed a
significant decline between 1970 and
1995.58 Incidence rates increased
profoundly among young adults,
aged between 15 and 39, for the
nodular sclerosis subtype of HD57

between 1991 and 1998. There has
been a decline in incidence rates
among the elderly due to a decline in
misclassification between HD and
NHL.57

The known or suspected risk fac-
tors for HD relate to occupational
exposures among farmers or forestry
workers,59 socioeconomic status;60

medical history, including late onset
of certain childhood viral diseases,61

infectious mononucleosis,62 or Ep-
stein-Barr virus positivity63–65, pre-
vious cancer,66 organ transplant,67

and HIV or AIDS;68 a positive fam-
ily history of cancer or immune de-
ficiency in a first-degree relative69–

71; and a dose–response pattern for a
diagnosis of lymphoma/leukemia in
any first-degree relative, which in-
creases if a sibling has HD.72,73

Epidemiologic studies of hema-
topoietic and lymphatic tumors in
association with occupational ex-
posure to animals have produced
conflicting results including posi-
tive, negative and no effect.5–20

Exposure to farm animals was in-
vestigated using several hypotheti-
cal scenarios: 1) domesticated ani-
mals develop similar conditions21–24

and there may be direct transmis-
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sion from animals to humans or a
shared environment may produce
the same disease in producer and
animal; and 2) excessive antigenic
stimulation by exposure to animal
hair, dander, saliva, feathers, and

dusts.27,30,35,36 A personal history
of autoimmune and allergic condi-
tions is a known risk factor for HD.
In this study, after adjustment for
covariates, exposure to farm ani-
mals was not associated with HD

whereas a personal history of shin-
gles, an autoimmune disorder, was
strongly associated (OR [95% CI]
� 4.67 [1.96, 11.1]). The odds ratio
for shingles was not appreciably
attenuated by the adjustment for

TABLE 3
Cases of Hodgkin’s Disease and Controls: Selected Variables Investigated Among Farm Residents/Workers

HD Controls

ORadj (95% CI)n % n %

Pesticides/agricultural chemicals �10 h/year
Herbicides 29 24.4 137 20.4 0.98 (0.56, 1.70)
Insecticides 15 12.6 60 8.9 1.51 (0.75, 3.04)
Fungicides 5 4.2 13 1.9 2.22 (0.68, 7.25)
Fumigants 1 0.8 7 1.0 0.47 (0.03, 6.66)
Adjuvants/spreader/sticker 3 2.5 9 1.3 1.93 (0.41, 9.23)
Creosote/wood preservative/pruning paint/pentachlorphenol 7 5.9 34 5.0 0.99 (0.38, 2.57)
Sheep and cattle dip/veterinary drugs/creosote wound dressing 4 3.4 43 6.4 0.28 (0.08, 1.03)
Fruit tree spray 1 0.8 10 1.5 0.72 (0.08, 6.72)
Slimicides/algicide/water treatment 4 3.4 15 2.2 1.45 (0.36, 5.87)
Seed treatment 11 9.2 45 6.7 1.38 (0.60, 3.17)

Occupational exposures
Uranium 8 6.7 7 1.0 6.96 (2.04, 23.8)
Ultraviolet light 18 15.1 80 11.9 0.55 (0.28, 1.09)

Exposure to farm animals
Dogs

0 (reference) 43 36.1 231 34.3
1 33 27.7 262 38.9 0.70 (0.40, 1.22)
�2 43 36.1 180 26.8 1.15 (0.67, 1.99)

Horses
0 (reference) 71 59.7 302 44.9
�1 and �3 24 20.2 178 26.4 0.67 (0.37, 1.20)
�4 24 20.2 193 28.7 0.91 (0.51, 1.63)

Personal case of animals (yes) 80 67.2 489 72.7 0.73 (0.44, 1.19)
Animals with lymphoma/leukemia (yes) 4 3.4 17 2.5 0.74 (0.21, 2.55)

Medical conditions/treatment
Severe acne 16 13.4 25 3.7 1.79 (0.81, 3.94)
Shingles 14 11.8 33 4.9 4.70 (2.11, 10.4)
Allergy desensitization shots 7 5.9 44 6.5 0.69 (0.27, 1.74)
Treatment head, body lice/scabies 7 5.9 56 8.3 0.41 (0.17, 1.02)
Tonsillectomy 24 20.2 184 27.3 0.95 (0.54, 1.66)
Cancer in first-degree relative 37 31.1 247 36.7 1.22 (0.74, 2.01)

Conditional Logistic Model*

Variable
Parameter
Estimate ORadj (95% CI)

Dogs (1) �0.18 0.83 (0.43, 1.62)
Dogs (�2) 0.39 1.48 (0.72, 3.02)
Horses (�1 and �3) �0.33 0.72 (0.35, 1.47)
Horses (�4) �0.10 0.90 (0.43, 1.91)
Personal care of animals (yes) �0.24 0.79 (0.43, 1.43)
Sheep/cattle dips/veterinary drugs/creosote wound dressing (yes) �0.78 0.46 (0.12, 1.77)
Exposure to fungicides (yes) 0.59 1.80 (0.43, 7.53)
Severe acne (yes) 0.66 1.94 (0.80, 4.71)
Shingles (yes) 1.54 4.67 (1.96, 11.1)
Treatment for lice/scabies (yes) �0.97 0.38 (0.14, 0.99)
Uranium exposure (job) (yes) 1.55 4.74 (1.28, 17.5)
Ultraviolet exposure (job) (yes) �0.47 0.63 (0.30, 1.29)

* Adjustments for age, province of residence, covariates with a P value of 0.20 or less in univariate analyses.
Bold indicates statistically significant results.
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covariates. Also of note, although
based on small numbers, was the
positive association between occu-
pational exposure to uranium and

HD (OR [95% CI] � 4.74 [1.28,
17.5]) and the inverse association
of treatment for head/body lice or
scabies and HD (OR [95% CI] �

0.38 [0.14, 0.99]). These treatments
typically involve repeated applica-
tions of insecticides to the skin.
These two associations were not

TABLE 4
Cases of Multiple Myeloma and Controls: Selected Variables Investigated Among Farm Residents/Workers.

MM Controls

ORadj (95% CI)n % n %

Pesticides/agricultural chemicals �10 h/year
Herbicides 31 17.4 137 20.4 0.90 (0.56, 1.44)
Insecticides 17 9.6 60 8.9 1.19 (0.65, 2.19)
Fungicides 5 2.8 13 1.9 1.43 (0.46, 4.42)
Fumigants 1 0.6 7 1.0 0.64 (0.07, 5.66)
Adjuvants/spreader/sticker 2 1.1 9 1.3 0.89 (0.17, 4.67)
Creosote/wood preservative/pruning Paint/pentachlorphenol 8 4.5 34 5.0 1.10 (0.48, 2.54)
Sheep and cattle dip/veterinary drugs/creosote wound dressing 3 1.7 43 6.4 0.37 (0.11, 1.26)
Fruit tree spray 5 2.8 10 1.5 1.80 (0.57, 5.70)
Slimicides/algicide/water treatment 3 1.7 15 2.2 1.05 (0.28, 4.02)
Seed treatment 13 7.3 45 6.7 0.95 (0.48, 1.90)

Occupation
Professional driver 31 17.4 82 12.2 1.89 (1.15, 3.11)
Chicken farmer (�1 year) 40 22.5 112 16.6 1.56 (1.00, 2.43)

Exposure to farm animals
Chickens

0 (reference) 72 40.4 297 44.1
�1 and �50 44 24.7 227 33.7 0.74 (0.48, 1.31)
�51 62 34.8 149 22.1 1.42 (0.89, 2.28)

Turkeys
0 (reference) 149 83.7 558 82.9
�1 and �15 8 4.5 60 8.9 0.46 (0.18, 1.17)
�16 21 11.8 55 8.2 1.52 (0.80, 2.87)

Ducks
0 (reference) 148 83.2 586 87.1
�1 and �10 13 7.3 53 7.9 0.88 (0.41, 1.91)
�11 17 9.6 34 5.1 1.65 (0.81, 3.35)

Geese
0 (reference) 149 83.7 590 87.7
�1 and �10 14 7.9 60 8.9 0.77 (0.36, 1.65)
�11 15 8.4 23 3.4 1.79 (0.82, 3.92)

Sheep
0 (reference) 145 81.5 594 88.3
�1 and �25 16 9.0 45 6.7 1.43 (0.65, 3.14)
�26 17 9.6 34 5.1 1.95 (0.97, 3.91)

Rabbits
0 (reference) 156 89.3 601 89.3
�1 and �10 6 3.4 43 6.4 0.60 (0.19, 1.86)
�11 13 7.3 29 4.3 2.41 (1.03, 5.63)

Goats
0 (reference) 164 92.1 635 94.4
�1 14 7.9 38 5.6 1.63 (0.78, 3.40)

Personal care of animals (yes) 125 70.2 489 72.7 0.16 (0.76, 1.80)
Animals diagnosed with lymphoma or leukemia (yes) 2 1.1 17 2.5 0.80 (0.16, 4.02)

Medical conditions/treatment
Shingles 21 11.8 33 4.9 2.12 (1.14, 3.93)
Tonsillectomy 56 35.4 184 27.3 1.17 (0.79, 1.79)
Cancer in first degree relative 101 58.0 247 36.7 1.71 (1.19, 2.45)
Prior diagnosis of cancer 35 19.7 40 5.9 2.84 (1.68, 4.81)
Rheumatoid arthritis 7 3.9 48 7.1 0.42 (0.18, 0.95)
Allergies 34 19.1 166 24.7 0.76 (0.49, 1.17)
Skin prick allergy test 22 14.2 71 11.5 1.51 (0.85, 2.68)

(Table 4 continues)
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included in our a priori hypotheses
and should be viewed with caution
until replicated.

Multiple Myeloma (MM)

Incidence rates for MM increased
annually in the United States be-
tween 1973 and 1992.55 Between
1992 and 1997, these rates have de-
creased annually. In Canada, be-
tween 1991 and 1998, there has been
an average annual increase of
1.4%.57 Known or suspected risk
factors for MM include exposure
among selected occupational groups
(farmers,6,74 –79 forestry workers,
precision metalworkers, transporta-
tion industry workers75,79), and to
specific substances (occupational ex-
posure to pesticides,80 raising ani-
mals, including sheep and chick-
ens75,76). A few studies have
reported statistically significant in-
creases in risk for specific exposures
which increase in a dose-response
relationship with duration and fre-
quency of exposure while the asso-

ciation with farming81–83 and with
animals84 were not confirmed in all
studies. Variously defined measures
of antigenic stimulation and autoim-
munity have been investigated for
associations with MM with often
contradictory results. A US national
cohort study85 found that inflamma-
tory conditions (gout, gallstones, en-
teritis, and pleurisy,) increased risk
of developing MM while allergies,
autoimmune conditions and chronic
bacterial conditions did not. A cohort
study of rheumatoid arthritis pa-
tients86 found a statistically signifi-
cant association with MM. The first
degree relatives of MM cases were at
increased risk of rheumatoid arthritis
but not of cancer.87 A personal his-
tory of shingles,88 rheumatic fe-
ver,89,90 tuberculosis,89,91 kidney/
bladder infection,89,90 scarlet fever91

and pernicious anemia92 have all
been associated with increased risks
of developing MM as have eczema93

and musculoskeletal disorders.93 An
increased risk of multiple myeloma

has also been reported among sub-
jects with a family history of can-
cer;94 ie, paternal prostate cancer95

and MM96 among first degree rela-
tives.

In this study, after statistical ad-
justment for covariates, exposure to
farm animals was not associated with
MM. A diagnosis of shingles (OR
[95% CI] 2.61 [1.12, 6.11]), a per-
sonal history of cancer prior to the
diagnosis of MM (OR [95% CI] 3.84
[1.87, 7.86]), a family history of
cancer in a first-degree relative (2.14
[1.31, 3.50]), and an occupational
history of professional driving (1.99
[1.06, 3.74]) were statistically signif-
icant predictors of MM.

Soft Tissue Sarcoma (STS)
STS are a heterogeneous group of

tumors, consisting of over 20 sub-
types that are rare both individually
and in the aggregate.97 STS repre-
sents less than 1% of all new diag-
nosis of cancer per year among
adults. These are mainly tumors of

TABLE 4. CONTINUES
Conditional Logistic Model*

Variable
Parameter
Estimate ORadj (95% CI)

Chickens (�1,�50) �0.16 0.85 (0.44, 1.63)
Chickens (�51) 0.15 1.16 (0.60, 2.26)
Rabbits (�1 and �10) �0.68 0.50 (0.12, 2.06)
Rabbits (�11) 0.28 1.32 (0.35, 5.06)
Turkey (�1 and �10) �0.62 0.54 (0.18, 1.60)
Turkey (�11) �0.10 1.10 (0.46, 2.63)
Ducks (�1 and �10) �0.14 0.87 (0.24, 3.15)
Ducks (�11) 0.04 1.04 (0.28, 3.81)
Geese (�1 and �10) �0.66 0.52 (0.15, 1.78)
Geese (�11) 0.33 1.40 (0.31, 6.32)
Sheep (�1 and �25) 0.33 1.39 (0.46, 4.17)
Sheep (�26) 0.26 1.30 (0.51, 3.33)
Goat (�1) 0.26 1.30 (0.45, 3.75)
Temporary chicken worker (�1 year) 0.31 1.36 (0.72, 2.59)
Professional driver 0.69 1.99 (1.06, 3.74)
Farmer 0.11 1.12 (0.66, 1.88)
Sheep/cattle dips/veterinary drugs/creosote wound dressing (yes) �0.77 0.46 (0.12, 1.82)
Rheumatoid arthritis (yes) �0.33 0.72 (0.27, 1.92)
Diagnosed allergies (yes) �0.42 0.65 (0.34, 1.27)
Shingles (yes) 0.96 2.61 (1.12, 6.11)
Allergy skin prick (yes) 0.44 1.56 (0.68, 3.54)
Prior diagnosis of cancer (yes) 1.35 3.84 (1.87, 7.86)
Family history of cancer (yes) 0.76 2.14 (1.31, 3.50)

* Adjustments for age, province of residence, covariates with a P value of 0.20 or less in univariate analyses.
Bold indicates statistically significant results.

JOEM • Volume 45, Number 8, August 2003 863



muscle, fat and connective tissue but
can also occur in visceral organs.
Researchers have had difficulty ac-
cumulating large number of cases of
specific biological subtypes while
risk factors probably vary by body
site and/or morphology. Between
1973 and 1987, in the United States
SEER data,55 the overall incidence
rates were relatively stable with the
exclusion of Kaposi’s sarcoma. In

Canada,57 the mean age at diagnosis
has increased between 1988 (x� �
52.8) and 1993 (x� � 55.8) whereas
the male:female ratio has declined
from 1.38:1 to 1.34:1.

Known and suspected risk factors
for STS include selected medical
conditions98 (chicken pox, shingles,
mumps), a personal99 or family his-
tory of cancer94 and work in certain
occupations which involve exposure

to selected pesticides39,42,98, 100–102

and to certain types of farm animals.
Zahm et al.103 found increased risks
of STS with insecticide use on ani-
mals but not on crops. Several stud-
ies104–107 have reported no associa-
tion of STS with agricultural,
farming or pesticide use patterns.
The reported types of immune dys-
function are induced and include in-
creased risks as a second primary

TABLE 5
Cases of Soft-Tissue Sarcoma and Controls: Selected Variables Investigated Among Farm Residents/Workers

STS Controls

ORadj (95% CI)n % n %

Pesticides/agricultural chemicals �10 h/year
Herbicides 31 19.5 137 20.4 0.90 (0.56, 1.45)
Insecticides 17 10.7 60 8.9 1.26 (0.68, 2.36)
Fungicides 4 2.5 13 1.9 1.40 (0.41, 4.77)
Fumigants 2 1.3 7 1 1.59 (0.31, 8.25)
Potato seed dust 4 2.5 4 0.6 2.96 (0.70, 12.2)
Adjuvants/spreader/sticker 0 0 9 1.3 *
Creosote/wood preservative/pruning paint/pentachlorphenol 9 5.7 34 5.0 1.18 (0.54, 2.56)
Sheep and cattle dip/veterinary drugs/creosote wound dressing 1 0.6 43 6.4 0.09 (0.01, 0.70)
Fruit tree spray 3 1.9 10 1.5 1.31 (0.33, 5.12)
Slimicides/algicide/water treatment 0 0 15 2.2 *
Seed treatment 12 7.6 45 6.7 0.96 (0.48, 1.92)
*No exposed persons among cases

Occupational exposures
Uranium 5 3.1 7 1.0 3.44 (0.96, 12.32)
Pulp and paper (�1 year) 21 13.2 68 10.1 1.39 (0.79, 2.45)
Radium 4 2.5 6 0.9 3.35 (0.86, 13.12)
Chicken farming (�1 year) 40 25.2 112 16.6 1.63 (1.05, 2.52)

Exposure to farm animals
Cattle

0 (reference) 49 30.8 217 32.2
�1 and �30 63 39.6 255 37.9 1.05 (0.67, 1.64)
�31 47 29.6 201 29.9 0.99 (0.79, 1.25)

Personal care of animals (yes) 107 67.3 489 72.7 0.68 (0.46, 1.01)
Animals diagnosed with lymphoma or leukemia (yes) 2 1.26 17 2.5 0.68 (0.15, 3.07)

Medical conditions/treatment
Cancer in first-degree relative 75 47.2 247 36.7 1.57 (1.07, 2.29)
Allergy skin prick test 19 11.9 71 10.5 1.32 (0.73, 2.36)
Medical implant 4 2.5 7 1.0 1.96 (0.55, 7.00)

Conditional Logistic Model*

Variable
Parameter
Estimate ORadj (95% CI)

Cattle (�1 and �30) �0.11 1.12 (0.71, 1.76)
Cattle (�31) �0.29 0.76 (0.44, 1.76)
Personal care of animals (yes) �0.29 0.75 (0.48, 1.17)
Chicken farming �1 year (yes) �0.54 1.73 (1.07, 2.27)
Family history of cancer (yes) �0.46 1.58 (1.07, 2.34)
Exposure to radium (work) (yes) �0.98 2.68 (0.56, 12.80)
Exposure to uranium (work) (yes) �0.60 1.82 (0.42, 7.85)
Potato seed dust (yes) �0.53 1.69 (0.33, 8.71)
Sheep/cattle dip/veterinary drugs/creosote �2.28 0.10 (0.01, 0.77)

* Adjustments for age, province of residence, covariates with ‘P’ value of 0.20 or less in univariate analyses.
Bold indicates significantly significant results.
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tumor after radiation108 and/or che-
motherapy with alkylating agents as
well as among AIDS patients.

Farmers, forestry and railway
workers, meat packers, gardeners,
and industrial chemical work-
ers39,42,99, 100 –103,109,110 have all
been reported to be at increased risk
of developing STS compared to ap-
propriate control groups. There has
been at least one report of an associ-
ation between a specific subtype,
fibrohistiocytic sarcoma, and herbi-
cide use and of an increasing risk of
STS109 with duration, frequency, and
intensity of exposure to chlorophe-
nol. Occupational exposure to phe-
noxyherbicides100 –102 as well as
raising cattle, horses, and goats have
also been associated with increases
in risk. However, these reported risks
have not been confirmed in all stud-
ies.104–107

After adjustments for covariates, a
positive family history of cancer in a
first degree relative (OR [95% CI]
1.58 [1.07, 2.34]) and a temporary
(�1 year) job in chicken farming
(but not raising chickens) were asso-
ciated with increased risk of STS
whereas exposure to sheep/cattle
dips or veterinary drugs reduced risk
(0.10 [0.01, 0.77]). Exposure to ani-
mals of any type, personally caring
for animals or the presence of ani-
mals with lymphoma or leukemia
had no effect on risk of STS.

Limitations
The limitations of this study in-

clude those inherent in the case–
control design using postal question-
naires, lower than optimal response
rates for both the case and controls
and the fact that we investigated and
reported results for a large number of
agents not all of which were speci-
fied in the hypothesis. Therefore, the
analyses related to these unspecified
agents were considered exploratory.
By requesting certain information
and conducting statistical analyses
based on case-control differences
only among farmers, ranchers and
farm residents, we lowered the num-
ber of eligible subjects, decreased

our statistical power and may have
overmatched. The wording of the
question used to establish eligibility
for this subanalysis: “Have you ever
lived or worked on a farm” may have
been too vague and diffuse as people
who have lived the majority of their
life span in nonfarm areas were in-
cluded. However, several researchers
have reported that early childhood
exposure to agricultural chemicals,
to animals or to the farm environ-
ment in general are risk factors for
one or more of the conditions that we
studied.

Strengths and Conclusions
This study encompassed farm

workers/residents from six Canadian
provinces with differing climates and
therefore crops and types of animals
grown. Farm practices are diverse.
Measures of duration and intensity of
exposure to animals were included.
There were also questions concern-
ing general measures of industrial
hygiene practiced as well as a survey
of customary safety habits (data not
reported). This subanalysis included
moderate numbers of cases and con-
trols who were identified and re-
cruited from population-based
sources. Statistical adjustments for
covariates including selected medi-
cal conditions, occupational expo-
sures, exposure to pesticides classi-
fied into broad categories ie,
herbicides, insecticides, fumigants
and fungicides, personal and family
history of cancer was conducted. Af-
ter adjustments for covariates, we
found that exposure to farm animals
had no effect on risk except for an
association between a temporary (�
one year) chicken farming job and
STS. Among these Canadian farm
resident/workers, the independent
risk factors after adjustment for co-
variates were: a positive family his-
tory of cancer in first-degree rela-
tives (MM, STS), an occupation
involving exposure to uranium (HD)
or as a professional driver (MM) and
personal previous cancer (MM) and
shingles (HD, MM). Treatment for
head lice/body lice (HD) and expo-

sure to sheep/cattle dips/veterinary
drugs/creosote wound dressing
(STS) significantly decreased risk

Acknowledgments
The authors are indebted to the following

members of the Advisory Committee for this
project for sharing of their experiences: Drs.
G.B. Hill, A. Blair, L. Burmeister, H. Morri-
son, R. Gallagher, D. White; to the provincial
coordinators and the data managers for their
meticulous attention to detail: T. Switzer, M.
Gantefor, J. Welyklowa, J. Ediger, I. Fan, M.
Ferron, E. Houle, S. de Freitas, K. Baerg, L.
Lockinger, E. Hagel, P. Wang, G. Dequiang,
J. Hu; to Drs. G. Theriault and N. Choi for
supervising the collection of data in Quebec
and Manitoba respectively; and to Dr L.
Skinnider for reviewing the pathological
specimens. We appreciate the care and dedi-
cation of S. de Freitas and A.M. Mechor in
the preparation of the article. The study par-
ticipants gave freely of their time and shared
personal details with us and we sincerely
thank each of them. This research was finan-
cially supported by Health Canada, by the
British Columbia Health Research Board and
the Institute of Agricultural Rural and Envi-
ronmental Health, formerly the Centre for
Agricultural Medicine.

References
1. Statistics Canada Catalogue Number 93-

348. Census Overview of Canadian Ag-
riculture 1971–1991.

2. Zejda JE, Barber E, Dosman JA, et al.
Respiratory health status in swine pro-
ducers relates to endotoxin exposure in
the presence of low dust levels. J Occup
Med. 1994;361:49–56.

3. Kirychuk SP, Senthilselvan A, Dosman
JA, et al. Predictors of longitudinal
changes in pulmonary function among
swine confinement workers. Can Respir
J. 1998;56:472–478.

4. Thomas DRH, Salmon RL, Coleman TJ,
et al. Occupational exposure to animals
and risk of zoonotic illness in a cohort of
farmers, farmworkers, and their families
in England. J Aging Safety Health. 1999;
54:373–382.

5. McDuffie HH, Pahwa P, Spinelli JJ, et al.
Canadian male farm residents, pesticide
safety handling practices, exposure to
animals and non-Hodgkin’s lymphoma
(NHL). Am J Ind Med. 2002;2(suppl):
54–61.

6. Burmeister LF, Everett GD, Van Lier SF,
Isacson P. Selected cancer mortality and
farm practices in Iowa. Am J Epidemiol.
1983;118:72–77.

JOEM • Volume 45, Number 8, August 2003 865



7. Bross IDJ, Gibson R. Cats and childhood
leukemia. J Med. 1970;1:180–187.

8. Kvarnfors E, Henricson B, Hugson G. A
statistical study on farm and village level
on the possible relations between human
leukemia and bovine leukosis. Acta Vet
Scand. 1975;16:163–169.

9. Martirosov AR, Khokhlova MP, Os-
echindsky IV. Effect of environmental
factors on leukemia and lymphoma risk.
Sov Med Rev C Hematol. 1990;2:137–
153.

10. Priester WA, Mason TJ. Human cancer
mortality in relation to poultry popula-
tion, by country, in 10 southeastern
states. J Natl Cancer Inst. 1974;531:45–
49.

11. Priester WA, Oleinick A. Bovine leucosis
and human cancer. Lancet. 1970;1:367–
368.

12. Pearce NE, Smith AH, Howard JK, Shep-
pard RA, Gile HJ, Teague CA. Non-
Hodgkin’s lymphoma and exposure to
phenoxyherbicides, chlorophenols, fenc-
ing work, and meat works employment: a
case-control study. Br J Ind Med. 1986;
43:75–83.

13. Olson C, Driscoll DM. Bovine leucosis:
investigation of risk for man. J Am Vet
Assoc. 1978;173:1470–1472.

14. Metayer C, Johnson ES, Rice JC. Nested
case-control study of tumours of the he-
mapoietic and lymphatic systems among
workers in the meat industry. Am J Epi-
demiol. 1998;147:727–738.

15. Amadori D, Nanni O, Falcini F, et al.
Chronic lymphocytic leukaemias and
non-Hodgkin’s lymphomas by histologi-
cal type in farming-animal breeding
workers: a population case-control study
based on job titles. Occup Environ Med.
1995;52:374–379.

16. Nanni O, Amadori D, Lugaresi C, et al.
Chronic lymphocytic leukaemias and
non-Hodgkin’s lymphomas by histologi-
cal type in farming-animal breeding
workers: a population case-control study
based on a priori exposure matrices.
Occup Environ Med. 1996;53:652–657.

17. Pearce NE, Sheppard RA, Smith AH,
Teague CA. Non-Hodgkin’s lymphoma
and farming: an expanded case-control
study. Int J Cancer. 1987;39:155–161.

18. Wiklund K, Lindefors B-M, Holm L-E.
Risk of malignant lymphoma in Swedish
agricultural and forestry workers. Br J
Ind Med. 1988; 45:19–24.

19. Ronco G, Costa G, Lynge E. Cancer risk
among Danish and Italian farmers. Br J
Ind Med. 1992;49:220–225.

20. Wiklund K, Holm L-E, Eklund G. Cancer
risks in Swedish Lapps who breed rein-
deer. Am J Epidemiol. 1990;1326:1078–
1082.

21. Priester WA. Epidemiology. In: Theilen
GH, ed. Veterinary Cancer Medicine.
Philadelphia: Lea & Febiger; 1979:14–
32.

22. Hayes HM, Tarone RE, Cantor KP, Jes-
sen CR, McCurnin DM, Richardson RC.
Case-control study of canine malignant
lymphoma: positive association with dog
owner’s use of 2,4-Dichlorophenoxyace-
tic acid herbicides. J Natl Cancer Inst.
1991;83:1226–1231.

23. Hayes HM, Tarone RE, Casey HW, Hux-
soll DL. Excess of seminomas observed
in Vietnam service U.S. military working
dogs. Natl Cancer Inst. 1990;82:1042–
1046.

24. Greenlee PG, Filippa DA, Quimby FW,
et al. Lymphomas in dogs. A morpho-
logic, immunologic, and clinical study.
Cancer 1990;66:480–490.

25. Essex M, McLane MF, Kanki P, Allan J,
Kitchen L, Lee T-H. Retroviruses associ-
ated with leukemia and ablative syn-
dromes in animals and in human beings.
Cancer Res (Suppl) 1985;45:4534s–
4538s.

26. Goh KJ, Chong TT, Chew NK, et al.
Clinical features of Nipah virus enceph-
alitis among pig farmers in Malaysia.
N Engl J Med. 2000;342:1229–1235.

27. Pearce N, Bethwaite P. Increasing inci-
dence of Non-Hodgkin’s lymphoma: Oc-
cupational and environmental factors.
Cancer Res. 1992;52(suppl):5496s–
5500s.

28. Sahani M, Parashar UD, Ali R, et al.
Nipah virus infection among abattoir
workers in Malaysia, 1998–1999. Int J
Epidemiol. 2001;30:1017–1020.

29. Sarin PS, Gallo RC. Lymphotropic retro-
viruses of animals and man. Adv Vet Sc
Comparative Med. 1988;32:227–250.

30. Reboux G, Piarroux R, Mauny F, et al.
Role of molds in farmer’s lung disease in
eastern France. Am J Respir Crit Care
Med. 2001;163:1534–1539.

31. Olson C, Miller LD, Miller JM, Hoss HE.
Brief communication: transmission of
lymphosarcoma from cattle to sheep.
J Natl Cancer Inst. 1972;49:1463–1467.

32. Olsen RG, Mathes LE, Tarr MJ,
Blakeslee JR. Oncogenic viruses of do-
mestic animals. Vet Clin North Am 1986;
166:1129–1144.

33. Wright SM, Kawaoka Y, Sharp GB,
Senne DA, Webster RG. Interspecies
transmission and reassortment of influ-
enza A viruses in pigs and turkeys in the
United States. Am J Epidemiol. 1992;
136:488–497. 6

34. Gardner MB. Viruses as environmental
carcinogens: an agricultural perspective.
Basic Life Sci. 1982;21:171–188.

35. International Agency for Research on

Cancer (IARC) Monograph 56. Some
naturally occurring substances: food
items and constituents, heterocyclic aro-
matic amines and mycotoxins. Lyon,
France; 1993.

36. Edward W. Exposure to non-infectious
microorganisms and endotoxins in agri-
culture. Ann Agric Environ Med. 1997;4:
179–186.

37. Kristensen P, Andersen A, Irgens LM,
Bye AS, Sunheim L. Cancer in offspring
of parents engaged in agricultural activi-
ties in Norway: incidence and risk factors
in farm environment. Int J Cancer. 1996;
65:39–50.

38. Cantor KP, Blair A, Everett G, et al.
Pesticides and other agricultural risk fac-
tors for non-Hodgkin’s lymphoma among
men in Iowa and Minnesota. Cancer Res.
1992;52:2447–2455.

39. Holly EA, Aston DA, Ahn DK, Kris-
tiansen J. Ewing’s bone sarcoma, pater-
nal occupational exposure, and other fac-
tors. Am J Epidemiol. 1992;135:122–129.

40. Zahm SH, Weisenburger DD, Cantor KP,
Holmes FF, Blair A. Non-Hodgkin’s
lymphoma and the use of atrazine: results
from three case-control studies. In: Mc-
Duffie HH, Dosman JA, Semchuk K,
Olenchock S, Senthilselvan A, eds. Agri-
cultural Health and Safety: Workplace,
Environment, Sustainability. Boca Raton,
FL: CRC Lewis Publishers; 1994:151–
156.

41. Zahm SH, Blair A. Pesticides and non-
Hodgkin’s lymphoma. Cancer Res. 1992;
52:5485s–5488s.

42. Vineis P, Faggiano F, Tedeschi M, Cic-
cone G. Incidence rates of lymphoma and
soft tissue sarcomas and environmental
measurements of phenoxy herbicides.
J Natl Cancer Inst. 1991;83:362–364.

43. Wigle DT, Semenciw RM, Wilkins K, et
al. Mortality study of Canadian farm
operators: non-Hodgkin’s lymphoma
mortality and agricultural practices in
Saskatchewan. J Natl Cancer Inst. 1990;
82:575–580.

44. Pearce N, Reif JS. Epidemiologic studies
of cancer in agricultural workers. Am J
Ind Med. 1990;18:133–148.

45. Pearce NE, Smith AH, Fisher DO. Ma-
lignant lymphoma and multiple myeloma
linked with agricultural occupations in a
New Zealand cancer registration-based
study. Am J Epidemiol. 1985;121:225–
237.

46. Hoar SK, Blair A, Holmes F, et al.
Agricultural herbicide use and risk of
lymphoma and soft tissue sarcoma. J Am
Med Assoc. 1986;256:1141–1147.

47. Hoar-Zahm S, Weisenberger DD, Babbit
PA, et al. A case-control study of non-
Hodgkin’s lymphoma and the herbicide

866 Exposure to Animals and Cancer • Pahwa et al



2, 4-Dichlorophenoxyacetic acid in East-
ern Nebraska. Epidemiology. 1990;1:
349–356.

48. Delzel E, Gufferman S. Mortalitity
among white and nonwhite farmers in
North Carolina. Am J Epidemiol. 1985;
121:391–402.

49. Cantor KP. Farming and mortality from
non-Hodgkin’s lymphoma: a case-control
study. Int J Cancer. 1982;29:239–247.

50. Buesching DP, Wallstadt L. Cancer mor-
tality among farmers. J Natl Cancer Inst.
1984;72:503–504.

51. Baris D, Hoar Zahm S, Cantor KP, Blair
A. Agricultural use of DDT and risk of
non-Hodgkin’s lymphoma: pooled analy-
sis of three case-control studies in the
United States. J Occup Environ Med.
1998;55:522–527.

52. Blair A, Linos A, Stewart PA, et al.
Comments on occupational and environ-
mental factors in the origin of non-
Hodgkin’s lymphoma. Cancer Res. 1992;
52(suppl):5501s–5502s.

53. Blair A, Malker H, Cantor KP, Burmeis-
ter L, Wiklund K. Cancer among farm-
ers—a review. Scand J Work Environ
Health. 1985;11:397–407.

54. McDuffie HH, Pahwa P, McLaughlin JR,
et al. Non-Hodgkin’s lymphoma and spe-
cific pesticide exposure in men: cross-
Canada study of pesticides and health.
Cancer Epidemiol Biomarkers Prev.
2001;10:1155–1163.

55. Ries LAG, Eisner MP, Kosary CL, Han-
key BF, Miller BA, Clegg LX, Edwards
BK, eds. SEER Cancer Statistics Review,
1973–1997. Washington, DC: US De-
partment of Health and Human Services.
NIH Publication 00–2789; 2000.

56. Chen Y-T, Zheng T, Chou M-C, Boyle P,
Holford TR. The increase of Hodgkin’s
disease incidence among young adults.
Experience in Connecticut, 1935–1992.
Cancer. 1997;79:2209–2218.

57. National Cancer Institute of Canada. Ca-
nadian Cancer Statistics. Toronto, Can-
ada. 2002.

58. Liu S, Semenciw R, Waters C, Wen SW,
Mao, Y. Time trends and sex patterns in
Hodgkin’s disease incidence in Canada,
1970–1995. Can J Public Health. 2000;
91:188–192.

59. Hardell L, Eriksson M, Lenner P, Lun-
dgren E. Malignant lymphoma and expo-
sure to chemicals especially organic sol-
vents, chlorophenols and phenoxy acids:
a case-control study. Br J Cancer. 1981;
43:169–176.

60. Glaser SL. Regional variation in
Hodgkin’s disease incidence by histo-
logic subtype in the US. Cancer. 1987;
60:2841–2847.

61. Westergaard T, Melbye M, Pedersen JB,

Frisch M, Olsen JH, Andersen PK. Birth
order, sibship size and risk of Hodgkin’s
disease in children and young adults: a
population-based study of 31 million per-
son-years. Int J Cancer. 1997;72:977–
981.

62. Rosdahl N, Larsen SO, Clemmesen J.
Hodgkin’s disease in patients with previ-
ous infectious mononucleosis: 30 years!
experience. BMJ .1974;2:253–256.

63. Tomita Y, Ohsawa M, Kanno H, et al.
Epstein-Barr Virus in Hodgkin!s disease
patients in Japan. Cancer. 1996;771:
186–192.
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