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Abstract

Objective: To assess the association between animal
exposures and non-Hodgkin’s lymphoma (NHL).
Methods: Exposure data were collected from 1,591 cases
and 2,515 controls during in-person interviews in a
population-based case-control study of NHL in the San
Francisco Bay Area. Odds ratios (OR) and 95%
confidence intervals (95% CI) were adjusted for
potential confounders.
Results: Pet owners had a reduced risk of NHL (OR,
0.71; 95% CI, 0.52-0.97) and diffuse large-cell lymph-
oma large cell (DLCL; OR, 0.58; 95% CI, 0.39-0.87)
compared with those who never had owned a pet.
Ever having owned dogs and/or cats was associated
with reduced risk of all NHL (OR, 0.71; 95% CI,
0.54-0.94) and of DLCL (OR, 0.60; 95% CI, 0.42-0.86).

Longer duration of cat ownership (P trend = 0.008),
dog ownership (Ptrend = 0.04), and dog and/or cat
ownership (P trend = 0.004) was inversely associated
with risk of NHL. Ownership of pets other than cats
and dogs was associated with a reduced risk of NHL
(OR, 0.64; 95% CI, 0.55-0.74) and DLCL (OR, 0.58; 95%
CI, 0.47-0.71). Exposure to cattle for z5 years was
associated with an increased risk of NHL (OR, 1.6;
95% CI, 1.0-2.5) as was exposure to pigs for all NHL
(OR, 1.8; 95% CI, 1.2-2.6) and for DLCL (OR, 2.0; 95%
CI, 1.2-3.4).
Conclusions: The association between animal exposure
and NHL warrants further investigation in pooled
analyses. (Cancer Epidemiol Biomarkers Prev
2008;17(9):2382–7)

Introduction

In 2008 in the United States, 66,120 newly diagnosed
cases and 19,160 deaths from non-Hodgkin’s lymphoma
(NHL) are expected (1). Few risk factors for NHL have
been identified and recent investigation has focused on
environmental factors that could explain the past
increase in NHL incidence including viral, chemical,
lifestyle, and occupational exposures (reviewed in ref. 2).
The literature on environmental exposures and risk of
NHL is inconsistent and few etiologic exposures have
been identified (reviewed in ref. 2). NHL arises from cells
of the immune system and infection, immune deficiency,
and autoimmunity are among the strongest established
risk factors (2).
Many studies have assessed relationships between

occupations and NHL incidence with some implicating
exposure to chemicals or other industry-specific hazards.
Elevated risks for NHL have been associated with
exposure to cattle (3) and other livestock (3-5). Some (6)
but not other (7, 8) studies have shown that contact with
unusual pets was associated with an increased risk of
NHL. We assessed domestic and farm-animal exposure

history in relation to NHL through in-person interviews
in our population-based case-control study of NHL in
the San Francisco Bay Area.

Materials and Methods

Detailed methods of patient recruitment have been
reported (8, 9). Briefly, rapid case ascertainment was
used to identify NHL patients within 1 month of
diagnosis in six San Francisco Bay Area counties. Eligible
patients were diagnosed between 1988 and 1993, were
between ages 21 and 74 years, and resided in the six Bay
Area counties at the time of diagnosis. A total of 1,591
(72%) eligible NHL patients completed interviews.
Control participants (n = 2,515; 78% response rate) were
identified using random-digit dial and were frequency
matched to the cases by sex, county of residence, and age
in 5-year groups. Eligibility criteria were the same as for
cases with the exception of NHL diagnosis. Diagnostic
pathology materials were re-reviewed and classified
using the Working Formulation by the expert study
pathologist. For our subtype analyses, all diffuse large-
cell and immunoblastic large-cell (DLCL) subtypes were
combined and follicular lymphoma (FL) subtypes were
combined to reflect the WHO classification (10). The
subtype results are presented for DLCL, FL, small
lymphocytic lymphoma (SLL), and ‘‘other NHL’’ (10)
due to sample size constraints for the smaller subgroups.
Study protocols and procedures were approved by the
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Human Research, and all participants provided written
informed consent before interview. Structured interviews
were conducted in-person by trained interviewers in the
study participants’ homes or at a place convenient to the
participant. Detailed questions were asked regarding
history of occupation, use of therapeutic drugs, immu-
nizations, allergies, viral infections (including HIV), and
lifestyle factors. Questions pertaining to history of
farming, agricultural work with animals, and pet
ownership also were asked. Most questions pertained
to incidence of exposures or activities up until 1 year
before diagnosis (cases) or interview (controls). Bloods
were drawn from consenting participants who had no
history of chemotherapy within the past 3 months. Blood
was tested for HIV using the autoantigen ELISA with a
Western blot assay confirmation.
Unconditional logistic models were computed using

SAS version 9.1 (SAS Institute) to obtain odds ratios (OR)
as estimates of relative risks (hereafter called risk) and
95% confidence intervals (95% CI). All statistical tests
were two-sided and all models were adjusted for sex and
age in 5-year groups. Potential confounders were
included in full multivariable models if their inclusion
changed OR estimates z10%. Potential confounders
included race/ethnicity, education level, self-report of
animal and plant allergies, number of siblings, and age of
first pet or farm exposure. Analyses were restricted to
HIV-negative participants (n = 1,262 cases; n = 2,094
controls). Cut points for pet ownership and farm animal
exposure were based on 5- or 10-year increments.

Results

Distribution by education, race/ethnicity, and sex for
cases and controls are presented for total NHL and the
four major NHL histologic subtypes (Table 1). The mean
age for all HIV-negative NHL cases and controls was 57
and 54 years, respectively. Cases were somewhat less
educated and a greater proportion of cases were men.
This was consistent for total NHL, DLCL, FL, and SLL
but not the ‘‘other NHL’’ subtypes.
Ever having owned a pet was associated with a

reduced risk of all NHL (OR, 0.71; 95% CI, 0.52-0.97) and
of ‘‘other NHL’’ (OR, 0.60; 95% CI, 0.36-1.0) compared

with those who never had owned a pet (Table 2). Ever
having owned a dog (OR, 0.79; 95% CI, 0.64-0.97) or a
dog and/or cat (OR, 0.71; 95% CI, 0.54-0.94) was
associated with reduced risk of all NHL. Longer duration
of cat ownership (P trend = 0.008), dog ownership (P trend =
0.04), and dog and/or cat ownership (P trend = 0.004) was
inversely associated with risk of all NHL. All analyses of
cat and dog ownership included those who had owned
other pets. Ever having owned birds was not associated
with risk of NHL. Ever having owned pets other than
cats and dogs was associated with a reduced risk of NHL
(OR, 0.64; 95% CI, 0.55-0.74), although there was no
linear trend effect of duration (P trend = 0.39). Age when
first owned a pet was not associated with risk of NHL.
The association between pet ownership and NHL risk

differed by histologic subtype (Table 2). Any prior pet
ownership was associated with a reduced risk of DLCL
(OR, 0.58; 95% CI, 0.39-0.87) as was cat ownership (OR,
0.84; 95% CI, 0.69-1.00), dog ownership (OR, 0.75; 95% CI,
0.57-1.00; P trend = 0.005), and dog and/or cat ownership
(OR, 0.60; 95% CI, 0.42-0.86; P trend = 0.008). Ever having
owned birds (OR, 0.68; 95% CI, 0.53-0.86) or pets other
than cats and dogs also was associated with a reduced
risk of DLCL (OR, 0.58; 95% CI, 0.47-0.71). Ever having
owned pets other than cats and dogs was associated with
a reduced risk of FL (OR, 0.78; 95% CI, 0.62-0.99), SLL
(OR, 0.63; 95% CI, 0.45-0.89), and ‘‘other NHL’’ (OR, 0.59;
95% CI, 0.46-0.77). There were no other consistent
associations between pet ownership and the FL, SLL,
and the ‘‘other NHL’’ subtypes.
Because those who reported never having owned pets

comprised a very small proportion of participants, we
compared characteristics of pet owners and nonowners.
Compared with participants who had not owned a pet,
those who ever had owned a pet were less likely to be
Hispanic (7% versus 13%; m2, P < 0.0001), African
American (5% versus 12%; m2, P = 0.0002), or Asian
(5% versus 24%; m2, P < 0.0001). Demographic character-
istics, sex (m2, P = 0.92) and education level (m2, P = 0.10),
were not associated with pet ownership. History of
animal (8% versus 6%; m2, P = 0.36) and plant allergies
(15% versus 13%; m2, P = 0.50) also was similar for
pet owners and nonowners, respectively, whereas pet
owners were less likely to have three or more siblings

Table 1. Demographic characteristics of total NHL and NHL subtypes among HIV-negative cases and controls in a
population-based study in the San Francisco Bay Area

Demographic characteristic Controls
(n = 2,094)

Total NHL
(n = 1,262)

DLCL
(n = 497)

FL
(n = 340)

SLL
(n = 148)

Other NHL
(n = 277)

Age (y), mean (SD) 54 (14) 57 (13) 56 (14) 56 (12) 61 (12) 57 (13)
Education (y), mean (SD) 14 (3) 14 (3) 14 (3) 14 (3) 14 (3) 14 (5)

n (%) n (%) n (%) n (%) n (%) n (%)
1-12 658 (31) 524 (42) 219 (44) 134 (39) 65 (45) 106 (38)
12-16 970 (46) 512 (41) 200 (40) 145 (43) 52 (36) 115 (42)
>16 465 (22) 224 (18) 78 (16) 61 (18) 29 (20) 56 (20)

Race/ethnicity
White, non-Hispanic 1,677 (79) 979 (76) 374 (74) 278 (81) 116 (77) 211 (75)
White, Hispanic 153 (8) 103 (10) 41 (10) 29 (9) 14 (11) 19 (8)
Black 122 (6) 65 (5) 23 (5) 9 (3) 12 (8) 21 (8)
Asian 113 (5) 95 (8) 46 (9) 22 (6) 5 (3) 22 (8)
Other 29 (1) 20 (2) 13 (3) 2 (1) 1 (1) 4 (1)

Sex
Men 1,258 (60) 683 (54) 266 (54) 167 (49) 75 (51) 175 (63)
Women 836 (40) 579 (46) 231 (47) 173 (51) 73 (49) 102 (37)
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Table 2. OR (95% CI) for NHL and number of years exposed to pets, San Francisco Bay Area, California

Controls* (n = 2,094) Total NHL* DLCL FL SLL Other NHL

n = 1,262 OR (95% CI)
c

n = 512 OR (95% CI)
c

n = 340 OR (95% CI)
c

n = 148 OR (95% CI)
c

n = 281 OR (95% CI)
c

All pets n n n n n n
Never

b
91 76 1.0 (reference) 36 1.0 (reference) 16 1.0 (reference) 5 1.0 (reference) 19 1.0 (reference)

Ever 2,003 (96) 1,186 (94) 0.71 (0.52-0.97) 461 (93) 0.58 (0.39-0.87) 324 (95) 0.93 (0.53-1.6) 143 (97) 1.0 (0.90-1.1) 258 (93) 0.60 (0.36-1.0)
Cat years n (%) n (%) n (%) n (%) n (%) n (%)
Ever 1424 (94) 833 (92) 0.90 (0.77-1.1) 321 (90) 0.84 (0.69-1.0) 231 (94) 0.95 (0.74-1.2) 101 (95) 0.99 (0.69-1.4) 180 (90) 0.90 (0.67-1.2)
<10 514 (34) 312 (34) 0.97 (0.80-1.2) 117 (33) 0.87 (0.67-1.1) 91 (37) 1.1 (0.8-1.5) 38 (36) 1.1 (0.70-1.7) 66 (33) 0.92 (0.66-1.3)
10-20 405 (27) 242 (27) 0.93 (0.76-1.1) 85 (24) 0.80 (0.60-1.1) 72 (29) 1.1 (0.77-1.5) 26 (25) 0.95 (0.57-1.6) 59 (30) 1.0 (0.72-1.5)
z30 506 (33) 279 (31) 0.81 (0.66-0.98) 119 (33) 0.85 (0.65-1.1) 68 (28) 0.74 (0.53-1.0) 37 (35) 0.92 (0.59-1.5) 55 (28) 0.72 (0.51-1.0)

P trend 0.008 0.12 0.85 0.49 0.17
Dog years
Ever 1846 (95) 1087 (93) 0.79 (0.64-0.97) 425 (92) 0.75 (0.57-1.0) 297 (95) 0.88 (0.62-1.2) 131 (96) 0.86 (0.50-1.5) 234 (92) 0.66 (0.46-0.94)
<10 464 (24) 272 (23) 0.83 (0.64-1.1) 111 (24) 0.82 (0.58-1.2) 68 (22) 0.85 (0.56-1.3) 32 (24) 0.94 (0.51-1.7) 61 (24) 0.71 (0.47-1.1)
10-20 530 (27) 307 (26) 0.81 (0.64-1.0) 125 (27) 0.80 (0.57-1.1) 84 (27) 0.91 (0.61-1.4) 37 (27) 0.94 (0.52-1.7) 61 (24) 0.63 (0.41-0.96)
20-30 312 (16) 186 (16) 0.80 (0.61-1.1) 80 (17) 0.84 (0.59-1.2) 45 (14) 0.77 (0.49-1.2) 20 (15) 0.79 (0.40-1.6) 41 (16) 0.68 (0.43-1.1)
z30 541 (28) 322 (28) 0.72 (0.56-0.92) 109 (24) 0.60 (0.43-0.85) 100 (32) 0.92 (0.62-1.4) 42 (31) 0.77 (0.42-1.4) 71 (28) 0.62 (0.41-0.94)

P trend 0.04 0.005 0.05 0.68 0.03
Dog and/or cat years
Ever 1968 (96) 1162 (94) 0.71 (0.54-0.94) 451 (93) 0.60 (0.42-0.86) 320 (95) 0.98 (0.60-1.6) 140 (97) 0.96 (0.45-2.0) 251 (93) 0.57 (0.37-0.90)
<10 681 (33) 425 (34) 0.78 (0.58-1.1) 168 (35) 0.67 (0.45-0.97) 115 (34) 1.1 (0.63-1.8) 55 (38) 1.2 (0.54-2.5) 87 (32) 0.59 (0.37-0.96)
10-20 584 (28) 340 (27) 0.71 (0.53-0.96) 130 (27) 0.59 (0.40-0.87) 93 (28) 0.98 (0.58-1.7) 37 (26) 0.91 (0.41-2.0) 80 (30) 0.63 (0.39-1.0)
z20 704 (34) 397 (32) 0.64 (0.48-0.86) 153 (31) 0.55 (0.37-0.80) 112 (33) 0.90 (0.54-1.5) 48 (33) 0.81 (0.37-1.8) 84 (31) 0.51 (0.31-0.83)

P trend 0.004 0.008 0.26 0.16 0.08
Bird years
Ever 589 (87) 317 (81) 0.86 (0.73-1.0) 104 (74) 0.68 (0.53-0.86) 107 (87) 1.1 (0.86-1.4) 40 (89) 0.98 (0.67-1.4) 66 (78) 0.83 (0.62-1.1)
<5 397 (58) 211 (54) 0.86 (0.71-1.0) 75 (54) 0.73 (0.56-0.97) 65 (53) 1.0 (0.74-1.4) 28 (62) 1.1 (0.68-1.7) 43 (51) 0.82 (0.58-1.2)
5-10 109 (16) 58 (15) 0.84 (0.61-1.2) 15 (11) 0.52 (0.30-0.90) 20 (16) 1.1 (0.66-1.8) 5 (11) 0.64 (0.25-1.6) 18 (21) 1.2 (0.71-2.0)
z10 83 (12) 48 (12) 0.87 (0.60-1.3) 14 (10) 0.62 (0.35-1.1) 22 (18) 1.6 (0.95-2.6) 7 (16) 1.1 (0.48-2.4) 5 (6) 0.42 (0.17-1.1)

P trend 0.11 0.002 0.43 0.64 0.75
Other pet yearsx

Ever 1261 (93) 611 (89) 0.64 (0.55-0.74) 231 (87) 0.58 (0.47-0.71) 185 (92) 0.78 (0.62-0.99) 68 (93) 0.63 (0.45-0.89) 127 (87) 0.59 (0.46-0.77)
<5 765 (57) 357 (52) 0.62 (0.52-0.73) 142 (53) 0.59 (0.47-0.74) 98 (49) 0.69 (0.52-0.91) 44 (60) 0.68 (0.46-1.0) 73 (50) 0.57 (0.42-0.77)
5-10 339 (25) 161 (23) 0.63 (0.51-0.78) 53 (20) 0.49 (0.36-0.68) 57 (28) 0.88 (0.63-1.2) 11 (15) 0.39 (0.21-0.76) 40 (27) 0.71 (0.49-1.0)
z10 159 (12) 93 (14) 0.73 (0.55-0.97) 36 (13) 0.69 (0.47-1.0) 30 (15) 0.97 (0.63-1.5) 13 (18) 0.83 (0.45-1.5) 14 (10) 0.49 (0.28-0.87)

P trend 0.39 0.09 0.22 0.95 0.16
Age of first pet (y)
V1 68 (4) 50 (5) 1.3 (0.90-1.9) 17 (4) 1.0 (0.60-1.7) 18 (6) 2.0 (1.1-3.6) 6 (5) 1.7 (0.70-4.3) 9 (4) 1.0 (0.50-2.2)
>1-5 437 (25) 254 (24) 0.90 (0.75-1.2) 101 (25) 0.83 (0.61-1.1) 76 (26) 1.2 (0.80-1.6) 29 (23) 1.1 (0.64-1.9) 48 (20) 0.81 (0.54-1.2)
>5-10 594 (34) 295 (28) 0.82 (0.66-1.0) 107 (26) 0.66 (0.50-0.89) 81 (28) 0.94 (0.66-1.3) 38 (30) 1.1 (0.65-1.8) 69 (29) 0.86 (0.60-1.3)
>10-20 223 (13) 124 (12) 0.92 (0.70-1.2) 50 (12) 0.81 (0.56-1.2) 28 (10) 0.89 (0.55-1.4) 11 (9) 0.81 (0.39-1.7) 35 (15) 1.2 (0.75-1.9)
>20 340 (19) 269 (25) 1.2 (0.94-1.5) 101 (25) 1.0 (0.75-1.4) 72 (25) 1.3 (0.91-1.9) 38 (30) 1.5 (0.91-2.6) 58 (24) 1.2 (0.79-1.8)

P trend 0.98 0.65 0.67 0.37 0.60

*The number of participants may vary because of missing data.
cAge and sex adjusted values.
bNever had a pet is the reference group for all analyses.
xAny pet not including cats and dogs.
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(22% versus 37%; m2, P < 0.0001). Adjustment for race,
ethnicity, education level, age at first pet exposure,
allergies, and number of siblings did not affect the
overall or subtype associations between pet ownership or
farm animal exposure and NHL risk (data not shown).
Neither living nor working on a farm was associated

with NHL risk regardless of duration or age when first
lived on a farm (Table 3). Exposure to cattle for z5 years
was associated with an increased risk of all NHL (OR,
1.6; 95% CI, 1.0-2.5). Exposure to pigs was associated
with an increased risk of all NHL (OR, 1.5; 95% CI, 1.1-
2.1) and DLCL (OR, 1.6; 95% CI, 0.99-2.5) with increased
risk for those with z5-year exposure (all NHL, OR, 1.8;
95% CI, 1.2-2.6; DLCL, OR, 2.0; 95% CI, 1.2-3.4).
Because a small proportion of all study participants

reported ever having worked with cattle and pigs, we
compared characteristics of those who worked with these
farm animals with those who did not work with farm
animals. Participants who worked with cattle or pigs,
respectively, were more likely to have been men
(75% versus 55%; m2, P < 0.0001; 77% versus 55%; m2,
P < 0.0001), to be African American (8% versus 5%; m2,
P = 0.02; 12% versus 5%; m2, P < 0.0001), and to have
V12 years of education (44% versus 32%; m2, P < 0.0001;
46% versus 32%; m2, P < 0.0001) and were less likely to
have been Asian (1% versus 8%; m2, P < 0.0001; 2%
versus 8%; m2, P < 0.0001). There was no difference by
Hispanic ethnicity (8% versus 7%; m2, P = 0.63; 9% versus
7%; m2, P = 0.21) or by history of animal (7% versus 8%;
m2, P = 0.22; 8% versus 8%; m2, P = 0.68) or plant allergies
(13% versus 15%; m2, P = 0.24; 13% versus 15%; m2,
P = 0.33).

Discussion

This large population-based case-control study provides
support for a decreased risk between pet ownership and
NHL and an increased risk between farm-animal
exposure and NHL. An increasing total number of years
of pet ownership was associated with a reduced risk of
NHL. The association between pet ownership and NHL
in earlier reports has been inconsistent (6-8). A study of
household pets including dogs, cats, caged birds, and
exotic pets (e.g., lizards, fish, and monkeys) in Sweden
showed no association with NHL risk (7), whereas a
small pooled study of Swedish NHL cases and controls
found that contact with unusual pets (not dogs, cats, and
birds) was associated with an increased risk of NHL (6).
Given the evidence that animal exposure during

infancy may reduce the prevalence of allergic sensitiza-
tion and allergic disease later in childhood (11-13), it is
possible that the association between pet ownership and
NHL may be related to altered immune function and
desensitization to allergens. Most recent studies have
shown that exposure to cats and dogs early in infancy
reduces the risk of allergic sensitization and the
prevalence of some atopic diseases such as asthma and
eczema (11, 14). Several studies have shown that the
presence of animals and especially the presence of dogs
in households is associated with increased levels of
airborne and settled endotoxins (14, 15) and that higher
levels of house-dust endotoxin have been associated
with reduced risk of atopic diseases in early childhood
(14, 16).

It is well established that immunocompetence and
immune-related activity are associated with NHL devel-
opment (9, 17), although specific mechanisms are lacking
and our observations were not explained by early-life
exposure. Inverse associations between allergies and risk
of NHL have been reported (18-21) as have childhood
and immune-related factors (9, 17, 22). Although we
cannot rule out the role of immune function in explaining
the reduced risk of NHL observed among pet owners,
the proportion of animal and plant allergies was similar
for pet owners and nonowners. The role of allergic
reactions in NHL is likely to be complex and may be
related to B-cell differentiation, as allergic individuals
have more efficient immune systems that are required for
B-cell activation and differentiation (19, 23).
Similar to our results for cattle and pigs, elevated risks

for NHL have been associated with exposure to livestock
(3-5), mainly cattle (3). Exposure to zoonotic viruses
among farm-animal workers also may be an underlying
exposure associated with increased NHL risk as has been
proposed for slaughterhouse workers, meat inspectors,
meat packagers, and processors (24). Several methodo-
logic and etiologic factors may be contributing to the
inconsistent associations reported for NHL and livestock
exposure. Assessing exposure to animals on a farm is
complicated because these exposures are likely to
interact with or be confounded by other farming-related
exposures, such as other animals or pesticides (3).
Several studies have reported associations between
pesticide exposure and NHL (4, 25-27). However, the
types of pesticides (herbicides versus insecticides) used
and the methods of application differ between crop and
livestock farmers. One study reported elevated risks for
NHL among a greater number of chemical classes of
insecticides used on livestock than among groups of
insecticides used on crops and NHL risk largely was
restricted to the livestock farmers and not the crop
farmers (25).
Factors related to potential for bias should be

considered when interpreting these results. Methods
used to diminish potential selection bias included
random-digit dialing to identify age-, sex- and county-
matched controls from the same population where the
cases arose, and rapid case ascertainment was used to
quickly identify all incident NHL cases to diminish
survivor bias. Experienced interviewers, blinded to the
study hypotheses, conducted in-person interviews with
participants to diminish interviewer and response bias
and no proxy interviews were conducted. The similarity
of response rates for the cases and controls is a strength
of this study, and refusal response rates were low.
In addition, most interviews were conducted in partic-
ipants’ homes, allowing privacy and easy access to
items to confirm some exposures. Nondifferential
exposure misclassification can lead to case-control ORs
that are biased toward the null. However, because
animal exposure is not a known risk factor for NHL,
there was less likelihood of recall differential between
cases and controls or of response bias associated with
these data.
Whereas many studies have assessed relationships

between specific exposures and NHL incidence, few
have been associated consistently with risk of NHL (2).
Further investigation using pooled analyses of multiple
case-control studies is warranted to clarify the effect of
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Table 3. OR (95% CI) for NHL associated with agricultural exposures, San Francisco Bay Area, California

Controls* (n = 2,094) Total NHL* DLCL FL SLL Other NHL

n = 1,262 OR (95% CI)
c

n = 512 OR (95% CI)
c

n = 340 OR (95% CI)
c

n = 148 OR (95% CI)
c

n = 281 OR (95% CI)
c

All agricultural exposures n n n n n n
Never

b
1,130 719 1.0 (reference) 278 1.0 (reference) 198 1.0 (reference) 81 1.0 (reference) 162 1.0 (reference)

Worked on a farm n (%) n (%) n (%) n (%) n (%) n (%)
Ever 427 (27) 259 (26) 1.1 (0.80-1.4) 114 (29) 1.4 (0.94-2.1) 62 (24) 1.1 (0.66-1.7) 28 (26) 0.60 (0.31-1.1) 55 (25) 0.82 (0.50-1.4)
<5 201 (13) 113 (12) 1.0 (0.76-1.4) 49 (13) 1.3 (0.85-2.1) 27 (10) 0.98 (0.57-1.7) 13 (12) 0.68 (0.32-1.4) 24 (11) 0.84 (0.47-1.5)
V5 226 (15) 146 (15) 1.1 (0.78-1.5) 65 (17) 1.5 (0.93-2.4) 35 (13) 1.2 (0.67-2.0) 15 (14) 0.52 (0.24-1.1) 31 (14) 0.80 (0.44-1.5)

P trend 0.56 0.49 0.49 0.51 0.93
Lived on a farm
Ever 526 (32) 336 (32) 1.1 (0.87-1.3) 139 (33) 1.1 (0.86-1.5) 90 (31) 1.2 (0.88-1.7) 39 (33) 0.84 (0.52-1.3) 68 (30) 0.88 (0.61-1.3)
<5 206 (12) 111 (11) 0.94 (0.73-1.2) 40 (10) 0.90 (0.62-1.3) 30 (10) 0.99 (0.65-1.5) 18 (15) 1.1 (0.63-1.9) 23 (10) 0.84 (0.52-1.4)
V5 320 (19) 225 (21) 1.2 (0.93-1.5) 99 (24) 1.4 (0.99-1.9) 60 (21) 1.5 (0.98-2.2) 21 (18) 0.63 (0.35-1.2) 45 (20) 0.92 (0.59-1.4)

P trend 0.39 0.34 0.32 0.57 0.97
Worked with cattle
Ever 318 (22) 188 (21) 1.4 (0.90-2.0) 71 (20) 1.1 (0.63-1.9) 43 (18) 1.5 (0.73-3.1) 23 (22) 1.3 (0.47-3.7) 51 (24) 1.7 (0.80-3.5)
<5 134 (9) 60 (7) 1.1 (0.68-1.7) 21 (6) 0.87 (0.45-1.7) 13 (5) 1.0 (0.44-2.4) 7 (7) 1.2 (0.36-3.9) 19 (9) 1.5 (0.66-3.4)
z5 184 (13) 128 (14) 1.6 (1.0-2.5) 50 (14) 1.3 (0.72-2.5) 30 (12) 2.1 (0.94-4.5) 16 (15) 1.4 (0.47-4.4) 32 (15) 1.9 (0.82-4.2)

P trend 0.03 0.10 0.07 0.66 0.38
Worked with pigs
Ever 162 (13) 113 (14) 1.5 (1.1-2.1) 46 (14) 1.6 (0.99-2.5) 25 (11) 1.6 (0.87-2.8) 13 (14) 1.3 (0.60-3.0) 29 (15) 1.4 (0.83-2.5)
<5 69 (5) 37 (4) 1.2 (0.78-2.0) 12 (4) 1.0 (0.51-2.1) 10 (4) 1.4 (0.65-3.1) 5 (5) 1.4 (0.49-4.1) 10 (5) 1.2 (0.57-2.6)
z5 93 (7) 76 (9) 1.8 (1.2-2.6) 34 (10) 2.0 (1.2-3.4) 15 (7) 1.7 (0.83-3.4) 8 (9) 1.3 (0.50-3.2) 19 (10) 1.6 (0.84-3.1)

P trend 0.34 0.11 0.89 0.65 0.60
Worked with poultry
Ever 229 (17) 134 (16) 1.1 (0.79-1.5) 47 (14) 0.82 (0.52-1.3) 36 (15) 1.8 (0.96-3.3) 17 (17) 1.1 (0.51-2.6) 34 (17) 1.1 (0.63-1.9)
<5 79 (6) 39 (5) 1.0 (0.63-1.6) 11 (3) 0.65 (0.32-1.3) 12 (5) 1.7 (0.78-3.7) 4 (4) 0.94 (0.29-3.1) 12 (6) 1.2 (0.56-2.4)
V5 150 (11) 95 (11) 1.2 (0.79-1.7) 36 (11) 0.91 (0.54-1.5) 24 (10) 1.8 (0.91-3.7) 13 (13) 1.3 (0.51-3.0) 22 (11) 1.1 (0.56-2.0)

P trend 0.68 0.19 0.68 0.99 0.68
Worked with sheep
Ever 96 (8) 58 (7) 1.1 (0.77-1.6) 22 (7) 1.0 (0.58-1.7) 15 (7) 1.4 (0.73-2.7) 5 (6) 0.74 (0.27-2.0) 16 (9) 1.2 (0.66-2.3)
<5 46 (4) 26 (3) 1.1 (0.65-1.9) 10 (3) 0.99 (0.47-2.1) 7 (3) 1.3 (0.56-3.2) 3 (3) 1.1 (0.30-3.8) 6 (3) 0.98 (0.39-2.5)
z5 50 (4) 32 (4) 1.1 (0.70-1.9) 12 (4) 1.0 (0.50-2.0) 8 (4) 1.5 (0.63-3.4) 2 (2) 0.51 (0.11-2.3) 10 (6) 1.5 (0.68-3.2)

P trend 0.47 0.69 0.59 0.60 0.39
Age first lived on a farm
V5 54 (3) 24 (2) 0.66 (0.41-1.1) 8 (2) 0.59 (0.28-1.3) 7 (2) 0.69 (0.31-1.5) 4 (3) 1.0 (0.36-2.9) 5 (2) 0.62 (0.24-1.6)
>5-10 160 (9) 107 (10) 1.0 (0.77-1.3) 43 (10) 1.0 (0.72-1.5) 20 (7) 0.67 (0.41-1.1) 16 (13) 1.3 (0.73-2.2) 28 (12) 1.1 (0.74-1.8)
>10 427 (24) 222 (21) 0.83 (0.69-1.0) 87 (21) 0.85 (0.65-1.1) 62 (22) 0.87 (0.64-1.2) 27 (21) 0.92 (0.59-1.4) 46 (19) 0.73 (0.52-1.0)

P trend 0.03 0.22 0.13 0.66 0.10

*The number of participants may vary because of missing data.
cAge, sex, and age at first exposure to farming adjusted values.
bReference group never lived or worked on a farm and never worked with farm animals.
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pet and agricultural animal exposures on immune
function and risk of NHL.
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